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2

<latexit sha1_base64="vxAEeqxY0qME4hw1DtegMsE+6cM=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkflimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqveRpQ==</latexit>

1

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0

UV theory is Unitary and Causal

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

(Positivity/Bootstrap)



UV/IR Relations
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

Caron-Huot,VanDuong’21


<latexit sha1_base64="IEPziz3V8mVyT7Mmtau25FxWN7Q=">AAACA3icdVC7TsNAEDzzJjxioKQ5ESFRBdtAHh2ChhIkAkhJsNaXTTjl/NDdGimKUvIVtFDRIVo+hIJ/wTFBAgRTjWZ2tbMTJEoacpw3a2p6ZnZufmGxsLS8slq019YvTJxqgQ0Rq1hfBWBQyQgbJEnhVaIRwkDhZdA/HvuXt6iNjKNzGiTYDqEXya4UQJnk28Wev98KQHNz7e32fM+3S075oFatVzyekXrdrTg52avuedwtOzlKbIJT335vdWKRhhiRUGBM03USag9BkxQKR4VWajAB0YceNjMaQYimPcyDj/h2aoBinqDmUvFcxO8bQwiNGYRBNhkC3Zjf3lj8y2um1K21hzJKUsJIjA+RVJgfMkLLrBHkHamRCMbJkcuIC9BAhFpyECIT06yiQtbH19P8f3Lhld1KuXK2Xzo8mjSzwDbZFtthLquyQ3bCTlmDCZaye/bAHq0768l6tl4+R6esyc4G+wHr9QOJi5cG</latexit>

g 4
s̄2
/g

2

<latexit sha1_base64="Vr9DURqWyf8Y40obIJR/l+7K3EU=">AAACAHicdVDLTgJBEJzFF+IL9ehlIjHxIu4uCnIzevGoiTwSQNI7NDhh9pGZXhNDuPgVXvXkzXj1Tzz4Ly4rJmq0TpWq7nR1eZGShmz7zcrMzM7NL2QXc0vLK6tr+fWNugljLbAmQhXqpgcGlQywRpIUNiON4HsKG97wdOI3blAbGQaXdBthx4dBIPtSACXS1d6gW2p7oLnZH3Tdbr5gFw+PKtWyyxNSrTplOyWlSsnlTtFOUWBTnHfz7+1eKGIfAxIKjGk5dkSdEWiSQuE4144NRiCGMMBWQgPw0XRGaeox34kNUMgj1Fwqnor4fWMEvjG3vpdM+kDX5rc3Ef/yWjH1jzojGUQxYSAmh0gqTA8ZoWVSB/Ke1EgEk+TIZcAFaCBCLTkIkYhx0k8u6ePraf4/qbtFp1wsXxwUjk+mzWTZFttmu8xhFXbMztg5qzHBNLtnD+zRurOerGfr5XM0Y013NtkPWK8fSPKWZw==</latexit>

�g3s̄/g2
<latexit sha1_base64="wr8OrGy3hi+v+Xjaw02E6bCcNYM=">AAAB9HicdVDLTgJBEJzFF+IL9ehlIjHxItkFWeBG9OIRjTwS2JDZocEJs4/M9JIQwh941ZM349X/8eC/uLtiokbrVKnqTleXG0qh0TTfjMzK6tr6RnYzt7W9s7uX3z9o6yBSHFo8kIHqukyDFD60UKCEbqiAea6Ejju5TPzOFJQWgX+LsxAcj419MRKcYSzdnFUG+YJZrNSqdbtEY1KvW7aZknK1XKJW0UxRIEs0B/n3/jDgkQc+csm07llmiM6cKRRcwiLXjzSEjE/YGHox9ZkH2pmnSRf0JNIMAxqCokLSVITvG3PmaT3z3HjSY3inf3uJ+JfXi3BUc+bCDyMEnyeHUEhID2muRFwB0KFQgMiS5ECFTzlTDBGUoIzzWIziTnJxH19P0/9Ju1S07KJ9fV5oXCybyZIjckxOiUWqpEGuSJO0CCcjck8eyKMxNZ6MZ+PlczRjLHcOyQ8Yrx8cgZHg</latexit>�5

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0 <latexit sha1_base64="cPsFVaSbqyVMFIxeJCes57MuV88=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUro7KFcu8qNcaTpWmpNGwHSsnZ7WzKrVNK0eFLNEald+H45DHPgTIJdN6YFsRuglTKLiERWkYa4gYn7EpDFIaMB+0m+RBF/Qk1gxDGoGiQtJchO8bCfO1nvteOukzvNW/vUz8yxvEOKm7iQiiGCHg2SEUEvJDmiuRNgB0LBQgsiw5UBFQzhRDBCUo4zwV47SSUtrH19P0f9KtmrZjOu3zSvNy2UyRHJFjckpsUiNNck1apEM4AXJPHsijERtPxrPx8jlaMJY7h+QHjNcPrIaRpg==</latexit>

2

<latexit sha1_base64="vxAEeqxY0qME4hw1DtegMsE+6cM=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkflimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqveRpQ==</latexit>

1

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0

UV theory is Unitary and Causal

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

(Positivity/Bootstrap)

Not all EFTs are UV completable!



UV/IR Relations
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

Caron-Huot,VanDuong’21


<latexit sha1_base64="IEPziz3V8mVyT7Mmtau25FxWN7Q=">AAACA3icdVC7TsNAEDzzJjxioKQ5ESFRBdtAHh2ChhIkAkhJsNaXTTjl/NDdGimKUvIVtFDRIVo+hIJ/wTFBAgRTjWZ2tbMTJEoacpw3a2p6ZnZufmGxsLS8slq019YvTJxqgQ0Rq1hfBWBQyQgbJEnhVaIRwkDhZdA/HvuXt6iNjKNzGiTYDqEXya4UQJnk28Wev98KQHNz7e32fM+3S075oFatVzyekXrdrTg52avuedwtOzlKbIJT335vdWKRhhiRUGBM03USag9BkxQKR4VWajAB0YceNjMaQYimPcyDj/h2aoBinqDmUvFcxO8bQwiNGYRBNhkC3Zjf3lj8y2um1K21hzJKUsJIjA+RVJgfMkLLrBHkHamRCMbJkcuIC9BAhFpyECIT06yiQtbH19P8f3Lhld1KuXK2Xzo8mjSzwDbZFtthLquyQ3bCTlmDCZaye/bAHq0768l6tl4+R6esyc4G+wHr9QOJi5cG</latexit>

g 4
s̄2
/g

2

<latexit sha1_base64="Vr9DURqWyf8Y40obIJR/l+7K3EU=">AAACAHicdVDLTgJBEJzFF+IL9ehlIjHxIu4uCnIzevGoiTwSQNI7NDhh9pGZXhNDuPgVXvXkzXj1Tzz4Ly4rJmq0TpWq7nR1eZGShmz7zcrMzM7NL2QXc0vLK6tr+fWNugljLbAmQhXqpgcGlQywRpIUNiON4HsKG97wdOI3blAbGQaXdBthx4dBIPtSACXS1d6gW2p7oLnZH3Tdbr5gFw+PKtWyyxNSrTplOyWlSsnlTtFOUWBTnHfz7+1eKGIfAxIKjGk5dkSdEWiSQuE4144NRiCGMMBWQgPw0XRGaeox34kNUMgj1Fwqnor4fWMEvjG3vpdM+kDX5rc3Ef/yWjH1jzojGUQxYSAmh0gqTA8ZoWVSB/Ke1EgEk+TIZcAFaCBCLTkIkYhx0k8u6ePraf4/qbtFp1wsXxwUjk+mzWTZFttmu8xhFXbMztg5qzHBNLtnD+zRurOerGfr5XM0Y013NtkPWK8fSPKWZw==</latexit>

�g3s̄/g2
<latexit sha1_base64="wr8OrGy3hi+v+Xjaw02E6bCcNYM=">AAAB9HicdVDLTgJBEJzFF+IL9ehlIjHxItkFWeBG9OIRjTwS2JDZocEJs4/M9JIQwh941ZM349X/8eC/uLtiokbrVKnqTleXG0qh0TTfjMzK6tr6RnYzt7W9s7uX3z9o6yBSHFo8kIHqukyDFD60UKCEbqiAea6Ejju5TPzOFJQWgX+LsxAcj419MRKcYSzdnFUG+YJZrNSqdbtEY1KvW7aZknK1XKJW0UxRIEs0B/n3/jDgkQc+csm07llmiM6cKRRcwiLXjzSEjE/YGHox9ZkH2pmnSRf0JNIMAxqCokLSVITvG3PmaT3z3HjSY3inf3uJ+JfXi3BUc+bCDyMEnyeHUEhID2muRFwB0KFQgMiS5ECFTzlTDBGUoIzzWIziTnJxH19P0/9Ju1S07KJ9fV5oXCybyZIjckxOiUWqpEGuSJO0CCcjck8eyKMxNZ6MZ+PlczRjLHcOyQ8Yrx8cgZHg</latexit>�5

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0 <latexit sha1_base64="cPsFVaSbqyVMFIxeJCes57MuV88=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUro7KFcu8qNcaTpWmpNGwHSsnZ7WzKrVNK0eFLNEald+H45DHPgTIJdN6YFsRuglTKLiERWkYa4gYn7EpDFIaMB+0m+RBF/Qk1gxDGoGiQtJchO8bCfO1nvteOukzvNW/vUz8yxvEOKm7iQiiGCHg2SEUEvJDmiuRNgB0LBQgsiw5UBFQzhRDBCUo4zwV47SSUtrH19P0f9KtmrZjOu3zSvNy2UyRHJFjckpsUiNNck1apEM4AXJPHsijERtPxrPx8jlaMJY7h+QHjNcPrIaRpg==</latexit>

2

<latexit sha1_base64="vxAEeqxY0qME4hw1DtegMsE+6cM=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkflimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqveRpQ==</latexit>

1

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0

UV theory is Unitary and Causal

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

Galileons
<latexit sha1_base64="5FWKei/BZ4zdOA6ZGtTe0yaCvjA=">AAAB/3icdVC7TsNAEDzzDOEVoKQ5ESFBE9kBHNJF0FBQBIkAUmKh9bEJp5wf3K2RIisFX0ELFR2i5VMo+BccEyRAMNVoZlc7O36spCHbfrMmJqemZ2YLc8X5hcWl5dLK6pmJEi2wJSIV6QsfDCoZYoskKbyINULgKzz3+4cj//wWtZFReEqDGL0AeqHsSgGUSV7aEaD48XCrE8vty1LZruzt1+pulWekXndcOyc7tZ0qdyp2jjIbo3lZeu9cRSIJMCShwJi2Y8fkpaBJCoXDYicxGIPoQw/bGQ0hQOOleegh30wMUMRj1Fwqnov4fSOFwJhB4GeTAdC1+e2NxL+8dkLdfS+VYZwQhmJ0iKTC/JARWmZtIL+SGolglBy5DLkADUSoJQchMjHJ6ilmfXw9zf8nZ9WK41bck91y42DcTIGtsw22xRxWYw12xJqsxQS7YffsgT1ad9aT9Wy9fI5OWOOdNfYD1usHKzaWYg==</latexit>

L(⇡)
<latexit sha1_base64="XjG98wwNYFXVe22y1sv88gdnOiM=">AAACCHicdVDLSgNBEJz1GeMrPm5eBoMgCGE3amJuohePCkaFbJTesdXB2d1hpleMwR/wK7zqyZt49S88+C9O1ggqWoemqOqmuyvSSlry/TdvYHBoeGS0MFYcn5icmi7NzB7YNDMCmyJVqTmKwKKSCTZJksIjbRDiSOFhdLnd8w+v0FiZJvvU0diO4TyRZ1IAOemkNB9qGVLq6koISl8Avz52ctmvrG/UG7Uqd6TRCGp+Tlbrq1UeVPwcZdbH7knpPTxNRRZjQkKBta3A19TugiEpFN4Ww8yiBnEJ59hyNIEYbbubX3/LlzILlHKNhkvFcxG/T3QhtrYTR64zBrqwv72e+JfXyuhso92Vic4IE9FbRFJhvsgKI10syE+lQSLoXY5cJlyAASI0koMQTsxcTkWXx9fT/H9yUK0Etcra3lp5c6ufTIEtsEW2zAJWZ5tsh+2yJhPsht2zB/bo3XlP3rP38tk64PVn5tgPeK8fug2Z+w==</latexit>

⇡ ! ⇡ + ↵xn

with symmetry
<latexit sha1_base64="IQeijevE9grBLEtPqoPt3EaVizE=">AAAB+3icdVDLTgJBEJzFF+IL9ehlIjHxRHYBedxQL54MJgIaQDI7NDhhZncz02tCCF/hVU/ejFc/xoP/4u6KiRqtU6WqO11dbiCFQdt+s1ILi0vLK+nVzNr6xuZWdnunZfxQc2hyX/r6ymUGpPCgiQIlXAUamHIltN3xaey370Ab4XuXOAmgp9jIE0PBGUbS9XHXCEXNzXk/m7PzR9VKrVygEanVnLKdkGKlWKBO3k6QI3M0+tn37sDnoQIPuWTGdBw7wN6UaRRcwizTDQ0EjI/ZCDoR9ZgC05smgWf0IDQMfRqApkLSRITvG1OmjJkoN5pUDG/Nby8W//I6IQ6rvanwghDB4/EhFBKSQ4ZrETUBdCA0ILI4OVDhUc40QwQtKOM8EsOomkzUx9fT9H/SKuSdcr50UcrVT+bNpMke2SeHxCEVUidnpEGahBNF7skDebRm1pP1bL18jqas+c4u+QHr9QN5TJTn</latexit>

A ⇠ sN

Galileons

(Positivity/Bootstrap)

Not all EFTs are UV completable!



UV/IR Relations
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

Caron-Huot,VanDuong’21


<latexit sha1_base64="IEPziz3V8mVyT7Mmtau25FxWN7Q=">AAACA3icdVC7TsNAEDzzJjxioKQ5ESFRBdtAHh2ChhIkAkhJsNaXTTjl/NDdGimKUvIVtFDRIVo+hIJ/wTFBAgRTjWZ2tbMTJEoacpw3a2p6ZnZufmGxsLS8slq019YvTJxqgQ0Rq1hfBWBQyQgbJEnhVaIRwkDhZdA/HvuXt6iNjKNzGiTYDqEXya4UQJnk28Wev98KQHNz7e32fM+3S075oFatVzyekXrdrTg52avuedwtOzlKbIJT335vdWKRhhiRUGBM03USag9BkxQKR4VWajAB0YceNjMaQYimPcyDj/h2aoBinqDmUvFcxO8bQwiNGYRBNhkC3Zjf3lj8y2um1K21hzJKUsJIjA+RVJgfMkLLrBHkHamRCMbJkcuIC9BAhFpyECIT06yiQtbH19P8f3Lhld1KuXK2Xzo8mjSzwDbZFtthLquyQ3bCTlmDCZaye/bAHq0768l6tl4+R6esyc4G+wHr9QOJi5cG</latexit>

g 4
s̄2
/g

2

<latexit sha1_base64="Vr9DURqWyf8Y40obIJR/l+7K3EU=">AAACAHicdVDLTgJBEJzFF+IL9ehlIjHxIu4uCnIzevGoiTwSQNI7NDhh9pGZXhNDuPgVXvXkzXj1Tzz4Ly4rJmq0TpWq7nR1eZGShmz7zcrMzM7NL2QXc0vLK6tr+fWNugljLbAmQhXqpgcGlQywRpIUNiON4HsKG97wdOI3blAbGQaXdBthx4dBIPtSACXS1d6gW2p7oLnZH3Tdbr5gFw+PKtWyyxNSrTplOyWlSsnlTtFOUWBTnHfz7+1eKGIfAxIKjGk5dkSdEWiSQuE4144NRiCGMMBWQgPw0XRGaeox34kNUMgj1Fwqnor4fWMEvjG3vpdM+kDX5rc3Ef/yWjH1jzojGUQxYSAmh0gqTA8ZoWVSB/Ke1EgEk+TIZcAFaCBCLTkIkYhx0k8u6ePraf4/qbtFp1wsXxwUjk+mzWTZFttmu8xhFXbMztg5qzHBNLtnD+zRurOerGfr5XM0Y013NtkPWK8fSPKWZw==</latexit>

�g3s̄/g2
<latexit sha1_base64="wr8OrGy3hi+v+Xjaw02E6bCcNYM=">AAAB9HicdVDLTgJBEJzFF+IL9ehlIjHxItkFWeBG9OIRjTwS2JDZocEJs4/M9JIQwh941ZM349X/8eC/uLtiokbrVKnqTleXG0qh0TTfjMzK6tr6RnYzt7W9s7uX3z9o6yBSHFo8kIHqukyDFD60UKCEbqiAea6Ejju5TPzOFJQWgX+LsxAcj419MRKcYSzdnFUG+YJZrNSqdbtEY1KvW7aZknK1XKJW0UxRIEs0B/n3/jDgkQc+csm07llmiM6cKRRcwiLXjzSEjE/YGHox9ZkH2pmnSRf0JNIMAxqCokLSVITvG3PmaT3z3HjSY3inf3uJ+JfXi3BUc+bCDyMEnyeHUEhID2muRFwB0KFQgMiS5ECFTzlTDBGUoIzzWIziTnJxH19P0/9Ju1S07KJ9fV5oXCybyZIjckxOiUWqpEGuSJO0CCcjck8eyKMxNZ6MZ+PlczRjLHcOyQ8Yrx8cgZHg</latexit>�5

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0 <latexit sha1_base64="cPsFVaSbqyVMFIxeJCes57MuV88=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUro7KFcu8qNcaTpWmpNGwHSsnZ7WzKrVNK0eFLNEald+H45DHPgTIJdN6YFsRuglTKLiERWkYa4gYn7EpDFIaMB+0m+RBF/Qk1gxDGoGiQtJchO8bCfO1nvteOukzvNW/vUz8yxvEOKm7iQiiGCHg2SEUEvJDmiuRNgB0LBQgsiw5UBFQzhRDBCUo4zwV47SSUtrH19P0f9KtmrZjOu3zSvNy2UyRHJFjckpsUiNNck1apEM4AXJPHsijERtPxrPx8jlaMJY7h+QHjNcPrIaRpg==</latexit>

2

<latexit sha1_base64="vxAEeqxY0qME4hw1DtegMsE+6cM=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkflimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqveRpQ==</latexit>

1

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0

UV theory is Unitary and Causal

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

Galileons
<latexit sha1_base64="5FWKei/BZ4zdOA6ZGtTe0yaCvjA=">AAAB/3icdVC7TsNAEDzzDOEVoKQ5ESFBE9kBHNJF0FBQBIkAUmKh9bEJp5wf3K2RIisFX0ELFR2i5VMo+BccEyRAMNVoZlc7O36spCHbfrMmJqemZ2YLc8X5hcWl5dLK6pmJEi2wJSIV6QsfDCoZYoskKbyINULgKzz3+4cj//wWtZFReEqDGL0AeqHsSgGUSV7aEaD48XCrE8vty1LZruzt1+pulWekXndcOyc7tZ0qdyp2jjIbo3lZeu9cRSIJMCShwJi2Y8fkpaBJCoXDYicxGIPoQw/bGQ0hQOOleegh30wMUMRj1Fwqnov4fSOFwJhB4GeTAdC1+e2NxL+8dkLdfS+VYZwQhmJ0iKTC/JARWmZtIL+SGolglBy5DLkADUSoJQchMjHJ6ilmfXw9zf8nZ9WK41bck91y42DcTIGtsw22xRxWYw12xJqsxQS7YffsgT1ad9aT9Wy9fI5OWOOdNfYD1usHKzaWYg==</latexit>

L(⇡)
<latexit sha1_base64="XjG98wwNYFXVe22y1sv88gdnOiM=">AAACCHicdVDLSgNBEJz1GeMrPm5eBoMgCGE3amJuohePCkaFbJTesdXB2d1hpleMwR/wK7zqyZt49S88+C9O1ggqWoemqOqmuyvSSlry/TdvYHBoeGS0MFYcn5icmi7NzB7YNDMCmyJVqTmKwKKSCTZJksIjbRDiSOFhdLnd8w+v0FiZJvvU0diO4TyRZ1IAOemkNB9qGVLq6koISl8Avz52ctmvrG/UG7Uqd6TRCGp+Tlbrq1UeVPwcZdbH7knpPTxNRRZjQkKBta3A19TugiEpFN4Ww8yiBnEJ59hyNIEYbbubX3/LlzILlHKNhkvFcxG/T3QhtrYTR64zBrqwv72e+JfXyuhso92Vic4IE9FbRFJhvsgKI10syE+lQSLoXY5cJlyAASI0koMQTsxcTkWXx9fT/H9yUK0Etcra3lp5c6ufTIEtsEW2zAJWZ5tsh+2yJhPsht2zB/bo3XlP3rP38tk64PVn5tgPeK8fug2Z+w==</latexit>

⇡ ! ⇡ + ↵xn

with symmetry
<latexit sha1_base64="IQeijevE9grBLEtPqoPt3EaVizE=">AAAB+3icdVDLTgJBEJzFF+IL9ehlIjHxRHYBedxQL54MJgIaQDI7NDhhZncz02tCCF/hVU/ejFc/xoP/4u6KiRqtU6WqO11dbiCFQdt+s1ILi0vLK+nVzNr6xuZWdnunZfxQc2hyX/r6ymUGpPCgiQIlXAUamHIltN3xaey370Ab4XuXOAmgp9jIE0PBGUbS9XHXCEXNzXk/m7PzR9VKrVygEanVnLKdkGKlWKBO3k6QI3M0+tn37sDnoQIPuWTGdBw7wN6UaRRcwizTDQ0EjI/ZCDoR9ZgC05smgWf0IDQMfRqApkLSRITvG1OmjJkoN5pUDG/Nby8W//I6IQ6rvanwghDB4/EhFBKSQ4ZrETUBdCA0ILI4OVDhUc40QwQtKOM8EsOomkzUx9fT9H/SKuSdcr50UcrVT+bNpMke2SeHxCEVUidnpEGahBNF7skDebRm1pP1bL18jqas+c4u+QHr9QN5TJTn</latexit>

A ⇠ sN

Galileons<latexit sha1_base64="H+RFNkAtIP35k3UTRzm5C8jbAU0=">AAACBHicdVA9SwNBEN3z2/h1ammzGARBCHeJ5qMTbSwVjAq5EObWURf37pbdOSEEW3+FrVZ2Yuv/sPC/uDkjqOgrhsd7M8zMi7WSloLgzRsbn5icmp6ZLc3NLywu+csrJzbLjcC2yFRmzmKwqGSKbZKk8EwbhCRWeBpf7w/90xs0VmbpMfU1dhO4TOWFFEBO6vl+pGVEmatbESh9BT2/HFR2mo1WvcodabXCelCQWqNW5WElKFBmIxz2/PfoPBN5gikJBdZ2wkBTdwCGpFB4W4pyixrENVxix9EUErTdQXH5Ld/ILVDGNRouFS9E/D4xgMTafhK7zgToyv72huJfXieni2Z3IFOdE6ZiuIikwmKRFUa6SJCfS4NEMLwcuUy5AANEaCQHIZyYu4xKLo+vp/n/5KRaCeuV7aPt8u7eKJkZtsbW2SYLWYPtsgN2yNpMsBt2zx7Yo3fnPXnP3stn65g3mlllP+C9fgDfwphv</latexit>

⇡ ! ⇡ + ↵
<latexit sha1_base64="ccjEqzeNhxk6YsHaSOJsXdh5b2U=">AAAB+3icdVDLTgJBEJzFF+IL9ehlIjHxRHYBedxQLx4xkYcBJLNDgxNmdjczvSZkw1d41ZM349WP8eC/uKyYqNE6Vaq609XlBlIYtO03K7W0vLK6ll7PbGxube9kd/daxg81hyb3pa87LjMghQdNFCihE2hgypXQdifnc799B9oI37vCaQB9xcaeGAnOMJauT3tGKGpuCoNszs6fVCu1coHGpFZzynZCipVigTp5O0GOLNAYZN97Q5+HCjzkkhnTdewA+xHTKLiEWaYXGggYn7AxdGPqMQWmHyWBZ/QoNAx9GoCmQtJEhO8bEVPGTJUbTyqGt+a3Nxf/8rohjqr9SHhBiODx+SEUEpJDhmsRNwF0KDQgsnlyoMKjnGmGCFpQxnkshnE1mbiPr6fp/6RVyDvlfOmylKufLZpJkwNySI6JQyqkTi5IgzQJJ4rckwfyaM2sJ+vZevkcTVmLnX3yA9brB02olMs=</latexit>

A ⇠ s2

NG Bosons

(Positivity/Bootstrap)

Not all EFTs are UV completable!



UV/IR Relations
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

Caron-Huot,VanDuong’21


<latexit sha1_base64="IEPziz3V8mVyT7Mmtau25FxWN7Q=">AAACA3icdVC7TsNAEDzzJjxioKQ5ESFRBdtAHh2ChhIkAkhJsNaXTTjl/NDdGimKUvIVtFDRIVo+hIJ/wTFBAgRTjWZ2tbMTJEoacpw3a2p6ZnZufmGxsLS8slq019YvTJxqgQ0Rq1hfBWBQyQgbJEnhVaIRwkDhZdA/HvuXt6iNjKNzGiTYDqEXya4UQJnk28Wev98KQHNz7e32fM+3S075oFatVzyekXrdrTg52avuedwtOzlKbIJT335vdWKRhhiRUGBM03USag9BkxQKR4VWajAB0YceNjMaQYimPcyDj/h2aoBinqDmUvFcxO8bQwiNGYRBNhkC3Zjf3lj8y2um1K21hzJKUsJIjA+RVJgfMkLLrBHkHamRCMbJkcuIC9BAhFpyECIT06yiQtbH19P8f3Lhld1KuXK2Xzo8mjSzwDbZFtthLquyQ3bCTlmDCZaye/bAHq0768l6tl4+R6esyc4G+wHr9QOJi5cG</latexit>

g 4
s̄2
/g

2

<latexit sha1_base64="Vr9DURqWyf8Y40obIJR/l+7K3EU=">AAACAHicdVDLTgJBEJzFF+IL9ehlIjHxIu4uCnIzevGoiTwSQNI7NDhh9pGZXhNDuPgVXvXkzXj1Tzz4Ly4rJmq0TpWq7nR1eZGShmz7zcrMzM7NL2QXc0vLK6tr+fWNugljLbAmQhXqpgcGlQywRpIUNiON4HsKG97wdOI3blAbGQaXdBthx4dBIPtSACXS1d6gW2p7oLnZH3Tdbr5gFw+PKtWyyxNSrTplOyWlSsnlTtFOUWBTnHfz7+1eKGIfAxIKjGk5dkSdEWiSQuE4144NRiCGMMBWQgPw0XRGaeox34kNUMgj1Fwqnor4fWMEvjG3vpdM+kDX5rc3Ef/yWjH1jzojGUQxYSAmh0gqTA8ZoWVSB/Ke1EgEk+TIZcAFaCBCLTkIkYhx0k8u6ePraf4/qbtFp1wsXxwUjk+mzWTZFttmu8xhFXbMztg5qzHBNLtnD+zRurOerGfr5XM0Y013NtkPWK8fSPKWZw==</latexit>

�g3s̄/g2
<latexit sha1_base64="wr8OrGy3hi+v+Xjaw02E6bCcNYM=">AAAB9HicdVDLTgJBEJzFF+IL9ehlIjHxItkFWeBG9OIRjTwS2JDZocEJs4/M9JIQwh941ZM349X/8eC/uLtiokbrVKnqTleXG0qh0TTfjMzK6tr6RnYzt7W9s7uX3z9o6yBSHFo8kIHqukyDFD60UKCEbqiAea6Ejju5TPzOFJQWgX+LsxAcj419MRKcYSzdnFUG+YJZrNSqdbtEY1KvW7aZknK1XKJW0UxRIEs0B/n3/jDgkQc+csm07llmiM6cKRRcwiLXjzSEjE/YGHox9ZkH2pmnSRf0JNIMAxqCokLSVITvG3PmaT3z3HjSY3inf3uJ+JfXi3BUc+bCDyMEnyeHUEhID2muRFwB0KFQgMiS5ECFTzlTDBGUoIzzWIziTnJxH19P0/9Ju1S07KJ9fV5oXCybyZIjckxOiUWqpEGuSJO0CCcjck8eyKMxNZ6MZ+PlczRjLHcOyQ8Yrx8cgZHg</latexit>�5

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0 <latexit sha1_base64="cPsFVaSbqyVMFIxeJCes57MuV88=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUro7KFcu8qNcaTpWmpNGwHSsnZ7WzKrVNK0eFLNEald+H45DHPgTIJdN6YFsRuglTKLiERWkYa4gYn7EpDFIaMB+0m+RBF/Qk1gxDGoGiQtJchO8bCfO1nvteOukzvNW/vUz8yxvEOKm7iQiiGCHg2SEUEvJDmiuRNgB0LBQgsiw5UBFQzhRDBCUo4zwV47SSUtrH19P0f9KtmrZjOu3zSvNy2UyRHJFjckpsUiNNck1apEM4AXJPHsijERtPxrPx8jlaMJY7h+QHjNcPrIaRpg==</latexit>

2

<latexit sha1_base64="vxAEeqxY0qME4hw1DtegMsE+6cM=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkflimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqveRpQ==</latexit>

1

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0

UV theory is Unitary and Causal

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

Galileons
<latexit sha1_base64="5FWKei/BZ4zdOA6ZGtTe0yaCvjA=">AAAB/3icdVC7TsNAEDzzDOEVoKQ5ESFBE9kBHNJF0FBQBIkAUmKh9bEJp5wf3K2RIisFX0ELFR2i5VMo+BccEyRAMNVoZlc7O36spCHbfrMmJqemZ2YLc8X5hcWl5dLK6pmJEi2wJSIV6QsfDCoZYoskKbyINULgKzz3+4cj//wWtZFReEqDGL0AeqHsSgGUSV7aEaD48XCrE8vty1LZruzt1+pulWekXndcOyc7tZ0qdyp2jjIbo3lZeu9cRSIJMCShwJi2Y8fkpaBJCoXDYicxGIPoQw/bGQ0hQOOleegh30wMUMRj1Fwqnov4fSOFwJhB4GeTAdC1+e2NxL+8dkLdfS+VYZwQhmJ0iKTC/JARWmZtIL+SGolglBy5DLkADUSoJQchMjHJ6ilmfXw9zf8nZ9WK41bck91y42DcTIGtsw22xRxWYw12xJqsxQS7YffsgT1ad9aT9Wy9fI5OWOOdNfYD1usHKzaWYg==</latexit>

L(⇡)
<latexit sha1_base64="XjG98wwNYFXVe22y1sv88gdnOiM=">AAACCHicdVDLSgNBEJz1GeMrPm5eBoMgCGE3amJuohePCkaFbJTesdXB2d1hpleMwR/wK7zqyZt49S88+C9O1ggqWoemqOqmuyvSSlry/TdvYHBoeGS0MFYcn5icmi7NzB7YNDMCmyJVqTmKwKKSCTZJksIjbRDiSOFhdLnd8w+v0FiZJvvU0diO4TyRZ1IAOemkNB9qGVLq6koISl8Avz52ctmvrG/UG7Uqd6TRCGp+Tlbrq1UeVPwcZdbH7knpPTxNRRZjQkKBta3A19TugiEpFN4Ww8yiBnEJ59hyNIEYbbubX3/LlzILlHKNhkvFcxG/T3QhtrYTR64zBrqwv72e+JfXyuhso92Vic4IE9FbRFJhvsgKI10syE+lQSLoXY5cJlyAASI0koMQTsxcTkWXx9fT/H9yUK0Etcra3lp5c6ufTIEtsEW2zAJWZ5tsh+2yJhPsht2zB/bo3XlP3rP38tk64PVn5tgPeK8fug2Z+w==</latexit>

⇡ ! ⇡ + ↵xn

with symmetry
<latexit sha1_base64="IQeijevE9grBLEtPqoPt3EaVizE=">AAAB+3icdVDLTgJBEJzFF+IL9ehlIjHxRHYBedxQL54MJgIaQDI7NDhhZncz02tCCF/hVU/ejFc/xoP/4u6KiRqtU6WqO11dbiCFQdt+s1ILi0vLK+nVzNr6xuZWdnunZfxQc2hyX/r6ymUGpPCgiQIlXAUamHIltN3xaey370Ab4XuXOAmgp9jIE0PBGUbS9XHXCEXNzXk/m7PzR9VKrVygEanVnLKdkGKlWKBO3k6QI3M0+tn37sDnoQIPuWTGdBw7wN6UaRRcwizTDQ0EjI/ZCDoR9ZgC05smgWf0IDQMfRqApkLSRITvG1OmjJkoN5pUDG/Nby8W//I6IQ6rvanwghDB4/EhFBKSQ4ZrETUBdCA0ILI4OVDhUc40QwQtKOM8EsOomkzUx9fT9H/SKuSdcr50UcrVT+bNpMke2SeHxCEVUidnpEGahBNF7skDebRm1pP1bL18jqas+c4u+QHr9QN5TJTn</latexit>

A ⇠ sN

Galileons<latexit sha1_base64="H+RFNkAtIP35k3UTRzm5C8jbAU0=">AAACBHicdVA9SwNBEN3z2/h1ammzGARBCHeJ5qMTbSwVjAq5EObWURf37pbdOSEEW3+FrVZ2Yuv/sPC/uDkjqOgrhsd7M8zMi7WSloLgzRsbn5icmp6ZLc3NLywu+csrJzbLjcC2yFRmzmKwqGSKbZKk8EwbhCRWeBpf7w/90xs0VmbpMfU1dhO4TOWFFEBO6vl+pGVEmatbESh9BT2/HFR2mo1WvcodabXCelCQWqNW5WElKFBmIxz2/PfoPBN5gikJBdZ2wkBTdwCGpFB4W4pyixrENVxix9EUErTdQXH5Ld/ILVDGNRouFS9E/D4xgMTafhK7zgToyv72huJfXieni2Z3IFOdE6ZiuIikwmKRFUa6SJCfS4NEMLwcuUy5AANEaCQHIZyYu4xKLo+vp/n/5KRaCeuV7aPt8u7eKJkZtsbW2SYLWYPtsgN2yNpMsBt2zx7Yo3fnPXnP3stn65g3mlllP+C9fgDfwphv</latexit>

⇡ ! ⇡ + ↵
<latexit sha1_base64="ccjEqzeNhxk6YsHaSOJsXdh5b2U=">AAAB+3icdVDLTgJBEJzFF+IL9ehlIjHxRHYBedxQLx4xkYcBJLNDgxNmdjczvSZkw1d41ZM349WP8eC/uKyYqNE6Vaq609XlBlIYtO03K7W0vLK6ll7PbGxube9kd/daxg81hyb3pa87LjMghQdNFCihE2hgypXQdifnc799B9oI37vCaQB9xcaeGAnOMJauT3tGKGpuCoNszs6fVCu1coHGpFZzynZCipVigTp5O0GOLNAYZN97Q5+HCjzkkhnTdewA+xHTKLiEWaYXGggYn7AxdGPqMQWmHyWBZ/QoNAx9GoCmQtJEhO8bEVPGTJUbTyqGt+a3Nxf/8rohjqr9SHhBiODx+SEUEpJDhmsRNwF0KDQgsnlyoMKjnGmGCFpQxnkshnE1mbiPr6fp/6RVyDvlfOmylKufLZpJkwNySI6JQyqkTi5IgzQJJ4rckwfyaM2sJ+vZevkcTVmLnX3yA9brB02olMs=</latexit>

A ⇠ s2

NG Bosons

(Positivity/Bootstrap)

Not all EFTs are UV completable!



Massive Gravity
Bellazzini,Isabella,Ricossa,FR’24

Isolated massive Higher-Spin j>2
Bellazzini,FR,Serra,Sgarlata’19

Theory with large high-derivative interactions
Caron-Huot,VanDuong’21, Elias-Miro,Bellazzini,Rattazzi,Riembau,FR’21,Arkani-Hamed,Huang,Huang’21,…

UV/IR Relations
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

Caron-Huot,VanDuong’21


<latexit sha1_base64="IEPziz3V8mVyT7Mmtau25FxWN7Q=">AAACA3icdVC7TsNAEDzzJjxioKQ5ESFRBdtAHh2ChhIkAkhJsNaXTTjl/NDdGimKUvIVtFDRIVo+hIJ/wTFBAgRTjWZ2tbMTJEoacpw3a2p6ZnZufmGxsLS8slq019YvTJxqgQ0Rq1hfBWBQyQgbJEnhVaIRwkDhZdA/HvuXt6iNjKNzGiTYDqEXya4UQJnk28Wev98KQHNz7e32fM+3S075oFatVzyekXrdrTg52avuedwtOzlKbIJT335vdWKRhhiRUGBM03USag9BkxQKR4VWajAB0YceNjMaQYimPcyDj/h2aoBinqDmUvFcxO8bQwiNGYRBNhkC3Zjf3lj8y2um1K21hzJKUsJIjA+RVJgfMkLLrBHkHamRCMbJkcuIC9BAhFpyECIT06yiQtbH19P8f3Lhld1KuXK2Xzo8mjSzwDbZFtthLquyQ3bCTlmDCZaye/bAHq0768l6tl4+R6esyc4G+wHr9QOJi5cG</latexit>

g 4
s̄2
/g

2

<latexit sha1_base64="Vr9DURqWyf8Y40obIJR/l+7K3EU=">AAACAHicdVDLTgJBEJzFF+IL9ehlIjHxIu4uCnIzevGoiTwSQNI7NDhh9pGZXhNDuPgVXvXkzXj1Tzz4Ly4rJmq0TpWq7nR1eZGShmz7zcrMzM7NL2QXc0vLK6tr+fWNugljLbAmQhXqpgcGlQywRpIUNiON4HsKG97wdOI3blAbGQaXdBthx4dBIPtSACXS1d6gW2p7oLnZH3Tdbr5gFw+PKtWyyxNSrTplOyWlSsnlTtFOUWBTnHfz7+1eKGIfAxIKjGk5dkSdEWiSQuE4144NRiCGMMBWQgPw0XRGaeox34kNUMgj1Fwqnor4fWMEvjG3vpdM+kDX5rc3Ef/yWjH1jzojGUQxYSAmh0gqTA8ZoWVSB/Ke1EgEk+TIZcAFaCBCLTkIkYhx0k8u6ePraf4/qbtFp1wsXxwUjk+mzWTZFttmu8xhFXbMztg5qzHBNLtnD+zRurOerGfr5XM0Y013NtkPWK8fSPKWZw==</latexit>

�g3s̄/g2
<latexit sha1_base64="wr8OrGy3hi+v+Xjaw02E6bCcNYM=">AAAB9HicdVDLTgJBEJzFF+IL9ehlIjHxItkFWeBG9OIRjTwS2JDZocEJs4/M9JIQwh941ZM349X/8eC/uLtiokbrVKnqTleXG0qh0TTfjMzK6tr6RnYzt7W9s7uX3z9o6yBSHFo8kIHqukyDFD60UKCEbqiAea6Ejju5TPzOFJQWgX+LsxAcj419MRKcYSzdnFUG+YJZrNSqdbtEY1KvW7aZknK1XKJW0UxRIEs0B/n3/jDgkQc+csm07llmiM6cKRRcwiLXjzSEjE/YGHox9ZkH2pmnSRf0JNIMAxqCokLSVITvG3PmaT3z3HjSY3inf3uJ+JfXi3BUc+bCDyMEnyeHUEhID2muRFwB0KFQgMiS5ECFTzlTDBGUoIzzWIziTnJxH19P0/9Ju1S07KJ9fV5oXCybyZIjckxOiUWqpEGuSJO0CCcjck8eyKMxNZ6MZ+PlczRjLHcOyQ8Yrx8cgZHg</latexit>�5

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0 <latexit sha1_base64="cPsFVaSbqyVMFIxeJCes57MuV88=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUro7KFcu8qNcaTpWmpNGwHSsnZ7WzKrVNK0eFLNEald+H45DHPgTIJdN6YFsRuglTKLiERWkYa4gYn7EpDFIaMB+0m+RBF/Qk1gxDGoGiQtJchO8bCfO1nvteOukzvNW/vUz8yxvEOKm7iQiiGCHg2SEUEvJDmiuRNgB0LBQgsiw5UBFQzhRDBCUo4zwV47SSUtrH19P0f9KtmrZjOu3zSvNy2UyRHJFjckpsUiNNck1apEM4AXJPHsijERtPxrPx8jlaMJY7h+QHjNcPrIaRpg==</latexit>

2

<latexit sha1_base64="vxAEeqxY0qME4hw1DtegMsE+6cM=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkflimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqveRpQ==</latexit>

1

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0

UV theory is Unitary and Causal

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

Galileons
<latexit sha1_base64="5FWKei/BZ4zdOA6ZGtTe0yaCvjA=">AAAB/3icdVC7TsNAEDzzDOEVoKQ5ESFBE9kBHNJF0FBQBIkAUmKh9bEJp5wf3K2RIisFX0ELFR2i5VMo+BccEyRAMNVoZlc7O36spCHbfrMmJqemZ2YLc8X5hcWl5dLK6pmJEi2wJSIV6QsfDCoZYoskKbyINULgKzz3+4cj//wWtZFReEqDGL0AeqHsSgGUSV7aEaD48XCrE8vty1LZruzt1+pulWekXndcOyc7tZ0qdyp2jjIbo3lZeu9cRSIJMCShwJi2Y8fkpaBJCoXDYicxGIPoQw/bGQ0hQOOleegh30wMUMRj1Fwqnov4fSOFwJhB4GeTAdC1+e2NxL+8dkLdfS+VYZwQhmJ0iKTC/JARWmZtIL+SGolglBy5DLkADUSoJQchMjHJ6ilmfXw9zf8nZ9WK41bck91y42DcTIGtsw22xRxWYw12xJqsxQS7YffsgT1ad9aT9Wy9fI5OWOOdNfYD1usHKzaWYg==</latexit>

L(⇡)
<latexit sha1_base64="XjG98wwNYFXVe22y1sv88gdnOiM=">AAACCHicdVDLSgNBEJz1GeMrPm5eBoMgCGE3amJuohePCkaFbJTesdXB2d1hpleMwR/wK7zqyZt49S88+C9O1ggqWoemqOqmuyvSSlry/TdvYHBoeGS0MFYcn5icmi7NzB7YNDMCmyJVqTmKwKKSCTZJksIjbRDiSOFhdLnd8w+v0FiZJvvU0diO4TyRZ1IAOemkNB9qGVLq6koISl8Avz52ctmvrG/UG7Uqd6TRCGp+Tlbrq1UeVPwcZdbH7knpPTxNRRZjQkKBta3A19TugiEpFN4Ww8yiBnEJ59hyNIEYbbubX3/LlzILlHKNhkvFcxG/T3QhtrYTR64zBrqwv72e+JfXyuhso92Vic4IE9FbRFJhvsgKI10syE+lQSLoXY5cJlyAASI0koMQTsxcTkWXx9fT/H9yUK0Etcra3lp5c6ufTIEtsEW2zAJWZ5tsh+2yJhPsht2zB/bo3XlP3rP38tk64PVn5tgPeK8fug2Z+w==</latexit>

⇡ ! ⇡ + ↵xn

with symmetry
<latexit sha1_base64="IQeijevE9grBLEtPqoPt3EaVizE=">AAAB+3icdVDLTgJBEJzFF+IL9ehlIjHxRHYBedxQL54MJgIaQDI7NDhhZncz02tCCF/hVU/ejFc/xoP/4u6KiRqtU6WqO11dbiCFQdt+s1ILi0vLK+nVzNr6xuZWdnunZfxQc2hyX/r6ymUGpPCgiQIlXAUamHIltN3xaey370Ab4XuXOAmgp9jIE0PBGUbS9XHXCEXNzXk/m7PzR9VKrVygEanVnLKdkGKlWKBO3k6QI3M0+tn37sDnoQIPuWTGdBw7wN6UaRRcwizTDQ0EjI/ZCDoR9ZgC05smgWf0IDQMfRqApkLSRITvG1OmjJkoN5pUDG/Nby8W//I6IQ6rvanwghDB4/EhFBKSQ4ZrETUBdCA0ILI4OVDhUc40QwQtKOM8EsOomkzUx9fT9H/SKuSdcr50UcrVT+bNpMke2SeHxCEVUidnpEGahBNF7skDebRm1pP1bL18jqas+c4u+QHr9QN5TJTn</latexit>

A ⇠ sN

Galileons<latexit sha1_base64="H+RFNkAtIP35k3UTRzm5C8jbAU0=">AAACBHicdVA9SwNBEN3z2/h1ammzGARBCHeJ5qMTbSwVjAq5EObWURf37pbdOSEEW3+FrVZ2Yuv/sPC/uDkjqOgrhsd7M8zMi7WSloLgzRsbn5icmp6ZLc3NLywu+csrJzbLjcC2yFRmzmKwqGSKbZKk8EwbhCRWeBpf7w/90xs0VmbpMfU1dhO4TOWFFEBO6vl+pGVEmatbESh9BT2/HFR2mo1WvcodabXCelCQWqNW5WElKFBmIxz2/PfoPBN5gikJBdZ2wkBTdwCGpFB4W4pyixrENVxix9EUErTdQXH5Ld/ILVDGNRouFS9E/D4xgMTafhK7zgToyv72huJfXieni2Z3IFOdE6ZiuIikwmKRFUa6SJCfS4NEMLwcuUy5AANEaCQHIZyYu4xKLo+vp/n/5KRaCeuV7aPt8u7eKJkZtsbW2SYLWYPtsgN2yNpMsBt2zx7Yo3fnPXnP3stn65g3mlllP+C9fgDfwphv</latexit>

⇡ ! ⇡ + ↵
<latexit sha1_base64="ccjEqzeNhxk6YsHaSOJsXdh5b2U=">AAAB+3icdVDLTgJBEJzFF+IL9ehlIjHxRHYBedxQLx4xkYcBJLNDgxNmdjczvSZkw1d41ZM349WP8eC/uKyYqNE6Vaq609XlBlIYtO03K7W0vLK6ll7PbGxube9kd/daxg81hyb3pa87LjMghQdNFCihE2hgypXQdifnc799B9oI37vCaQB9xcaeGAnOMJauT3tGKGpuCoNszs6fVCu1coHGpFZzynZCipVigTp5O0GOLNAYZN97Q5+HCjzkkhnTdewA+xHTKLiEWaYXGggYn7AxdGPqMQWmHyWBZ/QoNAx9GoCmQtJEhO8bEVPGTJUbTyqGt+a3Nxf/8rohjqr9SHhBiODx+SEUEpJDhmsRNwF0KDQgsnlyoMKjnGmGCFpQxnkshnE1mbiPr6fp/6RVyDvlfOmylKufLZpJkwNySI6JQyqkTi5IgzQJJ4rckwfyaM2sJ+vZevkcTVmLnX3yA9brB02olMs=</latexit>

A ⇠ s2

NG Bosons

(Positivity/Bootstrap)

Not all EFTs are UV completable!



Massive Gravity
Bellazzini,Isabella,Ricossa,FR’24

Isolated massive Higher-Spin j>2
Bellazzini,FR,Serra,Sgarlata’19

Theory with large high-derivative interactions
Caron-Huot,VanDuong’21, Elias-Miro,Bellazzini,Rattazzi,Riembau,FR’21,Arkani-Hamed,Huang,Huang’21,…

UV/IR Relations
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

Caron-Huot,VanDuong’21


<latexit sha1_base64="IEPziz3V8mVyT7Mmtau25FxWN7Q=">AAACA3icdVC7TsNAEDzzJjxioKQ5ESFRBdtAHh2ChhIkAkhJsNaXTTjl/NDdGimKUvIVtFDRIVo+hIJ/wTFBAgRTjWZ2tbMTJEoacpw3a2p6ZnZufmGxsLS8slq019YvTJxqgQ0Rq1hfBWBQyQgbJEnhVaIRwkDhZdA/HvuXt6iNjKNzGiTYDqEXya4UQJnk28Wev98KQHNz7e32fM+3S075oFatVzyekXrdrTg52avuedwtOzlKbIJT335vdWKRhhiRUGBM03USag9BkxQKR4VWajAB0YceNjMaQYimPcyDj/h2aoBinqDmUvFcxO8bQwiNGYRBNhkC3Zjf3lj8y2um1K21hzJKUsJIjA+RVJgfMkLLrBHkHamRCMbJkcuIC9BAhFpyECIT06yiQtbH19P8f3Lhld1KuXK2Xzo8mjSzwDbZFtthLquyQ3bCTlmDCZaye/bAHq0768l6tl4+R6esyc4G+wHr9QOJi5cG</latexit>

g 4
s̄2
/g

2

<latexit sha1_base64="Vr9DURqWyf8Y40obIJR/l+7K3EU=">AAACAHicdVDLTgJBEJzFF+IL9ehlIjHxIu4uCnIzevGoiTwSQNI7NDhh9pGZXhNDuPgVXvXkzXj1Tzz4Ly4rJmq0TpWq7nR1eZGShmz7zcrMzM7NL2QXc0vLK6tr+fWNugljLbAmQhXqpgcGlQywRpIUNiON4HsKG97wdOI3blAbGQaXdBthx4dBIPtSACXS1d6gW2p7oLnZH3Tdbr5gFw+PKtWyyxNSrTplOyWlSsnlTtFOUWBTnHfz7+1eKGIfAxIKjGk5dkSdEWiSQuE4144NRiCGMMBWQgPw0XRGaeox34kNUMgj1Fwqnor4fWMEvjG3vpdM+kDX5rc3Ef/yWjH1jzojGUQxYSAmh0gqTA8ZoWVSB/Ke1EgEk+TIZcAFaCBCLTkIkYhx0k8u6ePraf4/qbtFp1wsXxwUjk+mzWTZFttmu8xhFXbMztg5qzHBNLtnD+zRurOerGfr5XM0Y013NtkPWK8fSPKWZw==</latexit>

�g3s̄/g2
<latexit sha1_base64="wr8OrGy3hi+v+Xjaw02E6bCcNYM=">AAAB9HicdVDLTgJBEJzFF+IL9ehlIjHxItkFWeBG9OIRjTwS2JDZocEJs4/M9JIQwh941ZM349X/8eC/uLtiokbrVKnqTleXG0qh0TTfjMzK6tr6RnYzt7W9s7uX3z9o6yBSHFo8kIHqukyDFD60UKCEbqiAea6Ejju5TPzOFJQWgX+LsxAcj419MRKcYSzdnFUG+YJZrNSqdbtEY1KvW7aZknK1XKJW0UxRIEs0B/n3/jDgkQc+csm07llmiM6cKRRcwiLXjzSEjE/YGHox9ZkH2pmnSRf0JNIMAxqCokLSVITvG3PmaT3z3HjSY3inf3uJ+JfXi3BUc+bCDyMEnyeHUEhID2muRFwB0KFQgMiS5ECFTzlTDBGUoIzzWIziTnJxH19P0/9Ju1S07KJ9fV5oXCybyZIjckxOiUWqpEGuSJO0CCcjck8eyKMxNZ6MZ+PlczRjLHcOyQ8Yrx8cgZHg</latexit>�5

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0 <latexit sha1_base64="cPsFVaSbqyVMFIxeJCes57MuV88=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUro7KFcu8qNcaTpWmpNGwHSsnZ7WzKrVNK0eFLNEald+H45DHPgTIJdN6YFsRuglTKLiERWkYa4gYn7EpDFIaMB+0m+RBF/Qk1gxDGoGiQtJchO8bCfO1nvteOukzvNW/vUz8yxvEOKm7iQiiGCHg2SEUEvJDmiuRNgB0LBQgsiw5UBFQzhRDBCUo4zwV47SSUtrH19P0f9KtmrZjOu3zSvNy2UyRHJFjckpsUiNNck1apEM4AXJPHsijERtPxrPx8jlaMJY7h+QHjNcPrIaRpg==</latexit>

2

<latexit sha1_base64="vxAEeqxY0qME4hw1DtegMsE+6cM=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkflimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqveRpQ==</latexit>

1

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0

UV theory is Unitary and Causal

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

Galileons
<latexit sha1_base64="5FWKei/BZ4zdOA6ZGtTe0yaCvjA=">AAAB/3icdVC7TsNAEDzzDOEVoKQ5ESFBE9kBHNJF0FBQBIkAUmKh9bEJp5wf3K2RIisFX0ELFR2i5VMo+BccEyRAMNVoZlc7O36spCHbfrMmJqemZ2YLc8X5hcWl5dLK6pmJEi2wJSIV6QsfDCoZYoskKbyINULgKzz3+4cj//wWtZFReEqDGL0AeqHsSgGUSV7aEaD48XCrE8vty1LZruzt1+pulWekXndcOyc7tZ0qdyp2jjIbo3lZeu9cRSIJMCShwJi2Y8fkpaBJCoXDYicxGIPoQw/bGQ0hQOOleegh30wMUMRj1Fwqnov4fSOFwJhB4GeTAdC1+e2NxL+8dkLdfS+VYZwQhmJ0iKTC/JARWmZtIL+SGolglBy5DLkADUSoJQchMjHJ6ilmfXw9zf8nZ9WK41bck91y42DcTIGtsw22xRxWYw12xJqsxQS7YffsgT1ad9aT9Wy9fI5OWOOdNfYD1usHKzaWYg==</latexit>

L(⇡)
<latexit sha1_base64="XjG98wwNYFXVe22y1sv88gdnOiM=">AAACCHicdVDLSgNBEJz1GeMrPm5eBoMgCGE3amJuohePCkaFbJTesdXB2d1hpleMwR/wK7zqyZt49S88+C9O1ggqWoemqOqmuyvSSlry/TdvYHBoeGS0MFYcn5icmi7NzB7YNDMCmyJVqTmKwKKSCTZJksIjbRDiSOFhdLnd8w+v0FiZJvvU0diO4TyRZ1IAOemkNB9qGVLq6koISl8Avz52ctmvrG/UG7Uqd6TRCGp+Tlbrq1UeVPwcZdbH7knpPTxNRRZjQkKBta3A19TugiEpFN4Ww8yiBnEJ59hyNIEYbbubX3/LlzILlHKNhkvFcxG/T3QhtrYTR64zBrqwv72e+JfXyuhso92Vic4IE9FbRFJhvsgKI10syE+lQSLoXY5cJlyAASI0koMQTsxcTkWXx9fT/H9yUK0Etcra3lp5c6ufTIEtsEW2zAJWZ5tsh+2yJhPsht2zB/bo3XlP3rP38tk64PVn5tgPeK8fug2Z+w==</latexit>

⇡ ! ⇡ + ↵xn

with symmetry
<latexit sha1_base64="IQeijevE9grBLEtPqoPt3EaVizE=">AAAB+3icdVDLTgJBEJzFF+IL9ehlIjHxRHYBedxQL54MJgIaQDI7NDhhZncz02tCCF/hVU/ejFc/xoP/4u6KiRqtU6WqO11dbiCFQdt+s1ILi0vLK+nVzNr6xuZWdnunZfxQc2hyX/r6ymUGpPCgiQIlXAUamHIltN3xaey370Ab4XuXOAmgp9jIE0PBGUbS9XHXCEXNzXk/m7PzR9VKrVygEanVnLKdkGKlWKBO3k6QI3M0+tn37sDnoQIPuWTGdBw7wN6UaRRcwizTDQ0EjI/ZCDoR9ZgC05smgWf0IDQMfRqApkLSRITvG1OmjJkoN5pUDG/Nby8W//I6IQ6rvanwghDB4/EhFBKSQ4ZrETUBdCA0ILI4OVDhUc40QwQtKOM8EsOomkzUx9fT9H/SKuSdcr50UcrVT+bNpMke2SeHxCEVUidnpEGahBNF7skDebRm1pP1bL18jqas+c4u+QHr9QN5TJTn</latexit>

A ⇠ sN

Galileons<latexit sha1_base64="H+RFNkAtIP35k3UTRzm5C8jbAU0=">AAACBHicdVA9SwNBEN3z2/h1ammzGARBCHeJ5qMTbSwVjAq5EObWURf37pbdOSEEW3+FrVZ2Yuv/sPC/uDkjqOgrhsd7M8zMi7WSloLgzRsbn5icmp6ZLc3NLywu+csrJzbLjcC2yFRmzmKwqGSKbZKk8EwbhCRWeBpf7w/90xs0VmbpMfU1dhO4TOWFFEBO6vl+pGVEmatbESh9BT2/HFR2mo1WvcodabXCelCQWqNW5WElKFBmIxz2/PfoPBN5gikJBdZ2wkBTdwCGpFB4W4pyixrENVxix9EUErTdQXH5Ld/ILVDGNRouFS9E/D4xgMTafhK7zgToyv72huJfXieni2Z3IFOdE6ZiuIikwmKRFUa6SJCfS4NEMLwcuUy5AANEaCQHIZyYu4xKLo+vp/n/5KRaCeuV7aPt8u7eKJkZtsbW2SYLWYPtsgN2yNpMsBt2zx7Yo3fnPXnP3stn65g3mlllP+C9fgDfwphv</latexit>

⇡ ! ⇡ + ↵
<latexit sha1_base64="ccjEqzeNhxk6YsHaSOJsXdh5b2U=">AAAB+3icdVDLTgJBEJzFF+IL9ehlIjHxRHYBedxQLx4xkYcBJLNDgxNmdjczvSZkw1d41ZM349WP8eC/uKyYqNE6Vaq609XlBlIYtO03K7W0vLK6ll7PbGxube9kd/daxg81hyb3pa87LjMghQdNFCihE2hgypXQdifnc799B9oI37vCaQB9xcaeGAnOMJauT3tGKGpuCoNszs6fVCu1coHGpFZzynZCipVigTp5O0GOLNAYZN97Q5+HCjzkkhnTdewA+xHTKLiEWaYXGggYn7AxdGPqMQWmHyWBZ/QoNAx9GoCmQtJEhO8bEVPGTJUbTyqGt+a3Nxf/8rohjqr9SHhBiODx+SEUEpJDhmsRNwF0KDQgsnlyoMKjnGmGCFpQxnkshnE1mbiPr6fp/6RVyDvlfOmylKufLZpJkwNySI6JQyqkTi5IgzQJJ4rckwfyaM2sJ+vZevkcTVmLnX3yA9brB02olMs=</latexit>

A ⇠ s2

NG Bosons

(Positivity/Bootstrap)

Not all EFTs are UV completable!



Most results in the literature based on tree-level EFT

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

UV/IR Relations

<latexit sha1_base64="YWL+MhnoZZFpSxPN4QgeSSE/0K4=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg8psaLzZRNOOZ+tuzVSZPITtFDRIVp+hoJ/4WxcQMJUo5ldze4EsRQGXffTKa2srq1vlDcrW9s7u3vV/YOOiRLNoc0jGelewAxIoaCNAiX0Yg0sDCR0g+l15ncfQBsRqTucxeCHbKLEWHCGVupNhmqAEXWH1Zpbd3PQZeIVpEYKtIbVr8Eo4kkICrlkxvQ9N0Y/ZRoFlzCvDBIDMeNTNoG+pYqFYPw0v3dOTxLDbGoMmgpJcxF+b6QsNGYWBnYyZHhvFr1M/M/rJzi+9FOh4gRB8SwIhYQ8yHAtbBFAR0IDIssuByoU5UwzRNCCMs6tmNhmKrYPb/H7ZdI5q3uNeuP2vNa8KpopkyNyTE6JRy5Ik9yQFmkTTiR5Is/kxXl0Xp035/1ntOQUO4fkD5yPbyr5lB0=</latexit>

gn ! 0
<latexit sha1_base64="wOEDHC+1OJTbNVGQgXEOgNZrgAM=">AAACCnicbVA9SwNBEN3zM8avqGBjsxgEq3AnEm2EoI1lBPMBSQhzm0lcsrd37M4J4bx/4K+w1cpObP0TFv4XLzGFJr5ieLw3w8w8P1LSkut+OguLS8srq7m1/PrG5tZ2YWe3bsPYCKyJUIWm6YNFJTXWSJLCZmQQAl9hwx9ejf3GPRorQ31Lowg7AQy07EsBlEndwn67b0Akg65OsxKkF32pJWG3UHRL7gR8nnhTUmRTVLuFr3YvFHGAmoQCa1ueG1EnAUNSKEzz7dhiBGIIA2xlVEOAtpNM7k/5UWyBQh6h4VLxiYi/JxIIrB0FftYZAN3ZWW8s/ue1YuqfdxKpo5hQi/Eikgoni6wwMgsGeU8aJILx5cil5gIMEKGRHITIxDhLKp/l4c1+P0/qJyWvXCrfnBYrl9NkcuyAHbJj5rEzVmHXrMpqTLAH9sSe2Yvz6Lw6b877T+uCM53ZY3/gfHwDyi6bIg==</latexit>gn
gm

= finite
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<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

UV/IR Relations

<latexit sha1_base64="YWL+MhnoZZFpSxPN4QgeSSE/0K4=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg8psaLzZRNOOZ+tuzVSZPITtFDRIVp+hoJ/4WxcQMJUo5ldze4EsRQGXffTKa2srq1vlDcrW9s7u3vV/YOOiRLNoc0jGelewAxIoaCNAiX0Yg0sDCR0g+l15ncfQBsRqTucxeCHbKLEWHCGVupNhmqAEXWH1Zpbd3PQZeIVpEYKtIbVr8Eo4kkICrlkxvQ9N0Y/ZRoFlzCvDBIDMeNTNoG+pYqFYPw0v3dOTxLDbGoMmgpJcxF+b6QsNGYWBnYyZHhvFr1M/M/rJzi+9FOh4gRB8SwIhYQ8yHAtbBFAR0IDIssuByoU5UwzRNCCMs6tmNhmKrYPb/H7ZdI5q3uNeuP2vNa8KpopkyNyTE6JRy5Ik9yQFmkTTiR5Is/kxXl0Xp035/1ntOQUO4fkD5yPbyr5lB0=</latexit>

gn ! 0
<latexit sha1_base64="wOEDHC+1OJTbNVGQgXEOgNZrgAM=">AAACCnicbVA9SwNBEN3zM8avqGBjsxgEq3AnEm2EoI1lBPMBSQhzm0lcsrd37M4J4bx/4K+w1cpObP0TFv4XLzGFJr5ieLw3w8w8P1LSkut+OguLS8srq7m1/PrG5tZ2YWe3bsPYCKyJUIWm6YNFJTXWSJLCZmQQAl9hwx9ejf3GPRorQ31Lowg7AQy07EsBlEndwn67b0Akg65OsxKkF32pJWG3UHRL7gR8nnhTUmRTVLuFr3YvFHGAmoQCa1ueG1EnAUNSKEzz7dhiBGIIA2xlVEOAtpNM7k/5UWyBQh6h4VLxiYi/JxIIrB0FftYZAN3ZWW8s/ue1YuqfdxKpo5hQi/Eikgoni6wwMgsGeU8aJILx5cil5gIMEKGRHITIxDhLKp/l4c1+P0/qJyWvXCrfnBYrl9NkcuyAHbJj5rEzVmHXrMpqTLAH9sSe2Yvz6Lw6b877T+uCM53ZY3/gfHwDyi6bIg==</latexit>gn
gm

= finite

This talk: finite couplings and loop effects in EFT
<latexit sha1_base64="YbApjTKO1btlyeEXePpBhPe3HKU=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5IESKzpfNuGUu7O5WyNFVr6CFio6RMvHUPAv2MYFJEw1mtnVzk4QSWHRdT+dpeWV1bX10kZ5c2t7Z7eyt9+2YWw4tHgoQ9MNmAUpNLRQoIRuZICpQEInmFxlfucRjBWhvsVpBL5iYy1GgjNMpbvxQPc1PFB3UKm6NTcHXSReQaqkQHNQ+eoPQx4r0Mgls7bnuRH6CTMouIRZuR9biBifsDH0UqqZAusneeAZPY4tw5BGYKiQNBfh90bClLVTFaSTiuG9nfcy8T+vF+Powk+EjmIEzbNDKCTkhyw3Im0C6FAYQGRZcqBCU84MQwQjKOM8FeO0mnLahzf//SJpn9a8eq1+c1ZtXBbNlMghOSInxCPnpEGuSZO0CCeKPJFn8uLMnFfnzXn/GV1yip0D8gfOxzfqRJSI</latexit>

gn 6= 0
<latexit sha1_base64="pLlwqa7wbTu/lYGEg1KN/ogzuYk=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKCAioUJPJAiRWdL5twyt3Z3K2RIitfQQsVHaLlYyj4F2yTAhKmGs3samcniKSw6LqfzsLi0vLKamGtuL6xubVd2tlt2jA2HBo8lKFpB8yCFBoaKFBCOzLAVCChFYwuMr/1CMaKUN/iOAJfsaEWA8EZptLdZe+6q+GBur1S2a24Oeg88aakTKao90pf3X7IYwUauWTWdjw3Qj9hBgWXMCl2YwsR4yM2hE5KNVNg/SQPPKGHsWUY0ggMFZLmIvzeSJiydqyCdFIxvLezXib+53ViHJz5idBRjKB5dgiFhPyQ5UakTQDtCwOILEsOVGjKmWGIYARlnKdinFZTTPvwZr+fJ83jiletVG9OyrXzaTMFsk8OyBHxyCmpkStSJw3CiSJP5Jm8OBPn1Xlz3n9GF5zpzh75A+fjG4TElEg=</latexit>

GN 6= 0
<latexit sha1_base64="8jF+SA37leVRrp1/CQFG4cN1e+o=">AAAB/nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIoAUW2h92cAp5/Nxt0aKokh8BS1UdIiWX6HgX3CMC15TjWZ2tbMTGyUd+f67V5mZnZtfqC7WlpZXVtfq6xvnLs2swK5IVWovY3CopMYuSVJ4aSxCEiu8iIfHU//iDq2TqT6jkcEogWstB1IA5VIYgjI3EGq85f5VveE3/QL8LwlK0mAlOlf1j7CfiixBTUKBc73ANxSNwZIUCie1MHNoQAzhGns51ZCgi8ZF5gnfyRxQyg1aLhUvRPy+MYbEuVES55MJ0I377U3F/7xeRoPDaCy1yQi1mB4iqbA45ISVeRnI+9IiEUyTI5eaC7BAhFZyECIXs7ydWt5H8Pv7v+R8rxm0mq3T/Ub7qGymyrbYNttlATtgbXbCOqzLBDPsgT2yJ+/ee/ZevNev0YpX7myyH/DePgE76ZXU</latexit>

↵ 6= 0
<latexit sha1_base64="o/E4Ui5YaVBA37fwHsaKf1YD4HM=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTICCsogkQdKrGh92YRTzg/drZEiK19BCxUdouVjKPgXbOMCEqYazexqZ8eLlDRk25/W0vLK6tp6aaO8ubW9s1vZ22+bMNYCWyJUoe56YFDJAFskSWE30gi+p7DjTa4yv/OI2sgwuKNphK4P40COpABKpfv+KNSgFL8eVKp2zc7BF4lTkCor0BxUvvrDUMQ+BiQUGNNz7IjcBDRJoXBW7scGIxATGGMvpQH4aNwkDzzjx7EBCnmEmkvFcxF/byTgGzP1vXTSB3ow814m/uf1YhpduIkMopgwENkhkgrzQ0ZomTaBfCg1EkGWHLkMuAANRKglByFSMU6rKad9OPPfL5L2ac2p1+q3Z9XGZdFMiR2yI3bCHHbOGuyGNVmLCeazJ/bMXqyZ9Wq9We8/o0tWsXPA/sD6+AYWG5Sk</latexit>

8D
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<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

UV/IR Relations

“In weakly coupled theories, aren’t loop effects small?”

<latexit sha1_base64="YWL+MhnoZZFpSxPN4QgeSSE/0K4=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg8psaLzZRNOOZ+tuzVSZPITtFDRIVp+hoJ/4WxcQMJUo5ldze4EsRQGXffTKa2srq1vlDcrW9s7u3vV/YOOiRLNoc0jGelewAxIoaCNAiX0Yg0sDCR0g+l15ncfQBsRqTucxeCHbKLEWHCGVupNhmqAEXWH1Zpbd3PQZeIVpEYKtIbVr8Eo4kkICrlkxvQ9N0Y/ZRoFlzCvDBIDMeNTNoG+pYqFYPw0v3dOTxLDbGoMmgpJcxF+b6QsNGYWBnYyZHhvFr1M/M/rJzi+9FOh4gRB8SwIhYQ8yHAtbBFAR0IDIssuByoU5UwzRNCCMs6tmNhmKrYPb/H7ZdI5q3uNeuP2vNa8KpopkyNyTE6JRy5Ik9yQFmkTTiR5Is/kxXl0Xp035/1ntOQUO4fkD5yPbyr5lB0=</latexit>

gn ! 0
<latexit sha1_base64="wOEDHC+1OJTbNVGQgXEOgNZrgAM=">AAACCnicbVA9SwNBEN3zM8avqGBjsxgEq3AnEm2EoI1lBPMBSQhzm0lcsrd37M4J4bx/4K+w1cpObP0TFv4XLzGFJr5ieLw3w8w8P1LSkut+OguLS8srq7m1/PrG5tZ2YWe3bsPYCKyJUIWm6YNFJTXWSJLCZmQQAl9hwx9ejf3GPRorQ31Lowg7AQy07EsBlEndwn67b0Akg65OsxKkF32pJWG3UHRL7gR8nnhTUmRTVLuFr3YvFHGAmoQCa1ueG1EnAUNSKEzz7dhiBGIIA2xlVEOAtpNM7k/5UWyBQh6h4VLxiYi/JxIIrB0FftYZAN3ZWW8s/ue1YuqfdxKpo5hQi/Eikgoni6wwMgsGeU8aJILx5cil5gIMEKGRHITIxDhLKp/l4c1+P0/qJyWvXCrfnBYrl9NkcuyAHbJj5rEzVmHXrMpqTLAH9sSe2Yvz6Lw6b877T+uCM53ZY3/gfHwDyi6bIg==</latexit>gn
gm

= finite

This talk: finite couplings and loop effects in EFT
<latexit sha1_base64="YbApjTKO1btlyeEXePpBhPe3HKU=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5IESKzpfNuGUu7O5WyNFVr6CFio6RMvHUPAv2MYFJEw1mtnVzk4QSWHRdT+dpeWV1bX10kZ5c2t7Z7eyt9+2YWw4tHgoQ9MNmAUpNLRQoIRuZICpQEInmFxlfucRjBWhvsVpBL5iYy1GgjNMpbvxQPc1PFB3UKm6NTcHXSReQaqkQHNQ+eoPQx4r0Mgls7bnuRH6CTMouIRZuR9biBifsDH0UqqZAusneeAZPY4tw5BGYKiQNBfh90bClLVTFaSTiuG9nfcy8T+vF+Powk+EjmIEzbNDKCTkhyw3Im0C6FAYQGRZcqBCU84MQwQjKOM8FeO0mnLahzf//SJpn9a8eq1+c1ZtXBbNlMghOSInxCPnpEGuSZO0CCeKPJFn8uLMnFfnzXn/GV1yip0D8gfOxzfqRJSI</latexit>

gn 6= 0
<latexit sha1_base64="pLlwqa7wbTu/lYGEg1KN/ogzuYk=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKCAioUJPJAiRWdL5twyt3Z3K2RIitfQQsVHaLlYyj4F2yTAhKmGs3samcniKSw6LqfzsLi0vLKamGtuL6xubVd2tlt2jA2HBo8lKFpB8yCFBoaKFBCOzLAVCChFYwuMr/1CMaKUN/iOAJfsaEWA8EZptLdZe+6q+GBur1S2a24Oeg88aakTKao90pf3X7IYwUauWTWdjw3Qj9hBgWXMCl2YwsR4yM2hE5KNVNg/SQPPKGHsWUY0ggMFZLmIvzeSJiydqyCdFIxvLezXib+53ViHJz5idBRjKB5dgiFhPyQ5UakTQDtCwOILEsOVGjKmWGIYARlnKdinFZTTPvwZr+fJ83jiletVG9OyrXzaTMFsk8OyBHxyCmpkStSJw3CiSJP5Jm8OBPn1Xlz3n9GF5zpzh75A+fjG4TElEg=</latexit>

GN 6= 0
<latexit sha1_base64="8jF+SA37leVRrp1/CQFG4cN1e+o=">AAAB/nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIoAUW2h92cAp5/Nxt0aKokh8BS1UdIiWX6HgX3CMC15TjWZ2tbMTGyUd+f67V5mZnZtfqC7WlpZXVtfq6xvnLs2swK5IVWovY3CopMYuSVJ4aSxCEiu8iIfHU//iDq2TqT6jkcEogWstB1IA5VIYgjI3EGq85f5VveE3/QL8LwlK0mAlOlf1j7CfiixBTUKBc73ANxSNwZIUCie1MHNoQAzhGns51ZCgi8ZF5gnfyRxQyg1aLhUvRPy+MYbEuVES55MJ0I377U3F/7xeRoPDaCy1yQi1mB4iqbA45ISVeRnI+9IiEUyTI5eaC7BAhFZyECIXs7ydWt5H8Pv7v+R8rxm0mq3T/Ub7qGymyrbYNttlATtgbXbCOqzLBDPsgT2yJ+/ee/ZevNev0YpX7myyH/DePgE76ZXU</latexit>

↵ 6= 0
<latexit sha1_base64="o/E4Ui5YaVBA37fwHsaKf1YD4HM=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTICCsogkQdKrGh92YRTzg/drZEiK19BCxUdouVjKPgXbOMCEqYazexqZ8eLlDRk25/W0vLK6tp6aaO8ubW9s1vZ22+bMNYCWyJUoe56YFDJAFskSWE30gi+p7DjTa4yv/OI2sgwuKNphK4P40COpABKpfv+KNSgFL8eVKp2zc7BF4lTkCor0BxUvvrDUMQ+BiQUGNNz7IjcBDRJoXBW7scGIxATGGMvpQH4aNwkDzzjx7EBCnmEmkvFcxF/byTgGzP1vXTSB3ow814m/uf1YhpduIkMopgwENkhkgrzQ0ZomTaBfCg1EkGWHLkMuAANRKglByFSMU6rKad9OPPfL5L2ac2p1+q3Z9XGZdFMiR2yI3bCHHbOGuyGNVmLCeazJ/bMXqyZ9Wq9We8/o0tWsXPA/sD6+AYWG5Sk</latexit>

8D



IR-UV Connection

vanishes for n≥2 
(Froissart bound)
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EFT
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Crossing
s $ u

<latexit sha1_base64="vB2fIJ9c798ogAWjbhrnEdyKHQg=">AAACBnicbVDLTgJBEJz1Lb4Qj14mEhNPZAcJyI3oxSMmoiRASO/Q4MTZR2Z6VUK8+xVe9eTNePU3PPgv7q4kPutUqepOV5cXaWXJdd+cmdm5+YXFpeXcyura+kZ+s3Bmw9hIbMlQh6btgUWtAmyRIo3tyCD4nsZz7/Io9c+v0FgVBqc0jrDnwyhQQyWBEqmfL9iuxiEZNbogMCa85nE/X3RLNSFErcITUnZdt54SUS2LKhclN0ORTdHs59+7g1DGPgYkNVjbEW5EvQkYUlLjba4bW4xAXsIIOwkNwEfbm2TZb/lubIFCHqHhSvNMxO8bE/CtHfteMukDXdjfXir+53ViGh70JiqIYsJApodIacwOWWlUUgrygTJIBGly5CrgEgwQoVEcpEzEOGkpl/VRT/H1/V9yVi6J/dL+SaXYOJw2s8S22Q7bY4LVWIMdsyZrMclu2D17YI/OnfPkPDsvn6MzznRni/2A8/oB4XaZsQ==</latexit>

s $ �u+ 4m2
<latexit sha1_base64="WeUY6TVklR/B1pmBJSP9HdCWm9U="></latexit>

> s
2

>

>

>

(for theories that have it, like Goldstones)
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Forward (t=0) bounds:



IR-UV Connection

vanishes for n≥2 
(Froissart bound)
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s $ u

<latexit sha1_base64="vB2fIJ9c798ogAWjbhrnEdyKHQg=">AAACBnicbVDLTgJBEJz1Lb4Qj14mEhNPZAcJyI3oxSMmoiRASO/Q4MTZR2Z6VUK8+xVe9eTNePU3PPgv7q4kPutUqepOV5cXaWXJdd+cmdm5+YXFpeXcyura+kZ+s3Bmw9hIbMlQh6btgUWtAmyRIo3tyCD4nsZz7/Io9c+v0FgVBqc0jrDnwyhQQyWBEqmfL9iuxiEZNbogMCa85nE/X3RLNSFErcITUnZdt54SUS2LKhclN0ORTdHs59+7g1DGPgYkNVjbEW5EvQkYUlLjba4bW4xAXsIIOwkNwEfbm2TZb/lubIFCHqHhSvNMxO8bE/CtHfteMukDXdjfXir+53ViGh70JiqIYsJApodIacwOWWlUUgrygTJIBGly5CrgEgwQoVEcpEzEOGkpl/VRT/H1/V9yVi6J/dL+SaXYOJw2s8S22Q7bY4LVWIMdsyZrMclu2D17YI/OnfPkPDsvn6MzznRni/2A8/oB4XaZsQ==</latexit>

s $ �u+ 4m2
<latexit sha1_base64="WeUY6TVklR/B1pmBJSP9HdCWm9U="></latexit>

>
Ca

us
ali

ty 
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aly
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ity

s
2

>

>

>

(for theories that have it, like Goldstones)
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Forward (t=0) bounds:



IR-UV Connection

vanishes for n≥2 
(Froissart bound)
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Crossing
s $ u

<latexit sha1_base64="vB2fIJ9c798ogAWjbhrnEdyKHQg=">AAACBnicbVDLTgJBEJz1Lb4Qj14mEhNPZAcJyI3oxSMmoiRASO/Q4MTZR2Z6VUK8+xVe9eTNePU3PPgv7q4kPutUqepOV5cXaWXJdd+cmdm5+YXFpeXcyura+kZ+s3Bmw9hIbMlQh6btgUWtAmyRIo3tyCD4nsZz7/Io9c+v0FgVBqc0jrDnwyhQQyWBEqmfL9iuxiEZNbogMCa85nE/X3RLNSFErcITUnZdt54SUS2LKhclN0ORTdHs59+7g1DGPgYkNVjbEW5EvQkYUlLjba4bW4xAXsIIOwkNwEfbm2TZb/lubIFCHqHhSvNMxO8bE/CtHfteMukDXdjfXir+53ViGh70JiqIYsJApodIacwOWWlUUgrygTJIBGly5CrgEgwQoVEcpEzEOGkpl/VRT/H1/V9yVi6J/dL+SaXYOJw2s8S22Q7bY4LVWIMdsyZrMclu2D17YI/OnfPkPDsvn6MzznRni/2A8/oB4XaZsQ==</latexit>

s $ �u+ 4m2
<latexit sha1_base64="WeUY6TVklR/B1pmBJSP9HdCWm9U="></latexit>

>
Ca

us
ali

ty 
 

= 
 

An
aly

tic
ity

s
2

>

>

>
Unitarity 

= 
Positivity

(for theories that have it, like Goldstones)
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Forward (t=0) bounds:



IR-UV Connection

Arcs:

vanishes for n≥2 
(Froissart bound)
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Crossing
s $ u

<latexit sha1_base64="vB2fIJ9c798ogAWjbhrnEdyKHQg=">AAACBnicbVDLTgJBEJz1Lb4Qj14mEhNPZAcJyI3oxSMmoiRASO/Q4MTZR2Z6VUK8+xVe9eTNePU3PPgv7q4kPutUqepOV5cXaWXJdd+cmdm5+YXFpeXcyura+kZ+s3Bmw9hIbMlQh6btgUWtAmyRIo3tyCD4nsZz7/Io9c+v0FgVBqc0jrDnwyhQQyWBEqmfL9iuxiEZNbogMCa85nE/X3RLNSFErcITUnZdt54SUS2LKhclN0ORTdHs59+7g1DGPgYkNVjbEW5EvQkYUlLjba4bW4xAXsIIOwkNwEfbm2TZb/lubIFCHqHhSvNMxO8bE/CtHfteMukDXdjfXir+53ViGh70JiqIYsJApodIacwOWWlUUgrygTJIBGly5CrgEgwQoVEcpEzEOGkpl/VRT/H1/V9yVi6J/dL+SaXYOJw2s8S22Q7bY4LVWIMdsyZrMclu2D17YI/OnfPkPDsvn6MzznRni/2A8/oB4XaZsQ==</latexit>

s $ �u+ 4m2
<latexit sha1_base64="WeUY6TVklR/B1pmBJSP9HdCWm9U="></latexit>

>
Ca

us
ali

ty 
 

= 
 

An
aly

tic
ity

s
2

>

>

>
Unitarity 

= 
Positivity

(for theories that have it, like Goldstones)
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<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

Cutoff M2

Forward (t=0) bounds:



IR-UV Connection

An > 0
<latexit sha1_base64="SpVTFMlFfDCyJgnDOTIQJ24H+T8=">AAACEXicbVC7SgNBFJ31GeMrKtiIMCiCVdgY8NFI1MZSwUQhCeHueNUhs7PLzF0hLFv5CX6FhY1WdiJ2foGFfou7axBfpzqcc+/cM8cLlbTkuq/OwODQ8MhoYaw4PjE5NV2amW3YIDIC6yJQgTnxwKKSGuskSeFJaBB8T+Gx193L/ONLNFYG+oh6IbZ9ONfyTAqgVOqUFuNW/kjsqQiTlg90IUDFO0lHb7tJp7Tslt0c/C+p9Mlybf7wXd7uPh90Sm+t00BEPmoSCqxtVtyQ2jEYkkJhUmxFFkMQXTjHZko1+GjbcZ4g4SuRBQp4iIZLxXMRv2/E4Fvb8710Mstpf3uZ+J/XjOhssx1LHUaEWmSHSCrMD1lhZNoP8lNpkAiy5Mil5gIMEKGRHIRIxSgtrJj3sZVh/ev3f0ljrVyplquHaTG77BMFtsCW2CqrsA1WY/vsgNWZYFfsht2xe+faeXAenafP0QGnvzPHfsB5+QBprKHj</latexit>

(n � 2)
<latexit sha1_base64="MsBNL0cyI36Lyc8JgWQmFTaNoo4=">AAACCnicbVC7SgNBFJ2NrxhfUcHGZjAIESFsEvDRBW0sI5hEyIYwO7nGIbOz68xdIaz5A0u/wFYrO7H1J1L4L+5ugvg61eGce+fcOW4ghUHbHluZmdm5+YXsYm5peWV1Lb++0TR+qDk0uC99fekyA1IoaKBACZeBBua5Elru4DTxW7egjfDVBQ4D6Hisr8SV4AxjqZvfctI3IleGMKJF5fThhlb2uvmCXbJT0L+kPCWF2o6z/zCuDevd/IfT83nogUIumTHtsh1gJ2IaBZcwyjmhgYDxAetDO6aKeWA6UZo9oruhYejTADQVkqYifN+ImGfM0HPjSY/htfntJeJ/XjvEq6NOJFQQIiieBKGQkAYZrkVcDNCe0IDIksuBCkU50wwRtKCM81gM46ZyaR/HCQ6+fv+XNCulcrVUPY+LOSETZMk22SFFUiaHpEbOSJ00CCd35JE8kWfr3nqxXq23yWjGmu5skh+w3j8BTdidMw==</latexit>

Arcs:

vanishes for n≥2 
(Froissart bound)
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Crossing
s $ u

<latexit sha1_base64="vB2fIJ9c798ogAWjbhrnEdyKHQg=">AAACBnicbVDLTgJBEJz1Lb4Qj14mEhNPZAcJyI3oxSMmoiRASO/Q4MTZR2Z6VUK8+xVe9eTNePU3PPgv7q4kPutUqepOV5cXaWXJdd+cmdm5+YXFpeXcyura+kZ+s3Bmw9hIbMlQh6btgUWtAmyRIo3tyCD4nsZz7/Io9c+v0FgVBqc0jrDnwyhQQyWBEqmfL9iuxiEZNbogMCa85nE/X3RLNSFErcITUnZdt54SUS2LKhclN0ORTdHs59+7g1DGPgYkNVjbEW5EvQkYUlLjba4bW4xAXsIIOwkNwEfbm2TZb/lubIFCHqHhSvNMxO8bE/CtHfteMukDXdjfXir+53ViGh70JiqIYsJApodIacwOWWlUUgrygTJIBGly5CrgEgwQoVEcpEzEOGkpl/VRT/H1/V9yVi6J/dL+SaXYOJw2s8S22Q7bY4LVWIMdsyZrMclu2D17YI/OnfPkPDsvn6MzznRni/2A8/oB4XaZsQ==</latexit>

s $ �u+ 4m2
<latexit sha1_base64="WeUY6TVklR/B1pmBJSP9HdCWm9U="></latexit>

>
Ca
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ty 
 

= 
 

An
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>

>
Unitarity 

= 
Positivity

(for theories that have it, like Goldstones)
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<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

Cutoff M2

Forward (t=0) bounds:



IR-UV Connection

An > 0
<latexit sha1_base64="SpVTFMlFfDCyJgnDOTIQJ24H+T8=">AAACEXicbVC7SgNBFJ31GeMrKtiIMCiCVdgY8NFI1MZSwUQhCeHueNUhs7PLzF0hLFv5CX6FhY1WdiJ2foGFfou7axBfpzqcc+/cM8cLlbTkuq/OwODQ8MhoYaw4PjE5NV2amW3YIDIC6yJQgTnxwKKSGuskSeFJaBB8T+Gx193L/ONLNFYG+oh6IbZ9ONfyTAqgVOqUFuNW/kjsqQiTlg90IUDFO0lHb7tJp7Tslt0c/C+p9Mlybf7wXd7uPh90Sm+t00BEPmoSCqxtVtyQ2jEYkkJhUmxFFkMQXTjHZko1+GjbcZ4g4SuRBQp4iIZLxXMRv2/E4Fvb8710Mstpf3uZ+J/XjOhssx1LHUaEWmSHSCrMD1lhZNoP8lNpkAiy5Mil5gIMEKGRHIRIxSgtrJj3sZVh/ev3f0ljrVyplquHaTG77BMFtsCW2CqrsA1WY/vsgNWZYFfsht2xe+faeXAenafP0QGnvzPHfsB5+QBprKHj</latexit>

Calculable in EFT, e.g. <latexit sha1_base64="3ydw/pG+avYAj0CZ3WSLuZnmNEg=">AAACD3icbVC5TsNAFFxzhnAFKNOsiJCoIjtCgQaJo6EMEjmkJLKeN4+wYn1o9xkJWS74BL6CFio6RMsnUPAv2MYF11Sjmfd23o4XKWnItt+tmdm5+YXFylJ1eWV1bb22sdkzYawFdkWoQj3wwKCSAXZJksJBpBF8T2Hfuz7N/f4NaiPD4IJuIxz7MA3kpRRAmeTW6smoeCTROEkzDoofp24rPZy6LbfWsJt2Af6XOCVpsBIdt/YxmoQi9jEgocCYoWNHNE5AkxQK0+ooNhiBuIYpDjMagI9mnBT5Kd+JDVDII9RcKl6I+H0jAd+YW9/LJn2gK/Pby8X/vGFMlwfjRAZRTBiIPIikwiLICC2zdpBPpEYiyC9HLgMuQAMRaslBiEyMs7qqWR/O79//Jb1W02k32+d7jaOTspkKq7Nttsscts+O2BnrsC4T7I49sEf2ZN1bz9aL9fo1OmOVO1vsB6y3T7FLnJo=</latexit>

A2 = g2

(n � 2)
<latexit sha1_base64="MsBNL0cyI36Lyc8JgWQmFTaNoo4=">AAACCnicbVC7SgNBFJ2NrxhfUcHGZjAIESFsEvDRBW0sI5hEyIYwO7nGIbOz68xdIaz5A0u/wFYrO7H1J1L4L+5ugvg61eGce+fcOW4ghUHbHluZmdm5+YXsYm5peWV1Lb++0TR+qDk0uC99fekyA1IoaKBACZeBBua5Elru4DTxW7egjfDVBQ4D6Hisr8SV4AxjqZvfctI3IleGMKJF5fThhlb2uvmCXbJT0L+kPCWF2o6z/zCuDevd/IfT83nogUIumTHtsh1gJ2IaBZcwyjmhgYDxAetDO6aKeWA6UZo9oruhYejTADQVkqYifN+ImGfM0HPjSY/htfntJeJ/XjvEq6NOJFQQIiieBKGQkAYZrkVcDNCe0IDIksuBCkU50wwRtKCM81gM46ZyaR/HCQ6+fv+XNCulcrVUPY+LOSETZMk22SFFUiaHpEbOSJ00CCd35JE8kWfr3nqxXq23yWjGmu5skh+w3j8BTdidMw==</latexit>

Arcs:

vanishes for n≥2 
(Froissart bound)
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<latexit sha1_base64="vB2fIJ9c798ogAWjbhrnEdyKHQg=">AAACBnicbVDLTgJBEJz1Lb4Qj14mEhNPZAcJyI3oxSMmoiRASO/Q4MTZR2Z6VUK8+xVe9eTNePU3PPgv7q4kPutUqepOV5cXaWXJdd+cmdm5+YXFpeXcyura+kZ+s3Bmw9hIbMlQh6btgUWtAmyRIo3tyCD4nsZz7/Io9c+v0FgVBqc0jrDnwyhQQyWBEqmfL9iuxiEZNbogMCa85nE/X3RLNSFErcITUnZdt54SUS2LKhclN0ORTdHs59+7g1DGPgYkNVjbEW5EvQkYUlLjba4bW4xAXsIIOwkNwEfbm2TZb/lubIFCHqHhSvNMxO8bE/CtHfteMukDXdjfXir+53ViGh70JiqIYsJApodIacwOWWlUUgrygTJIBGly5CrgEgwQoVEcpEzEOGkpl/VRT/H1/V9yVi6J/dL+SaXYOJw2s8S22Q7bY4LVWIMdsyZrMclu2D17YI/OnfPkPDsvn6MzznRni/2A8/oB4XaZsQ==</latexit>

s $ �u+ 4m2
<latexit sha1_base64="WeUY6TVklR/B1pmBJSP9HdCWm9U="></latexit>
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(for theories that have it, like Goldstones)
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<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

Cutoff M2

Forward (t=0) bounds:



IR-UV Connection

Calculable in EFT, e.g. <latexit sha1_base64="3ydw/pG+avYAj0CZ3WSLuZnmNEg=">AAACD3icbVC5TsNAFFxzhnAFKNOsiJCoIjtCgQaJo6EMEjmkJLKeN4+wYn1o9xkJWS74BL6CFio6RMsnUPAv2MYF11Sjmfd23o4XKWnItt+tmdm5+YXFylJ1eWV1bb22sdkzYawFdkWoQj3wwKCSAXZJksJBpBF8T2Hfuz7N/f4NaiPD4IJuIxz7MA3kpRRAmeTW6smoeCTROEkzDoofp24rPZy6LbfWsJt2Af6XOCVpsBIdt/YxmoQi9jEgocCYoWNHNE5AkxQK0+ooNhiBuIYpDjMagI9mnBT5Kd+JDVDII9RcKl6I+H0jAd+YW9/LJn2gK/Pby8X/vGFMlwfjRAZRTBiIPIikwiLICC2zdpBPpEYiyC9HLgMuQAMRaslBiEyMs7qqWR/O79//Jb1W02k32+d7jaOTspkKq7Nttsscts+O2BnrsC4T7I49sEf2ZN1bz9aL9fo1OmOVO1vsB6y3T7FLnJo=</latexit>

A2 = g2

(n � 2)
<latexit sha1_base64="xgQSe0bjhAw4ZKdPlOj8oNRqa08=">AAACCXicbVC7SgNBFJ2NrxhfUbGyGRKEiBA2Cj66oI1lBPOAbAizk5s4ODu7ztwVwpIvsPUHbLWyE1u/IoX/4u4miBpPdTjn3jl3jhtIYdC2x1Zmbn5hcSm7nFtZXVvfyG9uNYwfag517ktft1xmQAoFdRQooRVoYJ4roeneXiR+8x60Eb66xmEAHY8NlOgLzjCWuvkdJ30j0tAb0ZJyBnBHD/e7+aJdtlPQWVKZkmK14Bw8jqvDWjf/6fR8HnqgkEtmTLtiB9iJmEbBJYxyTmggYPyWDaAdU8U8MJ0ojR7RvdAw9GkAmgpJUxF+bkTMM2boufGkx/DG/PUS8T+vHWL/tBMJFYQIiidBKCSkQYZrEfcCtCc0ILLkcqBCUc40QwQtKOM8FsO4qFzax1mC4+/fz5LGYblyVD66ios5JxNkyS4pkBKpkBNSJZekRuqEk4g8kWfyYj1Yr9ab9T4ZzVjTnW3yC9bHF3XhnLw=</latexit>An > 0

<latexit sha1_base64="FTKmGSGGvmDV0jxNen0yt7MYx3Q=">AAACEHicbVC7SgNBFJ31GeMrKthoMSiCVdgo+GgkxsYyAaNCEsLdyVUHZ2eXmbtCWLbxE/wKGwut7ESw8g8s9FvcXUV8nepwzr1zzxwvVNKS6744A4NDwyOjhbHi+MTk1HRpZvbQBpER2BSBCsyxBxaV1NgkSQqPQ4PgewqPvPO9zD+6QGNloA+oH2LHh1MtT6QASqVuaTFu54/EBntJ2wc6E6Di3aSrd9ykW1p2y24O/pdUPslydb7xJm9qT/Vu6bXdC0TkoyahwNpWxQ2pE4MhKRQmxXZkMQRxDqfYSqkGH20nzgMkfCWyQAEP0XCpeC7i940YfGv7vpdOZjntby8T//NaEZ1sdWKpw4hQi+wQSYX5ISuMTOtB3pMGiSBLjlxqLsAAERrJQYhUjNK+inkf2xk2vn7/lxyulSvr5fVGWkyNfaDAFtgSW2UVtsmqbJ/VWZMJdsmu2S27c66ce+fBefwYHXA+d+bYDzjP746eoWw=</latexit>

Arcs:

vanishes for n≥2 
(Froissart bound)
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<latexit sha1_base64="vB2fIJ9c798ogAWjbhrnEdyKHQg=">AAACBnicbVDLTgJBEJz1Lb4Qj14mEhNPZAcJyI3oxSMmoiRASO/Q4MTZR2Z6VUK8+xVe9eTNePU3PPgv7q4kPutUqepOV5cXaWXJdd+cmdm5+YXFpeXcyura+kZ+s3Bmw9hIbMlQh6btgUWtAmyRIo3tyCD4nsZz7/Io9c+v0FgVBqc0jrDnwyhQQyWBEqmfL9iuxiEZNbogMCa85nE/X3RLNSFErcITUnZdt54SUS2LKhclN0ORTdHs59+7g1DGPgYkNVjbEW5EvQkYUlLjba4bW4xAXsIIOwkNwEfbm2TZb/lubIFCHqHhSvNMxO8bE/CtHfteMukDXdjfXir+53ViGh70JiqIYsJApodIacwOWWlUUgrygTJIBGly5CrgEgwQoVEcpEzEOGkpl/VRT/H1/V9yVi6J/dL+SaXYOJw2s8S22Q7bY4LVWIMdsyZrMclu2D17YI/OnfPkPDsvn6MzznRni/2A8/oB4XaZsQ==</latexit>

s $ �u+ 4m2
<latexit sha1_base64="WeUY6TVklR/B1pmBJSP9HdCWm9U="></latexit>

>
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Unitarity 

= 
Positivity

(for theories that have it, like Goldstones)
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<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

Cutoff M2

Forward (t=0) bounds:



IR-UV Connection

Calculable in EFT, e.g. <latexit sha1_base64="3ydw/pG+avYAj0CZ3WSLuZnmNEg=">AAACD3icbVC5TsNAFFxzhnAFKNOsiJCoIjtCgQaJo6EMEjmkJLKeN4+wYn1o9xkJWS74BL6CFio6RMsnUPAv2MYF11Sjmfd23o4XKWnItt+tmdm5+YXFylJ1eWV1bb22sdkzYawFdkWoQj3wwKCSAXZJksJBpBF8T2Hfuz7N/f4NaiPD4IJuIxz7MA3kpRRAmeTW6smoeCTROEkzDoofp24rPZy6LbfWsJt2Af6XOCVpsBIdt/YxmoQi9jEgocCYoWNHNE5AkxQK0+ooNhiBuIYpDjMagI9mnBT5Kd+JDVDII9RcKl6I+H0jAd+YW9/LJn2gK/Pby8X/vGFMlwfjRAZRTBiIPIikwiLICC2zdpBPpEYiyC9HLgMuQAMRaslBiEyMs7qqWR/O79//Jb1W02k32+d7jaOTspkKq7Nttsscts+O2BnrsC4T7I49sEf2ZN1bz9aL9fo1OmOVO1vsB6y3T7FLnJo=</latexit>

A2 = g2

(n � 2)
<latexit sha1_base64="xgQSe0bjhAw4ZKdPlOj8oNRqa08=">AAACCXicbVC7SgNBFJ2NrxhfUbGyGRKEiBA2Cj66oI1lBPOAbAizk5s4ODu7ztwVwpIvsPUHbLWyE1u/IoX/4u4miBpPdTjn3jl3jhtIYdC2x1Zmbn5hcSm7nFtZXVvfyG9uNYwfag517ktft1xmQAoFdRQooRVoYJ4roeneXiR+8x60Eb66xmEAHY8NlOgLzjCWuvkdJ30j0tAb0ZJyBnBHD/e7+aJdtlPQWVKZkmK14Bw8jqvDWjf/6fR8HnqgkEtmTLtiB9iJmEbBJYxyTmggYPyWDaAdU8U8MJ0ojR7RvdAw9GkAmgpJUxF+bkTMM2boufGkx/DG/PUS8T+vHWL/tBMJFYQIiidBKCSkQYZrEfcCtCc0ILLkcqBCUc40QwQtKOM8FsO4qFzax1mC4+/fz5LGYblyVD66ios5JxNkyS4pkBKpkBNSJZekRuqEk4g8kWfyYj1Yr9ab9T4ZzVjTnW3yC9bHF3XhnLw=</latexit>An > 0

<latexit sha1_base64="FTKmGSGGvmDV0jxNen0yt7MYx3Q=">AAACEHicbVC7SgNBFJ31GeMrKthoMSiCVdgo+GgkxsYyAaNCEsLdyVUHZ2eXmbtCWLbxE/wKGwut7ESw8g8s9FvcXUV8nepwzr1zzxwvVNKS6744A4NDwyOjhbHi+MTk1HRpZvbQBpER2BSBCsyxBxaV1NgkSQqPQ4PgewqPvPO9zD+6QGNloA+oH2LHh1MtT6QASqVuaTFu54/EBntJ2wc6E6Di3aSrd9ykW1p2y24O/pdUPslydb7xJm9qT/Vu6bXdC0TkoyahwNpWxQ2pE4MhKRQmxXZkMQRxDqfYSqkGH20nzgMkfCWyQAEP0XCpeC7i940YfGv7vpdOZjntby8T//NaEZ1sdWKpw4hQi+wQSYX5ISuMTOtB3pMGiSBLjlxqLsAAERrJQYhUjNK+inkf2xk2vn7/lxyulSvr5fVGWkyNfaDAFtgSW2UVtsmqbJ/VWZMJdsmu2S27c66ce+fBefwYHXA+d+bYDzjP746eoWw=</latexit>

Consistency condition for EFTs

Adams,Arkani-Hamed,Dubovsky,Nicolis,Rattazzi’06,


Arcs:

vanishes for n≥2 
(Froissart bound)
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<latexit sha1_base64="vB2fIJ9c798ogAWjbhrnEdyKHQg=">AAACBnicbVDLTgJBEJz1Lb4Qj14mEhNPZAcJyI3oxSMmoiRASO/Q4MTZR2Z6VUK8+xVe9eTNePU3PPgv7q4kPutUqepOV5cXaWXJdd+cmdm5+YXFpeXcyura+kZ+s3Bmw9hIbMlQh6btgUWtAmyRIo3tyCD4nsZz7/Io9c+v0FgVBqc0jrDnwyhQQyWBEqmfL9iuxiEZNbogMCa85nE/X3RLNSFErcITUnZdt54SUS2LKhclN0ORTdHs59+7g1DGPgYkNVjbEW5EvQkYUlLjba4bW4xAXsIIOwkNwEfbm2TZb/lubIFCHqHhSvNMxO8bE/CtHfteMukDXdjfXir+53ViGh70JiqIYsJApodIacwOWWlUUgrygTJIBGly5CrgEgwQoVEcpEzEOGkpl/VRT/H1/V9yVi6J/dL+SaXYOJw2s8S22Q7bY4LVWIMdsyZrMclu2D17YI/OnfPkPDsvn6MzznRni/2A8/oB4XaZsQ==</latexit>

s $ �u+ 4m2
<latexit sha1_base64="WeUY6TVklR/B1pmBJSP9HdCWm9U="></latexit>

>
Ca

us
ali

ty 
 

= 
 

An
aly

tic
ity

s
2

>

>

>
Unitarity 

= 
Positivity

(for theories that have it, like Goldstones)
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<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

Cutoff M2

Forward (t=0) bounds:



IR-UV Connection

Calculable in EFT, e.g. <latexit sha1_base64="3ydw/pG+avYAj0CZ3WSLuZnmNEg=">AAACD3icbVC5TsNAFFxzhnAFKNOsiJCoIjtCgQaJo6EMEjmkJLKeN4+wYn1o9xkJWS74BL6CFio6RMsnUPAv2MYF11Sjmfd23o4XKWnItt+tmdm5+YXFylJ1eWV1bb22sdkzYawFdkWoQj3wwKCSAXZJksJBpBF8T2Hfuz7N/f4NaiPD4IJuIxz7MA3kpRRAmeTW6smoeCTROEkzDoofp24rPZy6LbfWsJt2Af6XOCVpsBIdt/YxmoQi9jEgocCYoWNHNE5AkxQK0+ooNhiBuIYpDjMagI9mnBT5Kd+JDVDII9RcKl6I+H0jAd+YW9/LJn2gK/Pby8X/vGFMlwfjRAZRTBiIPIikwiLICC2zdpBPpEYiyC9HLgMuQAMRaslBiEyMs7qqWR/O79//Jb1W02k32+d7jaOTspkKq7Nttsscts+O2BnrsC4T7I49sEf2ZN1bz9aL9fo1OmOVO1vsB6y3T7FLnJo=</latexit>

A2 = g2

(n � 2)
<latexit sha1_base64="xgQSe0bjhAw4ZKdPlOj8oNRqa08=">AAACCXicbVC7SgNBFJ2NrxhfUbGyGRKEiBA2Cj66oI1lBPOAbAizk5s4ODu7ztwVwpIvsPUHbLWyE1u/IoX/4u4miBpPdTjn3jl3jhtIYdC2x1Zmbn5hcSm7nFtZXVvfyG9uNYwfag517ktft1xmQAoFdRQooRVoYJ4roeneXiR+8x60Eb66xmEAHY8NlOgLzjCWuvkdJ30j0tAb0ZJyBnBHD/e7+aJdtlPQWVKZkmK14Bw8jqvDWjf/6fR8HnqgkEtmTLtiB9iJmEbBJYxyTmggYPyWDaAdU8U8MJ0ojR7RvdAw9GkAmgpJUxF+bkTMM2boufGkx/DG/PUS8T+vHWL/tBMJFYQIiidBKCSkQYZrEfcCtCc0ILLkcqBCUc40QwQtKOM8FsO4qFzax1mC4+/fz5LGYblyVD66ios5JxNkyS4pkBKpkBNSJZekRuqEk4g8kWfyYj1Yr9ab9T4ZzVjTnW3yC9bHF3XhnLw=</latexit>An > 0

<latexit sha1_base64="FTKmGSGGvmDV0jxNen0yt7MYx3Q=">AAACEHicbVC7SgNBFJ31GeMrKthoMSiCVdgo+GgkxsYyAaNCEsLdyVUHZ2eXmbtCWLbxE/wKGwut7ESw8g8s9FvcXUV8nepwzr1zzxwvVNKS6744A4NDwyOjhbHi+MTk1HRpZvbQBpER2BSBCsyxBxaV1NgkSQqPQ4PgewqPvPO9zD+6QGNloA+oH2LHh1MtT6QASqVuaTFu54/EBntJ2wc6E6Di3aSrd9ykW1p2y24O/pdUPslydb7xJm9qT/Vu6bXdC0TkoyahwNpWxQ2pE4MhKRQmxXZkMQRxDqfYSqkGH20nzgMkfCWyQAEP0XCpeC7i940YfGv7vpdOZjntby8T//NaEZ1sdWKpw4hQi+wQSYX5ISuMTOtB3pMGiSBLjlxqLsAAERrJQYhUjNK+inkf2xk2vn7/lxyulSvr5fVGWkyNfaDAFtgSW2UVtsmqbJ/VWZMJdsmu2S27c66ce+fBefwYHXA+d+bYDzjP746eoWw=</latexit>

Consistency condition for EFTs

Adams,Arkani-Hamed,Dubovsky,Nicolis,Rattazzi’06,


Arcs:

vanishes for n≥2 
(Froissart bound)
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<latexit sha1_base64="vB2fIJ9c798ogAWjbhrnEdyKHQg=">AAACBnicbVDLTgJBEJz1Lb4Qj14mEhNPZAcJyI3oxSMmoiRASO/Q4MTZR2Z6VUK8+xVe9eTNePU3PPgv7q4kPutUqepOV5cXaWXJdd+cmdm5+YXFpeXcyura+kZ+s3Bmw9hIbMlQh6btgUWtAmyRIo3tyCD4nsZz7/Io9c+v0FgVBqc0jrDnwyhQQyWBEqmfL9iuxiEZNbogMCa85nE/X3RLNSFErcITUnZdt54SUS2LKhclN0ORTdHs59+7g1DGPgYkNVjbEW5EvQkYUlLjba4bW4xAXsIIOwkNwEfbm2TZb/lubIFCHqHhSvNMxO8bE/CtHfteMukDXdjfXir+53ViGh70JiqIYsJApodIacwOWWlUUgrygTJIBGly5CrgEgwQoVEcpEzEOGkpl/VRT/H1/V9yVi6J/dL+SaXYOJw2s8S22Q7bY4LVWIMdsyZrMclu2D17YI/OnfPkPDsvn6MzznRni/2A8/oB4XaZsQ==</latexit>

s $ �u+ 4m2
<latexit sha1_base64="WeUY6TVklR/B1pmBJSP9HdCWm9U="></latexit>
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(for theories that have it, like Goldstones)
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<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

Cutoff M2

Forward (t=0) bounds:

<latexit sha1_base64="JWjXgHNB9VsXPeXkEu6uvc/xyzI="></latexit>

A2 � s̄2A4 � s̄4A6 � · · · � 0
Bellazzini,Elias-Miro,Rattazzi,Riembau,FR’20



IR-UV Connection

Calculable in EFT, e.g. <latexit sha1_base64="3ydw/pG+avYAj0CZ3WSLuZnmNEg=">AAACD3icbVC5TsNAFFxzhnAFKNOsiJCoIjtCgQaJo6EMEjmkJLKeN4+wYn1o9xkJWS74BL6CFio6RMsnUPAv2MYF11Sjmfd23o4XKWnItt+tmdm5+YXFylJ1eWV1bb22sdkzYawFdkWoQj3wwKCSAXZJksJBpBF8T2Hfuz7N/f4NaiPD4IJuIxz7MA3kpRRAmeTW6smoeCTROEkzDoofp24rPZy6LbfWsJt2Af6XOCVpsBIdt/YxmoQi9jEgocCYoWNHNE5AkxQK0+ooNhiBuIYpDjMagI9mnBT5Kd+JDVDII9RcKl6I+H0jAd+YW9/LJn2gK/Pby8X/vGFMlwfjRAZRTBiIPIikwiLICC2zdpBPpEYiyC9HLgMuQAMRaslBiEyMs7qqWR/O79//Jb1W02k32+d7jaOTspkKq7Nttsscts+O2BnrsC4T7I49sEf2ZN1bz9aL9fo1OmOVO1vsB6y3T7FLnJo=</latexit>

A2 = g2

(n � 2)
<latexit sha1_base64="xgQSe0bjhAw4ZKdPlOj8oNRqa08=">AAACCXicbVC7SgNBFJ2NrxhfUbGyGRKEiBA2Cj66oI1lBPOAbAizk5s4ODu7ztwVwpIvsPUHbLWyE1u/IoX/4u4miBpPdTjn3jl3jhtIYdC2x1Zmbn5hcSm7nFtZXVvfyG9uNYwfag517ktft1xmQAoFdRQooRVoYJ4roeneXiR+8x60Eb66xmEAHY8NlOgLzjCWuvkdJ30j0tAb0ZJyBnBHD/e7+aJdtlPQWVKZkmK14Bw8jqvDWjf/6fR8HnqgkEtmTLtiB9iJmEbBJYxyTmggYPyWDaAdU8U8MJ0ojR7RvdAw9GkAmgpJUxF+bkTMM2boufGkx/DG/PUS8T+vHWL/tBMJFYQIiidBKCSkQYZrEfcCtCc0ILLkcqBCUc40QwQtKOM8FsO4qFzax1mC4+/fz5LGYblyVD66ios5JxNkyS4pkBKpkBNSJZekRuqEk4g8kWfyYj1Yr9ab9T4ZzVjTnW3yC9bHF3XhnLw=</latexit>An > 0

<latexit sha1_base64="FTKmGSGGvmDV0jxNen0yt7MYx3Q=">AAACEHicbVC7SgNBFJ31GeMrKthoMSiCVdgo+GgkxsYyAaNCEsLdyVUHZ2eXmbtCWLbxE/wKGwut7ESw8g8s9FvcXUV8nepwzr1zzxwvVNKS6744A4NDwyOjhbHi+MTk1HRpZvbQBpER2BSBCsyxBxaV1NgkSQqPQ4PgewqPvPO9zD+6QGNloA+oH2LHh1MtT6QASqVuaTFu54/EBntJ2wc6E6Di3aSrd9ykW1p2y24O/pdUPslydb7xJm9qT/Vu6bXdC0TkoyahwNpWxQ2pE4MhKRQmxXZkMQRxDqfYSqkGH20nzgMkfCWyQAEP0XCpeC7i940YfGv7vpdOZjntby8T//NaEZ1sdWKpw4hQi+wQSYX5ISuMTOtB3pMGiSBLjlxqLsAAERrJQYhUjNK+inkf2xk2vn7/lxyulSvr5fVGWkyNfaDAFtgSW2UVtsmqbJ/VWZMJdsmu2S27c66ce+fBefwYHXA+d+bYDzjP746eoWw=</latexit>

Consistency condition for EFTs

Adams,Arkani-Hamed,Dubovsky,Nicolis,Rattazzi’06,


Arcs:

vanishes for n≥2 
(Froissart bound)
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Crossing
s $ u

<latexit sha1_base64="vB2fIJ9c798ogAWjbhrnEdyKHQg=">AAACBnicbVDLTgJBEJz1Lb4Qj14mEhNPZAcJyI3oxSMmoiRASO/Q4MTZR2Z6VUK8+xVe9eTNePU3PPgv7q4kPutUqepOV5cXaWXJdd+cmdm5+YXFpeXcyura+kZ+s3Bmw9hIbMlQh6btgUWtAmyRIo3tyCD4nsZz7/Io9c+v0FgVBqc0jrDnwyhQQyWBEqmfL9iuxiEZNbogMCa85nE/X3RLNSFErcITUnZdt54SUS2LKhclN0ORTdHs59+7g1DGPgYkNVjbEW5EvQkYUlLjba4bW4xAXsIIOwkNwEfbm2TZb/lubIFCHqHhSvNMxO8bE/CtHfteMukDXdjfXir+53ViGh70JiqIYsJApodIacwOWWlUUgrygTJIBGly5CrgEgwQoVEcpEzEOGkpl/VRT/H1/V9yVi6J/dL+SaXYOJw2s8S22Q7bY4LVWIMdsyZrMclu2D17YI/OnfPkPDsvn6MzznRni/2A8/oB4XaZsQ==</latexit>

s $ �u+ 4m2
<latexit sha1_base64="WeUY6TVklR/B1pmBJSP9HdCWm9U="></latexit>
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= 
Positivity

(for theories that have it, like Goldstones)
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<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

Cutoff M2

<latexit sha1_base64="1AFY/Rg/ZFDZJXdF4asPBiyU/w8="></latexit>

A2 � s̄2A4 � s̄4A6 � · · · � 0

Forward (t=0) bounds:

<latexit sha1_base64="JWjXgHNB9VsXPeXkEu6uvc/xyzI="></latexit>

A2 � s̄2A4 � s̄4A6 � · · · � 0
Bellazzini,Elias-Miro,Rattazzi,Riembau,FR’20



IR-UV Connection

Arcs:

vanishes for n≥2 
(Froissart bound)
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Crossing
s $ u

<latexit sha1_base64="vB2fIJ9c798ogAWjbhrnEdyKHQg=">AAACBnicbVDLTgJBEJz1Lb4Qj14mEhNPZAcJyI3oxSMmoiRASO/Q4MTZR2Z6VUK8+xVe9eTNePU3PPgv7q4kPutUqepOV5cXaWXJdd+cmdm5+YXFpeXcyura+kZ+s3Bmw9hIbMlQh6btgUWtAmyRIo3tyCD4nsZz7/Io9c+v0FgVBqc0jrDnwyhQQyWBEqmfL9iuxiEZNbogMCa85nE/X3RLNSFErcITUnZdt54SUS2LKhclN0ORTdHs59+7g1DGPgYkNVjbEW5EvQkYUlLjba4bW4xAXsIIOwkNwEfbm2TZb/lubIFCHqHhSvNMxO8bE/CtHfteMukDXdjfXir+53ViGh70JiqIYsJApodIacwOWWlUUgrygTJIBGly5CrgEgwQoVEcpEzEOGkpl/VRT/H1/V9yVi6J/dL+SaXYOJw2s8S22Q7bY4LVWIMdsyZrMclu2D17YI/OnfPkPDsvn6MzznRni/2A8/oB4XaZsQ==</latexit>

s $ �u+ 4m2
<latexit sha1_base64="WeUY6TVklR/B1pmBJSP9HdCWm9U="></latexit>

>
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ty 
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= 
Positivity

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

e

<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

<latexit sha1_base64="vnwf2z8wdkvjqL+dTHxCfY7JqG8="></latexit>

2

⇡

Z 1

s̄
ds

X

`

f`(s)
P`(1 + 2t/s)

(s+ t/2)n+1

<latexit sha1_base64="T6PrNRj5rwiP1/2L7pL0Ybh1z2Q="></latexit>

2

⇡

Z 1

s̄
ds

A(s, t)

(s+ t/2)n+1

<latexit sha1_base64="3ydw/pG+avYAj0CZ3WSLuZnmNEg=">AAACD3icbVC5TsNAFFxzhnAFKNOsiJCoIjtCgQaJo6EMEjmkJLKeN4+wYn1o9xkJWS74BL6CFio6RMsnUPAv2MYF11Sjmfd23o4XKWnItt+tmdm5+YXFylJ1eWV1bb22sdkzYawFdkWoQj3wwKCSAXZJksJBpBF8T2Hfuz7N/f4NaiPD4IJuIxz7MA3kpRRAmeTW6smoeCTROEkzDoofp24rPZy6LbfWsJt2Af6XOCVpsBIdt/YxmoQi9jEgocCYoWNHNE5AkxQK0+ooNhiBuIYpDjMagI9mnBT5Kd+JDVDII9RcKl6I+H0jAd+YW9/LJn2gK/Pby8X/vGFMlwfjRAZRTBiIPIikwiLICC2zdpBPpEYiyC9HLgMuQAMRaslBiEyMs7qqWR/O79//Jb1W02k32+d7jaOTspkKq7Nttsscts+O2BnrsC4T7I49sEf2ZN1bz9aL9fo1OmOVO1vsB6y3T7FLnJo=</latexit>

A2 = g2
<latexit sha1_base64="xbORDM5Fw/cUVrR725nK9VbjAwY=">AAACCHicbVDLSgNBEJyNrxhf6+PmZTAIESTsikSPUS8eFYwGkhB6J504ZHZ2mekV4pIf8Cu86smbePUvPPgvbmIOaqxTUdVNV1cQK2nJ8z6c3Mzs3PxCfrGwtLyyuuaub1zbKDECayJSkakHYFFJjTWSpLAeG4QwUHgT9M9G/s0dGisjfUWDGFsh9LTsSgGUSW13K20KUPxk2NalZgCG233aa7tFr+yNwaeJPyFFNsFF2/1sdiKRhKhJKLC24XsxtVIwJIXCYaGZWIxB9KGHjYxqCNG20nH6Id9NLFDEYzRcKj4W8edGCqG1gzDIJkOgW/vXG4n/eY2EusetVOo4IdRidIikwvEhK4zMakHekQaJYJQcudRcgAEiNJKDEJmYZD0Vsj78v99Pk+uDsl8pVy4Pi9XTSTN5ts12WIn57IhV2Tm7YDUm2D17ZE/s2XlwXpxX5+17NOdMdjbZLzjvX9ysmMo=</latexit>

An(s̄, t)



IR-UV Connection

Arcs:

vanishes for n≥2 
(Froissart bound)
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Crossing
s $ u

<latexit sha1_base64="vB2fIJ9c798ogAWjbhrnEdyKHQg=">AAACBnicbVDLTgJBEJz1Lb4Qj14mEhNPZAcJyI3oxSMmoiRASO/Q4MTZR2Z6VUK8+xVe9eTNePU3PPgv7q4kPutUqepOV5cXaWXJdd+cmdm5+YXFpeXcyura+kZ+s3Bmw9hIbMlQh6btgUWtAmyRIo3tyCD4nsZz7/Io9c+v0FgVBqc0jrDnwyhQQyWBEqmfL9iuxiEZNbogMCa85nE/X3RLNSFErcITUnZdt54SUS2LKhclN0ORTdHs59+7g1DGPgYkNVjbEW5EvQkYUlLjba4bW4xAXsIIOwkNwEfbm2TZb/lubIFCHqHhSvNMxO8bE/CtHfteMukDXdjfXir+53ViGh70JiqIYsJApodIacwOWWlUUgrygTJIBGly5CrgEgwQoVEcpEzEOGkpl/VRT/H1/V9yVi6J/dL+SaXYOJw2s8S22Q7bY4LVWIMdsyZrMclu2D17YI/OnfPkPDsvn6MzznRni/2A8/oB4XaZsQ==</latexit>

s $ �u+ 4m2
<latexit sha1_base64="WeUY6TVklR/B1pmBJSP9HdCWm9U="></latexit>

>
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Positivity

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

e

<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

<latexit sha1_base64="vnwf2z8wdkvjqL+dTHxCfY7JqG8="></latexit>

2

⇡

Z 1

s̄
ds

X

`

f`(s)
P`(1 + 2t/s)

(s+ t/2)n+1

<latexit sha1_base64="T6PrNRj5rwiP1/2L7pL0Ybh1z2Q="></latexit>

2

⇡

Z 1

s̄
ds

A(s, t)

(s+ t/2)n+1

<latexit sha1_base64="3ydw/pG+avYAj0CZ3WSLuZnmNEg=">AAACD3icbVC5TsNAFFxzhnAFKNOsiJCoIjtCgQaJo6EMEjmkJLKeN4+wYn1o9xkJWS74BL6CFio6RMsnUPAv2MYF11Sjmfd23o4XKWnItt+tmdm5+YXFylJ1eWV1bb22sdkzYawFdkWoQj3wwKCSAXZJksJBpBF8T2Hfuz7N/f4NaiPD4IJuIxz7MA3kpRRAmeTW6smoeCTROEkzDoofp24rPZy6LbfWsJt2Af6XOCVpsBIdt/YxmoQi9jEgocCYoWNHNE5AkxQK0+ooNhiBuIYpDjMagI9mnBT5Kd+JDVDII9RcKl6I+H0jAd+YW9/LJn2gK/Pby8X/vGFMlwfjRAZRTBiIPIikwiLICC2zdpBPpEYiyC9HLgMuQAMRaslBiEyMs7qqWR/O79//Jb1W02k32+d7jaOTspkKq7Nttsscts+O2BnrsC4T7I49sEf2ZN1bz9aL9fo1OmOVO1vsB6y3T7FLnJo=</latexit>

A2 = g2
<latexit sha1_base64="xbORDM5Fw/cUVrR725nK9VbjAwY=">AAACCHicbVDLSgNBEJyNrxhf6+PmZTAIESTsikSPUS8eFYwGkhB6J504ZHZ2mekV4pIf8Cu86smbePUvPPgvbmIOaqxTUdVNV1cQK2nJ8z6c3Mzs3PxCfrGwtLyyuuaub1zbKDECayJSkakHYFFJjTWSpLAeG4QwUHgT9M9G/s0dGisjfUWDGFsh9LTsSgGUSW13K20KUPxk2NalZgCG233aa7tFr+yNwaeJPyFFNsFF2/1sdiKRhKhJKLC24XsxtVIwJIXCYaGZWIxB9KGHjYxqCNG20nH6Id9NLFDEYzRcKj4W8edGCqG1gzDIJkOgW/vXG4n/eY2EusetVOo4IdRidIikwvEhK4zMakHekQaJYJQcudRcgAEiNJKDEJmYZD0Vsj78v99Pk+uDsl8pVy4Pi9XTSTN5ts12WIn57IhV2Tm7YDUm2D17ZE/s2XlwXpxX5+17NOdMdjbZLzjvX9ysmMo=</latexit>

An(s̄, t)

<latexit sha1_base64="UvVy4hfv7HTpSqGjiK4gCzIDZdQ="></latexit>✓
@tAn +

n+ 1

2
An

◆����
t=0

� 0

deRham,Melville,Tolley,Zhou’17

Bellazzini,Elias-Miro,Rattazzi,Riembau,FR’20



IR-UV Connection

Arcs:

vanishes for n≥2 
(Froissart bound)
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Crossing
s $ u

<latexit sha1_base64="vB2fIJ9c798ogAWjbhrnEdyKHQg=">AAACBnicbVDLTgJBEJz1Lb4Qj14mEhNPZAcJyI3oxSMmoiRASO/Q4MTZR2Z6VUK8+xVe9eTNePU3PPgv7q4kPutUqepOV5cXaWXJdd+cmdm5+YXFpeXcyura+kZ+s3Bmw9hIbMlQh6btgUWtAmyRIo3tyCD4nsZz7/Io9c+v0FgVBqc0jrDnwyhQQyWBEqmfL9iuxiEZNbogMCa85nE/X3RLNSFErcITUnZdt54SUS2LKhclN0ORTdHs59+7g1DGPgYkNVjbEW5EvQkYUlLjba4bW4xAXsIIOwkNwEfbm2TZb/lubIFCHqHhSvNMxO8bE/CtHfteMukDXdjfXir+53ViGh70JiqIYsJApodIacwOWWlUUgrygTJIBGly5CrgEgwQoVEcpEzEOGkpl/VRT/H1/V9yVi6J/dL+SaXYOJw2s8S22Q7bY4LVWIMdsyZrMclu2D17YI/OnfPkPDsvn6MzznRni/2A8/oB4XaZsQ==</latexit>

s $ �u+ 4m2
<latexit sha1_base64="WeUY6TVklR/B1pmBJSP9HdCWm9U="></latexit>

>
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<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

<latexit sha1_base64="vnwf2z8wdkvjqL+dTHxCfY7JqG8="></latexit>

2

⇡

Z 1

s̄
ds

X

`

f`(s)
P`(1 + 2t/s)

(s+ t/2)n+1

<latexit sha1_base64="T6PrNRj5rwiP1/2L7pL0Ybh1z2Q="></latexit>

2

⇡

Z 1

s̄
ds

A(s, t)

(s+ t/2)n+1

<latexit sha1_base64="3ydw/pG+avYAj0CZ3WSLuZnmNEg=">AAACD3icbVC5TsNAFFxzhnAFKNOsiJCoIjtCgQaJo6EMEjmkJLKeN4+wYn1o9xkJWS74BL6CFio6RMsnUPAv2MYF11Sjmfd23o4XKWnItt+tmdm5+YXFylJ1eWV1bb22sdkzYawFdkWoQj3wwKCSAXZJksJBpBF8T2Hfuz7N/f4NaiPD4IJuIxz7MA3kpRRAmeTW6smoeCTROEkzDoofp24rPZy6LbfWsJt2Af6XOCVpsBIdt/YxmoQi9jEgocCYoWNHNE5AkxQK0+ooNhiBuIYpDjMagI9mnBT5Kd+JDVDII9RcKl6I+H0jAd+YW9/LJn2gK/Pby8X/vGFMlwfjRAZRTBiIPIikwiLICC2zdpBPpEYiyC9HLgMuQAMRaslBiEyMs7qqWR/O79//Jb1W02k32+d7jaOTspkKq7Nttsscts+O2BnrsC4T7I49sEf2ZN1bz9aL9fo1OmOVO1vsB6y3T7FLnJo=</latexit>

A2 = g2
<latexit sha1_base64="xbORDM5Fw/cUVrR725nK9VbjAwY=">AAACCHicbVDLSgNBEJyNrxhf6+PmZTAIESTsikSPUS8eFYwGkhB6J504ZHZ2mekV4pIf8Cu86smbePUvPPgvbmIOaqxTUdVNV1cQK2nJ8z6c3Mzs3PxCfrGwtLyyuuaub1zbKDECayJSkakHYFFJjTWSpLAeG4QwUHgT9M9G/s0dGisjfUWDGFsh9LTsSgGUSW13K20KUPxk2NalZgCG233aa7tFr+yNwaeJPyFFNsFF2/1sdiKRhKhJKLC24XsxtVIwJIXCYaGZWIxB9KGHjYxqCNG20nH6Id9NLFDEYzRcKj4W8edGCqG1gzDIJkOgW/vXG4n/eY2EusetVOo4IdRidIikwvEhK4zMakHekQaJYJQcudRcgAEiNJKDEJmYZD0Vsj78v99Pk+uDsl8pVy4Pi9XTSTN5ts12WIn57IhV2Tm7YDUm2D17ZE/s2XlwXpxX5+17NOdMdjbZLzjvX9ysmMo=</latexit>

An(s̄, t)

<latexit sha1_base64="qSQV08+l8WfDe0q4DcspaQsg+R0="></latexit>✓
@tAn +

n+ 1

2
An

◆����
t=0

� 0

<latexit sha1_base64="UvVy4hfv7HTpSqGjiK4gCzIDZdQ="></latexit>✓
@tAn +

n+ 1

2
An

◆����
t=0

� 0

deRham,Melville,Tolley,Zhou’17

Bellazzini,Elias-Miro,Rattazzi,Riembau,FR’20



IR-UV Connection

Arcs:

vanishes for n≥2 
(Froissart bound)
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<latexit sha1_base64="vB2fIJ9c798ogAWjbhrnEdyKHQg=">AAACBnicbVDLTgJBEJz1Lb4Qj14mEhNPZAcJyI3oxSMmoiRASO/Q4MTZR2Z6VUK8+xVe9eTNePU3PPgv7q4kPutUqepOV5cXaWXJdd+cmdm5+YXFpeXcyura+kZ+s3Bmw9hIbMlQh6btgUWtAmyRIo3tyCD4nsZz7/Io9c+v0FgVBqc0jrDnwyhQQyWBEqmfL9iuxiEZNbogMCa85nE/X3RLNSFErcITUnZdt54SUS2LKhclN0ORTdHs59+7g1DGPgYkNVjbEW5EvQkYUlLjba4bW4xAXsIIOwkNwEfbm2TZb/lubIFCHqHhSvNMxO8bE/CtHfteMukDXdjfXir+53ViGh70JiqIYsJApodIacwOWWlUUgrygTJIBGly5CrgEgwQoVEcpEzEOGkpl/VRT/H1/V9yVi6J/dL+SaXYOJw2s8S22Q7bY4LVWIMdsyZrMclu2D17YI/OnfPkPDsvn6MzznRni/2A8/oB4XaZsQ==</latexit>

s $ �u+ 4m2
<latexit sha1_base64="WeUY6TVklR/B1pmBJSP9HdCWm9U="></latexit>
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<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

<latexit sha1_base64="vnwf2z8wdkvjqL+dTHxCfY7JqG8="></latexit>

2

⇡

Z 1

s̄
ds

X

`

f`(s)
P`(1 + 2t/s)

(s+ t/2)n+1

<latexit sha1_base64="T6PrNRj5rwiP1/2L7pL0Ybh1z2Q="></latexit>

2

⇡

Z 1

s̄
ds

A(s, t)

(s+ t/2)n+1

<latexit sha1_base64="3ydw/pG+avYAj0CZ3WSLuZnmNEg=">AAACD3icbVC5TsNAFFxzhnAFKNOsiJCoIjtCgQaJo6EMEjmkJLKeN4+wYn1o9xkJWS74BL6CFio6RMsnUPAv2MYF11Sjmfd23o4XKWnItt+tmdm5+YXFylJ1eWV1bb22sdkzYawFdkWoQj3wwKCSAXZJksJBpBF8T2Hfuz7N/f4NaiPD4IJuIxz7MA3kpRRAmeTW6smoeCTROEkzDoofp24rPZy6LbfWsJt2Af6XOCVpsBIdt/YxmoQi9jEgocCYoWNHNE5AkxQK0+ooNhiBuIYpDjMagI9mnBT5Kd+JDVDII9RcKl6I+H0jAd+YW9/LJn2gK/Pby8X/vGFMlwfjRAZRTBiIPIikwiLICC2zdpBPpEYiyC9HLgMuQAMRaslBiEyMs7qqWR/O79//Jb1W02k32+d7jaOTspkKq7Nttsscts+O2BnrsC4T7I49sEf2ZN1bz9aL9fo1OmOVO1vsB6y3T7FLnJo=</latexit>

A2 = g2
<latexit sha1_base64="xbORDM5Fw/cUVrR725nK9VbjAwY=">AAACCHicbVDLSgNBEJyNrxhf6+PmZTAIESTsikSPUS8eFYwGkhB6J504ZHZ2mekV4pIf8Cu86smbePUvPPgvbmIOaqxTUdVNV1cQK2nJ8z6c3Mzs3PxCfrGwtLyyuuaub1zbKDECayJSkakHYFFJjTWSpLAeG4QwUHgT9M9G/s0dGisjfUWDGFsh9LTsSgGUSW13K20KUPxk2NalZgCG233aa7tFr+yNwaeJPyFFNsFF2/1sdiKRhKhJKLC24XsxtVIwJIXCYaGZWIxB9KGHjYxqCNG20nH6Id9NLFDEYzRcKj4W8edGCqG1gzDIJkOgW/vXG4n/eY2EusetVOo4IdRidIikwvEhK4zMakHekQaJYJQcudRcgAEiNJKDEJmYZD0Vsj78v99Pk+uDsl8pVy4Pi9XTSTN5ts12WIn57IhV2Tm7YDUm2D17ZE/s2XlwXpxX5+17NOdMdjbZLzjvX9ysmMo=</latexit>

An(s̄, t)

<latexit sha1_base64="qSQV08+l8WfDe0q4DcspaQsg+R0="></latexit>✓
@tAn +

n+ 1

2
An

◆����
t=0

� 0

<latexit sha1_base64="UvVy4hfv7HTpSqGjiK4gCzIDZdQ="></latexit>✓
@tAn +

n+ 1

2
An

◆����
t=0

� 0

deRham,Melville,Tolley,Zhou’17

Bellazzini,Elias-Miro,Rattazzi,Riembau,FR’20

<latexit sha1_base64="8JKMGNqpMmfgMinQYVMN6WhHOl4="></latexit>

g4 = @2
tA2|t=0 = A4|t=0

<latexit sha1_base64="vbbuyqkhr3EaSUO4ICI9bkihJqo=">AAACHXicbVDLSgNBEJyNrxhfqx69DAYhIRJ2Q4hehKgXjxHMA5IYZiedOGT2wUyvEJZ8g5/gV3jVkzfxKh78F3eTHDRaMExR1U13lxNIodGyPo3U0vLK6lp6PbOxubW9Y+7uNbQfKg517ktftRymQQoP6ihQQitQwFxHQtMZXSZ+8x6UFr53g+MAui4bemIgOMNY6pn585w+xvxZh/d91HTYK1N9Wy7M/hLF+BVmXs/MWkVrCvqX2HOSJXPUeuZXp+/z0AUPuWRat20rwG7EFAouYZLphBoCxkdsCO2YeswF3Y2mJ03oUagZ+jQARYWkUxF+dkTM1XrsOnGly/BOL3qJ+J/XDnFw2o2EF4QIHk8GoZAwHaS5EnFWQPtCASJLNgcqPMqZYoigBGWcx2IYh5eJ87AXr/9LGqWiXSlWrsvZ6sU8mTQ5IIckR2xyQqrkitRInXDyQJ7IM3kxHo1X4814n5WmjHnPPvkF4+MbAiyfnw==</latexit>

A(s, t) = · · · g4s4 + g4s
2t2 + · · ·



IR-UV Connection

Arcs:

vanishes for n≥2 
(Froissart bound)
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e

ft

I

EFT
???

Crossing
s $ u

<latexit sha1_base64="vB2fIJ9c798ogAWjbhrnEdyKHQg=">AAACBnicbVDLTgJBEJz1Lb4Qj14mEhNPZAcJyI3oxSMmoiRASO/Q4MTZR2Z6VUK8+xVe9eTNePU3PPgv7q4kPutUqepOV5cXaWXJdd+cmdm5+YXFpeXcyura+kZ+s3Bmw9hIbMlQh6btgUWtAmyRIo3tyCD4nsZz7/Io9c+v0FgVBqc0jrDnwyhQQyWBEqmfL9iuxiEZNbogMCa85nE/X3RLNSFErcITUnZdt54SUS2LKhclN0ORTdHs59+7g1DGPgYkNVjbEW5EvQkYUlLjba4bW4xAXsIIOwkNwEfbm2TZb/lubIFCHqHhSvNMxO8bE/CtHfteMukDXdjfXir+53ViGh70JiqIYsJApodIacwOWWlUUgrygTJIBGly5CrgEgwQoVEcpEzEOGkpl/VRT/H1/V9yVi6J/dL+SaXYOJw2s8S22Q7bY4LVWIMdsyZrMclu2D17YI/OnfPkPDsvn6MzznRni/2A8/oB4XaZsQ==</latexit>

s $ �u+ 4m2
<latexit sha1_base64="WeUY6TVklR/B1pmBJSP9HdCWm9U="></latexit>

>
Ca

us
ali

ty 
 

= 
 

An
aly

tic
ity

s
2

>

>

>
Unitarity 

= 
Positivity

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

e

<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

<latexit sha1_base64="vnwf2z8wdkvjqL+dTHxCfY7JqG8="></latexit>

2

⇡

Z 1

s̄
ds

X

`

f`(s)
P`(1 + 2t/s)

(s+ t/2)n+1

<latexit sha1_base64="T6PrNRj5rwiP1/2L7pL0Ybh1z2Q="></latexit>

2

⇡

Z 1

s̄
ds

A(s, t)

(s+ t/2)n+1

<latexit sha1_base64="3ydw/pG+avYAj0CZ3WSLuZnmNEg=">AAACD3icbVC5TsNAFFxzhnAFKNOsiJCoIjtCgQaJo6EMEjmkJLKeN4+wYn1o9xkJWS74BL6CFio6RMsnUPAv2MYF11Sjmfd23o4XKWnItt+tmdm5+YXFylJ1eWV1bb22sdkzYawFdkWoQj3wwKCSAXZJksJBpBF8T2Hfuz7N/f4NaiPD4IJuIxz7MA3kpRRAmeTW6smoeCTROEkzDoofp24rPZy6LbfWsJt2Af6XOCVpsBIdt/YxmoQi9jEgocCYoWNHNE5AkxQK0+ooNhiBuIYpDjMagI9mnBT5Kd+JDVDII9RcKl6I+H0jAd+YW9/LJn2gK/Pby8X/vGFMlwfjRAZRTBiIPIikwiLICC2zdpBPpEYiyC9HLgMuQAMRaslBiEyMs7qqWR/O79//Jb1W02k32+d7jaOTspkKq7Nttsscts+O2BnrsC4T7I49sEf2ZN1bz9aL9fo1OmOVO1vsB6y3T7FLnJo=</latexit>

A2 = g2
<latexit sha1_base64="xbORDM5Fw/cUVrR725nK9VbjAwY=">AAACCHicbVDLSgNBEJyNrxhf6+PmZTAIESTsikSPUS8eFYwGkhB6J504ZHZ2mekV4pIf8Cu86smbePUvPPgvbmIOaqxTUdVNV1cQK2nJ8z6c3Mzs3PxCfrGwtLyyuuaub1zbKDECayJSkakHYFFJjTWSpLAeG4QwUHgT9M9G/s0dGisjfUWDGFsh9LTsSgGUSW13K20KUPxk2NalZgCG233aa7tFr+yNwaeJPyFFNsFF2/1sdiKRhKhJKLC24XsxtVIwJIXCYaGZWIxB9KGHjYxqCNG20nH6Id9NLFDEYzRcKj4W8edGCqG1gzDIJkOgW/vXG4n/eY2EusetVOo4IdRidIikwvEhK4zMakHekQaJYJQcudRcgAEiNJKDEJmYZD0Vsj78v99Pk+uDsl8pVy4Pi9XTSTN5ts12WIn57IhV2Tm7YDUm2D17ZE/s2XlwXpxX5+17NOdMdjbZLzjvX9ysmMo=</latexit>

An(s̄, t)

<latexit sha1_base64="qSQV08+l8WfDe0q4DcspaQsg+R0="></latexit>✓
@tAn +

n+ 1

2
An

◆����
t=0

� 0

<latexit sha1_base64="UvVy4hfv7HTpSqGjiK4gCzIDZdQ="></latexit>✓
@tAn +

n+ 1

2
An

◆����
t=0

� 0

deRham,Melville,Tolley,Zhou’17

Bellazzini,Elias-Miro,Rattazzi,Riembau,FR’20

Caron-Huot,VanDuong’20

Tolley,Wang,Zhou’20

<latexit sha1_base64="rvKnkHbbThwU2C/2WZF1L9sl/0o="></latexit>

@2
tA2|t=0 = A4|t=0

“Null constraints”

<latexit sha1_base64="8JKMGNqpMmfgMinQYVMN6WhHOl4="></latexit>

g4 = @2
tA2|t=0 = A4|t=0

<latexit sha1_base64="vbbuyqkhr3EaSUO4ICI9bkihJqo=">AAACHXicbVDLSgNBEJyNrxhfqx69DAYhIRJ2Q4hehKgXjxHMA5IYZiedOGT2wUyvEJZ8g5/gV3jVkzfxKh78F3eTHDRaMExR1U13lxNIodGyPo3U0vLK6lp6PbOxubW9Y+7uNbQfKg517ktftRymQQoP6ihQQitQwFxHQtMZXSZ+8x6UFr53g+MAui4bemIgOMNY6pn585w+xvxZh/d91HTYK1N9Wy7M/hLF+BVmXs/MWkVrCvqX2HOSJXPUeuZXp+/z0AUPuWRat20rwG7EFAouYZLphBoCxkdsCO2YeswF3Y2mJ03oUagZ+jQARYWkUxF+dkTM1XrsOnGly/BOL3qJ+J/XDnFw2o2EF4QIHk8GoZAwHaS5EnFWQPtCASJLNgcqPMqZYoigBGWcx2IYh5eJ87AXr/9LGqWiXSlWrsvZ6sU8mTQ5IIckR2xyQqrkitRInXDyQJ7IM3kxHo1X4814n5WmjHnPPvkF4+MbAiyfnw==</latexit>

A(s, t) = · · · g4s4 + g4s
2t2 + · · ·



UV/IR Relations

Unitary, analytic 2➙2 scattering amplitude

Arc ⇿ Couplings

Null Constraints

<latexit sha1_base64="O13dJlrClt6SCjtcPfpITszzAlY="></latexit>

@k
t

��
t=0

An = gn+k,k

<latexit sha1_base64="inu/WX8H1OsqJsO2A/uJ3ZuFh/8=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QoEyQEMZJPKQEis6XzbhyPls3a2RgpV/oIWKDtHyNxT8C7ZxAQlTjWZ2tbPjhVIYtO1Pa2FxaXlltbBWXN/Y3Nou7ey2TBBpDk0eyEB3PGZACgVNFCihE2pgvieh7Y2vUr/9ANqIQN3iJATXZyMlhoIzTKTWRcUc41G/VLardgY6T5yclEmORr/01RsEPPJBIZfMmK5jh+jGTKPgEqbFXmQgZHzMRtBNqGI+GDfO0k7pYWQYBjQETYWkmQi/N2LmGzPxvWTSZ3hnZr1U/M/rRjg8d2OhwghB8fQQCgnZIcO1SGoAOhAaEFmaHKhQlDPNEEELyjhPxCjppZj04cx+P09aJ1WnVq3dnJbrl3kzBbJPDkiFOOSM1Mk1aZAm4eSePJFn8mI9Wq/Wm/X+M7pg5Tt75A+sj28cNJLr</latexit>

A(s, t)

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="CxMUgBR1Aun0kyWUOdY4uyu+oKI=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxIneEqCXRxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSm5jQFFjWK3ZdTsHXyVOQWqsQHtY/RqMIpEEGJJQYEzfsWPy5qBJCoWLyiAxGIOYwgT7KQ0hQOPN87ALfpYYoIjHqLlUPBfx98YcAmNmgZ9OBkAPZtnLxP+8fkLjK28uwzghDEV2iKTC/JARWqYtIB9JjUSQJUcuQy5AAxFqyUGIVEzSWippH87y96uk06g7F/XmXbPWui6aKbMTdsrOmcMuWYvdsjZzmWCSPbFn9mLNrFfrzXr/GS1Zxc4x+wPr4xvylZLd</latexit>

2 ! 2

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·

Sharp bounds, agnostic of other couplings

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="kZuF/P2udMEqj1VDwgHa2Wik1q4=">AAACK3icbVDLSgNBEJz1GeMr6tHLYBA8hd0QEi+BqBePCkaFJC69Y6tDZh/M9Aph3U/xE/wKr3rypOjR/3A3LvisU1HVTXWXFylpyLafrYnJqemZ2dJceX5hcWm5srJ6bMJYC+yKUIX61AODSgbYJUkKTyON4HsKT7zhXu6fXKM2MgyOaBThwIfLQF5IAZRJbqWV8H4EmiSos7pLPOkLUHwndes3bkJtO+Vt/iU2eKGmbqVq1+wx+F/iFKTKChy4lbf+eShiHwMSCozpOXZEgySPFgrTcj82GIEYwiX2MhqAj2aQjB9M+WZsgEIeoeZS8bGI3zcS8I0Z+V426QNdmd9eLv7n9WK62B4kMohiwkDkQSQVjoOM0DJrDvm51EgE+eXIZcAFaCBCLTkIkYlxVmU568P5/f1fclyvOc1a87BR7ewWzZTYOttgW8xhLdZh++yAdZlgt+yePbBH6856sl6s18/RCavYWWM/YL1/ALwRplg=</latexit>

@2
tA2|t=0 = A4|t=0



UV/IR Relations

Unitary, analytic 2➙2 scattering amplitude

Arc ⇿ Couplings

Null Constraints

<latexit sha1_base64="O13dJlrClt6SCjtcPfpITszzAlY="></latexit>

@k
t

��
t=0

An = gn+k,k

<latexit sha1_base64="inu/WX8H1OsqJsO2A/uJ3ZuFh/8=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QoEyQEMZJPKQEis6XzbhyPls3a2RgpV/oIWKDtHyNxT8C7ZxAQlTjWZ2tbPjhVIYtO1Pa2FxaXlltbBWXN/Y3Nou7ey2TBBpDk0eyEB3PGZACgVNFCihE2pgvieh7Y2vUr/9ANqIQN3iJATXZyMlhoIzTKTWRcUc41G/VLardgY6T5yclEmORr/01RsEPPJBIZfMmK5jh+jGTKPgEqbFXmQgZHzMRtBNqGI+GDfO0k7pYWQYBjQETYWkmQi/N2LmGzPxvWTSZ3hnZr1U/M/rRjg8d2OhwghB8fQQCgnZIcO1SGoAOhAaEFmaHKhQlDPNEEELyjhPxCjppZj04cx+P09aJ1WnVq3dnJbrl3kzBbJPDkiFOOSM1Mk1aZAm4eSePJFn8mI9Wq/Wm/X+M7pg5Tt75A+sj28cNJLr</latexit>

A(s, t)

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="CxMUgBR1Aun0kyWUOdY4uyu+oKI=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxIneEqCXRxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSm5jQFFjWK3ZdTsHXyVOQWqsQHtY/RqMIpEEGJJQYEzfsWPy5qBJCoWLyiAxGIOYwgT7KQ0hQOPN87ALfpYYoIjHqLlUPBfx98YcAmNmgZ9OBkAPZtnLxP+8fkLjK28uwzghDEV2iKTC/JARWqYtIB9JjUSQJUcuQy5AAxFqyUGIVEzSWippH87y96uk06g7F/XmXbPWui6aKbMTdsrOmcMuWYvdsjZzmWCSPbFn9mLNrFfrzXr/GS1Zxc4x+wPr4xvylZLd</latexit>

2 ! 2

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·

Sharp bounds, agnostic of other couplings

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="kZuF/P2udMEqj1VDwgHa2Wik1q4=">AAACK3icbVDLSgNBEJz1GeMr6tHLYBA8hd0QEi+BqBePCkaFJC69Y6tDZh/M9Aph3U/xE/wKr3rypOjR/3A3LvisU1HVTXWXFylpyLafrYnJqemZ2dJceX5hcWm5srJ6bMJYC+yKUIX61AODSgbYJUkKTyON4HsKT7zhXu6fXKM2MgyOaBThwIfLQF5IAZRJbqWV8H4EmiSos7pLPOkLUHwndes3bkJtO+Vt/iU2eKGmbqVq1+wx+F/iFKTKChy4lbf+eShiHwMSCozpOXZEgySPFgrTcj82GIEYwiX2MhqAj2aQjB9M+WZsgEIeoeZS8bGI3zcS8I0Z+V426QNdmd9eLv7n9WK62B4kMohiwkDkQSQVjoOM0DJrDvm51EgE+eXIZcAFaCBCLTkIkYlxVmU568P5/f1fclyvOc1a87BR7ewWzZTYOttgW8xhLdZh++yAdZlgt+yePbBH6856sl6s18/RCavYWWM/YL1/ALwRplg=</latexit>

@2
tA2|t=0 = A4|t=0

<latexit sha1_base64="uOsIXwRhuQvaYE1ZFdd8whLWe4w=">AAACHnicbVC7TsNAEDzzDOEVoKQ5ESEhisi2EFBG0FAGiQSkOInWxyacOD90t0aKLP8Dn8BX0EJFh2ih4F9wHBe8phrN7Gp3xo+VNGTbH9bM7Nz8wmJlqbq8srq2XtvY7Jgo0QLbIlKRvvLBoJIhtkmSwqtYIwS+wkv/9nTiX96hNjIKL2gcYy+AUSiHUgDl0qC27w01iHQ0cPtuljqHXixzYvou9V1PRaOpTVlqskGtbjfsAvwvcUpSZyVag9qndx2JJMCQhAJjuo4dUy8FTVIozKpeYjAGcQsj7OY0hABNLy0yZXw3MUARj1FzqXgh4veNFAJjxoGfTwZAN+a3NxH/87oJDY97qQzjhDAUk0MkFRaHjNAyLwv5tdRIBJPPkcuQC9BAhFpyECIXk7y9at6H8zv9X9JxG85h4+D8oN48KZupsG22w/aYw45Yk52xFmszwe7ZI3tiz9aD9WK9Wm/T0Rmr3NliP2C9fwGC7KLt</latexit>

g22
16⇡2

s2t2 log
t

s
<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·

 - Beyond L.O.



UV/IR Relations

Unitary, analytic 2➙2 scattering amplitude

Arc ⇿ Couplings

Null Constraints

<latexit sha1_base64="O13dJlrClt6SCjtcPfpITszzAlY="></latexit>

@k
t

��
t=0

An = gn+k,k

<latexit sha1_base64="inu/WX8H1OsqJsO2A/uJ3ZuFh/8=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QoEyQEMZJPKQEis6XzbhyPls3a2RgpV/oIWKDtHyNxT8C7ZxAQlTjWZ2tbPjhVIYtO1Pa2FxaXlltbBWXN/Y3Nou7ey2TBBpDk0eyEB3PGZACgVNFCihE2pgvieh7Y2vUr/9ANqIQN3iJATXZyMlhoIzTKTWRcUc41G/VLardgY6T5yclEmORr/01RsEPPJBIZfMmK5jh+jGTKPgEqbFXmQgZHzMRtBNqGI+GDfO0k7pYWQYBjQETYWkmQi/N2LmGzPxvWTSZ3hnZr1U/M/rRjg8d2OhwghB8fQQCgnZIcO1SGoAOhAaEFmaHKhQlDPNEEELyjhPxCjppZj04cx+P09aJ1WnVq3dnJbrl3kzBbJPDkiFOOSM1Mk1aZAm4eSePJFn8mI9Wq/Wm/X+M7pg5Tt75A+sj28cNJLr</latexit>

A(s, t)

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="CxMUgBR1Aun0kyWUOdY4uyu+oKI=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxIneEqCXRxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSm5jQFFjWK3ZdTsHXyVOQWqsQHtY/RqMIpEEGJJQYEzfsWPy5qBJCoWLyiAxGIOYwgT7KQ0hQOPN87ALfpYYoIjHqLlUPBfx98YcAmNmgZ9OBkAPZtnLxP+8fkLjK28uwzghDEV2iKTC/JARWqYtIB9JjUSQJUcuQy5AAxFqyUGIVEzSWippH87y96uk06g7F/XmXbPWui6aKbMTdsrOmcMuWYvdsjZzmWCSPbFn9mLNrFfrzXr/GS1Zxc4x+wPr4xvylZLd</latexit>

2 ! 2

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·

Sharp bounds, agnostic of other couplings

<latexit sha1_base64="0uPJgbQh+/a/lnFoSN01vdpJLDY="></latexit>

+
1X

n,m

#n,m gngm

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="kZuF/P2udMEqj1VDwgHa2Wik1q4=">AAACK3icbVDLSgNBEJz1GeMr6tHLYBA8hd0QEi+BqBePCkaFJC69Y6tDZh/M9Aph3U/xE/wKr3rypOjR/3A3LvisU1HVTXWXFylpyLafrYnJqemZ2dJceX5hcWm5srJ6bMJYC+yKUIX61AODSgbYJUkKTyON4HsKT7zhXu6fXKM2MgyOaBThwIfLQF5IAZRJbqWV8H4EmiSos7pLPOkLUHwndes3bkJtO+Vt/iU2eKGmbqVq1+wx+F/iFKTKChy4lbf+eShiHwMSCozpOXZEgySPFgrTcj82GIEYwiX2MhqAj2aQjB9M+WZsgEIeoeZS8bGI3zcS8I0Z+V426QNdmd9eLv7n9WK62B4kMohiwkDkQSQVjoOM0DJrDvm51EgE+eXIZcAFaCBCLTkIkYlxVmU568P5/f1fclyvOc1a87BR7ewWzZTYOttgW8xhLdZh++yAdZlgt+yePbBH6856sl6s18/RCavYWWM/YL1/ALwRplg=</latexit>

@2
tA2|t=0 = A4|t=0

<latexit sha1_base64="uOsIXwRhuQvaYE1ZFdd8whLWe4w=">AAACHnicbVC7TsNAEDzzDOEVoKQ5ESEhisi2EFBG0FAGiQSkOInWxyacOD90t0aKLP8Dn8BX0EJFh2ih4F9wHBe8phrN7Gp3xo+VNGTbH9bM7Nz8wmJlqbq8srq2XtvY7Jgo0QLbIlKRvvLBoJIhtkmSwqtYIwS+wkv/9nTiX96hNjIKL2gcYy+AUSiHUgDl0qC27w01iHQ0cPtuljqHXixzYvou9V1PRaOpTVlqskGtbjfsAvwvcUpSZyVag9qndx2JJMCQhAJjuo4dUy8FTVIozKpeYjAGcQsj7OY0hABNLy0yZXw3MUARj1FzqXgh4veNFAJjxoGfTwZAN+a3NxH/87oJDY97qQzjhDAUk0MkFRaHjNAyLwv5tdRIBJPPkcuQC9BAhFpyECIXk7y9at6H8zv9X9JxG85h4+D8oN48KZupsG22w/aYw45Yk52xFmszwe7ZI3tiz9aD9WK9Wm/T0Rmr3NliP2C9fwGC7KLt</latexit>

g22
16⇡2

s2t2 log
t

s
<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·

 - Beyond L.O.



UV/IR Relations

Unitary, analytic 2➙2 scattering amplitude

Arc ⇿ Couplings

Null Constraints

<latexit sha1_base64="O13dJlrClt6SCjtcPfpITszzAlY="></latexit>

@k
t

��
t=0

An = gn+k,k

<latexit sha1_base64="inu/WX8H1OsqJsO2A/uJ3ZuFh/8=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QoEyQEMZJPKQEis6XzbhyPls3a2RgpV/oIWKDtHyNxT8C7ZxAQlTjWZ2tbPjhVIYtO1Pa2FxaXlltbBWXN/Y3Nou7ey2TBBpDk0eyEB3PGZACgVNFCihE2pgvieh7Y2vUr/9ANqIQN3iJATXZyMlhoIzTKTWRcUc41G/VLardgY6T5yclEmORr/01RsEPPJBIZfMmK5jh+jGTKPgEqbFXmQgZHzMRtBNqGI+GDfO0k7pYWQYBjQETYWkmQi/N2LmGzPxvWTSZ3hnZr1U/M/rRjg8d2OhwghB8fQQCgnZIcO1SGoAOhAaEFmaHKhQlDPNEEELyjhPxCjppZj04cx+P09aJ1WnVq3dnJbrl3kzBbJPDkiFOOSM1Mk1aZAm4eSePJFn8mI9Wq/Wm/X+M7pg5Tt75A+sj28cNJLr</latexit>

A(s, t)

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="CxMUgBR1Aun0kyWUOdY4uyu+oKI=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxIneEqCXRxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSm5jQFFjWK3ZdTsHXyVOQWqsQHtY/RqMIpEEGJJQYEzfsWPy5qBJCoWLyiAxGIOYwgT7KQ0hQOPN87ALfpYYoIjHqLlUPBfx98YcAmNmgZ9OBkAPZtnLxP+8fkLjK28uwzghDEV2iKTC/JARWqYtIB9JjUSQJUcuQy5AAxFqyUGIVEzSWippH87y96uk06g7F/XmXbPWui6aKbMTdsrOmcMuWYvdsjZzmWCSPbFn9mLNrFfrzXr/GS1Zxc4x+wPr4xvylZLd</latexit>

2 ! 2

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·

Sharp bounds, agnostic of other couplings

<latexit sha1_base64="0uPJgbQh+/a/lnFoSN01vdpJLDY="></latexit>

+
1X

n,m

#n,m gngm

<latexit sha1_base64="MuCVlWsWkE/oEZmmJHK2q+Sdjkk=">AAACCHicbVDLSsNAFJ34rPUVHzs3g0UQhJKIVJdFNy4r2Ac0oUymt3XoZBJmboQa+gN+hVtduRO3/oUL/8U0ZqGtZ3U45945d04QS2HQcT6thcWl5ZXV0lp5fWNza9ve2W2ZKNEcmjySke4EzIAUCpooUEIn1sDCQEI7GF1N/fY9aCMidYvjGPyQDZUYCM4wk3r2/knq5a+kGvoTT6gBjic9u+JUnRx0nrgFqZACjZ795fUjnoSgkEtmTNd1YvRTplFwCZOylxiIGR+xIXQzqlgIxk/z3Ak9SgzDiMagqZA0F+H3RspCY8ZhkE2GDO/MrDcV//O6CQ4u/FSoOEFQfBqEQkIeZLgWWS1A+0IDIpteDlQoyplmiKAFZZxnYpL1VM76cGd/P09ap1W3Vq3dnFXql0UzJXJADskxcck5qZNr0iBNwskDeSLP5MV6tF6tN+v9Z3TBKnb2yB9YH99UMJpa</latexit>

+1

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="kZuF/P2udMEqj1VDwgHa2Wik1q4=">AAACK3icbVDLSgNBEJz1GeMr6tHLYBA8hd0QEi+BqBePCkaFJC69Y6tDZh/M9Aph3U/xE/wKr3rypOjR/3A3LvisU1HVTXWXFylpyLafrYnJqemZ2dJceX5hcWm5srJ6bMJYC+yKUIX61AODSgbYJUkKTyON4HsKT7zhXu6fXKM2MgyOaBThwIfLQF5IAZRJbqWV8H4EmiSos7pLPOkLUHwndes3bkJtO+Vt/iU2eKGmbqVq1+wx+F/iFKTKChy4lbf+eShiHwMSCozpOXZEgySPFgrTcj82GIEYwiX2MhqAj2aQjB9M+WZsgEIeoeZS8bGI3zcS8I0Z+V426QNdmd9eLv7n9WK62B4kMohiwkDkQSQVjoOM0DJrDvm51EgE+eXIZcAFaCBCLTkIkYlxVmU568P5/f1fclyvOc1a87BR7ewWzZTYOttgW8xhLdZh++yAdZlgt+yePbBH6856sl6s18/RCavYWWM/YL1/ALwRplg=</latexit>

@2
tA2|t=0 = A4|t=0

<latexit sha1_base64="uOsIXwRhuQvaYE1ZFdd8whLWe4w=">AAACHnicbVC7TsNAEDzzDOEVoKQ5ESEhisi2EFBG0FAGiQSkOInWxyacOD90t0aKLP8Dn8BX0EJFh2ih4F9wHBe8phrN7Gp3xo+VNGTbH9bM7Nz8wmJlqbq8srq2XtvY7Jgo0QLbIlKRvvLBoJIhtkmSwqtYIwS+wkv/9nTiX96hNjIKL2gcYy+AUSiHUgDl0qC27w01iHQ0cPtuljqHXixzYvou9V1PRaOpTVlqskGtbjfsAvwvcUpSZyVag9qndx2JJMCQhAJjuo4dUy8FTVIozKpeYjAGcQsj7OY0hABNLy0yZXw3MUARj1FzqXgh4veNFAJjxoGfTwZAN+a3NxH/87oJDY97qQzjhDAUk0MkFRaHjNAyLwv5tdRIBJPPkcuQC9BAhFpyECIXk7y9at6H8zv9X9JxG85h4+D8oN48KZupsG22w/aYw45Yk52xFmszwe7ZI3tiz9aD9WK9Wm/T0Rmr3NliP2C9fwGC7KLt</latexit>

g22
16⇡2

s2t2 log
t

s
<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·

 - Beyond L.O.



UV/IR Relations

Unitary, analytic 2➙2 scattering amplitude

Arc ⇿ Couplings

Null Constraints

<latexit sha1_base64="O13dJlrClt6SCjtcPfpITszzAlY="></latexit>

@k
t

��
t=0

An = gn+k,k

<latexit sha1_base64="inu/WX8H1OsqJsO2A/uJ3ZuFh/8=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QoEyQEMZJPKQEis6XzbhyPls3a2RgpV/oIWKDtHyNxT8C7ZxAQlTjWZ2tbPjhVIYtO1Pa2FxaXlltbBWXN/Y3Nou7ey2TBBpDk0eyEB3PGZACgVNFCihE2pgvieh7Y2vUr/9ANqIQN3iJATXZyMlhoIzTKTWRcUc41G/VLardgY6T5yclEmORr/01RsEPPJBIZfMmK5jh+jGTKPgEqbFXmQgZHzMRtBNqGI+GDfO0k7pYWQYBjQETYWkmQi/N2LmGzPxvWTSZ3hnZr1U/M/rRjg8d2OhwghB8fQQCgnZIcO1SGoAOhAaEFmaHKhQlDPNEEELyjhPxCjppZj04cx+P09aJ1WnVq3dnJbrl3kzBbJPDkiFOOSM1Mk1aZAm4eSePJFn8mI9Wq/Wm/X+M7pg5Tt75A+sj28cNJLr</latexit>

A(s, t)

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="CxMUgBR1Aun0kyWUOdY4uyu+oKI=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxIneEqCXRxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSm5jQFFjWK3ZdTsHXyVOQWqsQHtY/RqMIpEEGJJQYEzfsWPy5qBJCoWLyiAxGIOYwgT7KQ0hQOPN87ALfpYYoIjHqLlUPBfx98YcAmNmgZ9OBkAPZtnLxP+8fkLjK28uwzghDEV2iKTC/JARWqYtIB9JjUSQJUcuQy5AAxFqyUGIVEzSWippH87y96uk06g7F/XmXbPWui6aKbMTdsrOmcMuWYvdsjZzmWCSPbFn9mLNrFfrzXr/GS1Zxc4x+wPr4xvylZLd</latexit>

2 ! 2

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·

Sharp bounds, agnostic of other couplings

<latexit sha1_base64="0uPJgbQh+/a/lnFoSN01vdpJLDY="></latexit>

+
1X

n,m

#n,m gngm

<latexit sha1_base64="MuCVlWsWkE/oEZmmJHK2q+Sdjkk=">AAACCHicbVDLSsNAFJ34rPUVHzs3g0UQhJKIVJdFNy4r2Ac0oUymt3XoZBJmboQa+gN+hVtduRO3/oUL/8U0ZqGtZ3U45945d04QS2HQcT6thcWl5ZXV0lp5fWNza9ve2W2ZKNEcmjySke4EzIAUCpooUEIn1sDCQEI7GF1N/fY9aCMidYvjGPyQDZUYCM4wk3r2/knq5a+kGvoTT6gBjic9u+JUnRx0nrgFqZACjZ795fUjnoSgkEtmTNd1YvRTplFwCZOylxiIGR+xIXQzqlgIxk/z3Ak9SgzDiMagqZA0F+H3RspCY8ZhkE2GDO/MrDcV//O6CQ4u/FSoOEFQfBqEQkIeZLgWWS1A+0IDIpteDlQoyplmiKAFZZxnYpL1VM76cGd/P09ap1W3Vq3dnFXql0UzJXJADskxcck5qZNr0iBNwskDeSLP5MV6tF6tN+v9Z3TBKnb2yB9YH99UMJpa</latexit>

+1

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="kZuF/P2udMEqj1VDwgHa2Wik1q4=">AAACK3icbVDLSgNBEJz1GeMr6tHLYBA8hd0QEi+BqBePCkaFJC69Y6tDZh/M9Aph3U/xE/wKr3rypOjR/3A3LvisU1HVTXWXFylpyLafrYnJqemZ2dJceX5hcWm5srJ6bMJYC+yKUIX61AODSgbYJUkKTyON4HsKT7zhXu6fXKM2MgyOaBThwIfLQF5IAZRJbqWV8H4EmiSos7pLPOkLUHwndes3bkJtO+Vt/iU2eKGmbqVq1+wx+F/iFKTKChy4lbf+eShiHwMSCozpOXZEgySPFgrTcj82GIEYwiX2MhqAj2aQjB9M+WZsgEIeoeZS8bGI3zcS8I0Z+V426QNdmd9eLv7n9WK62B4kMohiwkDkQSQVjoOM0DJrDvm51EgE+eXIZcAFaCBCLTkIkYlxVmU568P5/f1fclyvOc1a87BR7ewWzZTYOttgW8xhLdZh++yAdZlgt+yePbBH6856sl6s18/RCavYWWM/YL1/ALwRplg=</latexit>

@2
tA2|t=0 = A4|t=0

<latexit sha1_base64="uOsIXwRhuQvaYE1ZFdd8whLWe4w=">AAACHnicbVC7TsNAEDzzDOEVoKQ5ESEhisi2EFBG0FAGiQSkOInWxyacOD90t0aKLP8Dn8BX0EJFh2ih4F9wHBe8phrN7Gp3xo+VNGTbH9bM7Nz8wmJlqbq8srq2XtvY7Jgo0QLbIlKRvvLBoJIhtkmSwqtYIwS+wkv/9nTiX96hNjIKL2gcYy+AUSiHUgDl0qC27w01iHQ0cPtuljqHXixzYvou9V1PRaOpTVlqskGtbjfsAvwvcUpSZyVag9qndx2JJMCQhAJjuo4dUy8FTVIozKpeYjAGcQsj7OY0hABNLy0yZXw3MUARj1FzqXgh4veNFAJjxoGfTwZAN+a3NxH/87oJDY97qQzjhDAUk0MkFRaHjNAyLwv5tdRIBJPPkcuQC9BAhFpyECIXk7y9at6H8zv9X9JxG85h4+D8oN48KZupsG22w/aYw45Yk52xFmszwe7ZI3tiz9aD9WK9Wm/T0Rmr3NliP2C9fwGC7KLt</latexit>

g22
16⇡2

s2t2 log
t

s
<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·

 - Beyond L.O.

<latexit sha1_base64="W1wZxTRRAmfsoD9lKf3/hYxiS8Q=">AAACEnicbVC7SgNBFJ31bXxFLQUZDIJV2BWJNoJoYxnBJEI2hLuTmzhkdnaZuSuEZTs/wa+w1cpObP0BC//FzZpCjac6nHPvnDsniJW05Lofzszs3PzC4tJyaWV1bX2jvLnVtFFiBDZEpCJzE4BFJTU2SJLCm9gghIHCVjC8GPutOzRWRvqaRjF2Qhho2ZcCKJe65d1Tv29ApF6Wpn7xXGqwl/lS92mUZd1yxa26Bfg08Sakwiaod8uffi8SSYiahAJr254bUycFQ1IozEp+YjEGMYQBtnOqIUTbSYvgjO8nFijiMRouFS9E/LmRQmjtKAzyyRDo1v71xuJ/Xjuh/kknlTpOCLUYB5FUWARZYWReEPKeNEgE48uRS80FGCBCIzkIkYtJ3lgp78P7+/tp0jyserVq7eqocnY+aWaJ7bA9dsA8dszO2CWrswYT7J49sif27Dw4L86r8/Y9OuNMdrbZLzjvX6o6nuk=</latexit>

=
1

1
long-range 
forces, D=4



Is it possible that for massless particles most bounds 
disappear as soon as

<latexit sha1_base64="SLDaxxqiV62pz9ObQKi+xPmK6TM=">AAACDHicbVA9SwNBEN3zM8avqI1gsxgEixDuRKJl0EIriWASIQnH3GYSF/f2zt05IYT4E/wVtlrZia3/wcL/4iWm0MRXPd6bYea9IFbSkut+OjOzc/MLi5ml7PLK6tp6bmOzZqPECKyKSEXmOgCLSmqskiSF17FBCAOF9eD2dOjX79FYGekr6sXYCqGrZUcKoFTyc9tdX/MCb4KKb6DAz/wL3tR4x10/l3eL7gh8mnhjkmdjVPzcV7MdiSRETUKBtQ3PjanVB0NSKBxkm4nFGMQtdLGRUg0h2lZ/lGDA9xILFPEYDZeKj0T8vdGH0NpeGKSTIdCNnfSG4n9eI6HOcasvdZwQajE8RFLh6JAVRqbVIG9Lg0Qw/By51FyAASI0koMQqZikXWXTPrzJ9NOkdlD0SsXS5WG+fDJuJsN22C7bZx47YmV2ziqsygR7YE/smb04j86r8+a8/4zOOOOdLfYHzsc3XHGZfQ==</latexit>

gn,↵, GN 6= 0 ?



Is it possible that for massless particles most bounds 
disappear as soon as

<latexit sha1_base64="SLDaxxqiV62pz9ObQKi+xPmK6TM=">AAACDHicbVA9SwNBEN3zM8avqI1gsxgEixDuRKJl0EIriWASIQnH3GYSF/f2zt05IYT4E/wVtlrZia3/wcL/4iWm0MRXPd6bYea9IFbSkut+OjOzc/MLi5ml7PLK6tp6bmOzZqPECKyKSEXmOgCLSmqskiSF17FBCAOF9eD2dOjX79FYGekr6sXYCqGrZUcKoFTyc9tdX/MCb4KKb6DAz/wL3tR4x10/l3eL7gh8mnhjkmdjVPzcV7MdiSRETUKBtQ3PjanVB0NSKBxkm4nFGMQtdLGRUg0h2lZ/lGDA9xILFPEYDZeKj0T8vdGH0NpeGKSTIdCNnfSG4n9eI6HOcasvdZwQajE8RFLh6JAVRqbVIG9Lg0Qw/By51FyAASI0koMQqZikXWXTPrzJ9NOkdlD0SsXS5WG+fDJuJsN22C7bZx47YmV2ziqsygR7YE/smb04j86r8+a8/4zOOOOdLfYHzsc3XHGZfQ==</latexit>

gn,↵, GN 6= 0 ?

Maybe yes! After all these are UV/IR relations…



Is it possible that for massless particles most bounds 
disappear as soon as

<latexit sha1_base64="SLDaxxqiV62pz9ObQKi+xPmK6TM=">AAACDHicbVA9SwNBEN3zM8avqI1gsxgEixDuRKJl0EIriWASIQnH3GYSF/f2zt05IYT4E/wVtlrZia3/wcL/4iWm0MRXPd6bYea9IFbSkut+OjOzc/MLi5ml7PLK6tp6bmOzZqPECKyKSEXmOgCLSmqskiSF17FBCAOF9eD2dOjX79FYGekr6sXYCqGrZUcKoFTyc9tdX/MCb4KKb6DAz/wL3tR4x10/l3eL7gh8mnhjkmdjVPzcV7MdiSRETUKBtQ3PjanVB0NSKBxkm4nFGMQtdLGRUg0h2lZ/lGDA9xILFPEYDZeKj0T8vdGH0NpeGKSTIdCNnfSG4n9eI6HOcasvdZwQajE8RFLh6JAVRqbVIG9Lg0Qw/By51FyAASI0koMQqZikXWXTPrzJ9NOkdlD0SsXS5WG+fDJuJsN22C7bZx47YmV2ziqsygR7YE/smb04j86r8+a8/4zOOOOdLfYHzsc3XHGZfQ==</latexit>

gn,↵, GN 6= 0 ?

Maybe yes! After all these are UV/IR relations…

Goal of this talk:  
Discover dispersion relations for which NLO effects are 

truly NLO, and compute them





long-range Interactions

<latexit sha1_base64="MuCVlWsWkE/oEZmmJHK2q+Sdjkk=">AAACCHicbVDLSsNAFJ34rPUVHzs3g0UQhJKIVJdFNy4r2Ac0oUymt3XoZBJmboQa+gN+hVtduRO3/oUL/8U0ZqGtZ3U45945d04QS2HQcT6thcWl5ZXV0lp5fWNza9ve2W2ZKNEcmjySke4EzIAUCpooUEIn1sDCQEI7GF1N/fY9aCMidYvjGPyQDZUYCM4wk3r2/knq5a+kGvoTT6gBjic9u+JUnRx0nrgFqZACjZ795fUjnoSgkEtmTNd1YvRTplFwCZOylxiIGR+xIXQzqlgIxk/z3Ak9SgzDiMagqZA0F+H3RspCY8ZhkE2GDO/MrDcV//O6CQ4u/FSoOEFQfBqEQkIeZLgWWS1A+0IDIpteDlQoyplmiKAFZZxnYpL1VM76cGd/P09ap1W3Vq3dnFXql0UzJXJADskxcck5qZNr0iBNwskDeSLP5MV6tF6tN+v9Z3TBKnb2yB9YH99UMJpa</latexit>

+1 <latexit sha1_base64="MuCVlWsWkE/oEZmmJHK2q+Sdjkk=">AAACCHicbVDLSsNAFJ34rPUVHzs3g0UQhJKIVJdFNy4r2Ac0oUymt3XoZBJmboQa+gN+hVtduRO3/oUL/8U0ZqGtZ3U45945d04QS2HQcT6thcWl5ZXV0lp5fWNza9ve2W2ZKNEcmjySke4EzIAUCpooUEIn1sDCQEI7GF1N/fY9aCMidYvjGPyQDZUYCM4wk3r2/knq5a+kGvoTT6gBjic9u+JUnRx0nrgFqZACjZ795fUjnoSgkEtmTNd1YvRTplFwCZOylxiIGR+xIXQzqlgIxk/z3Ak9SgzDiMagqZA0F+H3RspCY8ZhkE2GDO/MrDcV//O6CQ4u/FSoOEFQfBqEQkIeZLgWWS1A+0IDIpteDlQoyplmiKAFZZxnYpL1VM76cGd/P09ap1W3Vq3dnFXql0UzJXJADskxcck5qZNr0iBNwskDeSLP5MV6tF6tN+v9Z3TBKnb2yB9YH99UMJpa</latexit>

+1 <latexit sha1_base64="MuCVlWsWkE/oEZmmJHK2q+Sdjkk=">AAACCHicbVDLSsNAFJ34rPUVHzs3g0UQhJKIVJdFNy4r2Ac0oUymt3XoZBJmboQa+gN+hVtduRO3/oUL/8U0ZqGtZ3U45945d04QS2HQcT6thcWl5ZXV0lp5fWNza9ve2W2ZKNEcmjySke4EzIAUCpooUEIn1sDCQEI7GF1N/fY9aCMidYvjGPyQDZUYCM4wk3r2/knq5a+kGvoTT6gBjic9u+JUnRx0nrgFqZACjZ795fUjnoSgkEtmTNd1YvRTplFwCZOylxiIGR+xIXQzqlgIxk/z3Ak9SgzDiMagqZA0F+H3RspCY8ZhkE2GDO/MrDcV//O6CQ4u/FSoOEFQfBqEQkIeZLgWWS1A+0IDIpteDlQoyplmiKAFZZxnYpL1VM76cGd/P09ap1W3Vq3dnFXql0UzJXJADskxcck5qZNr0iBNwskDeSLP5MV6tF6tN+v9Z3TBKnb2yB9YH99UMJpa</latexit>

+1<latexit sha1_base64="CxMUgBR1Aun0kyWUOdY4uyu+oKI=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxIneEqCXRxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSm5jQFFjWK3ZdTsHXyVOQWqsQHtY/RqMIpEEGJJQYEzfsWPy5qBJCoWLyiAxGIOYwgT7KQ0hQOPN87ALfpYYoIjHqLlUPBfx98YcAmNmgZ9OBkAPZtnLxP+8fkLjK28uwzghDEV2iKTC/JARWqYtIB9JjUSQJUcuQy5AAxFqyUGIVEzSWippH87y96uk06g7F/XmXbPWui6aKbMTdsrOmcMuWYvdsjZzmWCSPbFn9mLNrFfrzXr/GS1Zxc4x+wPr4xvylZLd</latexit>

2 ! 2

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="GCtESMsPU2q1Xnde10NDke3apUQ=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRCjRIETSUAZGHlETR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdcblBJX1skiSFnVAj91yFbXdyk/rtKWojA/+BZiH2PT725UgKTol0f2UPyhW7amdgy8TJSQVyNAblr94wEJGHPgnFjek6dkj9mGuSQuG81IsMhlxM+Bi7CfW5h6YfZ0nn7CQynAIWomZSsUzE3xsx94yZeW4y6XF6NIteKv7ndSMaXfZj6YcRoS/SQyQVZoeM0DKpANlQaiTiaXJk0meCa06EWjIuRCJGSSelpA9n8ftl0jqrOrVq7e68Ur/OmynCERzDKThwAXW4hQY0QcAInuAZXqyp9Wq9We8/owUr3zmEP7A+vgGeIpGL</latexit>

= 0

<latexit sha1_base64="cQePkb4IrfsFoCI68cRaNiWfU5Q=">AAACCHicdVDLSgNBEJz1bXzFx83LYBC8GHajJuYgiF48KhgjJDH0jh0dMju7zPQKcckP+BVe9eRNvPoXHvwXN2sEFa1TUdVNV5cfKWnJdd+ckdGx8YnJqenczOzc/EJ+cenMhrERWBOhCs25DxaV1FgjSQrPI4MQ+Arrfvdw4Ndv0FgZ6lPqRdgK4ErLjhRAqdTOryRNAYrX+3t4kWw2pe5Qr9/OF9zizm6lWi7xlFSrXtnNyFZlq8S9opuhwIY4buffm5ehiAPUJBRY2/DciFoJGJJCYT/XjC1GILpwhY2UagjQtpIsfZ+vxxYo5BEaLhXPRPy+kUBgbS/w08kA6Nr+9gbiX14jps5uK5E6igm1GBwiqTA7ZIWRaS3IL6VBIhgkRy41F2CACI3kIEQqxmlPubSPr6f5/+SsVPTKxfLJdmH/YNjMFFtla2yDeazC9tkRO2Y1Jtgtu2cP7NG5c56cZ+flc3TEGe4ssx9wXj8AyfSaCQ==</latexit>

W = e�1

<latexit sha1_base64="fuDTxQMTsOcDwis5E+c2+Sg6XPU=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIjFGiQAjSUQSIPkVjR+bIJp5zP1t0aKbLCV9BCRYdo+RcK/gXbuICEqUYzu9rZ8UIpDNr2p1VYWl5ZXSuulzY2t7Z3yrt7bRNEmkOLBzLQXY8ZkEJBCwVK6IYamO9J6HiTq9TvPIA2IlC3OA3B9dlYiZHgDBPp7mIQ1/oY1Gbng3LFrtoZ6CJxclIhOZqD8ld/GPDIB4VcMmN6jh2iGzONgkuYlfqRgZDxCRtDL6GK+WDcOEs8o0eRYRjQEDQVkmYi/N6ImW/M1PeSSZ/hvZn3UvE/rxfh6MyNhQojBMXTQygkZIcM1yKpAuhQaEBkaXKgQlHONEMELSjjPBGjpJtS0ocz//0iadeqTr1avzmpNC7zZorkgBySY+KQU9Ig16RJWoQTRZ7IM3mxHq1X6816/xktWPnOPvkD6+Mbk7iU5g==</latexit>

A2!2 =

Esclusive Amplitudes:  Unitary and Analytic but… 

<latexit sha1_base64="KYfifhj7EYcwopZWhuxhbnB6d2o=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIKihN0g6kWIiuAxQh5CNi69Y6uDsw9megVZ9iP8BL/Cq568idcc/Bc3j4Mm1qmo6qary4+VNGTbXWticmp6ZnZuvrCwuLS8Ulxda5oo0QIbIlKRvvLBoJIhNkiSwqtYIwS+wpb/cNbzW4+ojYzCOj3F2AngLpS3UgDlklfcPU5dAYq3Mm9AzjN3b/vESysuRbySXad1jZjtmsTf8Yolu2z3wceJMyQlNkTNK367N5FIAgxJKDCm7dgxdVLQJIXCrOAmBmMQD3CH7ZyGEKDppP2nMr6VGMgjxKi5VLwv4u+NFAJjngI/nwyA7s2o1xP/89oJ3R51UhnGCWEoeodIKuwfMkLLvC3kN1IjEfSSI5chF6CBCLXkIEQuJnl9hbwPZ/T7cdKslJ2D8sHlfql6Omxmjm2wTbbNHHbIquyC1ViDCfbMXtkbe7derA/r0/oajE5Yw5119gdW9wcXO6H4</latexit>

= WE (A
Tree
2!2 + sub)

<latexit sha1_base64="Ngqrc7+NXTOONE3LloWnc9wSTmE=">AAACBXicdVA9SwNBEN3zM8avqKXNYhCsjjtzJiksghqwjGBUSEKYWydxyd4Hu3OKHKn9FbZa2Ymtv8PC/+IlRlDRVz3em2HePD9W0pDjvFlT0zOzc/O5hfzi0vLKamFt/cxEiRbYFJGK9IUPBpUMsUmSFF7EGiHwFZ77g8ORf36N2sgoPKXbGDsB9EPZkwIok7qFtfYRKgJe30/bAhSvD7uFomO7bqXsVbhje9Xd0l4pI9VK1Su53LWdMYpsgka38N6+jEQSYEhCgTEt14mpk4ImKRQO8+3EYAxiAH1sZTSEAE0nHUcf8u3EAEU8Rs2l4mMRv2+kEBhzG/jZZAB0ZX57I/Evr5VQr9pJZRgnhKEYHSKpcHzICC2zTpBfSo1EMEqOXIZcgAYi1JKDEJmYZCXlsz6+nub/k7Nd2y3b5ROvWDuYNJNjm2yL7TCXVViNHbMGazLBbtg9e2CP1p31ZD1bL5+jU9ZkZ4P9gPX6AVDZmAc=</latexit>

�E < E

Beyond L.O.

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+ <latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+



long-range Interactions

<latexit sha1_base64="MuCVlWsWkE/oEZmmJHK2q+Sdjkk=">AAACCHicbVDLSsNAFJ34rPUVHzs3g0UQhJKIVJdFNy4r2Ac0oUymt3XoZBJmboQa+gN+hVtduRO3/oUL/8U0ZqGtZ3U45945d04QS2HQcT6thcWl5ZXV0lp5fWNza9ve2W2ZKNEcmjySke4EzIAUCpooUEIn1sDCQEI7GF1N/fY9aCMidYvjGPyQDZUYCM4wk3r2/knq5a+kGvoTT6gBjic9u+JUnRx0nrgFqZACjZ795fUjnoSgkEtmTNd1YvRTplFwCZOylxiIGR+xIXQzqlgIxk/z3Ak9SgzDiMagqZA0F+H3RspCY8ZhkE2GDO/MrDcV//O6CQ4u/FSoOEFQfBqEQkIeZLgWWS1A+0IDIpteDlQoyplmiKAFZZxnYpL1VM76cGd/P09ap1W3Vq3dnFXql0UzJXJADskxcck5qZNr0iBNwskDeSLP5MV6tF6tN+v9Z3TBKnb2yB9YH99UMJpa</latexit>

+1 <latexit sha1_base64="MuCVlWsWkE/oEZmmJHK2q+Sdjkk=">AAACCHicbVDLSsNAFJ34rPUVHzs3g0UQhJKIVJdFNy4r2Ac0oUymt3XoZBJmboQa+gN+hVtduRO3/oUL/8U0ZqGtZ3U45945d04QS2HQcT6thcWl5ZXV0lp5fWNza9ve2W2ZKNEcmjySke4EzIAUCpooUEIn1sDCQEI7GF1N/fY9aCMidYvjGPyQDZUYCM4wk3r2/knq5a+kGvoTT6gBjic9u+JUnRx0nrgFqZACjZ795fUjnoSgkEtmTNd1YvRTplFwCZOylxiIGR+xIXQzqlgIxk/z3Ak9SgzDiMagqZA0F+H3RspCY8ZhkE2GDO/MrDcV//O6CQ4u/FSoOEFQfBqEQkIeZLgWWS1A+0IDIpteDlQoyplmiKAFZZxnYpL1VM76cGd/P09ap1W3Vq3dnFXql0UzJXJADskxcck5qZNr0iBNwskDeSLP5MV6tF6tN+v9Z3TBKnb2yB9YH99UMJpa</latexit>

+1 <latexit sha1_base64="MuCVlWsWkE/oEZmmJHK2q+Sdjkk=">AAACCHicbVDLSsNAFJ34rPUVHzs3g0UQhJKIVJdFNy4r2Ac0oUymt3XoZBJmboQa+gN+hVtduRO3/oUL/8U0ZqGtZ3U45945d04QS2HQcT6thcWl5ZXV0lp5fWNza9ve2W2ZKNEcmjySke4EzIAUCpooUEIn1sDCQEI7GF1N/fY9aCMidYvjGPyQDZUYCM4wk3r2/knq5a+kGvoTT6gBjic9u+JUnRx0nrgFqZACjZ795fUjnoSgkEtmTNd1YvRTplFwCZOylxiIGR+xIXQzqlgIxk/z3Ak9SgzDiMagqZA0F+H3RspCY8ZhkE2GDO/MrDcV//O6CQ4u/FSoOEFQfBqEQkIeZLgWWS1A+0IDIpteDlQoyplmiKAFZZxnYpL1VM76cGd/P09ap1W3Vq3dnFXql0UzJXJADskxcck5qZNr0iBNwskDeSLP5MV6tF6tN+v9Z3TBKnb2yB9YH99UMJpa</latexit>

+1<latexit sha1_base64="CxMUgBR1Aun0kyWUOdY4uyu+oKI=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxIneEqCXRxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSm5jQFFjWK3ZdTsHXyVOQWqsQHtY/RqMIpEEGJJQYEzfsWPy5qBJCoWLyiAxGIOYwgT7KQ0hQOPN87ALfpYYoIjHqLlUPBfx98YcAmNmgZ9OBkAPZtnLxP+8fkLjK28uwzghDEV2iKTC/JARWqYtIB9JjUSQJUcuQy5AAxFqyUGIVEzSWippH87y96uk06g7F/XmXbPWui6aKbMTdsrOmcMuWYvdsjZzmWCSPbFn9mLNrFfrzXr/GS1Zxc4x+wPr4xvylZLd</latexit>

2 ! 2

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="GCtESMsPU2q1Xnde10NDke3apUQ=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRCjRIETSUAZGHlETR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdcblBJX1skiSFnVAj91yFbXdyk/rtKWojA/+BZiH2PT725UgKTol0f2UPyhW7amdgy8TJSQVyNAblr94wEJGHPgnFjek6dkj9mGuSQuG81IsMhlxM+Bi7CfW5h6YfZ0nn7CQynAIWomZSsUzE3xsx94yZeW4y6XF6NIteKv7ndSMaXfZj6YcRoS/SQyQVZoeM0DKpANlQaiTiaXJk0meCa06EWjIuRCJGSSelpA9n8ftl0jqrOrVq7e68Ur/OmynCERzDKThwAXW4hQY0QcAInuAZXqyp9Wq9We8/owUr3zmEP7A+vgGeIpGL</latexit>

= 0

<latexit sha1_base64="cQePkb4IrfsFoCI68cRaNiWfU5Q=">AAACCHicdVDLSgNBEJz1bXzFx83LYBC8GHajJuYgiF48KhgjJDH0jh0dMju7zPQKcckP+BVe9eRNvPoXHvwXN2sEFa1TUdVNV5cfKWnJdd+ckdGx8YnJqenczOzc/EJ+cenMhrERWBOhCs25DxaV1FgjSQrPI4MQ+Arrfvdw4Ndv0FgZ6lPqRdgK4ErLjhRAqdTOryRNAYrX+3t4kWw2pe5Qr9/OF9zizm6lWi7xlFSrXtnNyFZlq8S9opuhwIY4buffm5ehiAPUJBRY2/DciFoJGJJCYT/XjC1GILpwhY2UagjQtpIsfZ+vxxYo5BEaLhXPRPy+kUBgbS/w08kA6Nr+9gbiX14jps5uK5E6igm1GBwiqTA7ZIWRaS3IL6VBIhgkRy41F2CACI3kIEQqxmlPubSPr6f5/+SsVPTKxfLJdmH/YNjMFFtla2yDeazC9tkRO2Y1Jtgtu2cP7NG5c56cZ+flc3TEGe4ssx9wXj8AyfSaCQ==</latexit>

W = e�1

<latexit sha1_base64="fuDTxQMTsOcDwis5E+c2+Sg6XPU=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIjFGiQAjSUQSIPkVjR+bIJp5zP1t0aKbLCV9BCRYdo+RcK/gXbuICEqUYzu9rZ8UIpDNr2p1VYWl5ZXSuulzY2t7Z3yrt7bRNEmkOLBzLQXY8ZkEJBCwVK6IYamO9J6HiTq9TvPIA2IlC3OA3B9dlYiZHgDBPp7mIQ1/oY1Gbng3LFrtoZ6CJxclIhOZqD8ld/GPDIB4VcMmN6jh2iGzONgkuYlfqRgZDxCRtDL6GK+WDcOEs8o0eRYRjQEDQVkmYi/N6ImW/M1PeSSZ/hvZn3UvE/rxfh6MyNhQojBMXTQygkZIcM1yKpAuhQaEBkaXKgQlHONEMELSjjPBGjpJtS0ocz//0iadeqTr1avzmpNC7zZorkgBySY+KQU9Ig16RJWoQTRZ7IM3mxHq1X6816/xktWPnOPvkD6+Mbk7iU5g==</latexit>

A2!2 =

Esclusive Amplitudes:  Unitary and Analytic but… 

<latexit sha1_base64="KYfifhj7EYcwopZWhuxhbnB6d2o=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIKihN0g6kWIiuAxQh5CNi69Y6uDsw9megVZ9iP8BL/Cq568idcc/Bc3j4Mm1qmo6qary4+VNGTbXWticmp6ZnZuvrCwuLS8Ulxda5oo0QIbIlKRvvLBoJIhNkiSwqtYIwS+wpb/cNbzW4+ojYzCOj3F2AngLpS3UgDlklfcPU5dAYq3Mm9AzjN3b/vESysuRbySXad1jZjtmsTf8Yolu2z3wceJMyQlNkTNK367N5FIAgxJKDCm7dgxdVLQJIXCrOAmBmMQD3CH7ZyGEKDppP2nMr6VGMgjxKi5VLwv4u+NFAJjngI/nwyA7s2o1xP/89oJ3R51UhnGCWEoeodIKuwfMkLLvC3kN1IjEfSSI5chF6CBCLXkIEQuJnl9hbwPZ/T7cdKslJ2D8sHlfql6Omxmjm2wTbbNHHbIquyC1ViDCfbMXtkbe7derA/r0/oajE5Yw5119gdW9wcXO6H4</latexit>

= WE (A
Tree
2!2 + sub)

<latexit sha1_base64="Ngqrc7+NXTOONE3LloWnc9wSTmE=">AAACBXicdVA9SwNBEN3zM8avqKXNYhCsjjtzJiksghqwjGBUSEKYWydxyd4Hu3OKHKn9FbZa2Ymtv8PC/+IlRlDRVz3em2HePD9W0pDjvFlT0zOzc/O5hfzi0vLKamFt/cxEiRbYFJGK9IUPBpUMsUmSFF7EGiHwFZ77g8ORf36N2sgoPKXbGDsB9EPZkwIok7qFtfYRKgJe30/bAhSvD7uFomO7bqXsVbhje9Xd0l4pI9VK1Su53LWdMYpsgka38N6+jEQSYEhCgTEt14mpk4ImKRQO8+3EYAxiAH1sZTSEAE0nHUcf8u3EAEU8Rs2l4mMRv2+kEBhzG/jZZAB0ZX57I/Evr5VQr9pJZRgnhKEYHSKpcHzICC2zTpBfSo1EMEqOXIZcgAYi1JKDEJmYZCXlsz6+nub/k7Nd2y3b5ROvWDuYNJNjm2yL7TCXVViNHbMGazLBbtg9e2CP1p31ZD1bL5+jU9ZkZ4P9gPX6AVDZmAc=</latexit>

�E < E

Beyond L.O.

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+ <latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+



long-range Interactions

<latexit sha1_base64="MuCVlWsWkE/oEZmmJHK2q+Sdjkk=">AAACCHicbVDLSsNAFJ34rPUVHzs3g0UQhJKIVJdFNy4r2Ac0oUymt3XoZBJmboQa+gN+hVtduRO3/oUL/8U0ZqGtZ3U45945d04QS2HQcT6thcWl5ZXV0lp5fWNza9ve2W2ZKNEcmjySke4EzIAUCpooUEIn1sDCQEI7GF1N/fY9aCMidYvjGPyQDZUYCM4wk3r2/knq5a+kGvoTT6gBjic9u+JUnRx0nrgFqZACjZ795fUjnoSgkEtmTNd1YvRTplFwCZOylxiIGR+xIXQzqlgIxk/z3Ak9SgzDiMagqZA0F+H3RspCY8ZhkE2GDO/MrDcV//O6CQ4u/FSoOEFQfBqEQkIeZLgWWS1A+0IDIpteDlQoyplmiKAFZZxnYpL1VM76cGd/P09ap1W3Vq3dnFXql0UzJXJADskxcck5qZNr0iBNwskDeSLP5MV6tF6tN+v9Z3TBKnb2yB9YH99UMJpa</latexit>

+1 <latexit sha1_base64="MuCVlWsWkE/oEZmmJHK2q+Sdjkk=">AAACCHicbVDLSsNAFJ34rPUVHzs3g0UQhJKIVJdFNy4r2Ac0oUymt3XoZBJmboQa+gN+hVtduRO3/oUL/8U0ZqGtZ3U45945d04QS2HQcT6thcWl5ZXV0lp5fWNza9ve2W2ZKNEcmjySke4EzIAUCpooUEIn1sDCQEI7GF1N/fY9aCMidYvjGPyQDZUYCM4wk3r2/knq5a+kGvoTT6gBjic9u+JUnRx0nrgFqZACjZ795fUjnoSgkEtmTNd1YvRTplFwCZOylxiIGR+xIXQzqlgIxk/z3Ak9SgzDiMagqZA0F+H3RspCY8ZhkE2GDO/MrDcV//O6CQ4u/FSoOEFQfBqEQkIeZLgWWS1A+0IDIpteDlQoyplmiKAFZZxnYpL1VM76cGd/P09ap1W3Vq3dnFXql0UzJXJADskxcck5qZNr0iBNwskDeSLP5MV6tF6tN+v9Z3TBKnb2yB9YH99UMJpa</latexit>

+1 <latexit sha1_base64="MuCVlWsWkE/oEZmmJHK2q+Sdjkk=">AAACCHicbVDLSsNAFJ34rPUVHzs3g0UQhJKIVJdFNy4r2Ac0oUymt3XoZBJmboQa+gN+hVtduRO3/oUL/8U0ZqGtZ3U45945d04QS2HQcT6thcWl5ZXV0lp5fWNza9ve2W2ZKNEcmjySke4EzIAUCpooUEIn1sDCQEI7GF1N/fY9aCMidYvjGPyQDZUYCM4wk3r2/knq5a+kGvoTT6gBjic9u+JUnRx0nrgFqZACjZ795fUjnoSgkEtmTNd1YvRTplFwCZOylxiIGR+xIXQzqlgIxk/z3Ak9SgzDiMagqZA0F+H3RspCY8ZhkE2GDO/MrDcV//O6CQ4u/FSoOEFQfBqEQkIeZLgWWS1A+0IDIpteDlQoyplmiKAFZZxnYpL1VM76cGd/P09ap1W3Vq3dnFXql0UzJXJADskxcck5qZNr0iBNwskDeSLP5MV6tF6tN+v9Z3TBKnb2yB9YH99UMJpa</latexit>

+1<latexit sha1_base64="CxMUgBR1Aun0kyWUOdY4uyu+oKI=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxIneEqCXRxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSm5jQFFjWK3ZdTsHXyVOQWqsQHtY/RqMIpEEGJJQYEzfsWPy5qBJCoWLyiAxGIOYwgT7KQ0hQOPN87ALfpYYoIjHqLlUPBfx98YcAmNmgZ9OBkAPZtnLxP+8fkLjK28uwzghDEV2iKTC/JARWqYtIB9JjUSQJUcuQy5AAxFqyUGIVEzSWippH87y96uk06g7F/XmXbPWui6aKbMTdsrOmcMuWYvdsjZzmWCSPbFn9mLNrFfrzXr/GS1Zxc4x+wPr4xvylZLd</latexit>

2 ! 2

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="GCtESMsPU2q1Xnde10NDke3apUQ=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRCjRIETSUAZGHlETR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdcblBJX1skiSFnVAj91yFbXdyk/rtKWojA/+BZiH2PT725UgKTol0f2UPyhW7amdgy8TJSQVyNAblr94wEJGHPgnFjek6dkj9mGuSQuG81IsMhlxM+Bi7CfW5h6YfZ0nn7CQynAIWomZSsUzE3xsx94yZeW4y6XF6NIteKv7ndSMaXfZj6YcRoS/SQyQVZoeM0DKpANlQaiTiaXJk0meCa06EWjIuRCJGSSelpA9n8ftl0jqrOrVq7e68Ur/OmynCERzDKThwAXW4hQY0QcAInuAZXqyp9Wq9We8/owUr3zmEP7A+vgGeIpGL</latexit>

= 0

<latexit sha1_base64="cQePkb4IrfsFoCI68cRaNiWfU5Q=">AAACCHicdVDLSgNBEJz1bXzFx83LYBC8GHajJuYgiF48KhgjJDH0jh0dMju7zPQKcckP+BVe9eRNvPoXHvwXN2sEFa1TUdVNV5cfKWnJdd+ckdGx8YnJqenczOzc/EJ+cenMhrERWBOhCs25DxaV1FgjSQrPI4MQ+Arrfvdw4Ndv0FgZ6lPqRdgK4ErLjhRAqdTOryRNAYrX+3t4kWw2pe5Qr9/OF9zizm6lWi7xlFSrXtnNyFZlq8S9opuhwIY4buffm5ehiAPUJBRY2/DciFoJGJJCYT/XjC1GILpwhY2UagjQtpIsfZ+vxxYo5BEaLhXPRPy+kUBgbS/w08kA6Nr+9gbiX14jps5uK5E6igm1GBwiqTA7ZIWRaS3IL6VBIhgkRy41F2CACI3kIEQqxmlPubSPr6f5/+SsVPTKxfLJdmH/YNjMFFtla2yDeazC9tkRO2Y1Jtgtu2cP7NG5c56cZ+flc3TEGe4ssx9wXj8AyfSaCQ==</latexit>

W = e�1

<latexit sha1_base64="fuDTxQMTsOcDwis5E+c2+Sg6XPU=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIjFGiQAjSUQSIPkVjR+bIJp5zP1t0aKbLCV9BCRYdo+RcK/gXbuICEqUYzu9rZ8UIpDNr2p1VYWl5ZXSuulzY2t7Z3yrt7bRNEmkOLBzLQXY8ZkEJBCwVK6IYamO9J6HiTq9TvPIA2IlC3OA3B9dlYiZHgDBPp7mIQ1/oY1Gbng3LFrtoZ6CJxclIhOZqD8ld/GPDIB4VcMmN6jh2iGzONgkuYlfqRgZDxCRtDL6GK+WDcOEs8o0eRYRjQEDQVkmYi/N6ImW/M1PeSSZ/hvZn3UvE/rxfh6MyNhQojBMXTQygkZIcM1yKpAuhQaEBkaXKgQlHONEMELSjjPBGjpJtS0ocz//0iadeqTr1avzmpNC7zZorkgBySY+KQU9Ig16RJWoQTRZ7IM3mxHq1X6816/xktWPnOPvkD6+Mbk7iU5g==</latexit>

A2!2 =

Esclusive Amplitudes:  Unitary and Analytic but… 

<latexit sha1_base64="KYfifhj7EYcwopZWhuxhbnB6d2o=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIKihN0g6kWIiuAxQh5CNi69Y6uDsw9megVZ9iP8BL/Cq568idcc/Bc3j4Mm1qmo6qary4+VNGTbXWticmp6ZnZuvrCwuLS8Ulxda5oo0QIbIlKRvvLBoJIhNkiSwqtYIwS+wpb/cNbzW4+ojYzCOj3F2AngLpS3UgDlklfcPU5dAYq3Mm9AzjN3b/vESysuRbySXad1jZjtmsTf8Yolu2z3wceJMyQlNkTNK367N5FIAgxJKDCm7dgxdVLQJIXCrOAmBmMQD3CH7ZyGEKDppP2nMr6VGMgjxKi5VLwv4u+NFAJjngI/nwyA7s2o1xP/89oJ3R51UhnGCWEoeodIKuwfMkLLvC3kN1IjEfSSI5chF6CBCLXkIEQuJnl9hbwPZ/T7cdKslJ2D8sHlfql6Omxmjm2wTbbNHHbIquyC1ViDCfbMXtkbe7derA/r0/oajE5Yw5119gdW9wcXO6H4</latexit>

= WE (A
Tree
2!2 + sub)

<latexit sha1_base64="Ngqrc7+NXTOONE3LloWnc9wSTmE=">AAACBXicdVA9SwNBEN3zM8avqKXNYhCsjjtzJiksghqwjGBUSEKYWydxyd4Hu3OKHKn9FbZa2Ymtv8PC/+IlRlDRVz3em2HePD9W0pDjvFlT0zOzc/O5hfzi0vLKamFt/cxEiRbYFJGK9IUPBpUMsUmSFF7EGiHwFZ77g8ORf36N2sgoPKXbGDsB9EPZkwIok7qFtfYRKgJe30/bAhSvD7uFomO7bqXsVbhje9Xd0l4pI9VK1Su53LWdMYpsgka38N6+jEQSYEhCgTEt14mpk4ImKRQO8+3EYAxiAH1sZTSEAE0nHUcf8u3EAEU8Rs2l4mMRv2+kEBhzG/jZZAB0ZX57I/Evr5VQr9pJZRgnhKEYHSKpcHzICC2zTpBfSo1EMEqOXIZcgAYi1JKDEJmYZCXlsz6+nub/k7Nd2y3b5ROvWDuYNJNjm2yL7TCXVViNHbMGazLBbtg9e2CP1p31ZD1bL5+jU9ZkZ4P9gPX6AVDZmAc=</latexit>

�E < E

Inclusive Cross-sections: IR finite, but no analyticity

<latexit sha1_base64="4WOKVRqQB0jUO91Pr6ZOPcWQp+g=">AAACDXicbVDLSgNBEJz1GeNr1ZN4GQyCXsKuSPTgQdSARwVjhGwIvZNOHDL7YKZXkCX4CX6FVz15E69+gwf/xd01B43WqajqprvKj5U05Dgf1sTk1PTMbGmuPL+wuLRsr6xemSjRAhsiUpG+9sGgkiE2SJLC61gjBL7Cpj84yf3mLWojo/CS7mJsB9APZU8KoEzq2Ouekf0Atr1TVAS8fph6AhSvD3c6dsWpOgX4X+KOSIWNcN6xP71uJJIAQxIKjGm5TkztFDRJoXBY9hKDMYgB9LGV0RACNO20iDDkW4kBiniMmkvFCxF/bqQQGHMX+NlkAHRjxr1c/M9rJdQ7aKcyjBPCUOSHSCosDhmhZdYN8q7USAT558hlyAVoIEItOQiRiUlWVjnrwx1P/5dc7VbdWrV2sVc5Oh41U2IbbJNtM5ftsyN2xs5Zgwl2zx7ZE3u2HqwX69V6+x6dsEY7a+wXrPcvg6Caww==</latexit>

�(�E < E)
<latexit sha1_base64="Jnq20aiqZNRKfGZGCm3US8YjMUs=">AAACFHicbVC7TsNAEDzzDOEVoKQ5ESFRRXaEAmWAhjJI5CHFSXS+bMIp57N1t0aKHLd8Al9BCxUdoqWn4F9wTApImGo0s3uzN14ohUHb/rSWlldW19ZzG/nNre2d3cLefsMEkeZQ54EMdMtjBqRQUEeBElqhBuZ7Epre6GrqN+9BGxGoWxyH0PHZUImB4AxTqVegron8bhy72VOxhn7iCjXAcZLQycWkW+4VinbJzkAXiTMjRTJDrVf4cvsBj3xQyCUzpu3YIXZiplFwCUnejQyEjI/YENopVcwH04mz+IQeR4ZhQEPQVEiaifB7I2a+MWPfSyd9hndm3puK/3ntCAfnnVioMEJQfBqEQkIWZLgWaUVA+0IDIpteDlQoyplmiKAFZZynYpR2lk/7cOZ/v0ga5ZJTKVVuTovVy1kzOXJIjsgJccgZqZJrUiN1wskDeSLP5MV6tF6tN+v9Z3TJmu0ckD+wPr4BCJKflw==</latexit> 1X

|A|2<latexit sha1_base64="g27SbzssCHE+9VeUHQ1IXeVeNOQ=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpgoYykchDSqzofNmEU85n624PKbLyBbRQ0SFaPoiCf8E2LiBhqtHMrnZ2glgKg6776aysrq1vbJa2yts7u3v7lYPDjoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0NvO7j6CNiNQ9zmLwQzZRYiw4w1RqXQ8rVbfm5qDLxCtIlRRoDitfg1HEbQgKuWTG9D03Rj9hGgWXMC8PrIGY8SmbQD+lioVg/CQPOqen1jCMaAyaCklzEX5vJCw0ZhYG6WTI8MEsepn4n9e3OL7yE6Fii6B4dgiFhPyQ4VqkDQAdCQ2ILEsOVCjKmWaIoAVlnKeiTSspp314i98vk855zavX6q2LauOmaKZEjskJOSMeuSQNckeapE04AfJEnsmLY51X5815/xldcYqdI/IHzsc3LiaRUQ==</latexit>=

<latexit sha1_base64="Ngqrc7+NXTOONE3LloWnc9wSTmE=">AAACBXicdVA9SwNBEN3zM8avqKXNYhCsjjtzJiksghqwjGBUSEKYWydxyd4Hu3OKHKn9FbZa2Ymtv8PC/+IlRlDRVz3em2HePD9W0pDjvFlT0zOzc/O5hfzi0vLKamFt/cxEiRbYFJGK9IUPBpUMsUmSFF7EGiHwFZ77g8ORf36N2sgoPKXbGDsB9EPZkwIok7qFtfYRKgJe30/bAhSvD7uFomO7bqXsVbhje9Xd0l4pI9VK1Su53LWdMYpsgka38N6+jEQSYEhCgTEt14mpk4ImKRQO8+3EYAxiAH1sZTSEAE0nHUcf8u3EAEU8Rs2l4mMRv2+kEBhzG/jZZAB0ZX57I/Evr5VQr9pJZRgnhKEYHSKpcHzICC2zTpBfSo1EMEqOXIZcgAYi1JKDEJmYZCXlsz6+nub/k7Nd2y3b5ROvWDuYNJNjm2yL7TCXVViNHbMGazLBbtg9e2CP1p31ZD1bL5+jU9ZkZ4P9gPX6AVDZmAc=</latexit>

�E < E

Beyond L.O.

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+ <latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+



Inclusive 
Cross-sections

Esclusive 
Amplitudes

Unitary/Analytic
IR Safe

<latexit sha1_base64="4WOKVRqQB0jUO91Pr6ZOPcWQp+g=">AAACDXicbVDLSgNBEJz1GeNr1ZN4GQyCXsKuSPTgQdSARwVjhGwIvZNOHDL7YKZXkCX4CX6FVz15E69+gwf/xd01B43WqajqprvKj5U05Dgf1sTk1PTMbGmuPL+wuLRsr6xemSjRAhsiUpG+9sGgkiE2SJLC61gjBL7Cpj84yf3mLWojo/CS7mJsB9APZU8KoEzq2Ouekf0Atr1TVAS8fph6AhSvD3c6dsWpOgX4X+KOSIWNcN6xP71uJJIAQxIKjGm5TkztFDRJoXBY9hKDMYgB9LGV0RACNO20iDDkW4kBiniMmkvFCxF/bqQQGHMX+NlkAHRjxr1c/M9rJdQ7aKcyjBPCUOSHSCosDhmhZdYN8q7USAT558hlyAVoIEItOQiRiUlWVjnrwx1P/5dc7VbdWrV2sVc5Oh41U2IbbJNtM5ftsyN2xs5Zgwl2zx7ZE3u2HqwX69V6+x6dsEY7a+wXrPcvg6Caww==</latexit>

�(�E < E)
<latexit sha1_base64="3I2bzf3Kf1nH/UeVQTi73xdjUuU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQBGsogyENKomh92YRTzg/drUGRlU+ghYoO0fI9FPwLtnEBCVONZna1s+OGShqy7U+rsLS8srpWXC9tbG5t75R391omiLTApghUoDsuGFTSxyZJUtgJNYLnKmy7k6vUbz+gNjLw72gaYt+DsS9HUgAl0u3FQA7KFbtqZ+CLxMlJheVoDMpfvWEgIg99EgqM6Tp2SP0YNEmhcFbqRQZDEBMYYzehPnho+nEWdcaPIgMU8BA1l4pnIv7eiMEzZuq5yaQHdG/mvVT8z+tGNDrvx9IPI0JfpIdIKswOGaFl0gHyodRIBGly5NLnAjQQoZYchEjEKCmllPThzH+/SFonVadWrd2cVuqXeTNFdsAO2TFz2Bmrs2vWYE0m2Jg9sWf2Yj1ar9ab9f4zWrDynX32B9bHN7bqkjE=</latexit>

Ai

Stripped Amplitudes: IR Finite



Inclusive 
Cross-sections

Esclusive 
Amplitudes

Unitary/Analytic
IR Safe

<latexit sha1_base64="4WOKVRqQB0jUO91Pr6ZOPcWQp+g=">AAACDXicbVDLSgNBEJz1GeNr1ZN4GQyCXsKuSPTgQdSARwVjhGwIvZNOHDL7YKZXkCX4CX6FVz15E69+gwf/xd01B43WqajqprvKj5U05Dgf1sTk1PTMbGmuPL+wuLRsr6xemSjRAhsiUpG+9sGgkiE2SJLC61gjBL7Cpj84yf3mLWojo/CS7mJsB9APZU8KoEzq2Ouekf0Atr1TVAS8fph6AhSvD3c6dsWpOgX4X+KOSIWNcN6xP71uJJIAQxIKjGm5TkztFDRJoXBY9hKDMYgB9LGV0RACNO20iDDkW4kBiniMmkvFCxF/bqQQGHMX+NlkAHRjxr1c/M9rJdQ7aKcyjBPCUOSHSCosDhmhZdYN8q7USAT558hlyAVoIEItOQiRiUlWVjnrwx1P/5dc7VbdWrV2sVc5Oh41U2IbbJNtM5ftsyN2xs5Zgwl2zx7ZE3u2HqwX69V6+x6dsEY7a+wXrPcvg6Caww==</latexit>

�(�E < E)
<latexit sha1_base64="3I2bzf3Kf1nH/UeVQTi73xdjUuU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQBGsogyENKomh92YRTzg/drUGRlU+ghYoO0fI9FPwLtnEBCVONZna1s+OGShqy7U+rsLS8srpWXC9tbG5t75R391omiLTApghUoDsuGFTSxyZJUtgJNYLnKmy7k6vUbz+gNjLw72gaYt+DsS9HUgAl0u3FQA7KFbtqZ+CLxMlJheVoDMpfvWEgIg99EgqM6Tp2SP0YNEmhcFbqRQZDEBMYYzehPnho+nEWdcaPIgMU8BA1l4pnIv7eiMEzZuq5yaQHdG/mvVT8z+tGNDrvx9IPI0JfpIdIKswOGaFl0gHyodRIBGly5NLnAjQQoZYchEjEKCmllPThzH+/SFonVadWrd2cVuqXeTNFdsAO2TFz2Bmrs2vWYE0m2Jg9sWf2Yj1ar9ab9f4zWrDynX32B9bHN7bqkjE=</latexit>

Ai

Stripped 
Amplitudes

Unitary/Analytic
IR Safe

<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E

In this work

Stripped Amplitudes: IR Finite



Inclusive 
Cross-sections

Esclusive 
Amplitudes

Unitary/Analytic
IR Safe

<latexit sha1_base64="4WOKVRqQB0jUO91Pr6ZOPcWQp+g=">AAACDXicbVDLSgNBEJz1GeNr1ZN4GQyCXsKuSPTgQdSARwVjhGwIvZNOHDL7YKZXkCX4CX6FVz15E69+gwf/xd01B43WqajqprvKj5U05Dgf1sTk1PTMbGmuPL+wuLRsr6xemSjRAhsiUpG+9sGgkiE2SJLC61gjBL7Cpj84yf3mLWojo/CS7mJsB9APZU8KoEzq2Ouekf0Atr1TVAS8fph6AhSvD3c6dsWpOgX4X+KOSIWNcN6xP71uJJIAQxIKjGm5TkztFDRJoXBY9hKDMYgB9LGV0RACNO20iDDkW4kBiniMmkvFCxF/bqQQGHMX+NlkAHRjxr1c/M9rJdQ7aKcyjBPCUOSHSCosDhmhZdYN8q7USAT558hlyAVoIEItOQiRiUlWVjnrwx1P/5dc7VbdWrV2sVc5Oh41U2IbbJNtM5ftsyN2xs5Zgwl2zx7ZE3u2HqwX69V6+x6dsEY7a+wXrPcvg6Caww==</latexit>

�(�E < E)
<latexit sha1_base64="3I2bzf3Kf1nH/UeVQTi73xdjUuU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQBGsogyENKomh92YRTzg/drUGRlU+ghYoO0fI9FPwLtnEBCVONZna1s+OGShqy7U+rsLS8srpWXC9tbG5t75R391omiLTApghUoDsuGFTSxyZJUtgJNYLnKmy7k6vUbz+gNjLw72gaYt+DsS9HUgAl0u3FQA7KFbtqZ+CLxMlJheVoDMpfvWEgIg99EgqM6Tp2SP0YNEmhcFbqRQZDEBMYYzehPnho+nEWdcaPIgMU8BA1l4pnIv7eiMEzZuq5yaQHdG/mvVT8z+tGNDrvx9IPI0JfpIdIKswOGaFl0gHyodRIBGly5NLnAjQQoZYchEjEKCmllPThzH+/SFonVadWrd2cVuqXeTNFdsAO2TFz2Bmrs2vWYE0m2Jg9sWf2Yj1ar9ab9f4zWrDynX32B9bHN7bqkjE=</latexit>

Ai

Stripped 
Amplitudes

Unitary/Analytic
IR Safe

<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E

In this work

Stripped Amplitudes: IR Finite

Regulator
<latexit sha1_base64="V0LXJ5TA5HIpgCW+zKWHJQgiRO8=">AAAB/nicdVDLSgNBEJz1GeMr6tHLYBC8uOwma5KLENSDxwjmAUkIs5NOHJydHWZ6BQkBv8KrnryJV3/Fg//iJkZQ0ToVVd10dYVaCoue9+bMzS8sLi1nVrKra+sbm7mt7YaNE8OhzmMZm1bILEihoI4CJbS0ARaFEprh9enEb96AsSJWl3iroRuxoRIDwRmmUqcD2goZq+Ozw6CXy3uu75dLQZl6blApFI+KKamUK0HRp77rTZEnM9R6ufdOP+ZJBAq5ZNa2fU9jd8QMCi5hnO0kFjTj12wI7ZQqFoHtjqaZx3Q/sQxjqsFQIelUhO8bIxZZexuF6WTE8Mr+9ibiX147wUGlOxJKJwiKTw6hkDA9ZLkRaRlA+8IAIpskByoU5cwwRDCCMs5TMUnbyaZ9fD1N/yeNguuX3NJFkK+ezJrJkF2yRw6IT8qkSs5JjdQJJ5rckwfy6Nw5T86z8/I5OufMdnbIDzivH429lgw=</latexit>

✏ = D � 4



Inclusive 
Cross-sections

Esclusive 
Amplitudes

Unitary/Analytic
IR Safe

<latexit sha1_base64="4WOKVRqQB0jUO91Pr6ZOPcWQp+g=">AAACDXicbVDLSgNBEJz1GeNr1ZN4GQyCXsKuSPTgQdSARwVjhGwIvZNOHDL7YKZXkCX4CX6FVz15E69+gwf/xd01B43WqajqprvKj5U05Dgf1sTk1PTMbGmuPL+wuLRsr6xemSjRAhsiUpG+9sGgkiE2SJLC61gjBL7Cpj84yf3mLWojo/CS7mJsB9APZU8KoEzq2Ouekf0Atr1TVAS8fph6AhSvD3c6dsWpOgX4X+KOSIWNcN6xP71uJJIAQxIKjGm5TkztFDRJoXBY9hKDMYgB9LGV0RACNO20iDDkW4kBiniMmkvFCxF/bqQQGHMX+NlkAHRjxr1c/M9rJdQ7aKcyjBPCUOSHSCosDhmhZdYN8q7USAT558hlyAVoIEItOQiRiUlWVjnrwx1P/5dc7VbdWrV2sVc5Oh41U2IbbJNtM5ftsyN2xs5Zgwl2zx7ZE3u2HqwX69V6+x6dsEY7a+wXrPcvg6Caww==</latexit>

�(�E < E)
<latexit sha1_base64="3I2bzf3Kf1nH/UeVQTi73xdjUuU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQBGsogyENKomh92YRTzg/drUGRlU+ghYoO0fI9FPwLtnEBCVONZna1s+OGShqy7U+rsLS8srpWXC9tbG5t75R391omiLTApghUoDsuGFTSxyZJUtgJNYLnKmy7k6vUbz+gNjLw72gaYt+DsS9HUgAl0u3FQA7KFbtqZ+CLxMlJheVoDMpfvWEgIg99EgqM6Tp2SP0YNEmhcFbqRQZDEBMYYzehPnho+nEWdcaPIgMU8BA1l4pnIv7eiMEzZuq5yaQHdG/mvVT8z+tGNDrvx9IPI0JfpIdIKswOGaFl0gHyodRIBGly5NLnAjQQoZYchEjEKCmllPThzH+/SFonVadWrd2cVuqXeTNFdsAO2TFz2Bmrs2vWYE0m2Jg9sWf2Yj1ar9ab9f4zWrDynX32B9bHN7bqkjE=</latexit>

Ai

<latexit sha1_base64="Jnq20aiqZNRKfGZGCm3US8YjMUs=">AAACFHicbVC7TsNAEDzzDOEVoKQ5ESFRRXaEAmWAhjJI5CHFSXS+bMIp57N1t0aKHLd8Al9BCxUdoqWn4F9wTApImGo0s3uzN14ohUHb/rSWlldW19ZzG/nNre2d3cLefsMEkeZQ54EMdMtjBqRQUEeBElqhBuZ7Epre6GrqN+9BGxGoWxyH0PHZUImB4AxTqVegron8bhy72VOxhn7iCjXAcZLQycWkW+4VinbJzkAXiTMjRTJDrVf4cvsBj3xQyCUzpu3YIXZiplFwCUnejQyEjI/YENopVcwH04mz+IQeR4ZhQEPQVEiaifB7I2a+MWPfSyd9hndm3puK/3ntCAfnnVioMEJQfBqEQkIWZLgWaUVA+0IDIpteDlQoyplmiKAFZZynYpR2lk/7cOZ/v0ga5ZJTKVVuTovVy1kzOXJIjsgJccgZqZJrUiN1wskDeSLP5MV6tF6tN+v9Z3TJmu0ckD+wPr4BCJKflw==</latexit> 1X
|A|2

<latexit sha1_base64="OWe3rrtKBHnMsIaOi3Xtrg6QNYU=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBA8hd0g0WNUBI8RzAPyonfSiUNmH8z0CmGTi1/hVU/exKt/4sF/cRP3oIl1Kqq66epyQyUN2fantbS8srq2ntnIbm5t7+zm9vZrJoi0wKoIVKAbLhhU0scqSVLYCDWC5yqsu8OrqV9/QG1k4N/RKMS2BwNf9qUASqTO+KIbtwQofj0Zd4rdXN4u2DPwReKkJM9SVLq5r1YvEJGHPgkFxjQdO6R2DJqkUDjJtiKDIYghDLCZUB88NO14lnrCjyMDFPAQNZeKz0T8vRGDZ8zIc5NJD+jezHtT8T+vGVH/vB1LP4wIfTE9RFLh7JARWiZ1IO9JjUQwTY5c+lyABiLUkoMQiRgl/WSTPpz57xdJrVhwSoXS7Wm+fJk2k2GH7IidMIedsTK7YRVWZYJp9sSe2Yv1aL1ab9b7z+iSle4csD+wPr4BuBeWpw==</latexit>

|AE |2
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<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
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E

In this work

Stripped Amplitudes: IR Finite

Regulator
<latexit sha1_base64="V0LXJ5TA5HIpgCW+zKWHJQgiRO8=">AAAB/nicdVDLSgNBEJz1GeMr6tHLYBC8uOwma5KLENSDxwjmAUkIs5NOHJydHWZ6BQkBv8KrnryJV3/Fg//iJkZQ0ToVVd10dYVaCoue9+bMzS8sLi1nVrKra+sbm7mt7YaNE8OhzmMZm1bILEihoI4CJbS0ARaFEprh9enEb96AsSJWl3iroRuxoRIDwRmmUqcD2goZq+Ozw6CXy3uu75dLQZl6blApFI+KKamUK0HRp77rTZEnM9R6ufdOP+ZJBAq5ZNa2fU9jd8QMCi5hnO0kFjTj12wI7ZQqFoHtjqaZx3Q/sQxjqsFQIelUhO8bIxZZexuF6WTE8Mr+9ibiX147wUGlOxJKJwiKTw6hkDA9ZLkRaRlA+8IAIpskByoU5cwwRDCCMs5TMUnbyaZ9fD1N/yeNguuX3NJFkK+ezJrJkF2yRw6IT8qkSs5JjdQJJ5rckwfy6Nw5T86z8/I5OufMdnbIDzivH429lgw=</latexit>

✏ = D � 4



Inclusive 
Cross-sections

Esclusive 
Amplitudes

Unitary/Analytic
IR Safe

<latexit sha1_base64="4WOKVRqQB0jUO91Pr6ZOPcWQp+g=">AAACDXicbVDLSgNBEJz1GeNr1ZN4GQyCXsKuSPTgQdSARwVjhGwIvZNOHDL7YKZXkCX4CX6FVz15E69+gwf/xd01B43WqajqprvKj5U05Dgf1sTk1PTMbGmuPL+wuLRsr6xemSjRAhsiUpG+9sGgkiE2SJLC61gjBL7Cpj84yf3mLWojo/CS7mJsB9APZU8KoEzq2Ouekf0Atr1TVAS8fph6AhSvD3c6dsWpOgX4X+KOSIWNcN6xP71uJJIAQxIKjGm5TkztFDRJoXBY9hKDMYgB9LGV0RACNO20iDDkW4kBiniMmkvFCxF/bqQQGHMX+NlkAHRjxr1c/M9rJdQ7aKcyjBPCUOSHSCosDhmhZdYN8q7USAT558hlyAVoIEItOQiRiUlWVjnrwx1P/5dc7VbdWrV2sVc5Oh41U2IbbJNtM5ftsyN2xs5Zgwl2zx7ZE3u2HqwX69V6+x6dsEY7a+wXrPcvg6Caww==</latexit>

�(�E < E)
<latexit sha1_base64="3I2bzf3Kf1nH/UeVQTi73xdjUuU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQBGsogyENKomh92YRTzg/drUGRlU+ghYoO0fI9FPwLtnEBCVONZna1s+OGShqy7U+rsLS8srpWXC9tbG5t75R391omiLTApghUoDsuGFTSxyZJUtgJNYLnKmy7k6vUbz+gNjLw72gaYt+DsS9HUgAl0u3FQA7KFbtqZ+CLxMlJheVoDMpfvWEgIg99EgqM6Tp2SP0YNEmhcFbqRQZDEBMYYzehPnho+nEWdcaPIgMU8BA1l4pnIv7eiMEzZuq5yaQHdG/mvVT8z+tGNDrvx9IPI0JfpIdIKswOGaFl0gHyodRIBGly5NLnAjQQoZYchEjEKCmllPThzH+/SFonVadWrd2cVuqXeTNFdsAO2TFz2Bmrs2vWYE0m2Jg9sWf2Yj1ar9ab9f4zWrDynX32B9bHN7bqkjE=</latexit>

Ai

<latexit sha1_base64="Jnq20aiqZNRKfGZGCm3US8YjMUs=">AAACFHicbVC7TsNAEDzzDOEVoKQ5ESFRRXaEAmWAhjJI5CHFSXS+bMIp57N1t0aKHLd8Al9BCxUdoqWn4F9wTApImGo0s3uzN14ohUHb/rSWlldW19ZzG/nNre2d3cLefsMEkeZQ54EMdMtjBqRQUEeBElqhBuZ7Epre6GrqN+9BGxGoWxyH0PHZUImB4AxTqVegron8bhy72VOxhn7iCjXAcZLQycWkW+4VinbJzkAXiTMjRTJDrVf4cvsBj3xQyCUzpu3YIXZiplFwCUnejQyEjI/YENopVcwH04mz+IQeR4ZhQEPQVEiaifB7I2a+MWPfSyd9hndm3puK/3ntCAfnnVioMEJQfBqEQkIWZLgWaUVA+0IDIpteDlQoyplmiKAFZZynYpR2lk/7cOZ/v0ga5ZJTKVVuTovVy1kzOXJIjsgJccgZqZJrUiN1wskDeSLP5MV6tF6tN+v9Z3TJmu0ckD+wPr4BCJKflw==</latexit> 1X
|A|2

<latexit sha1_base64="OWe3rrtKBHnMsIaOi3Xtrg6QNYU=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBA8hd0g0WNUBI8RzAPyonfSiUNmH8z0CmGTi1/hVU/exKt/4sF/cRP3oIl1Kqq66epyQyUN2fantbS8srq2ntnIbm5t7+zm9vZrJoi0wKoIVKAbLhhU0scqSVLYCDWC5yqsu8OrqV9/QG1k4N/RKMS2BwNf9qUASqTO+KIbtwQofj0Zd4rdXN4u2DPwReKkJM9SVLq5r1YvEJGHPgkFxjQdO6R2DJqkUDjJtiKDIYghDLCZUB88NO14lnrCjyMDFPAQNZeKz0T8vRGDZ8zIc5NJD+jezHtT8T+vGVH/vB1LP4wIfTE9RFLh7JARWiZ1IO9JjUQwTY5c+lyABiLUkoMQiRgl/WSTPpz57xdJrVhwSoXS7Wm+fJk2k2GH7IidMIedsTK7YRVWZYJp9sSe2Yv1aL1ab9b7z+iSle4csD+wPr4BuBeWpw==</latexit>
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<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>
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In this work

Stripped Amplitudes: IR Finite

Regulator
<latexit sha1_base64="V0LXJ5TA5HIpgCW+zKWHJQgiRO8=">AAAB/nicdVDLSgNBEJz1GeMr6tHLYBC8uOwma5KLENSDxwjmAUkIs5NOHJydHWZ6BQkBv8KrnryJV3/Fg//iJkZQ0ToVVd10dYVaCoue9+bMzS8sLi1nVrKra+sbm7mt7YaNE8OhzmMZm1bILEihoI4CJbS0ARaFEprh9enEb96AsSJWl3iroRuxoRIDwRmmUqcD2goZq+Ozw6CXy3uu75dLQZl6blApFI+KKamUK0HRp77rTZEnM9R6ufdOP+ZJBAq5ZNa2fU9jd8QMCi5hnO0kFjTj12wI7ZQqFoHtjqaZx3Q/sQxjqsFQIelUhO8bIxZZexuF6WTE8Mr+9ibiX147wUGlOxJKJwiKTw6hkDA9ZLkRaRlA+8IAIpskByoU5cwwRDCCMs5TMUnbyaZ9fD1N/yeNguuX3NJFkK+ezJrJkF2yRw6IT8qkSs5JjdQJJ5rckwfy6Nw5T86z8/I5OufMdnbIDzivH429lgw=</latexit>

✏ = D � 4

are formal amplitudes of finite size        experiments 

<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E

<latexit sha1_base64="6z/+qgz8Fa5GUHlQraFIG9bEn2Q=">AAAB/3icdVDLSgNBEJz1GeMr6tHLYBC8uOyamOQYFMFjBJMIyRp6x04cnH040yvIkoNf4VVP3sSrn+LBf3ETI6honYqqbrq6/FhJQ47zZk1Nz8zOzecW8otLyyurhbX1lokSLbApIhXpMx8MKhlikyQpPIs1QuArbPtXhyO/fYPayCg8pdsYvQAGoexLAZRJXtoVoPjR8DzddYe9QtGxXbdaKVe5Y5dre6X9UkZq1Vq55HLXdsYosgkavcJ79yISSYAhCQXGdFwnJi8FTVIoHOa7icEYxBUMsJPREAI0XjoOPeTbiQGKeIyaS8XHIn7fSCEw5jbws8kA6NL89kbiX14noX7NS2UYJ4ShGB0iqXB8yAgtszaQX0iNRDBKjlyGXIAGItSSgxCZmGT15LM+vp7m/5PWnu1W7MpJuVg/mDSTY5tsi+0wl1VZnR2zBmsywa7ZPXtgj9ad9WQ9Wy+fo1PWZGeD/YD1+gFS2pZ7</latexit>

E�1
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Cross-sections

Esclusive 
Amplitudes

Unitary/Analytic
IR Safe

<latexit sha1_base64="4WOKVRqQB0jUO91Pr6ZOPcWQp+g=">AAACDXicbVDLSgNBEJz1GeNr1ZN4GQyCXsKuSPTgQdSARwVjhGwIvZNOHDL7YKZXkCX4CX6FVz15E69+gwf/xd01B43WqajqprvKj5U05Dgf1sTk1PTMbGmuPL+wuLRsr6xemSjRAhsiUpG+9sGgkiE2SJLC61gjBL7Cpj84yf3mLWojo/CS7mJsB9APZU8KoEzq2Ouekf0Atr1TVAS8fph6AhSvD3c6dsWpOgX4X+KOSIWNcN6xP71uJJIAQxIKjGm5TkztFDRJoXBY9hKDMYgB9LGV0RACNO20iDDkW4kBiniMmkvFCxF/bqQQGHMX+NlkAHRjxr1c/M9rJdQ7aKcyjBPCUOSHSCosDhmhZdYN8q7USAT558hlyAVoIEItOQiRiUlWVjnrwx1P/5dc7VbdWrV2sVc5Oh41U2IbbJNtM5ftsyN2xs5Zgwl2zx7ZE3u2HqwX69V6+x6dsEY7a+wXrPcvg6Caww==</latexit>

�(�E < E)
<latexit sha1_base64="3I2bzf3Kf1nH/UeVQTi73xdjUuU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQBGsogyENKomh92YRTzg/drUGRlU+ghYoO0fI9FPwLtnEBCVONZna1s+OGShqy7U+rsLS8srpWXC9tbG5t75R391omiLTApghUoDsuGFTSxyZJUtgJNYLnKmy7k6vUbz+gNjLw72gaYt+DsS9HUgAl0u3FQA7KFbtqZ+CLxMlJheVoDMpfvWEgIg99EgqM6Tp2SP0YNEmhcFbqRQZDEBMYYzehPnho+nEWdcaPIgMU8BA1l4pnIv7eiMEzZuq5yaQHdG/mvVT8z+tGNDrvx9IPI0JfpIdIKswOGaFl0gHyodRIBGly5NLnAjQQoZYchEjEKCmllPThzH+/SFonVadWrd2cVuqXeTNFdsAO2TFz2Bmrs2vWYE0m2Jg9sWf2Yj1ar9ab9f4zWrDynX32B9bHN7bqkjE=</latexit>

Ai

<latexit sha1_base64="Jnq20aiqZNRKfGZGCm3US8YjMUs=">AAACFHicbVC7TsNAEDzzDOEVoKQ5ESFRRXaEAmWAhjJI5CHFSXS+bMIp57N1t0aKHLd8Al9BCxUdoqWn4F9wTApImGo0s3uzN14ohUHb/rSWlldW19ZzG/nNre2d3cLefsMEkeZQ54EMdMtjBqRQUEeBElqhBuZ7Epre6GrqN+9BGxGoWxyH0PHZUImB4AxTqVegron8bhy72VOxhn7iCjXAcZLQycWkW+4VinbJzkAXiTMjRTJDrVf4cvsBj3xQyCUzpu3YIXZiplFwCUnejQyEjI/YENopVcwH04mz+IQeR4ZhQEPQVEiaifB7I2a+MWPfSyd9hndm3puK/3ntCAfnnVioMEJQfBqEQkIWZLgWaUVA+0IDIpteDlQoyplmiKAFZZynYpR2lk/7cOZ/v0ga5ZJTKVVuTovVy1kzOXJIjsgJccgZqZJrUiN1wskDeSLP5MV6tF6tN+v9Z3TJmu0ckD+wPr4BCJKflw==</latexit> 1X
|A|2

<latexit sha1_base64="OWe3rrtKBHnMsIaOi3Xtrg6QNYU=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBA8hd0g0WNUBI8RzAPyonfSiUNmH8z0CmGTi1/hVU/exKt/4sF/cRP3oIl1Kqq66epyQyUN2fantbS8srq2ntnIbm5t7+zm9vZrJoi0wKoIVKAbLhhU0scqSVLYCDWC5yqsu8OrqV9/QG1k4N/RKMS2BwNf9qUASqTO+KIbtwQofj0Zd4rdXN4u2DPwReKkJM9SVLq5r1YvEJGHPgkFxjQdO6R2DJqkUDjJtiKDIYghDLCZUB88NO14lnrCjyMDFPAQNZeKz0T8vRGDZ8zIc5NJD+jezHtT8T+vGVH/vB1LP4wIfTE9RFLh7JARWiZ1IO9JjUQwTY5c+lyABiLUkoMQiRgl/WSTPpz57xdJrVhwSoXS7Wm+fJk2k2GH7IidMIedsTK7YRVWZYJp9sSe2Yv1aL1ab9b7z+iSle4csD+wPr4BuBeWpw==</latexit>
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<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>
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In this work

Stripped Amplitudes: IR Finite

Regulator
<latexit sha1_base64="V0LXJ5TA5HIpgCW+zKWHJQgiRO8=">AAAB/nicdVDLSgNBEJz1GeMr6tHLYBC8uOwma5KLENSDxwjmAUkIs5NOHJydHWZ6BQkBv8KrnryJV3/Fg//iJkZQ0ToVVd10dYVaCoue9+bMzS8sLi1nVrKra+sbm7mt7YaNE8OhzmMZm1bILEihoI4CJbS0ARaFEprh9enEb96AsSJWl3iroRuxoRIDwRmmUqcD2goZq+Ozw6CXy3uu75dLQZl6blApFI+KKamUK0HRp77rTZEnM9R6ufdOP+ZJBAq5ZNa2fU9jd8QMCi5hnO0kFjTj12wI7ZQqFoHtjqaZx3Q/sQxjqsFQIelUhO8bIxZZexuF6WTE8Mr+9ibiX147wUGlOxJKJwiKTw6hkDA9ZLkRaRlA+8IAIpskByoU5cwwRDCCMs5TMUnbyaZ9fD1N/yeNguuX3NJFkK+ezJrJkF2yRw6IT8qkSs5JjdQJJ5rckwfy6Nw5T86z8/I5OufMdnbIDzivH429lgw=</latexit>

✏ = D � 4

are formal amplitudes of finite size        experiments 

<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E

<latexit sha1_base64="6z/+qgz8Fa5GUHlQraFIG9bEn2Q=">AAAB/3icdVDLSgNBEJz1GeMr6tHLYBC8uOyamOQYFMFjBJMIyRp6x04cnH040yvIkoNf4VVP3sSrn+LBf3ETI6honYqqbrq6/FhJQ47zZk1Nz8zOzecW8otLyyurhbX1lokSLbApIhXpMx8MKhlikyQpPIs1QuArbPtXhyO/fYPayCg8pdsYvQAGoexLAZRJXtoVoPjR8DzddYe9QtGxXbdaKVe5Y5dre6X9UkZq1Vq55HLXdsYosgkavcJ79yISSYAhCQXGdFwnJi8FTVIoHOa7icEYxBUMsJPREAI0XjoOPeTbiQGKeIyaS8XHIn7fSCEw5jbws8kA6NL89kbiX14noX7NS2UYJ4ShGB0iqXB8yAgtszaQX0iNRDBKjlyGXIAGItSSgxCZmGT15LM+vp7m/5PWnu1W7MpJuVg/mDSTY5tsi+0wl1VZnR2zBmsywa7ZPXtgj9ad9WQ9Wy+fo1PWZGeD/YD1+gFS2pZ7</latexit>

E�1

Regulator   disappears, physical    remains: 
                             it specify initial/final states!

<latexit sha1_base64="KG59yny7Tug/n8aDRsNzn5bcx+E=">AAAB+nicdVDLSgNBEJyNrxhfUY9eBoPgadlNYpJjUASPEcwDkhB6J504OPtgplcIa37Cq568iVd/xoP/4iZGUNE6FVXddHV5kZKGHOfNyiwtr6yuZddzG5tb2zv53b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3s3ZzG/fojYyDK5oEmHfh3EgR1IApVIn6QlQ/Hw6yBcc23WrlXKVO3a5ViydlFJSq9bKJZe7tjNHgS3QGOTfe8NQxD4GJBQY03WdiPoJaJJC4TTXiw1GIG5gjN2UBuCj6SfzvFN+FBugkEeouVR8LuL3jQR8Yya+l076QNfmtzcT//K6MY1q/UQGUUwYiNkhkgrnh4zQMi0C+VBqJIJZcuQy4AI0EKGWHIRIxThtJpf28fU0/5+0irZbsSuX5UL9dNFMlh2wQ3bMXFZldXbBGqzJBFPsnj2wR+vOerKerZfP0Yy12NlnP2C9fgDgDJSV</latexit>

E<latexit sha1_base64="U1jEO+wKOU/Az+7HcfHO2Kgcoqc=">AAAB+nicdVDLTsJAFJ3iC/GFunQzkZi4alqo0CXRjUtM5JFAQ6bDBSdMp83MrQlBfsKtrtwZt/6MC//Fgpio0bM6Oefe3HNPmEhh0HHerNzK6tr6Rn6zsLW9s7tX3D9omTjVHJo8lrHuhMyAFAqaKFBCJ9HAolBCOxxfzP32LWgjYnWNkwSCiI2UGArOMJM6PUiMkLHqF0uO7bq1qlejju355cpZJSN+zfcqLnVtZ4ESWaLRL773BjFPI1DIJTOm6zoJBlOmUXAJs0IvNZAwPmYj6GZUsQhMMF3kndGT1DCMaQKaCkkXInzfmLLImEkUZpMRwxvz25uLf3ndFId+MBUqSREUnx9CIWFxyHAtsiKADoQGRDZPDlQoyplmiKAFZZxnYpo1U8j6+Hqa/k9aZdut2tUrr1Q/XzaTJ0fkmJwSl9RInVySBmkSTiS5Jw/k0bqznqxn6+VzNGctdw7JD1ivH4qdlQI=</latexit>✏



Stripped Amplitudes: Analytic

Weinberg’65

QED:

only for real kinematics!

<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E



Stripped Amplitudes: Analytic

Weinberg’65

QED:

only for real kinematics!

Analytic continuation:
Bellazzini,Berman,Isabella,FR,Romano,Sciotti’25

<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E



Stripped Amplitudes: Analytic

Weinberg’65

QED:

only for real kinematics!

Analytic continuation:
Bellazzini,Berman,Isabella,FR,Romano,Sciotti’25 >>
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<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0

<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E



Stripped Amplitudes: Analytic

Weinberg’65

QED:

only for real kinematics!

Analytic continuation:
Bellazzini,Berman,Isabella,FR,Romano,Sciotti’25 >>
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e

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0

<latexit sha1_base64="g27SbzssCHE+9VeUHQ1IXeVeNOQ=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpgoYykchDSqzofNmEU85n624PKbLyBbRQ0SFaPoiCf8E2LiBhqtHMrnZ2glgKg6776aysrq1vbJa2yts7u3v7lYPDjoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0NvO7j6CNiNQ9zmLwQzZRYiw4w1RqXQ8rVbfm5qDLxCtIlRRoDitfg1HEbQgKuWTG9D03Rj9hGgWXMC8PrIGY8SmbQD+lioVg/CQPOqen1jCMaAyaCklzEX5vJCw0ZhYG6WTI8MEsepn4n9e3OL7yE6Fii6B4dgiFhPyQ4VqkDQAdCQ2ILEsOVCjKmWaIoAVlnKeiTSspp314i98vk855zavX6q2LauOmaKZEjskJOSMeuSQNckeapE04AfJEnsmLY51X5815/xldcYqdI/IHzsc3LiaRUQ==</latexit>=

<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E



Stripped Amplitudes: Analytic

Weinberg’65

QED:

only for real kinematics!

Analytic continuation:
Bellazzini,Berman,Isabella,FR,Romano,Sciotti’25 >>
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e

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0

<latexit sha1_base64="g27SbzssCHE+9VeUHQ1IXeVeNOQ=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpgoYykchDSqzofNmEU85n624PKbLyBbRQ0SFaPoiCf8E2LiBhqtHMrnZ2glgKg6776aysrq1vbJa2yts7u3v7lYPDjoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0NvO7j6CNiNQ9zmLwQzZRYiw4w1RqXQ8rVbfm5qDLxCtIlRRoDitfg1HEbQgKuWTG9D03Rj9hGgWXMC8PrIGY8SmbQD+lioVg/CQPOqen1jCMaAyaCklzEX5vJCw0ZhYG6WTI8MEsepn4n9e3OL7yE6Fii6B4dgiFhPyQ4VqkDQAdCQ2ILEsOVCjKmWaIoAVlnKeiTSspp314i98vk855zavX6q2LauOmaKZEjskJOSMeuSQNckeapE04AfJEnsmLY51X5815/xldcYqdI/IHzsc3LiaRUQ==</latexit>= <latexit sha1_base64="iI67VwcMeFv6//Dg3gKhAB2aK5U=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pASKzpfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2PG1QywBZJUtiNNHLfU9jxJleZ33lAbWQY3NE0Qtfn40COpOCUSrd9CgeVql2zc7BF4hSkCgWag8pXfxiK2MeAhOLG9Bw7IjfhmqRQOCv3Y4MRFxM+xl5KA+6jcZM86owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tvdm3svE/7xeTKMLN5FBFBMGIjtEUmF+yAgt0w6QDaVGIp4lRyYDJrjmRKgl40KkYpyWUk77cOa/XyTt05pTr9VvzqqNy6KZEhzCEZyAA+fQgGtoQgsEjOEJnuHFerRerTfr/Wd0ySp2DuAPrI9vC26SZw==</latexit>!
<latexit sha1_base64="V7yaw78e7wcp6puTeNAHhncKJC0=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVnS+bMyRu7N1t0YKVv6BFio6RMvfUPAv2CYFJEw1mtnVzk4QS2HRdT+dpeWV1bX10kZ5c2t7Z7eyt9+2UWI4tHgkI9MNmAUpNLRQoIRubICpQEInGF/lfucBjBWRvsVJDL5ioRYjwRlmUtv2w5CqQaXq1twCdJF4M1IlMzQHla/+MOKJAo1cMmt7nhujnzKDgkuYlvuJhZjxMQuhl1HNFFg/LdJO6XFiGUY0BkOFpIUIvzdSpqydqCCbVAzv7LyXi/95vQRHF34qdJwgaJ4fQiGhOGS5EVkNQIfCACLLkwMVmnJmGCIYQRnnmZhkvZSzPrz57xdJ+7Tm1Wv1m7Nq43LWTIkckiNyQjxyThrkmjRJi3ByT57IM3lxHp1X5815/xldcmY7B+QPnI9v7UeTcA==</latexit>

s � m

<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E



Stripped Amplitudes: Analytic

Weinberg’65

QED:

only for real kinematics!

Analytic continuation:
Bellazzini,Berman,Isabella,FR,Romano,Sciotti’25 >>
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<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0

<latexit sha1_base64="g27SbzssCHE+9VeUHQ1IXeVeNOQ=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpgoYykchDSqzofNmEU85n624PKbLyBbRQ0SFaPoiCf8E2LiBhqtHMrnZ2glgKg6776aysrq1vbJa2yts7u3v7lYPDjoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0NvO7j6CNiNQ9zmLwQzZRYiw4w1RqXQ8rVbfm5qDLxCtIlRRoDitfg1HEbQgKuWTG9D03Rj9hGgWXMC8PrIGY8SmbQD+lioVg/CQPOqen1jCMaAyaCklzEX5vJCw0ZhYG6WTI8MEsepn4n9e3OL7yE6Fii6B4dgiFhPyQ4VqkDQAdCQ2ILEsOVCjKmWaIoAVlnKeiTSspp314i98vk855zavX6q2LauOmaKZEjskJOSMeuSQNckeapE04AfJEnsmLY51X5815/xldcYqdI/IHzsc3LiaRUQ==</latexit>= <latexit sha1_base64="iI67VwcMeFv6//Dg3gKhAB2aK5U=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pASKzpfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2PG1QywBZJUtiNNHLfU9jxJleZ33lAbWQY3NE0Qtfn40COpOCUSrd9CgeVql2zc7BF4hSkCgWag8pXfxiK2MeAhOLG9Bw7IjfhmqRQOCv3Y4MRFxM+xl5KA+6jcZM86owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tvdm3svE/7xeTKMLN5FBFBMGIjtEUmF+yAgt0w6QDaVGIp4lRyYDJrjmRKgl40KkYpyWUk77cOa/XyTt05pTr9VvzqqNy6KZEhzCEZyAA+fQgGtoQgsEjOEJnuHFerRerTfr/Wd0ySp2DuAPrI9vC26SZw==</latexit>!
<latexit sha1_base64="V7yaw78e7wcp6puTeNAHhncKJC0=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVnS+bMyRu7N1t0YKVv6BFio6RMvfUPAv2CYFJEw1mtnVzk4QS2HRdT+dpeWV1bX10kZ5c2t7Z7eyt9+2UWI4tHgkI9MNmAUpNLRQoIRubICpQEInGF/lfucBjBWRvsVJDL5ioRYjwRlmUtv2w5CqQaXq1twCdJF4M1IlMzQHla/+MOKJAo1cMmt7nhujnzKDgkuYlvuJhZjxMQuhl1HNFFg/LdJO6XFiGUY0BkOFpIUIvzdSpqydqCCbVAzv7LyXi/95vQRHF34qdJwgaJ4fQiGhOGS5EVkNQIfCACLLkwMVmnJmGCIYQRnnmZhkvZSzPrz57xdJ+7Tm1Wv1m7Nq43LWTIkckiNyQjxyThrkmjRJi3ByT57IM3lxHp1X5815/xldcmY7B+QPnI9v7UeTcA==</latexit>

s � m
<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E

has same analyticity as    and respects Froissart          !
<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E

<latexit sha1_base64="YyJI33nHLpS9qTw7l/kQ3J7mx04=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKtgRCpQBGsogkQdKTHS+bMIp57N1t0aKrHwFLVR0iJaPoeBfsI0LSJhqNLOrnR0vlMKgbX9ahaXlldW14nppY3Nre6e8u9c2QaQ5tHggA931mAEpFLRQoIRuqIH5noSON7lK/c4jaCMCdYvTEFyfjZUYCc4wke4uTsx9rY+BPShX7KqdgS4SJycVkqM5KH/1hwGPfFDIJTOm59ghujHTKLiEWakfGQgZn7Ax9BKqmA/GjbPAM3oUGYYBDUFTIWkmwu+NmPnGTH0vmfQZPph5LxX/83oRjs7dWKgwQlA8PYRCQnbIcC2SJoAOhQZEliYHKhTlTDNE0IIyzhMxSqopJX04898vknat6tSr9ZvTSuMyb6ZIDsghOSYOOSMNck2apEU48ckTeSYv1sx6td6s95/RgpXv7JM/sD6+AYBYlEY=</latexit>

A/s2 ! 0
<latexit sha1_base64="ztVftXgys1WqJEMcwtDC0dJGba8=">AAAB/HicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjJI5CFiKzpfNuGU89m6WyNFUfgKWqjoEC3/QsG/YIcUkDDVaGZXOzthoqQl1/10lpZXVtfWCxvFza3tnd3S3n7TxqkR2BCxik075BaV1NggSQrbiUEehQpb4fAq91sPaKyM9S2NEgwiPtCyLwWnTLqzPsW+1H0adUtlt+JOwRaJNyNlmKHeLX35vVikEWoSilvb8dyEgjE3JIXCSdFPLSZcDPkAOxnVPEIbjKeJJ+w4tZxilqBhUrGpiL83xjyydhSF2WTE6d7Oe7n4n9dJqX8RjKVOUkIt8kMkFU4PWWFkVgWynjRIxPPkyKRmghtOhEYyLkQmplk3xawPb/77RdI8rXjVSvXmrFy7nDVTgEM4ghPw4BxqcA11aIAADU/wDC/Oo/PqvDnvP6NLzmznAP7A+fgGwh6Vpg==</latexit>

s ! 1

<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E



Stripped Amplitudes: Analytic

Weinberg’65

QED:

only for real kinematics!

Analytic continuation:
Bellazzini,Berman,Isabella,FR,Romano,Sciotti’25 >>
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e

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0

<latexit sha1_base64="g27SbzssCHE+9VeUHQ1IXeVeNOQ=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpgoYykchDSqzofNmEU85n624PKbLyBbRQ0SFaPoiCf8E2LiBhqtHMrnZ2glgKg6776aysrq1vbJa2yts7u3v7lYPDjoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0NvO7j6CNiNQ9zmLwQzZRYiw4w1RqXQ8rVbfm5qDLxCtIlRRoDitfg1HEbQgKuWTG9D03Rj9hGgWXMC8PrIGY8SmbQD+lioVg/CQPOqen1jCMaAyaCklzEX5vJCw0ZhYG6WTI8MEsepn4n9e3OL7yE6Fii6B4dgiFhPyQ4VqkDQAdCQ2ILEsOVCjKmWaIoAVlnKeiTSspp314i98vk855zavX6q2LauOmaKZEjskJOSMeuSQNckeapE04AfJEnsmLY51X5815/xldcYqdI/IHzsc3LiaRUQ==</latexit>= <latexit sha1_base64="iI67VwcMeFv6//Dg3gKhAB2aK5U=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pASKzpfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2PG1QywBZJUtiNNHLfU9jxJleZ33lAbWQY3NE0Qtfn40COpOCUSrd9CgeVql2zc7BF4hSkCgWag8pXfxiK2MeAhOLG9Bw7IjfhmqRQOCv3Y4MRFxM+xl5KA+6jcZM86owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tvdm3svE/7xeTKMLN5FBFBMGIjtEUmF+yAgt0w6QDaVGIp4lRyYDJrjmRKgl40KkYpyWUk77cOa/XyTt05pTr9VvzqqNy6KZEhzCEZyAA+fQgGtoQgsEjOEJnuHFerRerTfr/Wd0ySp2DuAPrI9vC26SZw==</latexit>!
<latexit sha1_base64="V7yaw78e7wcp6puTeNAHhncKJC0=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVnS+bMyRu7N1t0YKVv6BFio6RMvfUPAv2CYFJEw1mtnVzk4QS2HRdT+dpeWV1bX10kZ5c2t7Z7eyt9+2UWI4tHgkI9MNmAUpNLRQoIRubICpQEInGF/lfucBjBWRvsVJDL5ioRYjwRlmUtv2w5CqQaXq1twCdJF4M1IlMzQHla/+MOKJAo1cMmt7nhujnzKDgkuYlvuJhZjxMQuhl1HNFFg/LdJO6XFiGUY0BkOFpIUIvzdSpqydqCCbVAzv7LyXi/95vQRHF34qdJwgaJ4fQiGhOGS5EVkNQIfCACLLkwMVmnJmGCIYQRnnmZhkvZSzPrz57xdJ+7Tm1Wv1m7Nq43LWTIkckiNyQjxyThrkmjRJi3ByT57IM3lxHp1X5815/xldcmY7B+QPnI9v7UeTcA==</latexit>

s � m

… and similarly in Gravity!

<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E

has same analyticity as    and respects Froissart          !
<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E

<latexit sha1_base64="YyJI33nHLpS9qTw7l/kQ3J7mx04=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKtgRCpQBGsogkQdKTHS+bMIp57N1t0aKrHwFLVR0iJaPoeBfsI0LSJhqNLOrnR0vlMKgbX9ahaXlldW14nppY3Nre6e8u9c2QaQ5tHggA931mAEpFLRQoIRuqIH5noSON7lK/c4jaCMCdYvTEFyfjZUYCc4wke4uTsx9rY+BPShX7KqdgS4SJycVkqM5KH/1hwGPfFDIJTOm59ghujHTKLiEWakfGQgZn7Ax9BKqmA/GjbPAM3oUGYYBDUFTIWkmwu+NmPnGTH0vmfQZPph5LxX/83oRjs7dWKgwQlA8PYRCQnbIcC2SJoAOhQZEliYHKhTlTDNE0IIyzhMxSqopJX04898vknat6tSr9ZvTSuMyb6ZIDsghOSYOOSMNck2apEU48ckTeSYv1sx6td6s95/RgpXv7JM/sD6+AYBYlEY=</latexit>

A/s2 ! 0
<latexit sha1_base64="ztVftXgys1WqJEMcwtDC0dJGba8=">AAAB/HicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjJI5CFiKzpfNuGU89m6WyNFUfgKWqjoEC3/QsG/YIcUkDDVaGZXOzthoqQl1/10lpZXVtfWCxvFza3tnd3S3n7TxqkR2BCxik075BaV1NggSQrbiUEehQpb4fAq91sPaKyM9S2NEgwiPtCyLwWnTLqzPsW+1H0adUtlt+JOwRaJNyNlmKHeLX35vVikEWoSilvb8dyEgjE3JIXCSdFPLSZcDPkAOxnVPEIbjKeJJ+w4tZxilqBhUrGpiL83xjyydhSF2WTE6d7Oe7n4n9dJqX8RjKVOUkIt8kMkFU4PWWFkVgWynjRIxPPkyKRmghtOhEYyLkQmplk3xawPb/77RdI8rXjVSvXmrFy7nDVTgEM4ghPw4BxqcA11aIAADU/wDC/Oo/PqvDnvP6NLzmznAP7A+fgGwh6Vpg==</latexit>

s ! 1

<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E
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Captures leading IR effectsCaptures finite perturbative effects

Stripped Amplitudes: Unitary and Positive
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<latexit sha1_base64="K1Xp5mWPb28GEavS6yADzDvpiEI=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pCSKDpfNuaU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7LiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2XG1QywBZJUtiNNHLfVdhxJ1eZ33lAbWQY3NE0woHPvUCOpeCUSrd9zxtWqnbNzsEWiVOQKhRoDitf/VEoYh8DEoob03PsiAYJ1ySFwlm5HxuMuJhwD3spDbiPZpDkUWfsODacQhahZlKxXMTfGwn3jZn6bjrpc7o3814m/uf1YhpfDBIZRDFhILJDJBXmh4zQMu0A2UhqJOJZcmQyYIJrToRaMi5EKsZpKeW0D2f++0XSPq059Vr95qzauCyaKcEhHMEJOHAODbiGJrRAgAdP8Awv1qP1ar1Z7z+jS1axcwB/YH18A+qXklI=</latexit>

�
Captures leading IR effectsCaptures finite perturbative effects

In gravity:

Stripped Amplitudes: Unitary and Positive



Effectively 2 QED couplings:
Typical scale of interaction

1/Size of experimental apparatus
<latexit sha1_base64="K1Xp5mWPb28GEavS6yADzDvpiEI=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pCSKDpfNuaU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7LiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2XG1QywBZJUtiNNHLfVdhxJ1eZ33lAbWQY3NE0woHPvUCOpeCUSrd9zxtWqnbNzsEWiVOQKhRoDitf/VEoYh8DEoob03PsiAYJ1ySFwlm5HxuMuJhwD3spDbiPZpDkUWfsODacQhahZlKxXMTfGwn3jZn6bjrpc7o3814m/uf1YhpfDBIZRDFhILJDJBXmh4zQMu0A2UhqJOJZcmQyYIJrToRaMi5EKsZpKeW0D2f++0XSPq059Vr95qzauCyaKcEhHMEJOHAODbiGJrRAgAdP8Awv1qP1ar1Z7z+jS1axcwB/YH18A+qXklI=</latexit>

�
Captures leading IR effectsCaptures finite perturbative effects

In gravity:

subleading in    and<latexit sha1_base64="c7oRbCbq/xvY6KPG481M29Asgfg=">AAAB+HicdVDLTgJBEJzFF+IL9ehlIjHxtNkFBI5ELx4xkUcChPQODYzMPjLTa4KEf/CqJ2/Gq3/jwX9xQUzUaJ0qVd3p6vIiJQ05zpuVWlldW99Ib2a2tnd297L7Bw0TxlpgXYQq1C0PDCoZYJ0kKWxFGsH3FDa98cXcb96iNjIMrmkSYdeHYSAHUgAlUqMDKhpBL5tzbNctl4pl7tjFSr5wVkhIpVwpFlzu2s4CObZErZd97/RDEfsYkFBgTNt1IupOQZMUCmeZTmwwAjGGIbYTGoCPpjtdpJ3xk9gAhTxCzaXiCxG/b0zBN2bie8mkDzQyv725+JfXjmlQ6U5lEMWEgZgfIqlwccgILZMakPelRiKYJ0cuAy5AAxFqyUGIRIyTXjJJH19P8/9JI2+7Jbt0VcxVz5fNpNkRO2anzGVlVmWXrMbqTLAbds8e2KN1Zz1Zz9bL52jKWu4csh+wXj8AvruT+g==</latexit>↵
<latexit sha1_base64="KG59yny7Tug/n8aDRsNzn5bcx+E=">AAAB+nicdVDLSgNBEJyNrxhfUY9eBoPgadlNYpJjUASPEcwDkhB6J504OPtgplcIa37Cq568iVd/xoP/4iZGUNE6FVXddHV5kZKGHOfNyiwtr6yuZddzG5tb2zv53b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3s3ZzG/fojYyDK5oEmHfh3EgR1IApVIn6QlQ/Hw6yBcc23WrlXKVO3a5ViydlFJSq9bKJZe7tjNHgS3QGOTfe8NQxD4GJBQY03WdiPoJaJJC4TTXiw1GIG5gjN2UBuCj6SfzvFN+FBugkEeouVR8LuL3jQR8Yya+l076QNfmtzcT//K6MY1q/UQGUUwYiNkhkgrnh4zQMi0C+VBqJIJZcuQy4AI0EKGWHIRIxThtJpf28fU0/5+0irZbsSuX5UL9dNFMlh2wQ3bMXFZldXbBGqzJBFPsnj2wR+vOerKerZfP0Yy12NlnP2C9fgDgDJSV</latexit>

E

Hard Amplitude: only propagates photons with 
<latexit sha1_base64="tKbvw3YB3V7nNwgOqXiorD6MGWc=">AAACBnicdVA9SwNBEN2L3/ErammzGASrcJdoYhoRRbBUMBpIQphbJ3HJ7t2xOyfKkd5fYauVndj6Nyz8L17OCCr6qsd7M8yb50dKWnLdNyc3MTk1PTM7l59fWFxaLqysntswNgIbIlShafpgUckAGyRJYTMyCNpXeOEPDkf+xTUaK8PgjG4j7GjoB7InBVAqdQurR912H7QGvpe0BSh+NOwWim5pZ7dWr5Z5Sup1r+pmpFKrlLlXcjMU2Rgn3cJ7+zIUscaAhAJrW54bUScBQ1IoHObbscUIxAD62EppABptJ8myD/lmbIFCHqHhUvFMxO8bCWhrb7WfTmqgK/vbG4l/ea2YerudRAZRTBiI0SGSCrNDVhiZloL8UhokglFy5DLgAgwQoZEchEjFOG0pn/bx9TT/n5yXS161VD3dLu4fjJuZZetsg20xj9XYPjtmJ6zBBLth9+yBPTp3zpPz7Lx8juac8c4a+wHn9QNQ5ZiZ</latexit>

E� > E

Stripped Amplitudes: Unitary and Positive



Effectively 2 QED couplings:
Typical scale of interaction

1/Size of experimental apparatus
<latexit sha1_base64="K1Xp5mWPb28GEavS6yADzDvpiEI=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pCSKDpfNuaU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7LiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2XG1QywBZJUtiNNHLfVdhxJ1eZ33lAbWQY3NE0woHPvUCOpeCUSrd9zxtWqnbNzsEWiVOQKhRoDitf/VEoYh8DEoob03PsiAYJ1ySFwlm5HxuMuJhwD3spDbiPZpDkUWfsODacQhahZlKxXMTfGwn3jZn6bjrpc7o3814m/uf1YhpfDBIZRDFhILJDJBXmh4zQMu0A2UhqJOJZcmQyYIJrToRaMi5EKsZpKeW0D2f++0XSPq059Vr95qzauCyaKcEhHMEJOHAODbiGJrRAgAdP8Awv1qP1ar1Z7z+jS1axcwB/YH18A+qXklI=</latexit>

�
Captures leading IR effectsCaptures finite perturbative effects

In gravity:

subleading in    and<latexit sha1_base64="c7oRbCbq/xvY6KPG481M29Asgfg=">AAAB+HicdVDLTgJBEJzFF+IL9ehlIjHxtNkFBI5ELx4xkUcChPQODYzMPjLTa4KEf/CqJ2/Gq3/jwX9xQUzUaJ0qVd3p6vIiJQ05zpuVWlldW99Ib2a2tnd297L7Bw0TxlpgXYQq1C0PDCoZYJ0kKWxFGsH3FDa98cXcb96iNjIMrmkSYdeHYSAHUgAlUqMDKhpBL5tzbNctl4pl7tjFSr5wVkhIpVwpFlzu2s4CObZErZd97/RDEfsYkFBgTNt1IupOQZMUCmeZTmwwAjGGIbYTGoCPpjtdpJ3xk9gAhTxCzaXiCxG/b0zBN2bie8mkDzQyv725+JfXjmlQ6U5lEMWEgZgfIqlwccgILZMakPelRiKYJ0cuAy5AAxFqyUGIRIyTXjJJH19P8/9JI2+7Jbt0VcxVz5fNpNkRO2anzGVlVmWXrMbqTLAbds8e2KN1Zz1Zz9bL52jKWu4csh+wXj8AvruT+g==</latexit>↵
<latexit sha1_base64="KG59yny7Tug/n8aDRsNzn5bcx+E=">AAAB+nicdVDLSgNBEJyNrxhfUY9eBoPgadlNYpJjUASPEcwDkhB6J504OPtgplcIa37Cq568iVd/xoP/4iZGUNE6FVXddHV5kZKGHOfNyiwtr6yuZddzG5tb2zv53b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3s3ZzG/fojYyDK5oEmHfh3EgR1IApVIn6QlQ/Hw6yBcc23WrlXKVO3a5ViydlFJSq9bKJZe7tjNHgS3QGOTfe8NQxD4GJBQY03WdiPoJaJJC4TTXiw1GIG5gjN2UBuCj6SfzvFN+FBugkEeouVR8LuL3jQR8Yya+l076QNfmtzcT//K6MY1q/UQGUUwYiNkhkgrnh4zQMi0C+VBqJIJZcuQy4AI0EKGWHIRIxThtJpf28fU0/5+0irZbsSuX5UL9dNFMlh2wQ3bMXFZldXbBGqzJBFPsnj2wR+vOerKerZfP0Yy12NlnP2C9fgDgDJSV</latexit>

E

Hard Amplitude: only propagates photons with 
<latexit sha1_base64="tKbvw3YB3V7nNwgOqXiorD6MGWc=">AAACBnicdVA9SwNBEN2L3/ErammzGASrcJdoYhoRRbBUMBpIQphbJ3HJ7t2xOyfKkd5fYauVndj6Nyz8L17OCCr6qsd7M8yb50dKWnLdNyc3MTk1PTM7l59fWFxaLqysntswNgIbIlShafpgUckAGyRJYTMyCNpXeOEPDkf+xTUaK8PgjG4j7GjoB7InBVAqdQurR912H7QGvpe0BSh+NOwWim5pZ7dWr5Z5Sup1r+pmpFKrlLlXcjMU2Rgn3cJ7+zIUscaAhAJrW54bUScBQ1IoHObbscUIxAD62EppABptJ8myD/lmbIFCHqHhUvFMxO8bCWhrb7WfTmqgK/vbG4l/ea2YerudRAZRTBiI0SGSCrNDVhiZloL8UhokglFy5DLgAgwQoZEchEjFOG0pn/bx9TT/n5yXS161VD3dLu4fjJuZZetsg20xj9XYPjtmJ6zBBLth9+yBPTp3zpPz7Lx8juac8c4a+wHn9QNQ5ZiZ</latexit>

E� > E

Is unitary (equivalent to            theory)
<latexit sha1_base64="+NZiuqr3ASj4kSmdiFvvDWsfYQE=">AAACBnicbVA9SwNBEN2LXzF+xVjaLAbBKtyJRBshKIJlBPMBSQhzm0lcsnt37M6J4Ujvr7DVyk5s/RsW/hcvMYUmvurx3gzz5vmRkpZc99PJLC2vrK5l13Mbm1vbO/ndQt2GsRFYE6EKTdMHi0oGWCNJCpuRQdC+woY/vJz4jXs0VobBLY0i7GgYBLIvBVAqdfMF3W0PQGvg50lbgOJX426+6JbcKfgi8WakyGaodvNf7V4oYo0BCQXWtjw3ok4ChqRQOM61Y4sRiCEMsJXSADTaTjLNPuaHsQUKeYSGS8WnIv7eSEBbO9J+OqmB7uy8NxH/81ox9c86iQyimDAQk0MkFU4PWWFkWgrynjRIBJPkyGXABRggQiM5CJGKcdpSLu3Dm/9+kdSPS165VL45KVYuZs1k2T47YEfMY6eswq5ZldWYYA/siT2zF+fReXXenPef0Ywz29ljf+B8fAMAyZhg</latexit>

m� = E

Stripped Amplitudes: Unitary and Positive



<latexit sha1_base64="E5TUmBDN+Q5ySMKVX4ZloGeUYbc=">AAAB9nicbVC7TsNAEFyHVwivACXNiQiJyrIRCpQRNJRBIiFSEkXnyyY55fzQ3RoRWfkFWqjoEC2/Q8G/YBsXkDDVaGZXOztepKQhx/m0Siura+sb5c3K1vbO7l51/6BtwlgLbIlQhbrjcYNKBtgiSQo7kUbuewrvvel15t8/oDYyDO5oFmHf5+NAjqTglEloj+1BtebYTg62TNyC1KBAc1D96g1DEfsYkFDcmK7rRNRPuCYpFM4rvdhgxMWUj7Gb0oD7aPpJnnXOTmLDKWQRaiYVy0X8vZFw35iZ76WTPqeJWfQy8T+vG9Posp/IIIoJA5EdIqkwP2SElmkJyIZSIxHPkiOTARNccyLUknEhUjFOW6mkfbiL3y+T9pnt1u367XmtcVU0U4YjOIZTcOECGnADTWiBgAk8wTO8WI/Wq/Vmvf+Mlqxi5xD+wPr4Bg1Oklo=</latexit>e.g.

<latexit sha1_base64="2hesPHJlM4oVE+N/PSer7mk8O3k=">AAACHHicbVDLSsNAFJ34tr6qLt0MFqEilEREXfrYuFPB2kJTys30th2cTOLMjSAhv+An+BVudeVO3Aou/BfT2IWvszqcc58niJW05Lrvztj4xOTU9MxsaW5+YXGpvLxyaaPECKyLSEWmGYBFJTXWSZLCZmwQwkBhI7g6HvqNGzRWRvqCbmNsh9DXsicFUC51ytXUL4akBrtZzkHxw6yjM7+P19zlW6dVH1Q8gM1OueLW3AL8L/FGpMJGOOuUP/xuJJIQNQkF1rY8N6Z2CoakUJiV/MRiDOIK+tjKqYYQbTstjsn4RmKBIh6j4VLxQsTvHSmE1t6GQV4ZAg3sb28o/ue1Eurtt1Op44RQi+EikgqLRVYYmUeFvCsNEsHwcuRScwEGiNBIDkLkYpJnV8rz8H5//5dcbte83dru+U7l4GiUzAxbY+usyjy2xw7YCTtjdSbYHXtgj+zJuXeenRfn9at0zBn1rLIfcN4+AdPIoVk=</latexit>

An � 0 +O(↵)
<latexit sha1_base64="v7Pi5KmtshZWICzXMOFuzNqd6YY="></latexit>

@t|t=0An � 0 +O(↵)

Leads to positivity at all orders in    and L.O. in

Effectively 2 QED couplings:
Typical scale of interaction

1/Size of experimental apparatus
<latexit sha1_base64="K1Xp5mWPb28GEavS6yADzDvpiEI=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pCSKDpfNuaU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7LiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2XG1QywBZJUtiNNHLfVdhxJ1eZ33lAbWQY3NE0woHPvUCOpeCUSrd9zxtWqnbNzsEWiVOQKhRoDitf/VEoYh8DEoob03PsiAYJ1ySFwlm5HxuMuJhwD3spDbiPZpDkUWfsODacQhahZlKxXMTfGwn3jZn6bjrpc7o3814m/uf1YhpfDBIZRDFhILJDJBXmh4zQMu0A2UhqJOJZcmQyYIJrToRaMi5EKsZpKeW0D2f++0XSPq059Vr95qzauCyaKcEhHMEJOHAODbiGJrRAgAdP8Awv1qP1ar1Z7z+jS1axcwB/YH18A+qXklI=</latexit>

�
Captures leading IR effectsCaptures finite perturbative effects

In gravity:

subleading in    and<latexit sha1_base64="c7oRbCbq/xvY6KPG481M29Asgfg=">AAAB+HicdVDLTgJBEJzFF+IL9ehlIjHxtNkFBI5ELx4xkUcChPQODYzMPjLTa4KEf/CqJ2/Gq3/jwX9xQUzUaJ0qVd3p6vIiJQ05zpuVWlldW99Ib2a2tnd297L7Bw0TxlpgXYQq1C0PDCoZYJ0kKWxFGsH3FDa98cXcb96iNjIMrmkSYdeHYSAHUgAlUqMDKhpBL5tzbNctl4pl7tjFSr5wVkhIpVwpFlzu2s4CObZErZd97/RDEfsYkFBgTNt1IupOQZMUCmeZTmwwAjGGIbYTGoCPpjtdpJ3xk9gAhTxCzaXiCxG/b0zBN2bie8mkDzQyv725+JfXjmlQ6U5lEMWEgZgfIqlwccgILZMakPelRiKYJ0cuAy5AAxFqyUGIRIyTXjJJH19P8/9JI2+7Jbt0VcxVz5fNpNkRO2anzGVlVmWXrMbqTLAbds8e2KN1Zz1Zz9bL52jKWu4csh+wXj8AvruT+g==</latexit>↵
<latexit sha1_base64="KG59yny7Tug/n8aDRsNzn5bcx+E=">AAAB+nicdVDLSgNBEJyNrxhfUY9eBoPgadlNYpJjUASPEcwDkhB6J504OPtgplcIa37Cq568iVd/xoP/4iZGUNE6FVXddHV5kZKGHOfNyiwtr6yuZddzG5tb2zv53b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3s3ZzG/fojYyDK5oEmHfh3EgR1IApVIn6QlQ/Hw6yBcc23WrlXKVO3a5ViydlFJSq9bKJZe7tjNHgS3QGOTfe8NQxD4GJBQY03WdiPoJaJJC4TTXiw1GIG5gjN2UBuCj6SfzvFN+FBugkEeouVR8LuL3jQR8Yya+l076QNfmtzcT//K6MY1q/UQGUUwYiNkhkgrnh4zQMi0C+VBqJIJZcuQy4AI0EKGWHIRIxThtJpf28fU0/5+0irZbsSuX5UL9dNFMlh2wQ3bMXFZldXbBGqzJBFPsnj2wR+vOerKerZfP0Yy12NlnP2C9fgDgDJSV</latexit>

E

Hard Amplitude: only propagates photons with 
<latexit sha1_base64="tKbvw3YB3V7nNwgOqXiorD6MGWc=">AAACBnicdVA9SwNBEN2L3/ErammzGASrcJdoYhoRRbBUMBpIQphbJ3HJ7t2xOyfKkd5fYauVndj6Nyz8L17OCCr6qsd7M8yb50dKWnLdNyc3MTk1PTM7l59fWFxaLqysntswNgIbIlShafpgUckAGyRJYTMyCNpXeOEPDkf+xTUaK8PgjG4j7GjoB7InBVAqdQurR912H7QGvpe0BSh+NOwWim5pZ7dWr5Z5Sup1r+pmpFKrlLlXcjMU2Rgn3cJ7+zIUscaAhAJrW54bUScBQ1IoHObbscUIxAD62EppABptJ8myD/lmbIFCHqHhUvFMxO8bCWhrb7WfTmqgK/vbG4l/ea2YerudRAZRTBiI0SGSCrNDVhiZloL8UhokglFy5DLgAgwQoZEchEjFOG0pn/bx9TT/n5yXS161VD3dLu4fjJuZZetsg20xj9XYPjtmJ6zBBLth9+yBPTp3zpPz7Lx8juac8c4a+wHn9QNQ5ZiZ</latexit>

E� > E

Is unitary (equivalent to            theory)
<latexit sha1_base64="+NZiuqr3ASj4kSmdiFvvDWsfYQE=">AAACBnicbVA9SwNBEN2LXzF+xVjaLAbBKtyJRBshKIJlBPMBSQhzm0lcsnt37M6J4Ujvr7DVyk5s/RsW/hcvMYUmvurx3gzz5vmRkpZc99PJLC2vrK5l13Mbm1vbO/ndQt2GsRFYE6EKTdMHi0oGWCNJCpuRQdC+woY/vJz4jXs0VobBLY0i7GgYBLIvBVAqdfMF3W0PQGvg50lbgOJX426+6JbcKfgi8WakyGaodvNf7V4oYo0BCQXWtjw3ok4ChqRQOM61Y4sRiCEMsJXSADTaTjLNPuaHsQUKeYSGS8WnIv7eSEBbO9J+OqmB7uy8NxH/81ox9c86iQyimDAQk0MkFU4PWWFkWgrynjRIBJPkyGXABRggQiM5CJGKcdpSLu3Dm/9+kdSPS165VL45KVYuZs1k2T47YEfMY6eswq5ZldWYYA/siT2zF+fReXXenPef0Ywz29ljf+B8fAMAyZhg</latexit>

m� = E

Stripped Amplitudes: Unitary and Positive



Bounds for charged/neutral pions 
<latexit sha1_base64="RfAm4Rt3cCAIdK29K8tc9Y7wleg=">AAACC3icdVDJSgNBEO2JW4xb1IMHL41BEIRhJonJHINePEYwCyQx9HQqsUnPQneNEEI+wa/wqidv4tWP8OC/ODNGXNB3aF69V0V1PTeUQqNlvRqZhcWl5ZXsam5tfWNzK7+909RBpDg0eCAD1XaZBil8aKBACe1QAfNcCS13fJb4rRtQWgT+JU5C6Hls5Iuh4AxjqZ/f64bi6jh5rC4GX0U/X7BM265WylVqmWWnWDopxcSpOuWSTW3TSlEgc9T7+bfuIOCRBz5yybTu2FaIvSlTKLiEWa4baQgZH7MRdGLqMw90b5oeMKOHkWYY0BAUFZKmInyfmDJP64nnxp0ew2v920vEv7xOhEOnNxV+GCH4PFmEQkK6SHMl4mSADoQCRJb8HKjwKWeKIYISlHEei1EcVS7O4/No+j9pFk27YlYuyoXa6TyZLNknB+SI2KRKauSc1EmDcDIjd+SePBi3xqPxZDx/tGaM+cwu+QHj5R0sKZq0</latexit>

⇡+⇡0 ! ⇡+⇡0

Tree level: don’t enter twice-subtracted relations

<latexit sha1_base64="cPsFVaSbqyVMFIxeJCes57MuV88=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUro7KFcu8qNcaTpWmpNGwHSsnZ7WzKrVNK0eFLNEald+H45DHPgTIJdN6YFsRuglTKLiERWkYa4gYn7EpDFIaMB+0m+RBF/Qk1gxDGoGiQtJchO8bCfO1nvteOukzvNW/vUz8yxvEOKm7iQiiGCHg2SEUEvJDmiuRNgB0LBQgsiw5UBFQzhRDBCUo4zwV47SSUtrH19P0f9KtmrZjOu3zSvNy2UyRHJFjckpsUiNNck1apEM4AXJPHsijERtPxrPx8jlaMJY7h+QHjNcPrIaRpg==</latexit>

2



Bounds for charged/neutral pions 
<latexit sha1_base64="RfAm4Rt3cCAIdK29K8tc9Y7wleg=">AAACC3icdVDJSgNBEO2JW4xb1IMHL41BEIRhJonJHINePEYwCyQx9HQqsUnPQneNEEI+wa/wqidv4tWP8OC/ODNGXNB3aF69V0V1PTeUQqNlvRqZhcWl5ZXsam5tfWNzK7+909RBpDg0eCAD1XaZBil8aKBACe1QAfNcCS13fJb4rRtQWgT+JU5C6Hls5Iuh4AxjqZ/f64bi6jh5rC4GX0U/X7BM265WylVqmWWnWDopxcSpOuWSTW3TSlEgc9T7+bfuIOCRBz5yybTu2FaIvSlTKLiEWa4baQgZH7MRdGLqMw90b5oeMKOHkWYY0BAUFZKmInyfmDJP64nnxp0ew2v920vEv7xOhEOnNxV+GCH4PFmEQkK6SHMl4mSADoQCRJb8HKjwKWeKIYISlHEei1EcVS7O4/No+j9pFk27YlYuyoXa6TyZLNknB+SI2KRKauSc1EmDcDIjd+SePBi3xqPxZDx/tGaM+cwu+QHj5R0sKZq0</latexit>

⇡+⇡0 ! ⇡+⇡0

Tree level: don’t enter twice-subtracted relations

Positivity Bounds: 
<latexit sha1_base64="9rPXzFM4SlfKLcQr/2kouQH0nDU=">AAACFHicbVC5TsNAFFxzhnAFKGlWREhUkY1QoAzQUAaJHFISRc+bl7DK+mD3GSmy3PIJfAUtVHSIlp6Cf8E2KSBhqtmZd+24oZKGbPvTWlhcWl5ZLawV1zc2t7ZLO7tNE0RaYEMEKtBtFwwq6WODJClshxrBcxW23PFl5rfuURsZ+Dc0CbHnwciXQymAUqlf4nE3HxK7KsIke4Hi50n/mHdHeMftpF8q2xU7B58nzpSU2RT1fumrOwhE5KFPQoExHccOqReDJikUJsVuZDAEMYYRdlLqg4emF+dHJPwwMkABD1FzqXgu4u+OGDxjJp6bVnpAt2bWy8T/vE5Ew7NeLP0wIvRFtoikwnyREVqmESEfSI1EkF2OXPpcgAYi1JKDEKkYpZkV0zyc2d/Pk+ZxxalWqtcn5drFNJkC22cH7Ig57JTV2BWrswYT7IE9sWf2Yj1ar9ab9f5TumBNe/bYH1gf38T0ni0=</latexit>

A2 � 0

<latexit sha1_base64="Lrlsp+ShGDJNVISVKoFRrwtFYgc="></latexit>

s̄@t=0A2 +
3

2
A2 � 0

Cutoff M2

<latexit sha1_base64="cPsFVaSbqyVMFIxeJCes57MuV88=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUro7KFcu8qNcaTpWmpNGwHSsnZ7WzKrVNK0eFLNEald+H45DHPgTIJdN6YFsRuglTKLiERWkYa4gYn7EpDFIaMB+0m+RBF/Qk1gxDGoGiQtJchO8bCfO1nvteOukzvNW/vUz8yxvEOKm7iQiiGCHg2SEUEvJDmiuRNgB0LBQgsiw5UBFQzhRDBCUo4zwV47SSUtrH19P0f9KtmrZjOu3zSvNy2UyRHJFjckpsUiNNck1apEM4AXJPHsijERtPxrPx8jlaMJY7h+QHjNcPrIaRpg==</latexit>

2



Bounds for charged/neutral pions 
<latexit sha1_base64="RfAm4Rt3cCAIdK29K8tc9Y7wleg=">AAACC3icdVDJSgNBEO2JW4xb1IMHL41BEIRhJonJHINePEYwCyQx9HQqsUnPQneNEEI+wa/wqidv4tWP8OC/ODNGXNB3aF69V0V1PTeUQqNlvRqZhcWl5ZXsam5tfWNzK7+909RBpDg0eCAD1XaZBil8aKBACe1QAfNcCS13fJb4rRtQWgT+JU5C6Hls5Iuh4AxjqZ/f64bi6jh5rC4GX0U/X7BM265WylVqmWWnWDopxcSpOuWSTW3TSlEgc9T7+bfuIOCRBz5yybTu2FaIvSlTKLiEWa4baQgZH7MRdGLqMw90b5oeMKOHkWYY0BAUFZKmInyfmDJP64nnxp0ew2v920vEv7xOhEOnNxV+GCH4PFmEQkK6SHMl4mSADoQCRJb8HKjwKWeKIYISlHEei1EcVS7O4/No+j9pFk27YlYuyoXa6TyZLNknB+SI2KRKauSc1EmDcDIjd+SePBi3xqPxZDx/tGaM+cwu+QHj5R0sKZq0</latexit>

⇡+⇡0 ! ⇡+⇡0

Tree level: don’t enter twice-subtracted relations

Positivity Bounds: 
<latexit sha1_base64="9rPXzFM4SlfKLcQr/2kouQH0nDU=">AAACFHicbVC5TsNAFFxzhnAFKGlWREhUkY1QoAzQUAaJHFISRc+bl7DK+mD3GSmy3PIJfAUtVHSIlp6Cf8E2KSBhqtmZd+24oZKGbPvTWlhcWl5ZLawV1zc2t7ZLO7tNE0RaYEMEKtBtFwwq6WODJClshxrBcxW23PFl5rfuURsZ+Dc0CbHnwciXQymAUqlf4nE3HxK7KsIke4Hi50n/mHdHeMftpF8q2xU7B58nzpSU2RT1fumrOwhE5KFPQoExHccOqReDJikUJsVuZDAEMYYRdlLqg4emF+dHJPwwMkABD1FzqXgu4u+OGDxjJp6bVnpAt2bWy8T/vE5Ew7NeLP0wIvRFtoikwnyREVqmESEfSI1EkF2OXPpcgAYi1JKDEKkYpZkV0zyc2d/Pk+ZxxalWqtcn5drFNJkC22cH7Ig57JTV2BWrswYT7IE9sWf2Yj1ar9ab9f5TumBNe/bYH1gf38T0ni0=</latexit>

A2 � 0

<latexit sha1_base64="Lrlsp+ShGDJNVISVKoFRrwtFYgc="></latexit>

s̄@t=0A2 +
3

2
A2 � 0

Cutoff M2

<latexit sha1_base64="cPsFVaSbqyVMFIxeJCes57MuV88=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUro7KFcu8qNcaTpWmpNGwHSsnZ7WzKrVNK0eFLNEald+H45DHPgTIJdN6YFsRuglTKLiERWkYa4gYn7EpDFIaMB+0m+RBF/Qk1gxDGoGiQtJchO8bCfO1nvteOukzvNW/vUz8yxvEOKm7iQiiGCHg2SEUEvJDmiuRNgB0LBQgsiw5UBFQzhRDBCUo4zwV47SSUtrH19P0f9KtmrZjOu3zSvNy2UyRHJFjckpsUiNNck1apEM4AXJPHsijERtPxrPx8jlaMJY7h+QHjNcPrIaRpg==</latexit>

2



Bounds for charged/neutral pions 
<latexit sha1_base64="RfAm4Rt3cCAIdK29K8tc9Y7wleg=">AAACC3icdVDJSgNBEO2JW4xb1IMHL41BEIRhJonJHINePEYwCyQx9HQqsUnPQneNEEI+wa/wqidv4tWP8OC/ODNGXNB3aF69V0V1PTeUQqNlvRqZhcWl5ZXsam5tfWNzK7+909RBpDg0eCAD1XaZBil8aKBACe1QAfNcCS13fJb4rRtQWgT+JU5C6Hls5Iuh4AxjqZ/f64bi6jh5rC4GX0U/X7BM265WylVqmWWnWDopxcSpOuWSTW3TSlEgc9T7+bfuIOCRBz5yybTu2FaIvSlTKLiEWa4baQgZH7MRdGLqMw90b5oeMKOHkWYY0BAUFZKmInyfmDJP64nnxp0ew2v920vEv7xOhEOnNxV+GCH4PFmEQkK6SHMl4mSADoQCRJb8HKjwKWeKIYISlHEei1EcVS7O4/No+j9pFk27YlYuyoXa6TyZLNknB+SI2KRKauSc1EmDcDIjd+SePBi3xqPxZDx/tGaM+cwu+QHj5R0sKZq0</latexit>

⇡+⇡0 ! ⇡+⇡0

Tree level: don’t enter twice-subtracted relations

Positivity Bounds: 
<latexit sha1_base64="9rPXzFM4SlfKLcQr/2kouQH0nDU=">AAACFHicbVC5TsNAFFxzhnAFKGlWREhUkY1QoAzQUAaJHFISRc+bl7DK+mD3GSmy3PIJfAUtVHSIlp6Cf8E2KSBhqtmZd+24oZKGbPvTWlhcWl5ZLawV1zc2t7ZLO7tNE0RaYEMEKtBtFwwq6WODJClshxrBcxW23PFl5rfuURsZ+Dc0CbHnwciXQymAUqlf4nE3HxK7KsIke4Hi50n/mHdHeMftpF8q2xU7B58nzpSU2RT1fumrOwhE5KFPQoExHccOqReDJikUJsVuZDAEMYYRdlLqg4emF+dHJPwwMkABD1FzqXgu4u+OGDxjJp6bVnpAt2bWy8T/vE5Ew7NeLP0wIvRFtoikwnyREVqmESEfSI1EkF2OXPpcgAYi1JKDEKkYpZkV0zyc2d/Pk+ZxxalWqtcn5drFNJkC22cH7Ig57JTV2BWrswYT7IE9sWf2Yj1ar9ab9f5TumBNe/bYH1gf38T0ni0=</latexit>

A2 � 0

<latexit sha1_base64="Lrlsp+ShGDJNVISVKoFRrwtFYgc="></latexit>

s̄@t=0A2 +
3

2
A2 � 0

Cutoff M2

<latexit sha1_base64="cPsFVaSbqyVMFIxeJCes57MuV88=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUro7KFcu8qNcaTpWmpNGwHSsnZ7WzKrVNK0eFLNEald+H45DHPgTIJdN6YFsRuglTKLiERWkYa4gYn7EpDFIaMB+0m+RBF/Qk1gxDGoGiQtJchO8bCfO1nvteOukzvNW/vUz8yxvEOKm7iQiiGCHg2SEUEvJDmiuRNgB0LBQgsiw5UBFQzhRDBCUo4zwV47SSUtrH19P0f9KtmrZjOu3zSvNy2UyRHJFjckpsUiNNck1apEM4AXJPHsijERtPxrPx8jlaMJY7h+QHjNcPrIaRpg==</latexit>

2



Bounds for charged/neutral pions 
<latexit sha1_base64="RfAm4Rt3cCAIdK29K8tc9Y7wleg=">AAACC3icdVDJSgNBEO2JW4xb1IMHL41BEIRhJonJHINePEYwCyQx9HQqsUnPQneNEEI+wa/wqidv4tWP8OC/ODNGXNB3aF69V0V1PTeUQqNlvRqZhcWl5ZXsam5tfWNzK7+909RBpDg0eCAD1XaZBil8aKBACe1QAfNcCS13fJb4rRtQWgT+JU5C6Hls5Iuh4AxjqZ/f64bi6jh5rC4GX0U/X7BM265WylVqmWWnWDopxcSpOuWSTW3TSlEgc9T7+bfuIOCRBz5yybTu2FaIvSlTKLiEWa4baQgZH7MRdGLqMw90b5oeMKOHkWYY0BAUFZKmInyfmDJP64nnxp0ew2v920vEv7xOhEOnNxV+GCH4PFmEQkK6SHMl4mSADoQCRJb8HKjwKWeKIYISlHEei1EcVS7O4/No+j9pFk27YlYuyoXa6TyZLNknB+SI2KRKauSc1EmDcDIjd+SePBi3xqPxZDx/tGaM+cwu+QHj5R0sKZq0</latexit>

⇡+⇡0 ! ⇡+⇡0

Loop level:

Positivity Bounds: 
<latexit sha1_base64="9rPXzFM4SlfKLcQr/2kouQH0nDU=">AAACFHicbVC5TsNAFFxzhnAFKGlWREhUkY1QoAzQUAaJHFISRc+bl7DK+mD3GSmy3PIJfAUtVHSIlp6Cf8E2KSBhqtmZd+24oZKGbPvTWlhcWl5ZLawV1zc2t7ZLO7tNE0RaYEMEKtBtFwwq6WODJClshxrBcxW23PFl5rfuURsZ+Dc0CbHnwciXQymAUqlf4nE3HxK7KsIke4Hi50n/mHdHeMftpF8q2xU7B58nzpSU2RT1fumrOwhE5KFPQoExHccOqReDJikUJsVuZDAEMYYRdlLqg4emF+dHJPwwMkABD1FzqXgu4u+OGDxjJp6bVnpAt2bWy8T/vE5Ew7NeLP0wIvRFtoikwnyREVqmESEfSI1EkF2OXPpcgAYi1JKDEKkYpZkV0zyc2d/Pk+ZxxalWqtcn5drFNJkC22cH7Ig57JTV2BWrswYT7IE9sWf2Yj1ar9ab9f5TumBNe/bYH1gf38T0ni0=</latexit>

A2 � 0

<latexit sha1_base64="Lrlsp+ShGDJNVISVKoFRrwtFYgc="></latexit>

s̄@t=0A2 +
3

2
A2 � 0

<latexit sha1_base64="qIr5rVkV7LzN+T6gzneH0pDa+dM=">AAACBnicbVDLTgJBEJz1ifha8ehlIjHBC9k1Bj0SjYk3MZFHAoT0Dg1MmH1kptdINtz9Cq968ma8+hse/BcX5KBgnSpV3enq8iIlDTnOp7W0vLK6tp7ZyG5ube/s2nu5mgljLbAqQhXqhgcGlQywSpIUNiKN4HsK697wcuLX71EbGQZ3NIqw7UM/kD0pgFKpY+duCi1Q0QA6SUuA4lfj446dd4rOFHyRuDOSZzNUOvZXqxuK2MeAhAJjmq4TUTsBTVIoHGdbscEIxBD62ExpAD6adjLNPuZHsQEKeYSaS8WnIv7eSMA3ZuR76aQPNDDz3kT8z2vG1DtvJzKIYsJATA6RVDg9ZISWaSnIu1IjEUySI5cBF6CBCLXkIEQqxmlL2bQPd/77RVI7KbqlYun2NF++mDWTYQfskBWYy85YmV2zCqsywR7YE3tmL9aj9Wq9We8/o0vWbGef/YH18Q3B45g5</latexit>

O(↵E)
<latexit sha1_base64="daW5XkvkT7qUpYLI/qQKacw8nEA=">AAACCHicbVDLTgJBEJz1ifjCx83LRGKCF7JLDHokGhNvYiKPBJD0Dg1MmH1kptcEN/yAX+FVT96MV//Cg//ighwUrFOlqjtdXW6opCHb/rQWFpeWV1ZTa+n1jc2t7czObtUEkRZYEYEKdN0Fg0r6WCFJCuuhRvBchTV3cDH2a/eojQz8WxqG2PKg58uuFECJ1M7sX+eaoMI+tOOmAMUvR3eF43Yma+ftCfg8caYky6YotzNfzU4gIg99EgqMaTh2SK0YNEmhcJRuRgZDEAPoYSOhPnhoWvEk/YgfRQYo4CFqLhWfiPh7IwbPmKHnJpMeUN/MemPxP68RUfesFUs/jAh9MT5EUuHkkBFaJrUg70iNRDBOjlz6XIAGItSSgxCJGCU9pZM+nNnv50m1kHeK+eLNSbZ0Pm0mxQ7YIcsxh52yErtiZVZhgj2wJ/bMXqxH69V6s95/Rhes6c4e+wPr4xv59Jjd</latexit>

O(↵2
E)

<latexit sha1_base64="buFNanub+vwDGzJ2MJNYsa+xma4=">AAACC3icbVC7TgJBFJ3FF+Jr1cLCZiIxsSK7xqAlakwsMREwAULuDhecMPvIzF0TstlP8CtstbIztn6Ehf/islIoeKoz59w7Z+Z4kZKGHOfTKiwsLi2vFFdLa+sbm1v29k7ThLEW2BChCvWdBwaVDLBBkhTeRRrB9xS2vNHlxG89oDYyDG5pHGHXh2EgB1IAZVLP3ks6+SWJxn563stOoPhVmvbsslNxcvB54k5JmU1R79lfnX4oYh8DEgqMabtORN0ENEmhMC11YoMRiBEMsZ3RAHw03STPTvlhbIBCHqHmUvFcxN8bCfjGjH0vm/SB7s2sNxH/89oxDc66iQyimDAQkyCSCvMgI7TMmkHelxqJYPJy5DLgAjQQoZYchMjEOKuqlPXhzv5+njSPK261Ur05Kdcups0U2T47YEfMZaesxq5ZnTWYYCl7Ys/sxXq0Xq036/1ntGBNd3bZH1gf3zEWm1A=</latexit>

AE
<latexit sha1_base64="mIZ3cgFuemzHnGW/UZSYAw/86eY=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpCg1lkMhDcqzofNmEI+ezdbdGClb+gRYqOkTL31DwL9jGBSRMNZrZ1c6OH0lh0LY/raXlldW19dJGeXNre2e3srffMWGsObR5KEPd85kBKRS0UaCEXqSBBb6Erj+5yvzuA2gjQnWL0wi8gI2VGAnOMJU6l/2mGLuDStWu2TnoInEKUiUFWoPKV38Y8jgAhVwyY1zHjtBLmEbBJczK/dhAxPiEjcFNqWIBGC/J087ocWwYhjQCTYWkuQi/NxIWGDMN/HQyYHhn5r1M/M9zYxxdeIlQUYygeHYIhYT8kOFapDUAHQoNiCxLDlQoyplmiKAFZZynYpz2Uk77cOa/XySd05pTr9VvzqqNZtFMiRySI3JCHHJOGuSatEibcHJPnsgzebEerVfrzXr/GV2yip0D8gfWxzez+ZNM</latexit>

=
h <latexit sha1_base64="q02aXLr/h8FmfIbx1lGyrX2V20s=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxInfGoCXBxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSu6gJSfesFqz63YOvkqcgtRYgfaw+jUYRSIJMCShwJi+Y8fkzUGTFAoXlUFiMAYxhQn2UxpCgMab52EX/CwxQBGPUXOpeC7i7405BMbMAj+dDIAezLKXif95/YTG195chnFCGIrsEEmF+SEjtExbQD6SGokgS45chlyABiLUkoMQqZiktVTSPpzl71dJ56LuNOqNu8tas1U0U2Yn7JSdM4ddsSa7ZW3mMsEke2LP7MWaWa/Wm/X+M1qyip1j9gfWxzcx3JMH</latexit>i

<latexit sha1_base64="RFeulObKVYs7+sOnS9T2tgbSthM=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVnS+bMKR89m6WyMFK/9ACxUdouVvKPgXzsYFJEw1mtnV7E4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982UaI5tHgkI90NmAEpFLRQoIRurIGFgYROMLnK/M4DaCMidYvTGPyQjZUYCc7QSu0+ihDMoFJ1a24Ouki8glRJgeag8tUfRjwJQSGXzJie58bop0yj4BJm5X5iIGZ8wsbQs1QxG+Kn+bUzepwYhhGNQVMhaS7C742UhcZMw8BOhgzvzLyXif95vQRHF34qVJwgKJ4FoZCQBxmuha0B6FBoQGTZ5UCFopxphghaUMa5FRPbS9n24c1/v0japzWvXqvfnFUbl0UzJXJIjsgJ8cg5aZBr0iQtwsk9eSLP5MV5dF6dN+f9Z3TJKXYOyB84H99whpPE</latexit>⇥

<latexit sha1_base64="GCtESMsPU2q1Xnde10NDke3apUQ=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRCjRIETSUAZGHlETR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdcblBJX1skiSFnVAj91yFbXdyk/rtKWojA/+BZiH2PT725UgKTol0f2UPyhW7amdgy8TJSQVyNAblr94wEJGHPgnFjek6dkj9mGuSQuG81IsMhlxM+Bi7CfW5h6YfZ0nn7CQynAIWomZSsUzE3xsx94yZeW4y6XF6NIteKv7ndSMaXfZj6YcRoS/SQyQVZoeM0DKpANlQaiTiaXJk0meCa06EWjIuRCJGSSelpA9n8ftl0jqrOrVq7e68Ur/OmynCERzDKThwAXW4hQY0QcAInuAZXqyp9Wq9We8/owUr3zmEP7A+vgGeIpGL</latexit>

= 0 exclusively…



Bounds for charged/neutral pions 
<latexit sha1_base64="RfAm4Rt3cCAIdK29K8tc9Y7wleg=">AAACC3icdVDJSgNBEO2JW4xb1IMHL41BEIRhJonJHINePEYwCyQx9HQqsUnPQneNEEI+wa/wqidv4tWP8OC/ODNGXNB3aF69V0V1PTeUQqNlvRqZhcWl5ZXsam5tfWNzK7+909RBpDg0eCAD1XaZBil8aKBACe1QAfNcCS13fJb4rRtQWgT+JU5C6Hls5Iuh4AxjqZ/f64bi6jh5rC4GX0U/X7BM265WylVqmWWnWDopxcSpOuWSTW3TSlEgc9T7+bfuIOCRBz5yybTu2FaIvSlTKLiEWa4baQgZH7MRdGLqMw90b5oeMKOHkWYY0BAUFZKmInyfmDJP64nnxp0ew2v920vEv7xOhEOnNxV+GCH4PFmEQkK6SHMl4mSADoQCRJb8HKjwKWeKIYISlHEei1EcVS7O4/No+j9pFk27YlYuyoXa6TyZLNknB+SI2KRKauSc1EmDcDIjd+SePBi3xqPxZDx/tGaM+cwu+QHj5R0sKZq0</latexit>

⇡+⇡0 ! ⇡+⇡0

Loop level:

Positivity Bounds: 
<latexit sha1_base64="9rPXzFM4SlfKLcQr/2kouQH0nDU=">AAACFHicbVC5TsNAFFxzhnAFKGlWREhUkY1QoAzQUAaJHFISRc+bl7DK+mD3GSmy3PIJfAUtVHSIlp6Cf8E2KSBhqtmZd+24oZKGbPvTWlhcWl5ZLawV1zc2t7ZLO7tNE0RaYEMEKtBtFwwq6WODJClshxrBcxW23PFl5rfuURsZ+Dc0CbHnwciXQymAUqlf4nE3HxK7KsIke4Hi50n/mHdHeMftpF8q2xU7B58nzpSU2RT1fumrOwhE5KFPQoExHccOqReDJikUJsVuZDAEMYYRdlLqg4emF+dHJPwwMkABD1FzqXgu4u+OGDxjJp6bVnpAt2bWy8T/vE5Ew7NeLP0wIvRFtoikwnyREVqmESEfSI1EkF2OXPpcgAYi1JKDEKkYpZkV0zyc2d/Pk+ZxxalWqtcn5drFNJkC22cH7Ig57JTV2BWrswYT7IE9sWf2Yj1ar9ab9f5TumBNe/bYH1gf38T0ni0=</latexit>

A2 � 0

<latexit sha1_base64="Lrlsp+ShGDJNVISVKoFRrwtFYgc="></latexit>

s̄@t=0A2 +
3

2
A2 � 0

<latexit sha1_base64="qIr5rVkV7LzN+T6gzneH0pDa+dM=">AAACBnicbVDLTgJBEJz1ifha8ehlIjHBC9k1Bj0SjYk3MZFHAoT0Dg1MmH1kptdINtz9Cq968ma8+hse/BcX5KBgnSpV3enq8iIlDTnOp7W0vLK6tp7ZyG5ube/s2nu5mgljLbAqQhXqhgcGlQywSpIUNiKN4HsK697wcuLX71EbGQZ3NIqw7UM/kD0pgFKpY+duCi1Q0QA6SUuA4lfj446dd4rOFHyRuDOSZzNUOvZXqxuK2MeAhAJjmq4TUTsBTVIoHGdbscEIxBD62ExpAD6adjLNPuZHsQEKeYSaS8WnIv7eSMA3ZuR76aQPNDDz3kT8z2vG1DtvJzKIYsJATA6RVDg9ZISWaSnIu1IjEUySI5cBF6CBCLXkIEQqxmlL2bQPd/77RVI7KbqlYun2NF++mDWTYQfskBWYy85YmV2zCqsywR7YE3tmL9aj9Wq9We8/o0vWbGef/YH18Q3B45g5</latexit>

O(↵E)
<latexit sha1_base64="daW5XkvkT7qUpYLI/qQKacw8nEA=">AAACCHicbVDLTgJBEJz1ifjCx83LRGKCF7JLDHokGhNvYiKPBJD0Dg1MmH1kptcEN/yAX+FVT96MV//Cg//ighwUrFOlqjtdXW6opCHb/rQWFpeWV1ZTa+n1jc2t7czObtUEkRZYEYEKdN0Fg0r6WCFJCuuhRvBchTV3cDH2a/eojQz8WxqG2PKg58uuFECJ1M7sX+eaoMI+tOOmAMUvR3eF43Yma+ftCfg8caYky6YotzNfzU4gIg99EgqMaTh2SK0YNEmhcJRuRgZDEAPoYSOhPnhoWvEk/YgfRQYo4CFqLhWfiPh7IwbPmKHnJpMeUN/MemPxP68RUfesFUs/jAh9MT5EUuHkkBFaJrUg70iNRDBOjlz6XIAGItSSgxCJGCU9pZM+nNnv50m1kHeK+eLNSbZ0Pm0mxQ7YIcsxh52yErtiZVZhgj2wJ/bMXqxH69V6s95/Rhes6c4e+wPr4xv59Jjd</latexit>

O(↵2
E)

<latexit sha1_base64="buFNanub+vwDGzJ2MJNYsa+xma4=">AAACC3icbVC7TgJBFJ3FF+Jr1cLCZiIxsSK7xqAlakwsMREwAULuDhecMPvIzF0TstlP8CtstbIztn6Ehf/islIoeKoz59w7Z+Z4kZKGHOfTKiwsLi2vFFdLa+sbm1v29k7ThLEW2BChCvWdBwaVDLBBkhTeRRrB9xS2vNHlxG89oDYyDG5pHGHXh2EgB1IAZVLP3ks6+SWJxn563stOoPhVmvbsslNxcvB54k5JmU1R79lfnX4oYh8DEgqMabtORN0ENEmhMC11YoMRiBEMsZ3RAHw03STPTvlhbIBCHqHmUvFcxN8bCfjGjH0vm/SB7s2sNxH/89oxDc66iQyimDAQkyCSCvMgI7TMmkHelxqJYPJy5DLgAjQQoZYchMjEOKuqlPXhzv5+njSPK261Ur05Kdcups0U2T47YEfMZaesxq5ZnTWYYCl7Ys/sxXq0Xq036/1ntGBNd3bZH1gf3zEWm1A=</latexit>

AE
<latexit sha1_base64="mIZ3cgFuemzHnGW/UZSYAw/86eY=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpCg1lkMhDcqzofNmEI+ezdbdGClb+gRYqOkTL31DwL9jGBSRMNZrZ1c6OH0lh0LY/raXlldW19dJGeXNre2e3srffMWGsObR5KEPd85kBKRS0UaCEXqSBBb6Erj+5yvzuA2gjQnWL0wi8gI2VGAnOMJU6l/2mGLuDStWu2TnoInEKUiUFWoPKV38Y8jgAhVwyY1zHjtBLmEbBJczK/dhAxPiEjcFNqWIBGC/J087ocWwYhjQCTYWkuQi/NxIWGDMN/HQyYHhn5r1M/M9zYxxdeIlQUYygeHYIhYT8kOFapDUAHQoNiCxLDlQoyplmiKAFZZynYpz2Uk77cOa/XySd05pTr9VvzqqNZtFMiRySI3JCHHJOGuSatEibcHJPnsgzebEerVfrzXr/GV2yip0D8gfWxzez+ZNM</latexit>

=
h <latexit sha1_base64="q02aXLr/h8FmfIbx1lGyrX2V20s=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxInfGoCXBxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSu6gJSfesFqz63YOvkqcgtRYgfaw+jUYRSIJMCShwJi+Y8fkzUGTFAoXlUFiMAYxhQn2UxpCgMab52EX/CwxQBGPUXOpeC7i7405BMbMAj+dDIAezLKXif95/YTG195chnFCGIrsEEmF+SEjtExbQD6SGokgS45chlyABiLUkoMQqZiktVTSPpzl71dJ56LuNOqNu8tas1U0U2Yn7JSdM4ddsSa7ZW3mMsEke2LP7MWaWa/Wm/X+M1qyip1j9gfWxzcx3JMH</latexit>i

<latexit sha1_base64="RFeulObKVYs7+sOnS9T2tgbSthM=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVnS+bMKR89m6WyMFK/9ACxUdouVvKPgXzsYFJEw1mtnV7E4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982UaI5tHgkI90NmAEpFLRQoIRurIGFgYROMLnK/M4DaCMidYvTGPyQjZUYCc7QSu0+ihDMoFJ1a24Ouki8glRJgeag8tUfRjwJQSGXzJie58bop0yj4BJm5X5iIGZ8wsbQs1QxG+Kn+bUzepwYhhGNQVMhaS7C742UhcZMw8BOhgzvzLyXif95vQRHF34qVJwgKJ4FoZCQBxmuha0B6FBoQGTZ5UCFopxphghaUMa5FRPbS9n24c1/v0japzWvXqvfnFUbl0UzJXJIjsgJ8cg5aZBr0iQtwsk9eSLP5MV5dF6dN+f9Z3TJKXYOyB84H99whpPE</latexit>⇥

<latexit sha1_base64="GCtESMsPU2q1Xnde10NDke3apUQ=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRCjRIETSUAZGHlETR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdcblBJX1skiSFnVAj91yFbXdyk/rtKWojA/+BZiH2PT725UgKTol0f2UPyhW7amdgy8TJSQVyNAblr94wEJGHPgnFjek6dkj9mGuSQuG81IsMhlxM+Bi7CfW5h6YfZ0nn7CQynAIWomZSsUzE3xsx94yZeW4y6XF6NIteKv7ndSMaXfZj6YcRoS/SQyQVZoeM0DKpANlQaiTiaXJk0meCa06EWjIuRCJGSSelpA9n8ftl0jqrOrVq7e68Ur/OmynCERzDKThwAXW4hQY0QcAInuAZXqyp9Wq9We8/owUr3zmEP7A+vgGeIpGL</latexit>

= 0 exclusively…



Bounds for charged/neutral pions 
<latexit sha1_base64="RfAm4Rt3cCAIdK29K8tc9Y7wleg=">AAACC3icdVDJSgNBEO2JW4xb1IMHL41BEIRhJonJHINePEYwCyQx9HQqsUnPQneNEEI+wa/wqidv4tWP8OC/ODNGXNB3aF69V0V1PTeUQqNlvRqZhcWl5ZXsam5tfWNzK7+909RBpDg0eCAD1XaZBil8aKBACe1QAfNcCS13fJb4rRtQWgT+JU5C6Hls5Iuh4AxjqZ/f64bi6jh5rC4GX0U/X7BM265WylVqmWWnWDopxcSpOuWSTW3TSlEgc9T7+bfuIOCRBz5yybTu2FaIvSlTKLiEWa4baQgZH7MRdGLqMw90b5oeMKOHkWYY0BAUFZKmInyfmDJP64nnxp0ew2v920vEv7xOhEOnNxV+GCH4PFmEQkK6SHMl4mSADoQCRJb8HKjwKWeKIYISlHEei1EcVS7O4/No+j9pFk27YlYuyoXa6TyZLNknB+SI2KRKauSc1EmDcDIjd+SePBi3xqPxZDx/tGaM+cwu+QHj5R0sKZq0</latexit>

⇡+⇡0 ! ⇡+⇡0

Loop level:

Positivity Bounds: 
<latexit sha1_base64="9rPXzFM4SlfKLcQr/2kouQH0nDU=">AAACFHicbVC5TsNAFFxzhnAFKGlWREhUkY1QoAzQUAaJHFISRc+bl7DK+mD3GSmy3PIJfAUtVHSIlp6Cf8E2KSBhqtmZd+24oZKGbPvTWlhcWl5ZLawV1zc2t7ZLO7tNE0RaYEMEKtBtFwwq6WODJClshxrBcxW23PFl5rfuURsZ+Dc0CbHnwciXQymAUqlf4nE3HxK7KsIke4Hi50n/mHdHeMftpF8q2xU7B58nzpSU2RT1fumrOwhE5KFPQoExHccOqReDJikUJsVuZDAEMYYRdlLqg4emF+dHJPwwMkABD1FzqXgu4u+OGDxjJp6bVnpAt2bWy8T/vE5Ew7NeLP0wIvRFtoikwnyREVqmESEfSI1EkF2OXPpcgAYi1JKDEKkYpZkV0zyc2d/Pk+ZxxalWqtcn5drFNJkC22cH7Ig57JTV2BWrswYT7IE9sWf2Yj1ar9ab9f5TumBNe/bYH1gf38T0ni0=</latexit>

A2 � 0

<latexit sha1_base64="Lrlsp+ShGDJNVISVKoFRrwtFYgc="></latexit>

s̄@t=0A2 +
3

2
A2 � 0

<latexit sha1_base64="qIr5rVkV7LzN+T6gzneH0pDa+dM=">AAACBnicbVDLTgJBEJz1ifha8ehlIjHBC9k1Bj0SjYk3MZFHAoT0Dg1MmH1kptdINtz9Cq968ma8+hse/BcX5KBgnSpV3enq8iIlDTnOp7W0vLK6tp7ZyG5ube/s2nu5mgljLbAqQhXqhgcGlQywSpIUNiKN4HsK697wcuLX71EbGQZ3NIqw7UM/kD0pgFKpY+duCi1Q0QA6SUuA4lfj446dd4rOFHyRuDOSZzNUOvZXqxuK2MeAhAJjmq4TUTsBTVIoHGdbscEIxBD62ExpAD6adjLNPuZHsQEKeYSaS8WnIv7eSMA3ZuR76aQPNDDz3kT8z2vG1DtvJzKIYsJATA6RVDg9ZISWaSnIu1IjEUySI5cBF6CBCLXkIEQqxmlL2bQPd/77RVI7KbqlYun2NF++mDWTYQfskBWYy85YmV2zCqsywR7YE3tmL9aj9Wq9We8/o0vWbGef/YH18Q3B45g5</latexit>

O(↵E)
<latexit sha1_base64="daW5XkvkT7qUpYLI/qQKacw8nEA=">AAACCHicbVDLTgJBEJz1ifjCx83LRGKCF7JLDHokGhNvYiKPBJD0Dg1MmH1kptcEN/yAX+FVT96MV//Cg//ighwUrFOlqjtdXW6opCHb/rQWFpeWV1ZTa+n1jc2t7czObtUEkRZYEYEKdN0Fg0r6WCFJCuuhRvBchTV3cDH2a/eojQz8WxqG2PKg58uuFECJ1M7sX+eaoMI+tOOmAMUvR3eF43Yma+ftCfg8caYky6YotzNfzU4gIg99EgqMaTh2SK0YNEmhcJRuRgZDEAPoYSOhPnhoWvEk/YgfRQYo4CFqLhWfiPh7IwbPmKHnJpMeUN/MemPxP68RUfesFUs/jAh9MT5EUuHkkBFaJrUg70iNRDBOjlz6XIAGItSSgxCJGCU9pZM+nNnv50m1kHeK+eLNSbZ0Pm0mxQ7YIcsxh52yErtiZVZhgj2wJ/bMXqxH69V6s95/Rhes6c4e+wPr4xv59Jjd</latexit>

O(↵2
E)

<latexit sha1_base64="buFNanub+vwDGzJ2MJNYsa+xma4=">AAACC3icbVC7TgJBFJ3FF+Jr1cLCZiIxsSK7xqAlakwsMREwAULuDhecMPvIzF0TstlP8CtstbIztn6Ehf/islIoeKoz59w7Z+Z4kZKGHOfTKiwsLi2vFFdLa+sbm1v29k7ThLEW2BChCvWdBwaVDLBBkhTeRRrB9xS2vNHlxG89oDYyDG5pHGHXh2EgB1IAZVLP3ks6+SWJxn563stOoPhVmvbsslNxcvB54k5JmU1R79lfnX4oYh8DEgqMabtORN0ENEmhMC11YoMRiBEMsZ3RAHw03STPTvlhbIBCHqHmUvFcxN8bCfjGjH0vm/SB7s2sNxH/89oxDc66iQyimDAQkyCSCvMgI7TMmkHelxqJYPJy5DLgAjQQoZYchMjEOKuqlPXhzv5+njSPK261Ur05Kdcups0U2T47YEfMZaesxq5ZnTWYYCl7Ys/sxXq0Xq036/1ntGBNd3bZH1gf3zEWm1A=</latexit>

AE
<latexit sha1_base64="mIZ3cgFuemzHnGW/UZSYAw/86eY=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpCg1lkMhDcqzofNmEI+ezdbdGClb+gRYqOkTL31DwL9jGBSRMNZrZ1c6OH0lh0LY/raXlldW19dJGeXNre2e3srffMWGsObR5KEPd85kBKRS0UaCEXqSBBb6Erj+5yvzuA2gjQnWL0wi8gI2VGAnOMJU6l/2mGLuDStWu2TnoInEKUiUFWoPKV38Y8jgAhVwyY1zHjtBLmEbBJczK/dhAxPiEjcFNqWIBGC/J087ocWwYhjQCTYWkuQi/NxIWGDMN/HQyYHhn5r1M/M9zYxxdeIlQUYygeHYIhYT8kOFapDUAHQoNiCxLDlQoyplmiKAFZZynYpz2Uk77cOa/XySd05pTr9VvzqqNZtFMiRySI3JCHHJOGuSatEibcHJPnsgzebEerVfrzXr/GV2yip0D8gfWxzez+ZNM</latexit>

=
h <latexit sha1_base64="q02aXLr/h8FmfIbx1lGyrX2V20s=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxInfGoCXBxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSu6gJSfesFqz63YOvkqcgtRYgfaw+jUYRSIJMCShwJi+Y8fkzUGTFAoXlUFiMAYxhQn2UxpCgMab52EX/CwxQBGPUXOpeC7i7405BMbMAj+dDIAezLKXif95/YTG195chnFCGIrsEEmF+SEjtExbQD6SGokgS45chlyABiLUkoMQqZiktVTSPpzl71dJ56LuNOqNu8tas1U0U2Yn7JSdM4ddsSa7ZW3mMsEke2LP7MWaWa/Wm/X+M1qyip1j9gfWxzcx3JMH</latexit>i

<latexit sha1_base64="RFeulObKVYs7+sOnS9T2tgbSthM=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVnS+bMKR89m6WyMFK/9ACxUdouVvKPgXzsYFJEw1mtnV7E4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982UaI5tHgkI90NmAEpFLRQoIRurIGFgYROMLnK/M4DaCMidYvTGPyQjZUYCc7QSu0+ihDMoFJ1a24Ouki8glRJgeag8tUfRjwJQSGXzJie58bop0yj4BJm5X5iIGZ8wsbQs1QxG+Kn+bUzepwYhhGNQVMhaS7C742UhcZMw8BOhgzvzLyXif95vQRHF34qVJwgKJ4FoZCQBxmuha0B6FBoQGTZ5UCFopxphghaUMa5FRPbS9n24c1/v0japzWvXqvfnFUbl0UzJXJIjsgJ8cg5aZBr0iQtwsk9eSLP5MV5dF6dN+f9Z3TJKXYOyB84H99whpPE</latexit>⇥

 - exact in <latexit sha1_base64="C4lcj65e7IBF9wNWbFHucdb/a9U=">AAACA3icdVDLSgNBEJz1bXxFPXoZDIKnZTdZkxxFETwqGBWyS+iddJIhsw9megVZcvQrvOrJm3j1Qzz4L25iBBWtU1HVTVdXmCppyHHerJnZufmFxaXl0srq2vpGeXPr0iSZFtgSiUr0dQgGlYyxRZIUXqcaIQoVXoXD47F/dYPayCS+oNsUgwj6sexJAVRInfKGDyodQCf3BSh+MuqUK47tuo261+CO7TWrtYNaQZqNpldzuWs7E1TYFGed8rvfTUQWYUxCgTFt10kpyEGTFApHJT8zmIIYQh/bBY0hQhPkk+AjvpcZoISnqLlUfCLi940cImNuo7CYjIAG5rc3Fv/y2hn1mkEu4zQjjMX4EEmFk0NGaFk0grwrNRLBODlyGXMBGohQSw5CFGJWVFQq+vh6mv9PLqu2W7fr517l8GjazBLbYbtsn7mswQ7ZKTtjLSZYxu7ZA3u07qwn69l6+RydsaY72+wHrNcPxZqXzQ==</latexit>↵E
<latexit sha1_base64="sOsJLMJ81SMhO1srJlv4EILG04g="></latexit>

O(↵1
E )

<latexit sha1_base64="GCtESMsPU2q1Xnde10NDke3apUQ=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRCjRIETSUAZGHlETR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdcblBJX1skiSFnVAj91yFbXdyk/rtKWojA/+BZiH2PT725UgKTol0f2UPyhW7amdgy8TJSQVyNAblr94wEJGHPgnFjek6dkj9mGuSQuG81IsMhlxM+Bi7CfW5h6YfZ0nn7CQynAIWomZSsUzE3xsx94yZeW4y6XF6NIteKv7ndSMaXfZj6YcRoS/SQyQVZoeM0DKpANlQaiTiaXJk0meCa06EWjIuRCJGSSelpA9n8ftl0jqrOrVq7e68Ur/OmynCERzDKThwAXW4hQY0QcAInuAZXqyp9Wq9We8/owUr3zmEP7A+vgGeIpGL</latexit>

= 0 exclusively…



Bounds for charged/neutral pions 
<latexit sha1_base64="RfAm4Rt3cCAIdK29K8tc9Y7wleg=">AAACC3icdVDJSgNBEO2JW4xb1IMHL41BEIRhJonJHINePEYwCyQx9HQqsUnPQneNEEI+wa/wqidv4tWP8OC/ODNGXNB3aF69V0V1PTeUQqNlvRqZhcWl5ZXsam5tfWNzK7+909RBpDg0eCAD1XaZBil8aKBACe1QAfNcCS13fJb4rRtQWgT+JU5C6Hls5Iuh4AxjqZ/f64bi6jh5rC4GX0U/X7BM265WylVqmWWnWDopxcSpOuWSTW3TSlEgc9T7+bfuIOCRBz5yybTu2FaIvSlTKLiEWa4baQgZH7MRdGLqMw90b5oeMKOHkWYY0BAUFZKmInyfmDJP64nnxp0ew2v920vEv7xOhEOnNxV+GCH4PFmEQkK6SHMl4mSADoQCRJb8HKjwKWeKIYISlHEei1EcVS7O4/No+j9pFk27YlYuyoXa6TyZLNknB+SI2KRKauSc1EmDcDIjd+SePBi3xqPxZDx/tGaM+cwu+QHj5R0sKZq0</latexit>

⇡+⇡0 ! ⇡+⇡0

Loop level:

Positivity Bounds: 
<latexit sha1_base64="9rPXzFM4SlfKLcQr/2kouQH0nDU=">AAACFHicbVC5TsNAFFxzhnAFKGlWREhUkY1QoAzQUAaJHFISRc+bl7DK+mD3GSmy3PIJfAUtVHSIlp6Cf8E2KSBhqtmZd+24oZKGbPvTWlhcWl5ZLawV1zc2t7ZLO7tNE0RaYEMEKtBtFwwq6WODJClshxrBcxW23PFl5rfuURsZ+Dc0CbHnwciXQymAUqlf4nE3HxK7KsIke4Hi50n/mHdHeMftpF8q2xU7B58nzpSU2RT1fumrOwhE5KFPQoExHccOqReDJikUJsVuZDAEMYYRdlLqg4emF+dHJPwwMkABD1FzqXgu4u+OGDxjJp6bVnpAt2bWy8T/vE5Ew7NeLP0wIvRFtoikwnyREVqmESEfSI1EkF2OXPpcgAYi1JKDEKkYpZkV0zyc2d/Pk+ZxxalWqtcn5drFNJkC22cH7Ig57JTV2BWrswYT7IE9sWf2Yj1ar9ab9f5TumBNe/bYH1gf38T0ni0=</latexit>

A2 � 0

<latexit sha1_base64="Lrlsp+ShGDJNVISVKoFRrwtFYgc="></latexit>

s̄@t=0A2 +
3

2
A2 � 0

<latexit sha1_base64="qIr5rVkV7LzN+T6gzneH0pDa+dM=">AAACBnicbVDLTgJBEJz1ifha8ehlIjHBC9k1Bj0SjYk3MZFHAoT0Dg1MmH1kptdINtz9Cq968ma8+hse/BcX5KBgnSpV3enq8iIlDTnOp7W0vLK6tp7ZyG5ube/s2nu5mgljLbAqQhXqhgcGlQywSpIUNiKN4HsK697wcuLX71EbGQZ3NIqw7UM/kD0pgFKpY+duCi1Q0QA6SUuA4lfj446dd4rOFHyRuDOSZzNUOvZXqxuK2MeAhAJjmq4TUTsBTVIoHGdbscEIxBD62ExpAD6adjLNPuZHsQEKeYSaS8WnIv7eSMA3ZuR76aQPNDDz3kT8z2vG1DtvJzKIYsJATA6RVDg9ZISWaSnIu1IjEUySI5cBF6CBCLXkIEQqxmlL2bQPd/77RVI7KbqlYun2NF++mDWTYQfskBWYy85YmV2zCqsywR7YE3tmL9aj9Wq9We8/o0vWbGef/YH18Q3B45g5</latexit>

O(↵E)
<latexit sha1_base64="daW5XkvkT7qUpYLI/qQKacw8nEA=">AAACCHicbVDLTgJBEJz1ifjCx83LRGKCF7JLDHokGhNvYiKPBJD0Dg1MmH1kptcEN/yAX+FVT96MV//Cg//ighwUrFOlqjtdXW6opCHb/rQWFpeWV1ZTa+n1jc2t7czObtUEkRZYEYEKdN0Fg0r6WCFJCuuhRvBchTV3cDH2a/eojQz8WxqG2PKg58uuFECJ1M7sX+eaoMI+tOOmAMUvR3eF43Yma+ftCfg8caYky6YotzNfzU4gIg99EgqMaTh2SK0YNEmhcJRuRgZDEAPoYSOhPnhoWvEk/YgfRQYo4CFqLhWfiPh7IwbPmKHnJpMeUN/MemPxP68RUfesFUs/jAh9MT5EUuHkkBFaJrUg70iNRDBOjlz6XIAGItSSgxCJGCU9pZM+nNnv50m1kHeK+eLNSbZ0Pm0mxQ7YIcsxh52yErtiZVZhgj2wJ/bMXqxH69V6s95/Rhes6c4e+wPr4xv59Jjd</latexit>

O(↵2
E)

<latexit sha1_base64="buFNanub+vwDGzJ2MJNYsa+xma4=">AAACC3icbVC7TgJBFJ3FF+Jr1cLCZiIxsSK7xqAlakwsMREwAULuDhecMPvIzF0TstlP8CtstbIztn6Ehf/islIoeKoz59w7Z+Z4kZKGHOfTKiwsLi2vFFdLa+sbm1v29k7ThLEW2BChCvWdBwaVDLBBkhTeRRrB9xS2vNHlxG89oDYyDG5pHGHXh2EgB1IAZVLP3ks6+SWJxn563stOoPhVmvbsslNxcvB54k5JmU1R79lfnX4oYh8DEgqMabtORN0ENEmhMC11YoMRiBEMsZ3RAHw03STPTvlhbIBCHqHmUvFcxN8bCfjGjH0vm/SB7s2sNxH/89oxDc66iQyimDAQkyCSCvMgI7TMmkHelxqJYPJy5DLgAjQQoZYchMjEOKuqlPXhzv5+njSPK261Ur05Kdcups0U2T47YEfMZaesxq5ZnTWYYCl7Ys/sxXq0Xq036/1ntGBNd3bZH1gf3zEWm1A=</latexit>

AE
<latexit sha1_base64="mIZ3cgFuemzHnGW/UZSYAw/86eY=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpCg1lkMhDcqzofNmEI+ezdbdGClb+gRYqOkTL31DwL9jGBSRMNZrZ1c6OH0lh0LY/raXlldW19dJGeXNre2e3srffMWGsObR5KEPd85kBKRS0UaCEXqSBBb6Erj+5yvzuA2gjQnWL0wi8gI2VGAnOMJU6l/2mGLuDStWu2TnoInEKUiUFWoPKV38Y8jgAhVwyY1zHjtBLmEbBJczK/dhAxPiEjcFNqWIBGC/J087ocWwYhjQCTYWkuQi/NxIWGDMN/HQyYHhn5r1M/M9zYxxdeIlQUYygeHYIhYT8kOFapDUAHQoNiCxLDlQoyplmiKAFZZynYpz2Uk77cOa/XySd05pTr9VvzqqNZtFMiRySI3JCHHJOGuSatEibcHJPnsgzebEerVfrzXr/GV2yip0D8gfWxzez+ZNM</latexit>

=
h <latexit sha1_base64="q02aXLr/h8FmfIbx1lGyrX2V20s=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxInfGoCXBxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSu6gJSfesFqz63YOvkqcgtRYgfaw+jUYRSIJMCShwJi+Y8fkzUGTFAoXlUFiMAYxhQn2UxpCgMab52EX/CwxQBGPUXOpeC7i7405BMbMAj+dDIAezLKXif95/YTG195chnFCGIrsEEmF+SEjtExbQD6SGokgS45chlyABiLUkoMQqZiktVTSPpzl71dJ56LuNOqNu8tas1U0U2Yn7JSdM4ddsSa7ZW3mMsEke2LP7MWaWa/Wm/X+M1qyip1j9gfWxzcx3JMH</latexit>i

<latexit sha1_base64="RFeulObKVYs7+sOnS9T2tgbSthM=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVnS+bMKR89m6WyMFK/9ACxUdouVvKPgXzsYFJEw1mtnV7E4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982UaI5tHgkI90NmAEpFLRQoIRurIGFgYROMLnK/M4DaCMidYvTGPyQjZUYCc7QSu0+ihDMoFJ1a24Ouki8glRJgeag8tUfRjwJQSGXzJie58bop0yj4BJm5X5iIGZ8wsbQs1QxG+Kn+bUzepwYhhGNQVMhaS7C742UhcZMw8BOhgzvzLyXif95vQRHF34qVJwgKJ4FoZCQBxmuha0B6FBoQGTZ5UCFopxphghaUMa5FRPbS9n24c1/v0japzWvXqvfnFUbl0UzJXJIjsgJ8cg5aZBr0iQtwsk9eSLP5MV5dF6dN+f9Z3TJKXYOyB84H99whpPE</latexit>⇥

 - exact in <latexit sha1_base64="C4lcj65e7IBF9wNWbFHucdb/a9U=">AAACA3icdVDLSgNBEJz1bXxFPXoZDIKnZTdZkxxFETwqGBWyS+iddJIhsw9megVZcvQrvOrJm3j1Qzz4L25iBBWtU1HVTVdXmCppyHHerJnZufmFxaXl0srq2vpGeXPr0iSZFtgSiUr0dQgGlYyxRZIUXqcaIQoVXoXD47F/dYPayCS+oNsUgwj6sexJAVRInfKGDyodQCf3BSh+MuqUK47tuo261+CO7TWrtYNaQZqNpldzuWs7E1TYFGed8rvfTUQWYUxCgTFt10kpyEGTFApHJT8zmIIYQh/bBY0hQhPkk+AjvpcZoISnqLlUfCLi940cImNuo7CYjIAG5rc3Fv/y2hn1mkEu4zQjjMX4EEmFk0NGaFk0grwrNRLBODlyGXMBGohQSw5CFGJWVFQq+vh6mv9PLqu2W7fr517l8GjazBLbYbtsn7mswQ7ZKTtjLSZYxu7ZA3u07qwn69l6+RydsaY72+wHrNcPxZqXzQ==</latexit>↵E
<latexit sha1_base64="sOsJLMJ81SMhO1srJlv4EILG04g="></latexit>

O(↵1
E )

approx in   
  not valid

<latexit sha1_base64="vv6bfSUxh9HB/xPuRdfF8PG3eFY=">AAAB+HicdVC7TsNAEDzzDOEVoKQ5ESFRWXaUOEmHoKEMEkmQEgutLwscnB+6WyOFiH+ghYoO0fI3FPwLtgkSIJhqNLOrnZ0gUdKQ47xZM7Nz8wuLpaXy8srq2nplY7Nn4lQL7IpYxfo0AINKRtglSQpPE40QBgr7wfVh7vdvUBsZRyc0TtAP4SKS51IAZVJvCCq5hLNK1bHbLa/RanPHdmttx6vnpN5o1hzu2k6BKpuic1Z5H45ikYYYkVBgzMB1EvInoEkKhXflYWowAXENFzjIaAQhGn9SpL3ju6kBinmCmkvFCxG/b0wgNGYcBtlkCHRpfnu5+Jc3SOm85U9klKSEkcgPkVRYHDJCy6wG5COpkQjy5MhlxAVoIEItOQiRiWnWSznr4+tp/j/p1WzXs73jenX/YNpMiW2zHbbHXNZk++yIdViXCXbF7tkDe7RurSfr2Xr5HJ2xpjtb7Aes1w/Ft5P+</latexit>↵

<latexit sha1_base64="GCtESMsPU2q1Xnde10NDke3apUQ=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRCjRIETSUAZGHlETR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdcblBJX1skiSFnVAj91yFbXdyk/rtKWojA/+BZiH2PT725UgKTol0f2UPyhW7amdgy8TJSQVyNAblr94wEJGHPgnFjek6dkj9mGuSQuG81IsMhlxM+Bi7CfW5h6YfZ0nn7CQynAIWomZSsUzE3xsx94yZeW4y6XF6NIteKv7ndSMaXfZj6YcRoS/SQyQVZoeM0DKpANlQaiTiaXJk0meCa06EWjIuRCJGSSelpA9n8ftl0jqrOrVq7e68Ur/OmynCERzDKThwAXW4hQY0QcAInuAZXqyp9Wq9We8/owUr3zmEP7A+vgGeIpGL</latexit>

= 0 exclusively…



Bounds for charged/neutral pions 
<latexit sha1_base64="RfAm4Rt3cCAIdK29K8tc9Y7wleg=">AAACC3icdVDJSgNBEO2JW4xb1IMHL41BEIRhJonJHINePEYwCyQx9HQqsUnPQneNEEI+wa/wqidv4tWP8OC/ODNGXNB3aF69V0V1PTeUQqNlvRqZhcWl5ZXsam5tfWNzK7+909RBpDg0eCAD1XaZBil8aKBACe1QAfNcCS13fJb4rRtQWgT+JU5C6Hls5Iuh4AxjqZ/f64bi6jh5rC4GX0U/X7BM265WylVqmWWnWDopxcSpOuWSTW3TSlEgc9T7+bfuIOCRBz5yybTu2FaIvSlTKLiEWa4baQgZH7MRdGLqMw90b5oeMKOHkWYY0BAUFZKmInyfmDJP64nnxp0ew2v920vEv7xOhEOnNxV+GCH4PFmEQkK6SHMl4mSADoQCRJb8HKjwKWeKIYISlHEei1EcVS7O4/No+j9pFk27YlYuyoXa6TyZLNknB+SI2KRKauSc1EmDcDIjd+SePBi3xqPxZDx/tGaM+cwu+QHj5R0sKZq0</latexit>

⇡+⇡0 ! ⇡+⇡0

Loop level:

Positivity Bounds: 
<latexit sha1_base64="9rPXzFM4SlfKLcQr/2kouQH0nDU=">AAACFHicbVC5TsNAFFxzhnAFKGlWREhUkY1QoAzQUAaJHFISRc+bl7DK+mD3GSmy3PIJfAUtVHSIlp6Cf8E2KSBhqtmZd+24oZKGbPvTWlhcWl5ZLawV1zc2t7ZLO7tNE0RaYEMEKtBtFwwq6WODJClshxrBcxW23PFl5rfuURsZ+Dc0CbHnwciXQymAUqlf4nE3HxK7KsIke4Hi50n/mHdHeMftpF8q2xU7B58nzpSU2RT1fumrOwhE5KFPQoExHccOqReDJikUJsVuZDAEMYYRdlLqg4emF+dHJPwwMkABD1FzqXgu4u+OGDxjJp6bVnpAt2bWy8T/vE5Ew7NeLP0wIvRFtoikwnyREVqmESEfSI1EkF2OXPpcgAYi1JKDEKkYpZkV0zyc2d/Pk+ZxxalWqtcn5drFNJkC22cH7Ig57JTV2BWrswYT7IE9sWf2Yj1ar9ab9f5TumBNe/bYH1gf38T0ni0=</latexit>

A2 � 0

<latexit sha1_base64="Lrlsp+ShGDJNVISVKoFRrwtFYgc="></latexit>

s̄@t=0A2 +
3

2
A2 � 0

<latexit sha1_base64="qIr5rVkV7LzN+T6gzneH0pDa+dM=">AAACBnicbVDLTgJBEJz1ifha8ehlIjHBC9k1Bj0SjYk3MZFHAoT0Dg1MmH1kptdINtz9Cq968ma8+hse/BcX5KBgnSpV3enq8iIlDTnOp7W0vLK6tp7ZyG5ube/s2nu5mgljLbAqQhXqhgcGlQywSpIUNiKN4HsK697wcuLX71EbGQZ3NIqw7UM/kD0pgFKpY+duCi1Q0QA6SUuA4lfj446dd4rOFHyRuDOSZzNUOvZXqxuK2MeAhAJjmq4TUTsBTVIoHGdbscEIxBD62ExpAD6adjLNPuZHsQEKeYSaS8WnIv7eSMA3ZuR76aQPNDDz3kT8z2vG1DtvJzKIYsJATA6RVDg9ZISWaSnIu1IjEUySI5cBF6CBCLXkIEQqxmlL2bQPd/77RVI7KbqlYun2NF++mDWTYQfskBWYy85YmV2zCqsywR7YE3tmL9aj9Wq9We8/o0vWbGef/YH18Q3B45g5</latexit>

O(↵E)
<latexit sha1_base64="daW5XkvkT7qUpYLI/qQKacw8nEA=">AAACCHicbVDLTgJBEJz1ifjCx83LRGKCF7JLDHokGhNvYiKPBJD0Dg1MmH1kptcEN/yAX+FVT96MV//Cg//ighwUrFOlqjtdXW6opCHb/rQWFpeWV1ZTa+n1jc2t7czObtUEkRZYEYEKdN0Fg0r6WCFJCuuhRvBchTV3cDH2a/eojQz8WxqG2PKg58uuFECJ1M7sX+eaoMI+tOOmAMUvR3eF43Yma+ftCfg8caYky6YotzNfzU4gIg99EgqMaTh2SK0YNEmhcJRuRgZDEAPoYSOhPnhoWvEk/YgfRQYo4CFqLhWfiPh7IwbPmKHnJpMeUN/MemPxP68RUfesFUs/jAh9MT5EUuHkkBFaJrUg70iNRDBOjlz6XIAGItSSgxCJGCU9pZM+nNnv50m1kHeK+eLNSbZ0Pm0mxQ7YIcsxh52yErtiZVZhgj2wJ/bMXqxH69V6s95/Rhes6c4e+wPr4xv59Jjd</latexit>

O(↵2
E)

<latexit sha1_base64="buFNanub+vwDGzJ2MJNYsa+xma4=">AAACC3icbVC7TgJBFJ3FF+Jr1cLCZiIxsSK7xqAlakwsMREwAULuDhecMPvIzF0TstlP8CtstbIztn6Ehf/islIoeKoz59w7Z+Z4kZKGHOfTKiwsLi2vFFdLa+sbm1v29k7ThLEW2BChCvWdBwaVDLBBkhTeRRrB9xS2vNHlxG89oDYyDG5pHGHXh2EgB1IAZVLP3ks6+SWJxn563stOoPhVmvbsslNxcvB54k5JmU1R79lfnX4oYh8DEgqMabtORN0ENEmhMC11YoMRiBEMsZ3RAHw03STPTvlhbIBCHqHmUvFcxN8bCfjGjH0vm/SB7s2sNxH/89oxDc66iQyimDAQkyCSCvMgI7TMmkHelxqJYPJy5DLgAjQQoZYchMjEOKuqlPXhzv5+njSPK261Ur05Kdcups0U2T47YEfMZaesxq5ZnTWYYCl7Ys/sxXq0Xq036/1ntGBNd3bZH1gf3zEWm1A=</latexit>

AE
<latexit sha1_base64="mIZ3cgFuemzHnGW/UZSYAw/86eY=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpCg1lkMhDcqzofNmEI+ezdbdGClb+gRYqOkTL31DwL9jGBSRMNZrZ1c6OH0lh0LY/raXlldW19dJGeXNre2e3srffMWGsObR5KEPd85kBKRS0UaCEXqSBBb6Erj+5yvzuA2gjQnWL0wi8gI2VGAnOMJU6l/2mGLuDStWu2TnoInEKUiUFWoPKV38Y8jgAhVwyY1zHjtBLmEbBJczK/dhAxPiEjcFNqWIBGC/J087ocWwYhjQCTYWkuQi/NxIWGDMN/HQyYHhn5r1M/M9zYxxdeIlQUYygeHYIhYT8kOFapDUAHQoNiCxLDlQoyplmiKAFZZynYpz2Uk77cOa/XySd05pTr9VvzqqNZtFMiRySI3JCHHJOGuSatEibcHJPnsgzebEerVfrzXr/GV2yip0D8gfWxzez+ZNM</latexit>

=
h <latexit sha1_base64="q02aXLr/h8FmfIbx1lGyrX2V20s=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxInfGoCXBxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSu6gJSfesFqz63YOvkqcgtRYgfaw+jUYRSIJMCShwJi+Y8fkzUGTFAoXlUFiMAYxhQn2UxpCgMab52EX/CwxQBGPUXOpeC7i7405BMbMAj+dDIAezLKXif95/YTG195chnFCGIrsEEmF+SEjtExbQD6SGokgS45chlyABiLUkoMQqZiktVTSPpzl71dJ56LuNOqNu8tas1U0U2Yn7JSdM4ddsSa7ZW3mMsEke2LP7MWaWa/Wm/X+M1qyip1j9gfWxzcx3JMH</latexit>i

<latexit sha1_base64="RFeulObKVYs7+sOnS9T2tgbSthM=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVnS+bMKR89m6WyMFK/9ACxUdouVvKPgXzsYFJEw1mtnV7E4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982UaI5tHgkI90NmAEpFLRQoIRurIGFgYROMLnK/M4DaCMidYvTGPyQjZUYCc7QSu0+ihDMoFJ1a24Ouki8glRJgeag8tUfRjwJQSGXzJie58bop0yj4BJm5X5iIGZ8wsbQs1QxG+Kn+bUzepwYhhGNQVMhaS7C742UhcZMw8BOhgzvzLyXif95vQRHF34qVJwgKJ4FoZCQBxmuha0B6FBoQGTZ5UCFopxphghaUMa5FRPbS9n24c1/v0japzWvXqvfnFUbl0UzJXJIjsgJ8cg5aZBr0iQtwsk9eSLP5MV5dF6dN+f9Z3TJKXYOyB84H99whpPE</latexit>⇥

 - exact in <latexit sha1_base64="C4lcj65e7IBF9wNWbFHucdb/a9U=">AAACA3icdVDLSgNBEJz1bXxFPXoZDIKnZTdZkxxFETwqGBWyS+iddJIhsw9megVZcvQrvOrJm3j1Qzz4L25iBBWtU1HVTVdXmCppyHHerJnZufmFxaXl0srq2vpGeXPr0iSZFtgSiUr0dQgGlYyxRZIUXqcaIQoVXoXD47F/dYPayCS+oNsUgwj6sexJAVRInfKGDyodQCf3BSh+MuqUK47tuo261+CO7TWrtYNaQZqNpldzuWs7E1TYFGed8rvfTUQWYUxCgTFt10kpyEGTFApHJT8zmIIYQh/bBY0hQhPkk+AjvpcZoISnqLlUfCLi940cImNuo7CYjIAG5rc3Fv/y2hn1mkEu4zQjjMX4EEmFk0NGaFk0grwrNRLBODlyGXMBGohQSw5CFGJWVFQq+vh6mv9PLqu2W7fr517l8GjazBLbYbtsn7mswQ7ZKTtjLSZYxu7ZA3u07qwn69l6+RydsaY72+wHrNcPxZqXzQ==</latexit>↵E
<latexit sha1_base64="sOsJLMJ81SMhO1srJlv4EILG04g="></latexit>

O(↵1
E )

approx in   
  not valid

<latexit sha1_base64="vv6bfSUxh9HB/xPuRdfF8PG3eFY=">AAAB+HicdVC7TsNAEDzzDOEVoKQ5ESFRWXaUOEmHoKEMEkmQEgutLwscnB+6WyOFiH+ghYoO0fI3FPwLtgkSIJhqNLOrnZ0gUdKQ47xZM7Nz8wuLpaXy8srq2nplY7Nn4lQL7IpYxfo0AINKRtglSQpPE40QBgr7wfVh7vdvUBsZRyc0TtAP4SKS51IAZVJvCCq5hLNK1bHbLa/RanPHdmttx6vnpN5o1hzu2k6BKpuic1Z5H45ikYYYkVBgzMB1EvInoEkKhXflYWowAXENFzjIaAQhGn9SpL3ju6kBinmCmkvFCxG/b0wgNGYcBtlkCHRpfnu5+Jc3SOm85U9klKSEkcgPkVRYHDJCy6wG5COpkQjy5MhlxAVoIEItOQiRiWnWSznr4+tp/j/p1WzXs73jenX/YNpMiW2zHbbHXNZk++yIdViXCXbF7tkDe7RurSfr2Xr5HJ2xpjtb7Aes1w/Ft5P+</latexit>↵

Bound weaker

<latexit sha1_base64="GCtESMsPU2q1Xnde10NDke3apUQ=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRCjRIETSUAZGHlETR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdcblBJX1skiSFnVAj91yFbXdyk/rtKWojA/+BZiH2PT725UgKTol0f2UPyhW7amdgy8TJSQVyNAblr94wEJGHPgnFjek6dkj9mGuSQuG81IsMhlxM+Bi7CfW5h6YfZ0nn7CQynAIWomZSsUzE3xsx94yZeW4y6XF6NIteKv7ndSMaXfZj6YcRoS/SQyQVZoeM0DKpANlQaiTiaXJk0meCa06EWjIuRCJGSSelpA9n8ftl0jqrOrVq7e68Ur/OmynCERzDKThwAXW4hQY0QcAInuAZXqyp9Wq9We8/owUr3zmEP7A+vgGeIpGL</latexit>

= 0 exclusively…



Bounds for charged/neutral pions 
<latexit sha1_base64="RfAm4Rt3cCAIdK29K8tc9Y7wleg=">AAACC3icdVDJSgNBEO2JW4xb1IMHL41BEIRhJonJHINePEYwCyQx9HQqsUnPQneNEEI+wa/wqidv4tWP8OC/ODNGXNB3aF69V0V1PTeUQqNlvRqZhcWl5ZXsam5tfWNzK7+909RBpDg0eCAD1XaZBil8aKBACe1QAfNcCS13fJb4rRtQWgT+JU5C6Hls5Iuh4AxjqZ/f64bi6jh5rC4GX0U/X7BM265WylVqmWWnWDopxcSpOuWSTW3TSlEgc9T7+bfuIOCRBz5yybTu2FaIvSlTKLiEWa4baQgZH7MRdGLqMw90b5oeMKOHkWYY0BAUFZKmInyfmDJP64nnxp0ew2v920vEv7xOhEOnNxV+GCH4PFmEQkK6SHMl4mSADoQCRJb8HKjwKWeKIYISlHEei1EcVS7O4/No+j9pFk27YlYuyoXa6TyZLNknB+SI2KRKauSc1EmDcDIjd+SePBi3xqPxZDx/tGaM+cwu+QHj5R0sKZq0</latexit>

⇡+⇡0 ! ⇡+⇡0

Loop level:

Positivity Bounds: 
<latexit sha1_base64="9rPXzFM4SlfKLcQr/2kouQH0nDU=">AAACFHicbVC5TsNAFFxzhnAFKGlWREhUkY1QoAzQUAaJHFISRc+bl7DK+mD3GSmy3PIJfAUtVHSIlp6Cf8E2KSBhqtmZd+24oZKGbPvTWlhcWl5ZLawV1zc2t7ZLO7tNE0RaYEMEKtBtFwwq6WODJClshxrBcxW23PFl5rfuURsZ+Dc0CbHnwciXQymAUqlf4nE3HxK7KsIke4Hi50n/mHdHeMftpF8q2xU7B58nzpSU2RT1fumrOwhE5KFPQoExHccOqReDJikUJsVuZDAEMYYRdlLqg4emF+dHJPwwMkABD1FzqXgu4u+OGDxjJp6bVnpAt2bWy8T/vE5Ew7NeLP0wIvRFtoikwnyREVqmESEfSI1EkF2OXPpcgAYi1JKDEKkYpZkV0zyc2d/Pk+ZxxalWqtcn5drFNJkC22cH7Ig57JTV2BWrswYT7IE9sWf2Yj1ar9ab9f5TumBNe/bYH1gf38T0ni0=</latexit>

A2 � 0

<latexit sha1_base64="Lrlsp+ShGDJNVISVKoFRrwtFYgc="></latexit>

s̄@t=0A2 +
3

2
A2 � 0

<latexit sha1_base64="qIr5rVkV7LzN+T6gzneH0pDa+dM=">AAACBnicbVDLTgJBEJz1ifha8ehlIjHBC9k1Bj0SjYk3MZFHAoT0Dg1MmH1kptdINtz9Cq968ma8+hse/BcX5KBgnSpV3enq8iIlDTnOp7W0vLK6tp7ZyG5ube/s2nu5mgljLbAqQhXqhgcGlQywSpIUNiKN4HsK697wcuLX71EbGQZ3NIqw7UM/kD0pgFKpY+duCi1Q0QA6SUuA4lfj446dd4rOFHyRuDOSZzNUOvZXqxuK2MeAhAJjmq4TUTsBTVIoHGdbscEIxBD62ExpAD6adjLNPuZHsQEKeYSaS8WnIv7eSMA3ZuR76aQPNDDz3kT8z2vG1DtvJzKIYsJATA6RVDg9ZISWaSnIu1IjEUySI5cBF6CBCLXkIEQqxmlL2bQPd/77RVI7KbqlYun2NF++mDWTYQfskBWYy85YmV2zCqsywR7YE3tmL9aj9Wq9We8/o0vWbGef/YH18Q3B45g5</latexit>

O(↵E)
<latexit sha1_base64="daW5XkvkT7qUpYLI/qQKacw8nEA=">AAACCHicbVDLTgJBEJz1ifjCx83LRGKCF7JLDHokGhNvYiKPBJD0Dg1MmH1kptcEN/yAX+FVT96MV//Cg//ighwUrFOlqjtdXW6opCHb/rQWFpeWV1ZTa+n1jc2t7czObtUEkRZYEYEKdN0Fg0r6WCFJCuuhRvBchTV3cDH2a/eojQz8WxqG2PKg58uuFECJ1M7sX+eaoMI+tOOmAMUvR3eF43Yma+ftCfg8caYky6YotzNfzU4gIg99EgqMaTh2SK0YNEmhcJRuRgZDEAPoYSOhPnhoWvEk/YgfRQYo4CFqLhWfiPh7IwbPmKHnJpMeUN/MemPxP68RUfesFUs/jAh9MT5EUuHkkBFaJrUg70iNRDBOjlz6XIAGItSSgxCJGCU9pZM+nNnv50m1kHeK+eLNSbZ0Pm0mxQ7YIcsxh52yErtiZVZhgj2wJ/bMXqxH69V6s95/Rhes6c4e+wPr4xv59Jjd</latexit>

O(↵2
E)

<latexit sha1_base64="buFNanub+vwDGzJ2MJNYsa+xma4=">AAACC3icbVC7TgJBFJ3FF+Jr1cLCZiIxsSK7xqAlakwsMREwAULuDhecMPvIzF0TstlP8CtstbIztn6Ehf/islIoeKoz59w7Z+Z4kZKGHOfTKiwsLi2vFFdLa+sbm1v29k7ThLEW2BChCvWdBwaVDLBBkhTeRRrB9xS2vNHlxG89oDYyDG5pHGHXh2EgB1IAZVLP3ks6+SWJxn563stOoPhVmvbsslNxcvB54k5JmU1R79lfnX4oYh8DEgqMabtORN0ENEmhMC11YoMRiBEMsZ3RAHw03STPTvlhbIBCHqHmUvFcxN8bCfjGjH0vm/SB7s2sNxH/89oxDc66iQyimDAQkyCSCvMgI7TMmkHelxqJYPJy5DLgAjQQoZYchMjEOKuqlPXhzv5+njSPK261Ur05Kdcups0U2T47YEfMZaesxq5ZnTWYYCl7Ys/sxXq0Xq036/1ntGBNd3bZH1gf3zEWm1A=</latexit>

AE
<latexit sha1_base64="mIZ3cgFuemzHnGW/UZSYAw/86eY=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpCg1lkMhDcqzofNmEI+ezdbdGClb+gRYqOkTL31DwL9jGBSRMNZrZ1c6OH0lh0LY/raXlldW19dJGeXNre2e3srffMWGsObR5KEPd85kBKRS0UaCEXqSBBb6Erj+5yvzuA2gjQnWL0wi8gI2VGAnOMJU6l/2mGLuDStWu2TnoInEKUiUFWoPKV38Y8jgAhVwyY1zHjtBLmEbBJczK/dhAxPiEjcFNqWIBGC/J087ocWwYhjQCTYWkuQi/NxIWGDMN/HQyYHhn5r1M/M9zYxxdeIlQUYygeHYIhYT8kOFapDUAHQoNiCxLDlQoyplmiKAFZZynYpz2Uk77cOa/XySd05pTr9VvzqqNZtFMiRySI3JCHHJOGuSatEibcHJPnsgzebEerVfrzXr/GV2yip0D8gfWxzez+ZNM</latexit>

=
h <latexit sha1_base64="q02aXLr/h8FmfIbx1lGyrX2V20s=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxInfGoCXBxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSu6gJSfesFqz63YOvkqcgtRYgfaw+jUYRSIJMCShwJi+Y8fkzUGTFAoXlUFiMAYxhQn2UxpCgMab52EX/CwxQBGPUXOpeC7i7405BMbMAj+dDIAezLKXif95/YTG195chnFCGIrsEEmF+SEjtExbQD6SGokgS45chlyABiLUkoMQqZiktVTSPpzl71dJ56LuNOqNu8tas1U0U2Yn7JSdM4ddsSa7ZW3mMsEke2LP7MWaWa/Wm/X+M1qyip1j9gfWxzcx3JMH</latexit>i

<latexit sha1_base64="RFeulObKVYs7+sOnS9T2tgbSthM=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVnS+bMKR89m6WyMFK/9ACxUdouVvKPgXzsYFJEw1mtnV7E4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982UaI5tHgkI90NmAEpFLRQoIRurIGFgYROMLnK/M4DaCMidYvTGPyQjZUYCc7QSu0+ihDMoFJ1a24Ouki8glRJgeag8tUfRjwJQSGXzJie58bop0yj4BJm5X5iIGZ8wsbQs1QxG+Kn+bUzepwYhhGNQVMhaS7C742UhcZMw8BOhgzvzLyXif95vQRHF34qVJwgKJ4FoZCQBxmuha0B6FBoQGTZ5UCFopxphghaUMa5FRPbS9n24c1/v0japzWvXqvfnFUbl0UzJXJIjsgJ8cg5aZBr0iQtwsk9eSLP5MV5dF6dN+f9Z3TJKXYOyB84H99whpPE</latexit>⇥

 - exact in <latexit sha1_base64="C4lcj65e7IBF9wNWbFHucdb/a9U=">AAACA3icdVDLSgNBEJz1bXxFPXoZDIKnZTdZkxxFETwqGBWyS+iddJIhsw9megVZcvQrvOrJm3j1Qzz4L25iBBWtU1HVTVdXmCppyHHerJnZufmFxaXl0srq2vpGeXPr0iSZFtgSiUr0dQgGlYyxRZIUXqcaIQoVXoXD47F/dYPayCS+oNsUgwj6sexJAVRInfKGDyodQCf3BSh+MuqUK47tuo261+CO7TWrtYNaQZqNpldzuWs7E1TYFGed8rvfTUQWYUxCgTFt10kpyEGTFApHJT8zmIIYQh/bBY0hQhPkk+AjvpcZoISnqLlUfCLi940cImNuo7CYjIAG5rc3Fv/y2hn1mkEu4zQjjMX4EEmFk0NGaFk0grwrNRLBODlyGXMBGohQSw5CFGJWVFQq+vh6mv9PLqu2W7fr517l8GjazBLbYbtsn7mswQ7ZKTtjLSZYxu7ZA3u07qwn69l6+RydsaY72+wHrNcPxZqXzQ==</latexit>↵E
<latexit sha1_base64="sOsJLMJ81SMhO1srJlv4EILG04g="></latexit>

O(↵1
E )

approx in   
  not valid

<latexit sha1_base64="vv6bfSUxh9HB/xPuRdfF8PG3eFY=">AAAB+HicdVC7TsNAEDzzDOEVoKQ5ESFRWXaUOEmHoKEMEkmQEgutLwscnB+6WyOFiH+ghYoO0fI3FPwLtgkSIJhqNLOrnZ0gUdKQ47xZM7Nz8wuLpaXy8srq2nplY7Nn4lQL7IpYxfo0AINKRtglSQpPE40QBgr7wfVh7vdvUBsZRyc0TtAP4SKS51IAZVJvCCq5hLNK1bHbLa/RanPHdmttx6vnpN5o1hzu2k6BKpuic1Z5H45ikYYYkVBgzMB1EvInoEkKhXflYWowAXENFzjIaAQhGn9SpL3ju6kBinmCmkvFCxG/b0wgNGYcBtlkCHRpfnu5+Jc3SOm85U9klKSEkcgPkVRYHDJCy6wG5COpkQjy5MhlxAVoIEItOQiRiWnWSznr4+tp/j/p1WzXs73jenX/YNpMiW2zHbbHXNZk++yIdViXCXbF7tkDe7RurSfr2Xr5HJ2xpjtb7Aes1w/Ft5P+</latexit>↵

Bound weaker

Optimal experiment  
has size       of this order 

<latexit sha1_base64="g0V7//+FzhbTPA321f6PU5vKoVI=">AAAB/HicdVDLSgNBEJz1bXxFPXoZDIKnuJtIHregCB4VjIpJkN5JRwdnZ5eZXiEs8Su86smbePVfPPgvTmIEFa1TUdVNV1eYKGnJ99+8icmp6ZnZufncwuLS8kp+de3UxqkR2BSxis15CBaV1NgkSQrPE4MQhQrPwpv9oX92i8bKWJ9QP8FOBFda9qQActJFsJO1BSh+MLjMF/xiUPGrpV3uF6u1oFyuOBLUK/VyiQdFf4QCG+PoMv/e7sYijVCTUGBtK/AT6mRgSAqFg1w7tZiAuIErbDmqIULbyUaJB3wrtUAxT9BwqfhIxO8bGUTW9qPQTUZA1/a3NxT/8lop9WqdTOokJdRieIikwtEhK4x0VSDvSoNEMEyOXGouwAARGslBCCemrpuc6+Praf4/OS25zoqV491CY2/czBzbYJtsmwWsyhrskB2xJhNMs3v2wB69O+/Je/ZePkcnvPHOOvsB7/UDvMGVBQ==</latexit>

1/E

<latexit sha1_base64="GCtESMsPU2q1Xnde10NDke3apUQ=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRCjRIETSUAZGHlETR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdcblBJX1skiSFnVAj91yFbXdyk/rtKWojA/+BZiH2PT725UgKTol0f2UPyhW7amdgy8TJSQVyNAblr94wEJGHPgnFjek6dkj9mGuSQuG81IsMhlxM+Bi7CfW5h6YfZ0nn7CQynAIWomZSsUzE3xsx94yZeW4y6XF6NIteKv7ndSMaXfZj6YcRoS/SQyQVZoeM0DKpANlQaiTiaXJk0meCa06EWjIuRCJGSSelpA9n8ftl0jqrOrVq7e68Ur/OmynCERzDKThwAXW4hQY0QcAInuAZXqyp9Wq9We8/owUr3zmEP7A+vgGeIpGL</latexit>

= 0 exclusively…



Bounds for charged/neutral pions 
<latexit sha1_base64="RfAm4Rt3cCAIdK29K8tc9Y7wleg=">AAACC3icdVDJSgNBEO2JW4xb1IMHL41BEIRhJonJHINePEYwCyQx9HQqsUnPQneNEEI+wa/wqidv4tWP8OC/ODNGXNB3aF69V0V1PTeUQqNlvRqZhcWl5ZXsam5tfWNzK7+909RBpDg0eCAD1XaZBil8aKBACe1QAfNcCS13fJb4rRtQWgT+JU5C6Hls5Iuh4AxjqZ/f64bi6jh5rC4GX0U/X7BM265WylVqmWWnWDopxcSpOuWSTW3TSlEgc9T7+bfuIOCRBz5yybTu2FaIvSlTKLiEWa4baQgZH7MRdGLqMw90b5oeMKOHkWYY0BAUFZKmInyfmDJP64nnxp0ew2v920vEv7xOhEOnNxV+GCH4PFmEQkK6SHMl4mSADoQCRJb8HKjwKWeKIYISlHEei1EcVS7O4/No+j9pFk27YlYuyoXa6TyZLNknB+SI2KRKauSc1EmDcDIjd+SePBi3xqPxZDx/tGaM+cwu+QHj5R0sKZq0</latexit>

⇡+⇡0 ! ⇡+⇡0

 - exact in <latexit sha1_base64="C4lcj65e7IBF9wNWbFHucdb/a9U=">AAACA3icdVDLSgNBEJz1bXxFPXoZDIKnZTdZkxxFETwqGBWyS+iddJIhsw9megVZcvQrvOrJm3j1Qzz4L25iBBWtU1HVTVdXmCppyHHerJnZufmFxaXl0srq2vpGeXPr0iSZFtgSiUr0dQgGlYyxRZIUXqcaIQoVXoXD47F/dYPayCS+oNsUgwj6sexJAVRInfKGDyodQCf3BSh+MuqUK47tuo261+CO7TWrtYNaQZqNpldzuWs7E1TYFGed8rvfTUQWYUxCgTFt10kpyEGTFApHJT8zmIIYQh/bBY0hQhPkk+AjvpcZoISnqLlUfCLi940cImNuo7CYjIAG5rc3Fv/y2hn1mkEu4zQjjMX4EEmFk0NGaFk0grwrNRLBODlyGXMBGohQSw5CFGJWVFQq+vh6mv9PLqu2W7fr517l8GjazBLbYbtsn7mswQ7ZKTtjLSZYxu7ZA3u07qwn69l6+RydsaY72+wHrNcPxZqXzQ==</latexit>↵E
<latexit sha1_base64="sOsJLMJ81SMhO1srJlv4EILG04g="></latexit>

O(↵1
E )

Positivity bounds survive to        also in d=4… 
                 QED corrections are perturbative.

<latexit sha1_base64="8jF+SA37leVRrp1/CQFG4cN1e+o=">AAAB/nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIoAUW2h92cAp5/Nxt0aKokh8BS1UdIiWX6HgX3CMC15TjWZ2tbMTGyUd+f67V5mZnZtfqC7WlpZXVtfq6xvnLs2swK5IVWovY3CopMYuSVJ4aSxCEiu8iIfHU//iDq2TqT6jkcEogWstB1IA5VIYgjI3EGq85f5VveE3/QL8LwlK0mAlOlf1j7CfiixBTUKBc73ANxSNwZIUCie1MHNoQAzhGns51ZCgi8ZF5gnfyRxQyg1aLhUvRPy+MYbEuVES55MJ0I377U3F/7xeRoPDaCy1yQi1mB4iqbA45ISVeRnI+9IiEUyTI5eaC7BAhFZyECIXs7ydWt5H8Pv7v+R8rxm0mq3T/Ub7qGymyrbYNttlATtgbXbCOqzLBDPsgT2yJ+/ee/ZevNev0YpX7myyH/DePgE76ZXU</latexit>

↵ 6= 0



“Long is the path, close is the goal”

Bounds for charged/neutral pions 
<latexit sha1_base64="RfAm4Rt3cCAIdK29K8tc9Y7wleg=">AAACC3icdVDJSgNBEO2JW4xb1IMHL41BEIRhJonJHINePEYwCyQx9HQqsUnPQneNEEI+wa/wqidv4tWP8OC/ODNGXNB3aF69V0V1PTeUQqNlvRqZhcWl5ZXsam5tfWNzK7+909RBpDg0eCAD1XaZBil8aKBACe1QAfNcCS13fJb4rRtQWgT+JU5C6Hls5Iuh4AxjqZ/f64bi6jh5rC4GX0U/X7BM265WylVqmWWnWDopxcSpOuWSTW3TSlEgc9T7+bfuIOCRBz5yybTu2FaIvSlTKLiEWa4baQgZH7MRdGLqMw90b5oeMKOHkWYY0BAUFZKmInyfmDJP64nnxp0ew2v920vEv7xOhEOnNxV+GCH4PFmEQkK6SHMl4mSADoQCRJb8HKjwKWeKIYISlHEei1EcVS7O4/No+j9pFk27YlYuyoXa6TyZLNknB+SI2KRKauSc1EmDcDIjd+SePBi3xqPxZDx/tGaM+cwu+QHj5R0sKZq0</latexit>

⇡+⇡0 ! ⇡+⇡0

 - exact in <latexit sha1_base64="C4lcj65e7IBF9wNWbFHucdb/a9U=">AAACA3icdVDLSgNBEJz1bXxFPXoZDIKnZTdZkxxFETwqGBWyS+iddJIhsw9megVZcvQrvOrJm3j1Qzz4L25iBBWtU1HVTVdXmCppyHHerJnZufmFxaXl0srq2vpGeXPr0iSZFtgSiUr0dQgGlYyxRZIUXqcaIQoVXoXD47F/dYPayCS+oNsUgwj6sexJAVRInfKGDyodQCf3BSh+MuqUK47tuo261+CO7TWrtYNaQZqNpldzuWs7E1TYFGed8rvfTUQWYUxCgTFt10kpyEGTFApHJT8zmIIYQh/bBY0hQhPkk+AjvpcZoISnqLlUfCLi940cImNuo7CYjIAG5rc3Fv/y2hn1mkEu4zQjjMX4EEmFk0NGaFk0grwrNRLBODlyGXMBGohQSw5CFGJWVFQq+vh6mv9PLqu2W7fr517l8GjazBLbYbtsn7mswQ7ZKTtjLSZYxu7ZA3u07qwn69l6+RydsaY72+wHrNcPxZqXzQ==</latexit>↵E
<latexit sha1_base64="sOsJLMJ81SMhO1srJlv4EILG04g="></latexit>

O(↵1
E )

Positivity bounds survive to        also in d=4… 
                 QED corrections are perturbative.

<latexit sha1_base64="8jF+SA37leVRrp1/CQFG4cN1e+o=">AAAB/nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIoAUW2h92cAp5/Nxt0aKokh8BS1UdIiWX6HgX3CMC15TjWZ2tbMTGyUd+f67V5mZnZtfqC7WlpZXVtfq6xvnLs2swK5IVWovY3CopMYuSVJ4aSxCEiu8iIfHU//iDq2TqT6jkcEogWstB1IA5VIYgjI3EGq85f5VveE3/QL8LwlK0mAlOlf1j7CfiixBTUKBc73ANxSNwZIUCie1MHNoQAzhGns51ZCgi8ZF5gnfyRxQyg1aLhUvRPy+MYbEuVES55MJ0I377U3F/7xeRoPDaCy1yQi1mB4iqbA45ISVeRnI+9IiEUyTI5eaC7BAhFZyECIXs7ydWt5H8Pv7v+R8rxm0mq3T/Ub7qGymyrbYNttlATtgbXbCOqzLBDPsgT2yJ+/ee/ZevNev0YpX7myyH/DePgE76ZXU</latexit>

↵ 6= 0





Bellazzini,Elias-Miro,Riembau,Rattazzi,FR’20

Bellazzini,Riembau,FR ’22


Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-’25

<latexit sha1_base64="E3LmaxpMt245Eg5kwfOpRj8xSEM="></latexit>

A6 = � �4

2s2
+ g6

<latexit sha1_base64="wQKTF6cXfMgwV5oCYvHyubzWABw=">AAACGHicbVC7TsNAEDzzJrwClDQnAlJoIhtFgQYpQEMJEoFISWStL5tw4vzQ3RopsvwDfAJfQQsVHaKlo+BfsE0KCEw1mtm92RsvUtKQbX9YU9Mzs3PzC4ulpeWV1bXy+saVCWMtsCVCFeq2BwaVDLBFkhS2I43gewqvvdvT3L++Q21kGFzSKMKeD8NADqQAyiS3vJN0faAbAYofp279iA/detIt3k009tOq2eOpW67YNbsA/0ucMamwMc7d8me3H4rYx4CEAmM6jh1RLwFNUihMS93YYATiFobYyWgAPppeUqSmfDc2QCGPUHOpeCHiz40EfGNGvpdN5qebSS8X//M6MQ0Oe4kMopgwEHkQSYVFkBFaZjUh70uNRJBfjlwGXIAGItSSgxCZGGe9lbI+nMnf/yVX+zWnUWtc1CvNk3EzC2yLbbMqc9gBa7Izds5aTLB79sie2LP1YL1Yr9bb9+iUNd7ZZL9gvX8Bi7Wfpg==</latexit>

A4 = g4(s)

<latexit sha1_base64="LxGvefXQlK9jr9hFUg0r+wXeAVk="></latexit>

A2 = g2 +
�4

2
s2

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

Not all tree-level bounds are affected in the same way…

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

<latexit sha1_base64="/UYGtqKzxB+WvmVddrxNgHTHroU=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjII8pASK1pfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yVXmdx5QGxkGdzSN0PVhHMiRFECpdDse1AeVql2zc/BF4hSkygo0B5Wv/jAUsY8BCQXG9Bw7IjcBTVIonJX7scEIxATG2EtpAD4aN8mjzvhxbIBCHqHmUvFcxN8bCfjGTH0vnfSB7s28l4n/eb2YRhduIoMoJgxEdoikwvyQEVqmHSAfSo1EkCVHLgMuQAMRaslBiFSM01LKaR/O/PeLpH1ac+q1+s1ZtXFZNFNih+yInTCHnbMGu2ZN1mKCjdkTe2Yv1qP1ar1Z7z+jS1axc8D+wPr4BqLzkiQ=</latexit>g6

<latexit sha1_base64="mYoKH0XgCnR7ROcn1x6fr9geV1g=">AAACC3icdVC7TgJBFJ3FF+ILtbCwmUhMrDa7sAIl0cYSE3kkgGR2uOCE2Udm7pqQDZ/gV9hqZWds/QgL/8VlwfiInmJy7jn35s49biiFRst6MzJLyyura9n13Mbm1vZOfnevqYNIcWjwQAaq7TINUvjQQIES2qEC5rkSWu74fOa3bkFpEfhXOAmh57GRL4aCM0ykfv6gG4pra/5g8FX08wXLtO1K2alQy3SqxdJpKSHVStUp2dQ2rRQFskC9n3/vDgIeeeAjl0zrjm2F2IuZQsElTHPdSEPI+JiNoJNQn3mge3F6wJQeR5phQENQVEiaivB9Imae1hPPTTo9hjf6tzcT//I6EQ6rvVj4YYTg89kiFBLSRZorkSQDdCAUILLZz4EKn3KmGCIoQRnniRglUeWSPD6Ppv+TZtG0y2b50inUzhbJZMkhOSInxCYVUiMXpE4ahJMpuScP5NG4M56MZ+Nl3poxFjP75AeM1w88Mpq+</latexit>

⇡0⇡0 ! ⇡0⇡0

Negativity

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·



Bellazzini,Elias-Miro,Riembau,Rattazzi,FR’20

Bellazzini,Riembau,FR ’22


Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-’25

<latexit sha1_base64="E3LmaxpMt245Eg5kwfOpRj8xSEM="></latexit>

A6 = � �4

2s2
+ g6

<latexit sha1_base64="wQKTF6cXfMgwV5oCYvHyubzWABw=">AAACGHicbVC7TsNAEDzzJrwClDQnAlJoIhtFgQYpQEMJEoFISWStL5tw4vzQ3RopsvwDfAJfQQsVHaKlo+BfsE0KCEw1mtm92RsvUtKQbX9YU9Mzs3PzC4ulpeWV1bXy+saVCWMtsCVCFeq2BwaVDLBFkhS2I43gewqvvdvT3L++Q21kGFzSKMKeD8NADqQAyiS3vJN0faAbAYofp279iA/detIt3k009tOq2eOpW67YNbsA/0ucMamwMc7d8me3H4rYx4CEAmM6jh1RLwFNUihMS93YYATiFobYyWgAPppeUqSmfDc2QCGPUHOpeCHiz40EfGNGvpdN5qebSS8X//M6MQ0Oe4kMopgwEHkQSYVFkBFaZjUh70uNRJBfjlwGXIAGItSSgxCZGGe9lbI+nMnf/yVX+zWnUWtc1CvNk3EzC2yLbbMqc9gBa7Izds5aTLB79sie2LP1YL1Yr9bb9+iUNd7ZZL9gvX8Bi7Wfpg==</latexit>

A4 = g4(s)

<latexit sha1_base64="LxGvefXQlK9jr9hFUg0r+wXeAVk="></latexit>

A2 = g2 +
�4

2
s2

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

Not all tree-level bounds are affected in the same way…

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

<latexit sha1_base64="/UYGtqKzxB+WvmVddrxNgHTHroU=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjII8pASK1pfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yVXmdx5QGxkGdzSN0PVhHMiRFECpdDse1AeVql2zc/BF4hSkygo0B5Wv/jAUsY8BCQXG9Bw7IjcBTVIonJX7scEIxATG2EtpAD4aN8mjzvhxbIBCHqHmUvFcxN8bCfjGTH0vnfSB7s28l4n/eb2YRhduIoMoJgxEdoikwvyQEVqmHSAfSo1EkCVHLgMuQAMRaslBiFSM01LKaR/O/PeLpH1ac+q1+s1ZtXFZNFNih+yInTCHnbMGu2ZN1mKCjdkTe2Yv1qP1ar1Z7z+jS1axc8D+wPr4BqLzkiQ=</latexit>g6

Each coupling individually bounded, independently of others!

<latexit sha1_base64="mYoKH0XgCnR7ROcn1x6fr9geV1g=">AAACC3icdVC7TgJBFJ3FF+ILtbCwmUhMrDa7sAIl0cYSE3kkgGR2uOCE2Udm7pqQDZ/gV9hqZWds/QgL/8VlwfiInmJy7jn35s49biiFRst6MzJLyyura9n13Mbm1vZOfnevqYNIcWjwQAaq7TINUvjQQIES2qEC5rkSWu74fOa3bkFpEfhXOAmh57GRL4aCM0ykfv6gG4pra/5g8FX08wXLtO1K2alQy3SqxdJpKSHVStUp2dQ2rRQFskC9n3/vDgIeeeAjl0zrjm2F2IuZQsElTHPdSEPI+JiNoJNQn3mge3F6wJQeR5phQENQVEiaivB9Imae1hPPTTo9hjf6tzcT//I6EQ6rvVj4YYTg89kiFBLSRZorkSQDdCAUILLZz4EKn3KmGCIoQRnniRglUeWSPD6Ppv+TZtG0y2b50inUzhbJZMkhOSInxCYVUiMXpE4ahJMpuScP5NG4M56MZ+Nl3poxFjP75AeM1w88Mpq+</latexit>

⇡0⇡0 ! ⇡0⇡0

Negativity

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·



Negativity
Bellazzini,Elias-Miro,Riembau,Rattazzi,FR’20


Bellazzini,Riembau,FR ’22

Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-’25


Chang,Parra-Martinez’25

Peng,Saho,Tokareva,Xu’25

<latexit sha1_base64="E3LmaxpMt245Eg5kwfOpRj8xSEM="></latexit>

A6 = � �4

2s2
+ g6

<latexit sha1_base64="wQKTF6cXfMgwV5oCYvHyubzWABw=">AAACGHicbVC7TsNAEDzzJrwClDQnAlJoIhtFgQYpQEMJEoFISWStL5tw4vzQ3RopsvwDfAJfQQsVHaKlo+BfsE0KCEw1mtm92RsvUtKQbX9YU9Mzs3PzC4ulpeWV1bXy+saVCWMtsCVCFeq2BwaVDLBFkhS2I43gewqvvdvT3L++Q21kGFzSKMKeD8NADqQAyiS3vJN0faAbAYofp279iA/detIt3k009tOq2eOpW67YNbsA/0ucMamwMc7d8me3H4rYx4CEAmM6jh1RLwFNUihMS93YYATiFobYyWgAPppeUqSmfDc2QCGPUHOpeCHiz40EfGNGvpdN5qebSS8X//M6MQ0Oe4kMopgwEHkQSYVFkBFaZjUh70uNRJBfjlwGXIAGItSSgxCZGGe9lbI+nMnf/yVX+zWnUWtc1CvNk3EzC2yLbbMqc9gBa7Izds5aTLB79sie2LP1YL1Yr9bb9+iUNd7ZZL9gvX8Bi7Wfpg==</latexit>

A4 = g4(s)

<latexit sha1_base64="LxGvefXQlK9jr9hFUg0r+wXeAVk="></latexit>

A2 = g2 +
�4

2
s2

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

Not all tree-level bounds are affected in the same way…

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·

<latexit sha1_base64="mYoKH0XgCnR7ROcn1x6fr9geV1g=">AAACC3icdVC7TgJBFJ3FF+ILtbCwmUhMrDa7sAIl0cYSE3kkgGR2uOCE2Udm7pqQDZ/gV9hqZWds/QgL/8VlwfiInmJy7jn35s49biiFRst6MzJLyyura9n13Mbm1vZOfnevqYNIcWjwQAaq7TINUvjQQIES2qEC5rkSWu74fOa3bkFpEfhXOAmh57GRL4aCM0ykfv6gG4pra/5g8FX08wXLtO1K2alQy3SqxdJpKSHVStUp2dQ2rRQFskC9n3/vDgIeeeAjl0zrjm2F2IuZQsElTHPdSEPI+JiNoJNQn3mge3F6wJQeR5phQENQVEiaivB9Imae1hPPTTo9hjf6tzcT//I6EQ6rvVj4YYTg89kiFBLSRZorkSQDdCAUILLZz4EKn3KmGCIoQRnniRglUeWSPD6Ppv+TZtG0y2b50inUzhbJZMkhOSInxCYVUiMXpE4ahJMpuScP5NG4M56MZ+Nl3poxFjP75AeM1w88Mpq+</latexit>

⇡0⇡0 ! ⇡0⇡0

<latexit sha1_base64="mNKDVXtidcykt6CvRm1XU0USqYM=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESHRENkIBcoIGspEIg8psaLzZRNOOZ+tuz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtPbzO8+gjYiUvc4i8EP2USJseAMU6l1PqxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDB7PoZeJ/Xt/i+NpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOhc1r16rty6rjZuimRI5JifkjHjkijTIHWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H98VNpFB</latexit>�<latexit sha1_base64="AkmnnCbyAXBlv7xYmnziFIjN2VY=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIjFCgjaCiDIA8psaLzZWNOOZ+tuzUosvIJtFDRIVq+h4J/wTYuIGGq0cyudna8SAqDtv1plVZW19Y3ypuVre2d3b3q/kHXhLHm0OGhDHXfYwakUNBBgRL6kQYWeBJ63vQq83sPoI0I1R3OInAD5isxEZxhKt36o8aoWrPrdg66TJyC1EiB9qj6NRyHPA5AIZfMmIFjR+gmTKPgEuaVYWwgYnzKfBikVLEAjJvkUef0JDYMQxqBpkLSXITfGwkLjJkFXjoZMLw3i14m/ucNYpxcuIlQUYygeHYIhYT8kOFapB0AHQsNiCxLDlQoyplmiKAFZZynYpyWUkn7cBa/XybdRt1p1ps3Z7XWZdFMmRyRY3JKHHJOWuSatEmHcOKTJ/JMXqxH69V6s95/RktWsXNI/sD6+Aact5Ig</latexit>g2
<latexit sha1_base64="AkmnnCbyAXBlv7xYmnziFIjN2VY=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIjFCgjaCiDIA8psaLzZWNOOZ+tuzUosvIJtFDRIVq+h4J/wTYuIGGq0cyudna8SAqDtv1plVZW19Y3ypuVre2d3b3q/kHXhLHm0OGhDHXfYwakUNBBgRL6kQYWeBJ63vQq83sPoI0I1R3OInAD5isxEZxhKt36o8aoWrPrdg66TJyC1EiB9qj6NRyHPA5AIZfMmIFjR+gmTKPgEuaVYWwgYnzKfBikVLEAjJvkUef0JDYMQxqBpkLSXITfGwkLjJkFXjoZMLw3i14m/ucNYpxcuIlQUYygeHYIhYT8kOFapB0AHQsNiCxLDlQoyplmiKAFZZynYpyWUkn7cBa/XybdRt1p1ps3Z7XWZdFMmRyRY3JKHHJOWuSatEmHcOKTJ/JMXqxH69V6s95/RktWsXNI/sD6+Aact5Ig</latexit>g2



In amplitude: like running      . In dispersion relation: more…
<latexit sha1_base64="kasJwXCv6JLQcu3gY5Qxp0NgVzI=">AAAB+HicbVC7TsNAEDyHVwivACXNiQgpNJGNokAZQUMZJPKQEis6XzbhyPls3a2RgpV/oIWKDtHyNxT8C7ZxAQlTjWZ2tbPjhVIYtO1Pq7Cyura+UdwsbW3v7O6V9w86Jog0hzYPZKB7HjMghYI2CpTQCzUw35PQ9aZXqd99AG1EoG5xFoLrs4kSY8EZJlJnMqxXzemwXLFrdga6TJycVEiO1rD8NRgFPPJBIZfMmL5jh+jGTKPgEualQWQgZHzKJtBPqGI+GDfO0s7pSWQYBjQETYWkmQi/N2LmGzPzvWTSZ3hnFr1U/M/rRzi+cGOhwghB8fQQCgnZIcO1SGoAOhIaEFmaHKhQlDPNEEELyjhPxCjppZT04Sx+v0w6ZzWnUWvc1CvNy7yZIjkix6RKHHJOmuSatEibcHJPnsgzebEerVfrzXr/GS1Y+c4h+QPr4xtD/5ME</latexit>

g4(s)

<latexit sha1_base64="E3LmaxpMt245Eg5kwfOpRj8xSEM="></latexit>

A6 = � �4

2s2
+ g6

<latexit sha1_base64="wQKTF6cXfMgwV5oCYvHyubzWABw=">AAACGHicbVC7TsNAEDzzJrwClDQnAlJoIhtFgQYpQEMJEoFISWStL5tw4vzQ3RopsvwDfAJfQQsVHaKlo+BfsE0KCEw1mtm92RsvUtKQbX9YU9Mzs3PzC4ulpeWV1bXy+saVCWMtsCVCFeq2BwaVDLBFkhS2I43gewqvvdvT3L++Q21kGFzSKMKeD8NADqQAyiS3vJN0faAbAYofp279iA/detIt3k009tOq2eOpW67YNbsA/0ucMamwMc7d8me3H4rYx4CEAmM6jh1RLwFNUihMS93YYATiFobYyWgAPppeUqSmfDc2QCGPUHOpeCHiz40EfGNGvpdN5qebSS8X//M6MQ0Oe4kMopgwEHkQSYVFkBFaZjUh70uNRJBfjlwGXIAGItSSgxCZGGe9lbI+nMnf/yVX+zWnUWtc1CvNk3EzC2yLbbMqc9gBa7Izds5aTLB79sie2LP1YL1Yr9bb9+iUNd7ZZL9gvX8Bi7Wfpg==</latexit>

A4 = g4(s)

<latexit sha1_base64="LxGvefXQlK9jr9hFUg0r+wXeAVk="></latexit>

A2 = g2 +
�4

2
s2

Negativity
Bellazzini,Elias-Miro,Riembau,Rattazzi,FR’20


Bellazzini,Riembau,FR ’22

Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-’25


Chang,Parra-Martinez’25

Peng,Saho,Tokareva,Xu’25

<latexit sha1_base64="E3LmaxpMt245Eg5kwfOpRj8xSEM="></latexit>

A6 = � �4

2s2
+ g6

<latexit sha1_base64="wQKTF6cXfMgwV5oCYvHyubzWABw=">AAACGHicbVC7TsNAEDzzJrwClDQnAlJoIhtFgQYpQEMJEoFISWStL5tw4vzQ3RopsvwDfAJfQQsVHaKlo+BfsE0KCEw1mtm92RsvUtKQbX9YU9Mzs3PzC4ulpeWV1bXy+saVCWMtsCVCFeq2BwaVDLBFkhS2I43gewqvvdvT3L++Q21kGFzSKMKeD8NADqQAyiS3vJN0faAbAYofp279iA/detIt3k009tOq2eOpW67YNbsA/0ucMamwMc7d8me3H4rYx4CEAmM6jh1RLwFNUihMS93YYATiFobYyWgAPppeUqSmfDc2QCGPUHOpeCHiz40EfGNGvpdN5qebSS8X//M6MQ0Oe4kMopgwEHkQSYVFkBFaZjUh70uNRJBfjlwGXIAGItSSgxCZGGe9lbI+nMnf/yVX+zWnUWtc1CvNk3EzC2yLbbMqc9gBa7Izds5aTLB79sie2LP1YL1Yr9bb9+iUNd7ZZL9gvX8Bi7Wfpg==</latexit>

A4 = g4(s)

<latexit sha1_base64="LxGvefXQlK9jr9hFUg0r+wXeAVk="></latexit>

A2 = g2 +
�4

2
s2

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

Not all tree-level bounds are affected in the same way…

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·

<latexit sha1_base64="mYoKH0XgCnR7ROcn1x6fr9geV1g=">AAACC3icdVC7TgJBFJ3FF+ILtbCwmUhMrDa7sAIl0cYSE3kkgGR2uOCE2Udm7pqQDZ/gV9hqZWds/QgL/8VlwfiInmJy7jn35s49biiFRst6MzJLyyura9n13Mbm1vZOfnevqYNIcWjwQAaq7TINUvjQQIES2qEC5rkSWu74fOa3bkFpEfhXOAmh57GRL4aCM0ykfv6gG4pra/5g8FX08wXLtO1K2alQy3SqxdJpKSHVStUp2dQ2rRQFskC9n3/vDgIeeeAjl0zrjm2F2IuZQsElTHPdSEPI+JiNoJNQn3mge3F6wJQeR5phQENQVEiaivB9Imae1hPPTTo9hjf6tzcT//I6EQ6rvVj4YYTg89kiFBLSRZorkSQDdCAUILLZz4EKn3KmGCIoQRnniRglUeWSPD6Ppv+TZtG0y2b50inUzhbJZMkhOSInxCYVUiMXpE4ahJMpuScP5NG4M56MZ+Nl3poxFjP75AeM1w88Mpq+</latexit>

⇡0⇡0 ! ⇡0⇡0

<latexit sha1_base64="mNKDVXtidcykt6CvRm1XU0USqYM=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESHRENkIBcoIGspEIg8psaLzZRNOOZ+tuz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtPbzO8+gjYiUvc4i8EP2USJseAMU6l1PqxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDB7PoZeJ/Xt/i+NpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOhc1r16rty6rjZuimRI5JifkjHjkijTIHWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H98VNpFB</latexit>�<latexit sha1_base64="AkmnnCbyAXBlv7xYmnziFIjN2VY=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIjFCgjaCiDIA8psaLzZWNOOZ+tuzUosvIJtFDRIVq+h4J/wTYuIGGq0cyudna8SAqDtv1plVZW19Y3ypuVre2d3b3q/kHXhLHm0OGhDHXfYwakUNBBgRL6kQYWeBJ63vQq83sPoI0I1R3OInAD5isxEZxhKt36o8aoWrPrdg66TJyC1EiB9qj6NRyHPA5AIZfMmIFjR+gmTKPgEuaVYWwgYnzKfBikVLEAjJvkUef0JDYMQxqBpkLSXITfGwkLjJkFXjoZMLw3i14m/ucNYpxcuIlQUYygeHYIhYT8kOFapB0AHQsNiCxLDlQoyplmiKAFZZynYpyWUkn7cBa/XybdRt1p1ps3Z7XWZdFMmRyRY3JKHHJOWuSatEmHcOKTJ/JMXqxH69V6s95/RktWsXNI/sD6+Aact5Ig</latexit>g2
<latexit sha1_base64="AkmnnCbyAXBlv7xYmnziFIjN2VY=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIjFCgjaCiDIA8psaLzZWNOOZ+tuzUosvIJtFDRIVq+h4J/wTYuIGGq0cyudna8SAqDtv1plVZW19Y3ypuVre2d3b3q/kHXhLHm0OGhDHXfYwakUNBBgRL6kQYWeBJ63vQq83sPoI0I1R3OInAD5isxEZxhKt36o8aoWrPrdg66TJyC1EiB9qj6NRyHPA5AIZfMmIFjR+gmTKPgEuaVYWwgYnzKfBikVLEAjJvkUef0JDYMQxqBpkLSXITfGwkLjJkFXjoZMLw3i14m/ucNYpxcuIlQUYygeHYIhYT8kOFapB0AHQsNiCxLDlQoyplmiKAFZZynYpyWUkn7cBa/XybdRt1p1ps3Z7XWZdFMmRyRY3JKHHJOWuSatEmHcOKTJ/JMXqxH69V6s95/RktWsXNI/sD6+Aact5Ig</latexit>g2



In amplitude: like running      . In dispersion relation: more…
<latexit sha1_base64="kasJwXCv6JLQcu3gY5Qxp0NgVzI=">AAAB+HicbVC7TsNAEDyHVwivACXNiQgpNJGNokAZQUMZJPKQEis6XzbhyPls3a2RgpV/oIWKDtHyNxT8C7ZxAQlTjWZ2tbPjhVIYtO1Pq7Cyura+UdwsbW3v7O6V9w86Jog0hzYPZKB7HjMghYI2CpTQCzUw35PQ9aZXqd99AG1EoG5xFoLrs4kSY8EZJlJnMqxXzemwXLFrdga6TJycVEiO1rD8NRgFPPJBIZfMmL5jh+jGTKPgEualQWQgZHzKJtBPqGI+GDfO0s7pSWQYBjQETYWkmQi/N2LmGzPzvWTSZ3hnFr1U/M/rRzi+cGOhwghB8fQQCgnZIcO1SGoAOhIaEFmaHKhQlDPNEEELyjhPxCjppZT04Sx+v0w6ZzWnUWvc1CvNy7yZIjkix6RKHHJOmuSatEibcHJPnsgzebEerVfrzXr/GS1Y+c4h+QPr4xtD/5ME</latexit>

g4(s)

<latexit sha1_base64="E3LmaxpMt245Eg5kwfOpRj8xSEM="></latexit>

A6 = � �4

2s2
+ g6

<latexit sha1_base64="wQKTF6cXfMgwV5oCYvHyubzWABw=">AAACGHicbVC7TsNAEDzzJrwClDQnAlJoIhtFgQYpQEMJEoFISWStL5tw4vzQ3RopsvwDfAJfQQsVHaKlo+BfsE0KCEw1mtm92RsvUtKQbX9YU9Mzs3PzC4ulpeWV1bXy+saVCWMtsCVCFeq2BwaVDLBFkhS2I43gewqvvdvT3L++Q21kGFzSKMKeD8NADqQAyiS3vJN0faAbAYofp279iA/detIt3k009tOq2eOpW67YNbsA/0ucMamwMc7d8me3H4rYx4CEAmM6jh1RLwFNUihMS93YYATiFobYyWgAPppeUqSmfDc2QCGPUHOpeCHiz40EfGNGvpdN5qebSS8X//M6MQ0Oe4kMopgwEHkQSYVFkBFaZjUh70uNRJBfjlwGXIAGItSSgxCZGGe9lbI+nMnf/yVX+zWnUWtc1CvNk3EzC2yLbbMqc9gBa7Izds5aTLB79sie2LP1YL1Yr9bb9+iUNd7ZZL9gvX8Bi7Wfpg==</latexit>

A4 = g4(s)

<latexit sha1_base64="LxGvefXQlK9jr9hFUg0r+wXeAVk="></latexit>

A2 = g2 +
�4

2
s2

Negativity
Bellazzini,Elias-Miro,Riembau,Rattazzi,FR’20


Bellazzini,Riembau,FR ’22

Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-’25


Chang,Parra-Martinez’25

Peng,Saho,Tokareva,Xu’25

<latexit sha1_base64="E3LmaxpMt245Eg5kwfOpRj8xSEM="></latexit>

A6 = � �4

2s2
+ g6

<latexit sha1_base64="wQKTF6cXfMgwV5oCYvHyubzWABw=">AAACGHicbVC7TsNAEDzzJrwClDQnAlJoIhtFgQYpQEMJEoFISWStL5tw4vzQ3RopsvwDfAJfQQsVHaKlo+BfsE0KCEw1mtm92RsvUtKQbX9YU9Mzs3PzC4ulpeWV1bXy+saVCWMtsCVCFeq2BwaVDLBFkhS2I43gewqvvdvT3L++Q21kGFzSKMKeD8NADqQAyiS3vJN0faAbAYofp279iA/detIt3k009tOq2eOpW67YNbsA/0ucMamwMc7d8me3H4rYx4CEAmM6jh1RLwFNUihMS93YYATiFobYyWgAPppeUqSmfDc2QCGPUHOpeCHiz40EfGNGvpdN5qebSS8X//M6MQ0Oe4kMopgwEHkQSYVFkBFaZjUh70uNRJBfjlwGXIAGItSSgxCZGGe9lbI+nMnf/yVX+zWnUWtc1CvNk3EzC2yLbbMqc9gBa7Izds5aTLB79sie2LP1YL1Yr9bb9+iUNd7ZZL9gvX8Bi7Wfpg==</latexit>

A4 = g4(s)

<latexit sha1_base64="LxGvefXQlK9jr9hFUg0r+wXeAVk="></latexit>

A2 = g2 +
�4

2
s2

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

Not all tree-level bounds are affected in the same way…

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·

<latexit sha1_base64="mYoKH0XgCnR7ROcn1x6fr9geV1g=">AAACC3icdVC7TgJBFJ3FF+ILtbCwmUhMrDa7sAIl0cYSE3kkgGR2uOCE2Udm7pqQDZ/gV9hqZWds/QgL/8VlwfiInmJy7jn35s49biiFRst6MzJLyyura9n13Mbm1vZOfnevqYNIcWjwQAaq7TINUvjQQIES2qEC5rkSWu74fOa3bkFpEfhXOAmh57GRL4aCM0ykfv6gG4pra/5g8FX08wXLtO1K2alQy3SqxdJpKSHVStUp2dQ2rRQFskC9n3/vDgIeeeAjl0zrjm2F2IuZQsElTHPdSEPI+JiNoJNQn3mge3F6wJQeR5phQENQVEiaivB9Imae1hPPTTo9hjf6tzcT//I6EQ6rvVj4YYTg89kiFBLSRZorkSQDdCAUILLZz4EKn3KmGCIoQRnniRglUeWSPD6Ppv+TZtG0y2b50inUzhbJZMkhOSInxCYVUiMXpE4ahJMpuScP5NG4M56MZ+Nl3poxFjP75AeM1w88Mpq+</latexit>

⇡0⇡0 ! ⇡0⇡0

<latexit sha1_base64="mNKDVXtidcykt6CvRm1XU0USqYM=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESHRENkIBcoIGspEIg8psaLzZRNOOZ+tuz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtPbzO8+gjYiUvc4i8EP2USJseAMU6l1PqxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDB7PoZeJ/Xt/i+NpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOhc1r16rty6rjZuimRI5JifkjHjkijTIHWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H98VNpFB</latexit>�<latexit sha1_base64="AkmnnCbyAXBlv7xYmnziFIjN2VY=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIjFCgjaCiDIA8psaLzZWNOOZ+tuzUosvIJtFDRIVq+h4J/wTYuIGGq0cyudna8SAqDtv1plVZW19Y3ypuVre2d3b3q/kHXhLHm0OGhDHXfYwakUNBBgRL6kQYWeBJ63vQq83sPoI0I1R3OInAD5isxEZxhKt36o8aoWrPrdg66TJyC1EiB9qj6NRyHPA5AIZfMmIFjR+gmTKPgEuaVYWwgYnzKfBikVLEAjJvkUef0JDYMQxqBpkLSXITfGwkLjJkFXjoZMLw3i14m/ucNYpxcuIlQUYygeHYIhYT8kOFapB0AHQsNiCxLDlQoyplmiKAFZZynYpyWUkn7cBa/XybdRt1p1ps3Z7XWZdFMmRyRY3JKHHJOWuSatEmHcOKTJ/JMXqxH69V6s95/RktWsXNI/sD6+Aact5Ig</latexit>g2
<latexit sha1_base64="AkmnnCbyAXBlv7xYmnziFIjN2VY=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIjFCgjaCiDIA8psaLzZWNOOZ+tuzUosvIJtFDRIVq+h4J/wTYuIGGq0cyudna8SAqDtv1plVZW19Y3ypuVre2d3b3q/kHXhLHm0OGhDHXfYwakUNBBgRL6kQYWeBJ63vQq83sPoI0I1R3OInAD5isxEZxhKt36o8aoWrPrdg66TJyC1EiB9qj6NRyHPA5AIZfMmIFjR+gmTKPgEuaVYWwgYnzKfBikVLEAjJvkUef0JDYMQxqBpkLSXITfGwkLjJkFXjoZMLw3i14m/ucNYpxcuIlQUYygeHYIhYT8kOFapB0AHQsNiCxLDlQoyplmiKAFZZynYpyWUkn7cBa/XybdRt1p1ps3Z7XWZdFMmRyRY3JKHHJOWuSatEmHcOKTJ/JMXqxH69V6s95/RktWsXNI/sD6+Aact5Ig</latexit>g2

(running vs irrelevant are  indistinguishable)
Negativity for irrelevant interactions



In amplitude: like running      . In dispersion relation: more…
<latexit sha1_base64="kasJwXCv6JLQcu3gY5Qxp0NgVzI=">AAAB+HicbVC7TsNAEDyHVwivACXNiQgpNJGNokAZQUMZJPKQEis6XzbhyPls3a2RgpV/oIWKDtHyNxT8C7ZxAQlTjWZ2tbPjhVIYtO1Pq7Cyura+UdwsbW3v7O6V9w86Jog0hzYPZKB7HjMghYI2CpTQCzUw35PQ9aZXqd99AG1EoG5xFoLrs4kSY8EZJlJnMqxXzemwXLFrdga6TJycVEiO1rD8NRgFPPJBIZfMmL5jh+jGTKPgEualQWQgZHzKJtBPqGI+GDfO0s7pSWQYBjQETYWkmQi/N2LmGzPzvWTSZ3hnFr1U/M/rRzi+cGOhwghB8fQQCgnZIcO1SGoAOhIaEFmaHKhQlDPNEEELyjhPxCjppZT04Sx+v0w6ZzWnUWvc1CvNy7yZIjkix6RKHHJOmuSatEibcHJPnsgzebEerVfrzXr/GS1Y+c4h+QPr4xtD/5ME</latexit>

g4(s)

<latexit sha1_base64="E3LmaxpMt245Eg5kwfOpRj8xSEM="></latexit>

A6 = � �4

2s2
+ g6

<latexit sha1_base64="wQKTF6cXfMgwV5oCYvHyubzWABw=">AAACGHicbVC7TsNAEDzzJrwClDQnAlJoIhtFgQYpQEMJEoFISWStL5tw4vzQ3RopsvwDfAJfQQsVHaKlo+BfsE0KCEw1mtm92RsvUtKQbX9YU9Mzs3PzC4ulpeWV1bXy+saVCWMtsCVCFeq2BwaVDLBFkhS2I43gewqvvdvT3L++Q21kGFzSKMKeD8NADqQAyiS3vJN0faAbAYofp279iA/detIt3k009tOq2eOpW67YNbsA/0ucMamwMc7d8me3H4rYx4CEAmM6jh1RLwFNUihMS93YYATiFobYyWgAPppeUqSmfDc2QCGPUHOpeCHiz40EfGNGvpdN5qebSS8X//M6MQ0Oe4kMopgwEHkQSYVFkBFaZjUh70uNRJBfjlwGXIAGItSSgxCZGGe9lbI+nMnf/yVX+zWnUWtc1CvNk3EzC2yLbbMqc9gBa7Izds5aTLB79sie2LP1YL1Yr9bb9+iUNd7ZZL9gvX8Bi7Wfpg==</latexit>

A4 = g4(s)

<latexit sha1_base64="LxGvefXQlK9jr9hFUg0r+wXeAVk="></latexit>

A2 = g2 +
�4

2
s2

Negativity
Bellazzini,Elias-Miro,Riembau,Rattazzi,FR’20


Bellazzini,Riembau,FR ’22

Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-’25


Chang,Parra-Martinez’25

Peng,Saho,Tokareva,Xu’25

<latexit sha1_base64="E3LmaxpMt245Eg5kwfOpRj8xSEM="></latexit>

A6 = � �4

2s2
+ g6

<latexit sha1_base64="wQKTF6cXfMgwV5oCYvHyubzWABw=">AAACGHicbVC7TsNAEDzzJrwClDQnAlJoIhtFgQYpQEMJEoFISWStL5tw4vzQ3RopsvwDfAJfQQsVHaKlo+BfsE0KCEw1mtm92RsvUtKQbX9YU9Mzs3PzC4ulpeWV1bXy+saVCWMtsCVCFeq2BwaVDLBFkhS2I43gewqvvdvT3L++Q21kGFzSKMKeD8NADqQAyiS3vJN0faAbAYofp279iA/detIt3k009tOq2eOpW67YNbsA/0ucMamwMc7d8me3H4rYx4CEAmM6jh1RLwFNUihMS93YYATiFobYyWgAPppeUqSmfDc2QCGPUHOpeCHiz40EfGNGvpdN5qebSS8X//M6MQ0Oe4kMopgwEHkQSYVFkBFaZjUh70uNRJBfjlwGXIAGItSSgxCZGGe9lbI+nMnf/yVX+zWnUWtc1CvNk3EzC2yLbbMqc9gBa7Izds5aTLB79sie2LP1YL1Yr9bb9+iUNd7ZZL9gvX8Bi7Wfpg==</latexit>

A4 = g4(s)

<latexit sha1_base64="LxGvefXQlK9jr9hFUg0r+wXeAVk="></latexit>

A2 = g2 +
�4

2
s2

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

Not all tree-level bounds are affected in the same way…

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·

<latexit sha1_base64="mYoKH0XgCnR7ROcn1x6fr9geV1g=">AAACC3icdVC7TgJBFJ3FF+ILtbCwmUhMrDa7sAIl0cYSE3kkgGR2uOCE2Udm7pqQDZ/gV9hqZWds/QgL/8VlwfiInmJy7jn35s49biiFRst6MzJLyyura9n13Mbm1vZOfnevqYNIcWjwQAaq7TINUvjQQIES2qEC5rkSWu74fOa3bkFpEfhXOAmh57GRL4aCM0ykfv6gG4pra/5g8FX08wXLtO1K2alQy3SqxdJpKSHVStUp2dQ2rRQFskC9n3/vDgIeeeAjl0zrjm2F2IuZQsElTHPdSEPI+JiNoJNQn3mge3F6wJQeR5phQENQVEiaivB9Imae1hPPTTo9hjf6tzcT//I6EQ6rvVj4YYTg89kiFBLSRZorkSQDdCAUILLZz4EKn3KmGCIoQRnniRglUeWSPD6Ppv+TZtG0y2b50inUzhbJZMkhOSInxCYVUiMXpE4ahJMpuScP5NG4M56MZ+Nl3poxFjP75AeM1w88Mpq+</latexit>

⇡0⇡0 ! ⇡0⇡0

<latexit sha1_base64="mNKDVXtidcykt6CvRm1XU0USqYM=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESHRENkIBcoIGspEIg8psaLzZRNOOZ+tuz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtPbzO8+gjYiUvc4i8EP2USJseAMU6l1PqxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDB7PoZeJ/Xt/i+NpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOhc1r16rty6rjZuimRI5JifkjHjkijTIHWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H98VNpFB</latexit>�<latexit sha1_base64="AkmnnCbyAXBlv7xYmnziFIjN2VY=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIjFCgjaCiDIA8psaLzZWNOOZ+tuzUosvIJtFDRIVq+h4J/wTYuIGGq0cyudna8SAqDtv1plVZW19Y3ypuVre2d3b3q/kHXhLHm0OGhDHXfYwakUNBBgRL6kQYWeBJ63vQq83sPoI0I1R3OInAD5isxEZxhKt36o8aoWrPrdg66TJyC1EiB9qj6NRyHPA5AIZfMmIFjR+gmTKPgEuaVYWwgYnzKfBikVLEAjJvkUef0JDYMQxqBpkLSXITfGwkLjJkFXjoZMLw3i14m/ucNYpxcuIlQUYygeHYIhYT8kOFapB0AHQsNiCxLDlQoyplmiKAFZZynYpyWUkn7cBa/XybdRt1p1ps3Z7XWZdFMmRyRY3JKHHJOWuSatEmHcOKTJ/JMXqxH69V6s95/RktWsXNI/sD6+Aact5Ig</latexit>g2
<latexit sha1_base64="AkmnnCbyAXBlv7xYmnziFIjN2VY=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIjFCgjaCiDIA8psaLzZWNOOZ+tuzUosvIJtFDRIVq+h4J/wTYuIGGq0cyudna8SAqDtv1plVZW19Y3ypuVre2d3b3q/kHXhLHm0OGhDHXfYwakUNBBgRL6kQYWeBJ63vQq83sPoI0I1R3OInAD5isxEZxhKt36o8aoWrPrdg66TJyC1EiB9qj6NRyHPA5AIZfMmIFjR+gmTKPgEuaVYWwgYnzKfBikVLEAjJvkUef0JDYMQxqBpkLSXITfGwkLjJkFXjoZMLw3i14m/ucNYpxcuIlQUYygeHYIhYT8kOFapB0AHQsNiCxLDlQoyplmiKAFZZynYpyWUkn7cBa/XybdRt1p1ps3Z7XWZdFMmRyRY3JKHHJOWuSatEmHcOKTJ/JMXqxH69V6s95/RktWsXNI/sD6+Aact5Ig</latexit>g2

(running vs irrelevant are  indistinguishable)
Negativity for irrelevant interactions

All coefficients enter! Must assume that effects not considered are small

<latexit sha1_base64="cz55PaSQ3qm98EmUfdW8aOVw87E="></latexit>

+#
g2g3
16⇡2

s3 +#
g2g4
16⇡2

s4 +#
g2g5
16⇡2

s5 + · · ·

<latexit sha1_base64="gqwRnHPG/QPBTmn86dHUNB8KoI0="></latexit>

+#
g2g3
16⇡2

s+#
g2g4
16⇡2

s2 +#
g2g5
16⇡2

s3 + · · ·
<latexit sha1_base64="H4l2vVaj0G0rZstgSuuVkhgk9YA="></latexit>

+#
g2g3
16⇡2s

+#
g2g4
16⇡2

+#
g2g5
16⇡2

s+ · · ·





Bounds in Gravity

<latexit sha1_base64="RHJfEMpDq9f5oG5cU4V7rJoYv5M=">AAACGnicbVDJSgNBEO1xjXGLevTSGJSESJiJol4El4tHBWOELENPp4yNPQtd1UII/oGf4Fd41ZM38erFg//iJOagxgcFj/eqqKoXJFohue6HMzY+MTk1nZnJzs7NLyzmlpYvMLZGQlXGOjaXgUDQKoIqKdJwmRgQYaChFtwc9/3aLRhUcXRO3QSaoehE6kpJQank5zYOC7hJxf2OXylgq1KitGyrUix1/C2OZEsN2Y4J/VzeLbsD8FHiDUmeDXHq5z4b7VjaECKSWiDWPTehZk8YUlLDXbZhERIhb0QH6imNRAjY7A3+uePrFgXFPAHDleYDEX5O9ESI2A2DtDMUdI1/vb74n1e3dLXX7KkosQSR7C8ipWGwCKVRaVDA28oAkehfDlxFXAojiMAoLqRMRZsml03z8P5+P0ouKmVvp7xztp0/OBomk2GrbI0VmMd22QE7YaesyiS7Z4/siT07D86L8+q8fbeOOcOZFfYLzvsX3r2eiA==</latexit>

A(s, t) = g2(s
2 + t2 + u2) + g3stu+ · · ·

<latexit sha1_base64="v890FtvWKw1i73IPqGTbrdeHe50=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKCAioUBHlIiRWdL5twyvmhuzUosvIJtFDRIVq+h4J/wTYpIGGq0cyudna8SElDtv1pLSwuLa+sFtaK6xubW9ulnd2mCWMtsCFCFeq2xw0qGWCDJClsRxq57ylseaOLzG89oDYyDO5oHKHr82EgB1JwSqXby951r1S2K3YONk+cKSnDFPVe6avbD0XsY0BCcWM6jh2Rm3BNUiicFLuxwYiLER9iJ6UB99G4SR51wg5jwylkEWomFctF/L2RcN+Yse+lkz6nezPrZeJ/XiemwZmbyCCKCQORHSKpMD9khJZpB8j6UiMRz5IjkwETXHMi1JJxIVIxTksppn04s9/Pk+ZxxalWqjcn5dr5tJkC7MMBHIEDp1CDK6hDAwQM4Qme4cV6tF6tN+v9Z3TBmu7swR9YH9+WO5Ic</latexit>

GN
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="3PY69E6TDqldtDogFsu00f7/2Ng=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoICURqW6EqhuXFewD2lAm09s6dDIJMzdCCf0It7pyJ279Ghf+i0nMQlvP6nDOvdxzjxdKYdC2P63C0vLK6lpxvbSxubW9U97da5sg0hxaPJCB7nrMgBQKWihQQjfUwHxPQseb3KR+5xG0EYG6x2kIrs/GSowEZ5hInauqOcHjy0G5YtfsDHSRODmpkBzNQfmrPwx45INCLpkxPccO0Y2ZRsElzEr9yEDI+ISNoZdQxXwwbpzFndGjyDAMaAiaCkkzEX5vxMw3Zup7yaTP8MHMe6n4n9eLcHThxkKFEYLi6SEUErJDhmuR9AB0KDQgsjQ5UKEoZ5ohghaUcZ6IUVJMKenDmf9+kbRPa069Vr87qzSu82aK5IAckipxyDlpkFvSJC3CyYQ8kWfyYsXWq/Vmvf+MFqx8Z5/8gfXxDaHlkzI=</latexit>

A(s, t) =

<latexit sha1_base64="9gnAYkbnHoGpnN2xLeRyYzaxuxo=">AAACB3icbVC7TsNAEDzzDOFlSElzIkKiiCI7oEAZQUMZJPKQYss6XzbhlPPZulsjRVE+gK+ghYoO0fIZFPwLdkgBCVONZna1sxMmUhh0nE9rZXVtfWOzsFXc3tnd27cPDtsmTjWHFo9lrLshMyCFghYKlNBNNLAolNAJR9e533kAbUSs7nCcgB+xoRIDwRlmUmCX6DCoVYbBWcXj/RiNh7ET2GWn6sxAl4k7J2UyRzOwv7x+zNMIFHLJjOm5ToL+hGkUXMK06KUGEsZHbAi9jCoWgfEns/BTepIahjFNQFMh6UyE3xsTFhkzjsJsMmJ4bxa9XPzP66U4uPQnQiUpguL5IRQSZocM1yJrBWhfaEBkeXKgQlHONEMELSjjPBPTrKZi1oe7+P0yadeqbr1avz0vN67mzRTIETkmp8QlF6RBbkiTtAgnY/JEnsmL9Wi9Wm/W+8/oijXfKZE/sD6+Ae+mmEo=</latexit>

g2, g3, · · · ! 0
<latexit sha1_base64="CGDRrzGNgIgGh1Lw6olG3zf68E8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRFFChIJGHlETR+bIJp5zP1t0aKTL5CVqo6BAtP0PBv3A2LiBhqtHMrmZ3/EgKg6776RSWlldW14rrpY3Nre2d8u5ey4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v7kMvXbD6CNCNUdTiPoB2ysxEhwhlbqXA1uehhSd1CuuFU3A10kXk4qJEdjUP7qDUMeB6CQS2ZM13Mj7CdMo+ASZqVebCBifMLG0LVUsQBMP8nundGj2DCbGoGmQtJMhN8bCQuMmQa+nQwY3pt5LxX/87oxjs77iVBRjKB4GoRCQhZkuBa2CKBDoQGRpZcDFYpyphkiaEEZ51aMbTMl24c3//0iaZ1UvVq1dntaqV/kzRTJATkkx8QjZ6ROrkmDNAknkjyRZ/LiPDqvzpvz/jNacPKdffIHzsc3xaqT3Q==</latexit>

GN ! 0

<latexit sha1_base64="jHb2B24DlCSN2KVwMTL70hMPel0=">AAACCXicbVDLSgNBEJyNrxhfUfHkZTAInsKuSPQiBD3oSSKYByQh9E46ccjs7DLTK4QlX+BXeNWTN/HqV3jwX9zEHDSxTkVVN11dfqSkJdf9dDILi0vLK9nV3Nr6xuZWfnunZsPYCKyKUIWm4YNFJTVWSZLCRmQQAl9h3R9cjv36AxorQ31HwwjbAfS17EkBlEqd/F6rZ0Ak/VFy1bkZnfOe1JKwky+4RXcCPk+8KSmwKSqd/FerG4o4QE1CgbVNz42onYAhKRSOcq3YYgRiAH1splRDgLadTOKP+GFsgUIeoeFS8YmIvzcSCKwdBn46GQDd21lvLP7nNWPqnbUTqaOYUIvxIZIKJ4esMDLtBXlXGiSCcXLkUnMBBojQSA5CpGKcFpVL+/Bmv58nteOiVyqWbk8K5YtpM1m2zw7YEfPYKSuza1ZhVSZYwp7YM3txHp1X5815/xnNONOdXfYHzsc3KKGaLA==</latexit> g

GN
= finiteTree-level:



Bounds in Gravity

<latexit sha1_base64="RHJfEMpDq9f5oG5cU4V7rJoYv5M=">AAACGnicbVDJSgNBEO1xjXGLevTSGJSESJiJol4El4tHBWOELENPp4yNPQtd1UII/oGf4Fd41ZM38erFg//iJOagxgcFj/eqqKoXJFohue6HMzY+MTk1nZnJzs7NLyzmlpYvMLZGQlXGOjaXgUDQKoIqKdJwmRgQYaChFtwc9/3aLRhUcXRO3QSaoehE6kpJQank5zYOC7hJxf2OXylgq1KitGyrUix1/C2OZEsN2Y4J/VzeLbsD8FHiDUmeDXHq5z4b7VjaECKSWiDWPTehZk8YUlLDXbZhERIhb0QH6imNRAjY7A3+uePrFgXFPAHDleYDEX5O9ESI2A2DtDMUdI1/vb74n1e3dLXX7KkosQSR7C8ipWGwCKVRaVDA28oAkehfDlxFXAojiMAoLqRMRZsml03z8P5+P0ouKmVvp7xztp0/OBomk2GrbI0VmMd22QE7YaesyiS7Z4/siT07D86L8+q8fbeOOcOZFfYLzvsX3r2eiA==</latexit>

A(s, t) = g2(s
2 + t2 + u2) + g3stu+ · · ·

<latexit sha1_base64="v890FtvWKw1i73IPqGTbrdeHe50=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKCAioUBHlIiRWdL5twyvmhuzUosvIJtFDRIVq+h4J/wTYpIGGq0cyudna8SElDtv1pLSwuLa+sFtaK6xubW9ulnd2mCWMtsCFCFeq2xw0qGWCDJClsRxq57ylseaOLzG89oDYyDO5oHKHr82EgB1JwSqXby951r1S2K3YONk+cKSnDFPVe6avbD0XsY0BCcWM6jh2Rm3BNUiicFLuxwYiLER9iJ6UB99G4SR51wg5jwylkEWomFctF/L2RcN+Yse+lkz6nezPrZeJ/XiemwZmbyCCKCQORHSKpMD9khJZpB8j6UiMRz5IjkwETXHMi1JJxIVIxTksppn04s9/Pk+ZxxalWqjcn5dr5tJkC7MMBHIEDp1CDK6hDAwQM4Qme4cV6tF6tN+v9Z3TBmu7swR9YH9+WO5Ic</latexit>

GN
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="3PY69E6TDqldtDogFsu00f7/2Ng=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoICURqW6EqhuXFewD2lAm09s6dDIJMzdCCf0It7pyJ279Ghf+i0nMQlvP6nDOvdxzjxdKYdC2P63C0vLK6lpxvbSxubW9U97da5sg0hxaPJCB7nrMgBQKWihQQjfUwHxPQseb3KR+5xG0EYG6x2kIrs/GSowEZ5hInauqOcHjy0G5YtfsDHSRODmpkBzNQfmrPwx45INCLpkxPccO0Y2ZRsElzEr9yEDI+ISNoZdQxXwwbpzFndGjyDAMaAiaCkkzEX5vxMw3Zup7yaTP8MHMe6n4n9eLcHThxkKFEYLi6SEUErJDhmuR9AB0KDQgsjQ5UKEoZ5ohghaUcZ6IUVJMKenDmf9+kbRPa069Vr87qzSu82aK5IAckipxyDlpkFvSJC3CyYQ8kWfyYsXWq/Vmvf+MFqx8Z5/8gfXxDaHlkzI=</latexit>

A(s, t) =

<latexit sha1_base64="iIk7f34sgVW6HJRM62oXscz/pmM=">AAACJXicbVDJSgNBEO1xN25Rj14ag5CghBkR9SK4XDxGMCpkQqhpK9qkZ6GrRpAh3+En+BVe9eRNBA/irzgZc3B7l3q8V0VVvSAxmth135yR0bHxicmp6dLM7Nz8Qnlx6Yzi1CpsqtjE9iIAQqMjbLJmgxeJRQgDg+dB72jgn9+gJR1Hp3ybYDuEq0h3tQLOpU7ZO6jSBtf2Sj6lYcdHY2S3KFWqNb6It+53Lahsk/sZ9WudcsWtuwXkX+INSUUM0eiU3/3LWKUhRqwMELU8N+F2Bpa1Mtgv+SlhAqoHV9jKaQQhUjsrXuvLtZSAY5mgldrIQsTvExmERLdhkHeGwNf02xuI/3mtlLu77UxHScoYqcEi1gaLRaSszjNDeaktMsPgcpQ6kgosMKPVEpTKxTQPsZTn4f3+/i8526x72/Xtk63K/uEwmSmxIlZFVXhiR+yLY9EQTaHEnXgQj+LJuXeenRfn9at1xBnOLIsfcD4+AfQ3o/I=</latexit>

A(s, t) =
X

`

f`(s)P`(1 +
2t

s
)

<latexit sha1_base64="sZldODUpYQnaTiQ7uD2DnnentiM="></latexit>Z

\s̄t

ds

⇡i

A(s, t)

s3
=

2

⇡

Z 1

s̄
ds

X

`

Imf`(s)
P`(1 +

2t
s )

s3

<latexit sha1_base64="sZldODUpYQnaTiQ7uD2DnnentiM="></latexit>Z

\s̄t

ds

⇡i

A(s, t)

s3
=

2

⇡

Z 1

s̄
ds

X

`

Imf`(s)
P`(1 +

2t
s )

s3

<latexit sha1_base64="9gnAYkbnHoGpnN2xLeRyYzaxuxo=">AAACB3icbVC7TsNAEDzzDOFlSElzIkKiiCI7oEAZQUMZJPKQYss6XzbhlPPZulsjRVE+gK+ghYoO0fIZFPwLdkgBCVONZna1sxMmUhh0nE9rZXVtfWOzsFXc3tnd27cPDtsmTjWHFo9lrLshMyCFghYKlNBNNLAolNAJR9e533kAbUSs7nCcgB+xoRIDwRlmUmCX6DCoVYbBWcXj/RiNh7ET2GWn6sxAl4k7J2UyRzOwv7x+zNMIFHLJjOm5ToL+hGkUXMK06KUGEsZHbAi9jCoWgfEns/BTepIahjFNQFMh6UyE3xsTFhkzjsJsMmJ4bxa9XPzP66U4uPQnQiUpguL5IRQSZocM1yJrBWhfaEBkeXKgQlHONEMELSjjPBPTrKZi1oe7+P0yadeqbr1avz0vN67mzRTIETkmp8QlF6RBbkiTtAgnY/JEnsmL9Wi9Wm/W+8/oijXfKZE/sD6+Ae+mmEo=</latexit>

g2, g3, · · · ! 0
<latexit sha1_base64="CGDRrzGNgIgGh1Lw6olG3zf68E8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRFFChIJGHlETR+bIJp5zP1t0aKTL5CVqo6BAtP0PBv3A2LiBhqtHMrmZ3/EgKg6776RSWlldW14rrpY3Nre2d8u5ey4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v7kMvXbD6CNCNUdTiPoB2ysxEhwhlbqXA1uehhSd1CuuFU3A10kXk4qJEdjUP7qDUMeB6CQS2ZM13Mj7CdMo+ASZqVebCBifMLG0LVUsQBMP8nundGj2DCbGoGmQtJMhN8bCQuMmQa+nQwY3pt5LxX/87oxjs77iVBRjKB4GoRCQhZkuBa2CKBDoQGRpZcDFYpyphkiaEEZ51aMbTMl24c3//0iaZ1UvVq1dntaqV/kzRTJATkkx8QjZ6ROrkmDNAknkjyRZ/LiPDqvzpvz/jNacPKdffIHzsc3xaqT3Q==</latexit>

GN ! 0

<latexit sha1_base64="jHb2B24DlCSN2KVwMTL70hMPel0=">AAACCXicbVDLSgNBEJyNrxhfUfHkZTAInsKuSPQiBD3oSSKYByQh9E46ccjs7DLTK4QlX+BXeNWTN/HqV3jwX9zEHDSxTkVVN11dfqSkJdf9dDILi0vLK9nV3Nr6xuZWfnunZsPYCKyKUIWm4YNFJTVWSZLCRmQQAl9h3R9cjv36AxorQ31HwwjbAfS17EkBlEqd/F6rZ0Ak/VFy1bkZnfOe1JKwky+4RXcCPk+8KSmwKSqd/FerG4o4QE1CgbVNz42onYAhKRSOcq3YYgRiAH1splRDgLadTOKP+GFsgUIeoeFS8YmIvzcSCKwdBn46GQDd21lvLP7nNWPqnbUTqaOYUIvxIZIKJ4esMDLtBXlXGiSCcXLkUnMBBojQSA5CpGKcFpVL+/Bmv58nteOiVyqWbk8K5YtpM1m2zw7YEfPYKSuza1ZhVSZYwp7YM3txHp1X5815/xnNONOdXfYHzsc3KKGaLA==</latexit> g

GN
= finiteTree-level:



Bounds in Gravity

<latexit sha1_base64="RHJfEMpDq9f5oG5cU4V7rJoYv5M=">AAACGnicbVDJSgNBEO1xjXGLevTSGJSESJiJol4El4tHBWOELENPp4yNPQtd1UII/oGf4Fd41ZM38erFg//iJOagxgcFj/eqqKoXJFohue6HMzY+MTk1nZnJzs7NLyzmlpYvMLZGQlXGOjaXgUDQKoIqKdJwmRgQYaChFtwc9/3aLRhUcXRO3QSaoehE6kpJQank5zYOC7hJxf2OXylgq1KitGyrUix1/C2OZEsN2Y4J/VzeLbsD8FHiDUmeDXHq5z4b7VjaECKSWiDWPTehZk8YUlLDXbZhERIhb0QH6imNRAjY7A3+uePrFgXFPAHDleYDEX5O9ESI2A2DtDMUdI1/vb74n1e3dLXX7KkosQSR7C8ipWGwCKVRaVDA28oAkehfDlxFXAojiMAoLqRMRZsml03z8P5+P0ouKmVvp7xztp0/OBomk2GrbI0VmMd22QE7YaesyiS7Z4/siT07D86L8+q8fbeOOcOZFfYLzvsX3r2eiA==</latexit>

A(s, t) = g2(s
2 + t2 + u2) + g3stu+ · · ·

<latexit sha1_base64="v890FtvWKw1i73IPqGTbrdeHe50=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKCAioUBHlIiRWdL5twyvmhuzUosvIJtFDRIVq+h4J/wTYpIGGq0cyudna8SElDtv1pLSwuLa+sFtaK6xubW9ulnd2mCWMtsCFCFeq2xw0qGWCDJClsRxq57ylseaOLzG89oDYyDO5oHKHr82EgB1JwSqXby951r1S2K3YONk+cKSnDFPVe6avbD0XsY0BCcWM6jh2Rm3BNUiicFLuxwYiLER9iJ6UB99G4SR51wg5jwylkEWomFctF/L2RcN+Yse+lkz6nezPrZeJ/XiemwZmbyCCKCQORHSKpMD9khJZpB8j6UiMRz5IjkwETXHMi1JJxIVIxTksppn04s9/Pk+ZxxalWqjcn5dr5tJkC7MMBHIEDp1CDK6hDAwQM4Qme4cV6tF6tN+v9Z3TBmu7swR9YH9+WO5Ic</latexit>

GN
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="3PY69E6TDqldtDogFsu00f7/2Ng=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoICURqW6EqhuXFewD2lAm09s6dDIJMzdCCf0It7pyJ279Ghf+i0nMQlvP6nDOvdxzjxdKYdC2P63C0vLK6lpxvbSxubW9U97da5sg0hxaPJCB7nrMgBQKWihQQjfUwHxPQseb3KR+5xG0EYG6x2kIrs/GSowEZ5hInauqOcHjy0G5YtfsDHSRODmpkBzNQfmrPwx45INCLpkxPccO0Y2ZRsElzEr9yEDI+ISNoZdQxXwwbpzFndGjyDAMaAiaCkkzEX5vxMw3Zup7yaTP8MHMe6n4n9eLcHThxkKFEYLi6SEUErJDhmuR9AB0KDQgsjQ5UKEoZ5ohghaUcZ6IUVJMKenDmf9+kbRPa069Vr87qzSu82aK5IAckipxyDlpkFvSJC3CyYQ8kWfyYsXWq/Vmvf+MFqx8Z5/8gfXxDaHlkzI=</latexit>

A(s, t) =

<latexit sha1_base64="iIk7f34sgVW6HJRM62oXscz/pmM=">AAACJXicbVDJSgNBEO1xN25Rj14ag5CghBkR9SK4XDxGMCpkQqhpK9qkZ6GrRpAh3+En+BVe9eRNBA/irzgZc3B7l3q8V0VVvSAxmth135yR0bHxicmp6dLM7Nz8Qnlx6Yzi1CpsqtjE9iIAQqMjbLJmgxeJRQgDg+dB72jgn9+gJR1Hp3ybYDuEq0h3tQLOpU7ZO6jSBtf2Sj6lYcdHY2S3KFWqNb6It+53Lahsk/sZ9WudcsWtuwXkX+INSUUM0eiU3/3LWKUhRqwMELU8N+F2Bpa1Mtgv+SlhAqoHV9jKaQQhUjsrXuvLtZSAY5mgldrIQsTvExmERLdhkHeGwNf02xuI/3mtlLu77UxHScoYqcEi1gaLRaSszjNDeaktMsPgcpQ6kgosMKPVEpTKxTQPsZTn4f3+/i8526x72/Xtk63K/uEwmSmxIlZFVXhiR+yLY9EQTaHEnXgQj+LJuXeenRfn9at1xBnOLIsfcD4+AfQ3o/I=</latexit>

A(s, t) =
X

`

f`(s)P`(1 +
2t

s
)

<latexit sha1_base64="sZldODUpYQnaTiQ7uD2DnnentiM="></latexit>Z

\s̄t

ds

⇡i

A(s, t)

s3
=

2

⇡

Z 1

s̄
ds

X

`

Imf`(s)
P`(1 +

2t
s )

s3

<latexit sha1_base64="sZldODUpYQnaTiQ7uD2DnnentiM="></latexit>Z

\s̄t

ds

⇡i

A(s, t)

s3
=

2

⇡

Z 1

s̄
ds

X

`

Imf`(s)
P`(1 +

2t
s )

s3

<latexit sha1_base64="X9LQzTqOihM/sv4IcDm7v6KfBMo=">AAAB/nicdVBNS8NAEN3Ur1q/qh69LBahXkIiUnssevFYwdZCE8pmO61LN5uwOxFKKPgrvOrJm3j1r3jwv5jECn6+yzzem2FmXhBLYdBxXq3SwuLS8kp5tbK2vrG5Vd3e6Zoo0Rw6PJKR7gXMgBQKOihQQi/WwMJAwlUwOcv9qxvQRkTqEqcx+CEbKzESnGEmeZ5QSIdemNTxcFCtOXbTyUF/E9cuqlMjc7QH1TdvGPEkBIVcMmP6rhOjnzKNgkuYVbzEQMz4hI2hn1HFQjB+Wtw8oweJYRjRGDQVkhYifJ1IWWjMNAyyzpDhtfnp5eJfXj/BUdNPhYoTBMXzRSgkFIsM1yILA+hQaEBk+eVAhaKcaYYIWlDGeSYmWTqVLI/Pp+n/pHtkuw27cXFca53OkymTPbJP6sQlJ6RFzkmbdAgnMbkj9+TBurUerSfr+aO1ZM1ndsk3WC/vJleVyA==</latexit>Z
dµ(t)

<latexit sha1_base64="X9LQzTqOihM/sv4IcDm7v6KfBMo=">AAAB/nicdVBNS8NAEN3Ur1q/qh69LBahXkIiUnssevFYwdZCE8pmO61LN5uwOxFKKPgrvOrJm3j1r3jwv5jECn6+yzzem2FmXhBLYdBxXq3SwuLS8kp5tbK2vrG5Vd3e6Zoo0Rw6PJKR7gXMgBQKOihQQi/WwMJAwlUwOcv9qxvQRkTqEqcx+CEbKzESnGEmeZ5QSIdemNTxcFCtOXbTyUF/E9cuqlMjc7QH1TdvGPEkBIVcMmP6rhOjnzKNgkuYVbzEQMz4hI2hn1HFQjB+Wtw8oweJYRjRGDQVkhYifJ1IWWjMNAyyzpDhtfnp5eJfXj/BUdNPhYoTBMXzRSgkFIsM1yILA+hQaEBk+eVAhaKcaYYIWlDGeSYmWTqVLI/Pp+n/pHtkuw27cXFca53OkymTPbJP6sQlJ6RFzkmbdAgnMbkj9+TBurUerSfr+aO1ZM1ndsk3WC/vJleVyA==</latexit>Z
dµ(t)

When    not analytic, Partial wave expansion 
 holds only distributionally

<latexit sha1_base64="ABOwXQtCjLFPFmMNjk1nRBtWeBk=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTJAQ5lI5CElVnS+bMIp57N1t4cUWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztBLIVB1/10VlbX1jc2S1vl7Z3dvf3KwWHHRFZzaPNIRroXMANSKGijQAm9WAMLAwndYHqb+d1H0EZE6h5nMfghmygxFpxhKrWuh5WqW3Nz0GXiFaRKCjSHla/BKOI2BIVcMmP6nhujnzCNgkuYlwfWQMz4lE2gn1LFQjB+kged01NrGEY0Bk2FpLkIvzcSFhozC4N0MmT4YBa9TPzP61scX/mJULFFUDw7hEJCfshwLdIGgI6EBkSWJQcqFOVMM0TQgjLOU9GmlZTTPrzF75dJ57zm1Wv11kW1cVM0UyLH5IScEY9ckga5I03SJpwAeSLP5MWxzqvz5rz/jK44xc4R+QPn4xs0YpFV</latexit>

A

<latexit sha1_base64="9gnAYkbnHoGpnN2xLeRyYzaxuxo=">AAACB3icbVC7TsNAEDzzDOFlSElzIkKiiCI7oEAZQUMZJPKQYss6XzbhlPPZulsjRVE+gK+ghYoO0fIZFPwLdkgBCVONZna1sxMmUhh0nE9rZXVtfWOzsFXc3tnd27cPDtsmTjWHFo9lrLshMyCFghYKlNBNNLAolNAJR9e533kAbUSs7nCcgB+xoRIDwRlmUmCX6DCoVYbBWcXj/RiNh7ET2GWn6sxAl4k7J2UyRzOwv7x+zNMIFHLJjOm5ToL+hGkUXMK06KUGEsZHbAi9jCoWgfEns/BTepIahjFNQFMh6UyE3xsTFhkzjsJsMmJ4bxa9XPzP66U4uPQnQiUpguL5IRQSZocM1yJrBWhfaEBkeXKgQlHONEMELSjjPBPTrKZi1oe7+P0yadeqbr1avz0vN67mzRTIETkmp8QlF6RBbkiTtAgnY/JEnsmL9Wi9Wm/W+8/oijXfKZE/sD6+Ae+mmEo=</latexit>

g2, g3, · · · ! 0
<latexit sha1_base64="CGDRrzGNgIgGh1Lw6olG3zf68E8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRFFChIJGHlETR+bIJp5zP1t0aKTL5CVqo6BAtP0PBv3A2LiBhqtHMrmZ3/EgKg6776RSWlldW14rrpY3Nre2d8u5ey4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v7kMvXbD6CNCNUdTiPoB2ysxEhwhlbqXA1uehhSd1CuuFU3A10kXk4qJEdjUP7qDUMeB6CQS2ZM13Mj7CdMo+ASZqVebCBifMLG0LVUsQBMP8nundGj2DCbGoGmQtJMhN8bCQuMmQa+nQwY3pt5LxX/87oxjs77iVBRjKB4GoRCQhZkuBa2CKBDoQGRpZcDFYpyphkiaEEZ51aMbTMl24c3//0iaZ1UvVq1dntaqV/kzRTJATkkx8QjZ6ROrkmDNAknkjyRZ/LiPDqvzpvz/jNacPKdffIHzsc3xaqT3Q==</latexit>

GN ! 0

<latexit sha1_base64="jHb2B24DlCSN2KVwMTL70hMPel0=">AAACCXicbVDLSgNBEJyNrxhfUfHkZTAInsKuSPQiBD3oSSKYByQh9E46ccjs7DLTK4QlX+BXeNWTN/HqV3jwX9zEHDSxTkVVN11dfqSkJdf9dDILi0vLK9nV3Nr6xuZWfnunZsPYCKyKUIWm4YNFJTVWSZLCRmQQAl9h3R9cjv36AxorQ31HwwjbAfS17EkBlEqd/F6rZ0Ak/VFy1bkZnfOe1JKwky+4RXcCPk+8KSmwKSqd/FerG4o4QE1CgbVNz42onYAhKRSOcq3YYgRiAH1splRDgLadTOKP+GFsgUIeoeFS8YmIvzcSCKwdBn46GQDd21lvLP7nNWPqnbUTqaOYUIvxIZIKJ4esMDLtBXlXGiSCcXLkUnMBBojQSA5CpGKcFpVL+/Bmv58nteOiVyqWbk8K5YtpM1m2zw7YEfPYKSuza1ZhVSZYwp7YM3txHp1X5815/xnNONOdXfYHzsc3KKGaLA==</latexit> g

GN
= finiteTree-level:



Bounds in Gravity

<latexit sha1_base64="RHJfEMpDq9f5oG5cU4V7rJoYv5M=">AAACGnicbVDJSgNBEO1xjXGLevTSGJSESJiJol4El4tHBWOELENPp4yNPQtd1UII/oGf4Fd41ZM38erFg//iJOagxgcFj/eqqKoXJFohue6HMzY+MTk1nZnJzs7NLyzmlpYvMLZGQlXGOjaXgUDQKoIqKdJwmRgQYaChFtwc9/3aLRhUcXRO3QSaoehE6kpJQank5zYOC7hJxf2OXylgq1KitGyrUix1/C2OZEsN2Y4J/VzeLbsD8FHiDUmeDXHq5z4b7VjaECKSWiDWPTehZk8YUlLDXbZhERIhb0QH6imNRAjY7A3+uePrFgXFPAHDleYDEX5O9ESI2A2DtDMUdI1/vb74n1e3dLXX7KkosQSR7C8ipWGwCKVRaVDA28oAkehfDlxFXAojiMAoLqRMRZsml03z8P5+P0ouKmVvp7xztp0/OBomk2GrbI0VmMd22QE7YaesyiS7Z4/siT07D86L8+q8fbeOOcOZFfYLzvsX3r2eiA==</latexit>

A(s, t) = g2(s
2 + t2 + u2) + g3stu+ · · ·

<latexit sha1_base64="v890FtvWKw1i73IPqGTbrdeHe50=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKCAioUBHlIiRWdL5twyvmhuzUosvIJtFDRIVq+h4J/wTYpIGGq0cyudna8SElDtv1pLSwuLa+sFtaK6xubW9ulnd2mCWMtsCFCFeq2xw0qGWCDJClsRxq57ylseaOLzG89oDYyDO5oHKHr82EgB1JwSqXby951r1S2K3YONk+cKSnDFPVe6avbD0XsY0BCcWM6jh2Rm3BNUiicFLuxwYiLER9iJ6UB99G4SR51wg5jwylkEWomFctF/L2RcN+Yse+lkz6nezPrZeJ/XiemwZmbyCCKCQORHSKpMD9khJZpB8j6UiMRz5IjkwETXHMi1JJxIVIxTksppn04s9/Pk+ZxxalWqjcn5dr5tJkC7MMBHIEDp1CDK6hDAwQM4Qme4cV6tF6tN+v9Z3TBmu7swR9YH9+WO5Ic</latexit>

GN
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="3PY69E6TDqldtDogFsu00f7/2Ng=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoICURqW6EqhuXFewD2lAm09s6dDIJMzdCCf0It7pyJ279Ghf+i0nMQlvP6nDOvdxzjxdKYdC2P63C0vLK6lpxvbSxubW9U97da5sg0hxaPJCB7nrMgBQKWihQQjfUwHxPQseb3KR+5xG0EYG6x2kIrs/GSowEZ5hInauqOcHjy0G5YtfsDHSRODmpkBzNQfmrPwx45INCLpkxPccO0Y2ZRsElzEr9yEDI+ISNoZdQxXwwbpzFndGjyDAMaAiaCkkzEX5vxMw3Zup7yaTP8MHMe6n4n9eLcHThxkKFEYLi6SEUErJDhmuR9AB0KDQgsjQ5UKEoZ5ohghaUcZ6IUVJMKenDmf9+kbRPa069Vr87qzSu82aK5IAckipxyDlpkFvSJC3CyYQ8kWfyYsXWq/Vmvf+MFqx8Z5/8gfXxDaHlkzI=</latexit>

A(s, t) =

Find               so that<latexit sha1_base64="el7okCxmPRq4AQT0ZyxxHlhn0Qg=">AAACA3icbVA9SwNBEN2LXzF+5NTSZjEIsQl3ItFGCNpYRjAfkISwtzeJS/Y+2J0VQkjpr7DVyk5s/SEW/hf3YgpNfMXweG+GmXlBKoVGz/t0ciura+sb+c3C1vbObtHd22/qxCgODZ7IRLUDpkGKGBooUEI7VcCiQEIrGF1nfusBlBZJfIfjFHoRG8ZiIDhDK/XdYtiNTBlPLge20BD7bsmreDPQZeLPSYnMUe+7X90w4SaCGLlkWnd8L8XehCkUXMK00DUaUsZHbAgdS2MWge5NZodP6bHRDBOagqJC0pkIvycmLNJ6HAW2M2J4rxe9TPzP6xgcXPQmIk4NQsyzRSgkzBZproRNBGgoFCCy7HKgIqacKYYISlDGuRWNjahg8/AXv18mzdOKX61Ub89Ktat5MnlySI5ImfjknNTIDamTBuHEkCfyTF6cR+fVeXPef1pzznzmgPyB8/EN446WmA==</latexit>

dµ(t) = f(t)dt
<latexit sha1_base64="wAIw6AUxQp3eMgQFfGn3BBzXYCw=">AAACA3icbVC7TsNAEDyHVwiPBChpTkRIFCiyEQqUETSUQSIPKbai9WUTTjk/dLdGiqKUfAUtVHSIlg+h4F+wgwtImGo0s6udHT9W0pBtf1qFldW19Y3iZmlre2e3XNnbb5so0QJbIlKR7vpgUMkQWyRJYTfWCIGvsOOPrzO/84DayCi8o0mMXgCjUA6lAEqlfqXsDiMNSnEXlTrlpl+p2jV7Dr5MnJxUWY5mv/LlDiKRBBiSUGBMz7Fj8qagSQqFs5KbGIxBjGGEvZSGEKDxpvPgM36cGKCIx6i5VHwu4u+NKQTGTAI/nQyA7s2il4n/eb2EhpfeVIZxQhiK7BBJhfNDRmiZNoJ8IDUSQZYcuQy5AA1EqCUHIVIxSSsqpX04i98vk/ZZzanX6rfn1cZV3kyRHbIjdsIcdsEa7IY1WYsJlrAn9sxerEfr1Xqz3n9GC1a+c8D+wPr4BsQalyU=</latexit>

8`, s<latexit sha1_base64="bVWXnBjoePLLOuh9HN3uvXxciGg=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRClQogoYyIPKQkig6XzbhlPNDd+tIkZU/oIWKDtHyPxT8C7ZxAQlTjWZ2tbPjhkoasu1Pq7Cyura+UdwsbW3v7O6V9w9aJoi0wKYIVKA7LjeopI9NkqSwE2rknquw7U5uUr89RW1k4D/QLMS+x8e+HEnBKZHur+xBuWJX7QxsmTg5qUCOxqD81RsGIvLQJ6G4MV3HDqkfc01SKJyXepHBkIsJH2M3oT730PTjLOmcnUSGU8BC1Ewqlon4eyPmnjEzz00mPU6PZtFLxf+8bkSjy34s/TAi9EV6iKTC7JARWiYVIBtKjUQ8TY5M+kxwzYlQS8aFSMQo6aSU9OEsfr9MWmdVp1at3Z1X6td5M0U4gmM4BQcuoA630IAmCBjBEzzDizW1Xq036/1ntGDlO4fwB9bHN5+ykYw=</latexit>

> 0
Caron-Huot,Mazac,Rastelli,Simons-Duffin’22

<latexit sha1_base64="iIk7f34sgVW6HJRM62oXscz/pmM=">AAACJXicbVDJSgNBEO1xN25Rj14ag5CghBkR9SK4XDxGMCpkQqhpK9qkZ6GrRpAh3+En+BVe9eRNBA/irzgZc3B7l3q8V0VVvSAxmth135yR0bHxicmp6dLM7Nz8Qnlx6Yzi1CpsqtjE9iIAQqMjbLJmgxeJRQgDg+dB72jgn9+gJR1Hp3ybYDuEq0h3tQLOpU7ZO6jSBtf2Sj6lYcdHY2S3KFWqNb6It+53Lahsk/sZ9WudcsWtuwXkX+INSUUM0eiU3/3LWKUhRqwMELU8N+F2Bpa1Mtgv+SlhAqoHV9jKaQQhUjsrXuvLtZSAY5mgldrIQsTvExmERLdhkHeGwNf02xuI/3mtlLu77UxHScoYqcEi1gaLRaSszjNDeaktMsPgcpQ6kgosMKPVEpTKxTQPsZTn4f3+/i8526x72/Xtk63K/uEwmSmxIlZFVXhiR+yLY9EQTaHEnXgQj+LJuXeenRfn9at1xBnOLIsfcD4+AfQ3o/I=</latexit>

A(s, t) =
X

`

f`(s)P`(1 +
2t

s
)

<latexit sha1_base64="sZldODUpYQnaTiQ7uD2DnnentiM="></latexit>Z

\s̄t

ds

⇡i

A(s, t)

s3
=

2

⇡

Z 1

s̄
ds

X

`

Imf`(s)
P`(1 +

2t
s )

s3

<latexit sha1_base64="sZldODUpYQnaTiQ7uD2DnnentiM="></latexit>Z

\s̄t

ds

⇡i

A(s, t)

s3
=

2

⇡

Z 1

s̄
ds

X

`

Imf`(s)
P`(1 +

2t
s )

s3

<latexit sha1_base64="X9LQzTqOihM/sv4IcDm7v6KfBMo=">AAAB/nicdVBNS8NAEN3Ur1q/qh69LBahXkIiUnssevFYwdZCE8pmO61LN5uwOxFKKPgrvOrJm3j1r3jwv5jECn6+yzzem2FmXhBLYdBxXq3SwuLS8kp5tbK2vrG5Vd3e6Zoo0Rw6PJKR7gXMgBQKOihQQi/WwMJAwlUwOcv9qxvQRkTqEqcx+CEbKzESnGEmeZ5QSIdemNTxcFCtOXbTyUF/E9cuqlMjc7QH1TdvGPEkBIVcMmP6rhOjnzKNgkuYVbzEQMz4hI2hn1HFQjB+Wtw8oweJYRjRGDQVkhYifJ1IWWjMNAyyzpDhtfnp5eJfXj/BUdNPhYoTBMXzRSgkFIsM1yILA+hQaEBk+eVAhaKcaYYIWlDGeSYmWTqVLI/Pp+n/pHtkuw27cXFca53OkymTPbJP6sQlJ6RFzkmbdAgnMbkj9+TBurUerSfr+aO1ZM1ndsk3WC/vJleVyA==</latexit>Z
dµ(t)

<latexit sha1_base64="X9LQzTqOihM/sv4IcDm7v6KfBMo=">AAAB/nicdVBNS8NAEN3Ur1q/qh69LBahXkIiUnssevFYwdZCE8pmO61LN5uwOxFKKPgrvOrJm3j1r3jwv5jECn6+yzzem2FmXhBLYdBxXq3SwuLS8kp5tbK2vrG5Vd3e6Zoo0Rw6PJKR7gXMgBQKOihQQi/WwMJAwlUwOcv9qxvQRkTqEqcx+CEbKzESnGEmeZ5QSIdemNTxcFCtOXbTyUF/E9cuqlMjc7QH1TdvGPEkBIVcMmP6rhOjnzKNgkuYVbzEQMz4hI2hn1HFQjB+Wtw8oweJYRjRGDQVkhYifJ1IWWjMNAyyzpDhtfnp5eJfXj/BUdNPhYoTBMXzRSgkFIsM1yILA+hQaEBk+eVAhaKcaYYIWlDGeSYmWTqVLI/Pp+n/pHtkuw27cXFca53OkymTPbJP6sQlJ6RFzkmbdAgnMbkj9+TBurUerSfr+aO1ZM1ndsk3WC/vJleVyA==</latexit>Z
dµ(t)

When    not analytic, Partial wave expansion 
 holds only distributionally

<latexit sha1_base64="ABOwXQtCjLFPFmMNjk1nRBtWeBk=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTJAQ5lI5CElVnS+bMIp57N1t4cUWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztBLIVB1/10VlbX1jc2S1vl7Z3dvf3KwWHHRFZzaPNIRroXMANSKGijQAm9WAMLAwndYHqb+d1H0EZE6h5nMfghmygxFpxhKrWuh5WqW3Nz0GXiFaRKCjSHla/BKOI2BIVcMmP6nhujnzCNgkuYlwfWQMz4lE2gn1LFQjB+kged01NrGEY0Bk2FpLkIvzcSFhozC4N0MmT4YBa9TPzP61scX/mJULFFUDw7hEJCfshwLdIGgI6EBkSWJQcqFOVMM0TQgjLOU9GmlZTTPrzF75dJ57zm1Wv11kW1cVM0UyLH5IScEY9ckga5I03SJpwAeSLP5MWxzqvz5rz/jK44xc4R+QPn4xs0YpFV</latexit>

A

<latexit sha1_base64="9gnAYkbnHoGpnN2xLeRyYzaxuxo=">AAACB3icbVC7TsNAEDzzDOFlSElzIkKiiCI7oEAZQUMZJPKQYss6XzbhlPPZulsjRVE+gK+ghYoO0fIZFPwLdkgBCVONZna1sxMmUhh0nE9rZXVtfWOzsFXc3tnd27cPDtsmTjWHFo9lrLshMyCFghYKlNBNNLAolNAJR9e533kAbUSs7nCcgB+xoRIDwRlmUmCX6DCoVYbBWcXj/RiNh7ET2GWn6sxAl4k7J2UyRzOwv7x+zNMIFHLJjOm5ToL+hGkUXMK06KUGEsZHbAi9jCoWgfEns/BTepIahjFNQFMh6UyE3xsTFhkzjsJsMmJ4bxa9XPzP66U4uPQnQiUpguL5IRQSZocM1yJrBWhfaEBkeXKgQlHONEMELSjjPBPTrKZi1oe7+P0yadeqbr1avz0vN67mzRTIETkmp8QlF6RBbkiTtAgnY/JEnsmL9Wi9Wm/W+8/oijXfKZE/sD6+Ae+mmEo=</latexit>

g2, g3, · · · ! 0
<latexit sha1_base64="CGDRrzGNgIgGh1Lw6olG3zf68E8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRFFChIJGHlETR+bIJp5zP1t0aKTL5CVqo6BAtP0PBv3A2LiBhqtHMrmZ3/EgKg6776RSWlldW14rrpY3Nre2d8u5ey4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v7kMvXbD6CNCNUdTiPoB2ysxEhwhlbqXA1uehhSd1CuuFU3A10kXk4qJEdjUP7qDUMeB6CQS2ZM13Mj7CdMo+ASZqVebCBifMLG0LVUsQBMP8nundGj2DCbGoGmQtJMhN8bCQuMmQa+nQwY3pt5LxX/87oxjs77iVBRjKB4GoRCQhZkuBa2CKBDoQGRpZcDFYpyphkiaEEZ51aMbTMl24c3//0iaZ1UvVq1dntaqV/kzRTJATkkx8QjZ6ROrkmDNAknkjyRZ/LiPDqvzpvz/jNacPKdffIHzsc3xaqT3Q==</latexit>

GN ! 0

<latexit sha1_base64="jHb2B24DlCSN2KVwMTL70hMPel0=">AAACCXicbVDLSgNBEJyNrxhfUfHkZTAInsKuSPQiBD3oSSKYByQh9E46ccjs7DLTK4QlX+BXeNWTN/HqV3jwX9zEHDSxTkVVN11dfqSkJdf9dDILi0vLK9nV3Nr6xuZWfnunZsPYCKyKUIWm4YNFJTVWSZLCRmQQAl9h3R9cjv36AxorQ31HwwjbAfS17EkBlEqd/F6rZ0Ak/VFy1bkZnfOe1JKwky+4RXcCPk+8KSmwKSqd/FerG4o4QE1CgbVNz42onYAhKRSOcq3YYgRiAH1splRDgLadTOKP+GFsgUIeoeFS8YmIvzcSCKwdBn46GQDd21lvLP7nNWPqnbUTqaOYUIvxIZIKJ4esMDLtBXlXGiSCcXLkUnMBBojQSA5CpGKcFpVL+/Bmv58nteOiVyqWbk8K5YtpM1m2zw7YEfPYKSuza1ZhVSZYwp7YM3txHp1X5815/xnNONOdXfYHzsc3KKGaLA==</latexit> g

GN
= finiteTree-level:



Bounds in Gravity

<latexit sha1_base64="RHJfEMpDq9f5oG5cU4V7rJoYv5M=">AAACGnicbVDJSgNBEO1xjXGLevTSGJSESJiJol4El4tHBWOELENPp4yNPQtd1UII/oGf4Fd41ZM38erFg//iJOagxgcFj/eqqKoXJFohue6HMzY+MTk1nZnJzs7NLyzmlpYvMLZGQlXGOjaXgUDQKoIqKdJwmRgQYaChFtwc9/3aLRhUcXRO3QSaoehE6kpJQank5zYOC7hJxf2OXylgq1KitGyrUix1/C2OZEsN2Y4J/VzeLbsD8FHiDUmeDXHq5z4b7VjaECKSWiDWPTehZk8YUlLDXbZhERIhb0QH6imNRAjY7A3+uePrFgXFPAHDleYDEX5O9ESI2A2DtDMUdI1/vb74n1e3dLXX7KkosQSR7C8ipWGwCKVRaVDA28oAkehfDlxFXAojiMAoLqRMRZsml03z8P5+P0ouKmVvp7xztp0/OBomk2GrbI0VmMd22QE7YaesyiS7Z4/siT07D86L8+q8fbeOOcOZFfYLzvsX3r2eiA==</latexit>

A(s, t) = g2(s
2 + t2 + u2) + g3stu+ · · ·

<latexit sha1_base64="v890FtvWKw1i73IPqGTbrdeHe50=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKCAioUBHlIiRWdL5twyvmhuzUosvIJtFDRIVq+h4J/wTYpIGGq0cyudna8SElDtv1pLSwuLa+sFtaK6xubW9ulnd2mCWMtsCFCFeq2xw0qGWCDJClsRxq57ylseaOLzG89oDYyDO5oHKHr82EgB1JwSqXby951r1S2K3YONk+cKSnDFPVe6avbD0XsY0BCcWM6jh2Rm3BNUiicFLuxwYiLER9iJ6UB99G4SR51wg5jwylkEWomFctF/L2RcN+Yse+lkz6nezPrZeJ/XiemwZmbyCCKCQORHSKpMD9khJZpB8j6UiMRz5IjkwETXHMi1JJxIVIxTksppn04s9/Pk+ZxxalWqjcn5dr5tJkC7MMBHIEDp1CDK6hDAwQM4Qme4cV6tF6tN+v9Z3TBmu7swR9YH9+WO5Ic</latexit>

GN
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="3PY69E6TDqldtDogFsu00f7/2Ng=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoICURqW6EqhuXFewD2lAm09s6dDIJMzdCCf0It7pyJ279Ghf+i0nMQlvP6nDOvdxzjxdKYdC2P63C0vLK6lpxvbSxubW9U97da5sg0hxaPJCB7nrMgBQKWihQQjfUwHxPQseb3KR+5xG0EYG6x2kIrs/GSowEZ5hInauqOcHjy0G5YtfsDHSRODmpkBzNQfmrPwx45INCLpkxPccO0Y2ZRsElzEr9yEDI+ISNoZdQxXwwbpzFndGjyDAMaAiaCkkzEX5vxMw3Zup7yaTP8MHMe6n4n9eLcHThxkKFEYLi6SEUErJDhmuR9AB0KDQgsjQ5UKEoZ5ohghaUcZ6IUVJMKenDmf9+kbRPa069Vr87qzSu82aK5IAckipxyDlpkFvSJC3CyYQ8kWfyYsXWq/Vmvf+MFqx8Z5/8gfXxDaHlkzI=</latexit>

A(s, t) =

Find               so that<latexit sha1_base64="el7okCxmPRq4AQT0ZyxxHlhn0Qg=">AAACA3icbVA9SwNBEN2LXzF+5NTSZjEIsQl3ItFGCNpYRjAfkISwtzeJS/Y+2J0VQkjpr7DVyk5s/SEW/hf3YgpNfMXweG+GmXlBKoVGz/t0ciura+sb+c3C1vbObtHd22/qxCgODZ7IRLUDpkGKGBooUEI7VcCiQEIrGF1nfusBlBZJfIfjFHoRG8ZiIDhDK/XdYtiNTBlPLge20BD7bsmreDPQZeLPSYnMUe+7X90w4SaCGLlkWnd8L8XehCkUXMK00DUaUsZHbAgdS2MWge5NZodP6bHRDBOagqJC0pkIvycmLNJ6HAW2M2J4rxe9TPzP6xgcXPQmIk4NQsyzRSgkzBZproRNBGgoFCCy7HKgIqacKYYISlDGuRWNjahg8/AXv18mzdOKX61Ub89Ktat5MnlySI5ImfjknNTIDamTBuHEkCfyTF6cR+fVeXPef1pzznzmgPyB8/EN446WmA==</latexit>

dµ(t) = f(t)dt
<latexit sha1_base64="wAIw6AUxQp3eMgQFfGn3BBzXYCw=">AAACA3icbVC7TsNAEDyHVwiPBChpTkRIFCiyEQqUETSUQSIPKbai9WUTTjk/dLdGiqKUfAUtVHSIlg+h4F+wgwtImGo0s6udHT9W0pBtf1qFldW19Y3iZmlre2e3XNnbb5so0QJbIlKR7vpgUMkQWyRJYTfWCIGvsOOPrzO/84DayCi8o0mMXgCjUA6lAEqlfqXsDiMNSnEXlTrlpl+p2jV7Dr5MnJxUWY5mv/LlDiKRBBiSUGBMz7Fj8qagSQqFs5KbGIxBjGGEvZSGEKDxpvPgM36cGKCIx6i5VHwu4u+NKQTGTAI/nQyA7s2il4n/eb2EhpfeVIZxQhiK7BBJhfNDRmiZNoJ8IDUSQZYcuQy5AA1EqCUHIVIxSSsqpX04i98vk/ZZzanX6rfn1cZV3kyRHbIjdsIcdsEa7IY1WYsJlrAn9sxerEfr1Xqz3n9GC1a+c8D+wPr4BsQalyU=</latexit>

8`, s<latexit sha1_base64="bVWXnBjoePLLOuh9HN3uvXxciGg=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRClQogoYyIPKQkig6XzbhlPNDd+tIkZU/oIWKDtHyPxT8C7ZxAQlTjWZ2tbPjhkoasu1Pq7Cyura+UdwsbW3v7O6V9w9aJoi0wKYIVKA7LjeopI9NkqSwE2rknquw7U5uUr89RW1k4D/QLMS+x8e+HEnBKZHur+xBuWJX7QxsmTg5qUCOxqD81RsGIvLQJ6G4MV3HDqkfc01SKJyXepHBkIsJH2M3oT730PTjLOmcnUSGU8BC1Ewqlon4eyPmnjEzz00mPU6PZtFLxf+8bkSjy34s/TAi9EV6iKTC7JARWiYVIBtKjUQ8TY5M+kxwzYlQS8aFSMQo6aSU9OEsfr9MWmdVp1at3Z1X6td5M0U4gmM4BQcuoA630IAmCBjBEzzDizW1Xq036/1ntGDlO4fwB9bHN5+ykYw=</latexit>

> 0
Caron-Huot,Mazac,Rastelli,Simons-Duffin’22

<latexit sha1_base64="iIk7f34sgVW6HJRM62oXscz/pmM=">AAACJXicbVDJSgNBEO1xN25Rj14ag5CghBkR9SK4XDxGMCpkQqhpK9qkZ6GrRpAh3+En+BVe9eRNBA/irzgZc3B7l3q8V0VVvSAxmth135yR0bHxicmp6dLM7Nz8Qnlx6Yzi1CpsqtjE9iIAQqMjbLJmgxeJRQgDg+dB72jgn9+gJR1Hp3ybYDuEq0h3tQLOpU7ZO6jSBtf2Sj6lYcdHY2S3KFWqNb6It+53Lahsk/sZ9WudcsWtuwXkX+INSUUM0eiU3/3LWKUhRqwMELU8N+F2Bpa1Mtgv+SlhAqoHV9jKaQQhUjsrXuvLtZSAY5mgldrIQsTvExmERLdhkHeGwNf02xuI/3mtlLu77UxHScoYqcEi1gaLRaSszjNDeaktMsPgcpQ6kgosMKPVEpTKxTQPsZTn4f3+/i8526x72/Xtk63K/uEwmSmxIlZFVXhiR+yLY9EQTaHEnXgQj+LJuXeenRfn9at1xBnOLIsfcD4+AfQ3o/I=</latexit>

A(s, t) =
X

`
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\s̄t

ds
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⇡

Z 1
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2t
s )

s3

<latexit sha1_base64="sZldODUpYQnaTiQ7uD2DnnentiM="></latexit>Z

\s̄t

ds

⇡i

A(s, t)
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2

⇡

Z 1
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<latexit sha1_base64="X9LQzTqOihM/sv4IcDm7v6KfBMo=">AAAB/nicdVBNS8NAEN3Ur1q/qh69LBahXkIiUnssevFYwdZCE8pmO61LN5uwOxFKKPgrvOrJm3j1r3jwv5jECn6+yzzem2FmXhBLYdBxXq3SwuLS8kp5tbK2vrG5Vd3e6Zoo0Rw6PJKR7gXMgBQKOihQQi/WwMJAwlUwOcv9qxvQRkTqEqcx+CEbKzESnGEmeZ5QSIdemNTxcFCtOXbTyUF/E9cuqlMjc7QH1TdvGPEkBIVcMmP6rhOjnzKNgkuYVbzEQMz4hI2hn1HFQjB+Wtw8oweJYRjRGDQVkhYifJ1IWWjMNAyyzpDhtfnp5eJfXj/BUdNPhYoTBMXzRSgkFIsM1yILA+hQaEBk+eVAhaKcaYYIWlDGeSYmWTqVLI/Pp+n/pHtkuw27cXFca53OkymTPbJP6sQlJ6RFzkmbdAgnMbkj9+TBurUerSfr+aO1ZM1ndsk3WC/vJleVyA==</latexit>Z
dµ(t)

<latexit sha1_base64="ZR+0es3k532HDLtZL6Ygq/gQrxg=">AAAB83icdVDLTgJBEJzFF+IL9ehlIjHhtNkFXeBG9OIREnkksCGzQ4MTZh+Z6TUhhC/wqidvxqsf5MF/cXfFRI3WqVLVna4uL5JCo2W9Gbm19Y3Nrfx2YWd3b/+geHjU1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfq9O1BahMENziNwfTYNxERwhonULo+KJcu8qNcaToUmpNGwHSsj1Vq1Qm3TylAiK7RGxffhOOSxDwFyybQe2FaE7oIpFFzCsjCMNUSMz9gUBgkNmA/aXWRBl/Qs1gxDGoGiQtJMhO8bC+ZrPfe9ZNJneKt/e6n4lzeIcVJ3FyKIYoSAp4dQSMgOaa5E0gDQsVCAyNLkQEVAOVMMEZSgjPNEjJNKCkkfX0/T/0m3YtqO6bTPS83LVTN5ckJOSZnYpEaa5Jq0SIdwAuSePJBHIzaejGfj5XM0Z6x2jskPGK8fnPCRnA==</latexit>

(
<latexit sha1_base64="su8vtM+I5JJ2LgK/E4WAIg+DgIQ=">AAAB83icdVDLTgJBEJzFF+IL9ehlIjHRy2YXdIEb0YtHSOSRwIbMDg1OmH1kpteEEL7Aq568Ga9+kAf/xd0VEzVap0pVd7q6vEgKjZb1ZuRWVtfWN/Kbha3tnd294v5BR4ex4tDmoQxVz2MapAigjQIl9CIFzPckdL3pVep370BpEQY3OIvA9dkkEGPBGSZS62xYLFnmRa1ad8o0IfW67VgZqVQrZWqbVoYSWaI5LL4PRiGPfQiQS6Z137YidOdMoeASFoVBrCFifMom0E9owHzQ7jwLuqAnsWYY0ggUFZJmInzfmDNf65nvJZM+w1v920vFv7x+jOOaOxdBFCMEPD2EQkJ2SHMlkgaAjoQCRJYmByoCypliiKAEZZwnYpxUUkj6+Hqa/k86ZdN2TKd1XmpcLpvJkyNyTE6JTaqkQa5Jk7QJJ0DuyQN5NGLjyXg2Xj5Hc8Zy55D8gPH6AZ5/kZ0=</latexit>

) <latexit sha1_base64="bVWXnBjoePLLOuh9HN3uvXxciGg=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRClQogoYyIPKQkig6XzbhlPNDd+tIkZU/oIWKDtHyPxT8C7ZxAQlTjWZ2tbPjhkoasu1Pq7Cyura+UdwsbW3v7O6V9w9aJoi0wKYIVKA7LjeopI9NkqSwE2rknquw7U5uUr89RW1k4D/QLMS+x8e+HEnBKZHur+xBuWJX7QxsmTg5qUCOxqD81RsGIvLQJ6G4MV3HDqkfc01SKJyXepHBkIsJH2M3oT730PTjLOmcnUSGU8BC1Ewqlon4eyPmnjEzz00mPU6PZtFLxf+8bkSjy34s/TAi9EV6iKTC7JARWiYVIBtKjUQ8TY5M+kxwzYlQS8aFSMQo6aSU9OEsfr9MWmdVp1at3Z1X6td5M0U4gmM4BQcuoA630IAmCBjBEzzDizW1Xq036/1ntGDlO4fwB9bHN5+ykYw=</latexit>

> 0

Positivity condition in IR

<latexit sha1_base64="koFa2Erc8/Sf/vy0XGLYLVP2S1g="></latexit>

�2

t
+ g2 + g3t+ g4t

2 + · · ·

<latexit sha1_base64="X9LQzTqOihM/sv4IcDm7v6KfBMo=">AAAB/nicdVBNS8NAEN3Ur1q/qh69LBahXkIiUnssevFYwdZCE8pmO61LN5uwOxFKKPgrvOrJm3j1r3jwv5jECn6+yzzem2FmXhBLYdBxXq3SwuLS8kp5tbK2vrG5Vd3e6Zoo0Rw6PJKR7gXMgBQKOihQQi/WwMJAwlUwOcv9qxvQRkTqEqcx+CEbKzESnGEmeZ5QSIdemNTxcFCtOXbTyUF/E9cuqlMjc7QH1TdvGPEkBIVcMmP6rhOjnzKNgkuYVbzEQMz4hI2hn1HFQjB+Wtw8oweJYRjRGDQVkhYifJ1IWWjMNAyyzpDhtfnp5eJfXj/BUdNPhYoTBMXzRSgkFIsM1yILA+hQaEBk+eVAhaKcaYYIWlDGeSYmWTqVLI/Pp+n/pHtkuw27cXFca53OkymTPbJP6sQlJ6RFzkmbdAgnMbkj9+TBurUerSfr+aO1ZM1ndsk3WC/vJleVyA==</latexit>Z
dµ(t)

<latexit sha1_base64="X9LQzTqOihM/sv4IcDm7v6KfBMo=">AAAB/nicdVBNS8NAEN3Ur1q/qh69LBahXkIiUnssevFYwdZCE8pmO61LN5uwOxFKKPgrvOrJm3j1r3jwv5jECn6+yzzem2FmXhBLYdBxXq3SwuLS8kp5tbK2vrG5Vd3e6Zoo0Rw6PJKR7gXMgBQKOihQQi/WwMJAwlUwOcv9qxvQRkTqEqcx+CEbKzESnGEmeZ5QSIdemNTxcFCtOXbTyUF/E9cuqlMjc7QH1TdvGPEkBIVcMmP6rhOjnzKNgkuYVbzEQMz4hI2hn1HFQjB+Wtw8oweJYRjRGDQVkhYifJ1IWWjMNAyyzpDhtfnp5eJfXj/BUdNPhYoTBMXzRSgkFIsM1yILA+hQaEBk+eVAhaKcaYYIWlDGeSYmWTqVLI/Pp+n/pHtkuw27cXFca53OkymTPbJP6sQlJ6RFzkmbdAgnMbkj9+TBurUerSfr+aO1ZM1ndsk3WC/vJleVyA==</latexit>Z
dµ(t)

When    not analytic, Partial wave expansion 
 holds only distributionally

<latexit sha1_base64="ABOwXQtCjLFPFmMNjk1nRBtWeBk=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTJAQ5lI5CElVnS+bMIp57N1t4cUWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztBLIVB1/10VlbX1jc2S1vl7Z3dvf3KwWHHRFZzaPNIRroXMANSKGijQAm9WAMLAwndYHqb+d1H0EZE6h5nMfghmygxFpxhKrWuh5WqW3Nz0GXiFaRKCjSHla/BKOI2BIVcMmP6nhujnzCNgkuYlwfWQMz4lE2gn1LFQjB+kged01NrGEY0Bk2FpLkIvzcSFhozC4N0MmT4YBa9TPzP61scX/mJULFFUDw7hEJCfshwLdIGgI6EBkSWJQcqFOVMM0TQgjLOU9GmlZTTPrzF75dJ57zm1Wv11kW1cVM0UyLH5IScEY9ckga5I03SJpwAeSLP5MWxzqvz5rz/jK44xc4R+QPn4xs0YpFV</latexit>

A

<latexit sha1_base64="9gnAYkbnHoGpnN2xLeRyYzaxuxo=">AAACB3icbVC7TsNAEDzzDOFlSElzIkKiiCI7oEAZQUMZJPKQYss6XzbhlPPZulsjRVE+gK+ghYoO0fIZFPwLdkgBCVONZna1sxMmUhh0nE9rZXVtfWOzsFXc3tnd27cPDtsmTjWHFo9lrLshMyCFghYKlNBNNLAolNAJR9e533kAbUSs7nCcgB+xoRIDwRlmUmCX6DCoVYbBWcXj/RiNh7ET2GWn6sxAl4k7J2UyRzOwv7x+zNMIFHLJjOm5ToL+hGkUXMK06KUGEsZHbAi9jCoWgfEns/BTepIahjFNQFMh6UyE3xsTFhkzjsJsMmJ4bxa9XPzP66U4uPQnQiUpguL5IRQSZocM1yJrBWhfaEBkeXKgQlHONEMELSjjPBPTrKZi1oe7+P0yadeqbr1avz0vN67mzRTIETkmp8QlF6RBbkiTtAgnY/JEnsmL9Wi9Wm/W+8/oijXfKZE/sD6+Ae+mmEo=</latexit>

g2, g3, · · · ! 0
<latexit sha1_base64="CGDRrzGNgIgGh1Lw6olG3zf68E8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRFFChIJGHlETR+bIJp5zP1t0aKTL5CVqo6BAtP0PBv3A2LiBhqtHMrmZ3/EgKg6776RSWlldW14rrpY3Nre2d8u5ey4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v7kMvXbD6CNCNUdTiPoB2ysxEhwhlbqXA1uehhSd1CuuFU3A10kXk4qJEdjUP7qDUMeB6CQS2ZM13Mj7CdMo+ASZqVebCBifMLG0LVUsQBMP8nundGj2DCbGoGmQtJMhN8bCQuMmQa+nQwY3pt5LxX/87oxjs77iVBRjKB4GoRCQhZkuBa2CKBDoQGRpZcDFYpyphkiaEEZ51aMbTMl24c3//0iaZ1UvVq1dntaqV/kzRTJATkkx8QjZ6ROrkmDNAknkjyRZ/LiPDqvzpvz/jNacPKdffIHzsc3xaqT3Q==</latexit>

GN ! 0

<latexit sha1_base64="jHb2B24DlCSN2KVwMTL70hMPel0=">AAACCXicbVDLSgNBEJyNrxhfUfHkZTAInsKuSPQiBD3oSSKYByQh9E46ccjs7DLTK4QlX+BXeNWTN/HqV3jwX9zEHDSxTkVVN11dfqSkJdf9dDILi0vLK9nV3Nr6xuZWfnunZsPYCKyKUIWm4YNFJTVWSZLCRmQQAl9h3R9cjv36AxorQ31HwwjbAfS17EkBlEqd/F6rZ0Ak/VFy1bkZnfOe1JKwky+4RXcCPk+8KSmwKSqd/FerG4o4QE1CgbVNz42onYAhKRSOcq3YYgRiAH1splRDgLadTOKP+GFsgUIeoeFS8YmIvzcSCKwdBn46GQDd21lvLP7nNWPqnbUTqaOYUIvxIZIKJ4esMDLtBXlXGiSCcXLkUnMBBojQSA5CpGKcFpVL+/Bmv58nteOiVyqWbk8K5YtpM1m2zw7YEfPYKSuza1ZhVSZYwp7YM3txHp1X5815/xnNONOdXfYHzsc3KKGaLA==</latexit> g

GN
= finiteTree-level:



Bounds in Gravity

<latexit sha1_base64="RHJfEMpDq9f5oG5cU4V7rJoYv5M=">AAACGnicbVDJSgNBEO1xjXGLevTSGJSESJiJol4El4tHBWOELENPp4yNPQtd1UII/oGf4Fd41ZM38erFg//iJOagxgcFj/eqqKoXJFohue6HMzY+MTk1nZnJzs7NLyzmlpYvMLZGQlXGOjaXgUDQKoIqKdJwmRgQYaChFtwc9/3aLRhUcXRO3QSaoehE6kpJQank5zYOC7hJxf2OXylgq1KitGyrUix1/C2OZEsN2Y4J/VzeLbsD8FHiDUmeDXHq5z4b7VjaECKSWiDWPTehZk8YUlLDXbZhERIhb0QH6imNRAjY7A3+uePrFgXFPAHDleYDEX5O9ESI2A2DtDMUdI1/vb74n1e3dLXX7KkosQSR7C8ipWGwCKVRaVDA28oAkehfDlxFXAojiMAoLqRMRZsml03z8P5+P0ouKmVvp7xztp0/OBomk2GrbI0VmMd22QE7YaesyiS7Z4/siT07D86L8+q8fbeOOcOZFfYLzvsX3r2eiA==</latexit>

A(s, t) = g2(s
2 + t2 + u2) + g3stu+ · · ·

<latexit sha1_base64="v890FtvWKw1i73IPqGTbrdeHe50=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKCAioUBHlIiRWdL5twyvmhuzUosvIJtFDRIVq+h4J/wTYpIGGq0cyudna8SElDtv1pLSwuLa+sFtaK6xubW9ulnd2mCWMtsCFCFeq2xw0qGWCDJClsRxq57ylseaOLzG89oDYyDO5oHKHr82EgB1JwSqXby951r1S2K3YONk+cKSnDFPVe6avbD0XsY0BCcWM6jh2Rm3BNUiicFLuxwYiLER9iJ6UB99G4SR51wg5jwylkEWomFctF/L2RcN+Yse+lkz6nezPrZeJ/XiemwZmbyCCKCQORHSKpMD9khJZpB8j6UiMRz5IjkwETXHMi1JJxIVIxTksppn04s9/Pk+ZxxalWqjcn5dr5tJkC7MMBHIEDp1CDK6hDAwQM4Qme4cV6tF6tN+v9Z3TBmu7swR9YH9+WO5Ic</latexit>

GN
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="3PY69E6TDqldtDogFsu00f7/2Ng=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoICURqW6EqhuXFewD2lAm09s6dDIJMzdCCf0It7pyJ279Ghf+i0nMQlvP6nDOvdxzjxdKYdC2P63C0vLK6lpxvbSxubW9U97da5sg0hxaPJCB7nrMgBQKWihQQjfUwHxPQseb3KR+5xG0EYG6x2kIrs/GSowEZ5hInauqOcHjy0G5YtfsDHSRODmpkBzNQfmrPwx45INCLpkxPccO0Y2ZRsElzEr9yEDI+ISNoZdQxXwwbpzFndGjyDAMaAiaCkkzEX5vxMw3Zup7yaTP8MHMe6n4n9eLcHThxkKFEYLi6SEUErJDhmuR9AB0KDQgsjQ5UKEoZ5ohghaUcZ6IUVJMKenDmf9+kbRPa069Vr87qzSu82aK5IAckipxyDlpkFvSJC3CyYQ8kWfyYsXWq/Vmvf+MFqx8Z5/8gfXxDaHlkzI=</latexit>

A(s, t) =

Find               so that<latexit sha1_base64="el7okCxmPRq4AQT0ZyxxHlhn0Qg=">AAACA3icbVA9SwNBEN2LXzF+5NTSZjEIsQl3ItFGCNpYRjAfkISwtzeJS/Y+2J0VQkjpr7DVyk5s/SEW/hf3YgpNfMXweG+GmXlBKoVGz/t0ciura+sb+c3C1vbObtHd22/qxCgODZ7IRLUDpkGKGBooUEI7VcCiQEIrGF1nfusBlBZJfIfjFHoRG8ZiIDhDK/XdYtiNTBlPLge20BD7bsmreDPQZeLPSYnMUe+7X90w4SaCGLlkWnd8L8XehCkUXMK00DUaUsZHbAgdS2MWge5NZodP6bHRDBOagqJC0pkIvycmLNJ6HAW2M2J4rxe9TPzP6xgcXPQmIk4NQsyzRSgkzBZproRNBGgoFCCy7HKgIqacKYYISlDGuRWNjahg8/AXv18mzdOKX61Ub89Ktat5MnlySI5ImfjknNTIDamTBuHEkCfyTF6cR+fVeXPef1pzznzmgPyB8/EN446WmA==</latexit>

dµ(t) = f(t)dt
<latexit sha1_base64="wAIw6AUxQp3eMgQFfGn3BBzXYCw=">AAACA3icbVC7TsNAEDyHVwiPBChpTkRIFCiyEQqUETSUQSIPKbai9WUTTjk/dLdGiqKUfAUtVHSIlg+h4F+wgwtImGo0s6udHT9W0pBtf1qFldW19Y3iZmlre2e3XNnbb5so0QJbIlKR7vpgUMkQWyRJYTfWCIGvsOOPrzO/84DayCi8o0mMXgCjUA6lAEqlfqXsDiMNSnEXlTrlpl+p2jV7Dr5MnJxUWY5mv/LlDiKRBBiSUGBMz7Fj8qagSQqFs5KbGIxBjGGEvZSGEKDxpvPgM36cGKCIx6i5VHwu4u+NKQTGTAI/nQyA7s2il4n/eb2EhpfeVIZxQhiK7BBJhfNDRmiZNoJ8IDUSQZYcuQy5AA1EqCUHIVIxSSsqpX04i98vk/ZZzanX6rfn1cZV3kyRHbIjdsIcdsEa7IY1WYsJlrAn9sxerEfr1Xqz3n9GC1a+c8D+wPr4BsQalyU=</latexit>

8`, s<latexit sha1_base64="bVWXnBjoePLLOuh9HN3uvXxciGg=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRClQogoYyIPKQkig6XzbhlPNDd+tIkZU/oIWKDtHyPxT8C7ZxAQlTjWZ2tbPjhkoasu1Pq7Cyura+UdwsbW3v7O6V9w9aJoi0wKYIVKA7LjeopI9NkqSwE2rknquw7U5uUr89RW1k4D/QLMS+x8e+HEnBKZHur+xBuWJX7QxsmTg5qUCOxqD81RsGIvLQJ6G4MV3HDqkfc01SKJyXepHBkIsJH2M3oT730PTjLOmcnUSGU8BC1Ewqlon4eyPmnjEzz00mPU6PZtFLxf+8bkSjy34s/TAi9EV6iKTC7JARWiYVIBtKjUQ8TY5M+kxwzYlQS8aFSMQo6aSU9OEsfr9MWmdVp1at3Z1X6td5M0U4gmM4BQcuoA630IAmCBjBEzzDizW1Xq036/1ntGDlO4fwB9bHN5+ykYw=</latexit>

> 0
Caron-Huot,Mazac,Rastelli,Simons-Duffin’22

<latexit sha1_base64="iIk7f34sgVW6HJRM62oXscz/pmM=">AAACJXicbVDJSgNBEO1xN25Rj14ag5CghBkR9SK4XDxGMCpkQqhpK9qkZ6GrRpAh3+En+BVe9eRNBA/irzgZc3B7l3q8V0VVvSAxmth135yR0bHxicmp6dLM7Nz8Qnlx6Yzi1CpsqtjE9iIAQqMjbLJmgxeJRQgDg+dB72jgn9+gJR1Hp3ybYDuEq0h3tQLOpU7ZO6jSBtf2Sj6lYcdHY2S3KFWqNb6It+53Lahsk/sZ9WudcsWtuwXkX+INSUUM0eiU3/3LWKUhRqwMELU8N+F2Bpa1Mtgv+SlhAqoHV9jKaQQhUjsrXuvLtZSAY5mgldrIQsTvExmERLdhkHeGwNf02xuI/3mtlLu77UxHScoYqcEi1gaLRaSszjNDeaktMsPgcpQ6kgosMKPVEpTKxTQPsZTn4f3+/i8526x72/Xtk63K/uEwmSmxIlZFVXhiR+yLY9EQTaHEnXgQj+LJuXeenRfn9at1xBnOLIsfcD4+AfQ3o/I=</latexit>

A(s, t) =
X

`

f`(s)P`(1 +
2t

s
)

<latexit sha1_base64="sZldODUpYQnaTiQ7uD2DnnentiM="></latexit>Z

\s̄t

ds

⇡i

A(s, t)

s3
=

2

⇡

Z 1

s̄
ds

X

`

Imf`(s)
P`(1 +

2t
s )

s3

<latexit sha1_base64="sZldODUpYQnaTiQ7uD2DnnentiM="></latexit>Z

\s̄t

ds

⇡i

A(s, t)

s3
=

2

⇡

Z 1

s̄
ds

X

`

Imf`(s)
P`(1 +

2t
s )

s3

Also works in gravity!
<latexit sha1_base64="X9LQzTqOihM/sv4IcDm7v6KfBMo=">AAAB/nicdVBNS8NAEN3Ur1q/qh69LBahXkIiUnssevFYwdZCE8pmO61LN5uwOxFKKPgrvOrJm3j1r3jwv5jECn6+yzzem2FmXhBLYdBxXq3SwuLS8kp5tbK2vrG5Vd3e6Zoo0Rw6PJKR7gXMgBQKOihQQi/WwMJAwlUwOcv9qxvQRkTqEqcx+CEbKzESnGEmeZ5QSIdemNTxcFCtOXbTyUF/E9cuqlMjc7QH1TdvGPEkBIVcMmP6rhOjnzKNgkuYVbzEQMz4hI2hn1HFQjB+Wtw8oweJYRjRGDQVkhYifJ1IWWjMNAyyzpDhtfnp5eJfXj/BUdNPhYoTBMXzRSgkFIsM1yILA+hQaEBk+eVAhaKcaYYIWlDGeSYmWTqVLI/Pp+n/pHtkuw27cXFca53OkymTPbJP6sQlJ6RFzkmbdAgnMbkj9+TBurUerSfr+aO1ZM1ndsk3WC/vJleVyA==</latexit>Z

dµ(t)
<latexit sha1_base64="ZR+0es3k532HDLtZL6Ygq/gQrxg=">AAAB83icdVDLTgJBEJzFF+IL9ehlIjHhtNkFXeBG9OIREnkksCGzQ4MTZh+Z6TUhhC/wqidvxqsf5MF/cXfFRI3WqVLVna4uL5JCo2W9Gbm19Y3Nrfx2YWd3b/+geHjU1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfq9O1BahMENziNwfTYNxERwhonULo+KJcu8qNcaToUmpNGwHSsj1Vq1Qm3TylAiK7RGxffhOOSxDwFyybQe2FaE7oIpFFzCsjCMNUSMz9gUBgkNmA/aXWRBl/Qs1gxDGoGiQtJMhO8bC+ZrPfe9ZNJneKt/e6n4lzeIcVJ3FyKIYoSAp4dQSMgOaa5E0gDQsVCAyNLkQEVAOVMMEZSgjPNEjJNKCkkfX0/T/0m3YtqO6bTPS83LVTN5ckJOSZnYpEaa5Jq0SIdwAuSePJBHIzaejGfj5XM0Z6x2jskPGK8fnPCRnA==</latexit>

(
<latexit sha1_base64="su8vtM+I5JJ2LgK/E4WAIg+DgIQ=">AAAB83icdVDLTgJBEJzFF+IL9ehlIjHRy2YXdIEb0YtHSOSRwIbMDg1OmH1kpteEEL7Aq568Ga9+kAf/xd0VEzVap0pVd7q6vEgKjZb1ZuRWVtfWN/Kbha3tnd294v5BR4ex4tDmoQxVz2MapAigjQIl9CIFzPckdL3pVep370BpEQY3OIvA9dkkEGPBGSZS62xYLFnmRa1ad8o0IfW67VgZqVQrZWqbVoYSWaI5LL4PRiGPfQiQS6Z137YidOdMoeASFoVBrCFifMom0E9owHzQ7jwLuqAnsWYY0ggUFZJmInzfmDNf65nvJZM+w1v920vFv7x+jOOaOxdBFCMEPD2EQkJ2SHMlkgaAjoQCRJYmByoCypliiKAEZZwnYpxUUkj6+Hqa/k86ZdN2TKd1XmpcLpvJkyNyTE6JTaqkQa5Jk7QJJ0DuyQN5NGLjyXg2Xj5Hc8Zy55D8gPH6AZ5/kZ0=</latexit>

) <latexit sha1_base64="bVWXnBjoePLLOuh9HN3uvXxciGg=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRClQogoYyIPKQkig6XzbhlPNDd+tIkZU/oIWKDtHyPxT8C7ZxAQlTjWZ2tbPjhkoasu1Pq7Cyura+UdwsbW3v7O6V9w9aJoi0wKYIVKA7LjeopI9NkqSwE2rknquw7U5uUr89RW1k4D/QLMS+x8e+HEnBKZHur+xBuWJX7QxsmTg5qUCOxqD81RsGIvLQJ6G4MV3HDqkfc01SKJyXepHBkIsJH2M3oT730PTjLOmcnUSGU8BC1Ewqlon4eyPmnjEzz00mPU6PZtFLxf+8bkSjy34s/TAi9EV6iKTC7JARWiYVIBtKjUQ8TY5M+kxwzYlQS8aFSMQo6aSU9OEsfr9MWmdVp1at3Z1X6td5M0U4gmM4BQcuoA630IAmCBjBEzzDizW1Xq036/1ntGDlO4fwB9bHN5+ykYw=</latexit>

> 0

Positivity condition in IR

<latexit sha1_base64="koFa2Erc8/Sf/vy0XGLYLVP2S1g="></latexit>

�2

t
+ g2 + g3t+ g4t

2 + · · ·

<latexit sha1_base64="X9LQzTqOihM/sv4IcDm7v6KfBMo=">AAAB/nicdVBNS8NAEN3Ur1q/qh69LBahXkIiUnssevFYwdZCE8pmO61LN5uwOxFKKPgrvOrJm3j1r3jwv5jECn6+yzzem2FmXhBLYdBxXq3SwuLS8kp5tbK2vrG5Vd3e6Zoo0Rw6PJKR7gXMgBQKOihQQi/WwMJAwlUwOcv9qxvQRkTqEqcx+CEbKzESnGEmeZ5QSIdemNTxcFCtOXbTyUF/E9cuqlMjc7QH1TdvGPEkBIVcMmP6rhOjnzKNgkuYVbzEQMz4hI2hn1HFQjB+Wtw8oweJYRjRGDQVkhYifJ1IWWjMNAyyzpDhtfnp5eJfXj/BUdNPhYoTBMXzRSgkFIsM1yILA+hQaEBk+eVAhaKcaYYIWlDGeSYmWTqVLI/Pp+n/pHtkuw27cXFca53OkymTPbJP6sQlJ6RFzkmbdAgnMbkj9+TBurUerSfr+aO1ZM1ndsk3WC/vJleVyA==</latexit>Z
dµ(t)

<latexit sha1_base64="X9LQzTqOihM/sv4IcDm7v6KfBMo=">AAAB/nicdVBNS8NAEN3Ur1q/qh69LBahXkIiUnssevFYwdZCE8pmO61LN5uwOxFKKPgrvOrJm3j1r3jwv5jECn6+yzzem2FmXhBLYdBxXq3SwuLS8kp5tbK2vrG5Vd3e6Zoo0Rw6PJKR7gXMgBQKOihQQi/WwMJAwlUwOcv9qxvQRkTqEqcx+CEbKzESnGEmeZ5QSIdemNTxcFCtOXbTyUF/E9cuqlMjc7QH1TdvGPEkBIVcMmP6rhOjnzKNgkuYVbzEQMz4hI2hn1HFQjB+Wtw8oweJYRjRGDQVkhYifJ1IWWjMNAyyzpDhtfnp5eJfXj/BUdNPhYoTBMXzRSgkFIsM1yILA+hQaEBk+eVAhaKcaYYIWlDGeSYmWTqVLI/Pp+n/pHtkuw27cXFca53OkymTPbJP6sQlJ6RFzkmbdAgnMbkj9+TBurUerSfr+aO1ZM1ndsk3WC/vJleVyA==</latexit>Z
dµ(t)

When    not analytic, Partial wave expansion 
 holds only distributionally

<latexit sha1_base64="ABOwXQtCjLFPFmMNjk1nRBtWeBk=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTJAQ5lI5CElVnS+bMIp57N1t4cUWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztBLIVB1/10VlbX1jc2S1vl7Z3dvf3KwWHHRFZzaPNIRroXMANSKGijQAm9WAMLAwndYHqb+d1H0EZE6h5nMfghmygxFpxhKrWuh5WqW3Nz0GXiFaRKCjSHla/BKOI2BIVcMmP6nhujnzCNgkuYlwfWQMz4lE2gn1LFQjB+kged01NrGEY0Bk2FpLkIvzcSFhozC4N0MmT4YBa9TPzP61scX/mJULFFUDw7hEJCfshwLdIGgI6EBkSWJQcqFOVMM0TQgjLOU9GmlZTTPrzF75dJ57zm1Wv11kW1cVM0UyLH5IScEY9ckga5I03SJpwAeSLP5MWxzqvz5rz/jK44xc4R+QPn4xs0YpFV</latexit>

A

<latexit sha1_base64="9gnAYkbnHoGpnN2xLeRyYzaxuxo=">AAACB3icbVC7TsNAEDzzDOFlSElzIkKiiCI7oEAZQUMZJPKQYss6XzbhlPPZulsjRVE+gK+ghYoO0fIZFPwLdkgBCVONZna1sxMmUhh0nE9rZXVtfWOzsFXc3tnd27cPDtsmTjWHFo9lrLshMyCFghYKlNBNNLAolNAJR9e533kAbUSs7nCcgB+xoRIDwRlmUmCX6DCoVYbBWcXj/RiNh7ET2GWn6sxAl4k7J2UyRzOwv7x+zNMIFHLJjOm5ToL+hGkUXMK06KUGEsZHbAi9jCoWgfEns/BTepIahjFNQFMh6UyE3xsTFhkzjsJsMmJ4bxa9XPzP66U4uPQnQiUpguL5IRQSZocM1yJrBWhfaEBkeXKgQlHONEMELSjjPBPTrKZi1oe7+P0yadeqbr1avz0vN67mzRTIETkmp8QlF6RBbkiTtAgnY/JEnsmL9Wi9Wm/W+8/oijXfKZE/sD6+Ae+mmEo=</latexit>

g2, g3, · · · ! 0
<latexit sha1_base64="CGDRrzGNgIgGh1Lw6olG3zf68E8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRFFChIJGHlETR+bIJp5zP1t0aKTL5CVqo6BAtP0PBv3A2LiBhqtHMrmZ3/EgKg6776RSWlldW14rrpY3Nre2d8u5ey4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v7kMvXbD6CNCNUdTiPoB2ysxEhwhlbqXA1uehhSd1CuuFU3A10kXk4qJEdjUP7qDUMeB6CQS2ZM13Mj7CdMo+ASZqVebCBifMLG0LVUsQBMP8nundGj2DCbGoGmQtJMhN8bCQuMmQa+nQwY3pt5LxX/87oxjs77iVBRjKB4GoRCQhZkuBa2CKBDoQGRpZcDFYpyphkiaEEZ51aMbTMl24c3//0iaZ1UvVq1dntaqV/kzRTJATkkx8QjZ6ROrkmDNAknkjyRZ/LiPDqvzpvz/jNacPKdffIHzsc3xaqT3Q==</latexit>

GN ! 0

<latexit sha1_base64="jHb2B24DlCSN2KVwMTL70hMPel0=">AAACCXicbVDLSgNBEJyNrxhfUfHkZTAInsKuSPQiBD3oSSKYByQh9E46ccjs7DLTK4QlX+BXeNWTN/HqV3jwX9zEHDSxTkVVN11dfqSkJdf9dDILi0vLK9nV3Nr6xuZWfnunZsPYCKyKUIWm4YNFJTVWSZLCRmQQAl9h3R9cjv36AxorQ31HwwjbAfS17EkBlEqd/F6rZ0Ak/VFy1bkZnfOe1JKwky+4RXcCPk+8KSmwKSqd/FerG4o4QE1CgbVNz42onYAhKRSOcq3YYgRiAH1splRDgLadTOKP+GFsgUIeoeFS8YmIvzcSCKwdBn46GQDd21lvLP7nNWPqnbUTqaOYUIvxIZIKJ4esMDLtBXlXGiSCcXLkUnMBBojQSA5CpGKcFpVL+/Bmv58nteOiVyqWbk8K5YtpM1m2zw7YEfPYKSuza1ZhVSZYwp7YM3txHp1X5815/xnNONOdXfYHzsc3KKGaLA==</latexit> g

GN
= finiteTree-level:



Bounds in Gravity

<latexit sha1_base64="RHJfEMpDq9f5oG5cU4V7rJoYv5M=">AAACGnicbVDJSgNBEO1xjXGLevTSGJSESJiJol4El4tHBWOELENPp4yNPQtd1UII/oGf4Fd41ZM38erFg//iJOagxgcFj/eqqKoXJFohue6HMzY+MTk1nZnJzs7NLyzmlpYvMLZGQlXGOjaXgUDQKoIqKdJwmRgQYaChFtwc9/3aLRhUcXRO3QSaoehE6kpJQank5zYOC7hJxf2OXylgq1KitGyrUix1/C2OZEsN2Y4J/VzeLbsD8FHiDUmeDXHq5z4b7VjaECKSWiDWPTehZk8YUlLDXbZhERIhb0QH6imNRAjY7A3+uePrFgXFPAHDleYDEX5O9ESI2A2DtDMUdI1/vb74n1e3dLXX7KkosQSR7C8ipWGwCKVRaVDA28oAkehfDlxFXAojiMAoLqRMRZsml03z8P5+P0ouKmVvp7xztp0/OBomk2GrbI0VmMd22QE7YaesyiS7Z4/siT07D86L8+q8fbeOOcOZFfYLzvsX3r2eiA==</latexit>

A(s, t) = g2(s
2 + t2 + u2) + g3stu+ · · ·

<latexit sha1_base64="v890FtvWKw1i73IPqGTbrdeHe50=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKCAioUBHlIiRWdL5twyvmhuzUosvIJtFDRIVq+h4J/wTYpIGGq0cyudna8SElDtv1pLSwuLa+sFtaK6xubW9ulnd2mCWMtsCFCFeq2xw0qGWCDJClsRxq57ylseaOLzG89oDYyDO5oHKHr82EgB1JwSqXby951r1S2K3YONk+cKSnDFPVe6avbD0XsY0BCcWM6jh2Rm3BNUiicFLuxwYiLER9iJ6UB99G4SR51wg5jwylkEWomFctF/L2RcN+Yse+lkz6nezPrZeJ/XiemwZmbyCCKCQORHSKpMD9khJZpB8j6UiMRz5IjkwETXHMi1JJxIVIxTksppn04s9/Pk+ZxxalWqjcn5dr5tJkC7MMBHIEDp1CDK6hDAwQM4Qme4cV6tF6tN+v9Z3TBmu7swR9YH9+WO5Ic</latexit>

GN
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="3PY69E6TDqldtDogFsu00f7/2Ng=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoICURqW6EqhuXFewD2lAm09s6dDIJMzdCCf0It7pyJ279Ghf+i0nMQlvP6nDOvdxzjxdKYdC2P63C0vLK6lpxvbSxubW9U97da5sg0hxaPJCB7nrMgBQKWihQQjfUwHxPQseb3KR+5xG0EYG6x2kIrs/GSowEZ5hInauqOcHjy0G5YtfsDHSRODmpkBzNQfmrPwx45INCLpkxPccO0Y2ZRsElzEr9yEDI+ISNoZdQxXwwbpzFndGjyDAMaAiaCkkzEX5vxMw3Zup7yaTP8MHMe6n4n9eLcHThxkKFEYLi6SEUErJDhmuR9AB0KDQgsjQ5UKEoZ5ohghaUcZ6IUVJMKenDmf9+kbRPa069Vr87qzSu82aK5IAckipxyDlpkFvSJC3CyYQ8kWfyYsXWq/Vmvf+MFqx8Z5/8gfXxDaHlkzI=</latexit>

A(s, t) =

<latexit sha1_base64="9gnAYkbnHoGpnN2xLeRyYzaxuxo=">AAACB3icbVC7TsNAEDzzDOFlSElzIkKiiCI7oEAZQUMZJPKQYss6XzbhlPPZulsjRVE+gK+ghYoO0fIZFPwLdkgBCVONZna1sxMmUhh0nE9rZXVtfWOzsFXc3tnd27cPDtsmTjWHFo9lrLshMyCFghYKlNBNNLAolNAJR9e533kAbUSs7nCcgB+xoRIDwRlmUmCX6DCoVYbBWcXj/RiNh7ET2GWn6sxAl4k7J2UyRzOwv7x+zNMIFHLJjOm5ToL+hGkUXMK06KUGEsZHbAi9jCoWgfEns/BTepIahjFNQFMh6UyE3xsTFhkzjsJsMmJ4bxa9XPzP66U4uPQnQiUpguL5IRQSZocM1yJrBWhfaEBkeXKgQlHONEMELSjjPBPTrKZi1oe7+P0yadeqbr1avz0vN67mzRTIETkmp8QlF6RBbkiTtAgnY/JEnsmL9Wi9Wm/W+8/oijXfKZE/sD6+Ae+mmEo=</latexit>

g2, g3, · · · ! 0
<latexit sha1_base64="CGDRrzGNgIgGh1Lw6olG3zf68E8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRFFChIJGHlETR+bIJp5zP1t0aKTL5CVqo6BAtP0PBv3A2LiBhqtHMrmZ3/EgKg6776RSWlldW14rrpY3Nre2d8u5ey4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v7kMvXbD6CNCNUdTiPoB2ysxEhwhlbqXA1uehhSd1CuuFU3A10kXk4qJEdjUP7qDUMeB6CQS2ZM13Mj7CdMo+ASZqVebCBifMLG0LVUsQBMP8nundGj2DCbGoGmQtJMhN8bCQuMmQa+nQwY3pt5LxX/87oxjs77iVBRjKB4GoRCQhZkuBa2CKBDoQGRpZcDFYpyphkiaEEZ51aMbTMl24c3//0iaZ1UvVq1dntaqV/kzRTJATkkx8QjZ6ROrkmDNAknkjyRZ/LiPDqvzpvz/jNacPKdffIHzsc3xaqT3Q==</latexit>

GN ! 0

<latexit sha1_base64="jHb2B24DlCSN2KVwMTL70hMPel0=">AAACCXicbVDLSgNBEJyNrxhfUfHkZTAInsKuSPQiBD3oSSKYByQh9E46ccjs7DLTK4QlX+BXeNWTN/HqV3jwX9zEHDSxTkVVN11dfqSkJdf9dDILi0vLK9nV3Nr6xuZWfnunZsPYCKyKUIWm4YNFJTVWSZLCRmQQAl9h3R9cjv36AxorQ31HwwjbAfS17EkBlEqd/F6rZ0Ak/VFy1bkZnfOe1JKwky+4RXcCPk+8KSmwKSqd/FerG4o4QE1CgbVNz42onYAhKRSOcq3YYgRiAH1splRDgLadTOKP+GFsgUIeoeFS8YmIvzcSCKwdBn46GQDd21lvLP7nNWPqnbUTqaOYUIvxIZIKJ4esMDLtBXlXGiSCcXLkUnMBBojQSA5CpGKcFpVL+/Bmv58nteOiVyqWbk8K5YtpM1m2zw7YEfPYKSuza1ZhVSZYwp7YM3txHp1X5815/xnNONOdXfYHzsc3KKGaLA==</latexit> g

GN
= finiteTree-level:

Caron-Huot,Mazac,Rastelli,Simons-Duffin’22



Bounds in Gravity

<latexit sha1_base64="RHJfEMpDq9f5oG5cU4V7rJoYv5M=">AAACGnicbVDJSgNBEO1xjXGLevTSGJSESJiJol4El4tHBWOELENPp4yNPQtd1UII/oGf4Fd41ZM38erFg//iJOagxgcFj/eqqKoXJFohue6HMzY+MTk1nZnJzs7NLyzmlpYvMLZGQlXGOjaXgUDQKoIqKdJwmRgQYaChFtwc9/3aLRhUcXRO3QSaoehE6kpJQank5zYOC7hJxf2OXylgq1KitGyrUix1/C2OZEsN2Y4J/VzeLbsD8FHiDUmeDXHq5z4b7VjaECKSWiDWPTehZk8YUlLDXbZhERIhb0QH6imNRAjY7A3+uePrFgXFPAHDleYDEX5O9ESI2A2DtDMUdI1/vb74n1e3dLXX7KkosQSR7C8ipWGwCKVRaVDA28oAkehfDlxFXAojiMAoLqRMRZsml03z8P5+P0ouKmVvp7xztp0/OBomk2GrbI0VmMd22QE7YaesyiS7Z4/siT07D86L8+q8fbeOOcOZFfYLzvsX3r2eiA==</latexit>

A(s, t) = g2(s
2 + t2 + u2) + g3stu+ · · ·

<latexit sha1_base64="v890FtvWKw1i73IPqGTbrdeHe50=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKCAioUBHlIiRWdL5twyvmhuzUosvIJtFDRIVq+h4J/wTYpIGGq0cyudna8SElDtv1pLSwuLa+sFtaK6xubW9ulnd2mCWMtsCFCFeq2xw0qGWCDJClsRxq57ylseaOLzG89oDYyDO5oHKHr82EgB1JwSqXby951r1S2K3YONk+cKSnDFPVe6avbD0XsY0BCcWM6jh2Rm3BNUiicFLuxwYiLER9iJ6UB99G4SR51wg5jwylkEWomFctF/L2RcN+Yse+lkz6nezPrZeJ/XiemwZmbyCCKCQORHSKpMD9khJZpB8j6UiMRz5IjkwETXHMi1JJxIVIxTksppn04s9/Pk+ZxxalWqjcn5dr5tJkC7MMBHIEDp1CDK6hDAwQM4Qme4cV6tF6tN+v9Z3TBmu7swR9YH9+WO5Ic</latexit>

GN
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="3PY69E6TDqldtDogFsu00f7/2Ng=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoICURqW6EqhuXFewD2lAm09s6dDIJMzdCCf0It7pyJ279Ghf+i0nMQlvP6nDOvdxzjxdKYdC2P63C0vLK6lpxvbSxubW9U97da5sg0hxaPJCB7nrMgBQKWihQQjfUwHxPQseb3KR+5xG0EYG6x2kIrs/GSowEZ5hInauqOcHjy0G5YtfsDHSRODmpkBzNQfmrPwx45INCLpkxPccO0Y2ZRsElzEr9yEDI+ISNoZdQxXwwbpzFndGjyDAMaAiaCkkzEX5vxMw3Zup7yaTP8MHMe6n4n9eLcHThxkKFEYLi6SEUErJDhmuR9AB0KDQgsjQ5UKEoZ5ohghaUcZ6IUVJMKenDmf9+kbRPa069Vr87qzSu82aK5IAckipxyDlpkFvSJC3CyYQ8kWfyYsXWq/Vmvf+MFqx8Z5/8gfXxDaHlkzI=</latexit>

A(s, t) =

<latexit sha1_base64="9gnAYkbnHoGpnN2xLeRyYzaxuxo=">AAACB3icbVC7TsNAEDzzDOFlSElzIkKiiCI7oEAZQUMZJPKQYss6XzbhlPPZulsjRVE+gK+ghYoO0fIZFPwLdkgBCVONZna1sxMmUhh0nE9rZXVtfWOzsFXc3tnd27cPDtsmTjWHFo9lrLshMyCFghYKlNBNNLAolNAJR9e533kAbUSs7nCcgB+xoRIDwRlmUmCX6DCoVYbBWcXj/RiNh7ET2GWn6sxAl4k7J2UyRzOwv7x+zNMIFHLJjOm5ToL+hGkUXMK06KUGEsZHbAi9jCoWgfEns/BTepIahjFNQFMh6UyE3xsTFhkzjsJsMmJ4bxa9XPzP66U4uPQnQiUpguL5IRQSZocM1yJrBWhfaEBkeXKgQlHONEMELSjjPBPTrKZi1oe7+P0yadeqbr1avz0vN67mzRTIETkmp8QlF6RBbkiTtAgnY/JEnsmL9Wi9Wm/W+8/oijXfKZE/sD6+Ae+mmEo=</latexit>

g2, g3, · · · ! 0
<latexit sha1_base64="CGDRrzGNgIgGh1Lw6olG3zf68E8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRFFChIJGHlETR+bIJp5zP1t0aKTL5CVqo6BAtP0PBv3A2LiBhqtHMrmZ3/EgKg6776RSWlldW14rrpY3Nre2d8u5ey4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v7kMvXbD6CNCNUdTiPoB2ysxEhwhlbqXA1uehhSd1CuuFU3A10kXk4qJEdjUP7qDUMeB6CQS2ZM13Mj7CdMo+ASZqVebCBifMLG0LVUsQBMP8nundGj2DCbGoGmQtJMhN8bCQuMmQa+nQwY3pt5LxX/87oxjs77iVBRjKB4GoRCQhZkuBa2CKBDoQGRpZcDFYpyphkiaEEZ51aMbTMl24c3//0iaZ1UvVq1dntaqV/kzRTJATkkx8QjZ6ROrkmDNAknkjyRZ/LiPDqvzpvz/jNacPKdffIHzsc3xaqT3Q==</latexit>

GN ! 0

<latexit sha1_base64="jHb2B24DlCSN2KVwMTL70hMPel0=">AAACCXicbVDLSgNBEJyNrxhfUfHkZTAInsKuSPQiBD3oSSKYByQh9E46ccjs7DLTK4QlX+BXeNWTN/HqV3jwX9zEHDSxTkVVN11dfqSkJdf9dDILi0vLK9nV3Nr6xuZWfnunZsPYCKyKUIWm4YNFJTVWSZLCRmQQAl9h3R9cjv36AxorQ31HwwjbAfS17EkBlEqd/F6rZ0Ak/VFy1bkZnfOe1JKwky+4RXcCPk+8KSmwKSqd/FerG4o4QE1CgbVNz42onYAhKRSOcq3YYgRiAH1splRDgLadTOKP+GFsgUIeoeFS8YmIvzcSCKwdBn46GQDd21lvLP7nNWPqnbUTqaOYUIvxIZIKJ4esMDLtBXlXGiSCcXLkUnMBBojQSA5CpGKcFpVL+/Bmv58nteOiVyqWbk8K5YtpM1m2zw7YEfPYKSuza1ZhVSZYwp7YM3txHp1X5815/xnNONOdXfYHzsc3KKGaLA==</latexit> g

GN
= finiteTree-level:

Caron-Huot,Mazac,Rastelli,Simons-Duffin’22

D=4????



Bounds in Gravity

<latexit sha1_base64="RHJfEMpDq9f5oG5cU4V7rJoYv5M=">AAACGnicbVDJSgNBEO1xjXGLevTSGJSESJiJol4El4tHBWOELENPp4yNPQtd1UII/oGf4Fd41ZM38erFg//iJOagxgcFj/eqqKoXJFohue6HMzY+MTk1nZnJzs7NLyzmlpYvMLZGQlXGOjaXgUDQKoIqKdJwmRgQYaChFtwc9/3aLRhUcXRO3QSaoehE6kpJQank5zYOC7hJxf2OXylgq1KitGyrUix1/C2OZEsN2Y4J/VzeLbsD8FHiDUmeDXHq5z4b7VjaECKSWiDWPTehZk8YUlLDXbZhERIhb0QH6imNRAjY7A3+uePrFgXFPAHDleYDEX5O9ESI2A2DtDMUdI1/vb74n1e3dLXX7KkosQSR7C8ipWGwCKVRaVDA28oAkehfDlxFXAojiMAoLqRMRZsml03z8P5+P0ouKmVvp7xztp0/OBomk2GrbI0VmMd22QE7YaesyiS7Z4/siT07D86L8+q8fbeOOcOZFfYLzvsX3r2eiA==</latexit>

A(s, t) = g2(s
2 + t2 + u2) + g3stu+ · · ·

<latexit sha1_base64="v890FtvWKw1i73IPqGTbrdeHe50=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKCAioUBHlIiRWdL5twyvmhuzUosvIJtFDRIVq+h4J/wTYpIGGq0cyudna8SElDtv1pLSwuLa+sFtaK6xubW9ulnd2mCWMtsCFCFeq2xw0qGWCDJClsRxq57ylseaOLzG89oDYyDO5oHKHr82EgB1JwSqXby951r1S2K3YONk+cKSnDFPVe6avbD0XsY0BCcWM6jh2Rm3BNUiicFLuxwYiLER9iJ6UB99G4SR51wg5jwylkEWomFctF/L2RcN+Yse+lkz6nezPrZeJ/XiemwZmbyCCKCQORHSKpMD9khJZpB8j6UiMRz5IjkwETXHMi1JJxIVIxTksppn04s9/Pk+ZxxalWqjcn5dr5tJkC7MMBHIEDp1CDK6hDAwQM4Qme4cV6tF6tN+v9Z3TBmu7swR9YH9+WO5Ic</latexit>

GN
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="3PY69E6TDqldtDogFsu00f7/2Ng=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoICURqW6EqhuXFewD2lAm09s6dDIJMzdCCf0It7pyJ279Ghf+i0nMQlvP6nDOvdxzjxdKYdC2P63C0vLK6lpxvbSxubW9U97da5sg0hxaPJCB7nrMgBQKWihQQjfUwHxPQseb3KR+5xG0EYG6x2kIrs/GSowEZ5hInauqOcHjy0G5YtfsDHSRODmpkBzNQfmrPwx45INCLpkxPccO0Y2ZRsElzEr9yEDI+ISNoZdQxXwwbpzFndGjyDAMaAiaCkkzEX5vxMw3Zup7yaTP8MHMe6n4n9eLcHThxkKFEYLi6SEUErJDhmuR9AB0KDQgsjQ5UKEoZ5ohghaUcZ6IUVJMKenDmf9+kbRPa069Vr87qzSu82aK5IAckipxyDlpkFvSJC3CyYQ8kWfyYsXWq/Vmvf+MFqx8Z5/8gfXxDaHlkzI=</latexit>

A(s, t) =

Real World d=4:
Bellazzini,Berman,Isabella,FR,Romano,Sciotti’25



Bounds in Gravity

<latexit sha1_base64="RHJfEMpDq9f5oG5cU4V7rJoYv5M=">AAACGnicbVDJSgNBEO1xjXGLevTSGJSESJiJol4El4tHBWOELENPp4yNPQtd1UII/oGf4Fd41ZM38erFg//iJOagxgcFj/eqqKoXJFohue6HMzY+MTk1nZnJzs7NLyzmlpYvMLZGQlXGOjaXgUDQKoIqKdJwmRgQYaChFtwc9/3aLRhUcXRO3QSaoehE6kpJQank5zYOC7hJxf2OXylgq1KitGyrUix1/C2OZEsN2Y4J/VzeLbsD8FHiDUmeDXHq5z4b7VjaECKSWiDWPTehZk8YUlLDXbZhERIhb0QH6imNRAjY7A3+uePrFgXFPAHDleYDEX5O9ESI2A2DtDMUdI1/vb74n1e3dLXX7KkosQSR7C8ipWGwCKVRaVDA28oAkehfDlxFXAojiMAoLqRMRZsml03z8P5+P0ouKmVvp7xztp0/OBomk2GrbI0VmMd22QE7YaesyiS7Z4/siT07D86L8+q8fbeOOcOZFfYLzvsX3r2eiA==</latexit>

A(s, t) = g2(s
2 + t2 + u2) + g3stu+ · · ·

<latexit sha1_base64="v890FtvWKw1i73IPqGTbrdeHe50=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKCAioUBHlIiRWdL5twyvmhuzUosvIJtFDRIVq+h4J/wTYpIGGq0cyudna8SElDtv1pLSwuLa+sFtaK6xubW9ulnd2mCWMtsCFCFeq2xw0qGWCDJClsRxq57ylseaOLzG89oDYyDO5oHKHr82EgB1JwSqXby951r1S2K3YONk+cKSnDFPVe6avbD0XsY0BCcWM6jh2Rm3BNUiicFLuxwYiLER9iJ6UB99G4SR51wg5jwylkEWomFctF/L2RcN+Yse+lkz6nezPrZeJ/XiemwZmbyCCKCQORHSKpMD9khJZpB8j6UiMRz5IjkwETXHMi1JJxIVIxTksppn04s9/Pk+ZxxalWqjcn5dr5tJkC7MMBHIEDp1CDK6hDAwQM4Qme4cV6tF6tN+v9Z3TBmu7swR9YH9+WO5Ic</latexit>

GN
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="3PY69E6TDqldtDogFsu00f7/2Ng=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoICURqW6EqhuXFewD2lAm09s6dDIJMzdCCf0It7pyJ279Ghf+i0nMQlvP6nDOvdxzjxdKYdC2P63C0vLK6lpxvbSxubW9U97da5sg0hxaPJCB7nrMgBQKWihQQjfUwHxPQseb3KR+5xG0EYG6x2kIrs/GSowEZ5hInauqOcHjy0G5YtfsDHSRODmpkBzNQfmrPwx45INCLpkxPccO0Y2ZRsElzEr9yEDI+ISNoZdQxXwwbpzFndGjyDAMaAiaCkkzEX5vxMw3Zup7yaTP8MHMe6n4n9eLcHThxkKFEYLi6SEUErJDhmuR9AB0KDQgsjQ5UKEoZ5ohghaUcZ6IUVJMKenDmf9+kbRPa069Vr87qzSu82aK5IAckipxyDlpkFvSJC3CyYQ8kWfyYsXWq/Vmvf+MFqx8Z5/8gfXxDaHlkzI=</latexit>

A(s, t) =

Real World d=4:
Bellazzini,Berman,Isabella,FR,Romano,Sciotti’25

<latexit sha1_base64="h17r+DNPiPjOm+G4D6KBib2j0es="></latexit>

AE =
A

WGR

����
✏!0

Stripped Amplitude:



Bounds in Gravity

<latexit sha1_base64="RHJfEMpDq9f5oG5cU4V7rJoYv5M=">AAACGnicbVDJSgNBEO1xjXGLevTSGJSESJiJol4El4tHBWOELENPp4yNPQtd1UII/oGf4Fd41ZM38erFg//iJOagxgcFj/eqqKoXJFohue6HMzY+MTk1nZnJzs7NLyzmlpYvMLZGQlXGOjaXgUDQKoIqKdJwmRgQYaChFtwc9/3aLRhUcXRO3QSaoehE6kpJQank5zYOC7hJxf2OXylgq1KitGyrUix1/C2OZEsN2Y4J/VzeLbsD8FHiDUmeDXHq5z4b7VjaECKSWiDWPTehZk8YUlLDXbZhERIhb0QH6imNRAjY7A3+uePrFgXFPAHDleYDEX5O9ESI2A2DtDMUdI1/vb74n1e3dLXX7KkosQSR7C8ipWGwCKVRaVDA28oAkehfDlxFXAojiMAoLqRMRZsml03z8P5+P0ouKmVvp7xztp0/OBomk2GrbI0VmMd22QE7YaesyiS7Z4/siT07D86L8+q8fbeOOcOZFfYLzvsX3r2eiA==</latexit>

A(s, t) = g2(s
2 + t2 + u2) + g3stu+ · · ·

<latexit sha1_base64="v890FtvWKw1i73IPqGTbrdeHe50=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKCAioUBHlIiRWdL5twyvmhuzUosvIJtFDRIVq+h4J/wTYpIGGq0cyudna8SElDtv1pLSwuLa+sFtaK6xubW9ulnd2mCWMtsCFCFeq2xw0qGWCDJClsRxq57ylseaOLzG89oDYyDO5oHKHr82EgB1JwSqXby951r1S2K3YONk+cKSnDFPVe6avbD0XsY0BCcWM6jh2Rm3BNUiicFLuxwYiLER9iJ6UB99G4SR51wg5jwylkEWomFctF/L2RcN+Yse+lkz6nezPrZeJ/XiemwZmbyCCKCQORHSKpMD9khJZpB8j6UiMRz5IjkwETXHMi1JJxIVIxTksppn04s9/Pk+ZxxalWqjcn5dr5tJkC7MMBHIEDp1CDK6hDAwQM4Qme4cV6tF6tN+v9Z3TBmu7swR9YH9+WO5Ic</latexit>

GN
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="3PY69E6TDqldtDogFsu00f7/2Ng=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoICURqW6EqhuXFewD2lAm09s6dDIJMzdCCf0It7pyJ279Ghf+i0nMQlvP6nDOvdxzjxdKYdC2P63C0vLK6lpxvbSxubW9U97da5sg0hxaPJCB7nrMgBQKWihQQjfUwHxPQseb3KR+5xG0EYG6x2kIrs/GSowEZ5hInauqOcHjy0G5YtfsDHSRODmpkBzNQfmrPwx45INCLpkxPccO0Y2ZRsElzEr9yEDI+ISNoZdQxXwwbpzFndGjyDAMaAiaCkkzEX5vxMw3Zup7yaTP8MHMe6n4n9eLcHThxkKFEYLi6SEUErJDhmuR9AB0KDQgsjQ5UKEoZ5ohghaUcZ6IUVJMKenDmf9+kbRPa069Vr87qzSu82aK5IAckipxyDlpkFvSJC3CyYQ8kWfyYsXWq/Vmvf+MFqx8Z5/8gfXxDaHlkzI=</latexit>

A(s, t) =

Real World d=4:
Bellazzini,Berman,Isabella,FR,Romano,Sciotti’25

<latexit sha1_base64="h17r+DNPiPjOm+G4D6KBib2j0es="></latexit>

AE =
A

WGR

����
✏!0

Stripped Amplitude:

<latexit sha1_base64="o86YV1/7QggX6cLLH058p1ParuE=">AAAB/3icdVDLSgNBEJz1GeMr6tHLYBDiZdk1MclRFNGbCiYKyRJ6x04cnH040yuEJQe/wquevIlXP8WD/+ImRlDROhVV3XR1+bGShhznzZqYnJqemc3N5ecXFpeWCyurTRMlWmBDRCrSFz4YVDLEBklSeBFrhMBXeO5f7w/981vURkbhGfVj9ALohbIrBVAmecelw07aFqD4wWCrUyg6tuvWqpUad+xKfbu8U85IvVavlF3u2s4IRTbGSafw3r6MRBJgSEKBMS3XiclLQZMUCgf5dmIwBnENPWxlNIQAjZeOQg/4ZmKAIh6j5lLxkYjfN1IIjOkHfjYZAF2Z395Q/MtrJdSte6kM44QwFMNDJBWODhmhZdYG8kupkQiGyZHLkAvQQIRachAiE5OsnnzWx9fT/H/S3Lbdql09rRR398bN5Ng622Al5rIa22VH7IQ1mGA37J49sEfrznqynq2Xz9EJa7yzxn7Aev0Ao8qWDQ==</latexit>

O(GE)
<latexit sha1_base64="/wEs9m3z5pMejyBR+c/ZYJfJNFc=">AAACA3icdVDLTgJBEJz1ifgA9ehlIjHBy2YXEDgajdGbmgiaAJLeodGJs4/M9JqQDUe/wquevBmvfogH/8UFMVGjdapUdaery4uUNOQ4b9bU9Mzs3HxmIbu4tLySy6+uNU0Ya4ENEapQX3hgUMkAGyRJ4UWkEXxP4bl3sz/yz29RGxkGZzSIsOPDVSD7UgClUjefOy4edpO2AMUPhpel7W6+4NiuW6tWatyxK/VSeaecknqtXim73LWdMQpsgpNu/r3dC0XsY0BCgTEt14mok4AmKRQOs+3YYATiBq6wldIAfDSdZBx8yLdiAxTyCDWXio9F/L6RgG/MwPfSSR/o2vz2RuJfXiumfr2TyCCKCQMxOkRS4fiQEVqmjSDvSY1EMEqOXAZcgAYi1JKDEKkYpxVl0z6+nub/k2bJdqt29bRS2N2bNJNhG2yTFZnLamyXHbET1mCCxeyePbBH6856sp6tl8/RKWuys85+wHr9AFBsluI=</latexit>

O(G2
E)



Bounds in Gravity

<latexit sha1_base64="RHJfEMpDq9f5oG5cU4V7rJoYv5M=">AAACGnicbVDJSgNBEO1xjXGLevTSGJSESJiJol4El4tHBWOELENPp4yNPQtd1UII/oGf4Fd41ZM38erFg//iJOagxgcFj/eqqKoXJFohue6HMzY+MTk1nZnJzs7NLyzmlpYvMLZGQlXGOjaXgUDQKoIqKdJwmRgQYaChFtwc9/3aLRhUcXRO3QSaoehE6kpJQank5zYOC7hJxf2OXylgq1KitGyrUix1/C2OZEsN2Y4J/VzeLbsD8FHiDUmeDXHq5z4b7VjaECKSWiDWPTehZk8YUlLDXbZhERIhb0QH6imNRAjY7A3+uePrFgXFPAHDleYDEX5O9ESI2A2DtDMUdI1/vb74n1e3dLXX7KkosQSR7C8ipWGwCKVRaVDA28oAkehfDlxFXAojiMAoLqRMRZsml03z8P5+P0ouKmVvp7xztp0/OBomk2GrbI0VmMd22QE7YaesyiS7Z4/siT07D86L8+q8fbeOOcOZFfYLzvsX3r2eiA==</latexit>

A(s, t) = g2(s
2 + t2 + u2) + g3stu+ · · ·

<latexit sha1_base64="v890FtvWKw1i73IPqGTbrdeHe50=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKCAioUBHlIiRWdL5twyvmhuzUosvIJtFDRIVq+h4J/wTYpIGGq0cyudna8SElDtv1pLSwuLa+sFtaK6xubW9ulnd2mCWMtsCFCFeq2xw0qGWCDJClsRxq57ylseaOLzG89oDYyDO5oHKHr82EgB1JwSqXby951r1S2K3YONk+cKSnDFPVe6avbD0XsY0BCcWM6jh2Rm3BNUiicFLuxwYiLER9iJ6UB99G4SR51wg5jwylkEWomFctF/L2RcN+Yse+lkz6nezPrZeJ/XiemwZmbyCCKCQORHSKpMD9khJZpB8j6UiMRz5IjkwETXHMi1JJxIVIxTksppn04s9/Pk+ZxxalWqjcn5dr5tJkC7MMBHIEDp1CDK6hDAwQM4Qme4cV6tF6tN+v9Z3TBmu7swR9YH9+WO5Ic</latexit>

GN
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="3PY69E6TDqldtDogFsu00f7/2Ng=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoICURqW6EqhuXFewD2lAm09s6dDIJMzdCCf0It7pyJ279Ghf+i0nMQlvP6nDOvdxzjxdKYdC2P63C0vLK6lpxvbSxubW9U97da5sg0hxaPJCB7nrMgBQKWihQQjfUwHxPQseb3KR+5xG0EYG6x2kIrs/GSowEZ5hInauqOcHjy0G5YtfsDHSRODmpkBzNQfmrPwx45INCLpkxPccO0Y2ZRsElzEr9yEDI+ISNoZdQxXwwbpzFndGjyDAMaAiaCkkzEX5vxMw3Zup7yaTP8MHMe6n4n9eLcHThxkKFEYLi6SEUErJDhmuR9AB0KDQgsjQ5UKEoZ5ohghaUcZ6IUVJMKenDmf9+kbRPa069Vr87qzSu82aK5IAckipxyDlpkFvSJC3CyYQ8kWfyYsXWq/Vmvf+MFqx8Z5/8gfXxDaHlkzI=</latexit>

A(s, t) =

Unreal World d>4:
<latexit sha1_base64="5OKK5Im1hWKcW43wubwKzQpYSZk=">AAAB/HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5Eoo0QtLGMYD4wCWFvM4lL9vaO3TkhhPgrbLWyE1v/i4X/xct5hSa+6vHeDPPm+ZGSllz308ktLa+sruXXCxubW9s7xd29hg1jI7AuQhWals8tKqmxTpIUtiKDPPAVNv3R1cxvPqCxMtS3NI6wG/ChlgMpOCXS3bCnLwZSS8JeseSW3RRskXgZKUGGWq/41emHIg5Qk1Dc2rbnRtSdcENSKJwWOrHFiIsRH2I7oZoHaLuTNPGUHcWWU8giNEwqlor4e2PCA2vHgZ9MBpzu7bw3E//z2jENzrsTqaOYUIvZIZIK00NWGJlUgawvDRLxWXJkUjPBDSdCIxkXIhHjpJtC0oc3//0iaZyUvUq5cnNaql5mzeThAA7hGDw4gypcQw3qIEDDEzzDi/PovDpvzvvPaM7JdvbhD5yPb1B0lV4=</latexit>

gn = finite
Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-’25


Chang,Parra-Martinez’25 

<latexit sha1_base64="Vr8xZ3i3b/RioZQskIy7uyUgzKs=">AAAB93icbVBNS8NAFNzUr1q/qh69LBZBEEoiUj0WvXisYNpCW8pm+1qXbrLL7otQQn+DVz15E6/+HA/+F5OYg7bOaZh5jzdvAi2FRdf9dEorq2vrG+XNytb2zu5edf+gbVVsOPhcSWW6AbMgRQQ+CpTQ1QZYGEjoBNObzO88grFCRfc40zAI2SQSY8EZppJ/JpXSw2rNrbs56DLxClIjBVrD6ld/pHgcQoRcMmt7nqtxkDCDgkuYV/qxBc34lE2gl9KIhWAHSR52Tk9iy1BRDYYKSXMRfm8kLLR2FgbpZMjwwS56mfif14txfDVIRKRjhIhnh1BIyA9ZbkTaAtCRMIDIsuRARUQ5MwwRjKCM81SM01oqaR/e4vfLpH1e9xr1xt1FrXldNFMmR+SYnBKPXJImuSUt4hNOBHkiz+TFmTmvzpvz/jNacoqdQ/IHzsc3WjCTIQ==</latexit>

+loop

<latexit sha1_base64="1F/3+oYzrISl6gnVP3XDmW6cHvI=">AAACB3icbVA9TwJBEN3DL8Qv1NJmIzGxInfEoA0J0UIro4mgCSCZWwbcsLe32Z0zIYQf4K+w1crO2PozLPwvHkih6Kte3pvJvHmhUdKR7394mbn5hcWl7HJuZXVtfSO/uVV3cWIF1kSsYnsTgkMlNdZIksIbYxGiUOF12D8Z+9f3aJ2M9RUNDLYi6GnZlQIoldr57dP2eaXZB2PgtlTpSi0J2/mCX/Qn4H9JMCUFNsVFO//Z7MQiiVCTUOBcI/ANtYZgSQqFo1wzcWhA9KGHjZRqiNC1hpPwI76XOKCYG7RcKj4R8efGECLnBlGYTkZAd27WG4v/eY2EuketodQmIdRifIikwskhJ6xMW0HekRaJYJwcudRcgAUitJKDEKmYpDXl0j6C2e//knqpGJSL5cuDQvV42kyW7bBdts8Cdsiq7IxdsBoTbMAe2RN79h68F+/Ve/sezXjTnW32C977F98gmN8=</latexit>

GN = 2 = finite



Bounds in Gravity

<latexit sha1_base64="RHJfEMpDq9f5oG5cU4V7rJoYv5M=">AAACGnicbVDJSgNBEO1xjXGLevTSGJSESJiJol4El4tHBWOELENPp4yNPQtd1UII/oGf4Fd41ZM38erFg//iJOagxgcFj/eqqKoXJFohue6HMzY+MTk1nZnJzs7NLyzmlpYvMLZGQlXGOjaXgUDQKoIqKdJwmRgQYaChFtwc9/3aLRhUcXRO3QSaoehE6kpJQank5zYOC7hJxf2OXylgq1KitGyrUix1/C2OZEsN2Y4J/VzeLbsD8FHiDUmeDXHq5z4b7VjaECKSWiDWPTehZk8YUlLDXbZhERIhb0QH6imNRAjY7A3+uePrFgXFPAHDleYDEX5O9ESI2A2DtDMUdI1/vb74n1e3dLXX7KkosQSR7C8ipWGwCKVRaVDA28oAkehfDlxFXAojiMAoLqRMRZsml03z8P5+P0ouKmVvp7xztp0/OBomk2GrbI0VmMd22QE7YaesyiS7Z4/siT07D86L8+q8fbeOOcOZFfYLzvsX3r2eiA==</latexit>

A(s, t) = g2(s
2 + t2 + u2) + g3stu+ · · ·

<latexit sha1_base64="v890FtvWKw1i73IPqGTbrdeHe50=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKCAioUBHlIiRWdL5twyvmhuzUosvIJtFDRIVq+h4J/wTYpIGGq0cyudna8SElDtv1pLSwuLa+sFtaK6xubW9ulnd2mCWMtsCFCFeq2xw0qGWCDJClsRxq57ylseaOLzG89oDYyDO5oHKHr82EgB1JwSqXby951r1S2K3YONk+cKSnDFPVe6avbD0XsY0BCcWM6jh2Rm3BNUiicFLuxwYiLER9iJ6UB99G4SR51wg5jwylkEWomFctF/L2RcN+Yse+lkz6nezPrZeJ/XiemwZmbyCCKCQORHSKpMD9khJZpB8j6UiMRz5IjkwETXHMi1JJxIVIxTksppn04s9/Pk+ZxxalWqjcn5dr5tJkC7MMBHIEDp1CDK6hDAwQM4Qme4cV6tF6tN+v9Z3TBmu7swR9YH9+WO5Ic</latexit>

GN
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="3PY69E6TDqldtDogFsu00f7/2Ng=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoICURqW6EqhuXFewD2lAm09s6dDIJMzdCCf0It7pyJ279Ghf+i0nMQlvP6nDOvdxzjxdKYdC2P63C0vLK6lpxvbSxubW9U97da5sg0hxaPJCB7nrMgBQKWihQQjfUwHxPQseb3KR+5xG0EYG6x2kIrs/GSowEZ5hInauqOcHjy0G5YtfsDHSRODmpkBzNQfmrPwx45INCLpkxPccO0Y2ZRsElzEr9yEDI+ISNoZdQxXwwbpzFndGjyDAMaAiaCkkzEX5vxMw3Zup7yaTP8MHMe6n4n9eLcHThxkKFEYLi6SEUErJDhmuR9AB0KDQgsjQ5UKEoZ5ohghaUcZ6IUVJMKenDmf9+kbRPa069Vr87qzSu82aK5IAckipxyDlpkFvSJC3CyYQ8kWfyYsXWq/Vmvf+MFqx8Z5/8gfXxDaHlkzI=</latexit>

A(s, t) =

Unreal World d>4:
<latexit sha1_base64="5OKK5Im1hWKcW43wubwKzQpYSZk=">AAAB/HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5Eoo0QtLGMYD4wCWFvM4lL9vaO3TkhhPgrbLWyE1v/i4X/xct5hSa+6vHeDPPm+ZGSllz308ktLa+sruXXCxubW9s7xd29hg1jI7AuQhWals8tKqmxTpIUtiKDPPAVNv3R1cxvPqCxMtS3NI6wG/ChlgMpOCXS3bCnLwZSS8JeseSW3RRskXgZKUGGWq/41emHIg5Qk1Dc2rbnRtSdcENSKJwWOrHFiIsRH2I7oZoHaLuTNPGUHcWWU8giNEwqlor4e2PCA2vHgZ9MBpzu7bw3E//z2jENzrsTqaOYUIvZIZIK00NWGJlUgawvDRLxWXJkUjPBDSdCIxkXIhHjpJtC0oc3//0iaZyUvUq5cnNaql5mzeThAA7hGDw4gypcQw3qIEDDEzzDi/PovDpvzvvPaM7JdvbhD5yPb1B0lV4=</latexit>

gn = finite
Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-’25


Chang,Parra-Martinez’25 

<latexit sha1_base64="Vr8xZ3i3b/RioZQskIy7uyUgzKs=">AAAB93icbVBNS8NAFNzUr1q/qh69LBZBEEoiUj0WvXisYNpCW8pm+1qXbrLL7otQQn+DVz15E6/+HA/+F5OYg7bOaZh5jzdvAi2FRdf9dEorq2vrG+XNytb2zu5edf+gbVVsOPhcSWW6AbMgRQQ+CpTQ1QZYGEjoBNObzO88grFCRfc40zAI2SQSY8EZppJ/JpXSw2rNrbs56DLxClIjBVrD6ld/pHgcQoRcMmt7nqtxkDCDgkuYV/qxBc34lE2gl9KIhWAHSR52Tk9iy1BRDYYKSXMRfm8kLLR2FgbpZMjwwS56mfif14txfDVIRKRjhIhnh1BIyA9ZbkTaAtCRMIDIsuRARUQ5MwwRjKCM81SM01oqaR/e4vfLpH1e9xr1xt1FrXldNFMmR+SYnBKPXJImuSUt4hNOBHkiz+TFmTmvzpvz/jNacoqdQ/IHzsc3WjCTIQ==</latexit>

+loop

Appears in all arcs
<latexit sha1_base64="B1+2P/2IhIjwXYaER9I0y/yybRQ=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIjFCgjKKBCQcJJpMRE58smnHI+W3drpMjKN9BCRYdo+RwK/gXbuIDAVKOZXe3s+JEUBm37wyotLa+srpXXKxubW9s71d29jgljzcHloQx1z2cGpFDgokAJvUgDC3wJXX96kfndB9BGhOoWZxF4AZsoMRacYSq5l8Pru8awWrPrdg76lzgFqZEC7WH1czAKeRyAQi6ZMX3HjtBLmEbBJcwrg9hAxPiUTaCfUsUCMF6Sh53To9gwDGkEmgpJcxF+biQsMGYW+OlkwPDeLHqZ+J/Xj3F85iVCRTGC4tkhFBLyQ4ZrkbYAdCQ0ILIsOVChKGeaIYIWlHGeinFaSyXtw1n8/i/pNOpOs968Oam1zotmyuSAHJJj4pBT0iJXpE1cwokgj+SJPFsz68V6td6+R0tWsbNPfsF6/wLC6JLA</latexit>

G2
N

<latexit sha1_base64="zRjjbo0SVRkclml6yfzxpsdxxS4=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg8psaLzZRNOOftOd2ukyOQnaKGiQ7T8DAX/gm1cQMJUo5ld7ewEWgqLrvvplFZW19Y3ypuVre2d3b3q/kHHqthwaHMllekFzIIUEbRRoISeNsDCQEI3mF5nfvcBjBUqusOZBj9kk0iMBWeYSj2plB5YEQ6rNbfu5qDLxCtIjRRoDatfg5HicQgRcsms7XuuRj9hBgWXMK8MYgua8SmbQD+lEQvB+kmed05PYstQUQ2GCklzEX5vJCy0dhYG6WTI8N4uepn4n9ePcXzpJyLSMULEs0MoJOSHLDciLQLoSBhAZFlyoCKinBmGCEZQxnkqxmkzlbQPb/H7ZdI5q3uNeuP2vNa8KpopkyNyTE6JRy5Ik9yQFmkTTiR5Is/kxXl0Xp035/1ntOQUO4fkD5yPbx8NlLk=</latexit>

loop ⇠

<latexit sha1_base64="1F/3+oYzrISl6gnVP3XDmW6cHvI=">AAACB3icbVA9TwJBEN3DL8Qv1NJmIzGxInfEoA0J0UIro4mgCSCZWwbcsLe32Z0zIYQf4K+w1crO2PozLPwvHkih6Kte3pvJvHmhUdKR7394mbn5hcWl7HJuZXVtfSO/uVV3cWIF1kSsYnsTgkMlNdZIksIbYxGiUOF12D8Z+9f3aJ2M9RUNDLYi6GnZlQIoldr57dP2eaXZB2PgtlTpSi0J2/mCX/Qn4H9JMCUFNsVFO//Z7MQiiVCTUOBcI/ANtYZgSQqFo1wzcWhA9KGHjZRqiNC1hpPwI76XOKCYG7RcKj4R8efGECLnBlGYTkZAd27WG4v/eY2EuketodQmIdRifIikwskhJ6xMW0HekRaJYJwcudRcgAUitJKDEKmYpDXl0j6C2e//knqpGJSL5cuDQvV42kyW7bBdts8Cdsiq7IxdsBoTbMAe2RN79h68F+/Ve/sezXjTnW32C977F98gmN8=</latexit>

GN = 2 = finite



Bounds in Gravity

<latexit sha1_base64="RHJfEMpDq9f5oG5cU4V7rJoYv5M=">AAACGnicbVDJSgNBEO1xjXGLevTSGJSESJiJol4El4tHBWOELENPp4yNPQtd1UII/oGf4Fd41ZM38erFg//iJOagxgcFj/eqqKoXJFohue6HMzY+MTk1nZnJzs7NLyzmlpYvMLZGQlXGOjaXgUDQKoIqKdJwmRgQYaChFtwc9/3aLRhUcXRO3QSaoehE6kpJQank5zYOC7hJxf2OXylgq1KitGyrUix1/C2OZEsN2Y4J/VzeLbsD8FHiDUmeDXHq5z4b7VjaECKSWiDWPTehZk8YUlLDXbZhERIhb0QH6imNRAjY7A3+uePrFgXFPAHDleYDEX5O9ESI2A2DtDMUdI1/vb74n1e3dLXX7KkosQSR7C8ipWGwCKVRaVDA28oAkehfDlxFXAojiMAoLqRMRZsml03z8P5+P0ouKmVvp7xztp0/OBomk2GrbI0VmMd22QE7YaesyiS7Z4/siT07D86L8+q8fbeOOcOZFfYLzvsX3r2eiA==</latexit>

A(s, t) = g2(s
2 + t2 + u2) + g3stu+ · · ·

<latexit sha1_base64="v890FtvWKw1i73IPqGTbrdeHe50=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKCAioUBHlIiRWdL5twyvmhuzUosvIJtFDRIVq+h4J/wTYpIGGq0cyudna8SElDtv1pLSwuLa+sFtaK6xubW9ulnd2mCWMtsCFCFeq2xw0qGWCDJClsRxq57ylseaOLzG89oDYyDO5oHKHr82EgB1JwSqXby951r1S2K3YONk+cKSnDFPVe6avbD0XsY0BCcWM6jh2Rm3BNUiicFLuxwYiLER9iJ6UB99G4SR51wg5jwylkEWomFctF/L2RcN+Yse+lkz6nezPrZeJ/XiemwZmbyCCKCQORHSKpMD9khJZpB8j6UiMRz5IjkwETXHMi1JJxIVIxTksppn04s9/Pk+ZxxalWqjcn5dr5tJkC7MMBHIEDp1CDK6hDAwQM4Qme4cV6tF6tN+v9Z3TBmu7swR9YH9+WO5Ic</latexit>

GN
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="3PY69E6TDqldtDogFsu00f7/2Ng=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoICURqW6EqhuXFewD2lAm09s6dDIJMzdCCf0It7pyJ279Ghf+i0nMQlvP6nDOvdxzjxdKYdC2P63C0vLK6lpxvbSxubW9U97da5sg0hxaPJCB7nrMgBQKWihQQjfUwHxPQseb3KR+5xG0EYG6x2kIrs/GSowEZ5hInauqOcHjy0G5YtfsDHSRODmpkBzNQfmrPwx45INCLpkxPccO0Y2ZRsElzEr9yEDI+ISNoZdQxXwwbpzFndGjyDAMaAiaCkkzEX5vxMw3Zup7yaTP8MHMe6n4n9eLcHThxkKFEYLi6SEUErJDhmuR9AB0KDQgsjQ5UKEoZ5ohghaUcZ6IUVJMKenDmf9+kbRPa069Vr87qzSu82aK5IAckipxyDlpkFvSJC3CyYQ8kWfyYsXWq/Vmvf+MFqx8Z5/8gfXxDaHlkzI=</latexit>

A(s, t) =

Unreal World d>4:
<latexit sha1_base64="5OKK5Im1hWKcW43wubwKzQpYSZk=">AAAB/HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5Eoo0QtLGMYD4wCWFvM4lL9vaO3TkhhPgrbLWyE1v/i4X/xct5hSa+6vHeDPPm+ZGSllz308ktLa+sruXXCxubW9s7xd29hg1jI7AuQhWals8tKqmxTpIUtiKDPPAVNv3R1cxvPqCxMtS3NI6wG/ChlgMpOCXS3bCnLwZSS8JeseSW3RRskXgZKUGGWq/41emHIg5Qk1Dc2rbnRtSdcENSKJwWOrHFiIsRH2I7oZoHaLuTNPGUHcWWU8giNEwqlor4e2PCA2vHgZ9MBpzu7bw3E//z2jENzrsTqaOYUIvZIZIK00NWGJlUgawvDRLxWXJkUjPBDSdCIxkXIhHjpJtC0oc3//0iaZyUvUq5cnNaql5mzeThAA7hGDw4gypcQw3qIEDDEzzDi/PovDpvzvvPaM7JdvbhD5yPb1B0lV4=</latexit>

gn = finite
Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-’25


Chang,Parra-Martinez’25 

<latexit sha1_base64="Vr8xZ3i3b/RioZQskIy7uyUgzKs=">AAAB93icbVBNS8NAFNzUr1q/qh69LBZBEEoiUj0WvXisYNpCW8pm+1qXbrLL7otQQn+DVz15E6/+HA/+F5OYg7bOaZh5jzdvAi2FRdf9dEorq2vrG+XNytb2zu5edf+gbVVsOPhcSWW6AbMgRQQ+CpTQ1QZYGEjoBNObzO88grFCRfc40zAI2SQSY8EZppJ/JpXSw2rNrbs56DLxClIjBVrD6ld/pHgcQoRcMmt7nqtxkDCDgkuYV/qxBc34lE2gl9KIhWAHSR52Tk9iy1BRDYYKSXMRfm8kLLR2FgbpZMjwwS56mfif14txfDVIRKRjhIhnh1BIyA9ZbkTaAtCRMIDIsuRARUQ5MwwRjKCM81SM01oqaR/e4vfLpH1e9xr1xt1FrXldNFMmR+SYnBKPXJImuSUt4hNOBHkiz+TFmTmvzpvz/jNacoqdQ/IHzsc3WjCTIQ==</latexit>

+loop

Appears in all arcs
<latexit sha1_base64="B1+2P/2IhIjwXYaER9I0y/yybRQ=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIjFCgjKKBCQcJJpMRE58smnHI+W3drpMjKN9BCRYdo+RwK/gXbuIDAVKOZXe3s+JEUBm37wyotLa+srpXXKxubW9s71d29jgljzcHloQx1z2cGpFDgokAJvUgDC3wJXX96kfndB9BGhOoWZxF4AZsoMRacYSq5l8Pru8awWrPrdg76lzgFqZEC7WH1czAKeRyAQi6ZMX3HjtBLmEbBJcwrg9hAxPiUTaCfUsUCMF6Sh53To9gwDGkEmgpJcxF+biQsMGYW+OlkwPDeLHqZ+J/Xj3F85iVCRTGC4tkhFBLyQ4ZrkbYAdCQ0ILIsOVChKGeaIYIWlHGeinFaSyXtw1n8/i/pNOpOs968Oam1zotmyuSAHJJj4pBT0iJXpE1cwokgj+SJPFsz68V6td6+R0tWsbNPfsF6/wLC6JLA</latexit>

G2
N

<latexit sha1_base64="zRjjbo0SVRkclml6yfzxpsdxxS4=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg8psaLzZRNOOftOd2ukyOQnaKGiQ7T8DAX/gm1cQMJUo5ld7ewEWgqLrvvplFZW19Y3ypuVre2d3b3q/kHHqthwaHMllekFzIIUEbRRoISeNsDCQEI3mF5nfvcBjBUqusOZBj9kk0iMBWeYSj2plB5YEQ6rNbfu5qDLxCtIjRRoDatfg5HicQgRcsms7XuuRj9hBgWXMK8MYgua8SmbQD+lEQvB+kmed05PYstQUQ2GCklzEX5vJCy0dhYG6WTI8N4uepn4n9ePcXzpJyLSMULEs0MoJOSHLDciLQLoSBhAZFlyoCKinBmGCEZQxnkqxmkzlbQPb/H7ZdI5q3uNeuP2vNa8KpopkyNyTE6JRy5Ik9yQFmkTTiR5Is/kxXl0Xp035/1ntOQUO4fkD5yPbx8NlLk=</latexit>

loop ⇠

Caron-Huot,Mazac,Rastelli,Simons-Duffin’22

Beadle,Isa
bella,Perr

one,Ricossa,FR,Serra’25
D=6

<latexit sha1_base64="1F/3+oYzrISl6gnVP3XDmW6cHvI=">AAACB3icbVA9TwJBEN3DL8Qv1NJmIzGxInfEoA0J0UIro4mgCSCZWwbcsLe32Z0zIYQf4K+w1crO2PozLPwvHkih6Kte3pvJvHmhUdKR7394mbn5hcWl7HJuZXVtfSO/uVV3cWIF1kSsYnsTgkMlNdZIksIbYxGiUOF12D8Z+9f3aJ2M9RUNDLYi6GnZlQIoldr57dP2eaXZB2PgtlTpSi0J2/mCX/Qn4H9JMCUFNsVFO//Z7MQiiVCTUOBcI/ANtYZgSQqFo1wzcWhA9KGHjZRqiNC1hpPwI76XOKCYG7RcKj4R8efGECLnBlGYTkZAd27WG4v/eY2EuketodQmIdRifIikwskhJ6xMW0HekRaJYJwcudRcgAUitJKDEKmYpDXl0j6C2e//knqpGJSL5cuDQvV42kyW7bBdts8Cdsiq7IxdsBoTbMAe2RN79h68F+/Ve/sezXjTnW32C977F98gmN8=</latexit>

GN = 2 = finite



Bounds in Gravity

<latexit sha1_base64="RHJfEMpDq9f5oG5cU4V7rJoYv5M=">AAACGnicbVDJSgNBEO1xjXGLevTSGJSESJiJol4El4tHBWOELENPp4yNPQtd1UII/oGf4Fd41ZM38erFg//iJOagxgcFj/eqqKoXJFohue6HMzY+MTk1nZnJzs7NLyzmlpYvMLZGQlXGOjaXgUDQKoIqKdJwmRgQYaChFtwc9/3aLRhUcXRO3QSaoehE6kpJQank5zYOC7hJxf2OXylgq1KitGyrUix1/C2OZEsN2Y4J/VzeLbsD8FHiDUmeDXHq5z4b7VjaECKSWiDWPTehZk8YUlLDXbZhERIhb0QH6imNRAjY7A3+uePrFgXFPAHDleYDEX5O9ESI2A2DtDMUdI1/vb74n1e3dLXX7KkosQSR7C8ipWGwCKVRaVDA28oAkehfDlxFXAojiMAoLqRMRZsml03z8P5+P0ouKmVvp7xztp0/OBomk2GrbI0VmMd22QE7YaesyiS7Z4/siT07D86L8+q8fbeOOcOZFfYLzvsX3r2eiA==</latexit>

A(s, t) = g2(s
2 + t2 + u2) + g3stu+ · · ·

<latexit sha1_base64="v890FtvWKw1i73IPqGTbrdeHe50=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKCAioUBHlIiRWdL5twyvmhuzUosvIJtFDRIVq+h4J/wTYpIGGq0cyudna8SElDtv1pLSwuLa+sFtaK6xubW9ulnd2mCWMtsCFCFeq2xw0qGWCDJClsRxq57ylseaOLzG89oDYyDO5oHKHr82EgB1JwSqXby951r1S2K3YONk+cKSnDFPVe6avbD0XsY0BCcWM6jh2Rm3BNUiicFLuxwYiLER9iJ6UB99G4SR51wg5jwylkEWomFctF/L2RcN+Yse+lkz6nezPrZeJ/XiemwZmbyCCKCQORHSKpMD9khJZpB8j6UiMRz5IjkwETXHMi1JJxIVIxTksppn04s9/Pk+ZxxalWqjcn5dr5tJkC7MMBHIEDp1CDK6hDAwQM4Qme4cV6tF6tN+v9Z3TBmu7swR9YH9+WO5Ic</latexit>

GN
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="3PY69E6TDqldtDogFsu00f7/2Ng=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoICURqW6EqhuXFewD2lAm09s6dDIJMzdCCf0It7pyJ279Ghf+i0nMQlvP6nDOvdxzjxdKYdC2P63C0vLK6lpxvbSxubW9U97da5sg0hxaPJCB7nrMgBQKWihQQjfUwHxPQseb3KR+5xG0EYG6x2kIrs/GSowEZ5hInauqOcHjy0G5YtfsDHSRODmpkBzNQfmrPwx45INCLpkxPccO0Y2ZRsElzEr9yEDI+ISNoZdQxXwwbpzFndGjyDAMaAiaCkkzEX5vxMw3Zup7yaTP8MHMe6n4n9eLcHThxkKFEYLi6SEUErJDhmuR9AB0KDQgsjQ5UKEoZ5ohghaUcZ6IUVJMKenDmf9+kbRPa069Vr87qzSu82aK5IAckipxyDlpkFvSJC3CyYQ8kWfyYsXWq/Vmvf+MFqx8Z5/8gfXxDaHlkzI=</latexit>

A(s, t) =

Unreal World d>4:
<latexit sha1_base64="5OKK5Im1hWKcW43wubwKzQpYSZk=">AAAB/HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5Eoo0QtLGMYD4wCWFvM4lL9vaO3TkhhPgrbLWyE1v/i4X/xct5hSa+6vHeDPPm+ZGSllz308ktLa+sruXXCxubW9s7xd29hg1jI7AuQhWals8tKqmxTpIUtiKDPPAVNv3R1cxvPqCxMtS3NI6wG/ChlgMpOCXS3bCnLwZSS8JeseSW3RRskXgZKUGGWq/41emHIg5Qk1Dc2rbnRtSdcENSKJwWOrHFiIsRH2I7oZoHaLuTNPGUHcWWU8giNEwqlor4e2PCA2vHgZ9MBpzu7bw3E//z2jENzrsTqaOYUIvZIZIK00NWGJlUgawvDRLxWXJkUjPBDSdCIxkXIhHjpJtC0oc3//0iaZyUvUq5cnNaql5mzeThAA7hGDw4gypcQw3qIEDDEzzDi/PovDpvzvvPaM7JdvbhD5yPb1B0lV4=</latexit>

gn = finite
Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-’25


Chang,Parra-Martinez’25 

<latexit sha1_base64="Vr8xZ3i3b/RioZQskIy7uyUgzKs=">AAAB93icbVBNS8NAFNzUr1q/qh69LBZBEEoiUj0WvXisYNpCW8pm+1qXbrLL7otQQn+DVz15E6/+HA/+F5OYg7bOaZh5jzdvAi2FRdf9dEorq2vrG+XNytb2zu5edf+gbVVsOPhcSWW6AbMgRQQ+CpTQ1QZYGEjoBNObzO88grFCRfc40zAI2SQSY8EZppJ/JpXSw2rNrbs56DLxClIjBVrD6ld/pHgcQoRcMmt7nqtxkDCDgkuYV/qxBc34lE2gl9KIhWAHSR52Tk9iy1BRDYYKSXMRfm8kLLR2FgbpZMjwwS56mfif14txfDVIRKRjhIhnh1BIyA9ZbkTaAtCRMIDIsuRARUQ5MwwRjKCM81SM01oqaR/e4vfLpH1e9xr1xt1FrXldNFMmR+SYnBKPXJImuSUt4hNOBHkiz+TFmTmvzpvz/jNacoqdQ/IHzsc3WjCTIQ==</latexit>

+loop

Appears in all arcs
<latexit sha1_base64="B1+2P/2IhIjwXYaER9I0y/yybRQ=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIjFCgjKKBCQcJJpMRE58smnHI+W3drpMjKN9BCRYdo+RwK/gXbuIDAVKOZXe3s+JEUBm37wyotLa+srpXXKxubW9s71d29jgljzcHloQx1z2cGpFDgokAJvUgDC3wJXX96kfndB9BGhOoWZxF4AZsoMRacYSq5l8Pru8awWrPrdg76lzgFqZEC7WH1czAKeRyAQi6ZMX3HjtBLmEbBJcwrg9hAxPiUTaCfUsUCMF6Sh53To9gwDGkEmgpJcxF+biQsMGYW+OlkwPDeLHqZ+J/Xj3F85iVCRTGC4tkhFBLyQ4ZrkbYAdCQ0ILIsOVChKGeaIYIWlHGeinFaSyXtw1n8/i/pNOpOs968Oam1zotmyuSAHJJj4pBT0iJXpE1cwokgj+SJPFsz68V6td6+R0tWsbNPfsF6/wLC6JLA</latexit>

G2
N

<latexit sha1_base64="zRjjbo0SVRkclml6yfzxpsdxxS4=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg8psaLzZRNOOftOd2ukyOQnaKGiQ7T8DAX/gm1cQMJUo5ld7ewEWgqLrvvplFZW19Y3ypuVre2d3b3q/kHHqthwaHMllekFzIIUEbRRoISeNsDCQEI3mF5nfvcBjBUqusOZBj9kk0iMBWeYSj2plB5YEQ6rNbfu5qDLxCtIjRRoDatfg5HicQgRcsms7XuuRj9hBgWXMK8MYgua8SmbQD+lEQvB+kmed05PYstQUQ2GCklzEX5vJCy0dhYG6WTI8N4uepn4n9ePcXzpJyLSMULEs0MoJOSHLDciLQLoSBhAZFlyoCKinBmGCEZQxnkqxmkzlbQPb/H7ZdI5q3uNeuP2vNa8KpopkyNyTE6JRy5Ik9yQFmkTTiR5Is/kxXl0Xp035/1ntOQUO4fkD5yPbx8NlLk=</latexit>

loop ⇠

Caron-Huot,Mazac,Rastelli,Simons-Duffin’22

Beadle,Isa
bella,Perr

one,Ricossa,FR,Serra’25
D=6

<latexit sha1_base64="/wcjfF8qG47TZayQD2peWiDysW8=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVrS+bMKR89m6WyOFKP9ACxUdouVvKPgX7OACEqYazexqZyeIlbTkup/O0vLK6tp6YaO4ubW9s1va22/aKDECGyJSkWkHYFFJjQ2SpLAdG4QwUNgKRleZ33pAY2Wkb2kcox/CUMuBFECp1OxKPaBxr1R2K+4MfJF4OSmzHPVe6avbj0QSoiahwNqO58bkT8CQFAqnxW5iMQYxgiF2UqohROtPZmmn/DixQBGP0XCp+EzE3xsTCK0dh0E6GQLd2XkvE//zOgkNLvyJ1HFCqEV2iKTC2SErjExrQN6XBokgS45cai7AABEayUGIVEzSXoppH97894ukeVrxqpXqzVm5dpk3U2CH7IidMI+dsxq7ZnXWYILdsyf2zF6cR+fVeXPef0aXnHzngP2B8/ENfOKTzA==</latexit>1Size of loops along edge:

<latexit sha1_base64="1F/3+oYzrISl6gnVP3XDmW6cHvI=">AAACB3icbVA9TwJBEN3DL8Qv1NJmIzGxInfEoA0J0UIro4mgCSCZWwbcsLe32Z0zIYQf4K+w1crO2PozLPwvHkih6Kte3pvJvHmhUdKR7394mbn5hcWl7HJuZXVtfSO/uVV3cWIF1kSsYnsTgkMlNdZIksIbYxGiUOF12D8Z+9f3aJ2M9RUNDLYi6GnZlQIoldr57dP2eaXZB2PgtlTpSi0J2/mCX/Qn4H9JMCUFNsVFO//Z7MQiiVCTUOBcI/ANtYZgSQqFo1wzcWhA9KGHjZRqiNC1hpPwI76XOKCYG7RcKj4R8efGECLnBlGYTkZAd27WG4v/eY2EuketodQmIdRifIikwskhJ6xMW0HekRaJYJwcudRcgAUitJKDEKmYpDXl0j6C2e//knqpGJSL5cuDQvV42kyW7bBdts8Cdsiq7IxdsBoTbMAe2RN79h68F+/Ve/sezXjTnW32C977F98gmN8=</latexit>

GN = 2 = finite



Bounds in Gravity

<latexit sha1_base64="RHJfEMpDq9f5oG5cU4V7rJoYv5M=">AAACGnicbVDJSgNBEO1xjXGLevTSGJSESJiJol4El4tHBWOELENPp4yNPQtd1UII/oGf4Fd41ZM38erFg//iJOagxgcFj/eqqKoXJFohue6HMzY+MTk1nZnJzs7NLyzmlpYvMLZGQlXGOjaXgUDQKoIqKdJwmRgQYaChFtwc9/3aLRhUcXRO3QSaoehE6kpJQank5zYOC7hJxf2OXylgq1KitGyrUix1/C2OZEsN2Y4J/VzeLbsD8FHiDUmeDXHq5z4b7VjaECKSWiDWPTehZk8YUlLDXbZhERIhb0QH6imNRAjY7A3+uePrFgXFPAHDleYDEX5O9ESI2A2DtDMUdI1/vb74n1e3dLXX7KkosQSR7C8ipWGwCKVRaVDA28oAkehfDlxFXAojiMAoLqRMRZsml03z8P5+P0ouKmVvp7xztp0/OBomk2GrbI0VmMd22QE7YaesyiS7Z4/siT07D86L8+q8fbeOOcOZFfYLzvsX3r2eiA==</latexit>

A(s, t) = g2(s
2 + t2 + u2) + g3stu+ · · ·

<latexit sha1_base64="v890FtvWKw1i73IPqGTbrdeHe50=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKCAioUBHlIiRWdL5twyvmhuzUosvIJtFDRIVq+h4J/wTYpIGGq0cyudna8SElDtv1pLSwuLa+sFtaK6xubW9ulnd2mCWMtsCFCFeq2xw0qGWCDJClsRxq57ylseaOLzG89oDYyDO5oHKHr82EgB1JwSqXby951r1S2K3YONk+cKSnDFPVe6avbD0XsY0BCcWM6jh2Rm3BNUiicFLuxwYiLER9iJ6UB99G4SR51wg5jwylkEWomFctF/L2RcN+Yse+lkz6nezPrZeJ/XiemwZmbyCCKCQORHSKpMD9khJZpB8j6UiMRz5IjkwETXHMi1JJxIVIxTksppn04s9/Pk+ZxxalWqjcn5dr5tJkC7MMBHIEDp1CDK6hDAwQM4Qme4cV6tF6tN+v9Z3TBmu7swR9YH9+WO5Ic</latexit>

GN
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="3PY69E6TDqldtDogFsu00f7/2Ng=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoICURqW6EqhuXFewD2lAm09s6dDIJMzdCCf0It7pyJ279Ghf+i0nMQlvP6nDOvdxzjxdKYdC2P63C0vLK6lpxvbSxubW9U97da5sg0hxaPJCB7nrMgBQKWihQQjfUwHxPQseb3KR+5xG0EYG6x2kIrs/GSowEZ5hInauqOcHjy0G5YtfsDHSRODmpkBzNQfmrPwx45INCLpkxPccO0Y2ZRsElzEr9yEDI+ISNoZdQxXwwbpzFndGjyDAMaAiaCkkzEX5vxMw3Zup7yaTP8MHMe6n4n9eLcHThxkKFEYLi6SEUErJDhmuR9AB0KDQgsjQ5UKEoZ5ohghaUcZ6IUVJMKenDmf9+kbRPa069Vr87qzSu82aK5IAckipxyDlpkFvSJC3CyYQ8kWfyYsXWq/Vmvf+MFqx8Z5/8gfXxDaHlkzI=</latexit>

A(s, t) =

Unreal World d>4:
<latexit sha1_base64="5OKK5Im1hWKcW43wubwKzQpYSZk=">AAAB/HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5Eoo0QtLGMYD4wCWFvM4lL9vaO3TkhhPgrbLWyE1v/i4X/xct5hSa+6vHeDPPm+ZGSllz308ktLa+sruXXCxubW9s7xd29hg1jI7AuQhWals8tKqmxTpIUtiKDPPAVNv3R1cxvPqCxMtS3NI6wG/ChlgMpOCXS3bCnLwZSS8JeseSW3RRskXgZKUGGWq/41emHIg5Qk1Dc2rbnRtSdcENSKJwWOrHFiIsRH2I7oZoHaLuTNPGUHcWWU8giNEwqlor4e2PCA2vHgZ9MBpzu7bw3E//z2jENzrsTqaOYUIvZIZIK00NWGJlUgawvDRLxWXJkUjPBDSdCIxkXIhHjpJtC0oc3//0iaZyUvUq5cnNaql5mzeThAA7hGDw4gypcQw3qIEDDEzzDi/PovDpvzvvPaM7JdvbhD5yPb1B0lV4=</latexit>

gn = finite
Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-’25


Chang,Parra-Martinez’25 

<latexit sha1_base64="Vr8xZ3i3b/RioZQskIy7uyUgzKs=">AAAB93icbVBNS8NAFNzUr1q/qh69LBZBEEoiUj0WvXisYNpCW8pm+1qXbrLL7otQQn+DVz15E6/+HA/+F5OYg7bOaZh5jzdvAi2FRdf9dEorq2vrG+XNytb2zu5edf+gbVVsOPhcSWW6AbMgRQQ+CpTQ1QZYGEjoBNObzO88grFCRfc40zAI2SQSY8EZppJ/JpXSw2rNrbs56DLxClIjBVrD6ld/pHgcQoRcMmt7nqtxkDCDgkuYV/qxBc34lE2gl9KIhWAHSR52Tk9iy1BRDYYKSXMRfm8kLLR2FgbpZMjwwS56mfif14txfDVIRKRjhIhnh1BIyA9ZbkTaAtCRMIDIsuRARUQ5MwwRjKCM81SM01oqaR/e4vfLpH1e9xr1xt1FrXldNFMmR+SYnBKPXJImuSUt4hNOBHkiz+TFmTmvzpvz/jNacoqdQ/IHzsc3WjCTIQ==</latexit>

+loop

Appears in all arcs
<latexit sha1_base64="B1+2P/2IhIjwXYaER9I0y/yybRQ=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIjFCgjKKBCQcJJpMRE58smnHI+W3drpMjKN9BCRYdo+RwK/gXbuIDAVKOZXe3s+JEUBm37wyotLa+srpXXKxubW9s71d29jgljzcHloQx1z2cGpFDgokAJvUgDC3wJXX96kfndB9BGhOoWZxF4AZsoMRacYSq5l8Pru8awWrPrdg76lzgFqZEC7WH1czAKeRyAQi6ZMX3HjtBLmEbBJcwrg9hAxPiUTaCfUsUCMF6Sh53To9gwDGkEmgpJcxF+biQsMGYW+OlkwPDeLHqZ+J/Xj3F85iVCRTGC4tkhFBLyQ4ZrkbYAdCQ0ILIsOVChKGeaIYIWlHGeinFaSyXtw1n8/i/pNOpOs968Oam1zotmyuSAHJJj4pBT0iJXpE1cwokgj+SJPFsz68V6td6+R0tWsbNPfsF6/wLC6JLA</latexit>

G2
N

<latexit sha1_base64="zRjjbo0SVRkclml6yfzxpsdxxS4=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg8psaLzZRNOOftOd2ukyOQnaKGiQ7T8DAX/gm1cQMJUo5ld7ewEWgqLrvvplFZW19Y3ypuVre2d3b3q/kHHqthwaHMllekFzIIUEbRRoISeNsDCQEI3mF5nfvcBjBUqusOZBj9kk0iMBWeYSj2plB5YEQ6rNbfu5qDLxCtIjRRoDatfg5HicQgRcsms7XuuRj9hBgWXMK8MYgua8SmbQD+lEQvB+kmed05PYstQUQ2GCklzEX5vJCy0dhYG6WTI8N4uepn4n9ePcXzpJyLSMULEs0MoJOSHLDciLQLoSBhAZFlyoCKinBmGCEZQxnkqxmkzlbQPb/H7ZdI5q3uNeuP2vNa8KpopkyNyTE6JRy5Ik9yQFmkTTiR5Is/kxXl0Xp035/1ntOQUO4fkD5yPbx8NlLk=</latexit>

loop ⇠

Caron-Huot,Mazac,Rastelli,Simons-Duffin’22

Beadle,Isa
bella,Perr

one,Ricossa,FR,Serra’25
D=6

<latexit sha1_base64="/wcjfF8qG47TZayQD2peWiDysW8=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVrS+bMKR89m6WyOFKP9ACxUdouVvKPgX7OACEqYazexqZyeIlbTkup/O0vLK6tp6YaO4ubW9s1va22/aKDECGyJSkWkHYFFJjQ2SpLAdG4QwUNgKRleZ33pAY2Wkb2kcox/CUMuBFECp1OxKPaBxr1R2K+4MfJF4OSmzHPVe6avbj0QSoiahwNqO58bkT8CQFAqnxW5iMQYxgiF2UqohROtPZmmn/DixQBGP0XCp+EzE3xsTCK0dh0E6GQLd2XkvE//zOgkNLvyJ1HFCqEV2iKTC2SErjExrQN6XBokgS45cai7AABEayUGIVEzSXoppH97894ukeVrxqpXqzVm5dpk3U2CH7IidMI+dsxq7ZnXWYILdsyf2zF6cR+fVeXPef0aXnHzngP2B8/ENfOKTzA==</latexit>1Size of loops along edge:

Size of loops along edge:

<latexit sha1_base64="1F/3+oYzrISl6gnVP3XDmW6cHvI=">AAACB3icbVA9TwJBEN3DL8Qv1NJmIzGxInfEoA0J0UIro4mgCSCZWwbcsLe32Z0zIYQf4K+w1crO2PozLPwvHkih6Kte3pvJvHmhUdKR7394mbn5hcWl7HJuZXVtfSO/uVV3cWIF1kSsYnsTgkMlNdZIksIbYxGiUOF12D8Z+9f3aJ2M9RUNDLYi6GnZlQIoldr57dP2eaXZB2PgtlTpSi0J2/mCX/Qn4H9JMCUFNsVFO//Z7MQiiVCTUOBcI/ANtYZgSQqFo1wzcWhA9KGHjZRqiNC1hpPwI76XOKCYG7RcKj4R8efGECLnBlGYTkZAd27WG4v/eY2EuketodQmIdRifIikwskhJ6xMW0HekRaJYJwcudRcgAUitJKDEKmYpDXl0j6C2e//knqpGJSL5cuDQvV42kyW7bBdts8Cdsiq7IxdsBoTbMAe2RN79h68F+/Ve/sezXjTnW32C977F98gmN8=</latexit>

GN = 2 = finite



“The Path is the Goal”

Caron-Huot,Mazac,Rastelli,Simons-Duffin’22

Beadle,Isa
bella,Perro

ne,Ricossa,FR,Serra’25


Tree-level bounds, consistent 
in loop perturbation theory

D=6

Positivity bounds for which loop effects are finite, have a different 
shape even at tree-level!



“The Path is the Goal”

Caron-Huot,Mazac,Rastelli,Simons-Duffin’22

Beadle,Isa
bella,Perro

ne,Ricossa,FR,Serra’25


Tree-level bounds, consistent 
in loop perturbation theory

Tree-level bounds, consistent 
in loop and EFT 

perturbation theory

D=6

Positivity bounds for which loop effects are finite, have a different 
shape even at tree-level!



Summary

1m
10-15

10-35

107
1021

11027

10-8

IR UV

Unitarity
Causality

Bounds on very irrelevant operators washed away. Assumptions needed.

Constrained EFTs

With appropriate Dispersion Relations, Positivity bounds are modified only 
perturbatively by loop effects — as it should be

With long-Range interactions, physical experiment size enters results

IR safe bounds might differ from naive tree-level



Improvement

<latexit sha1_base64="X9LQzTqOihM/sv4IcDm7v6KfBMo=">AAAB/nicdVBNS8NAEN3Ur1q/qh69LBahXkIiUnssevFYwdZCE8pmO61LN5uwOxFKKPgrvOrJm3j1r3jwv5jECn6+yzzem2FmXhBLYdBxXq3SwuLS8kp5tbK2vrG5Vd3e6Zoo0Rw6PJKR7gXMgBQKOihQQi/WwMJAwlUwOcv9qxvQRkTqEqcx+CEbKzESnGEmeZ5QSIdemNTxcFCtOXbTyUF/E9cuqlMjc7QH1TdvGPEkBIVcMmP6rhOjnzKNgkuYVbzEQMz4hI2hn1HFQjB+Wtw8oweJYRjRGDQVkhYifJ1IWWjMNAyyzpDhtfnp5eJfXj/BUdNPhYoTBMXzRSgkFIsM1yILA+hQaEBk+eVAhaKcaYYIWlDGeSYmWTqVLI/Pp+n/pHtkuw27cXFca53OkymTPbJP6sQlJ6RFzkmbdAgnMbkj9+TBurUerSfr+aO1ZM1ndsk3WC/vJleVyA==</latexit>Z
dµ(t)

<latexit sha1_base64="ZR+0es3k532HDLtZL6Ygq/gQrxg=">AAAB83icdVDLTgJBEJzFF+IL9ehlIjHhtNkFXeBG9OIREnkksCGzQ4MTZh+Z6TUhhC/wqidvxqsf5MF/cXfFRI3WqVLVna4uL5JCo2W9Gbm19Y3Nrfx2YWd3b/+geHjU1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfq9O1BahMENziNwfTYNxERwhonULo+KJcu8qNcaToUmpNGwHSsj1Vq1Qm3TylAiK7RGxffhOOSxDwFyybQe2FaE7oIpFFzCsjCMNUSMz9gUBgkNmA/aXWRBl/Qs1gxDGoGiQtJMhO8bC+ZrPfe9ZNJneKt/e6n4lzeIcVJ3FyKIYoSAp4dQSMgOaa5E0gDQsVCAyNLkQEVAOVMMEZSgjPNEjJNKCkkfX0/T/0m3YtqO6bTPS83LVTN5ckJOSZnYpEaa5Jq0SIdwAuSePJBHIzaejGfj5XM0Z6x2jskPGK8fnPCRnA==</latexit>

(
<latexit sha1_base64="su8vtM+I5JJ2LgK/E4WAIg+DgIQ=">AAAB83icdVDLTgJBEJzFF+IL9ehlIjHRy2YXdIEb0YtHSOSRwIbMDg1OmH1kpteEEL7Aq568Ga9+kAf/xd0VEzVap0pVd7q6vEgKjZb1ZuRWVtfWN/Kbha3tnd294v5BR4ex4tDmoQxVz2MapAigjQIl9CIFzPckdL3pVep370BpEQY3OIvA9dkkEGPBGSZS62xYLFnmRa1ad8o0IfW67VgZqVQrZWqbVoYSWaI5LL4PRiGPfQiQS6Z137YidOdMoeASFoVBrCFifMom0E9owHzQ7jwLuqAnsWYY0ggUFZJmInzfmDNf65nvJZM+w1v920vFv7x+jOOaOxdBFCMEPD2EQkJ2SHMlkgaAjoQCRJYmByoCypliiKAEZZwnYpxUUkj6+Hqa/k86ZdN2TKd1XmpcLpvJkyNyTE6JTaqkQa5Jk7QJJ0DuyQN5NGLjyXg2Xj5Hc8Zy55D8gPH6AZ5/kZ0=</latexit>

) <latexit sha1_base64="bVWXnBjoePLLOuh9HN3uvXxciGg=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRClQogoYyIPKQkig6XzbhlPNDd+tIkZU/oIWKDtHyPxT8C7ZxAQlTjWZ2tbPjhkoasu1Pq7Cyura+UdwsbW3v7O6V9w9aJoi0wKYIVKA7LjeopI9NkqSwE2rknquw7U5uUr89RW1k4D/QLMS+x8e+HEnBKZHur+xBuWJX7QxsmTg5qUCOxqD81RsGIvLQJ6G4MV3HDqkfc01SKJyXepHBkIsJH2M3oT730PTjLOmcnUSGU8BC1Ewqlon4eyPmnjEzz00mPU6PZtFLxf+8bkSjy34s/TAi9EV6iKTC7JARWiYVIBtKjUQ8TY5M+kxwzYlQS8aFSMQo6aSU9OEsfr9MWmdVp1at3Z1X6td5M0U4gmM4BQcuoA630IAmCBjBEzzDizW1Xq036/1ntGDlO4fwB9bHN5+ykYw=</latexit>

> 0
<latexit sha1_base64="koFa2Erc8/Sf/vy0XGLYLVP2S1g="></latexit>

�2

t
+ g2 + g3t+ g4t

2 + · · ·

Combination of arcs can have finite sums and circumvent Münts-Szàsz:

Caron-Huot,Mazac,Rastelli,Simons-Duffin’22 Beadle,Isabella,Perrone,Ricossa,FR,Serra’24 Beadle,Isabella,Perrone,Ricossa,FR,Serra’25

Chang,Parra-Martinez’25 



Improvement

<latexit sha1_base64="X9LQzTqOihM/sv4IcDm7v6KfBMo=">AAAB/nicdVBNS8NAEN3Ur1q/qh69LBahXkIiUnssevFYwdZCE8pmO61LN5uwOxFKKPgrvOrJm3j1r3jwv5jECn6+yzzem2FmXhBLYdBxXq3SwuLS8kp5tbK2vrG5Vd3e6Zoo0Rw6PJKR7gXMgBQKOihQQi/WwMJAwlUwOcv9qxvQRkTqEqcx+CEbKzESnGEmeZ5QSIdemNTxcFCtOXbTyUF/E9cuqlMjc7QH1TdvGPEkBIVcMmP6rhOjnzKNgkuYVbzEQMz4hI2hn1HFQjB+Wtw8oweJYRjRGDQVkhYifJ1IWWjMNAyyzpDhtfnp5eJfXj/BUdNPhYoTBMXzRSgkFIsM1yILA+hQaEBk+eVAhaKcaYYIWlDGeSYmWTqVLI/Pp+n/pHtkuw27cXFca53OkymTPbJP6sQlJ6RFzkmbdAgnMbkj9+TBurUerSfr+aO1ZM1ndsk3WC/vJleVyA==</latexit>Z
dµ(t)

<latexit sha1_base64="ZR+0es3k532HDLtZL6Ygq/gQrxg=">AAAB83icdVDLTgJBEJzFF+IL9ehlIjHhtNkFXeBG9OIREnkksCGzQ4MTZh+Z6TUhhC/wqidvxqsf5MF/cXfFRI3WqVLVna4uL5JCo2W9Gbm19Y3Nrfx2YWd3b/+geHjU1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfq9O1BahMENziNwfTYNxERwhonULo+KJcu8qNcaToUmpNGwHSsj1Vq1Qm3TylAiK7RGxffhOOSxDwFyybQe2FaE7oIpFFzCsjCMNUSMz9gUBgkNmA/aXWRBl/Qs1gxDGoGiQtJMhO8bC+ZrPfe9ZNJneKt/e6n4lzeIcVJ3FyKIYoSAp4dQSMgOaa5E0gDQsVCAyNLkQEVAOVMMEZSgjPNEjJNKCkkfX0/T/0m3YtqO6bTPS83LVTN5ckJOSZnYpEaa5Jq0SIdwAuSePJBHIzaejGfj5XM0Z6x2jskPGK8fnPCRnA==</latexit>

(
<latexit sha1_base64="su8vtM+I5JJ2LgK/E4WAIg+DgIQ=">AAAB83icdVDLTgJBEJzFF+IL9ehlIjHRy2YXdIEb0YtHSOSRwIbMDg1OmH1kpteEEL7Aq568Ga9+kAf/xd0VEzVap0pVd7q6vEgKjZb1ZuRWVtfWN/Kbha3tnd294v5BR4ex4tDmoQxVz2MapAigjQIl9CIFzPckdL3pVep370BpEQY3OIvA9dkkEGPBGSZS62xYLFnmRa1ad8o0IfW67VgZqVQrZWqbVoYSWaI5LL4PRiGPfQiQS6Z137YidOdMoeASFoVBrCFifMom0E9owHzQ7jwLuqAnsWYY0ggUFZJmInzfmDNf65nvJZM+w1v920vFv7x+jOOaOxdBFCMEPD2EQkJ2SHMlkgaAjoQCRJYmByoCypliiKAEZZwnYpxUUkj6+Hqa/k86ZdN2TKd1XmpcLpvJkyNyTE6JTaqkQa5Jk7QJJ0DuyQN5NGLjyXg2Xj5Hc8Zy55D8gPH6AZ5/kZ0=</latexit>

) <latexit sha1_base64="bVWXnBjoePLLOuh9HN3uvXxciGg=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRClQogoYyIPKQkig6XzbhlPNDd+tIkZU/oIWKDtHyPxT8C7ZxAQlTjWZ2tbPjhkoasu1Pq7Cyura+UdwsbW3v7O6V9w9aJoi0wKYIVKA7LjeopI9NkqSwE2rknquw7U5uUr89RW1k4D/QLMS+x8e+HEnBKZHur+xBuWJX7QxsmTg5qUCOxqD81RsGIvLQJ6G4MV3HDqkfc01SKJyXepHBkIsJH2M3oT730PTjLOmcnUSGU8BC1Ewqlon4eyPmnjEzz00mPU6PZtFLxf+8bkSjy34s/TAi9EV6iKTC7JARWiYVIBtKjUQ8TY5M+kxwzYlQS8aFSMQo6aSU9OEsfr9MWmdVp1at3Z1X6td5M0U4gmM4BQcuoA630IAmCBjBEzzDizW1Xq036/1ntGDlO4fwB9bHN5+ykYw=</latexit>

> 0
<latexit sha1_base64="koFa2Erc8/Sf/vy0XGLYLVP2S1g="></latexit>

�2

t
+ g2 + g3t+ g4t

2 + · · ·

Combination of arcs can have finite sums and circumvent Münts-Szàsz:

Caron-Huot,Mazac,Rastelli,Simons-Duffin’22 Beadle,Isabella,Perrone,Ricossa,FR,Serra’24 Beadle,Isabella,Perrone,Ricossa,FR,Serra’25

Chang,Parra-Martinez’25 



CSDR



Bounds    Positive Polynomials
Bellazzini,Elias-Miro,Rattazzi,Riembau,FR’20


Bounds  
on 

Moments

Bounds  
on 

EFT Coeff.
Positive polynomials  

in [0,1]
<latexit sha1_base64="7qvgO9BeUKWbM0PtUK3HstMc7x0=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxInfGqCXRxhKNfCQHIXPLABv29i67cxpyIf4KW63sjK2/xcL/4oEUCr7q5b2ZzJsXxEpact1PJ7e0vLK6ll8vbGxube8Ud/fqNkqMwJqIVGSaAVhUUmONJClsxgYhDBQ2guHVxG/co7Ey0nc0irEdQl/LnhRAmeS3bmV/QGBM9NApltyyOwVfJN6MlNgM1U7xq9WNRBKiJqHAWt9zY2qnYEgKheNCK7EYgxhCH/2MagjRttNp5DE/SixQxGM0XCo+FfH3RgqhtaMwyCZDoIGd9ybif56fUO+inUodJ4RaTA6RVDg9ZIWRWRfIu9IgEUySI5eaCzBAhEZyECITk6ycQtaHN//9IqmflL2z8unNaalyOWsmzw7YITtmHjtnFXbNqqzGBIvYE3tmL86j8+q8Oe8/ozlntrPP/sD5+AZhVpX7</latexit>)

<latexit sha1_base64="y8pJ2Guj5bZxZlmpFRPfywcFlbc=">AAACEHicbVC7TgJREL2LL8QXaqnFjcTERrJLiFoZ1MYSE3kkgGT2MuANdx+5d9aEbGj8BL/CVis7Y+sfWPgvLkiMgqc6c85MZua4oZKGbPvDSs3NLywupZczK6tr6xvZza2qCSItsCICFei6CwaV9LFCkhTWQ43guQprbv9i5NfuUBsZ+Nc0CLHlQc+XXSmAEqmd3Y2bAhQ/G7btQ25uCvyndk7tdjZn5+0x+CxxJiTHJii3s5/NTiAiD30SCoxpOHZIrRg0SaFwmGlGBkMQfehhI6E+eGha8fiLId+PDFDAQ9RcKj4W8fdEDJ4xA89NOj2gWzPtjcT/vEZE3ZNWLP0wIvTFaBFJheNFRmiZxIO8IzUSwehy5NLnAjQQoZYchEjEKMkrk+ThTH8/S6qFvHOUL14Vc6XzSTJptsP22AFz2DErsUtWZhUm2D17ZE/s2XqwXqxX6+27NWVNZrbZH1jvX1w6mxg=</latexit>

A0 � s2A1 > 0
<latexit sha1_base64="pGXU9EnJGoFfBvK9KSB18MYTViU=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJhshGEVChCBrKIOEkUmJF58smnHI+W3drRGTlG2ihokO0fA4F/4JtXEDCVKOZXe3s+JEUBm370yotLa+srpXXKxubW9s71d29tgljzcHloQx112cGpFDgokAJ3UgDC3wJHX9ynfmdB9BGhOoOpxF4ARsrMRKcYSq5zsnjpT2o1uy6nYMuEqcgNVKgNah+9YchjwNQyCUzpufYEXoJ0yi4hFmlHxuIGJ+wMfRSqlgAxkvysDN6FBuGIY1AUyFpLsLvjYQFxkwDP50MGN6beS8T//N6MY4uvESoKEZQPDuEQkJ+yHAt0haADoUGRJYlByoU5UwzRNCCMs5TMU5rqaR9OPPfL5L2ad05qzduG7XmVdFMmRyQQ3JMHHJOmuSGtIhLOBHkiTyTF2tqvVpv1vvPaMkqdvbJH1gf313Kkn4=</latexit>

1� x > 0ee.g.
<latexit sha1_base64="MiLhjGAJ5oB0FS8fUn2CxiW0xp0=">AAACA3icdVC7TsNAEDzzJrwClDQnIqTQRHYCCekQNJQgkYcUm+h82YRTzmfrbg+BIkq+ghYqOkTLh1DwLzgmSIBgqtHMrnZ2wkQKg6775kxNz8zOzS8s5paWV1bX8usbTRNbzaHBYxnrdsgMSKGggQIltBMNLAoltMLh8dhvXYE2IlbneJNAELGBEn3BGaZSN7/mC4Vd98Lr+ZEtXu928wW3tH9Qq1fLNCX1uld1M1KpVcrUK7kZCmSC027+3e/F3EagkEtmTMdzEwxGTKPgEm5zvjWQMD5kA+ikVLEITDDKgt/SHWsYxjQBTYWkmQjfN0YsMuYmCtPJiOGl+e2Nxb+8jsX+QTASKrEIio8PoZCQHTJci7QRoD2hAZGNkwMVinKmGSJoQRnnqWjTinJpH19P0/9Js1zyqqW9s73C4dGkmQWyRbZJkXikRg7JCTklDcKJJffkgTw6d86T8+y8fI5OOZOdTfIDzusHGWiXXw==</latexit>Z 1

0
dµ(x)



Bounds    Positive Polynomials
Bellazzini,Elias-Miro,Rattazzi,Riembau,FR’20


Bounds  
on 

Moments

Bounds  
on 

EFT Coeff.
Positive polynomials  

in [0,1]
<latexit sha1_base64="7qvgO9BeUKWbM0PtUK3HstMc7x0=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxInfGqCXRxhKNfCQHIXPLABv29i67cxpyIf4KW63sjK2/xcL/4oEUCr7q5b2ZzJsXxEpact1PJ7e0vLK6ll8vbGxube8Ud/fqNkqMwJqIVGSaAVhUUmONJClsxgYhDBQ2guHVxG/co7Ey0nc0irEdQl/LnhRAmeS3bmV/QGBM9NApltyyOwVfJN6MlNgM1U7xq9WNRBKiJqHAWt9zY2qnYEgKheNCK7EYgxhCH/2MagjRttNp5DE/SixQxGM0XCo+FfH3RgqhtaMwyCZDoIGd9ybif56fUO+inUodJ4RaTA6RVDg9ZIWRWRfIu9IgEUySI5eaCzBAhEZyECITk6ycQtaHN//9IqmflL2z8unNaalyOWsmzw7YITtmHjtnFXbNqqzGBIvYE3tmL86j8+q8Oe8/ozlntrPP/sD5+AZhVpX7</latexit>)

<latexit sha1_base64="y8pJ2Guj5bZxZlmpFRPfywcFlbc=">AAACEHicbVC7TgJREL2LL8QXaqnFjcTERrJLiFoZ1MYSE3kkgGT2MuANdx+5d9aEbGj8BL/CVis7Y+sfWPgvLkiMgqc6c85MZua4oZKGbPvDSs3NLywupZczK6tr6xvZza2qCSItsCICFei6CwaV9LFCkhTWQ43guQprbv9i5NfuUBsZ+Nc0CLHlQc+XXSmAEqmd3Y2bAhQ/G7btQ25uCvyndk7tdjZn5+0x+CxxJiTHJii3s5/NTiAiD30SCoxpOHZIrRg0SaFwmGlGBkMQfehhI6E+eGha8fiLId+PDFDAQ9RcKj4W8fdEDJ4xA89NOj2gWzPtjcT/vEZE3ZNWLP0wIvTFaBFJheNFRmiZxIO8IzUSwehy5NLnAjQQoZYchEjEKMkrk+ThTH8/S6qFvHOUL14Vc6XzSTJptsP22AFz2DErsUtWZhUm2D17ZE/s2XqwXqxX6+27NWVNZrbZH1jvX1w6mxg=</latexit>

A0 � s2A1 > 0
<latexit sha1_base64="pGXU9EnJGoFfBvK9KSB18MYTViU=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJhshGEVChCBrKIOEkUmJF58smnHI+W3drRGTlG2ihokO0fA4F/4JtXEDCVKOZXe3s+JEUBm370yotLa+srpXXKxubW9s71d29tgljzcHloQx112cGpFDgokAJ3UgDC3wJHX9ynfmdB9BGhOoOpxF4ARsrMRKcYSq5zsnjpT2o1uy6nYMuEqcgNVKgNah+9YchjwNQyCUzpufYEXoJ0yi4hFmlHxuIGJ+wMfRSqlgAxkvysDN6FBuGIY1AUyFpLsLvjYQFxkwDP50MGN6beS8T//N6MY4uvESoKEZQPDuEQkJ+yHAt0haADoUGRJYlByoU5UwzRNCCMs5TMU5rqaR9OPPfL5L2ad05qzduG7XmVdFMmRyQQ3JMHHJOmuSGtIhLOBHkiTyTF2tqvVpv1vvPaMkqdvbJH1gf313Kkn4=</latexit>

1� x > 0ee.g.
<latexit sha1_base64="MiLhjGAJ5oB0FS8fUn2CxiW0xp0=">AAACA3icdVC7TsNAEDzzJrwClDQnIqTQRHYCCekQNJQgkYcUm+h82YRTzmfrbg+BIkq+ghYqOkTLh1DwLzgmSIBgqtHMrnZ2wkQKg6775kxNz8zOzS8s5paWV1bX8usbTRNbzaHBYxnrdsgMSKGggQIltBMNLAoltMLh8dhvXYE2IlbneJNAELGBEn3BGaZSN7/mC4Vd98Lr+ZEtXu928wW3tH9Qq1fLNCX1uld1M1KpVcrUK7kZCmSC027+3e/F3EagkEtmTMdzEwxGTKPgEm5zvjWQMD5kA+ikVLEITDDKgt/SHWsYxjQBTYWkmQjfN0YsMuYmCtPJiOGl+e2Nxb+8jsX+QTASKrEIio8PoZCQHTJci7QRoD2hAZGNkwMVinKmGSJoQRnnqWjTinJpH19P0/9Js1zyqqW9s73C4dGkmQWyRbZJkXikRg7JCTklDcKJJffkgTw6d86T8+y8fI5OOZOdTfIDzusHGWiXXw==</latexit>Z 1

0
dµ(x)

<latexit sha1_base64="V0nqczoQsRv1zMEy47FNJouhIm4=">AAAB/nicdVA9SwNBFNyL3/ErammzGAQtPPa8kMRCEG0sFYwJJFH21mdc3Ntbdt9JQhD8FbZa2Ymtf8XC/+IlRlDRqYaZ93jzJjJKOmTszcuNjU9MTk3P5Gfn5hcWC0vLpy5JrYCaSFRiGxF3oKSGGkpU0DAWeBwpqEfXBwO/fgPWyUSfYM9AO+YdLS+l4JhJLbPbPdMbwVZ38yw+LxSZz0phUAoo80MWlquljFQY2wkrNPDZEEUywtF54b11kYg0Bo1CceeaATPY7nOLUii4zbdSB4aLa96BZkY1j8G1+8PMt3Q9dRwTasBSqehQhO8bfR4714ujbDLmeOV+ewPxL6+Z4mW13ZfapAhaDA6hVDA85ISVWRlAL6QFRD5IDlRqKrjliGAl5UJkYpq1k8/6+Hqa/k9Ot/2g7G8fl4p7+6NmpskqWSMbJCAVskcOyRGpEUEMuScP5NG78568Z+/lczTnjXZWyA94rx/nFJWg</latexit>

p = xn(1� x)m
Bernstein Polynomials
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<latexit sha1_base64="peZQrGBWU4ihFIIqYVX/PRp8Sx8=">AAACGnicbVC7TsNAEDyHVwivACXNiQhEFdkIBGWAhjJI5CElIVpfNuGU80N3a6TI8h/wCXwFLVR0iJaGgn/BDilIwlSjmV3t7LihkoZs+8vKLSwuLa/kVwtr6xubW8XtnboJIi2wJgIV6KYLBpX0sUaSFDZDjeC5Chvu8CrzGw+ojQz8WxqF2PFg4Mu+FECp1C0etvsaRNz2gO4FqPgi6Trm7jiZUuykWyzZZXsMPk+cCSmxCard4ne7F4jIQ5+EAmNajh1SJwZNUihMCu3IYAhiCANspdQHD00nHv+T8IPIAAU8RM2l4mMR/27E4Bkz8tx0MktpZr1M/M9rRdQ/78TSDyNCX2SHSCocHzJCy7Qo5D2pkQiy5MilzwVoIEItOQiRilHaXCHtw5n9fp7Uj8vOadm+OSlVLifN5Nke22dHzGFnrMKuWZXVmGCP7Jm9sFfryXqz3q2P39GcNdnZZVOwPn8A99OhmA==</latexit>

A1s2

A0

<latexit sha1_base64="RWvuKcO0IFVqC0Rs3r5YLfcY89k=">AAACGnicbVC7TsNAEDyHVwivACXNiQhEFdkRCMoADWWQyENKQrS+bMKJ80N3a6TI8h/wCXwFLVR0iJaGgn/BDilIwlSjmV3t7LihkoZs+8vKLSwuLa/kVwtr6xubW8XtnYYJIi2wLgIV6JYLBpX0sU6SFLZCjeC5Cpvu/WXmNx9QGxn4NzQKsevB0JcDKYBSqVc87Aw0iLjjAd0JUPF50quY20oypdhJr1iyy/YYfJ44E1JiE9R6xe9OPxCRhz4JBca0HTukbgyapFCYFDqRwRDEPQyxnVIfPDTdePxPwg8iAxTwEDWXio9F/LsRg2fMyHPTySylmfUy8T+vHdHgrBtLP4wIfZEdIqlwfMgILdOikPelRiLIkiOXPheggQi15CBEKkZpc4W0D2f2+3nSqJSdk7J9fVyqXkyaybM9ts+OmMNOWZVdsRqrM8Ee2TN7Ya/Wk/VmvVsfv6M5a7Kzy6Zgff4A+XWhmQ==</latexit>

A2s2

A0

…up to 3 arcs…

Bounds    Positive Polynomials
Bellazzini,Elias-Miro,Rattazzi,Riembau,FR’20


Bounds  
on 

Moments

Bounds  
on 

EFT Coeff.
Positive polynomials  

in [0,1]
<latexit sha1_base64="7qvgO9BeUKWbM0PtUK3HstMc7x0=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxInfGqCXRxhKNfCQHIXPLABv29i67cxpyIf4KW63sjK2/xcL/4oEUCr7q5b2ZzJsXxEpact1PJ7e0vLK6ll8vbGxube8Ud/fqNkqMwJqIVGSaAVhUUmONJClsxgYhDBQ2guHVxG/co7Ey0nc0irEdQl/LnhRAmeS3bmV/QGBM9NApltyyOwVfJN6MlNgM1U7xq9WNRBKiJqHAWt9zY2qnYEgKheNCK7EYgxhCH/2MagjRttNp5DE/SixQxGM0XCo+FfH3RgqhtaMwyCZDoIGd9ybif56fUO+inUodJ4RaTA6RVDg9ZIWRWRfIu9IgEUySI5eaCzBAhEZyECITk6ycQtaHN//9IqmflL2z8unNaalyOWsmzw7YITtmHjtnFXbNqqzGBIvYE3tmL86j8+q8Oe8/ozlntrPP/sD5+AZhVpX7</latexit>)

<latexit sha1_base64="y8pJ2Guj5bZxZlmpFRPfywcFlbc=">AAACEHicbVC7TgJREL2LL8QXaqnFjcTERrJLiFoZ1MYSE3kkgGT2MuANdx+5d9aEbGj8BL/CVis7Y+sfWPgvLkiMgqc6c85MZua4oZKGbPvDSs3NLywupZczK6tr6xvZza2qCSItsCICFei6CwaV9LFCkhTWQ43guQprbv9i5NfuUBsZ+Nc0CLHlQc+XXSmAEqmd3Y2bAhQ/G7btQ25uCvyndk7tdjZn5+0x+CxxJiTHJii3s5/NTiAiD30SCoxpOHZIrRg0SaFwmGlGBkMQfehhI6E+eGha8fiLId+PDFDAQ9RcKj4W8fdEDJ4xA89NOj2gWzPtjcT/vEZE3ZNWLP0wIvTFaBFJheNFRmiZxIO8IzUSwehy5NLnAjQQoZYchEjEKMkrk+ThTH8/S6qFvHOUL14Vc6XzSTJptsP22AFz2DErsUtWZhUm2D17ZE/s2XqwXqxX6+27NWVNZrbZH1jvX1w6mxg=</latexit>

A0 � s2A1 > 0
<latexit sha1_base64="pGXU9EnJGoFfBvK9KSB18MYTViU=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJhshGEVChCBrKIOEkUmJF58smnHI+W3drRGTlG2ihokO0fA4F/4JtXEDCVKOZXe3s+JEUBm370yotLa+srpXXKxubW9s71d29tgljzcHloQx112cGpFDgokAJ3UgDC3wJHX9ynfmdB9BGhOoOpxF4ARsrMRKcYSq5zsnjpT2o1uy6nYMuEqcgNVKgNah+9YchjwNQyCUzpufYEXoJ0yi4hFmlHxuIGJ+wMfRSqlgAxkvysDN6FBuGIY1AUyFpLsLvjYQFxkwDP50MGN6beS8T//N6MY4uvESoKEZQPDuEQkJ+yHAt0haADoUGRJYlByoU5UwzRNCCMs5TMU5rqaR9OPPfL5L2ad05qzduG7XmVdFMmRyQQ3JMHHJOmuSGtIhLOBHkiTyTF2tqvVpv1vvPaMkqdvbJH1gf313Kkn4=</latexit>

1� x > 0ee.g.
<latexit sha1_base64="MiLhjGAJ5oB0FS8fUn2CxiW0xp0=">AAACA3icdVC7TsNAEDzzJrwClDQnIqTQRHYCCekQNJQgkYcUm+h82YRTzmfrbg+BIkq+ghYqOkTLh1DwLzgmSIBgqtHMrnZ2wkQKg6775kxNz8zOzS8s5paWV1bX8usbTRNbzaHBYxnrdsgMSKGggQIltBMNLAoltMLh8dhvXYE2IlbneJNAELGBEn3BGaZSN7/mC4Vd98Lr+ZEtXu928wW3tH9Qq1fLNCX1uld1M1KpVcrUK7kZCmSC027+3e/F3EagkEtmTMdzEwxGTKPgEm5zvjWQMD5kA+ikVLEITDDKgt/SHWsYxjQBTYWkmQjfN0YsMuYmCtPJiOGl+e2Nxb+8jsX+QTASKrEIio8PoZCQHTJci7QRoD2hAZGNkwMVinKmGSJoQRnnqWjTinJpH19P0/9Js1zyqqW9s73C4dGkmQWyRbZJkXikRg7JCTklDcKJJffkgTw6d86T8+y8fI5OOZOdTfIDzusHGWiXXw==</latexit>Z 1

0
dµ(x)

<latexit sha1_base64="V0nqczoQsRv1zMEy47FNJouhIm4=">AAAB/nicdVA9SwNBFNyL3/ErammzGAQtPPa8kMRCEG0sFYwJJFH21mdc3Ntbdt9JQhD8FbZa2Ymtf8XC/+IlRlDRqYaZ93jzJjJKOmTszcuNjU9MTk3P5Gfn5hcWC0vLpy5JrYCaSFRiGxF3oKSGGkpU0DAWeBwpqEfXBwO/fgPWyUSfYM9AO+YdLS+l4JhJLbPbPdMbwVZ38yw+LxSZz0phUAoo80MWlquljFQY2wkrNPDZEEUywtF54b11kYg0Bo1CceeaATPY7nOLUii4zbdSB4aLa96BZkY1j8G1+8PMt3Q9dRwTasBSqehQhO8bfR4714ujbDLmeOV+ewPxL6+Z4mW13ZfapAhaDA6hVDA85ISVWRlAL6QFRD5IDlRqKrjliGAl5UJkYpq1k8/6+Hqa/k9Ot/2g7G8fl4p7+6NmpskqWSMbJCAVskcOyRGpEUEMuScP5NG78568Z+/lczTnjXZWyA94rx/nFJWg</latexit>

p = xn(1� x)m
Bernstein Polynomials
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<latexit sha1_base64="peZQrGBWU4ihFIIqYVX/PRp8Sx8=">AAACGnicbVC7TsNAEDyHVwivACXNiQhEFdkIBGWAhjJI5CElIVpfNuGU80N3a6TI8h/wCXwFLVR0iJaGgn/BDilIwlSjmV3t7LihkoZs+8vKLSwuLa/kVwtr6xubW8XtnboJIi2wJgIV6KYLBpX0sUaSFDZDjeC5Chvu8CrzGw+ojQz8WxqF2PFg4Mu+FECp1C0etvsaRNz2gO4FqPgi6Trm7jiZUuykWyzZZXsMPk+cCSmxCard4ne7F4jIQ5+EAmNajh1SJwZNUihMCu3IYAhiCANspdQHD00nHv+T8IPIAAU8RM2l4mMR/27E4Bkz8tx0MktpZr1M/M9rRdQ/78TSDyNCX2SHSCocHzJCy7Qo5D2pkQiy5MilzwVoIEItOQiRilHaXCHtw5n9fp7Uj8vOadm+OSlVLifN5Nke22dHzGFnrMKuWZXVmGCP7Jm9sFfryXqz3q2P39GcNdnZZVOwPn8A99OhmA==</latexit>

A1s2

A0

<latexit sha1_base64="RWvuKcO0IFVqC0Rs3r5YLfcY89k=">AAACGnicbVC7TsNAEDyHVwivACXNiQhEFdkRCMoADWWQyENKQrS+bMKJ80N3a6TI8h/wCXwFLVR0iJaGgn/BDilIwlSjmV3t7LihkoZs+8vKLSwuLa/kVwtr6xubW8XtnYYJIi2wLgIV6JYLBpX0sU6SFLZCjeC5Cpvu/WXmNx9QGxn4NzQKsevB0JcDKYBSqVc87Aw0iLjjAd0JUPF50quY20oypdhJr1iyy/YYfJ44E1JiE9R6xe9OPxCRhz4JBca0HTukbgyapFCYFDqRwRDEPQyxnVIfPDTdePxPwg8iAxTwEDWXio9F/LsRg2fMyHPTySylmfUy8T+vHdHgrBtLP4wIfZEdIqlwfMgILdOikPelRiLIkiOXPheggQi15CBEKkZpc4W0D2f2+3nSqJSdk7J9fVyqXkyaybM9ts+OmMNOWZVdsRqrM8Ee2TN7Ya/Wk/VmvVsfv6M5a7Kzy6Zgff4A+XWhmQ==</latexit>

A2s2

A0

…up to 3 arcs…

Bounds    Positive Polynomials
Bellazzini,Elias-Miro,Rattazzi,Riembau,FR’20


Bounds  
on 

Moments

Bounds  
on 

EFT Coeff.
Positive polynomials  

in [0,1]
<latexit sha1_base64="7qvgO9BeUKWbM0PtUK3HstMc7x0=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxInfGqCXRxhKNfCQHIXPLABv29i67cxpyIf4KW63sjK2/xcL/4oEUCr7q5b2ZzJsXxEpact1PJ7e0vLK6ll8vbGxube8Ud/fqNkqMwJqIVGSaAVhUUmONJClsxgYhDBQ2guHVxG/co7Ey0nc0irEdQl/LnhRAmeS3bmV/QGBM9NApltyyOwVfJN6MlNgM1U7xq9WNRBKiJqHAWt9zY2qnYEgKheNCK7EYgxhCH/2MagjRttNp5DE/SixQxGM0XCo+FfH3RgqhtaMwyCZDoIGd9ybif56fUO+inUodJ4RaTA6RVDg9ZIWRWRfIu9IgEUySI5eaCzBAhEZyECITk6ycQtaHN//9IqmflL2z8unNaalyOWsmzw7YITtmHjtnFXbNqqzGBIvYE3tmL86j8+q8Oe8/ozlntrPP/sD5+AZhVpX7</latexit>)

<latexit sha1_base64="y8pJ2Guj5bZxZlmpFRPfywcFlbc=">AAACEHicbVC7TgJREL2LL8QXaqnFjcTERrJLiFoZ1MYSE3kkgGT2MuANdx+5d9aEbGj8BL/CVis7Y+sfWPgvLkiMgqc6c85MZua4oZKGbPvDSs3NLywupZczK6tr6xvZza2qCSItsCICFei6CwaV9LFCkhTWQ43guQprbv9i5NfuUBsZ+Nc0CLHlQc+XXSmAEqmd3Y2bAhQ/G7btQ25uCvyndk7tdjZn5+0x+CxxJiTHJii3s5/NTiAiD30SCoxpOHZIrRg0SaFwmGlGBkMQfehhI6E+eGha8fiLId+PDFDAQ9RcKj4W8fdEDJ4xA89NOj2gWzPtjcT/vEZE3ZNWLP0wIvTFaBFJheNFRmiZxIO8IzUSwehy5NLnAjQQoZYchEjEKMkrk+ThTH8/S6qFvHOUL14Vc6XzSTJptsP22AFz2DErsUtWZhUm2D17ZE/s2XqwXqxX6+27NWVNZrbZH1jvX1w6mxg=</latexit>

A0 � s2A1 > 0
<latexit sha1_base64="pGXU9EnJGoFfBvK9KSB18MYTViU=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJhshGEVChCBrKIOEkUmJF58smnHI+W3drRGTlG2ihokO0fA4F/4JtXEDCVKOZXe3s+JEUBm370yotLa+srpXXKxubW9s71d29tgljzcHloQx112cGpFDgokAJ3UgDC3wJHX9ynfmdB9BGhOoOpxF4ARsrMRKcYSq5zsnjpT2o1uy6nYMuEqcgNVKgNah+9YchjwNQyCUzpufYEXoJ0yi4hFmlHxuIGJ+wMfRSqlgAxkvysDN6FBuGIY1AUyFpLsLvjYQFxkwDP50MGN6beS8T//N6MY4uvESoKEZQPDuEQkJ+yHAt0haADoUGRJYlByoU5UwzRNCCMs5TMU5rqaR9OPPfL5L2ad05qzduG7XmVdFMmRyQQ3JMHHJOmuSGtIhLOBHkiTyTF2tqvVpv1vvPaMkqdvbJH1gf313Kkn4=</latexit>

1� x > 0ee.g.
<latexit sha1_base64="MiLhjGAJ5oB0FS8fUn2CxiW0xp0=">AAACA3icdVC7TsNAEDzzJrwClDQnIqTQRHYCCekQNJQgkYcUm+h82YRTzmfrbg+BIkq+ghYqOkTLh1DwLzgmSIBgqtHMrnZ2wkQKg6775kxNz8zOzS8s5paWV1bX8usbTRNbzaHBYxnrdsgMSKGggQIltBMNLAoltMLh8dhvXYE2IlbneJNAELGBEn3BGaZSN7/mC4Vd98Lr+ZEtXu928wW3tH9Qq1fLNCX1uld1M1KpVcrUK7kZCmSC027+3e/F3EagkEtmTMdzEwxGTKPgEm5zvjWQMD5kA+ikVLEITDDKgt/SHWsYxjQBTYWkmQjfN0YsMuYmCtPJiOGl+e2Nxb+8jsX+QTASKrEIio8PoZCQHTJci7QRoD2hAZGNkwMVinKmGSJoQRnnqWjTinJpH19P0/9Js1zyqqW9s73C4dGkmQWyRbZJkXikRg7JCTklDcKJJffkgTw6d86T8+y8fI5OOZOdTfIDzusHGWiXXw==</latexit>Z 1

0
dµ(x)

<latexit sha1_base64="V0nqczoQsRv1zMEy47FNJouhIm4=">AAAB/nicdVA9SwNBFNyL3/ErammzGAQtPPa8kMRCEG0sFYwJJFH21mdc3Ntbdt9JQhD8FbZa2Ymtf8XC/+IlRlDRqYaZ93jzJjJKOmTszcuNjU9MTk3P5Gfn5hcWC0vLpy5JrYCaSFRiGxF3oKSGGkpU0DAWeBwpqEfXBwO/fgPWyUSfYM9AO+YdLS+l4JhJLbPbPdMbwVZ38yw+LxSZz0phUAoo80MWlquljFQY2wkrNPDZEEUywtF54b11kYg0Bo1CceeaATPY7nOLUii4zbdSB4aLa96BZkY1j8G1+8PMt3Q9dRwTasBSqehQhO8bfR4714ujbDLmeOV+ewPxL6+Z4mW13ZfapAhaDA6hVDA85ISVWRlAL6QFRD5IDlRqKrjliGAl5UJkYpq1k8/6+Hqa/k9Ot/2g7G8fl4p7+6NmpskqWSMbJCAVskcOyRGpEUEMuScP5NG78568Z+/lczTnjXZWyA94rx/nFJWg</latexit>

p = xn(1� x)m
Bernstein Polynomials
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<latexit sha1_base64="peZQrGBWU4ihFIIqYVX/PRp8Sx8=">AAACGnicbVC7TsNAEDyHVwivACXNiQhEFdkIBGWAhjJI5CElIVpfNuGU80N3a6TI8h/wCXwFLVR0iJaGgn/BDilIwlSjmV3t7LihkoZs+8vKLSwuLa/kVwtr6xubW8XtnboJIi2wJgIV6KYLBpX0sUaSFDZDjeC5Chvu8CrzGw+ojQz8WxqF2PFg4Mu+FECp1C0etvsaRNz2gO4FqPgi6Trm7jiZUuykWyzZZXsMPk+cCSmxCard4ne7F4jIQ5+EAmNajh1SJwZNUihMCu3IYAhiCANspdQHD00nHv+T8IPIAAU8RM2l4mMR/27E4Bkz8tx0MktpZr1M/M9rRdQ/78TSDyNCX2SHSCocHzJCy7Qo5D2pkQiy5MilzwVoIEItOQiRilHaXCHtw5n9fp7Uj8vOadm+OSlVLifN5Nke22dHzGFnrMKuWZXVmGCP7Jm9sFfryXqz3q2P39GcNdnZZVOwPn8A99OhmA==</latexit>

A1s2

A0

<latexit sha1_base64="RWvuKcO0IFVqC0Rs3r5YLfcY89k=">AAACGnicbVC7TsNAEDyHVwivACXNiQhEFdkRCMoADWWQyENKQrS+bMKJ80N3a6TI8h/wCXwFLVR0iJaGgn/BDilIwlSjmV3t7LihkoZs+8vKLSwuLa/kVwtr6xubW8XtnYYJIi2wLgIV6JYLBpX0sU6SFLZCjeC5Cpvu/WXmNx9QGxn4NzQKsevB0JcDKYBSqVc87Aw0iLjjAd0JUPF50quY20oypdhJr1iyy/YYfJ44E1JiE9R6xe9OPxCRhz4JBca0HTukbgyapFCYFDqRwRDEPQyxnVIfPDTdePxPwg8iAxTwEDWXio9F/LsRg2fMyHPTySylmfUy8T+vHdHgrBtLP4wIfZEdIqlwfMgILdOikPelRiLIkiOXPheggQi15CBEKkZpc4W0D2f2+3nSqJSdk7J9fVyqXkyaybM9ts+OmMNOWZVdsRqrM8Ee2TN7Ya/Wk/VmvVsfv6M5a7Kzy6Zgff4A+XWhmQ==</latexit>

A2s2

A0

…up to 3 arcs…

Bounds    Positive Polynomials
Bellazzini,Elias-Miro,Rattazzi,Riembau,FR’20


Bounds  
on 

Moments

Bounds  
on 

EFT Coeff.
Positive polynomials  

in [0,1]
<latexit sha1_base64="7qvgO9BeUKWbM0PtUK3HstMc7x0=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxInfGqCXRxhKNfCQHIXPLABv29i67cxpyIf4KW63sjK2/xcL/4oEUCr7q5b2ZzJsXxEpact1PJ7e0vLK6ll8vbGxube8Ud/fqNkqMwJqIVGSaAVhUUmONJClsxgYhDBQ2guHVxG/co7Ey0nc0irEdQl/LnhRAmeS3bmV/QGBM9NApltyyOwVfJN6MlNgM1U7xq9WNRBKiJqHAWt9zY2qnYEgKheNCK7EYgxhCH/2MagjRttNp5DE/SixQxGM0XCo+FfH3RgqhtaMwyCZDoIGd9ybif56fUO+inUodJ4RaTA6RVDg9ZIWRWRfIu9IgEUySI5eaCzBAhEZyECITk6ycQtaHN//9IqmflL2z8unNaalyOWsmzw7YITtmHjtnFXbNqqzGBIvYE3tmL86j8+q8Oe8/ozlntrPP/sD5+AZhVpX7</latexit>)

<latexit sha1_base64="y8pJ2Guj5bZxZlmpFRPfywcFlbc=">AAACEHicbVC7TgJREL2LL8QXaqnFjcTERrJLiFoZ1MYSE3kkgGT2MuANdx+5d9aEbGj8BL/CVis7Y+sfWPgvLkiMgqc6c85MZua4oZKGbPvDSs3NLywupZczK6tr6xvZza2qCSItsCICFei6CwaV9LFCkhTWQ43guQprbv9i5NfuUBsZ+Nc0CLHlQc+XXSmAEqmd3Y2bAhQ/G7btQ25uCvyndk7tdjZn5+0x+CxxJiTHJii3s5/NTiAiD30SCoxpOHZIrRg0SaFwmGlGBkMQfehhI6E+eGha8fiLId+PDFDAQ9RcKj4W8fdEDJ4xA89NOj2gWzPtjcT/vEZE3ZNWLP0wIvTFaBFJheNFRmiZxIO8IzUSwehy5NLnAjQQoZYchEjEKMkrk+ThTH8/S6qFvHOUL14Vc6XzSTJptsP22AFz2DErsUtWZhUm2D17ZE/s2XqwXqxX6+27NWVNZrbZH1jvX1w6mxg=</latexit>

A0 � s2A1 > 0
<latexit sha1_base64="pGXU9EnJGoFfBvK9KSB18MYTViU=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJhshGEVChCBrKIOEkUmJF58smnHI+W3drRGTlG2ihokO0fA4F/4JtXEDCVKOZXe3s+JEUBm370yotLa+srpXXKxubW9s71d29tgljzcHloQx112cGpFDgokAJ3UgDC3wJHX9ynfmdB9BGhOoOpxF4ARsrMRKcYSq5zsnjpT2o1uy6nYMuEqcgNVKgNah+9YchjwNQyCUzpufYEXoJ0yi4hFmlHxuIGJ+wMfRSqlgAxkvysDN6FBuGIY1AUyFpLsLvjYQFxkwDP50MGN6beS8T//N6MY4uvESoKEZQPDuEQkJ+yHAt0haADoUGRJYlByoU5UwzRNCCMs5TMU5rqaR9OPPfL5L2ad05qzduG7XmVdFMmRyQQ3JMHHJOmuSGtIhLOBHkiTyTF2tqvVpv1vvPaMkqdvbJH1gf313Kkn4=</latexit>

1� x > 0ee.g.
<latexit sha1_base64="MiLhjGAJ5oB0FS8fUn2CxiW0xp0=">AAACA3icdVC7TsNAEDzzJrwClDQnIqTQRHYCCekQNJQgkYcUm+h82YRTzmfrbg+BIkq+ghYqOkTLh1DwLzgmSIBgqtHMrnZ2wkQKg6775kxNz8zOzS8s5paWV1bX8usbTRNbzaHBYxnrdsgMSKGggQIltBMNLAoltMLh8dhvXYE2IlbneJNAELGBEn3BGaZSN7/mC4Vd98Lr+ZEtXu928wW3tH9Qq1fLNCX1uld1M1KpVcrUK7kZCmSC027+3e/F3EagkEtmTMdzEwxGTKPgEm5zvjWQMD5kA+ikVLEITDDKgt/SHWsYxjQBTYWkmQjfN0YsMuYmCtPJiOGl+e2Nxb+8jsX+QTASKrEIio8PoZCQHTJci7QRoD2hAZGNkwMVinKmGSJoQRnnqWjTinJpH19P0/9Js1zyqqW9s73C4dGkmQWyRbZJkXikRg7JCTklDcKJJffkgTw6d86T8+y8fI5OOZOdTfIDzusHGWiXXw==</latexit>Z 1

0
dµ(x)

<latexit sha1_base64="V0nqczoQsRv1zMEy47FNJouhIm4=">AAAB/nicdVA9SwNBFNyL3/ErammzGAQtPPa8kMRCEG0sFYwJJFH21mdc3Ntbdt9JQhD8FbZa2Ymtf8XC/+IlRlDRqYaZ93jzJjJKOmTszcuNjU9MTk3P5Gfn5hcWC0vLpy5JrYCaSFRiGxF3oKSGGkpU0DAWeBwpqEfXBwO/fgPWyUSfYM9AO+YdLS+l4JhJLbPbPdMbwVZ38yw+LxSZz0phUAoo80MWlquljFQY2wkrNPDZEEUywtF54b11kYg0Bo1CceeaATPY7nOLUii4zbdSB4aLa96BZkY1j8G1+8PMt3Q9dRwTasBSqehQhO8bfR4714ujbDLmeOV+ewPxL6+Z4mW13ZfapAhaDA6hVDA85ISVWRlAL6QFRD5IDlRqKrjliGAl5UJkYpq1k8/6+Hqa/k9Ot/2g7G8fl4p7+6NmpskqWSMbJCAVskcOyRGpEUEMuScP5NG78568Z+/lczTnjXZWyA94rx/nFJWg</latexit>

p = xn(1� x)m
Bernstein Polynomials
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<latexit sha1_base64="peZQrGBWU4ihFIIqYVX/PRp8Sx8=">AAACGnicbVC7TsNAEDyHVwivACXNiQhEFdkIBGWAhjJI5CElIVpfNuGU80N3a6TI8h/wCXwFLVR0iJaGgn/BDilIwlSjmV3t7LihkoZs+8vKLSwuLa/kVwtr6xubW8XtnboJIi2wJgIV6KYLBpX0sUaSFDZDjeC5Chvu8CrzGw+ojQz8WxqF2PFg4Mu+FECp1C0etvsaRNz2gO4FqPgi6Trm7jiZUuykWyzZZXsMPk+cCSmxCard4ne7F4jIQ5+EAmNajh1SJwZNUihMCu3IYAhiCANspdQHD00nHv+T8IPIAAU8RM2l4mMR/27E4Bkz8tx0MktpZr1M/M9rRdQ/78TSDyNCX2SHSCocHzJCy7Qo5D2pkQiy5MilzwVoIEItOQiRilHaXCHtw5n9fp7Uj8vOadm+OSlVLifN5Nke22dHzGFnrMKuWZXVmGCP7Jm9sFfryXqz3q2P39GcNdnZZVOwPn8A99OhmA==</latexit>

A1s2

A0

<latexit sha1_base64="RWvuKcO0IFVqC0Rs3r5YLfcY89k=">AAACGnicbVC7TsNAEDyHVwivACXNiQhEFdkRCMoADWWQyENKQrS+bMKJ80N3a6TI8h/wCXwFLVR0iJaGgn/BDilIwlSjmV3t7LihkoZs+8vKLSwuLa/kVwtr6xubW8XtnYYJIi2wLgIV6JYLBpX0sU6SFLZCjeC5Cpvu/WXmNx9QGxn4NzQKsevB0JcDKYBSqVc87Aw0iLjjAd0JUPF50quY20oypdhJr1iyy/YYfJ44E1JiE9R6xe9OPxCRhz4JBca0HTukbgyapFCYFDqRwRDEPQyxnVIfPDTdePxPwg8iAxTwEDWXio9F/LsRg2fMyHPTySylmfUy8T+vHdHgrBtLP4wIfZEdIqlwfMgILdOikPelRiLIkiOXPheggQi15CBEKkZpc4W0D2f2+3nSqJSdk7J9fVyqXkyaybM9ts+OmMNOWZVdsRqrM8Ee2TN7Ya/Wk/VmvVsfv6M5a7Kzy6Zgff4A+XWhmQ==</latexit>

A2s2

A0

…up to 3 arcs…

Bounds    Positive Polynomials
Bellazzini,Elias-Miro,Rattazzi,Riembau,FR’20


Bounds  
on 

Moments

Bounds  
on 

EFT Coeff.
Positive polynomials  

in [0,1]
<latexit sha1_base64="7qvgO9BeUKWbM0PtUK3HstMc7x0=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxInfGqCXRxhKNfCQHIXPLABv29i67cxpyIf4KW63sjK2/xcL/4oEUCr7q5b2ZzJsXxEpact1PJ7e0vLK6ll8vbGxube8Ud/fqNkqMwJqIVGSaAVhUUmONJClsxgYhDBQ2guHVxG/co7Ey0nc0irEdQl/LnhRAmeS3bmV/QGBM9NApltyyOwVfJN6MlNgM1U7xq9WNRBKiJqHAWt9zY2qnYEgKheNCK7EYgxhCH/2MagjRttNp5DE/SixQxGM0XCo+FfH3RgqhtaMwyCZDoIGd9ybif56fUO+inUodJ4RaTA6RVDg9ZIWRWRfIu9IgEUySI5eaCzBAhEZyECITk6ycQtaHN//9IqmflL2z8unNaalyOWsmzw7YITtmHjtnFXbNqqzGBIvYE3tmL86j8+q8Oe8/ozlntrPP/sD5+AZhVpX7</latexit>)

<latexit sha1_base64="y8pJ2Guj5bZxZlmpFRPfywcFlbc=">AAACEHicbVC7TgJREL2LL8QXaqnFjcTERrJLiFoZ1MYSE3kkgGT2MuANdx+5d9aEbGj8BL/CVis7Y+sfWPgvLkiMgqc6c85MZua4oZKGbPvDSs3NLywupZczK6tr6xvZza2qCSItsCICFei6CwaV9LFCkhTWQ43guQprbv9i5NfuUBsZ+Nc0CLHlQc+XXSmAEqmd3Y2bAhQ/G7btQ25uCvyndk7tdjZn5+0x+CxxJiTHJii3s5/NTiAiD30SCoxpOHZIrRg0SaFwmGlGBkMQfehhI6E+eGha8fiLId+PDFDAQ9RcKj4W8fdEDJ4xA89NOj2gWzPtjcT/vEZE3ZNWLP0wIvTFaBFJheNFRmiZxIO8IzUSwehy5NLnAjQQoZYchEjEKMkrk+ThTH8/S6qFvHOUL14Vc6XzSTJptsP22AFz2DErsUtWZhUm2D17ZE/s2XqwXqxX6+27NWVNZrbZH1jvX1w6mxg=</latexit>

A0 � s2A1 > 0
<latexit sha1_base64="pGXU9EnJGoFfBvK9KSB18MYTViU=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJhshGEVChCBrKIOEkUmJF58smnHI+W3drRGTlG2ihokO0fA4F/4JtXEDCVKOZXe3s+JEUBm370yotLa+srpXXKxubW9s71d29tgljzcHloQx112cGpFDgokAJ3UgDC3wJHX9ynfmdB9BGhOoOpxF4ARsrMRKcYSq5zsnjpT2o1uy6nYMuEqcgNVKgNah+9YchjwNQyCUzpufYEXoJ0yi4hFmlHxuIGJ+wMfRSqlgAxkvysDN6FBuGIY1AUyFpLsLvjYQFxkwDP50MGN6beS8T//N6MY4uvESoKEZQPDuEQkJ+yHAt0haADoUGRJYlByoU5UwzRNCCMs5TMU5rqaR9OPPfL5L2ad05qzduG7XmVdFMmRyQQ3JMHHJOmuSGtIhLOBHkiTyTF2tqvVpv1vvPaMkqdvbJH1gf313Kkn4=</latexit>

1� x > 0ee.g.
<latexit sha1_base64="MiLhjGAJ5oB0FS8fUn2CxiW0xp0=">AAACA3icdVC7TsNAEDzzJrwClDQnIqTQRHYCCekQNJQgkYcUm+h82YRTzmfrbg+BIkq+ghYqOkTLh1DwLzgmSIBgqtHMrnZ2wkQKg6775kxNz8zOzS8s5paWV1bX8usbTRNbzaHBYxnrdsgMSKGggQIltBMNLAoltMLh8dhvXYE2IlbneJNAELGBEn3BGaZSN7/mC4Vd98Lr+ZEtXu928wW3tH9Qq1fLNCX1uld1M1KpVcrUK7kZCmSC027+3e/F3EagkEtmTMdzEwxGTKPgEm5zvjWQMD5kA+ikVLEITDDKgt/SHWsYxjQBTYWkmQjfN0YsMuYmCtPJiOGl+e2Nxb+8jsX+QTASKrEIio8PoZCQHTJci7QRoD2hAZGNkwMVinKmGSJoQRnnqWjTinJpH19P0/9Js1zyqqW9s73C4dGkmQWyRbZJkXikRg7JCTklDcKJJffkgTw6d86T8+y8fI5OOZOdTfIDzusHGWiXXw==</latexit>Z 1

0
dµ(x)

<latexit sha1_base64="V0nqczoQsRv1zMEy47FNJouhIm4=">AAAB/nicdVA9SwNBFNyL3/ErammzGAQtPPa8kMRCEG0sFYwJJFH21mdc3Ntbdt9JQhD8FbZa2Ymtf8XC/+IlRlDRqYaZ93jzJjJKOmTszcuNjU9MTk3P5Gfn5hcWC0vLpy5JrYCaSFRiGxF3oKSGGkpU0DAWeBwpqEfXBwO/fgPWyUSfYM9AO+YdLS+l4JhJLbPbPdMbwVZ38yw+LxSZz0phUAoo80MWlquljFQY2wkrNPDZEEUywtF54b11kYg0Bo1CceeaATPY7nOLUii4zbdSB4aLa96BZkY1j8G1+8PMt3Q9dRwTasBSqehQhO8bfR4714ujbDLmeOV+ewPxL6+Z4mW13ZfapAhaDA6hVDA85ISVWRlAL6QFRD5IDlRqKrjliGAl5UJkYpq1k8/6+Hqa/k9Ot/2g7G8fl4p7+6NmpskqWSMbJCAVskcOyRGpEUEMuScP5NG78568Z+/lczTnjXZWyA94rx/nFJWg</latexit>

p = xn(1� x)m
Bernstein Polynomials Optimal at order N<Nmax:  

“Sum of Squares” representation 
<latexit sha1_base64="SUk4Q51e6LJV9GK+rVMYJsuWlyk="></latexit>

p = q21 + xq22 + (1� x)q23 + x(1� x)q24
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<latexit sha1_base64="peZQrGBWU4ihFIIqYVX/PRp8Sx8=">AAACGnicbVC7TsNAEDyHVwivACXNiQhEFdkIBGWAhjJI5CElIVpfNuGU80N3a6TI8h/wCXwFLVR0iJaGgn/BDilIwlSjmV3t7LihkoZs+8vKLSwuLa/kVwtr6xubW8XtnboJIi2wJgIV6KYLBpX0sUaSFDZDjeC5Chvu8CrzGw+ojQz8WxqF2PFg4Mu+FECp1C0etvsaRNz2gO4FqPgi6Trm7jiZUuykWyzZZXsMPk+cCSmxCard4ne7F4jIQ5+EAmNajh1SJwZNUihMCu3IYAhiCANspdQHD00nHv+T8IPIAAU8RM2l4mMR/27E4Bkz8tx0MktpZr1M/M9rRdQ/78TSDyNCX2SHSCocHzJCy7Qo5D2pkQiy5MilzwVoIEItOQiRilHaXCHtw5n9fp7Uj8vOadm+OSlVLifN5Nke22dHzGFnrMKuWZXVmGCP7Jm9sFfryXqz3q2P39GcNdnZZVOwPn8A99OhmA==</latexit>

A1s2

A0

<latexit sha1_base64="RWvuKcO0IFVqC0Rs3r5YLfcY89k=">AAACGnicbVC7TsNAEDyHVwivACXNiQhEFdkRCMoADWWQyENKQrS+bMKJ80N3a6TI8h/wCXwFLVR0iJaGgn/BDilIwlSjmV3t7LihkoZs+8vKLSwuLa/kVwtr6xubW8XtnYYJIi2wLgIV6JYLBpX0sU6SFLZCjeC5Cpvu/WXmNx9QGxn4NzQKsevB0JcDKYBSqVc87Aw0iLjjAd0JUPF50quY20oypdhJr1iyy/YYfJ44E1JiE9R6xe9OPxCRhz4JBca0HTukbgyapFCYFDqRwRDEPQyxnVIfPDTdePxPwg8iAxTwEDWXio9F/LsRg2fMyHPTySylmfUy8T+vHdHgrBtLP4wIfZEdIqlwfMgILdOikPelRiLIkiOXPheggQi15CBEKkZpc4W0D2f2+3nSqJSdk7J9fVyqXkyaybM9ts+OmMNOWZVdsRqrM8Ee2TN7Ya/Wk/VmvVsfv6M5a7Kzy6Zgff4A+XWhmQ==</latexit>

A2s2

A0

…up to 3 arcs…

Bounds    Positive Polynomials
Bellazzini,Elias-Miro,Rattazzi,Riembau,FR’20


Bounds  
on 

Moments

Bounds  
on 

EFT Coeff.
Positive polynomials  

in [0,1]
<latexit sha1_base64="7qvgO9BeUKWbM0PtUK3HstMc7x0=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxInfGqCXRxhKNfCQHIXPLABv29i67cxpyIf4KW63sjK2/xcL/4oEUCr7q5b2ZzJsXxEpact1PJ7e0vLK6ll8vbGxube8Ud/fqNkqMwJqIVGSaAVhUUmONJClsxgYhDBQ2guHVxG/co7Ey0nc0irEdQl/LnhRAmeS3bmV/QGBM9NApltyyOwVfJN6MlNgM1U7xq9WNRBKiJqHAWt9zY2qnYEgKheNCK7EYgxhCH/2MagjRttNp5DE/SixQxGM0XCo+FfH3RgqhtaMwyCZDoIGd9ybif56fUO+inUodJ4RaTA6RVDg9ZIWRWRfIu9IgEUySI5eaCzBAhEZyECITk6ycQtaHN//9IqmflL2z8unNaalyOWsmzw7YITtmHjtnFXbNqqzGBIvYE3tmL86j8+q8Oe8/ozlntrPP/sD5+AZhVpX7</latexit>)

<latexit sha1_base64="y8pJ2Guj5bZxZlmpFRPfywcFlbc=">AAACEHicbVC7TgJREL2LL8QXaqnFjcTERrJLiFoZ1MYSE3kkgGT2MuANdx+5d9aEbGj8BL/CVis7Y+sfWPgvLkiMgqc6c85MZua4oZKGbPvDSs3NLywupZczK6tr6xvZza2qCSItsCICFei6CwaV9LFCkhTWQ43guQprbv9i5NfuUBsZ+Nc0CLHlQc+XXSmAEqmd3Y2bAhQ/G7btQ25uCvyndk7tdjZn5+0x+CxxJiTHJii3s5/NTiAiD30SCoxpOHZIrRg0SaFwmGlGBkMQfehhI6E+eGha8fiLId+PDFDAQ9RcKj4W8fdEDJ4xA89NOj2gWzPtjcT/vEZE3ZNWLP0wIvTFaBFJheNFRmiZxIO8IzUSwehy5NLnAjQQoZYchEjEKMkrk+ThTH8/S6qFvHOUL14Vc6XzSTJptsP22AFz2DErsUtWZhUm2D17ZE/s2XqwXqxX6+27NWVNZrbZH1jvX1w6mxg=</latexit>

A0 � s2A1 > 0
<latexit sha1_base64="pGXU9EnJGoFfBvK9KSB18MYTViU=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJhshGEVChCBrKIOEkUmJF58smnHI+W3drRGTlG2ihokO0fA4F/4JtXEDCVKOZXe3s+JEUBm370yotLa+srpXXKxubW9s71d29tgljzcHloQx112cGpFDgokAJ3UgDC3wJHX9ynfmdB9BGhOoOpxF4ARsrMRKcYSq5zsnjpT2o1uy6nYMuEqcgNVKgNah+9YchjwNQyCUzpufYEXoJ0yi4hFmlHxuIGJ+wMfRSqlgAxkvysDN6FBuGIY1AUyFpLsLvjYQFxkwDP50MGN6beS8T//N6MY4uvESoKEZQPDuEQkJ+yHAt0haADoUGRJYlByoU5UwzRNCCMs5TMU5rqaR9OPPfL5L2ad05qzduG7XmVdFMmRyQQ3JMHHJOmuSGtIhLOBHkiTyTF2tqvVpv1vvPaMkqdvbJH1gf313Kkn4=</latexit>

1� x > 0ee.g.
<latexit sha1_base64="MiLhjGAJ5oB0FS8fUn2CxiW0xp0=">AAACA3icdVC7TsNAEDzzJrwClDQnIqTQRHYCCekQNJQgkYcUm+h82YRTzmfrbg+BIkq+ghYqOkTLh1DwLzgmSIBgqtHMrnZ2wkQKg6775kxNz8zOzS8s5paWV1bX8usbTRNbzaHBYxnrdsgMSKGggQIltBMNLAoltMLh8dhvXYE2IlbneJNAELGBEn3BGaZSN7/mC4Vd98Lr+ZEtXu928wW3tH9Qq1fLNCX1uld1M1KpVcrUK7kZCmSC027+3e/F3EagkEtmTMdzEwxGTKPgEm5zvjWQMD5kA+ikVLEITDDKgt/SHWsYxjQBTYWkmQjfN0YsMuYmCtPJiOGl+e2Nxb+8jsX+QTASKrEIio8PoZCQHTJci7QRoD2hAZGNkwMVinKmGSJoQRnnqWjTinJpH19P0/9Js1zyqqW9s73C4dGkmQWyRbZJkXikRg7JCTklDcKJJffkgTw6d86T8+y8fI5OOZOdTfIDzusHGWiXXw==</latexit>Z 1

0
dµ(x)

<latexit sha1_base64="V0nqczoQsRv1zMEy47FNJouhIm4=">AAAB/nicdVA9SwNBFNyL3/ErammzGAQtPPa8kMRCEG0sFYwJJFH21mdc3Ntbdt9JQhD8FbZa2Ymtf8XC/+IlRlDRqYaZ93jzJjJKOmTszcuNjU9MTk3P5Gfn5hcWC0vLpy5JrYCaSFRiGxF3oKSGGkpU0DAWeBwpqEfXBwO/fgPWyUSfYM9AO+YdLS+l4JhJLbPbPdMbwVZ38yw+LxSZz0phUAoo80MWlquljFQY2wkrNPDZEEUywtF54b11kYg0Bo1CceeaATPY7nOLUii4zbdSB4aLa96BZkY1j8G1+8PMt3Q9dRwTasBSqehQhO8bfR4714ujbDLmeOV+ewPxL6+Z4mW13ZfapAhaDA6hVDA85ISVWRlAL6QFRD5IDlRqKrjliGAl5UJkYpq1k8/6+Hqa/k9Ot/2g7G8fl4p7+6NmpskqWSMbJCAVskcOyRGpEUEMuScP5NG78568Z+/lczTnjXZWyA94rx/nFJWg</latexit>

p = xn(1� x)m
Bernstein Polynomials Optimal at order N<Nmax:  

“Sum of Squares” representation 
<latexit sha1_base64="SUk4Q51e6LJV9GK+rVMYJsuWlyk="></latexit>

p = q21 + xq22 + (1� x)q23 + x(1� x)q24
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<latexit sha1_base64="peZQrGBWU4ihFIIqYVX/PRp8Sx8=">AAACGnicbVC7TsNAEDyHVwivACXNiQhEFdkIBGWAhjJI5CElIVpfNuGU80N3a6TI8h/wCXwFLVR0iJaGgn/BDilIwlSjmV3t7LihkoZs+8vKLSwuLa/kVwtr6xubW8XtnboJIi2wJgIV6KYLBpX0sUaSFDZDjeC5Chvu8CrzGw+ojQz8WxqF2PFg4Mu+FECp1C0etvsaRNz2gO4FqPgi6Trm7jiZUuykWyzZZXsMPk+cCSmxCard4ne7F4jIQ5+EAmNajh1SJwZNUihMCu3IYAhiCANspdQHD00nHv+T8IPIAAU8RM2l4mMR/27E4Bkz8tx0MktpZr1M/M9rRdQ/78TSDyNCX2SHSCocHzJCy7Qo5D2pkQiy5MilzwVoIEItOQiRilHaXCHtw5n9fp7Uj8vOadm+OSlVLifN5Nke22dHzGFnrMKuWZXVmGCP7Jm9sFfryXqz3q2P39GcNdnZZVOwPn8A99OhmA==</latexit>

A1s2

A0

<latexit sha1_base64="RWvuKcO0IFVqC0Rs3r5YLfcY89k=">AAACGnicbVC7TsNAEDyHVwivACXNiQhEFdkRCMoADWWQyENKQrS+bMKJ80N3a6TI8h/wCXwFLVR0iJaGgn/BDilIwlSjmV3t7LihkoZs+8vKLSwuLa/kVwtr6xubW8XtnYYJIi2wLgIV6JYLBpX0sU6SFLZCjeC5Cpvu/WXmNx9QGxn4NzQKsevB0JcDKYBSqVc87Aw0iLjjAd0JUPF50quY20oypdhJr1iyy/YYfJ44E1JiE9R6xe9OPxCRhz4JBca0HTukbgyapFCYFDqRwRDEPQyxnVIfPDTdePxPwg8iAxTwEDWXio9F/LsRg2fMyHPTySylmfUy8T+vHdHgrBtLP4wIfZEdIqlwfMgILdOikPelRiLIkiOXPheggQi15CBEKkZpc4W0D2f2+3nSqJSdk7J9fVyqXkyaybM9ts+OmMNOWZVdsRqrM8Ee2TN7Ya/Wk/VmvVsfv6M5a7Kzy6Zgff4A+XWhmQ==</latexit>

A2s2

A0

…up to 3 arcs…

Bounds    Positive Polynomials
Bellazzini,Elias-Miro,Rattazzi,Riembau,FR’20


Bounds  
on 

Moments

Bounds  
on 

EFT Coeff.
Positive polynomials  

in [0,1]
<latexit sha1_base64="7qvgO9BeUKWbM0PtUK3HstMc7x0=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxInfGqCXRxhKNfCQHIXPLABv29i67cxpyIf4KW63sjK2/xcL/4oEUCr7q5b2ZzJsXxEpact1PJ7e0vLK6ll8vbGxube8Ud/fqNkqMwJqIVGSaAVhUUmONJClsxgYhDBQ2guHVxG/co7Ey0nc0irEdQl/LnhRAmeS3bmV/QGBM9NApltyyOwVfJN6MlNgM1U7xq9WNRBKiJqHAWt9zY2qnYEgKheNCK7EYgxhCH/2MagjRttNp5DE/SixQxGM0XCo+FfH3RgqhtaMwyCZDoIGd9ybif56fUO+inUodJ4RaTA6RVDg9ZIWRWRfIu9IgEUySI5eaCzBAhEZyECITk6ycQtaHN//9IqmflL2z8unNaalyOWsmzw7YITtmHjtnFXbNqqzGBIvYE3tmL86j8+q8Oe8/ozlntrPP/sD5+AZhVpX7</latexit>)

<latexit sha1_base64="y8pJ2Guj5bZxZlmpFRPfywcFlbc=">AAACEHicbVC7TgJREL2LL8QXaqnFjcTERrJLiFoZ1MYSE3kkgGT2MuANdx+5d9aEbGj8BL/CVis7Y+sfWPgvLkiMgqc6c85MZua4oZKGbPvDSs3NLywupZczK6tr6xvZza2qCSItsCICFei6CwaV9LFCkhTWQ43guQprbv9i5NfuUBsZ+Nc0CLHlQc+XXSmAEqmd3Y2bAhQ/G7btQ25uCvyndk7tdjZn5+0x+CxxJiTHJii3s5/NTiAiD30SCoxpOHZIrRg0SaFwmGlGBkMQfehhI6E+eGha8fiLId+PDFDAQ9RcKj4W8fdEDJ4xA89NOj2gWzPtjcT/vEZE3ZNWLP0wIvTFaBFJheNFRmiZxIO8IzUSwehy5NLnAjQQoZYchEjEKMkrk+ThTH8/S6qFvHOUL14Vc6XzSTJptsP22AFz2DErsUtWZhUm2D17ZE/s2XqwXqxX6+27NWVNZrbZH1jvX1w6mxg=</latexit>

A0 � s2A1 > 0
<latexit sha1_base64="pGXU9EnJGoFfBvK9KSB18MYTViU=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJhshGEVChCBrKIOEkUmJF58smnHI+W3drRGTlG2ihokO0fA4F/4JtXEDCVKOZXe3s+JEUBm370yotLa+srpXXKxubW9s71d29tgljzcHloQx112cGpFDgokAJ3UgDC3wJHX9ynfmdB9BGhOoOpxF4ARsrMRKcYSq5zsnjpT2o1uy6nYMuEqcgNVKgNah+9YchjwNQyCUzpufYEXoJ0yi4hFmlHxuIGJ+wMfRSqlgAxkvysDN6FBuGIY1AUyFpLsLvjYQFxkwDP50MGN6beS8T//N6MY4uvESoKEZQPDuEQkJ+yHAt0haADoUGRJYlByoU5UwzRNCCMs5TMU5rqaR9OPPfL5L2ad05qzduG7XmVdFMmRyQQ3JMHHJOmuSGtIhLOBHkiTyTF2tqvVpv1vvPaMkqdvbJH1gf313Kkn4=</latexit>

1� x > 0ee.g.
<latexit sha1_base64="MiLhjGAJ5oB0FS8fUn2CxiW0xp0=">AAACA3icdVC7TsNAEDzzJrwClDQnIqTQRHYCCekQNJQgkYcUm+h82YRTzmfrbg+BIkq+ghYqOkTLh1DwLzgmSIBgqtHMrnZ2wkQKg6775kxNz8zOzS8s5paWV1bX8usbTRNbzaHBYxnrdsgMSKGggQIltBMNLAoltMLh8dhvXYE2IlbneJNAELGBEn3BGaZSN7/mC4Vd98Lr+ZEtXu928wW3tH9Qq1fLNCX1uld1M1KpVcrUK7kZCmSC027+3e/F3EagkEtmTMdzEwxGTKPgEm5zvjWQMD5kA+ikVLEITDDKgt/SHWsYxjQBTYWkmQjfN0YsMuYmCtPJiOGl+e2Nxb+8jsX+QTASKrEIio8PoZCQHTJci7QRoD2hAZGNkwMVinKmGSJoQRnnqWjTinJpH19P0/9Js1zyqqW9s73C4dGkmQWyRbZJkXikRg7JCTklDcKJJffkgTw6d86T8+y8fI5OOZOdTfIDzusHGWiXXw==</latexit>Z 1

0
dµ(x)
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B. Optimal Bounds for a Finite Set of Arcs

In practice we often focus on a finite number of
arcs. For instance, in a typical EFT only the first
few powers of s are phenomenologically interesting
– at tree-level this corresponds to the first few arcs.
Thus it is natural to ask,

Question 2: Considering only a finite number N of
arcs, what are their optimal constraints?

Here optimal means the projection of all constraints
on the finite set. In the language of the previ-
ous section, we ask: assuming the components of
~a = {ŝ2a0, . . . , ŝ2+2NaN} are moments, what is the
subspace A(N) ⇢ RN on which ~a takes values?

Of course Eq. (10) still holds and, for k+n  N , it
involves only the first N arcs. The constraints with
k + n � N imply however additional conditions on
the subset n  N . In what follows we will show a
simple procedure to extract this information.

Similarly to Question 1 – that implied finding
the most general positive function in [0, 1] – Ques-
tion 2 requires finding a parametrizsation for the
most general polynomial p(x) =

PN
i=1 ↵ixi of finite

degree  N , positive in x 2 [0, 1]. Indeed, via Eq. (7),
each such p(x) leads to a condition on arcs,

Z 1

0
p(x)dµ(x) > 0 )

NX

i=0

↵iai > 0 . (12)

One can prove that any such polynomial can be writ-
ten as [30],

p =
X

J

q2
J,1|{z}

type-1

+ xq2
J,2| {z }

type-2

+ (1 � x)q2
J,3| {z }

type-3

+ x(1 � x)q2
J,4| {z }

type-4

(13)
where qJ,k(x)’s are non-zero real polynomials – not
necessarily positive – such that p(x) is degree N ,
i.e. qJ,k has at most degree dk, with d1 = bN/2c,
d2 = d3 = b(N � 1)/2c and d4 = b(N � 2)/2c,
where bkc is the integer part of k � 0. Since Eq. (13)
is a sum over positive terms, it is su�cient to dis-
cuss them individually. Therefore we drop the index
J and consider one by one generic polynomials qk of
each type-k in Eq. (13),

qk(x) =
dkX

j=0

↵kjx
j (14)

with arbitrary real coe�cients ↵kj .
We define the Hankel matrix (H`

N )ij = ai+j+`, for
i, j = 0, . . . , b(N �`)/2c, so that H`

N involves arcs up

to aN for N � ` even and aN�1 for N � ` odd. For
instance,

H0
4 = H0

5 ⌘

0

@
a0 a1 a2

a1 a2 a3

a2 a3 a4

1

A . (15)

Now, polynomials of type-1 imply,

Z 1

0
q1(x)2dµ(x) = ŝ2

bN/2cX

i,j=0

ŝ2(i+j)↵1i ai+j ↵1j > 0 .

Since the vector {↵10, ↵11ŝ2, ↵12ŝ4, . . . ↵1,N/2ŝ
N} is

arbitrary, the following Hankel matrix must be posi-
tive definite,

H0
N � 0 . (16)

Following similar steps one finds that the positiveness
of

R 1
0 xq2

2(x)dµ(x) > 0,
R 1
0 (1 � x)q2

3(x)dµ(x) > 0 andR 1
0 x(1 � x)q2

4(x)dµ(x) > 0 imply,

H1
N � 0 , (17)

H0
N�1 � ŝ2H1

N � 0 , (18)

H1
N�1 � ŝ2H2

N � 0 , (19)

respectively. We refer to Eqs. (16-17) as homogeneous
and Eqs. (18,19) as inhomogeneous constraints.

Since (13) is an arbitrary positive polynomial for
x 2 [0, 1], Eqs. (16-19) represent the optimal con-
straints, providing an answer to Question 2. For
instance, Eqs. (16-19) with N = 2 define the A(2)
region:

✓
a0 a1

a1 a2

◆
� 0 , a1 > 0 , a0 > ŝ2a1 , a1 > ŝ2a2 .

(20)
This is illustrated by the left panel of Fig. 2. The
first constraint in (20) implies a0a2 > a2

1, and is sat-
urated by the lowest parabola in Fig. 2; the fourth
constraint in (20) is saturated by the upper line, the
other constraints imply that the coordinates lie in
the interval [0, 1].

Similarly, evaluating Eqs. (16-19) for N = 3, we
find A(3):
✓

a0 a1

a1 a2

◆
� 0 ,

✓
a0 � a1ŝ2 a1 � a2ŝ2

a1 � a2ŝ2 a2 � a3ŝ2

◆
� 0 ,

✓
a1 a2

a2 a3

◆
� 0 , a1 > ŝ2a2 , (21)

which we illustrate in the right panel of Fig. 2.
Eqs. (16-19) capture how the full constraint on the

arc sequence is projected on the first N arcs. Of
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N � 0 , (18)

H1
N�1 � ŝ2H2

N � 0 , (19)

respectively. We refer to Eqs. (16-17) as homogeneous
and Eqs. (18,19) as inhomogeneous constraints.

Since (13) is an arbitrary positive polynomial for
x 2 [0, 1], Eqs. (16-19) represent the optimal con-
straints, providing an answer to Question 2. For
instance, Eqs. (16-19) with N = 2 define the A(2)
region:

✓
a0 a1

a1 a2

◆
� 0 , a1 > 0 , a0 > ŝ2a1 , a1 > ŝ2a2 .

(20)
This is illustrated by the left panel of Fig. 2. The
first constraint in (20) implies a0a2 > a2

1, and is sat-
urated by the lowest parabola in Fig. 2; the fourth
constraint in (20) is saturated by the upper line, the
other constraints imply that the coordinates lie in
the interval [0, 1].

Similarly, evaluating Eqs. (16-19) for N = 3, we
find A(3):
✓

a0 a1

a1 a2

◆
� 0 ,

✓
a0 � a1ŝ2 a1 � a2ŝ2

a1 � a2ŝ2 a2 � a3ŝ2

◆
� 0 ,

✓
a1 a2

a2 a3

◆
� 0 , a1 > ŝ2a2 , (21)

which we illustrate in the right panel of Fig. 2.
Eqs. (16-19) capture how the full constraint on the

arc sequence is projected on the first N arcs. Of
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Bernstein Polynomials Optimal at order N<Nmax:  
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p = q21 + xq22 + (1� x)q23 + x(1� x)q24
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B. Optimal Bounds for a Finite Set of Arcs

In practice we often focus on a finite number of
arcs. For instance, in a typical EFT only the first
few powers of s are phenomenologically interesting
– at tree-level this corresponds to the first few arcs.
Thus it is natural to ask,

Question 2: Considering only a finite number N of
arcs, what are their optimal constraints?

Here optimal means the projection of all constraints
on the finite set. In the language of the previ-
ous section, we ask: assuming the components of
~a = {ŝ2a0, . . . , ŝ2+2NaN} are moments, what is the
subspace A(N) ⇢ RN on which ~a takes values?

Of course Eq. (10) still holds and, for k+n  N , it
involves only the first N arcs. The constraints with
k + n � N imply however additional conditions on
the subset n  N . In what follows we will show a
simple procedure to extract this information.

Similarly to Question 1 – that implied finding
the most general positive function in [0, 1] – Ques-
tion 2 requires finding a parametrizsation for the
most general polynomial p(x) =

PN
i=1 ↵ixi of finite

degree  N , positive in x 2 [0, 1]. Indeed, via Eq. (7),
each such p(x) leads to a condition on arcs,

Z 1

0
p(x)dµ(x) > 0 )

NX

i=0

↵iai > 0 . (12)

One can prove that any such polynomial can be writ-
ten as [30],

p =
X

J

q2
J,1|{z}

type-1

+ xq2
J,2| {z }

type-2

+ (1 � x)q2
J,3| {z }

type-3

+ x(1 � x)q2
J,4| {z }

type-4

(13)
where qJ,k(x)’s are non-zero real polynomials – not
necessarily positive – such that p(x) is degree N ,
i.e. qJ,k has at most degree dk, with d1 = bN/2c,
d2 = d3 = b(N � 1)/2c and d4 = b(N � 2)/2c,
where bkc is the integer part of k � 0. Since Eq. (13)
is a sum over positive terms, it is su�cient to dis-
cuss them individually. Therefore we drop the index
J and consider one by one generic polynomials qk of
each type-k in Eq. (13),

qk(x) =
dkX

j=0

↵kjx
j (14)

with arbitrary real coe�cients ↵kj .
We define the Hankel matrix (H`

N )ij = ai+j+`, for
i, j = 0, . . . , b(N �`)/2c, so that H`

N involves arcs up

to aN for N � ` even and aN�1 for N � ` odd. For
instance,

H0
4 = H0

5 ⌘

0

@
a0 a1 a2

a1 a2 a3

a2 a3 a4

1

A . (15)

Now, polynomials of type-1 imply,

Z 1

0
q1(x)2dµ(x) = ŝ2

bN/2cX

i,j=0

ŝ2(i+j)↵1i ai+j ↵1j > 0 .

Since the vector {↵10, ↵11ŝ2, ↵12ŝ4, . . . ↵1,N/2ŝ
N} is

arbitrary, the following Hankel matrix must be posi-
tive definite,

H0
N � 0 . (16)

Following similar steps one finds that the positiveness
of

R 1
0 xq2

2(x)dµ(x) > 0,
R 1
0 (1 � x)q2

3(x)dµ(x) > 0 andR 1
0 x(1 � x)q2

4(x)dµ(x) > 0 imply,

H1
N � 0 , (17)

H0
N�1 � ŝ2H1

N � 0 , (18)

H1
N�1 � ŝ2H2

N � 0 , (19)

respectively. We refer to Eqs. (16-17) as homogeneous
and Eqs. (18,19) as inhomogeneous constraints.

Since (13) is an arbitrary positive polynomial for
x 2 [0, 1], Eqs. (16-19) represent the optimal con-
straints, providing an answer to Question 2. For
instance, Eqs. (16-19) with N = 2 define the A(2)
region:

✓
a0 a1

a1 a2

◆
� 0 , a1 > 0 , a0 > ŝ2a1 , a1 > ŝ2a2 .

(20)
This is illustrated by the left panel of Fig. 2. The
first constraint in (20) implies a0a2 > a2

1, and is sat-
urated by the lowest parabola in Fig. 2; the fourth
constraint in (20) is saturated by the upper line, the
other constraints imply that the coordinates lie in
the interval [0, 1].

Similarly, evaluating Eqs. (16-19) for N = 3, we
find A(3):
✓

a0 a1

a1 a2

◆
� 0 ,

✓
a0 � a1ŝ2 a1 � a2ŝ2

a1 � a2ŝ2 a2 � a3ŝ2

◆
� 0 ,

✓
a1 a2

a2 a3

◆
� 0 , a1 > ŝ2a2 , (21)

which we illustrate in the right panel of Fig. 2.
Eqs. (16-19) capture how the full constraint on the

arc sequence is projected on the first N arcs. Of
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cuss them individually. Therefore we drop the index
J and consider one by one generic polynomials qk of
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respectively. We refer to Eqs. (16-17) as homogeneous
and Eqs. (18,19) as inhomogeneous constraints.

Since (13) is an arbitrary positive polynomial for
x 2 [0, 1], Eqs. (16-19) represent the optimal con-
straints, providing an answer to Question 2. For
instance, Eqs. (16-19) with N = 2 define the A(2)
region:

✓
a0 a1

a1 a2

◆
� 0 , a1 > 0 , a0 > ŝ2a1 , a1 > ŝ2a2 .

(20)
This is illustrated by the left panel of Fig. 2. The
first constraint in (20) implies a0a2 > a2

1, and is sat-
urated by the lowest parabola in Fig. 2; the fourth
constraint in (20) is saturated by the upper line, the
other constraints imply that the coordinates lie in
the interval [0, 1].

Similarly, evaluating Eqs. (16-19) for N = 3, we
find A(3):
✓

a0 a1

a1 a2

◆
� 0 ,

✓
a0 � a1ŝ2 a1 � a2ŝ2

a1 � a2ŝ2 a2 � a3ŝ2

◆
� 0 ,

✓
a1 a2

a2 a3

◆
� 0 , a1 > ŝ2a2 , (21)

which we illustrate in the right panel of Fig. 2.
Eqs. (16-19) capture how the full constraint on the

arc sequence is projected on the first N arcs. Of
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<latexit sha1_base64="Atwx8NnwOUvY3I+nhuFEIveY8hc=">AAAB9nicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGqCXRxhIT+UiAkL1lgA17e+funJEQ/oKtVnbG1r9j4X/xDq9Q8FUv781k3jw/UtKS6346uZXVtfWN/GZha3tnd6+4f9CwYWwE1kWoQtPyuUUlNdZJksJWZJAHvsKmP75O/eYDGitDfUeTCLsBH2o5kIJTKnU03veKJbfszsGWiZeREmSo9YpfnX4o4gA1CcWtbXtuRN0pNySFwlmhE1uMuBjzIbYTqnmAtjudZ52xk9hyClmEhknF5iL+3pjywNpJ4CeTAaeRXfRS8T+vHdPgsjuVOooJtUgPkVQ4P2SFkUkJyPrSIBFPkyOTmgluOBEaybgQiRgnrRSSPrzF75dJ46zsnZcrt5VS9SprJg9HcAyn4MEFVOEGalAHASN4gmd4cR6dV+fNef8ZzTnZziH8gfPxDcgVktA=</latexit>

6= Tree-Level:
always assumed in literature

<latexit sha1_base64="XLm6nLUMvgMR+XAkY3sKp1jbeLo=">AAACGXicbVC7TsNAEDyHVwivACXNiQiJyrIRAhokBA1lkEiClETW+rLAKWf7dLdGIJMv4BP4Clqo6BAtFQX/gm1S8JpqNLOr2Z1QK2nJ896dysTk1PRMdbY2N7+wuFRfXmnbJDUCWyJRiTkLwaKSMbZIksIzbRCiUGEnHB4VfucKjZVJfEo3GvsRXMTyXAqgXArqGz0NhiSogG6DjPa9UY/wmkyUDaTVLjeo3BEP6g3P9Urwv8QfkwYboxnUP3qDRKQRxiQUWNv1PU39rIgSCke1XmpRgxjCBXZzGkOEtp+V74z4RmqBEq7RcKl4KeL3jQwia2+iMJ+MgC7tb68Q//O6KZ3v9TMZ65QwFkUQSYVlkBVG5j0hH0iDRFBcjlzGXIABIjSSgxC5mObF1fI+/N/f/yXtLdffcbdPthsHh+NmqmyNrbNN5rNddsCOWZO1mGB37IE9sifn3nl2XpzXr9GKM95ZZT/gvH0C6VahAg==</latexit>

@t|t=0disp. rel.
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+
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3. IR Divergences in massless theories
Bellazzini,Riembau,FR ’21

EFTs are Weakly Coupled
<latexit sha1_base64="Atwx8NnwOUvY3I+nhuFEIveY8hc=">AAAB9nicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGqCXRxhIT+UiAkL1lgA17e+funJEQ/oKtVnbG1r9j4X/xDq9Q8FUv781k3jw/UtKS6346uZXVtfWN/GZha3tnd6+4f9CwYWwE1kWoQtPyuUUlNdZJksJWZJAHvsKmP75O/eYDGitDfUeTCLsBH2o5kIJTKnU03veKJbfszsGWiZeREmSo9YpfnX4o4gA1CcWtbXtuRN0pNySFwlmhE1uMuBjzIbYTqnmAtjudZ52xk9hyClmEhknF5iL+3pjywNpJ4CeTAaeRXfRS8T+vHdPgsjuVOooJtUgPkVQ4P2SFkUkJyPrSIBFPkyOTmgluOBEaybgQiRgnrRSSPrzF75dJ46zsnZcrt5VS9SprJg9HcAyn4MEFVOEGalAHASN4gmd4cR6dV+fNef8ZzTnZziH8gfPxDcgVktA=</latexit>

6= Tree-Level:
always assumed in literature

<latexit sha1_base64="XLm6nLUMvgMR+XAkY3sKp1jbeLo=">AAACGXicbVC7TsNAEDyHVwivACXNiQiJyrIRAhokBA1lkEiClETW+rLAKWf7dLdGIJMv4BP4Clqo6BAtFQX/gm1S8JpqNLOr2Z1QK2nJ896dysTk1PRMdbY2N7+wuFRfXmnbJDUCWyJRiTkLwaKSMbZIksIzbRCiUGEnHB4VfucKjZVJfEo3GvsRXMTyXAqgXArqGz0NhiSogG6DjPa9UY/wmkyUDaTVLjeo3BEP6g3P9Urwv8QfkwYboxnUP3qDRKQRxiQUWNv1PU39rIgSCke1XmpRgxjCBXZzGkOEtp+V74z4RmqBEq7RcKl4KeL3jQwia2+iMJ+MgC7tb68Q//O6KZ3v9TMZ65QwFkUQSYVlkBVG5j0hH0iDRFBcjlzGXIABIjSSgxC5mObF1fI+/N/f/yXtLdffcbdPthsHh+NmqmyNrbNN5rNddsCOWZO1mGB37IE9sifn3nl2XpzXr9GKM95ZZT/gvH0C6VahAg==</latexit>

@t|t=0disp. rel.

<latexit sha1_base64="xLONWsthaezhoBEcNArlhkN6wTI=">AAAB83icbVBNS8NAFNzUr1q/qh69LBbBU0mkqBeh6MVjC9YW2lA229e6dLMJu2+FEvoLvOrJm3j1B3nwv5jEHLR1TsPMe7x5E8RSGHTdT6e0srq2vlHerGxt7+zuVfcP7k1kNYcOj2SkewEzIIWCDgqU0Is1sDCQ0A2mN5nffQRtRKTucBaDH7KJEmPBGaZS+2pYrbl1NwddJl5BaqRAa1j9GowibkNQyCUzpu+5MfoJ0yi4hHllYA3EjE/ZBPopVSwE4yd50Dk9sYZhRGPQVEiai/B7I2GhMbMwSCdDhg9m0cvE/7y+xfGlnwgVWwTFs0MoJOSHDNcibQDoSGhAZFlyoEJRzjRDBC0o4zwVbVpJJe3DW/x+mdyf1b3zeqPdqDWvi2bK5Igck1PikQvSJLekRTqEEyBP5Jm8ONZ5dd6c95/RklPsHJI/cD6+AS2CkU8=</latexit>=<latexit sha1_base64="8RXtKjXW/sMfR4grH8mUc6q/X9Q=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBIp6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoeZe1eqtebdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEXSRPQ==</latexit>

+
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+ · · ·
<latexit sha1_base64="uOsIXwRhuQvaYE1ZFdd8whLWe4w=">AAACHnicbVC7TsNAEDzzDOEVoKQ5ESEhisi2EFBG0FAGiQSkOInWxyacOD90t0aKLP8Dn8BX0EJFh2ih4F9wHBe8phrN7Gp3xo+VNGTbH9bM7Nz8wmJlqbq8srq2XtvY7Jgo0QLbIlKRvvLBoJIhtkmSwqtYIwS+wkv/9nTiX96hNjIKL2gcYy+AUSiHUgDl0qC27w01iHQ0cPtuljqHXixzYvou9V1PRaOpTVlqskGtbjfsAvwvcUpSZyVag9qndx2JJMCQhAJjuo4dUy8FTVIozKpeYjAGcQsj7OY0hABNLy0yZXw3MUARj1FzqXgh4veNFAJjxoGfTwZAN+a3NxH/87oJDY97qQzjhDAUk0MkFRaHjNAyLwv5tdRIBJPPkcuQC9BAhFpyECIXk7y9at6H8zv9X9JxG85h4+D8oN48KZupsG22w/aYw45Yk52xFmszwe7ZI3tiz9aD9WK9Wm/T0Rmr3NliP2C9fwGC7KLt</latexit>
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3. IR Divergences in massless theories
Bellazzini,Riembau,FR ’21

EFTs are Weakly Coupled
<latexit sha1_base64="Atwx8NnwOUvY3I+nhuFEIveY8hc=">AAAB9nicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGqCXRxhIT+UiAkL1lgA17e+funJEQ/oKtVnbG1r9j4X/xDq9Q8FUv781k3jw/UtKS6346uZXVtfWN/GZha3tnd6+4f9CwYWwE1kWoQtPyuUUlNdZJksJWZJAHvsKmP75O/eYDGitDfUeTCLsBH2o5kIJTKnU03veKJbfszsGWiZeREmSo9YpfnX4o4gA1CcWtbXtuRN0pNySFwlmhE1uMuBjzIbYTqnmAtjudZ52xk9hyClmEhknF5iL+3pjywNpJ4CeTAaeRXfRS8T+vHdPgsjuVOooJtUgPkVQ4P2SFkUkJyPrSIBFPkyOTmgluOBEaybgQiRgnrRSSPrzF75dJ46zsnZcrt5VS9SprJg9HcAyn4MEFVOEGalAHASN4gmd4cR6dV+fNef8ZzTnZziH8gfPxDcgVktA=</latexit>

6= Tree-Level:
always assumed in literature

<latexit sha1_base64="XLm6nLUMvgMR+XAkY3sKp1jbeLo=">AAACGXicbVC7TsNAEDyHVwivACXNiQiJyrIRAhokBA1lkEiClETW+rLAKWf7dLdGIJMv4BP4Clqo6BAtFQX/gm1S8JpqNLOr2Z1QK2nJ896dysTk1PRMdbY2N7+wuFRfXmnbJDUCWyJRiTkLwaKSMbZIksIzbRCiUGEnHB4VfucKjZVJfEo3GvsRXMTyXAqgXArqGz0NhiSogG6DjPa9UY/wmkyUDaTVLjeo3BEP6g3P9Urwv8QfkwYboxnUP3qDRKQRxiQUWNv1PU39rIgSCke1XmpRgxjCBXZzGkOEtp+V74z4RmqBEq7RcKl4KeL3jQwia2+iMJ+MgC7tb68Q//O6KZ3v9TMZ65QwFkUQSYVlkBVG5j0hH0iDRFBcjlzGXIABIjSSgxC5mObF1fI+/N/f/yXtLdffcbdPthsHh+NmqmyNrbNN5rNddsCOWZO1mGB37IE9sifn3nl2XpzXr9GKM95ZZT/gvH0C6VahAg==</latexit>

@t|t=0disp. rel.

<latexit sha1_base64="xLONWsthaezhoBEcNArlhkN6wTI=">AAAB83icbVBNS8NAFNzUr1q/qh69LBbBU0mkqBeh6MVjC9YW2lA229e6dLMJu2+FEvoLvOrJm3j1B3nwv5jEHLR1TsPMe7x5E8RSGHTdT6e0srq2vlHerGxt7+zuVfcP7k1kNYcOj2SkewEzIIWCDgqU0Is1sDCQ0A2mN5nffQRtRKTucBaDH7KJEmPBGaZS+2pYrbl1NwddJl5BaqRAa1j9GowibkNQyCUzpu+5MfoJ0yi4hHllYA3EjE/ZBPopVSwE4yd50Dk9sYZhRGPQVEiai/B7I2GhMbMwSCdDhg9m0cvE/7y+xfGlnwgVWwTFs0MoJOSHDNcibQDoSGhAZFlyoEJRzjRDBC0o4zwVbVpJJe3DW/x+mdyf1b3zeqPdqDWvi2bK5Igck1PikQvSJLekRTqEEyBP5Jm8ONZ5dd6c95/RklPsHJI/cD6+AS2CkU8=</latexit>=<latexit sha1_base64="8RXtKjXW/sMfR4grH8mUc6q/X9Q=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBIp6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoeZe1eqtebdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEXSRPQ==</latexit>

+
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+ · · ·
<latexit sha1_base64="uOsIXwRhuQvaYE1ZFdd8whLWe4w=">AAACHnicbVC7TsNAEDzzDOEVoKQ5ESEhisi2EFBG0FAGiQSkOInWxyacOD90t0aKLP8Dn8BX0EJFh2ih4F9wHBe8phrN7Gp3xo+VNGTbH9bM7Nz8wmJlqbq8srq2XtvY7Jgo0QLbIlKRvvLBoJIhtkmSwqtYIwS+wkv/9nTiX96hNjIKL2gcYy+AUSiHUgDl0qC27w01iHQ0cPtuljqHXixzYvou9V1PRaOpTVlqskGtbjfsAvwvcUpSZyVag9qndx2JJMCQhAJjuo4dUy8FTVIozKpeYjAGcQsj7OY0hABNLy0yZXw3MUARj1FzqXgh4veNFAJjxoGfTwZAN+a3NxH/87oJDY97qQzjhDAUk0MkFRaHjNAyLwv5tdRIBJPPkcuQC9BAhFpyECIXk7y9at6H8zv9X9JxG85h4+D8oN48KZupsG22w/aYw45Yk52xFmszwe7ZI3tiz9aD9WK9Wm/T0Rmr3NliP2C9fwGC7KLt</latexit>

g22
16⇡2

s2t2 log
t

s

<latexit sha1_base64="n0ENhAcxNht3wmKPRfqdNFrsH4I="></latexit>

A0(t) ⌘
Z
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A(s, t)
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3
=

2

⇡
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…but bounded!
-1/2<  <1

-1.0 -0.8 -0.6 -0.4 -0.2

-4

-2

2

4

<latexit sha1_base64="k4WJQFx8Tq5HJ3LmhO6AgvP68ag=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRBRtFQBlBQxkk8kBJFK0vm3DK+aG7NVJk+StooaJDtHwMBf+CbVxAwlSjmV3t7LihkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TRFpgSwQq0F0XDCrpY4skKeyGGsFzFXbc6XXmdx5RGxn4dzQLceDBxJdjKYBS6Z5O+y7o2CTDStWu2Tn4InEKUmUFmsPKV38UiMhDn4QCY3qOHdIgBk1SKEzK/chgCGIKE+yl1AcPzSDOAyf8ODJAAQ9Rc6l4LuLvjRg8Y2aem056QA9m3svE/7xeROPLQSz9MCL0RXaIpML8kBFapk0gH0mNRJAlRy59LkADEWrJQYhUjNJqymkfzvz3i6R9VnPOa/XberVxVTRTYofsiJ0wh12wBrthTdZignnsiT2zFyuxXq036/1ndMkqdg7YH1gf36iIlQE=</latexit>

t/s̄

<latexit sha1_base64="XqyUWqRqwe6jpi4BfCnlySTgD9Y=">AAACDXicbVC7TsNAEDzzJrwCVIjmRIREFdkoAkoeDSVIhESKLWt92YQT54fu1kiRZfEJfAUtVHSIlm+g4F+wTQogTDWa2dXOTpAoaci2P6yp6ZnZufmFxdrS8srqWn1949rEqRbYFrGKdTcAg0pG2CZJCruJRggDhZ3g9qz0O3eojYyjKxol6IUwjORACqBC8utb7kCDyNwQ6EaAyk5y386zob+f+/WG3bQr8EnijEmDjXHh1z/dfizSECMSCozpOXZCXgaapFCY19zUYALiFobYK2gEIRovq17I+W5qgGKeoOZS8UrEnxsZhMaMwqCYLKOav14p/uf1UhoceZmMkpQwEuUhkgqrQ0ZoWXSDvC81EkGZHLmMuAANRKglByEKMS3KqhV9OH+/nyTX+03noNm6bDWOT8fNLLBttsP2mMMO2TE7ZxeszQS7Z4/siT1bD9aL9Wq9fY9OWeOdTfYL1vsXm3icEQ==</latexit>

A0

g2

Dispersion relations at finite-t:

Caron-Huot,van’Duong’20



Positive
Not Positive

3. IR Divergences in massless theories
Bellazzini,Riembau,FR ’21

EFTs are Weakly Coupled
<latexit sha1_base64="Atwx8NnwOUvY3I+nhuFEIveY8hc=">AAAB9nicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGqCXRxhIT+UiAkL1lgA17e+funJEQ/oKtVnbG1r9j4X/xDq9Q8FUv781k3jw/UtKS6346uZXVtfWN/GZha3tnd6+4f9CwYWwE1kWoQtPyuUUlNdZJksJWZJAHvsKmP75O/eYDGitDfUeTCLsBH2o5kIJTKnU03veKJbfszsGWiZeREmSo9YpfnX4o4gA1CcWtbXtuRN0pNySFwlmhE1uMuBjzIbYTqnmAtjudZ52xk9hyClmEhknF5iL+3pjywNpJ4CeTAaeRXfRS8T+vHdPgsjuVOooJtUgPkVQ4P2SFkUkJyPrSIBFPkyOTmgluOBEaybgQiRgnrRSSPrzF75dJ46zsnZcrt5VS9SprJg9HcAyn4MEFVOEGalAHASN4gmd4cR6dV+fNef8ZzTnZziH8gfPxDcgVktA=</latexit>

6= Tree-Level:
always assumed in literature

<latexit sha1_base64="XLm6nLUMvgMR+XAkY3sKp1jbeLo=">AAACGXicbVC7TsNAEDyHVwivACXNiQiJyrIRAhokBA1lkEiClETW+rLAKWf7dLdGIJMv4BP4Clqo6BAtFQX/gm1S8JpqNLOr2Z1QK2nJ896dysTk1PRMdbY2N7+wuFRfXmnbJDUCWyJRiTkLwaKSMbZIksIzbRCiUGEnHB4VfucKjZVJfEo3GvsRXMTyXAqgXArqGz0NhiSogG6DjPa9UY/wmkyUDaTVLjeo3BEP6g3P9Urwv8QfkwYboxnUP3qDRKQRxiQUWNv1PU39rIgSCke1XmpRgxjCBXZzGkOEtp+V74z4RmqBEq7RcKl4KeL3jQwia2+iMJ+MgC7tb68Q//O6KZ3v9TMZ65QwFkUQSYVlkBVG5j0hH0iDRFBcjlzGXIABIjSSgxC5mObF1fI+/N/f/yXtLdffcbdPthsHh+NmqmyNrbNN5rNddsCOWZO1mGB37IE9sifn3nl2XpzXr9GKM95ZZT/gvH0C6VahAg==</latexit>

@t|t=0disp. rel.

<latexit sha1_base64="xLONWsthaezhoBEcNArlhkN6wTI=">AAAB83icbVBNS8NAFNzUr1q/qh69LBbBU0mkqBeh6MVjC9YW2lA229e6dLMJu2+FEvoLvOrJm3j1B3nwv5jEHLR1TsPMe7x5E8RSGHTdT6e0srq2vlHerGxt7+zuVfcP7k1kNYcOj2SkewEzIIWCDgqU0Is1sDCQ0A2mN5nffQRtRKTucBaDH7KJEmPBGaZS+2pYrbl1NwddJl5BaqRAa1j9GowibkNQyCUzpu+5MfoJ0yi4hHllYA3EjE/ZBPopVSwE4yd50Dk9sYZhRGPQVEiai/B7I2GhMbMwSCdDhg9m0cvE/7y+xfGlnwgVWwTFs0MoJOSHDNcibQDoSGhAZFlyoEJRzjRDBC0o4zwVbVpJJe3DW/x+mdyf1b3zeqPdqDWvi2bK5Igck1PikQvSJLekRTqEEyBP5Jm8ONZ5dd6c95/RklPsHJI/cD6+AS2CkU8=</latexit>=<latexit sha1_base64="8RXtKjXW/sMfR4grH8mUc6q/X9Q=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBIp6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoeZe1eqtebdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEXSRPQ==</latexit>

+
<latexit sha1_base64="w9VJ+9TzfwU21YpxUDbx0jGirJE=">AAACAHicbVC7TsNAEDyHVwivACXNiQgJCSmyQwSUETSUQSIPKXGs82VjTpwfulsjRVYavoIWKjpEy59Q8C/YxgUkTLOjmV3t7riRFBpN89MoLS2vrK6V1ysbm1vbO9Xdva4OY8Whw0MZqr7LNEgRQAcFSuhHCpjvSui591eZ33sApUUY3OI0AttnXiAmgjNMpZHnNPSoceI5p2lBp1oz62YOukisgtRIgbZT/RqOQx77ECCXTOuBZUZoJ0yh4BJmlWGsIWL8nnkwSGnAfNB2kl89o0exZhjSCBQVkuYi/J5ImK/11HfTTp/hnZ73MvE/bxDj5MJORBDFCAHPFqGQkC/SXIk0DqBjoQCRZZcDFQHlTDFEUIIyzlMxTvOppHlY898vkm6jbp3VmzfNWuuySKZMDsghOSYWOSctck3apEM4UeSJPJMX49F4Nd6M95/WklHM7JM/MD6+AfMmlio=</latexit>

g2s
2 + g3s

2t
<latexit sha1_base64="i22UICzp+TzxZleXUGa1UFrbtJ4=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud156LeuGvUmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9DXk/I=</latexit>

+ · · ·
<latexit sha1_base64="uOsIXwRhuQvaYE1ZFdd8whLWe4w=">AAACHnicbVC7TsNAEDzzDOEVoKQ5ESEhisi2EFBG0FAGiQSkOInWxyacOD90t0aKLP8Dn8BX0EJFh2ih4F9wHBe8phrN7Gp3xo+VNGTbH9bM7Nz8wmJlqbq8srq2XtvY7Jgo0QLbIlKRvvLBoJIhtkmSwqtYIwS+wkv/9nTiX96hNjIKL2gcYy+AUSiHUgDl0qC27w01iHQ0cPtuljqHXixzYvou9V1PRaOpTVlqskGtbjfsAvwvcUpSZyVag9qndx2JJMCQhAJjuo4dUy8FTVIozKpeYjAGcQsj7OY0hABNLy0yZXw3MUARj1FzqXgh4veNFAJjxoGfTwZAN+a3NxH/87oJDY97qQzjhDAUk0MkFRaHjNAyLwv5tdRIBJPPkcuQC9BAhFpyECIXk7y9at6H8zv9X9JxG85h4+D8oN48KZupsG22w/aYw45Yk52xFmszwe7ZI3tiz9aD9WK9Wm/T0Rmr3NliP2C9fwGC7KLt</latexit>

g22
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s

<latexit sha1_base64="n0ENhAcxNht3wmKPRfqdNFrsH4I="></latexit>
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<latexit sha1_base64="k4WJQFx8Tq5HJ3LmhO6AgvP68ag=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRBRtFQBlBQxkk8kBJFK0vm3DK+aG7NVJk+StooaJDtHwMBf+CbVxAwlSjmV3t7LihkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TRFpgSwQq0F0XDCrpY4skKeyGGsFzFXbc6XXmdx5RGxn4dzQLceDBxJdjKYBS6Z5O+y7o2CTDStWu2Tn4InEKUmUFmsPKV38UiMhDn4QCY3qOHdIgBk1SKEzK/chgCGIKE+yl1AcPzSDOAyf8ODJAAQ9Rc6l4LuLvjRg8Y2aem056QA9m3svE/7xeROPLQSz9MCL0RXaIpML8kBFapk0gH0mNRJAlRy59LkADEWrJQYhUjNJqymkfzvz3i6R9VnPOa/XberVxVTRTYofsiJ0wh12wBrthTdZignnsiT2zFyuxXq036/1ndMkqdg7YH1gf36iIlQE=</latexit>

t/s̄-1.0 -0.8 -0.6 -0.4 -0.2
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4

<latexit sha1_base64="k4WJQFx8Tq5HJ3LmhO6AgvP68ag=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRBRtFQBlBQxkk8kBJFK0vm3DK+aG7NVJk+StooaJDtHwMBf+CbVxAwlSjmV3t7LihkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TRFpgSwQq0F0XDCrpY4skKeyGGsFzFXbc6XXmdx5RGxn4dzQLceDBxJdjKYBS6Z5O+y7o2CTDStWu2Tn4InEKUmUFmsPKV38UiMhDn4QCY3qOHdIgBk1SKEzK/chgCGIKE+yl1AcPzSDOAyf8ODJAAQ9Rc6l4LuLvjRg8Y2aem056QA9m3svE/7xeROPLQSz9MCL0RXaIpML8kBFapk0gH0mNRJAlRy59LkADEWrJQYhUjNJqymkfzvz3i6R9VnPOa/XberVxVTRTYofsiJ0wh12wBrthTdZignnsiT2zFyuxXq036/1ndMkqdg7YH1gf36iIlQE=</latexit>

t/s̄

<latexit sha1_base64="XqyUWqRqwe6jpi4BfCnlySTgD9Y=">AAACDXicbVC7TsNAEDzzJrwCVIjmRIREFdkoAkoeDSVIhESKLWt92YQT54fu1kiRZfEJfAUtVHSIlm+g4F+wTQogTDWa2dXOTpAoaci2P6yp6ZnZufmFxdrS8srqWn1949rEqRbYFrGKdTcAg0pG2CZJCruJRggDhZ3g9qz0O3eojYyjKxol6IUwjORACqBC8utb7kCDyNwQ6EaAyk5y386zob+f+/WG3bQr8EnijEmDjXHh1z/dfizSECMSCozpOXZCXgaapFCY19zUYALiFobYK2gEIRovq17I+W5qgGKeoOZS8UrEnxsZhMaMwqCYLKOav14p/uf1UhoceZmMkpQwEuUhkgqrQ0ZoWXSDvC81EkGZHLmMuAANRKglByEKMS3KqhV9OH+/nyTX+03noNm6bDWOT8fNLLBttsP2mMMO2TE7ZxeszQS7Z4/siT1bD9aL9Wq9fY9OWeOdTfYL1vsXm3icEQ==</latexit>

A0

g2

steepness ≈ 
<latexit sha1_base64="epzwOXOLqOCK4ft9ZCnFI4a4W1g=">AAACCXicdVDLSgNBEJyNrxhfUfHkZTAInpbdmOct6MWjgtFAEkLv2ImDsw9meoWw5Av8Cq968iZe/QoP/ou7MYKK1qmo6qary4uUNOQ4b1Zubn5hcSm/XFhZXVvfKG5uXZgw1gLbIlSh7nhgUMkA2yRJYSfSCL6n8NK7Oc78y1vURobBOY0j7PswCuRQCqBUGhR3ekMNIhkNDnseaG4mKS1PBsWSYzcbtWqjyR3bLTedWiUjlWq97HDXdqYosRlOB8X33lUoYh8DEgqM6bpORP0ENEmhcFLoxQYjEDcwwm5KA/DR9JNp/Anfjw1QyCPUXCo+FfH7RgK+MWPfSyd9oGvz28vEv7xuTMNGP5FBFBMGIjtEUuH0kBFapr0gv5IaiSBLjlwGXIAGItSSgxCpGKdFFdI+vp7m/5OLsu3W7MpZpdQ6mjWTZ7tsjx0wl9VZi52wU9ZmgiXsnj2wR+vOerKerZfP0Zw129lmP2C9fgBx95pe</latexit>

g3s̄

g2

<latexit sha1_base64="AEngL2GMngRHS/yvZgm0BLmAbI8="></latexit>

+�4t
2 log

�t

s̄
<latexit sha1_base64="EJah7USXlk3n6CnyP3Ye5dPzcJU=">AAAB+XicdVDLSsNAFJ34rPVVdelmsAiCEJKSvnZFNy4r2Ae0oUymt3Xo5MHMjVBCP8KtrtyJW7/Ghf9iEiuo6FkdzrmXe+7xIik0WtabsbK6tr6xWdgqbu/s7u2XDg67OowVhw4PZaj6HtMgRQAdFCihHylgvieh580uM793B0qLMLjBeQSuz6aBmAjOMJV650M+DlGPSmXLbDZq1UaTWqZdaVo1JyNOtV6xqG1aOcpkifao9D4chzz2IUAumdYD24rQTZhCwSUsisNYQ8T4jE1hkNKA+aDdJI+7oKexZhjSCBQVkuYifN9ImK/13PfSSZ/hrf7tZeJf3iDGScNNRBDFCAHPDqGQkB/SXIm0B6BjoQCRZcmBioByphgiKEEZ56kYp8UU0z6+nqb/k27FtGumc+2UWxfLZgrkmJyQM2KTOmmRK9ImHcLJjNyTB/JoJMaT8Wy8fI6uGMudI/IDxusHUfWUSA==</latexit>

+ · · ·
<latexit sha1_base64="o5lb/UYnkpYZnh70KjEsUfrQBmw=">AAACHnicbVC5TsNAFFxzE64AJc2KCIlDRHZAQIPE0dARJEKQkmA9bx5hxfrQ7jMSsvwPfAJfQQsVHaKFgn/BNim4phrNvHO8SElDtv1uDQwODY+Mjo2XJianpmfKs3NnJoy1wIYIVajPPTCoZIANkqTwPNIIvqew6V0f5n7zBrWRYXBKtxF2fOgF8lIKoExyy6ttH+hKgEr2U9feTdrFyERjN+25tfWeu0Frx8t0UVtJ3XLFrtoF+F/i9EmF9VF3yx/tbihiHwMSCoxpOXZEnQQ0SaEwLbVjgxGIa+hhK6MB+Gg6SXFAypdiAxTyCDWXihcifu9IwDfm1veyyvwD89vLxf+8VkyXO51EBlFMGIh8EUmFxSIjtMzCQt6VGokgvxy5DLgADUSoJQchMjHO0itleTi/v/9LzmpVZ6u6ebJZ2TvoJzPGFtgiW2YO22Z77IjVWYMJdsce2CN7su6tZ+vFev0qHbD6PfPsB6y3T08boh8=</latexit>

A0 = g2 � g3t+O(t2)

<latexit sha1_base64="ZjVzx+aar8W7SrjT99B/v8nRl6g=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgxWU3bF63oBePCZgHJEuYnXTikNkHM71CCPkCr3ryJl79IA/+i7trBBWtU1HVTVeXF0mh0bLejNza+sbmVn67sLO7t39QPDzq6jBWHDo8lKHqe0yDFAF0UKCEfqSA+Z6Enje7Sv3eHSgtwuAG5xG4PpsGYiI4w0RqX4yKJcts1KuVeoNapl1uWFUnJU6lVraobVoZSmSF1qj4PhyHPPYhQC6Z1gPbitBdMIWCS1gWhrGGiPEZm8IgoQHzQbuLLOiSnsWaYUgjUFRImonwfWPBfK3nvpdM+gxv9W8vFf/yBjFO6u5CBFGMEPD0EAoJ2SHNlUgaADoWChBZmhyoCChniiGCEpRxnohxUkkh6ePrafo/6ZZNu2o6bafUvFw1kycn5JScE5vUSJNckxbpEE6A3JMH8mjExpPxbLx8juaM1c4x+QHj9QOVoZGV</latexit> �

<latexit sha1_base64="XqyUWqRqwe6jpi4BfCnlySTgD9Y=">AAACDXicbVC7TsNAEDzzJrwCVIjmRIREFdkoAkoeDSVIhESKLWt92YQT54fu1kiRZfEJfAUtVHSIlm+g4F+wTQogTDWa2dXOTpAoaci2P6yp6ZnZufmFxdrS8srqWn1949rEqRbYFrGKdTcAg0pG2CZJCruJRggDhZ3g9qz0O3eojYyjKxol6IUwjORACqBC8utb7kCDyNwQ6EaAyk5y386zob+f+/WG3bQr8EnijEmDjXHh1z/dfizSECMSCozpOXZCXgaapFCY19zUYALiFobYK2gEIRovq17I+W5qgGKeoOZS8UrEnxsZhMaMwqCYLKOav14p/uf1UhoceZmMkpQwEuUhkgqrQ0ZoWXSDvC81EkGZHLmMuAANRKglByEKMS3KqhV9OH+/nyTX+03noNm6bDWOT8fNLLBttsP2mMMO2TE7ZxeszQS7Z4/siT1bD9aL9Wq9fY9OWeOdTfYL1vsXm3icEQ==</latexit>

A0

g2

Dispersion relations at finite-t:

Caron-Huot,van’Duong’20



Positive
Not Positive

3. IR Divergences in massless theories
Bellazzini,Riembau,FR ’21

EFTs are Weakly Coupled
<latexit sha1_base64="Atwx8NnwOUvY3I+nhuFEIveY8hc=">AAAB9nicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGqCXRxhIT+UiAkL1lgA17e+funJEQ/oKtVnbG1r9j4X/xDq9Q8FUv781k3jw/UtKS6346uZXVtfWN/GZha3tnd6+4f9CwYWwE1kWoQtPyuUUlNdZJksJWZJAHvsKmP75O/eYDGitDfUeTCLsBH2o5kIJTKnU03veKJbfszsGWiZeREmSo9YpfnX4o4gA1CcWtbXtuRN0pNySFwlmhE1uMuBjzIbYTqnmAtjudZ52xk9hyClmEhknF5iL+3pjywNpJ4CeTAaeRXfRS8T+vHdPgsjuVOooJtUgPkVQ4P2SFkUkJyPrSIBFPkyOTmgluOBEaybgQiRgnrRSSPrzF75dJ46zsnZcrt5VS9SprJg9HcAyn4MEFVOEGalAHASN4gmd4cR6dV+fNef8ZzTnZziH8gfPxDcgVktA=</latexit>

6= Tree-Level:
always assumed in literature

<latexit sha1_base64="XLm6nLUMvgMR+XAkY3sKp1jbeLo=">AAACGXicbVC7TsNAEDyHVwivACXNiQiJyrIRAhokBA1lkEiClETW+rLAKWf7dLdGIJMv4BP4Clqo6BAtFQX/gm1S8JpqNLOr2Z1QK2nJ896dysTk1PRMdbY2N7+wuFRfXmnbJDUCWyJRiTkLwaKSMbZIksIzbRCiUGEnHB4VfucKjZVJfEo3GvsRXMTyXAqgXArqGz0NhiSogG6DjPa9UY/wmkyUDaTVLjeo3BEP6g3P9Urwv8QfkwYboxnUP3qDRKQRxiQUWNv1PU39rIgSCke1XmpRgxjCBXZzGkOEtp+V74z4RmqBEq7RcKl4KeL3jQwia2+iMJ+MgC7tb68Q//O6KZ3v9TMZ65QwFkUQSYVlkBVG5j0hH0iDRFBcjlzGXIABIjSSgxC5mObF1fI+/N/f/yXtLdffcbdPthsHh+NmqmyNrbNN5rNddsCOWZO1mGB37IE9sifn3nl2XpzXr9GKM95ZZT/gvH0C6VahAg==</latexit>

@t|t=0disp. rel.

<latexit sha1_base64="xLONWsthaezhoBEcNArlhkN6wTI=">AAAB83icbVBNS8NAFNzUr1q/qh69LBbBU0mkqBeh6MVjC9YW2lA229e6dLMJu2+FEvoLvOrJm3j1B3nwv5jEHLR1TsPMe7x5E8RSGHTdT6e0srq2vlHerGxt7+zuVfcP7k1kNYcOj2SkewEzIIWCDgqU0Is1sDCQ0A2mN5nffQRtRKTucBaDH7KJEmPBGaZS+2pYrbl1NwddJl5BaqRAa1j9GowibkNQyCUzpu+5MfoJ0yi4hHllYA3EjE/ZBPopVSwE4yd50Dk9sYZhRGPQVEiai/B7I2GhMbMwSCdDhg9m0cvE/7y+xfGlnwgVWwTFs0MoJOSHDNcibQDoSGhAZFlyoEJRzjRDBC0o4zwVbVpJJe3DW/x+mdyf1b3zeqPdqDWvi2bK5Igck1PikQvSJLekRTqEEyBP5Jm8ONZ5dd6c95/RklPsHJI/cD6+AS2CkU8=</latexit>=<latexit sha1_base64="8RXtKjXW/sMfR4grH8mUc6q/X9Q=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBIp6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoeZe1eqtebdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEXSRPQ==</latexit>

+
<latexit sha1_base64="w9VJ+9TzfwU21YpxUDbx0jGirJE=">AAACAHicbVC7TsNAEDyHVwivACXNiQgJCSmyQwSUETSUQSIPKXGs82VjTpwfulsjRVYavoIWKjpEy59Q8C/YxgUkTLOjmV3t7riRFBpN89MoLS2vrK6V1ysbm1vbO9Xdva4OY8Whw0MZqr7LNEgRQAcFSuhHCpjvSui591eZ33sApUUY3OI0AttnXiAmgjNMpZHnNPSoceI5p2lBp1oz62YOukisgtRIgbZT/RqOQx77ECCXTOuBZUZoJ0yh4BJmlWGsIWL8nnkwSGnAfNB2kl89o0exZhjSCBQVkuYi/J5ImK/11HfTTp/hnZ73MvE/bxDj5MJORBDFCAHPFqGQkC/SXIk0DqBjoQCRZZcDFQHlTDFEUIIyzlMxTvOppHlY898vkm6jbp3VmzfNWuuySKZMDsghOSYWOSctck3apEM4UeSJPJMX49F4Nd6M95/WklHM7JM/MD6+AfMmlio=</latexit>

g2s
2 + g3s

2t
<latexit sha1_base64="i22UICzp+TzxZleXUGa1UFrbtJ4=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud156LeuGvUmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9DXk/I=</latexit>

+ · · ·
<latexit sha1_base64="uOsIXwRhuQvaYE1ZFdd8whLWe4w=">AAACHnicbVC7TsNAEDzzDOEVoKQ5ESEhisi2EFBG0FAGiQSkOInWxyacOD90t0aKLP8Dn8BX0EJFh2ih4F9wHBe8phrN7Gp3xo+VNGTbH9bM7Nz8wmJlqbq8srq2XtvY7Jgo0QLbIlKRvvLBoJIhtkmSwqtYIwS+wkv/9nTiX96hNjIKL2gcYy+AUSiHUgDl0qC27w01iHQ0cPtuljqHXixzYvou9V1PRaOpTVlqskGtbjfsAvwvcUpSZyVag9qndx2JJMCQhAJjuo4dUy8FTVIozKpeYjAGcQsj7OY0hABNLy0yZXw3MUARj1FzqXgh4veNFAJjxoGfTwZAN+a3NxH/87oJDY97qQzjhDAUk0MkFRaHjNAyLwv5tdRIBJPPkcuQC9BAhFpyECIXk7y9at6H8zv9X9JxG85h4+D8oN48KZupsG22w/aYw45Yk52xFmszwe7ZI3tiz9aD9WK9Wm/T0Rmr3NliP2C9fwGC7KLt</latexit>

g22
16⇡2

s2t2 log
t

s

<latexit sha1_base64="n0ENhAcxNht3wmKPRfqdNFrsH4I="></latexit>

A0(t) ⌘
Z

\s̄t

ds
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⇡
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…but bounded!
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<latexit sha1_base64="k4WJQFx8Tq5HJ3LmhO6AgvP68ag=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRBRtFQBlBQxkk8kBJFK0vm3DK+aG7NVJk+StooaJDtHwMBf+CbVxAwlSjmV3t7LihkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TRFpgSwQq0F0XDCrpY4skKeyGGsFzFXbc6XXmdx5RGxn4dzQLceDBxJdjKYBS6Z5O+y7o2CTDStWu2Tn4InEKUmUFmsPKV38UiMhDn4QCY3qOHdIgBk1SKEzK/chgCGIKE+yl1AcPzSDOAyf8ODJAAQ9Rc6l4LuLvjRg8Y2aem056QA9m3svE/7xeROPLQSz9MCL0RXaIpML8kBFapk0gH0mNRJAlRy59LkADEWrJQYhUjNJqymkfzvz3i6R9VnPOa/XberVxVTRTYofsiJ0wh12wBrthTdZignnsiT2zFyuxXq036/1ndMkqdg7YH1gf36iIlQE=</latexit>

t/s̄

<latexit sha1_base64="XqyUWqRqwe6jpi4BfCnlySTgD9Y=">AAACDXicbVC7TsNAEDzzJrwCVIjmRIREFdkoAkoeDSVIhESKLWt92YQT54fu1kiRZfEJfAUtVHSIlm+g4F+wTQogTDWa2dXOTpAoaci2P6yp6ZnZufmFxdrS8srqWn1949rEqRbYFrGKdTcAg0pG2CZJCruJRggDhZ3g9qz0O3eojYyjKxol6IUwjORACqBC8utb7kCDyNwQ6EaAyk5y386zob+f+/WG3bQr8EnijEmDjXHh1z/dfizSECMSCozpOXZCXgaapFCY19zUYALiFobYK2gEIRovq17I+W5qgGKeoOZS8UrEnxsZhMaMwqCYLKOav14p/uf1UhoceZmMkpQwEuUhkgqrQ0ZoWXSDvC81EkGZHLmMuAANRKglByEKMS3KqhV9OH+/nyTX+03noNm6bDWOT8fNLLBttsP2mMMO2TE7ZxeszQS7Z4/siT1bD9aL9Wq9fY9OWeOdTfYL1vsXm3icEQ==</latexit>

A0

g2

steepness ≈ 
<latexit sha1_base64="epzwOXOLqOCK4ft9ZCnFI4a4W1g=">AAACCXicdVDLSgNBEJyNrxhfUfHkZTAInpbdmOct6MWjgtFAEkLv2ImDsw9meoWw5Av8Cq968iZe/QoP/ou7MYKK1qmo6qary4uUNOQ4b1Zubn5hcSm/XFhZXVvfKG5uXZgw1gLbIlSh7nhgUMkA2yRJYSfSCL6n8NK7Oc78y1vURobBOY0j7PswCuRQCqBUGhR3ekMNIhkNDnseaG4mKS1PBsWSYzcbtWqjyR3bLTedWiUjlWq97HDXdqYosRlOB8X33lUoYh8DEgqM6bpORP0ENEmhcFLoxQYjEDcwwm5KA/DR9JNp/Anfjw1QyCPUXCo+FfH7RgK+MWPfSyd9oGvz28vEv7xuTMNGP5FBFBMGIjtEUuH0kBFapr0gv5IaiSBLjlwGXIAGItSSgxCpGKdFFdI+vp7m/5OLsu3W7MpZpdQ6mjWTZ7tsjx0wl9VZi52wU9ZmgiXsnj2wR+vOerKerZfP0Zw129lmP2C9fgBx95pe</latexit>

g3s̄

g2

<latexit sha1_base64="AEngL2GMngRHS/yvZgm0BLmAbI8="></latexit>

+�4t
2 log

�t

s̄
<latexit sha1_base64="EJah7USXlk3n6CnyP3Ye5dPzcJU=">AAAB+XicdVDLSsNAFJ34rPVVdelmsAiCEJKSvnZFNy4r2Ae0oUymt3Xo5MHMjVBCP8KtrtyJW7/Ghf9iEiuo6FkdzrmXe+7xIik0WtabsbK6tr6xWdgqbu/s7u2XDg67OowVhw4PZaj6HtMgRQAdFCihHylgvieh580uM793B0qLMLjBeQSuz6aBmAjOMJV650M+DlGPSmXLbDZq1UaTWqZdaVo1JyNOtV6xqG1aOcpkifao9D4chzz2IUAumdYD24rQTZhCwSUsisNYQ8T4jE1hkNKA+aDdJI+7oKexZhjSCBQVkuYifN9ImK/13PfSSZ/hrf7tZeJf3iDGScNNRBDFCAHPDqGQkB/SXIm0B6BjoQCRZcmBioByphgiKEEZ56kYp8UU0z6+nqb/k27FtGumc+2UWxfLZgrkmJyQM2KTOmmRK9ImHcLJjNyTB/JoJMaT8Wy8fI6uGMudI/IDxusHUfWUSA==</latexit>

+ · · ·
<latexit sha1_base64="o5lb/UYnkpYZnh70KjEsUfrQBmw=">AAACHnicbVC5TsNAFFxzE64AJc2KCIlDRHZAQIPE0dARJEKQkmA9bx5hxfrQ7jMSsvwPfAJfQQsVHaKFgn/BNim4phrNvHO8SElDtv1uDQwODY+Mjo2XJianpmfKs3NnJoy1wIYIVajPPTCoZIANkqTwPNIIvqew6V0f5n7zBrWRYXBKtxF2fOgF8lIKoExyy6ttH+hKgEr2U9feTdrFyERjN+25tfWeu0Frx8t0UVtJ3XLFrtoF+F/i9EmF9VF3yx/tbihiHwMSCoxpOXZEnQQ0SaEwLbVjgxGIa+hhK6MB+Gg6SXFAypdiAxTyCDWXihcifu9IwDfm1veyyvwD89vLxf+8VkyXO51EBlFMGIh8EUmFxSIjtMzCQt6VGokgvxy5DLgADUSoJQchMjHO0itleTi/v/9LzmpVZ6u6ebJZ2TvoJzPGFtgiW2YO22Z77IjVWYMJdsce2CN7su6tZ+vFev0qHbD6PfPsB6y3T08boh8=</latexit>

A0 = g2 � g3t+O(t2)

<latexit sha1_base64="ZjVzx+aar8W7SrjT99B/v8nRl6g=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgxWU3bF63oBePCZgHJEuYnXTikNkHM71CCPkCr3ryJl79IA/+i7trBBWtU1HVTVeXF0mh0bLejNza+sbmVn67sLO7t39QPDzq6jBWHDo8lKHqe0yDFAF0UKCEfqSA+Z6Enje7Sv3eHSgtwuAG5xG4PpsGYiI4w0RqX4yKJcts1KuVeoNapl1uWFUnJU6lVraobVoZSmSF1qj4PhyHPPYhQC6Z1gPbitBdMIWCS1gWhrGGiPEZm8IgoQHzQbuLLOiSnsWaYUgjUFRImonwfWPBfK3nvpdM+gxv9W8vFf/yBjFO6u5CBFGMEPD0EAoJ2SHNlUgaADoWChBZmhyoCChniiGCEpRxnohxUkkh6ePrafo/6ZZNu2o6bafUvFw1kycn5JScE5vUSJNckxbpEE6A3JMH8mjExpPxbLx8juaM1c4x+QHj9QOVoZGV</latexit> �
Dispersion relations at finite-t:

Caron-Huot,van’Duong’20



Bellazzini,Riembau,FR ’21

EFTs are Weakly Coupled
<latexit sha1_base64="Atwx8NnwOUvY3I+nhuFEIveY8hc=">AAAB9nicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGqCXRxhIT+UiAkL1lgA17e+funJEQ/oKtVnbG1r9j4X/xDq9Q8FUv781k3jw/UtKS6346uZXVtfWN/GZha3tnd6+4f9CwYWwE1kWoQtPyuUUlNdZJksJWZJAHvsKmP75O/eYDGitDfUeTCLsBH2o5kIJTKnU03veKJbfszsGWiZeREmSo9YpfnX4o4gA1CcWtbXtuRN0pNySFwlmhE1uMuBjzIbYTqnmAtjudZ52xk9hyClmEhknF5iL+3pjywNpJ4CeTAaeRXfRS8T+vHdPgsjuVOooJtUgPkVQ4P2SFkUkJyPrSIBFPkyOTmgluOBEaybgQiRgnrRSSPrzF75dJ46zsnZcrt5VS9SprJg9HcAyn4MEFVOEGalAHASN4gmd4cR6dV+fNef8ZzTnZziH8gfPxDcgVktA=</latexit>

6= Tree-Level:
always assumed in literature

<latexit sha1_base64="XLm6nLUMvgMR+XAkY3sKp1jbeLo=">AAACGXicbVC7TsNAEDyHVwivACXNiQiJyrIRAhokBA1lkEiClETW+rLAKWf7dLdGIJMv4BP4Clqo6BAtFQX/gm1S8JpqNLOr2Z1QK2nJ896dysTk1PRMdbY2N7+wuFRfXmnbJDUCWyJRiTkLwaKSMbZIksIzbRCiUGEnHB4VfucKjZVJfEo3GvsRXMTyXAqgXArqGz0NhiSogG6DjPa9UY/wmkyUDaTVLjeo3BEP6g3P9Urwv8QfkwYboxnUP3qDRKQRxiQUWNv1PU39rIgSCke1XmpRgxjCBXZzGkOEtp+V74z4RmqBEq7RcKl4KeL3jQwia2+iMJ+MgC7tb68Q//O6KZ3v9TMZ65QwFkUQSYVlkBVG5j0hH0iDRFBcjlzGXIABIjSSgxC5mObF1fI+/N/f/yXtLdffcbdPthsHh+NmqmyNrbNN5rNddsCOWZO1mGB37IE9sifn3nl2XpzXr9GKM95ZZT/gvH0C6VahAg==</latexit>

@t|t=0disp. rel.

<latexit sha1_base64="xLONWsthaezhoBEcNArlhkN6wTI=">AAAB83icbVBNS8NAFNzUr1q/qh69LBbBU0mkqBeh6MVjC9YW2lA229e6dLMJu2+FEvoLvOrJm3j1B3nwv5jEHLR1TsPMe7x5E8RSGHTdT6e0srq2vlHerGxt7+zuVfcP7k1kNYcOj2SkewEzIIWCDgqU0Is1sDCQ0A2mN5nffQRtRKTucBaDH7KJEmPBGaZS+2pYrbl1NwddJl5BaqRAa1j9GowibkNQyCUzpu+5MfoJ0yi4hHllYA3EjE/ZBPopVSwE4yd50Dk9sYZhRGPQVEiai/B7I2GhMbMwSCdDhg9m0cvE/7y+xfGlnwgVWwTFs0MoJOSHDNcibQDoSGhAZFlyoEJRzjRDBC0o4zwVbVpJJe3DW/x+mdyf1b3zeqPdqDWvi2bK5Igck1PikQvSJLekRTqEEyBP5Jm8ONZ5dd6c95/RklPsHJI/cD6+AS2CkU8=</latexit>=<latexit sha1_base64="8RXtKjXW/sMfR4grH8mUc6q/X9Q=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBIp6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoeZe1eqtebdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEXSRPQ==</latexit>

+
<latexit sha1_base64="w9VJ+9TzfwU21YpxUDbx0jGirJE=">AAACAHicbVC7TsNAEDyHVwivACXNiQgJCSmyQwSUETSUQSIPKXGs82VjTpwfulsjRVYavoIWKjpEy59Q8C/YxgUkTLOjmV3t7riRFBpN89MoLS2vrK6V1ysbm1vbO9Xdva4OY8Whw0MZqr7LNEgRQAcFSuhHCpjvSui591eZ33sApUUY3OI0AttnXiAmgjNMpZHnNPSoceI5p2lBp1oz62YOukisgtRIgbZT/RqOQx77ECCXTOuBZUZoJ0yh4BJmlWGsIWL8nnkwSGnAfNB2kl89o0exZhjSCBQVkuYi/J5ImK/11HfTTp/hnZ73MvE/bxDj5MJORBDFCAHPFqGQkC/SXIk0DqBjoQCRZZcDFQHlTDFEUIIyzlMxTvOppHlY898vkm6jbp3VmzfNWuuySKZMDsghOSYWOSctck3apEM4UeSJPJMX49F4Nd6M95/WklHM7JM/MD6+AfMmlio=</latexit>

g2s
2 + g3s

2t
<latexit sha1_base64="i22UICzp+TzxZleXUGa1UFrbtJ4=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud156LeuGvUmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9DXk/I=</latexit>

+ · · ·
<latexit sha1_base64="uOsIXwRhuQvaYE1ZFdd8whLWe4w=">AAACHnicbVC7TsNAEDzzDOEVoKQ5ESEhisi2EFBG0FAGiQSkOInWxyacOD90t0aKLP8Dn8BX0EJFh2ih4F9wHBe8phrN7Gp3xo+VNGTbH9bM7Nz8wmJlqbq8srq2XtvY7Jgo0QLbIlKRvvLBoJIhtkmSwqtYIwS+wkv/9nTiX96hNjIKL2gcYy+AUSiHUgDl0qC27w01iHQ0cPtuljqHXixzYvou9V1PRaOpTVlqskGtbjfsAvwvcUpSZyVag9qndx2JJMCQhAJjuo4dUy8FTVIozKpeYjAGcQsj7OY0hABNLy0yZXw3MUARj1FzqXgh4veNFAJjxoGfTwZAN+a3NxH/87oJDY97qQzjhDAUk0MkFRaHjNAyLwv5tdRIBJPPkcuQC9BAhFpyECIXk7y9at6H8zv9X9JxG85h4+D8oN48KZupsG22w/aYw45Yk52xFmszwe7ZI3tiz9aD9WK9Wm/T0Rmr3NliP2C9fwGC7KLt</latexit>

g22
16⇡2

s2t2 log
t

s

<latexit sha1_base64="n0ENhAcxNht3wmKPRfqdNFrsH4I="></latexit>

A0(t) ⌘
Z

\s̄t

ds

⇡i

A(s, t)

(s+ t
2 )

3
=

2

⇡

Z 1

s̄
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X

`

Imf`(s)
P`(1 +

2t
s )

(s+ t
2 )
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Positive
Not Positive

…but bounded!
-1/2<  <1

<latexit sha1_base64="k4WJQFx8Tq5HJ3LmhO6AgvP68ag=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRBRtFQBlBQxkk8kBJFK0vm3DK+aG7NVJk+StooaJDtHwMBf+CbVxAwlSjmV3t7LihkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TRFpgSwQq0F0XDCrpY4skKeyGGsFzFXbc6XXmdx5RGxn4dzQLceDBxJdjKYBS6Z5O+y7o2CTDStWu2Tn4InEKUmUFmsPKV38UiMhDn4QCY3qOHdIgBk1SKEzK/chgCGIKE+yl1AcPzSDOAyf8ODJAAQ9Rc6l4LuLvjRg8Y2aem056QA9m3svE/7xeROPLQSz9MCL0RXaIpML8kBFapk0gH0mNRJAlRy59LkADEWrJQYhUjNJqymkfzvz3i6R9VnPOa/XberVxVTRTYofsiJ0wh12wBrthTdZignnsiT2zFyuxXq036/1ndMkqdg7YH1gf36iIlQE=</latexit>

t/s̄

<latexit sha1_base64="XqyUWqRqwe6jpi4BfCnlySTgD9Y=">AAACDXicbVC7TsNAEDzzJrwCVIjmRIREFdkoAkoeDSVIhESKLWt92YQT54fu1kiRZfEJfAUtVHSIlm+g4F+wTQogTDWa2dXOTpAoaci2P6yp6ZnZufmFxdrS8srqWn1949rEqRbYFrGKdTcAg0pG2CZJCruJRggDhZ3g9qz0O3eojYyjKxol6IUwjORACqBC8utb7kCDyNwQ6EaAyk5y386zob+f+/WG3bQr8EnijEmDjXHh1z/dfizSECMSCozpOXZCXgaapFCY19zUYALiFobYK2gEIRovq17I+W5qgGKeoOZS8UrEnxsZhMaMwqCYLKOav14p/uf1UhoceZmMkpQwEuUhkgqrQ0ZoWXSDvC81EkGZHLmMuAANRKglByEKMS3KqhV9OH+/nyTX+03noNm6bDWOT8fNLLBttsP2mMMO2TE7ZxeszQS7Z4/siT1bD9aL9Wq9fY9OWeOdTfYL1vsXm3icEQ==</latexit>

A0
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-4
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2

4
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4
<latexit sha1_base64="YLG6/5BdMQg0jkr5qb7YaWmiK8A=">AAACFnicbZC5TsNAEIbXnCFcBkqaVSIkGiI7iYCCIoKGMkjkkJIoGi+TsGJ9aHeMFFnueQSeghYqOkRLS8G74BwFBKb69P8zmpnfi5Q05Dif1sLi0vLKam4tv76xubVt7+w2TRhrgQ0RqlC3PTCoZIANkqSwHWkE31PY8u4uxn7rHrWRYXBNowh7PgwDOZACKJP6duGoO9AgkkqalNOzKQ/7la4Hmps0w3Lat4tOyZkU/wvuDIpsVvW+/dW9CUXsY0BCgTEd14mol4AmKRSm+W5sMAJxB0PsZBiAj6aXTH5J+UFsgEIeoeZS8YmIPycS8I0Z+V7W6QPdmnlvLP7ndWIanPYSGUQxYSDGi0gqnCwyQsssJOQ3UiMRjC9HLgMuQAMRaslBiEyMs9TyWR7u/Pd/oVkuucel6lW1WDufJZNj+6zADpnLTliNXbI6azDBHtgTe2Yv1qP1ar1Z79PWBWs2s8d+lfXxDaxTn0A=</latexit>

�3

2
<

g3s̄

g2

Lower bound from t=0 relies on       
<latexit sha1_base64="MvtSOgbvtBXcH0ohQ/kzKL4KmKE=">AAACC3icdVC7SgNBFJ31bXxFLSxsBoNgFXaTkEfno7FUMEZIwnJ3ctXB2Qczd4Ww5BP8Clut7MTWj7DwX5yNEVT0VIdz7vMEiZKGXPfNmZqemZ2bX1gsLC2vrK4V1zfOTZxqgW0Rq1hfBGBQyQjbJEnhRaIRwkBhJ7g5yv3OLWoj4+iMhgn2Q7iK5KUUQFbyi1u9BDRJUD71QqBrASo7GPmuXyy5Za/uNio17pYbTa9arVviteqtaoV7ZXeMEpvgxC++9waxSEOMSCgwpuu5CfWzfLhQOCr0UoMJiBu4wq6lEYRo+tn4gRHfTQ1QzBPUXCo+FvF7RwahMcMwsJX5kea3l4t/ed2ULpv9TEZJShiJfBFJheNFRmhpk0E+kBqJIL8cuYy4AA1EqCUHIayY2qgKNo+vp/n/5LxiMyvXTmul/cNJMgtsm+2wPeaxBttnx+yEtZlgI3bPHtijc+c8Oc/Oy2fplDPp2WQ/4Lx+AIJCm4c=</latexit>

@tA0

<latexit sha1_base64="AEngL2GMngRHS/yvZgm0BLmAbI8="></latexit>

+�4t
2 log

�t

s̄
<latexit sha1_base64="EJah7USXlk3n6CnyP3Ye5dPzcJU=">AAAB+XicdVDLSsNAFJ34rPVVdelmsAiCEJKSvnZFNy4r2Ae0oUymt3Xo5MHMjVBCP8KtrtyJW7/Ghf9iEiuo6FkdzrmXe+7xIik0WtabsbK6tr6xWdgqbu/s7u2XDg67OowVhw4PZaj6HtMgRQAdFCihHylgvieh580uM793B0qLMLjBeQSuz6aBmAjOMJV650M+DlGPSmXLbDZq1UaTWqZdaVo1JyNOtV6xqG1aOcpkifao9D4chzz2IUAumdYD24rQTZhCwSUsisNYQ8T4jE1hkNKA+aDdJI+7oKexZhjSCBQVkuYifN9ImK/13PfSSZ/hrf7tZeJf3iDGScNNRBDFCAHPDqGQkB/SXIm0B6BjoQCRZcmBioByphgiKEEZ56kYp8UU0z6+nqb/k27FtGumc+2UWxfLZgrkmJyQM2KTOmmRK9ImHcLJjNyTB/JoJMaT8Wy8fI6uGMudI/IDxusHUfWUSA==</latexit>

+ · · ·
<latexit sha1_base64="o5lb/UYnkpYZnh70KjEsUfrQBmw=">AAACHnicbVC5TsNAFFxzE64AJc2KCIlDRHZAQIPE0dARJEKQkmA9bx5hxfrQ7jMSsvwPfAJfQQsVHaKFgn/BNim4phrNvHO8SElDtv1uDQwODY+Mjo2XJianpmfKs3NnJoy1wIYIVajPPTCoZIANkqTwPNIIvqew6V0f5n7zBrWRYXBKtxF2fOgF8lIKoExyy6ttH+hKgEr2U9feTdrFyERjN+25tfWeu0Frx8t0UVtJ3XLFrtoF+F/i9EmF9VF3yx/tbihiHwMSCoxpOXZEnQQ0SaEwLbVjgxGIa+hhK6MB+Gg6SXFAypdiAxTyCDWXihcifu9IwDfm1veyyvwD89vLxf+8VkyXO51EBlFMGIh8EUmFxSIjtMzCQt6VGokgvxy5DLgADUSoJQchMjHO0itleTi/v/9LzmpVZ6u6ebJZ2TvoJzPGFtgiW2YO22Z77IjVWYMJdsce2CN7su6tZ+vFev0qHbD6PfPsB6y3T08boh8=</latexit>

A0 = g2 � g3t+O(t2)

3. IR Divergences in massless theories

Dispersion relations at finite-t:

Caron-Huot,van’Duong’20



Bellazzini,Riembau,FR ’21

EFTs are Weakly Coupled
<latexit sha1_base64="Atwx8NnwOUvY3I+nhuFEIveY8hc=">AAAB9nicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGqCXRxhIT+UiAkL1lgA17e+funJEQ/oKtVnbG1r9j4X/xDq9Q8FUv781k3jw/UtKS6346uZXVtfWN/GZha3tnd6+4f9CwYWwE1kWoQtPyuUUlNdZJksJWZJAHvsKmP75O/eYDGitDfUeTCLsBH2o5kIJTKnU03veKJbfszsGWiZeREmSo9YpfnX4o4gA1CcWtbXtuRN0pNySFwlmhE1uMuBjzIbYTqnmAtjudZ52xk9hyClmEhknF5iL+3pjywNpJ4CeTAaeRXfRS8T+vHdPgsjuVOooJtUgPkVQ4P2SFkUkJyPrSIBFPkyOTmgluOBEaybgQiRgnrRSSPrzF75dJ46zsnZcrt5VS9SprJg9HcAyn4MEFVOEGalAHASN4gmd4cR6dV+fNef8ZzTnZziH8gfPxDcgVktA=</latexit>

6= Tree-Level:
always assumed in literature

<latexit sha1_base64="XLm6nLUMvgMR+XAkY3sKp1jbeLo=">AAACGXicbVC7TsNAEDyHVwivACXNiQiJyrIRAhokBA1lkEiClETW+rLAKWf7dLdGIJMv4BP4Clqo6BAtFQX/gm1S8JpqNLOr2Z1QK2nJ896dysTk1PRMdbY2N7+wuFRfXmnbJDUCWyJRiTkLwaKSMbZIksIzbRCiUGEnHB4VfucKjZVJfEo3GvsRXMTyXAqgXArqGz0NhiSogG6DjPa9UY/wmkyUDaTVLjeo3BEP6g3P9Urwv8QfkwYboxnUP3qDRKQRxiQUWNv1PU39rIgSCke1XmpRgxjCBXZzGkOEtp+V74z4RmqBEq7RcKl4KeL3jQwia2+iMJ+MgC7tb68Q//O6KZ3v9TMZ65QwFkUQSYVlkBVG5j0hH0iDRFBcjlzGXIABIjSSgxC5mObF1fI+/N/f/yXtLdffcbdPthsHh+NmqmyNrbNN5rNddsCOWZO1mGB37IE9sifn3nl2XpzXr9GKM95ZZT/gvH0C6VahAg==</latexit>

@t|t=0disp. rel.

<latexit sha1_base64="xLONWsthaezhoBEcNArlhkN6wTI=">AAAB83icbVBNS8NAFNzUr1q/qh69LBbBU0mkqBeh6MVjC9YW2lA229e6dLMJu2+FEvoLvOrJm3j1B3nwv5jEHLR1TsPMe7x5E8RSGHTdT6e0srq2vlHerGxt7+zuVfcP7k1kNYcOj2SkewEzIIWCDgqU0Is1sDCQ0A2mN5nffQRtRKTucBaDH7KJEmPBGaZS+2pYrbl1NwddJl5BaqRAa1j9GowibkNQyCUzpu+5MfoJ0yi4hHllYA3EjE/ZBPopVSwE4yd50Dk9sYZhRGPQVEiai/B7I2GhMbMwSCdDhg9m0cvE/7y+xfGlnwgVWwTFs0MoJOSHDNcibQDoSGhAZFlyoEJRzjRDBC0o4zwVbVpJJe3DW/x+mdyf1b3zeqPdqDWvi2bK5Igck1PikQvSJLekRTqEEyBP5Jm8ONZ5dd6c95/RklPsHJI/cD6+AS2CkU8=</latexit>=<latexit sha1_base64="8RXtKjXW/sMfR4grH8mUc6q/X9Q=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBIp6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoeZe1eqtebdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEXSRPQ==</latexit>

+
<latexit sha1_base64="w9VJ+9TzfwU21YpxUDbx0jGirJE=">AAACAHicbVC7TsNAEDyHVwivACXNiQgJCSmyQwSUETSUQSIPKXGs82VjTpwfulsjRVYavoIWKjpEy59Q8C/YxgUkTLOjmV3t7riRFBpN89MoLS2vrK6V1ysbm1vbO9Xdva4OY8Whw0MZqr7LNEgRQAcFSuhHCpjvSui591eZ33sApUUY3OI0AttnXiAmgjNMpZHnNPSoceI5p2lBp1oz62YOukisgtRIgbZT/RqOQx77ECCXTOuBZUZoJ0yh4BJmlWGsIWL8nnkwSGnAfNB2kl89o0exZhjSCBQVkuYi/J5ImK/11HfTTp/hnZ73MvE/bxDj5MJORBDFCAHPFqGQkC/SXIk0DqBjoQCRZZcDFQHlTDFEUIIyzlMxTvOppHlY898vkm6jbp3VmzfNWuuySKZMDsghOSYWOSctck3apEM4UeSJPJMX49F4Nd6M95/WklHM7JM/MD6+AfMmlio=</latexit>

g2s
2 + g3s

2t
<latexit sha1_base64="i22UICzp+TzxZleXUGa1UFrbtJ4=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud156LeuGvUmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9DXk/I=</latexit>

+ · · ·
<latexit sha1_base64="uOsIXwRhuQvaYE1ZFdd8whLWe4w=">AAACHnicbVC7TsNAEDzzDOEVoKQ5ESEhisi2EFBG0FAGiQSkOInWxyacOD90t0aKLP8Dn8BX0EJFh2ih4F9wHBe8phrN7Gp3xo+VNGTbH9bM7Nz8wmJlqbq8srq2XtvY7Jgo0QLbIlKRvvLBoJIhtkmSwqtYIwS+wkv/9nTiX96hNjIKL2gcYy+AUSiHUgDl0qC27w01iHQ0cPtuljqHXixzYvou9V1PRaOpTVlqskGtbjfsAvwvcUpSZyVag9qndx2JJMCQhAJjuo4dUy8FTVIozKpeYjAGcQsj7OY0hABNLy0yZXw3MUARj1FzqXgh4veNFAJjxoGfTwZAN+a3NxH/87oJDY97qQzjhDAUk0MkFRaHjNAyLwv5tdRIBJPPkcuQC9BAhFpyECIXk7y9at6H8zv9X9JxG85h4+D8oN48KZupsG22w/aYw45Yk52xFmszwe7ZI3tiz9aD9WK9Wm/T0Rmr3NliP2C9fwGC7KLt</latexit>

g22
16⇡2

s2t2 log
t

s

<latexit sha1_base64="n0ENhAcxNht3wmKPRfqdNFrsH4I="></latexit>
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Positive
Not Positive

…but bounded!
-1/2<  <1

<latexit sha1_base64="k4WJQFx8Tq5HJ3LmhO6AgvP68ag=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRBRtFQBlBQxkk8kBJFK0vm3DK+aG7NVJk+StooaJDtHwMBf+CbVxAwlSjmV3t7LihkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TRFpgSwQq0F0XDCrpY4skKeyGGsFzFXbc6XXmdx5RGxn4dzQLceDBxJdjKYBS6Z5O+y7o2CTDStWu2Tn4InEKUmUFmsPKV38UiMhDn4QCY3qOHdIgBk1SKEzK/chgCGIKE+yl1AcPzSDOAyf8ODJAAQ9Rc6l4LuLvjRg8Y2aem056QA9m3svE/7xeROPLQSz9MCL0RXaIpML8kBFapk0gH0mNRJAlRy59LkADEWrJQYhUjNJqymkfzvz3i6R9VnPOa/XberVxVTRTYofsiJ0wh12wBrthTdZignnsiT2zFyuxXq036/1ndMkqdg7YH1gf36iIlQE=</latexit>

t/s̄

<latexit sha1_base64="XqyUWqRqwe6jpi4BfCnlySTgD9Y=">AAACDXicbVC7TsNAEDzzJrwCVIjmRIREFdkoAkoeDSVIhESKLWt92YQT54fu1kiRZfEJfAUtVHSIlm+g4F+wTQogTDWa2dXOTpAoaci2P6yp6ZnZufmFxdrS8srqWn1949rEqRbYFrGKdTcAg0pG2CZJCruJRggDhZ3g9qz0O3eojYyjKxol6IUwjORACqBC8utb7kCDyNwQ6EaAyk5y386zob+f+/WG3bQr8EnijEmDjXHh1z/dfizSECMSCozpOXZCXgaapFCY19zUYALiFobYK2gEIRovq17I+W5qgGKeoOZS8UrEnxsZhMaMwqCYLKOav14p/uf1UhoceZmMkpQwEuUhkgqrQ0ZoWXSDvC81EkGZHLmMuAANRKglByEKMS3KqhV9OH+/nyTX+03noNm6bDWOT8fNLLBttsP2mMMO2TE7ZxeszQS7Z4/siT1bD9aL9Wq9fY9OWeOdTfYL1vsXm3icEQ==</latexit>
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4
<latexit sha1_base64="YLG6/5BdMQg0jkr5qb7YaWmiK8A=">AAACFnicbZC5TsNAEIbXnCFcBkqaVSIkGiI7iYCCIoKGMkjkkJIoGi+TsGJ9aHeMFFnueQSeghYqOkRLS8G74BwFBKb69P8zmpnfi5Q05Dif1sLi0vLKam4tv76xubVt7+w2TRhrgQ0RqlC3PTCoZIANkqSwHWkE31PY8u4uxn7rHrWRYXBNowh7PgwDOZACKJP6duGoO9AgkkqalNOzKQ/7la4Hmps0w3Lat4tOyZkU/wvuDIpsVvW+/dW9CUXsY0BCgTEd14mol4AmKRSm+W5sMAJxB0PsZBiAj6aXTH5J+UFsgEIeoeZS8YmIPycS8I0Z+V7W6QPdmnlvLP7ndWIanPYSGUQxYSDGi0gqnCwyQsssJOQ3UiMRjC9HLgMuQAMRaslBiEyMs9TyWR7u/Pd/oVkuucel6lW1WDufJZNj+6zADpnLTliNXbI6azDBHtgTe2Yv1qP1ar1Z79PWBWs2s8d+lfXxDaxTn0A=</latexit>

�3

2
<

g3s̄

g2

Lower bound from t=0 relies on       

<latexit sha1_base64="2DRmkx5If5CvZthp3K3F4C4SVFw=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrJReJQRNJRBIg+RWNH5sgmn3J2tuzVSZIWvoIWKDtHyLxT8C45xAQlTjWZ2tbMTRFJYdN1Pp7C0vLK6VlwvbWxube+Ud/daNowNhyYPZWg6AbMghYYmCpTQiQwwFUhoB+Ormd9+AGNFqG9xEoGv2EiLoeAMU+muJ8FaKxQ97ZcrbtXNQBeJl5MKydHol796g5DHCjRyyaztem6EfsIMCi5hWurFFiLGx2wE3ZRqpsD6SZZ4So9iyzCkERgqJM1E+L2RMGXtRAXppGJ4b+e9mfif141xeOEnQkcxguazQygkZIcsNyKtAuhAGEBks+RAhaacGYYIRlDGeSrGaTeltA9v/vtF0jqpemfV2k2tUr/MmymSA3JIjolHzkmdXJMGaRJONHkiz+TFeXRenTfn/We04OQ7++QPnI9v7qiVHQ==</latexit>. 5

Upper bound from t≈-0.5s   Loop effects small!

<latexit sha1_base64="Yqu4UR9CWAXwvDa4idJjxj326b8=">AAACH3icbVDJTgJBEO3BDXFDPXrpSExMSMgMIeiR6MUjJqIkDJCapsAOPUu6a0zIZD7CT/ArvOrJm/HKwX9xWA5u7/TqvapU1fMiJQ3Z9tTKrayurW/kNwtb2zu7e8X9g1sTxlpgS4Qq1G0PDCoZYIskKWxHGsH3FN5548uZf/eA2sgwuKFJhF0fRoEcSgGUSf1iuewONYik7qRJrZouilG/2qumiVN3I5kR1wPNTa/WL5bsij0H/0ucJSmxJZr94qc7CEXsY0BCgTEdx46om4AmKRSmBTc2GIEYwwg7GQ3AR9NN5k+l/CQ2QCGPUHOp+FzE7xMJ+MZMfC/r9IHuzW9vJv7ndWIanncTGUQxYSBmi0gqnC8yQsssLeQDqZEIZpcjlwEXoIEIteQgRCbGWXyFLA/n9/d/yW214tQrtetaqXGxTCbPjtgxO2UOO2MNdsWarMUEe2TP7IW9Wk/Wm/VufSxac9Zy5pD9gDX9AlNMohk=</latexit>

+
61

42

g22
16⇡2

s̄4

<latexit sha1_base64="MvtSOgbvtBXcH0ohQ/kzKL4KmKE=">AAACC3icdVC7SgNBFJ31bXxFLSxsBoNgFXaTkEfno7FUMEZIwnJ3ctXB2Qczd4Ww5BP8Clut7MTWj7DwX5yNEVT0VIdz7vMEiZKGXPfNmZqemZ2bX1gsLC2vrK4V1zfOTZxqgW0Rq1hfBGBQyQjbJEnhRaIRwkBhJ7g5yv3OLWoj4+iMhgn2Q7iK5KUUQFbyi1u9BDRJUD71QqBrASo7GPmuXyy5Za/uNio17pYbTa9arVviteqtaoV7ZXeMEpvgxC++9waxSEOMSCgwpuu5CfWzfLhQOCr0UoMJiBu4wq6lEYRo+tn4gRHfTQ1QzBPUXCo+FvF7RwahMcMwsJX5kea3l4t/ed2ULpv9TEZJShiJfBFJheNFRmhpk0E+kBqJIL8cuYy4AA1EqCUHIayY2qgKNo+vp/n/5LxiMyvXTmul/cNJMgtsm+2wPeaxBttnx+yEtZlgI3bPHtijc+c8Oc/Oy2fplDPp2WQ/4Lx+AIJCm4c=</latexit>

@tA0

<latexit sha1_base64="AEngL2GMngRHS/yvZgm0BLmAbI8="></latexit>

+�4t
2 log

�t

s̄
<latexit sha1_base64="EJah7USXlk3n6CnyP3Ye5dPzcJU=">AAAB+XicdVDLSsNAFJ34rPVVdelmsAiCEJKSvnZFNy4r2Ae0oUymt3Xo5MHMjVBCP8KtrtyJW7/Ghf9iEiuo6FkdzrmXe+7xIik0WtabsbK6tr6xWdgqbu/s7u2XDg67OowVhw4PZaj6HtMgRQAdFCihHylgvieh580uM793B0qLMLjBeQSuz6aBmAjOMJV650M+DlGPSmXLbDZq1UaTWqZdaVo1JyNOtV6xqG1aOcpkifao9D4chzz2IUAumdYD24rQTZhCwSUsisNYQ8T4jE1hkNKA+aDdJI+7oKexZhjSCBQVkuYifN9ImK/13PfSSZ/hrf7tZeJf3iDGScNNRBDFCAHPDqGQkB/SXIm0B6BjoQCRZcmBioByphgiKEEZ56kYp8UU0z6+nqb/k27FtGumc+2UWxfLZgrkmJyQM2KTOmmRK9ImHcLJjNyTB/JoJMaT8Wy8fI6uGMudI/IDxusHUfWUSA==</latexit>

+ · · ·
<latexit sha1_base64="o5lb/UYnkpYZnh70KjEsUfrQBmw=">AAACHnicbVC5TsNAFFxzE64AJc2KCIlDRHZAQIPE0dARJEKQkmA9bx5hxfrQ7jMSsvwPfAJfQQsVHaKFgn/BNim4phrNvHO8SElDtv1uDQwODY+Mjo2XJianpmfKs3NnJoy1wIYIVajPPTCoZIANkqTwPNIIvqew6V0f5n7zBrWRYXBKtxF2fOgF8lIKoExyy6ttH+hKgEr2U9feTdrFyERjN+25tfWeu0Frx8t0UVtJ3XLFrtoF+F/i9EmF9VF3yx/tbihiHwMSCoxpOXZEnQQ0SaEwLbVjgxGIa+hhK6MB+Gg6SXFAypdiAxTyCDWXihcifu9IwDfm1veyyvwD89vLxf+8VkyXO51EBlFMGIh8EUmFxSIjtMzCQt6VGokgvxy5DLgADUSoJQchMjHO0itleTi/v/9LzmpVZ6u6ebJZ2TvoJzPGFtgiW2YO22Z77IjVWYMJdsce2CN7su6tZ+vFev0qHbD6PfPsB6y3T08boh8=</latexit>

A0 = g2 � g3t+O(t2)

3. IR Divergences in massless theories

Dispersion relations at finite-t:

Caron-Huot,van’Duong’20


