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Strongly-interacting, a.k.a. composite, top quark
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Since its discovery (CDF, D0 ’95) we know the top is not a composite like e.g. the proton.

<latexit sha1_base64="lNpVo8UFt7FFDCUHLIHVTUfKtA0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3O+M+Q==</latexit>q

<latexit sha1_base64="/XGiWt6mcSnvQ1kQq7qhPSVLi/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB22uM+A==</latexit>p<latexit sha1_base64="/XGiWt6mcSnvQ1kQq7qhPSVLi/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB22uM+A==</latexit>p

Compositeness scale of order of the particle’s mass.

<latexit sha1_base64="fNgZrnnHXPtL1TcccUE/Q5UvDjs=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBPJRdUfRY9OKxgrWF7rJk02wbmmRDkhVK6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzEsWZsb7/7ZVWVtfWN8qbla3tnd296v7Bo8lyTWiLZDzTnQQbypmkLcsspx2lKRYJp+1keDv1209UG5bJBztSNBK4L1nKCLZOCkV8hkLDBBKxiqs1v+7PgJZJUJAaFGjG1a+wl5FcUGkJx8Z0A1/ZaIy1ZYTTSSXMDVWYDHGfdh2VWFATjWc3T9CJU3oozbQradFM/T0xxsKYkUhcp8B2YBa9qfif181teh2NmVS5pZLMF6U5RzZD0wBQj2lKLB85golm7lZEBlhjYl1MFRdCsPjyMnk8rweXdf/+ota4KeIowxEcwykEcAUNuIMmtICAgmd4hTcv9168d+9j3lryiplD+APv8wcQqJEN</latexit>m⇤ ⇠ mp

<latexit sha1_base64="KvNsGynIUM8jvfPpwszqtyI5Y5g=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQPZRdUfRY9OKxgv2A7lpm02wbmmSXJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdULQlDNJm4YZTjuJoiBCTtvh6Hbqt5+o0iyWD2ac0EDAQLKIETBW8v0BCAGPWfXsdNIrV9yaOwNeJl5OKihHo1f+8vsxSQWVhnDQuuu5iQkyUIYRTiclP9U0ATKCAe1aKkFQHWSzmyf4xCp9HMXKljR4pv6eyEBoPRah7RRghnrRm4r/ed3URNdBxmSSGirJfFGUcmxiPA0A95mixPCxJUAUs7diMgQFxNiYSjYEb/HlZdI6r3mXNff+olK/yeMooiN0jKrIQ1eoju5QAzURQQl6Rq/ozUmdF+fd+Zi3Fpx85hD9gfP5AzngkSY=</latexit>
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<latexit sha1_base64="e+ctDPW5kr60NfxGWHJ7ZMnIfLQ="></latexit>
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<latexit sha1_base64="STTvsFeDZyWG2Es/uSuZtdOGD+w=">AAACCnicbVDLSgMxFM3UV62vqks30SK0i5ZJEXUjFAVxZwX7gD6GTJppQ5OZaZIRytC1G3/FjQtF3PoF7vwb08dCWw9cOJxzL/fe44acKW3b31ZiaXlldS25ntrY3NreSe/uVVUQSUIrJOCBrLtYUc58WtFMc1oPJcXC5bTm9q/Gfu2BSsUC/14PQ9oSuOszjxGsjeSkD68dlB20i7CpmKADmBdO2C7mYB4ieAFvsyjnpDN2wZ4ALhI0IxkwQ9lJfzU7AYkE9TXhWKkGskPdirHUjHA6SjUjRUNM+rhLG4b6WFDViievjOCxUTrQC6QpX8OJ+nsixkKpoXBNp8C6p+a9sfif14i0d96KmR9GmvpkusiLONQBHOcCO0xSovnQEEwkM7dC0sMSE23SS5kQ0PzLi6RaLKDTQvHuJFO6nMWRBAfgCGQBAmegBG5AGVQAAY/gGbyCN+vJerHerY9pa8KazeyDP7A+fwA5AZbE</latexit>
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<latexit sha1_base64="PTueHpfBGF4t3T3U0nuOuQZdzLU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMgHsKuKHoMevEYwZjAZllmJ7PJkHksM71CCPkMLx4U8erXePNvnCR70MSChqKqm+6uJBPcgu9/e6WV1bX1jfJmZWt7Z3evun/waHVuKGtRLbTpJMQywRVrAQfBOplhRCaCtZPh7dRvPzFjuVYPMMpYJElf8ZRTAk4KZQy4KwSW8Vlcrfl1fwa8TIKC1FCBZlz96vY0zSVTQAWxNgz8DKIxMcCpYJNKN7csI3RI+ix0VBHJbDSenTzBJ07p4VQbVwrwTP09MSbS2pFMXKckMLCL3lT8zwtzSK+jMVdZDkzR+aI0Fxg0nv6Pe9wwCmLkCKGGu1sxHRBDKLiUKi6EYPHlZfJ4Xg8u6/79Ra1xU8RRRkfoGJ2iAF2hBrpDTdRCFGn0jF7Rmwfei/fufcxbS14xc4j+wPv8AUSkkJY=</latexit>

mt ⌧ m⇤

Effective Field Theory (EFT) approach best suited to describe top compositeness.

<latexit sha1_base64="zLo1LNeFB+fV+WRhc9V+zZ3TMDA=">AAACIHicbVC7TsMwFHV4lvAKMLJYVCAWqgSByljBwsBQEH1ITYgc12mtOk6wHaQq6qew8CssDCAEG3wNTlvxaDmSpaNz7tX1OUHCqFS2/WHMzM7NLywWlszlldW1dWtjsy7jVGBSwzGLRTNAkjDKSU1RxUgzEQRFASONoHeW+407IiSN+bXqJ8SLUIfTkGKktORbZeVfwT1XxZDcZBS6iCVdNIC56rrmrX/xbR78uFr2raJdsoeA08QZkyIYo+pb7247xmlEuMIMSdly7ER5GRKKYkYGpptKkiDcQx3S0pSjiEgvGwYcwF2ttGEYC/24gkP190aGIin7UaAnI6S6ctLLxf+8VqrCEy+jPEkV4Xh0KEwZ1JHztmCbCoIV62uCsKD6rxB3kUBY6U5NXYIzGXma1A9LznHJvjwqVk7HdRTANtgB+8ABZVAB56AKagCDe/AInsGL8WA8Ga/G22h0xhjvbIE/MD6/AFWuoTw=</latexit>

tR ! ei↵tR

qL ! e�i↵qL

(Georgi et al. ’94)<latexit sha1_base64="Z2IgTIYLKbeayOmL0sEp56txc3s=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgopREFN0IRTcuXFSxD2hCmEwn7dDJw5kbsYT+ihsXirj1R9z5N07bLLT1wIXDOfdy7z1+IrgCy/o2CkvLK6trxfXSxubW9o65W26pOJWUNWksYtnxiWKCR6wJHATrJJKR0Bes7Q+vJn77kUnF4+geRglzQ9KPeMApAS15ZtlJFMcXGLy7Knaq+MG78cyKVbOmwIvEzkkF5Wh45pfTi2kasgioIEp1bSsBNyMSOBVsXHJSxRJCh6TPuppGJGTKzaa3j/GhVno4iKWuCPBU/T2RkVCpUejrzpDAQM17E/E/r5tCcO5mPEpSYBGdLQpSgSHGkyBwj0tGQYw0IVRyfSumAyIJBR1XSYdgz7+8SFrHNfu0Zt2eVOqXeRxFtI8O0BGy0Rmqo2vUQE1E0RN6Rq/ozRgbL8a78TFrLRj5zB76A+PzB2rxkr0=</latexit>
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<latexit sha1_base64="2v5PO7VxOo4OvZVfhGoE1a/kkf8=">AAACLnicbZDLSgMxFIYz9VbrbdSlm2ARXJQyUxVdFq3isoK9QKcdMmnahiaZIckIZegTufFVdCGoiFsfw0zbhbYeCPzn+3NIzh9EjCrtOG9WZml5ZXUtu57b2Nza3rF39+oqjCUmNRyyUDYDpAijgtQ01Yw0I0kQDxhpBMOr1G88EKloKO71KCJtjvqC9ihG2iDfvq50TnyPxxB6inJY6ZRgJe0L0CukSsTT3jhGT2gf3vhJigwYT7lv552iMym4KNyZyINZVX37xeuGOOZEaMyQUi3XiXQ7QVJTzMg458WKRAgPUZ+0jBSIE9VOJuuO4ZEhXdgLpTlCwwn9PZEgrtSIB+YmR3qg5r0U/ue1Yt27aCdURLEmAk8f6sUM6hCm2cEulQRrNjICYUnNXyEeIImwNgnnTAju/MqLol4qumdF5+40X76cxZEFB+AQHAMXnIMyuAVVUAMYPIJn8A4+rCfr1fq0vqZXM9ZsZh/8Kev7B4EppTs=</latexit>
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<latexit sha1_base64="NlT7SiHGGZsU0p0u01ZmmTW8AYw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A9ol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRthQziRtWWY57SpNsYg47USTu9zvPFFtWCIf7VTRUOCRZDEj2OZSXxk2qNb8uj8HWiVBQWpQoDmofvWHCUkFlZZwbEwv8JUNM6wtI5zOKv3UUIXJBI9oz1GJBTVhNr91hs6cMkRxol1Ji+bq74kMC2OmInKdAtuxWfZy8T+vl9r4JsyYVKmlkiwWxSlHNkH542jINCWWTx3BRDN3KyJjrDGxLp6KCyFYfnmVtC/qwVXdf7isNW6LOMpwAqdwDgFcQwPuoQktIDCGZ3iFN094L96797FoLXnFzDH8gff5AyWRjk4=</latexit>

 

<latexit sha1_base64="NlT7SiHGGZsU0p0u01ZmmTW8AYw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A9ol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRthQziRtWWY57SpNsYg47USTu9zvPFFtWCIf7VTRUOCRZDEj2OZSXxk2qNb8uj8HWiVBQWpQoDmofvWHCUkFlZZwbEwv8JUNM6wtI5zOKv3UUIXJBI9oz1GJBTVhNr91hs6cMkRxol1Ji+bq74kMC2OmInKdAtuxWfZy8T+vl9r4JsyYVKmlkiwWxSlHNkH542jINCWWTx3BRDN3KyJjrDGxLp6KCyFYfnmVtC/qwVXdf7isNW6LOMpwAqdwDgFcQwPuoQktIDCGZ3iFN094L96797FoLXnFzDH8gff5AyWRjk4=</latexit>

 
<latexit sha1_base64="NlT7SiHGGZsU0p0u01ZmmTW8AYw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A9ol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRthQziRtWWY57SpNsYg47USTu9zvPFFtWCIf7VTRUOCRZDEj2OZSXxk2qNb8uj8HWiVBQWpQoDmofvWHCUkFlZZwbEwv8JUNM6wtI5zOKv3UUIXJBI9oz1GJBTVhNr91hs6cMkRxol1Ji+bq74kMC2OmInKdAtuxWfZy8T+vl9r4JsyYVKmlkiwWxSlHNkH542jINCWWTx3BRDN3KyJjrDGxLp6KCyFYfnmVtC/qwVXdf7isNW6LOMpwAqdwDgFcQwPuoQktIDCGZ3iFN094L96797FoLXnFzDH8gff5AyWRjk4=</latexit>
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<latexit sha1_base64="NlT7SiHGGZsU0p0u01ZmmTW8AYw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A9ol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRthQziRtWWY57SpNsYg47USTu9zvPFFtWCIf7VTRUOCRZDEj2OZSXxk2qNb8uj8HWiVBQWpQoDmofvWHCUkFlZZwbEwv8JUNM6wtI5zOKv3UUIXJBI9oz1GJBTVhNr91hs6cMkRxol1Ji+bq74kMC2OmInKdAtuxWfZy8T+vl9r4JsyYVKmlkiwWxSlHNkH542jINCWWTx3BRDN3KyJjrDGxLp6KCyFYfnmVtC/qwVXdf7isNW6LOMpwAqdwDgFcQwPuoQktIDCGZ3iFN094L96797FoLXnFzDH8gff5AyWRjk4=</latexit>

 

<latexit sha1_base64="NlT7SiHGGZsU0p0u01ZmmTW8AYw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A9ol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRthQziRtWWY57SpNsYg47USTu9zvPFFtWCIf7VTRUOCRZDEj2OZSXxk2qNb8uj8HWiVBQWpQoDmofvWHCUkFlZZwbEwv8JUNM6wtI5zOKv3UUIXJBI9oz1GJBTVhNr91hs6cMkRxol1Ji+bq74kMC2OmInKdAtuxWfZy8T+vl9r4JsyYVKmlkiwWxSlHNkH542jINCWWTx3BRDN3KyJjrDGxLp6KCyFYfnmVtC/qwVXdf7isNW6LOMpwAqdwDgFcQwPuoQktIDCGZ3iFN094L96797FoLXnFzDH8gff5AyWRjk4=</latexit>

 

<latexit sha1_base64="InfjlgUYMSjqhpbO79iHkeL9g0Q=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBCih7Arih6jXjxGMA9I1jA76SRDZmeXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+6uIBZcG9f9dpaWV1bX1nMb+c2t7Z3dwt5+XUeJYlhjkYhUM6AaBZdYM9wIbMYKaRgIbATD24nfeEKleSQfzChGP6R9yXucUWOlxvVjWjo9GXcKRbfsTkEWiZeRImSodgpf7W7EkhClYYJq3fLc2PgpVYYzgeN8O9EYUzakfWxZKmmI2k+n547JsVW6pBcpW9KQqfp7IqWh1qMwsJ0hNQM9703E/7xWYnpXfsplnBiUbLaolwhiIjL5nXS5QmbEyBLKFLe3EjagijJjE8rbELz5lxdJ/azsXZTd+/Ni5SaLIweHcAQl8OASKnAHVagBgyE8wyu8ObHz4rw7H7PWJSebOYA/cD5/ADjijtY=</latexit>

A(⇤)

Two distinct types of non-standard effects.
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<latexit sha1_base64="PTueHpfBGF4t3T3U0nuOuQZdzLU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMgHsKuKHoMevEYwZjAZllmJ7PJkHksM71CCPkMLx4U8erXePNvnCR70MSChqKqm+6uJBPcgu9/e6WV1bX1jfJmZWt7Z3evun/waHVuKGtRLbTpJMQywRVrAQfBOplhRCaCtZPh7dRvPzFjuVYPMMpYJElf8ZRTAk4KZQy4KwSW8Vlcrfl1fwa8TIKC1FCBZlz96vY0zSVTQAWxNgz8DKIxMcCpYJNKN7csI3RI+ix0VBHJbDSenTzBJ07p4VQbVwrwTP09MSbS2pFMXKckMLCL3lT8zwtzSK+jMVdZDkzR+aI0Fxg0nv6Pe9wwCmLkCKGGu1sxHRBDKLiUKi6EYPHlZfJ4Xg8u6/79Ra1xU8RRRkfoGJ2iAF2hBrpDTdRCFGn0jF7Rmwfei/fufcxbS14xc4j+wPv8AUSkkJY=</latexit>

mt ⌧ m⇤

Effective Field Theory (EFT) approach best suited to describe top compositeness.
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<latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit>

t
<latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit><latexit sha1_base64="l+MdhfFlEjVcYqVUvKQQvZBwXVY=">AAAB53icbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7E6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpDj5PZKLbITMghQIfBUpopxpYHEpohaPbqd96Am1Eou5xnEIQs4ESkeAMrdTEXqXq1twZ6DLxClIlBRq9yle3n/AsBoVcMmM6nptikDONgkuYlLuZgZTxERtAx1LFYjBBPjt0Qk+t0qdRom0ppDP190TOYmPGcWg7Y4ZDs+hNxf+8TobRVZALlWYIis8XRZmkmNDp17QvNHCUY0sY18LeSvmQacbRZlO2IXiLLy8T/7x2XfOaF9X6TZFGiRyTE3JGPHJJ6uSONIhPOAHyTF7Jm/PovDjvzse8dcUpZo7IHzifP06TjMw=</latexit>

Most genuine consequence of top compositeness: strong 4-top scattering.

<latexit sha1_base64="+Jj8TPrq22VDQhNUpcFrs5oAvUw=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARxEWZKYoui25cVrAP6IxDJs20oUlmSDJCGerGX3HjQhG3/oU7/8ZMOwttPXAvh3PuJbknTBhV2nG+rdLS8srqWnm9srG5tb1j7+61VZxKTFo4ZrHshkgRRgVpaaoZ6SaSIB4y0glH17nfeSBS0Vjc6XFCfI4GgkYUI22kwD7AQeYlisK8TaCnKIeD4PS+HthVp+ZMAReJW5AqKNAM7C+vH+OUE6ExQ0r1XCfRfoakppiRScVLFUkQHqEB6RkqECfKz6YXTOCxUfowiqUpoeFU/b2RIa7UmIdmkiM9VPNeLv7n9VIdXfoZFUmqicCzh6KUQR3DPA7Yp5JgzcaGICyp+SvEQyQR1ia0ignBnT95kbTrNfe85tyeVRtXRRxlcAiOwAlwwQVogBvQBC2AwSN4Bq/gzXqyXqx362M2WrKKnX3wB9bnD1+Pli4=</latexit>

c  ⇠ g2⇤

Enhanced in strongly-coupled theories            ; energy growing effects.
<latexit sha1_base64="1ReYQ5tMVXL3pnaYSjHGM0dtY8M=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREFD0WvXisYD+kDWWz3aRLdzdhdyOU0F/hxYMiXv053vw3btMctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8e3M7zxRpVksH8wkob7AkWQhI9hY6TEanKF+FCFvUK25dTcHWiZeQWpQoDmofvWHMUkFlYZwrHXPcxPjZ1gZRjidVvqppgkmYxzRnqUSC6r9LD94ik6sMkRhrGxJg3L190SGhdYTEdhOgc1IL3oz8T+vl5rw2s+YTFJDJZkvClOOTIxm36MhU5QYPrEEE8XsrYiMsMLE2IwqNgRv8eVl0j6ve5d19/6i1rgp4ijDERzDKXhwBQ24gya0gICAZ3iFN0c5L8678zFvLTnFzCH8gfP5Az76j2M=</latexit>

g⇤ � 1

<latexit sha1_base64="z4qLgAHByoQazPtD5kpmGVWjaJ0=">AAACG3icbVBNS8MwGE7n15xfVY9egkMQD6Mdih6HXrwIE9wHrLWkWbqFJW1JUmGU/g8v/hUvHhTxJHjw35h2PejmC8n78DzvS/I8fsyoVJb1bVSWlldW16rrtY3Nre0dc3evK6NEYNLBEYtE30eSMBqSjqKKkX4sCOI+Iz1/cpXrvQciJI3COzWNicvRKKQBxUhpyjObDkdqjBFLbzIvdWJJYX5l0JGUQycQCKcj7+S+maW8aFB6Zt1qWEXBRWCXoA7KanvmpzOMcMJJqDBDUg5sK1ZuioSimJGs5iSSxAhP0IgMNAwRJ9JNC28ZPNLMEAaR0CdUsGB/b6SISznlvp7Mnch5LSf/0waJCi7clIZxokiIZw8FCYMqgnlQcEgFwYpNNUBYUP1XiMdI56F0nDUdgj1veRF0mw37rGHdntZbl2UcVXAADsExsME5aIFr0AYdgMEjeAav4M14Ml6Md+NjNloxyp198KeMrx/pzqFL</latexit>

M  ⇠ g2⇤
m2

⇤
s

chiral Top effective compositeness

g
<latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit><latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit><latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit><latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit>

<latexit sha1_base64="9Z8igABDVRowDnWVq2yLinGSziU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVi+gmmC/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9y2rt/qJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/MPaO4g==</latexit>

t̄

<latexit sha1_base64="9Z8igABDVRowDnWVq2yLinGSziU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVi+gmmC/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9y2rt/qJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/MPaO4g==</latexit>

t̄



<latexit sha1_base64="a0p16/si0Y2ZrhuNsjh0nzO9vWk="></latexit>

M̂  ⇠ ĉ  
m4

⇤
s2

<latexit sha1_base64="gu3bTxdmR4+tXrjWKBkrSkuaNw8="></latexit>

ĉ  
m4

⇤
(@⌫ ̄�

µ )( ̄�µ@
⌫ )

5

Goldstino effective compositeness

<latexit sha1_base64="ObZgFEksF3FrVT6XqRyEyv2QGP0="></latexit>

 !  + ⇠ + i( †�̄⇠ � ⇠†�̄ )@ 

<latexit sha1_base64="6UN6BO1Hwo3VCTCmt8QSFZ2Q0P8=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRZBPJTdIuqx6MVjBfsB3bVk02wbmmSXJKuUpf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2Ho5up336kSrNY3ptxQgOBB5JFjGBjpQfR8xPNkM85Er2zXrniVt0Z0DLxclKBHI1e+cvvxyQVVBrCsdZdz01MkGFlGOF0UvJTTRNMRnhAu5ZKLKgOstnVE3RilT6KYmVLGjRTf09kWGg9FqHtFNgM9aI3Ff/zuqmJroKMySQ1VJL5oijlyMRoGgHqM0WJ4WNLMFHM3orIECtMjA2qZEPwFl9eJq1a1buo1u7OK/XrPI4iHMExnIIHl1CHW2hAEwgoeIZXeHOenBfn3fmYtxacfOYQ/sD5/AGV45Hr</latexit>

m ⌧ m⇤

<latexit sha1_base64="NlT7SiHGGZsU0p0u01ZmmTW8AYw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A9ol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRthQziRtWWY57SpNsYg47USTu9zvPFFtWCIf7VTRUOCRZDEj2OZSXxk2qNb8uj8HWiVBQWpQoDmofvWHCUkFlZZwbEwv8JUNM6wtI5zOKv3UUIXJBI9oz1GJBTVhNr91hs6cMkRxol1Ji+bq74kMC2OmInKdAtuxWfZy8T+vl9r4JsyYVKmlkiwWxSlHNkH542jINCWWTx3BRDN3KyJjrDGxLp6KCyFYfnmVtC/qwVXdf7isNW6LOMpwAqdwDgFcQwPuoQktIDCGZ3iFN094L96797FoLXnFzDH8gff5AyWRjk4=</latexit>

 

<latexit sha1_base64="NlT7SiHGGZsU0p0u01ZmmTW8AYw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A9ol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRthQziRtWWY57SpNsYg47USTu9zvPFFtWCIf7VTRUOCRZDEj2OZSXxk2qNb8uj8HWiVBQWpQoDmofvWHCUkFlZZwbEwv8JUNM6wtI5zOKv3UUIXJBI9oz1GJBTVhNr91hs6cMkRxol1Ji+bq74kMC2OmInKdAtuxWfZy8T+vl9r4JsyYVKmlkiwWxSlHNkH542jINCWWTx3BRDN3KyJjrDGxLp6KCyFYfnmVtC/qwVXdf7isNW6LOMpwAqdwDgFcQwPuoQktIDCGZ3iFN094L96797FoLXnFzDH8gff5AyWRjk4=</latexit>

 
<latexit sha1_base64="NlT7SiHGGZsU0p0u01ZmmTW8AYw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A9ol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRthQziRtWWY57SpNsYg47USTu9zvPFFtWCIf7VTRUOCRZDEj2OZSXxk2qNb8uj8HWiVBQWpQoDmofvWHCUkFlZZwbEwv8JUNM6wtI5zOKv3UUIXJBI9oz1GJBTVhNr91hs6cMkRxol1Ji+bq74kMC2OmInKdAtuxWfZy8T+vl9r4JsyYVKmlkiwWxSlHNkH542jINCWWTx3BRDN3KyJjrDGxLp6KCyFYfnmVtC/qwVXdf7isNW6LOMpwAqdwDgFcQwPuoQktIDCGZ3iFN094L96797FoLXnFzDH8gff5AyWRjk4=</latexit>

 

<latexit sha1_base64="NlT7SiHGGZsU0p0u01ZmmTW8AYw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A9ol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRthQziRtWWY57SpNsYg47USTu9zvPFFtWCIf7VTRUOCRZDEj2OZSXxk2qNb8uj8HWiVBQWpQoDmofvWHCUkFlZZwbEwv8JUNM6wtI5zOKv3UUIXJBI9oz1GJBTVhNr91hs6cMkRxol1Ji+bq74kMC2OmInKdAtuxWfZy8T+vl9r4JsyYVKmlkiwWxSlHNkH542jINCWWTx3BRDN3KyJjrDGxLp6KCyFYfnmVtC/qwVXdf7isNW6LOMpwAqdwDgFcQwPuoQktIDCGZ3iFN094L96797FoLXnFzDH8gff5AyWRjk4=</latexit>

 

(Liu, Pomarol, Rattazzi, Riva ’16)

Coefficients theoretically constrained by unitarity, locality and causality of UV completion.
(Bellazzini, Riva, JS, Sgarlata ’17)

<latexit sha1_base64="JHfAAYbIh6zkT2VBX2xevCWvC6o=">AAAB/3icbVDLSgMxFL3js9bXqODGTbAIrspMEXUlRTcuK9gHdIaSSTNtaCYzJBmhjF34K25cKOLW33Dn35hpZ6GtBxIO59xLTk6QcKa043xbS8srq2vrpY3y5tb2zq69t99ScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6yf32A5WKxeJejxPqR3ggWMgI1kbq2YfeEGtEepmXKIbya4KukNOzK07VmQItErcgFSjQ6NlfXj8maUSFJhwr1XWdRPsZlpoRTidlL1U0wWSEB7RrqMARVX42zT9BJ0bpozCW5giTJld/b2Q4UmocBWYywnqo5r1c/M/rpjq89DMmklRTQWYPhSlHOkZ5GajPJCWajw3BRDKTFZEhlphoU1nZlODOf3mRtGpV97xauzur1K+LOkpwBMdwCi5cQB1uoQFNIPAIz/AKb9aT9WK9Wx+z0SWr2DmAP7A+fwCBhpUf</latexit>

ĉ  > 0



Figure 1:

1 A

1

<latexit sha1_base64="QiauQIFFpoPwTNifvIlRi8fn/uc="></latexit>c  
m2

⇤
( ̄�µ )

2

6

<latexit sha1_base64="PTueHpfBGF4t3T3U0nuOuQZdzLU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMgHsKuKHoMevEYwZjAZllmJ7PJkHksM71CCPkMLx4U8erXePNvnCR70MSChqKqm+6uJBPcgu9/e6WV1bX1jfJmZWt7Z3evun/waHVuKGtRLbTpJMQywRVrAQfBOplhRCaCtZPh7dRvPzFjuVYPMMpYJElf8ZRTAk4KZQy4KwSW8Vlcrfl1fwa8TIKC1FCBZlz96vY0zSVTQAWxNgz8DKIxMcCpYJNKN7csI3RI+ix0VBHJbDSenTzBJ07p4VQbVwrwTP09MSbS2pFMXKckMLCL3lT8zwtzSK+jMVdZDkzR+aI0Fxg0nv6Pe9wwCmLkCKGGu1sxHRBDKLiUKi6EYPHlZfJ4Xg8u6/79Ra1xU8RRRkfoGJ2iAF2hBrpDTdRCFGn0jF7Rmwfei/fufcxbS14xc4j+wPv8AUSkkJY=</latexit>

mt ⌧ m⇤

Effective Field Theory (EFT) approach best suited to describe top compositeness.

<latexit sha1_base64="zLo1LNeFB+fV+WRhc9V+zZ3TMDA=">AAACIHicbVC7TsMwFHV4lvAKMLJYVCAWqgSByljBwsBQEH1ITYgc12mtOk6wHaQq6qew8CssDCAEG3wNTlvxaDmSpaNz7tX1OUHCqFS2/WHMzM7NLywWlszlldW1dWtjsy7jVGBSwzGLRTNAkjDKSU1RxUgzEQRFASONoHeW+407IiSN+bXqJ8SLUIfTkGKktORbZeVfwT1XxZDcZBS6iCVdNIC56rrmrX/xbR78uFr2raJdsoeA08QZkyIYo+pb7247xmlEuMIMSdly7ER5GRKKYkYGpptKkiDcQx3S0pSjiEgvGwYcwF2ttGEYC/24gkP190aGIin7UaAnI6S6ctLLxf+8VqrCEy+jPEkV4Xh0KEwZ1JHztmCbCoIV62uCsKD6rxB3kUBY6U5NXYIzGXma1A9LznHJvjwqVk7HdRTANtgB+8ABZVAB56AKagCDe/AInsGL8WA8Ga/G22h0xhjvbIE/MD6/AFWuoTw=</latexit>

tR ! ei↵tR

qL ! e�i↵qL

(Georgi et al. ’94)<latexit sha1_base64="Z2IgTIYLKbeayOmL0sEp56txc3s=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgopREFN0IRTcuXFSxD2hCmEwn7dDJw5kbsYT+ihsXirj1R9z5N07bLLT1wIXDOfdy7z1+IrgCy/o2CkvLK6trxfXSxubW9o65W26pOJWUNWksYtnxiWKCR6wJHATrJJKR0Bes7Q+vJn77kUnF4+geRglzQ9KPeMApAS15ZtlJFMcXGLy7Knaq+MG78cyKVbOmwIvEzkkF5Wh45pfTi2kasgioIEp1bSsBNyMSOBVsXHJSxRJCh6TPuppGJGTKzaa3j/GhVno4iKWuCPBU/T2RkVCpUejrzpDAQM17E/E/r5tCcO5mPEpSYBGdLQpSgSHGkyBwj0tGQYw0IVRyfSumAyIJBR1XSYdgz7+8SFrHNfu0Zt2eVOqXeRxFtI8O0BGy0Rmqo2vUQE1E0RN6Rq/ozRgbL8a78TFrLRj5zB76A+PzB2rxkr0=</latexit>

 = tR, qL
<latexit sha1_base64="l56CzftlriPKZYJxpp+hpSNRXt8="></latexit>c D
m2

⇤
 ̄D3

µ�
µ 

In physical processes, always involve other SM particles (equations of motion).

Not enhanced at strong coupling; other fields complicate top-compositeness interpretation.

<latexit sha1_base64="R1JLKDsLzpRvhsKGs+iqTpqsYVk=">AAACH3icbVDLTgIxFO3gC/GFunTTSExgQ2aIryVRFywxESRhgNwpZWhoZyZtx4QQ/sSNv+LGhcYYd/yNZZiFgie5yek596b3Hi/iTGnbnlmZtfWNza3sdm5nd2//IH941FRhLAltkJCHsuWBopwFtKGZ5rQVSQrC4/TRG93O/ccnKhULgwc9jmhHgB+wASOgjdTLX/rdCi7iWtftg+9Tie96rohxDZdw0fVAYjdSDLs+CAHduZO8S718wS7bCfAqcVJSQCnqvfy32w9JLGigCQel2o4d6c4EpGaE02nOjRWNgIzAp21DAxBUdSbJfVN8ZpQ+HoTSVKBxov6emIBQaiw80ylAD9WyNxf/89qxHlx3JiyIYk0DsvhoEHOsQzwPC/eZpETzsSFAJDO7YjIECUSbSHMmBGf55FXSrJSdi7J9f16o3qRxZNEJOkVF5KArVEU1VEcNRNAzekXv6MN6sd6sT+tr0Zqx0plj9AfW7AdNLKAV</latexit>

g
2(H†

DµH)( ̄�µ )
<latexit sha1_base64="4ZS8pUTrtZRC6rn4HgOgLEB320s=">AAACIXicbVBNT8JAEN36ifhV9ehlIzGBC2mJRo5ELx4xkY+EApkuW9iw2za7WxNC+Cte/CtePGgMN+OfcSk9KPhOb96bycw8P+ZMacf5sjY2t7Z3dnN7+f2Dw6Nj++S0qaJEEtogEY9k2wdFOQtpQzPNaTuWFITPacsf3y381hOVikXho57EtCtgGLKAEdBG6tvVYa+Ci9jzQeIAe0MQAvqeSExRwsVU9mLFMqe3cNK61LcLTtlJgdeJm5ECylDv23NvEJFE0FATDkp1XCfW3SlIzQins7yXKBoDGcOQdgwNQVDVnaYfzvClUQY4iMyRUahxqv6emIJQaiJ80ylAj9SqtxD/8zqJDqrdKQvjRNOQLBcFCcc6wou48IBJSjSfGAJEMnMrJiOQQLQJNW9CcFdfXifNStm9LjsPV4XabRZHDp2jC1RELrpBNXSP6qiBCHpGr+gdfVgv1pv1ac2XrRtWNnOG/sD6/gEbkKEN</latexit>

g2(f̄�µf)( ̄�
µ )

<latexit sha1_base64="A4kPs0g7o6DOHOdqsmi+j7bHvlw=">AAACHXicbZDNSgMxFIUz/lv/Rl26CRbBhZQZUXQpCuLChYrVQmccMmnahiaZMbkjDENfxI2v4saFIi7ciG9jWgtq64HAx7n3cnNPnApuwPM+nbHxicmp6ZnZ0tz8wuKSu7xyZZJMU1aliUh0LSaGCa5YFTgIVks1IzIW7DruHPXq13dMG56oS8hTFkrSUrzJKQFrRe5OC+cR4GALBzHR+DY6xSc4MLwlSVQEMsOByrr4+OaHIbqI3LJX8frCo+APoIwGOovc96CR0EwyBVQQY+q+l0JYEA2cCtYtBZlhKaEd0mJ1i4pIZsKif10Xb1ingZuJtk8B7ru/JwoijcllbDslgbYZrvXM/2r1DJr7YcFVmgFT9HtRMxMYEtyLCje4ZhREboFQze1fMW0TTSjYQEs2BH/45FG42q74uxXvfKd8cDiIYwatoXW0iXy0hw7QCTpDVUTRPXpEz+jFeXCenFfn7bt1zBnMrKI/cj6+APmEoKY=</latexit>

gyt q̄LH�µ⌫F
µ⌫
tR

<latexit sha1_base64="DDkZCc9vubSl8HI+G3jhnBtjr6w=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD0WvXisYD+wDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1NaWV1b3yhvVra2d3b3qvsHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hkUucMPQ6qNbfu5kDLxCtIDQo0B9Wv/jAiiaDSEI617nlubPwUK8MIp7NKP9E0xmSCR7RnqcSCaj/Nb52hE6sMURgpW9KgXP09kWKh9VQEtlNgM9aLXib+5/USE177KZNxYqgk80VhwpGJUPY4GjJFieFTSzBRzN6KyBgrTIyNp2JD8BZfXibt87p3WXfvL2qNmyKOMhzBMZyCB1fQgDtoQgsIjOEZXuHNEc6L8+58zFtLTjFzCH/gfP4AIWyNow==</latexit>

W,Z

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f
Figure 1:

1 A

1

dipole
<latexit sha1_base64="5PREcRNyZ02sJezDoatBYDGd8k8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDz0uM8A==</latexit>

h

<latexit sha1_base64="aIf4qPWxeh8NtsVF4c7D96OOhMw=">AAACDnicbVC7TgJBFJ3FF+ILtbSZSEgsDNklGi2JNltYoJFHwuJmdpiFCbMPZ+6aEOALbPwVGwuNsbW2828cYAsFTzLJyTn35M49Xiy4AtP8NjJLyyura9n13Mbm1vZOfnevrqJEUlajkYhk0yOKCR6yGnAQrBlLRgJPsIbXv5z4jQcmFY/CWxjErB2Qbsh9Tgloyc0XBy5gR+hAh7g2do7xyB7dlbHjEYnv3StsY3Bv3HzBLJlT4EVipaSAUlTd/JfTiWgSsBCoIEq1LDOG9pBI4FSwcc5JFIsJ7ZMua2kakoCp9nB6zhgXtdLBfiT1CwFP1d+JIQmUGgSengwI9NS8NxH/81oJ+OftIQ/jBFhIZ4v8RGCI8KQb3OGSURADTQiVXP8V0x6RhIJuMKdLsOZPXiT1csk6LZnXJ4XKRVpHFh2gQ3SELHSGKshGVVRDFD2iZ/SK3own48V4Nz5moxkjzeyjPzA+fwD2tJoj</latexit>

yt�H |H|2q̄LHtR

<latexit sha1_base64="agKOigMgfa/VwO3HuB/0FjBq1YE=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIoseiHjxWsB/QhLDZbtqlu0nY3Sgl9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbZVWVtfWN8qbla3tnd09u7rfVkkmCW2RhCeyG2JFOYtpSzPNaTeVFIuQ0044up76nQcqFUviez1OqS/wIGYRI1gbKbCrJMi9VDF0M0GeYgK5gV1z6s4MaJm4BalBgWZgf3n9hGSCxppwrFTPdVLt51hqRjidVLxM0RSTER7QnqExFlT5+ez0CTo2Sh9FiTQVazRTf0/kWCg1FqHpFFgP1aI3Ff/zepmOLv2cxWmmaUzmi6KMI52gaQ6ozyQlmo8NwUQycysiQywx0SatignBXXx5mbRP6+553bk7qzWuijjKcAhHcAIuXEADbqEJLSDwCM/wCm/Wk/VivVsf89aSVcwcwB9Ynz8NnJM1</latexit>

c D ⇠ 1

chiral Top effective compositeness



Why/Where top compositeness

7

Search for inner structure of particles currently viewed as fundamental.

Part of solution to the flavor puzzle of the Standard Model.

…

Origin of the electroweak scale and the electroweak hierarchy problem.

However, none of these single out per se the top quark nor TeV energies.

H
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

H
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="NlT7SiHGGZsU0p0u01ZmmTW8AYw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A9ol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRthQziRtWWY57SpNsYg47USTu9zvPFFtWCIf7VTRUOCRZDEj2OZSXxk2qNb8uj8HWiVBQWpQoDmofvWHCUkFlZZwbEwv8JUNM6wtI5zOKv3UUIXJBI9oz1GJBTVhNr91hs6cMkRxol1Ji+bq74kMC2OmInKdAtuxWfZy8T+vl9r4JsyYVKmlkiwWxSlHNkH542jINCWWTx3BRDN3KyJjrDGxLp6KCyFYfnmVtC/qwVXdf7isNW6LOMpwAqdwDgFcQwPuoQktIDCGZ3iFN094L96797FoLXnFzDH8gff5AyWRjk4=</latexit>

 
<latexit sha1_base64="jrEtmLy78ArjAZ8kKzlzaMpAE/I=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEcVFmiqLLopsuK9gHdKZDJs20oUlmSDJCGYobf8WNC0Xc+hXu/BvTdhbaeuDCyTn3kntPmDCqtON8W4WV1bX1jeJmaWt7Z3fP3j9oqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB2Obqd++4FIRWNxr8cJ8TkaCBpRjLSRAvuIB/VeFXqKcjgOvERR8+LBea8a2GWn4swAl4mbkzLI0QjsL68f45QToTFDSnVdJ9F+hqSmmJFJyUsVSRAeoQHpGioQJ8rPZidM4KlR+jCKpSmh4Uz9PZEhrtSYh6aTIz1Ui95U/M/rpjq69jMqklQTgecfRSmDOobTPGCfSoI1GxuCsKRmV4iHSCKsTWolE4K7ePIyaVUr7mXFubso127yOIrgGJyAM+CCK1ADddAATYDBI3gGr+DNerJerHfrY95asPKZQ/AH1ucPCHeV6A==</latexit>

m2
H

⇠ y2
 
m2

⇤

Large Yukawa indicates top quark plays key role in theories explaining EWSB.



Composite pseudo-Goldstone Higgs

8

New strong dynamics gives rise to the Higgs field from global symmetry breaking.

H ! H +⇥
<latexit sha1_base64="mfTFaQV3ymsF+CE6gLK6+mC1oLc=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSAIQtgVQY9BLzlGyAuyS5id9CZDZh/MzAbCkj/x4kERr/6JN//GSbIHTSxoKKq66e4KUsGVdpxva2Nza3tnt7RX3j84PDq2T07bKskkwxZLRCK7AVUoeIwtzbXAbiqRRoHATjB+nPudCUrFk7ippyn6ER3GPOSMaiP1bbtOPJ2QOrkmXnOEmvbtilN1FiDrxC1IBQo0+vaXN0hYFmGsmaBK9Vwn1X5OpeZM4KzsZQpTysZ0iD1DYxqh8vPF5TNyaZQBCRNpKtZkof6eyGmk1DQKTGdE9UitenPxP6+X6fDez3mcZhpjtlwUZoKYX+cxkAGXyLSYGkKZ5OZWwkZUUqZNWGUTgrv68jpp31Rdp+o+3VZqD0UcJTiHC7gCF+6gBnVoQAsYTOAZXuHNyq0X6936WLZuWMXMGfyB9fkDOUGSFw==</latexit><latexit sha1_base64="mfTFaQV3ymsF+CE6gLK6+mC1oLc=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSAIQtgVQY9BLzlGyAuyS5id9CZDZh/MzAbCkj/x4kERr/6JN//GSbIHTSxoKKq66e4KUsGVdpxva2Nza3tnt7RX3j84PDq2T07bKskkwxZLRCK7AVUoeIwtzbXAbiqRRoHATjB+nPudCUrFk7ippyn6ER3GPOSMaiP1bbtOPJ2QOrkmXnOEmvbtilN1FiDrxC1IBQo0+vaXN0hYFmGsmaBK9Vwn1X5OpeZM4KzsZQpTysZ0iD1DYxqh8vPF5TNyaZQBCRNpKtZkof6eyGmk1DQKTGdE9UitenPxP6+X6fDez3mcZhpjtlwUZoKYX+cxkAGXyLSYGkKZ5OZWwkZUUqZNWGUTgrv68jpp31Rdp+o+3VZqD0UcJTiHC7gCF+6gBnVoQAsYTOAZXuHNyq0X6936WLZuWMXMGfyB9fkDOUGSFw==</latexit><latexit sha1_base64="mfTFaQV3ymsF+CE6gLK6+mC1oLc=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSAIQtgVQY9BLzlGyAuyS5id9CZDZh/MzAbCkj/x4kERr/6JN//GSbIHTSxoKKq66e4KUsGVdpxva2Nza3tnt7RX3j84PDq2T07bKskkwxZLRCK7AVUoeIwtzbXAbiqRRoHATjB+nPudCUrFk7ippyn6ER3GPOSMaiP1bbtOPJ2QOrkmXnOEmvbtilN1FiDrxC1IBQo0+vaXN0hYFmGsmaBK9Vwn1X5OpeZM4KzsZQpTysZ0iD1DYxqh8vPF5TNyaZQBCRNpKtZkof6eyGmk1DQKTGdE9UitenPxP6+X6fDez3mcZhpjtlwUZoKYX+cxkAGXyLSYGkKZ5OZWwkZUUqZNWGUTgrv68jpp31Rdp+o+3VZqD0UcJTiHC7gCF+6gBnVoQAsYTOAZXuHNyq0X6936WLZuWMXMGfyB9fkDOUGSFw==</latexit><latexit sha1_base64="mfTFaQV3ymsF+CE6gLK6+mC1oLc=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSAIQtgVQY9BLzlGyAuyS5id9CZDZh/MzAbCkj/x4kERr/6JN//GSbIHTSxoKKq66e4KUsGVdpxva2Nza3tnt7RX3j84PDq2T07bKskkwxZLRCK7AVUoeIwtzbXAbiqRRoHATjB+nPudCUrFk7ippyn6ER3GPOSMaiP1bbtOPJ2QOrkmXnOEmvbtilN1FiDrxC1IBQo0+vaXN0hYFmGsmaBK9Vwn1X5OpeZM4KzsZQpTysZ0iD1DYxqh8vPF5TNyaZQBCRNpKtZkof6eyGmk1DQKTGdE9UitenPxP6+X6fDez3mcZhpjtlwUZoKYX+cxkAGXyLSYGkKZ5OZWwkZUUqZNWGUTgrv68jpp31Rdp+o+3VZqD0UcJTiHC7gCF+6gBnVoQAsYTOAZXuHNyq0X6936WLZuWMXMGfyB9fkDOUGSFw==</latexit>

strongly-coupled sector

<latexit sha1_base64="8wJkvzQACUbZCTAyriG02AjzBxg=">AAACBHicbVDLSsNAFL2pr1pfUZfdDBbBVUlE0WXRhV1WsA9oQplMJ+3QyYOZiVBCFm78FTcuFHHrR7jzb5y0QbT1wMCZc+7l3nu8mDOpLOvLKK2srq1vlDcrW9s7u3vm/kFHRokgtE0iHomehyXlLKRtxRSnvVhQHHicdr3Jde5376mQLArv1DSmboBHIfMZwUpLA7PqBFiNCebpTYYcFaGffzMbmDWrbs2AloldkBoUaA3MT2cYkSSgoSIcS9m3rVi5KRaKEU6zipNIGmMywSPa1zTEAZVuOjsiQ8daGSI/EvqFCs3U3x0pDqScBp6uzFeUi14u/uf1E+VfuikL40TRkMwH+QlH+tg8ETRkghLFp5pgIpjeFZExFpgonVtFh2AvnrxMOqd1+7xu3Z7VGldFHGWowhGcgA0X0IAmtKANBB7gCV7g1Xg0no03431eWjKKnkP4A+PjG70VmCc=</latexit>

G ! H
<latexit sha1_base64="WpVoxqwfC9ukqBR5AHyGiYbTxvU=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKohch6CXHCOYByRJmJ5NkyOzsOtMrhCU/4cWDIl79HW/+jZNkD5pY0FBUddPdFcRSGHTdb2dldW19YzO3ld/e2d3bLxwcNkyUaMbrLJKRbgXUcCkUr6NAyVux5jQMJG8Go7up33zi2ohIPeA45n5IB0r0BaNopVajVD0jN8TtFopu2Z2BLBMvI0XIUOsWvjq9iCUhV8gkNabtuTH6KdUomOSTfCcxPKZsRAe8bamiITd+Ort3Qk6t0iP9SNtSSGbq74mUhsaMw8B2hhSHZtGbiv957QT7134qVJwgV2y+qJ9IghGZPk96QnOGcmwJZVrYWwkbUk0Z2ojyNgRv8eVl0jgve5dl9/6iWLnN4sjBMZxACTy4ggpUoQZ1YCDhGV7hzXl0Xpx352PeuuJkM0fwB87nD6r+jmo=</latexit>

V (H) = 0

(Kaplan, Georgi ’83)

<latexit sha1_base64="QA2VHfRZwsI5CV2JPNTQr0UtgY4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBZBPJREFD0WvfRYwX5AGsJmu2mX7mbD7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMi1LBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaMyTVmbKqF0LyKGCZ6wNnAQrJdqRmQkWDca38/87hPThqvkESYpCyQZJjzmlICVfBk2cV8ILMOLsFpz6+4ceJV4BamhAq2w+tUfKJpJlgAVxBjfc1MIcqKBU8GmlX5mWEromAyZb2lCJDNBPj95is+sMsCx0rYSwHP190ROpDETGdlOSWBklr2Z+J/nZxDfBjlP0gxYQheL4kxgUHj2Px5wzSiIiSWEam5vxXRENKFgU6rYELzll1dJ57LuXdfdh6ta466Io4xO0Ck6Rx66QQ3URC3URhQp9Ixe0ZsDzovz7nwsWktOMXOM/sD5/AEAlJBq</latexit>

mH ⌧ m⇤

Provides rationale why Higgs is lighter than compositeness scale.
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H ! H +⇥
<latexit sha1_base64="mfTFaQV3ymsF+CE6gLK6+mC1oLc=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSAIQtgVQY9BLzlGyAuyS5id9CZDZh/MzAbCkj/x4kERr/6JN//GSbIHTSxoKKq66e4KUsGVdpxva2Nza3tnt7RX3j84PDq2T07bKskkwxZLRCK7AVUoeIwtzbXAbiqRRoHATjB+nPudCUrFk7ippyn6ER3GPOSMaiP1bbtOPJ2QOrkmXnOEmvbtilN1FiDrxC1IBQo0+vaXN0hYFmGsmaBK9Vwn1X5OpeZM4KzsZQpTysZ0iD1DYxqh8vPF5TNyaZQBCRNpKtZkof6eyGmk1DQKTGdE9UitenPxP6+X6fDez3mcZhpjtlwUZoKYX+cxkAGXyLSYGkKZ5OZWwkZUUqZNWGUTgrv68jpp31Rdp+o+3VZqD0UcJTiHC7gCF+6gBnVoQAsYTOAZXuHNyq0X6936WLZuWMXMGfyB9fkDOUGSFw==</latexit><latexit sha1_base64="mfTFaQV3ymsF+CE6gLK6+mC1oLc=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSAIQtgVQY9BLzlGyAuyS5id9CZDZh/MzAbCkj/x4kERr/6JN//GSbIHTSxoKKq66e4KUsGVdpxva2Nza3tnt7RX3j84PDq2T07bKskkwxZLRCK7AVUoeIwtzbXAbiqRRoHATjB+nPudCUrFk7ippyn6ER3GPOSMaiP1bbtOPJ2QOrkmXnOEmvbtilN1FiDrxC1IBQo0+vaXN0hYFmGsmaBK9Vwn1X5OpeZM4KzsZQpTysZ0iD1DYxqh8vPF5TNyaZQBCRNpKtZkof6eyGmk1DQKTGdE9UitenPxP6+X6fDez3mcZhpjtlwUZoKYX+cxkAGXyLSYGkKZ5OZWwkZUUqZNWGUTgrv68jpp31Rdp+o+3VZqD0UcJTiHC7gCF+6gBnVoQAsYTOAZXuHNyq0X6936WLZuWMXMGfyB9fkDOUGSFw==</latexit><latexit sha1_base64="mfTFaQV3ymsF+CE6gLK6+mC1oLc=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSAIQtgVQY9BLzlGyAuyS5id9CZDZh/MzAbCkj/x4kERr/6JN//GSbIHTSxoKKq66e4KUsGVdpxva2Nza3tnt7RX3j84PDq2T07bKskkwxZLRCK7AVUoeIwtzbXAbiqRRoHATjB+nPudCUrFk7ippyn6ER3GPOSMaiP1bbtOPJ2QOrkmXnOEmvbtilN1FiDrxC1IBQo0+vaXN0hYFmGsmaBK9Vwn1X5OpeZM4KzsZQpTysZ0iD1DYxqh8vPF5TNyaZQBCRNpKtZkof6eyGmk1DQKTGdE9UitenPxP6+X6fDez3mcZhpjtlwUZoKYX+cxkAGXyLSYGkKZ5OZWwkZUUqZNWGUTgrv68jpp31Rdp+o+3VZqD0UcJTiHC7gCF+6gBnVoQAsYTOAZXuHNyq0X6936WLZuWMXMGfyB9fkDOUGSFw==</latexit><latexit sha1_base64="mfTFaQV3ymsF+CE6gLK6+mC1oLc=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSAIQtgVQY9BLzlGyAuyS5id9CZDZh/MzAbCkj/x4kERr/6JN//GSbIHTSxoKKq66e4KUsGVdpxva2Nza3tnt7RX3j84PDq2T07bKskkwxZLRCK7AVUoeIwtzbXAbiqRRoHATjB+nPudCUrFk7ippyn6ER3GPOSMaiP1bbtOPJ2QOrkmXnOEmvbtilN1FiDrxC1IBQo0+vaXN0hYFmGsmaBK9Vwn1X5OpeZM4KzsZQpTysZ0iD1DYxqh8vPF5TNyaZQBCRNpKtZkof6eyGmk1DQKTGdE9UitenPxP6+X6fDez3mcZhpjtlwUZoKYX+cxkAGXyLSYGkKZ5OZWwkZUUqZNWGUTgrv68jpp31Rdp+o+3VZqD0UcJTiHC7gCF+6gBnVoQAsYTOAZXuHNyq0X6936WLZuWMXMGfyB9fkDOUGSFw==</latexit>

<latexit sha1_base64="8wJkvzQACUbZCTAyriG02AjzBxg=">AAACBHicbVDLSsNAFL2pr1pfUZfdDBbBVUlE0WXRhV1WsA9oQplMJ+3QyYOZiVBCFm78FTcuFHHrR7jzb5y0QbT1wMCZc+7l3nu8mDOpLOvLKK2srq1vlDcrW9s7u3vm/kFHRokgtE0iHomehyXlLKRtxRSnvVhQHHicdr3Jde5376mQLArv1DSmboBHIfMZwUpLA7PqBFiNCebpTYYcFaGffzMbmDWrbs2AloldkBoUaA3MT2cYkSSgoSIcS9m3rVi5KRaKEU6zipNIGmMywSPa1zTEAZVuOjsiQ8daGSI/EvqFCs3U3x0pDqScBp6uzFeUi14u/uf1E+VfuikL40TRkMwH+QlH+tg8ETRkghLFp5pgIpjeFZExFpgonVtFh2AvnrxMOqd1+7xu3Z7VGldFHGWowhGcgA0X0IAmtKANBB7gCV7g1Xg0no03431eWjKKnkP4A+PjG70VmCc=</latexit>

G ! H

(Kaplan, Georgi ’83)

<latexit sha1_base64="kDLewBLHBslQCTBi0+YqVMwzeyM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF4/xkQckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFKD9i775UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AE47o3B</latexit>

tR
<latexit sha1_base64="zOkALuObOnGNOvetnKEeM4mzXlE=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoY2ER0XxAcoS9zVyyZG/v3N0TwpGfYGOhiK2/yM5/4ya5QqMPBh7vzTAzL0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDX1W4+oNI/lvRkn6Ed0IHnIGTVWunvo3fTKFbfqzkD+Ei8nFchR75U/u/2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixVNIItZ/NTp2QI6v0SRgrW9KQmfpzIqOR1uMosJ0RNUO96E3F/7xOasILP+MySQ1KNl8UpoKYmEz/Jn2ukBkxtoQyxe2thA2poszYdEo2BG/x5b+keVL1zqru7WmldpnHUYQDOIRj8OAcanANdWgAgwE8wQu8OsJ5dt6c93lrwcln9uEXnI9vK0SNuA==</latexit>qL

<latexit sha1_base64="so9RIzlh+AmkHNOGYEFHdP3IB6A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaWDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6bz3yXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRde/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gAuF426</latexit>

W i

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g<latexit sha1_base64="r+ynUwJlN1uZlnIg/0PHNaYIigE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF4/xkQckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFKD+Pefa9ccavuDGSZeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZqRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0SjYEb/HlZdI8q3oXVffuvFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w9AjI3G</latexit>yR
<latexit sha1_base64="cfgUNCOyuqSSWKowHzAmJt3+WiA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9DDu3fXKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGVn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlW9i6p7f16pXedxFOEIjuEUPLiEGtxCHRrAYADP8ApvjnBenHfnY95acPKZQ/gD5/MHN3SNwA==</latexit>yL

<latexit sha1_base64="85kxcForINKzlIqGZru3BpZ1GWw=">AAACFHicbVDLSgMxFM3UV62vqks3wSJUCmWmVHQjFN3MsoJ9QDsOmUymDc1kxiQjlGk/wo2/4saFIm5duPNvTB8LbT2QcDjn3pvc48WMSmWa30ZmZXVtfSO7mdva3tndy+8fNGWUCEwaOGKRaHtIEkY5aSiqGGnHgqDQY6TlDa4nfuuBCEkjfquGMXFC1OM0oBgpLbn5UrNon8JLGLr2XQWO7JG+S7DL9AQfufZUqcIuJ/fQdPMFs2xOAZeJNScFMEfdzX91/QgnIeEKMyRlxzJj5aRIKIoZGee6iSQxwgPUIx1NOQqJdNLpUmN4ohUfBpHQhys4VX93pCiUchh6ujJEqi8XvYn4n9dJVHDhpJTHiSIczx4KEgZVBCcJQZ8KghUbaoKwoPqvEPeRQFjpHHM6BGtx5WXSrJSts7J5Uy3UruZxZMEROAZFYIFzUAM2qIMGwOARPINX8GY8GS/Gu/ExK80Y855D8AfG5w8vrpsu</latexit>

V (H) = m
2
H
|H|2 + �H |H|4 6= 0

The top quark is crucial to break the electroweak symmetry.

<latexit sha1_base64="iU4EEG1/Te7nYy2XckBnzTlTHvo="></latexit>

m2
H

⇠ m2
⇤

16⇡2

�
�y2

t
+ g2

�
< 0

New strong dynamics gives rise to the Higgs field from global symmetry breaking.

strongly-coupled sector



The large top Yukawa requires a large degree of top compositeness.
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H ! H +⇥
<latexit sha1_base64="mfTFaQV3ymsF+CE6gLK6+mC1oLc=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSAIQtgVQY9BLzlGyAuyS5id9CZDZh/MzAbCkj/x4kERr/6JN//GSbIHTSxoKKq66e4KUsGVdpxva2Nza3tnt7RX3j84PDq2T07bKskkwxZLRCK7AVUoeIwtzbXAbiqRRoHATjB+nPudCUrFk7ippyn6ER3GPOSMaiP1bbtOPJ2QOrkmXnOEmvbtilN1FiDrxC1IBQo0+vaXN0hYFmGsmaBK9Vwn1X5OpeZM4KzsZQpTysZ0iD1DYxqh8vPF5TNyaZQBCRNpKtZkof6eyGmk1DQKTGdE9UitenPxP6+X6fDez3mcZhpjtlwUZoKYX+cxkAGXyLSYGkKZ5OZWwkZUUqZNWGUTgrv68jpp31Rdp+o+3VZqD0UcJTiHC7gCF+6gBnVoQAsYTOAZXuHNyq0X6936WLZuWMXMGfyB9fkDOUGSFw==</latexit><latexit sha1_base64="mfTFaQV3ymsF+CE6gLK6+mC1oLc=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSAIQtgVQY9BLzlGyAuyS5id9CZDZh/MzAbCkj/x4kERr/6JN//GSbIHTSxoKKq66e4KUsGVdpxva2Nza3tnt7RX3j84PDq2T07bKskkwxZLRCK7AVUoeIwtzbXAbiqRRoHATjB+nPudCUrFk7ippyn6ER3GPOSMaiP1bbtOPJ2QOrkmXnOEmvbtilN1FiDrxC1IBQo0+vaXN0hYFmGsmaBK9Vwn1X5OpeZM4KzsZQpTysZ0iD1DYxqh8vPF5TNyaZQBCRNpKtZkof6eyGmk1DQKTGdE9UitenPxP6+X6fDez3mcZhpjtlwUZoKYX+cxkAGXyLSYGkKZ5OZWwkZUUqZNWGUTgrv68jpp31Rdp+o+3VZqD0UcJTiHC7gCF+6gBnVoQAsYTOAZXuHNyq0X6936WLZuWMXMGfyB9fkDOUGSFw==</latexit><latexit sha1_base64="mfTFaQV3ymsF+CE6gLK6+mC1oLc=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSAIQtgVQY9BLzlGyAuyS5id9CZDZh/MzAbCkj/x4kERr/6JN//GSbIHTSxoKKq66e4KUsGVdpxva2Nza3tnt7RX3j84PDq2T07bKskkwxZLRCK7AVUoeIwtzbXAbiqRRoHATjB+nPudCUrFk7ippyn6ER3GPOSMaiP1bbtOPJ2QOrkmXnOEmvbtilN1FiDrxC1IBQo0+vaXN0hYFmGsmaBK9Vwn1X5OpeZM4KzsZQpTysZ0iD1DYxqh8vPF5TNyaZQBCRNpKtZkof6eyGmk1DQKTGdE9UitenPxP6+X6fDez3mcZhpjtlwUZoKYX+cxkAGXyLSYGkKZ5OZWwkZUUqZNWGUTgrv68jpp31Rdp+o+3VZqD0UcJTiHC7gCF+6gBnVoQAsYTOAZXuHNyq0X6936WLZuWMXMGfyB9fkDOUGSFw==</latexit><latexit sha1_base64="mfTFaQV3ymsF+CE6gLK6+mC1oLc=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSAIQtgVQY9BLzlGyAuyS5id9CZDZh/MzAbCkj/x4kERr/6JN//GSbIHTSxoKKq66e4KUsGVdpxva2Nza3tnt7RX3j84PDq2T07bKskkwxZLRCK7AVUoeIwtzbXAbiqRRoHATjB+nPudCUrFk7ippyn6ER3GPOSMaiP1bbtOPJ2QOrkmXnOEmvbtilN1FiDrxC1IBQo0+vaXN0hYFmGsmaBK9Vwn1X5OpeZM4KzsZQpTysZ0iD1DYxqh8vPF5TNyaZQBCRNpKtZkof6eyGmk1DQKTGdE9UitenPxP6+X6fDez3mcZhpjtlwUZoKYX+cxkAGXyLSYGkKZ5OZWwkZUUqZNWGUTgrv68jpp31Rdp+o+3VZqD0UcJTiHC7gCF+6gBnVoQAsYTOAZXuHNyq0X6936WLZuWMXMGfyB9fkDOUGSFw==</latexit>

<latexit sha1_base64="8wJkvzQACUbZCTAyriG02AjzBxg=">AAACBHicbVDLSsNAFL2pr1pfUZfdDBbBVUlE0WXRhV1WsA9oQplMJ+3QyYOZiVBCFm78FTcuFHHrR7jzb5y0QbT1wMCZc+7l3nu8mDOpLOvLKK2srq1vlDcrW9s7u3vm/kFHRokgtE0iHomehyXlLKRtxRSnvVhQHHicdr3Jde5376mQLArv1DSmboBHIfMZwUpLA7PqBFiNCebpTYYcFaGffzMbmDWrbs2AloldkBoUaA3MT2cYkSSgoSIcS9m3rVi5KRaKEU6zipNIGmMywSPa1zTEAZVuOjsiQ8daGSI/EvqFCs3U3x0pDqScBp6uzFeUi14u/uf1E+VfuikL40TRkMwH+QlH+tg8ETRkghLFp5pgIpjeFZExFpgonVtFh2AvnrxMOqd1+7xu3Z7VGldFHGWowhGcgA0X0IAmtKANBB7gCV7g1Xg0no03431eWjKKnkP4A+PjG70VmCc=</latexit>

G ! H

(Kaplan, Georgi ’83)

<latexit sha1_base64="kDLewBLHBslQCTBi0+YqVMwzeyM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF4/xkQckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFKD9i775UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AE47o3B</latexit>

tR
<latexit sha1_base64="zOkALuObOnGNOvetnKEeM4mzXlE=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoY2ER0XxAcoS9zVyyZG/v3N0TwpGfYGOhiK2/yM5/4ya5QqMPBh7vzTAzL0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDX1W4+oNI/lvRkn6Ed0IHnIGTVWunvo3fTKFbfqzkD+Ei8nFchR75U/u/2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixVNIItZ/NTp2QI6v0SRgrW9KQmfpzIqOR1uMosJ0RNUO96E3F/7xOasILP+MySQ1KNl8UpoKYmEz/Jn2ukBkxtoQyxe2thA2poszYdEo2BG/x5b+keVL1zqru7WmldpnHUYQDOIRj8OAcanANdWgAgwE8wQu8OsJ5dt6c93lrwcln9uEXnI9vK0SNuA==</latexit>qL

<latexit sha1_base64="so9RIzlh+AmkHNOGYEFHdP3IB6A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaWDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6bz3yXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRde/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gAuF426</latexit>

W i

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g<latexit sha1_base64="r+ynUwJlN1uZlnIg/0PHNaYIigE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF4/xkQckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFKD+Pefa9ccavuDGSZeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZqRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0SjYEb/HlZdI8q3oXVffuvFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w9AjI3G</latexit>yR
<latexit sha1_base64="cfgUNCOyuqSSWKowHzAmJt3+WiA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9DDu3fXKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGVn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlW9i6p7f16pXedxFOEIjuEUPLiEGtxCHRrAYADP8ApvjnBenHfnY95acPKZQ/gD5/MHN3SNwA==</latexit>yL

<latexit sha1_base64="85kxcForINKzlIqGZru3BpZ1GWw=">AAACFHicbVDLSgMxFM3UV62vqks3wSJUCmWmVHQjFN3MsoJ9QDsOmUymDc1kxiQjlGk/wo2/4saFIm5duPNvTB8LbT2QcDjn3pvc48WMSmWa30ZmZXVtfSO7mdva3tndy+8fNGWUCEwaOGKRaHtIEkY5aSiqGGnHgqDQY6TlDa4nfuuBCEkjfquGMXFC1OM0oBgpLbn5UrNon8JLGLr2XQWO7JG+S7DL9AQfufZUqcIuJ/fQdPMFs2xOAZeJNScFMEfdzX91/QgnIeEKMyRlxzJj5aRIKIoZGee6iSQxwgPUIx1NOQqJdNLpUmN4ohUfBpHQhys4VX93pCiUchh6ujJEqi8XvYn4n9dJVHDhpJTHiSIczx4KEgZVBCcJQZ8KghUbaoKwoPqvEPeRQFjpHHM6BGtx5WXSrJSts7J5Uy3UruZxZMEROAZFYIFzUAM2qIMGwOARPINX8GY8GS/Gu/ExK80Y855D8AfG5w8vrpsu</latexit>

V (H) = m
2
H
|H|2 + �H |H|4 6= 0

<latexit sha1_base64="iU4EEG1/Te7nYy2XckBnzTlTHvo="></latexit>

m2
H

⇠ m2
⇤

16⇡2

�
�y2

t
+ g2

�
< 0

New strong dynamics gives rise to the Higgs field from global symmetry breaking.

<latexit sha1_base64="EF2y91+0XXHBXL2B6gzcxmemP4U=">AAACDHicbVDLSsNAFL3xWeur6tLNYBHERUlE0WXRjQsXVewDmhIm00k7dCYJMxMhhHyAG3/FjQtF3PoB7vwbp20W2npg4HDOudy5x485U9q2v62FxaXlldXSWnl9Y3Nru7Kz21JRIgltkohHsuNjRTkLaVMzzWknlhQLn9O2P7oa++0HKhWLwnudxrQn8CBkASNYG8mrVFNPI1cxgdxAYpKl3g1Kvbs8G3jH+dRwTMqu2ROgeeIUpAoFGl7ly+1HJBE01IRjpbqOHetehqVmhNO87CaKxpiM8IB2DQ2xoKqXTY7J0aFR+iiIpHmhRhP190SGhVKp8E1SYD1Us95Y/M/rJjq46GUsjBNNQzJdFCQc6QiNm0F9JinRPDUEE8nMXxEZYlOKNv2VTQnO7MnzpHVSc85q9u1ptX5Z1FGCfTiAI3DgHOpwDQ1oAoFHeIZXeLOerBfr3fqYRhesYmYP/sD6/AF6KZqa</latexit>

yt ⇠
yLyR
g⇤

⇠ 1H
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="kDLewBLHBslQCTBi0+YqVMwzeyM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF4/xkQckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFKD9i775UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AE47o3B</latexit>

tR

<latexit sha1_base64="zOkALuObOnGNOvetnKEeM4mzXlE=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoY2ER0XxAcoS9zVyyZG/v3N0TwpGfYGOhiK2/yM5/4ya5QqMPBh7vzTAzL0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDX1W4+oNI/lvRkn6Ed0IHnIGTVWunvo3fTKFbfqzkD+Ei8nFchR75U/u/2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixVNIItZ/NTp2QI6v0SRgrW9KQmfpzIqOR1uMosJ0RNUO96E3F/7xOasILP+MySQ1KNl8UpoKYmEz/Jn2ukBkxtoQyxe2thA2poszYdEo2BG/x5b+keVL1zqru7WmldpnHUYQDOIRj8OAcanANdWgAgwE8wQu8OsJ5dt6c93lrwcln9uEXnI9vK0SNuA==</latexit>qL

strongly-coupled sector
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Top and Higgs compositeness
Let us consider* limit of maximally strongly-coupled right-handed top:

 * Experimental consistency and fine-tuning.

4-top contact int.:
<latexit sha1_base64="4Ecjwp/8bGX5BHJEYtKbgTXQ/Lg=">AAACGHicbVC7TsMwFHXKq5RXgZHFokIqDCWpQDBWsDAWRB9S00Y3rtNatZPIdpCqqJ/Bwq+wMIAQazf+BvcxQMuRLB+fc6+u7/FjzpS27W8rs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9UJSzkNY005w2Y0lB+Jw2/MHtxG88UalYFD7qYUzbAnohCxgBbSQvf+4GEkja88465VEqphcuuj5IrL0H7PZACPBckUyep52yly/YJXsKvEycOSmgOapefux2I5IIGmrCQamWY8e6nYLUjHA6yrmJojGQAfRoy9AQBFXtdLrYCJ8YpYuDSJoTajxVf3ekIJQaCt9UCtB9tehNxP+8VqKD63bKwjjRNCSzQUHCsY7wJCXcZZISzYeGAJHM/BWTPpiktMkyZ0JwFldeJvVyybks2fcXhcrNPI4sOkLHqIgcdIUq6A5VUQ0R9Ixe0Tv6sF6sN+vT+pqVZqx5zyH6A2v8A06unqs=</latexit>

g2⇤
m2

⇤
(t̄R�µtR)

2

Ztt coupling:

htt coupling:

top-dipole coupling:

<latexit sha1_base64="+x1DA5KzfBztWNYBQQ6xP4bhGlw="></latexit>

g
2
⇤

m2
⇤
(H†

DµH)(t̄R�
µ
tR)

<latexit sha1_base64="q08mZs9xqwsCU2iCSroa9lGCo+I=">AAACB3icbVDLSsNAFL2prxpfUZeCDBZFXJREFF0W3bhwUcU+oAlhMp22QycPZiZCCN258VfcuFDErb/gzr9x2mah1QMDh3Pu5c45QcKZVLb9ZZTm5hcWl8rL5srq2vqGtbnVlHEqCG2QmMeiHWBJOYtoQzHFaTsRFIcBp61geDn2W/dUSBZHdypLqBfifsR6jGClJd/azfxbdIBcFaO+f4Rc18z860LIfOVbFbtqT4D+EqcgFShQ961PtxuTNKSRIhxL2XHsRHk5FooRTkemm0qaYDLEfdrRNMIhlV4+yTFC+1rpol4s9IsUmqg/N3IcSpmFgZ4MsRrIWW8s/ud1UtU793IWJamiEZke6qUc6ZDjUlCXCUoUzzTBRDD9V0QGWGCidHWmLsGZjfyXNI+rzmnVvjmp1C6KOsqwA3twCA6cQQ2uoA4NIPAAT/ACr8aj8Wy8Ge/T0ZJR7GzDLxgf3/BwltE=</latexit>

yR ! g⇤

yL ! yt

light-top contact int.:

<latexit sha1_base64="czO7xbI9IoNdChtvTO1Gsb5btiU=">AAACGHicbVC7TgJBFJ3FF+ILtbSZSEyMMbhLNFoSbSgs0MgjYWEzO8zChNmHM3dNyMJn2PgrNhYaY0vn3zg8CgVPcnNPzrk3M/e4keAKTPPbSC0tr6yupdczG5tb2zvZ3b2qCmNJWYWGIpR1lygmeMAqwEGweiQZ8V3Bam7vZuzXnphUPAweoB+xpk86Afc4JaAlJ3tme5LQpO8A7jgnrcIw8ScN26d4UBq0Cth2icSPzi0uYXDunWzOzJsT4EVizUgOzVB2siO7HdLYZwFQQZRqWGYEzYRI4FSwYcaOFYsI7ZEOa2gaEJ+pZjI5bIiPtNLGXih1BYAn6u+NhPhK9X1XT/oEumreG4v/eY0YvKtmwoMoBhbQ6UNeLDCEeJwSbnPJKIi+JoRKrv+KaZfopEBnmdEhWPMnL5JqIW9d5M2781zxehZHGh2gQ3SMLHSJiqiEyqiCKHpGr+gdfRgvxpvxaXxNR1PGbGcf/YEx+gFgb54R</latexit>

ytg
2
⇤

m2
⇤
|H|2q̄LHtR

<latexit sha1_base64="KM+f8dGfiSL86TcNSheHfX8vUvY="></latexit>

ytgs

m2
⇤
q̄LH�µ⌫G

µ⌫
tR

<latexit sha1_base64="vS0l2/75RELtwrKQhQbLNMlpMjU="></latexit>

g2s
m2

⇤
(ūR�µuR)(t̄R�

µtR)

<latexit sha1_base64="0IhoJ7FC3TdnAPoYv8l8hwgKSNc=">AAACEXicbVDNS8MwHE39nPOr6tFLcAhDpLSizOPQi8cJ+4K1lDRLu7CkLUkqjNJ/wYv/ihcPinj15s3/xmzrQTcfJDzeez+S3wtSRqWy7W9jZXVtfWOzslXd3tnd2zcPDrsyyQQmHZywRPQDJAmjMekoqhjpp4IgHjDSC8a3U7/3QISkSdxWk5R4HEUxDSlGSku+WXdDgXDO/bMij/QF3UjpNIe21YDuOcxdwWGbdAvfrNmWPQNcJk5JaqBEyze/3GGCM05ihRmScuDYqfJyJBTFjBRVN5MkRXiMIjLQNEacSC+fbVTAU60MYZgIfWIFZ+rviRxxKSc80EmO1EguelPxP2+QqfDay2mcZorEeP5QmDGoEjitBw6pIFixiSYIC6r/CvEI6YqULrGqS3AWV14m3QvLubLs+8ta86asowKOwQmoAwc0QBPcgRboAAwewTN4BW/Gk/FivBsf8+iKUc4cgT8wPn8AQG6b/g==</latexit>m⇤
g⇤

& 0.7TeV

<latexit sha1_base64="butRwthnCTidVtlP/9qeVibMWgs=">AAACEHicbVC7SgNBFJ31GeNr1dJmMIhWYVcULYM2lhHMA7JLmJ3cTYbMPpi5K4Qln2Djr9hYKGJraeffOEm20MQDl3s4515m7glSKTQ6zre1tLyyurZe2ihvbm3v7Np7+02dZIpDgycyUe2AaZAihgYKlNBOFbAokNAKhjcTv/UASoskvsdRCn7E+rEIBWdopK594oWK8dzrgURG+90cx+N81qgnQWstIupU3a5dcarOFHSRuAWpkAL1rv3l9RKeRRAjl0zrjuuk6OdMoeASxmUv05AyPmR96Bgaswi0n08PGtNjo/RomChTMdKp+nsjZ5HWoygwkxHDgZ73JuJ/XifD8MrPRZxmCDGfPRRmkmJCJ+nQnlDAUY4MYVwJ81fKB8wkhCbDsgnBnT95kTTPqu5F1bk7r9SuizhK5JAckVPikktSI7ekThqEk0fyTF7Jm/VkvVjv1sdsdMkqdg7IH1ifPw8QnTI=</latexit>

�gt
gt

. 0.1

<latexit sha1_base64="jDViXPps0X+rnDzvd6LNz1+Kyrk=">AAACDXicbVDJSgNBEO2JW4xb1KOXxih4CjMu6DHoxWMEs0BmGHo6NUmTnoXuGiEM+QEv/ooXD4p49e7Nv7GzHDTxQRWP96rorhekUmi07W+rsLS8srpWXC9tbG5t75R395o6yRSHBk9kotoB0yBFDA0UKKGdKmBRIKEVDG7GfusBlBZJfI/DFLyI9WIRCs7QSH75yA0V47nbBYmMDn0c5eNGXQlaaxFRu3pG/XLFrtoT0EXizEiFzFD3y19uN+FZBDFyybTuOHaKXs4UCi5hVHIzDSnjA9aDjqExi0B7+eSaET02SpeGiTIVI52ovzdyFmk9jAIzGTHs63lvLP7ndTIMr7xcxGmGEPPpQ2EmKSZ0HA3tCgUc5dAQxpUwf6W8z0w8aAIsmRCc+ZMXSfO06lxU7bvzSu16FkeRHJBDckIccklq5JbUSYNw8kieySt5s56sF+vd+piOFqzZzj75A+vzB+j8m2o=</latexit>

�yt
yt

. 0.3

<latexit sha1_base64="tvMJq5O8GUA20fnqknxKCFbOwpU=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBZBREoiii6LblxW6AuaECbTm3boTBJmJkIJBTf+ihsXirj1J9z5N04fC209MHA451zu3BOmnCntON9WYWl5ZXWtuF7a2Nza3rF395oqySSFBk14ItshUcBZDA3NNId2KoGIkEMrHNyO/dYDSMWSuK6HKfiC9GIWMUq0kQL7QASn2OtpkxDYxd4Zzj0pcB2ao8AuOxVnArxI3Bkpoxlqgf3ldROaCYg15USpjuuk2s+J1IxyGJW8TEFK6ID0oGNoTAQoP5/cMMLHRuniKJHmxRpP1N8TORFKDUVokoLovpr3xuJ/XifT0bWfszjNNMR0uijKONYJHheCu0wC1XxoCKGSmb9i2ieSUG1qK5kS3PmTF0nzvOJeVpz7i3L1ZlZHER2iI3SCXHSFqugO1VADUfSIntErerOerBfr3fqYRgvWbGYf/YH1+QOYC5Y2</latexit>

m⇤ & 1TeV

<latexit sha1_base64="xr7PF88Sxm4YGMuekKq1IbGLruQ=">AAACBXicbVDLSgMxFM3UV62vUZe6CBZBRIYZseiy6MZlhb6gMwyZNNOGJpkhyQhl6MaNv+LGhSJu/Qd3/o1pOwutHggczjmXm3uilFGlXffLKi0tr6yuldcrG5tb2zv27l5bJZnEpIUTlshuhBRhVJCWppqRbioJ4hEjnWh0M/U790QqmoimHqck4GggaEwx0kYK7UMenkJ/oE2CQ8+pQf8M5r7ksEnak9Cuuo47A/xLvIJUQYFGaH/6/QRnnAiNGVKq57mpDnIkNcWMTCp+pkiK8AgNSM9QgThRQT67YgKPjdKHcSLNExrO1J8TOeJKjXlkkhzpoVr0puJ/Xi/T8VWQU5Fmmgg8XxRnDOoETiuBfSoJ1mxsCMKSmr9CPEQSYW2Kq5gSvMWT/5L2uePVHPfuolq/LuoogwNwBE6ABy5BHdyCBmgBDB7AE3gBr9aj9Wy9We/zaMkqZvbBL1gf34Z5lq0=</latexit>

m⇤ & 1.5TeV

LHC

LHC

LHC

LHC

LHC

Wtb coupling:
<latexit sha1_base64="2fXBsacdHmt1oBJ1Y/QgUBXUXPo="></latexit>

y
2
t

m2
⇤
(H†

�
a
DµH)(q̄L�

a
�
µ
qL)

<latexit sha1_base64="UjRwuST9KVlLQORF12IGyJova00=">AAACIXicbZDLSsNAFIYn3q23qEs3g0VwY0m8YJdFNy4V7AWaWCbTkzo4uTBzIpSQV3Hjq7hxoYg78WWc1gja+sPAx3/O4cz5g1QKjY7zYc3Mzs0vLC4tV1ZW19Y37M2tlk4yxaHJE5moTsA0SBFDEwVK6KQKWBRIaAd356N6+x6UFkl8jcMU/IgNYhEKztBYPbvuhYrx3OuDREYHvbyNQVHkP0A9CVprEdEj6qGIQFPXuckPDoueXXVqzlh0GtwSqqTUZc9+9/oJzyKIkUumddd1UvRzplBwCUXFyzSkjN+xAXQNxsws8/PxhQXdM06fhokyL0Y6dn9P5CzSehgFpjNieKsnayPzv1o3w7Du5yJOM4SYfy8KM0kxoaO4aF8o4CiHBhhXwvyV8ltmIkMTasWE4E6ePA2tw5p7UnOujquNszKOJbJDdsk+cckpaZALckmahJMH8kReyKv1aD1bb9b7d+uMVc5skz+yPr8Asmqjxg==</latexit>

�gWtb

gWtb
. 3⇥ 10�2LHC
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Current status
Most top-physics constraints are weaker than Higgs-physics, except 4-top production.
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LHC multilepton + jets “excesses”
Run-2 ATLAS and CMS analyses show mild yet coherent excesses over the SM.
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Figure 2: Summary of experimental measurements (dots with error bars) compared to

theoretical predictions (dashed vertical lines with uncertainty bands).

pushing the SM predictions to higher accuracy, especially for tt̄W [57–63], which however

still exhibits the strongest disagreement between theory and experiment. For the time

being, a complete NNLO QCD calculation remains out of reach.

Here we take a di↵erent point of view and entertain the possibility that the excesses

are due to heavy new physics, described by the two e↵ective operators Ott and OHt . The

former mediates tt̄tt̄ production, whereas the latter modifies the ZtRtR coupling, thereby

leading to three distinct e↵ects: it contributes to tt̄Z production at the leading O(↵2
s↵),

to tt̄W+ jets at the formally subleading, but tW scattering-enhanced, O(↵s↵3) [12], and

to tt̄tt̄ production at O(↵2
s↵

2). We consider these two operators as a motivated first ap-

proximation, but note that others should be added in a more general analysis that includes

e.g. tt̄h production, notably Oyt given that this modifies the htt coupling (the sensitivity of

tt̄tt̄ to Oyt was studied in [64]). We concentrate on the CMS four-top analysis [22] because

it provides a cut-and-count version and su�cient pre-fit information for us to perform a

detailed, if simplified, reinterpretation.

The analysis selects events containing at least two leptons of the same sign, Nj � 2

and Nb � 2, HT > 300 GeV and pmiss
T

> 50 GeV, with complete definitions and list of

requirements reported in [22]. The cut-based analysis defines two control regions, CRW

(where the contribution of tt̄W is enhanced) and CRZ (where tt̄Z is enhanced), and 14

signal regions. In our reinterpretation, for simplicity we combine all signal regions into a

single one (SR). Signal and background events are generated using MadGraph5 aMC@NLO

[65], implementing higher-dimensional operators via FeynRules [66]. The factorization and

renormalization scales are set to the default dynamical value for all processes, the top mass

is set to 172.5 GeV, and NNPDF23 lo as 0130 qed parton distribution functions [67] are

used. Parton showering and hadronization are performed by Pythia8 [68] and detector

e↵ects are parametrized using the CMS card in Delphes3 [69], but setting R = 0.4 for

the anti-kt jet clustering algorithm [70], implemented via the FastJet package [71]. As

a preliminary check of our simulation tool chain we reproduce the SM tt̄W (tt̄Z) event

– 8 –

(Banelli et al. ’20)

(arXiv:1907.04343, 2001.03031, 2004.09552, 2005.09427, 2012.01363, 2007.12089, 2009.0003, 2101.11808, …)

Interesting to explore in the context of new physics in the top/Higgs sector.

Most theory activity focussed on improving SM predictions, in particular top-pair + W.
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proximation, but note that others should be added in a more general analysis that includes

e.g. tt̄h production, notably Oyt given that this modifies the htt coupling (the sensitivity of

tt̄tt̄ to Oyt was studied in [64]). We concentrate on the CMS four-top analysis [22] because

it provides a cut-and-count version and su�cient pre-fit information for us to perform a

detailed, if simplified, reinterpretation.

The analysis selects events containing at least two leptons of the same sign, Nj � 2

and Nb � 2, HT > 300 GeV and pmiss
T

> 50 GeV, with complete definitions and list of

requirements reported in [22]. The cut-based analysis defines two control regions, CRW

(where the contribution of tt̄W is enhanced) and CRZ (where tt̄Z is enhanced), and 14

signal regions. In our reinterpretation, for simplicity we combine all signal regions into a

single one (SR). Signal and background events are generated using MadGraph5 aMC@NLO

[65], implementing higher-dimensional operators via FeynRules [66]. The factorization and

renormalization scales are set to the default dynamical value for all processes, the top mass

is set to 172.5 GeV, and NNPDF23 lo as 0130 qed parton distribution functions [67] are

used. Parton showering and hadronization are performed by Pythia8 [68] and detector

e↵ects are parametrized using the CMS card in Delphes3 [69], but setting R = 0.4 for

the anti-kt jet clustering algorithm [70], implemented via the FastJet package [71]. As

a preliminary check of our simulation tool chain we reproduce the SM tt̄W (tt̄Z) event

– 8 –

(Banelli et al. ’20)

Most theory activity focussed on improving SM predictions, in particular top-pair + W.

(arXiv:1907.04343, 2001.03031, 2004.09552, 2005.09427, 2012.01363, 2007.12089, 2009.0003, 2101.11808, …)

Interesting to explore in the context of new physics in the top/Higgs sector.

Run-2 ATLAS and CMS analyses show mild yet coherent excesses over the SM.
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Reinterpretation of cut-and-count CMS (1908.06463) 4-top search.

LHC multilepton + jets “excesses”
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(missing) tW-scattering contribution

(Dror et al. ’15, Frederix et al. ’17, Maltoni et al. ’19)

Joint fit to signal region (SR), ttW control region (CRW) and ttZ control region (CRZ).
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Figure 5: The filled histograms show the CMS MC predictions as given in [22]. The

stacked, light green [dark green] (dark red) dashed histograms show the BSM contribution

to tt̄Z [SM+BSM contribution to tt̄Wj(EW)] (BSM contribution to tt̄tt̄) at the best-fit

point (cHt, ctt) ⇡ (0.21,±0.054). Black points show the data with error bars as quoted by

CMS. Although in our fit we combine the last two bins of CRZ and the last 5 bins of SR,

for illustration here we retain the same binning as chosen by CMS.

four-top constraints from the single lepton and opposite-sign dilepton final states [11],

and with measurements of the Higgs couplings [10].

A more comprehensive study, including a wider set of signal regions, would be strongly

desirable to obtain further insight. Nevertheless, we regard the coincidence of scales sug-

gested by our analysis as an additional motivation to further investigate heavy top-philic

new physics.

4 Future proton-proton colliders

Let us remark that under well-motivated assumptions, current searches for strong tt̄tt̄

production enjoy a higher reach on the compositeness scale 4⇡f than probes of the Higgs

sector at the LHC. This fact motivates our sensitivity studies at future colliders. We begin
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Figure 4: Exclusion contours from fits to the CMS data in [22]. Top: plane of the EFT

coe�cients (cHt, ctt). The contours are invariant under ctt ! �ctt because we neglected

interference between the BSM and SM tt̄tt̄ amplitudes. The left panel shows the full fit,

whereas the right panel displays the 1� regions when the �2 is restricted only to CRW,

CRZ, or SR. Bottom: plane of the signal strengths (µtt̄W , µtt̄Z). Here µtt̄W rescales the

total SM rate, including the tt̄Wj(EW) component which we add to the CMS reference

cross section. In all panels, a black dot indicates the SM point.

aforementioned case of tW scattering. We provide an estimate of the expected size and

pattern of these e↵ects after presenting the results of our fit.

To shed light on the compatibility of the data with our BSM hypothesis, we form

a �2 from 18 non-overlapping bins.7 We use the uncertainties on event counts as read

from Figs. 2 and 3 in [22], averaging over positive and negative directions, and neglect

theoretical uncertainties. The results of a two-parameter fit to (cHt, ctt) are shown in the

upper panels of Fig. 4, while in the lower panel we show for comparison a fit where no higher-

dimensional operators are introduced but the signal strengths (µttW , µttZ) are left floating,

7Events are binned by Nj in CRW (4 bins) and CRZ (5 bins, since the Nj = 6, 7 bins are merged), while

in the SR we use 9 HT bins, where all events with HT > 1.1 TeV are merged into a single bin.
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Same-sign di-lepton (BR = 4.1%) and tri-lepton final states (BR = 2.6%) to suppress backgrounds.

Main irreducible backgrounds: 4-top (SM), top-pair + W, Z, h.
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Future hadron colliders: FCC-hh
Similar sensitivity for same-sign di-lepton and tri-lepton.
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Figure 6: Normalized distributions of the leading lepton pT (left) and the scalar sum

of the transverse momenta of all jets and the two leptons (right), after the baseline SSL

selection, for the signal and the main backgrounds.

Next, to prevent assignment of a single detector response to both a lepton and a jet, we

apply to the selected candidates an overlap removal procedure, following closely [11]. To

avoid the double counting of energy deposits as electrons and jets, for each electron the

closest jet within �R < 0.2 (if any) is removed; however, if the next-to-closest jet is within

�R < 0.5 of the electron, then the electron is removed and the previously removed jet is

reinstated. For muons we apply a di↵erent criterion, aimed at distinguishing muons arising

from hadron decays within proper jets, from muons that undergo bremsstrahlung radiation

inside the calorimeter and are accidentally reconstructed as jets, typically characterized by

a very small number of matching tracks. If a jet satisfies �R(µ, j) < 0.04 + 10GeV/pµ
T

and it has at least three tracks, the muon is rejected; otherwise, the jet is removed. The

baseline selection is completed by the following requirements,

exactly two SSL with p`1,`2
T

> 40, 25GeV ,

� 5 jets, of which � 3 b-tagged , HT > 400GeV , (4.5)

where `1 (`2) denotes the (sub)leading lepton. We expect that the above requirements

on the lepton transverse momenta will allow for a high e�ciency of an FCC-hh dilepton

trigger. At this stage, for a reference BSM scale ⇤/
p

|ctt| = 6TeV, we have S/B ⇠ 10�3,

as shown in Table 3. Therefore we search for additional cuts tailored to the signal, which

is characterized by a hard tt̄ ! tt̄ scattering. We find as optimal variables the pT of the

leading lepton and ST , defined as the scalar sum of the transverse momenta of the SSL pair

and of all jets. Normalized distributions of these variables after the baseline selection are

shown for the signal and the main backgrounds in Fig. 6. We apply the cuts p`1
T

> 275GeV

and ST > 3TeV, and divide the remaining events into three ST bins, with S/B ranging

from 8 ⇥ 10�3 to 5 ⇥ 10�2. To derive a bound on ⇤ we construct a �2, accounting for the

systematic uncertainties on the two main SM backgrounds, namely tt̄tt̄ and tt̄W . For n

bins, the �2 is defined as

�2 =
nX

i,j=1

NS

i (C
�1
tot )ijN

S

j , Ctot = Cstat + Ctt̄tt̄

sys + Ctt̄W

sys , (4.6)
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Figure 6: Normalized distributions of the leading lepton pT (left) and the scalar sum

of the transverse momenta of all jets and the two leptons (right), after the baseline SSL

selection, for the signal and the main backgrounds.

Next, to prevent assignment of a single detector response to both a lepton and a jet, we

apply to the selected candidates an overlap removal procedure, following closely [11]. To

avoid the double counting of energy deposits as electrons and jets, for each electron the

closest jet within �R < 0.2 (if any) is removed; however, if the next-to-closest jet is within

�R < 0.5 of the electron, then the electron is removed and the previously removed jet is

reinstated. For muons we apply a di↵erent criterion, aimed at distinguishing muons arising

from hadron decays within proper jets, from muons that undergo bremsstrahlung radiation

inside the calorimeter and are accidentally reconstructed as jets, typically characterized by

a very small number of matching tracks. If a jet satisfies �R(µ, j) < 0.04 + 10GeV/pµ
T

and it has at least three tracks, the muon is rejected; otherwise, the jet is removed. The

baseline selection is completed by the following requirements,

exactly two SSL with p`1,`2
T

> 40, 25GeV ,

� 5 jets, of which � 3 b-tagged , HT > 400GeV , (4.5)

where `1 (`2) denotes the (sub)leading lepton. We expect that the above requirements

on the lepton transverse momenta will allow for a high e�ciency of an FCC-hh dilepton

trigger. At this stage, for a reference BSM scale ⇤/
p

|ctt| = 6TeV, we have S/B ⇠ 10�3,

as shown in Table 3. Therefore we search for additional cuts tailored to the signal, which

is characterized by a hard tt̄ ! tt̄ scattering. We find as optimal variables the pT of the

leading lepton and ST , defined as the scalar sum of the transverse momenta of the SSL pair

and of all jets. Normalized distributions of these variables after the baseline selection are

shown for the signal and the main backgrounds in Fig. 6. We apply the cuts p`1
T

> 275GeV

and ST > 3TeV, and divide the remaining events into three ST bins, with S/B ranging

from 8 ⇥ 10�3 to 5 ⇥ 10�2. To derive a bound on ⇤ we construct a �2, accounting for the

systematic uncertainties on the two main SM backgrounds, namely tt̄tt̄ and tt̄W . For n

bins, the �2 is defined as

�2 =
nX

i,j=1

NS

i (C
�1
tot )ijN

S

j , Ctot = Cstat + Ctt̄tt̄

sys + Ctt̄W
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Checked dependence on background systematics, fake-lepton prob., EFT regime of validity.

Baseline selection: exactly two SSL with                                  , ≥ 5 jets (≥ 3 b-tagged),                          .
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HT > 400GeV

Figure 8: Left: contours of the 95% CL bound on ⇤/
p

|ctt| in TeV, obtained by combining

the SSL and 3L analyses, in the plane of systematic uncertainties on the two main SM

backgrounds. The cross indicates our reference values. Right: Impact on the bound of

varying the probability for a jet to give rise to a fake lepton. The dashed line indicates our

baseline assumption.
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Figure 9: Combined SSL+3L bound as a function of m⇤, the maximal allowed parton-

level invariant mass of any pair of top or antitop quarks. Dashed lines indicate contours of

constant new-physics coupling g⇤ =
p

|ctt|m⇤/⇤.

We now return to the role of the interference between the signal and SM tt̄tt̄ amplitudes.

To quantify it, it is enough to work at the parton level, hence as rough proxy for our signal

region we consider the process pp ! tt̄tt̄, followed by SSL decays and including the cuts

p`1
T

> 200GeV and HT > 2TeV.11 We find the leading order cross section

�(tt̄tt̄) [fb] = 1.5 + (0.3 ± 0.3) ⇥ 10�3 (6TeV)2

⇤2/ctt
+ 0.071

(6TeV)4

⇤4/c2
tt

, (4.12)

where the coe�cients are obtained by fitting to a set of cross sections calculated for varying

ctt/⇤2, and the uncertainties on the SM and O(c2tt) terms are negligible compared to the

one on the linear term. This result confirms that interference can be safely neglected. The

same conclusion applies to the 3L final state.

11For this check we only consider the dominant O(↵2

s) component of the SM amplitude.
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Figure 8: Left: contours of the 95% CL bound on ⇤/
p

|ctt| in TeV, obtained by combining

the SSL and 3L analyses, in the plane of systematic uncertainties on the two main SM

backgrounds. The cross indicates our reference values. Right: Impact on the bound of

varying the probability for a jet to give rise to a fake lepton. The dashed line indicates our

baseline assumption.
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We now return to the role of the interference between the signal and SM tt̄tt̄ amplitudes.

To quantify it, it is enough to work at the parton level, hence as rough proxy for our signal
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where the coe�cients are obtained by fitting to a set of cross sections calculated for varying

ctt/⇤2, and the uncertainties on the SM and O(c2tt) terms are negligible compared to the

one on the linear term. This result confirms that interference can be safely neglected. The

same conclusion applies to the 3L final state.

11For this check we only consider the dominant O(↵2
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Dominant sensitivity to large compositeness scale/coupling via 4-top contact interactions;
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higher than Higgs couplings even if these are from full FCC (-ee/-hh) program.

Z-parameter
(de Blas et al. ’19)

(Banelli et al. ’20)
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g2s
g2⇤m

2
⇤
(D⇢Gµ⌫)

2



<latexit sha1_base64="+KAKVbmmqowuvs8SEi5oMHbQIqc=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cK9gPaWDbbSbt2kw27G6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSATXxnW/naXlldW19cJGcXNre2e3tLff0DJVDOtMCqlaAdUoeIx1w43AVqKQRoHAZjC8mfjNJ1Say/jejBL0I9qPecgZNVZqdFCIh9NuqexW3CnIIvFyUoYctW7pq9OTLI0wNkxQrduemxg/o8pwJnBc7KQaE8qGtI9tS2Maofaz6bVjcmyVHgmlshUbMlV/T2Q00noUBbYzomag572J+J/XTk145Wc8TlKDMZstClNBjCST10mPK2RGjCyhTHF7K2EDqigzNqCiDcGbf3mRNM4q3kXFvTsvV6/zOApwCEdwAh5cQhVuoQZ1YPAIz/AKb450Xpx352PWuuTkMwfwB87nDyvRjtw=</latexit>

`+

Future lepton colliders
Not feasible to directly probe 4-top contact interactions at lepton colliders.

<latexit sha1_base64="hhLrdNTXVnYoz3bfpWR9CDTOltM=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4sSSi6LHoxWMF+wFtLJvtpF27yYbdjVBC/4MXD4p49f9489+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttvaJkqhnUmhVStgGoUPMa64UZgK1FIo0BgMxjeTPzmEyrNZXxvRgn6Ee3HPOSMGis1OijEw2m3VHYr7hRkkXg5KUOOWrf01elJlkYYGyao1m3PTYyfUWU4EzgudlKNCWVD2se2pTGNUPvZ9NoxObZKj4RS2YoNmaq/JzIaaT2KAtsZUTPQ895E/M9rpya88jMeJ6nBmM0WhakgRpLJ66THFTIjRpZQpri9lbABVZQZG1DRhuDNv7xIGmcV76Li3p2Xq9d5HAU4hCM4AQ8uoQq3UIM6MHiEZ3iFN0c6L8678zFrXXLymQP4A+fzBy7Zjt4=</latexit>

`�

<latexit sha1_base64="kDLewBLHBslQCTBi0+YqVMwzeyM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF4/xkQckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFKD9i775UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AE47o3B</latexit>

tR

<latexit sha1_base64="uKy27iFQ7Hp5D2BT3Jdp9fRR9IA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cq9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbRSuxtQTbB33ytX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx274ScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMps+TvtCcoRxbQpkW9lbChlRThjaikg3BW3x5mTTPqt5F1b07r9Su8ziKcATHcAoeXEINbqEODWAg4Rle4c15dF6cd+dj3lpw8plD+APn8weK2I+k</latexit>

t̄R

=

Figure 1:

1 A

1

+
<latexit sha1_base64="4QbshbvGjPrNkU9mhCfSzvHJxw8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuKHoM8eIxonlAsobZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqZ+8wmV5pF8MOMY/ZAOJO9zRo2V7quPZ91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP61n3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOC97l2X37qJUqWZx5OEIjuEUPLiCCtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MHro6NZg==</latexit>

B⇤

Figure 1:

1 A

1

<latexit sha1_base64="4QbshbvGjPrNkU9mhCfSzvHJxw8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuKHoM8eIxonlAsobZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqZ+8wmV5pF8MOMY/ZAOJO9zRo2V7quPZ91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP61n3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOC97l2X37qJUqWZx5OEIjuEUPLiCCtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MHro6NZg==</latexit>

B⇤

renormalization group evolution

<latexit sha1_base64="vGa/8cIhoSRwmeJe4G10n14ftoY="></latexit>

ctD
m2

⇤
(µ) =

ctD
m2

⇤
(m⇤) +

ctt
m2

⇤
(m⇤)

32

9

g0

16⇡2
log

✓
m2

⇤
µ2

◆
<latexit sha1_base64="1kdRQIR8yyqz0RYOLOKTxp8FP+4="></latexit>ctD
m2

⇤
(@µBµ⌫)(t̄R�

⌫tR)

e.o.m.

20

<latexit sha1_base64="zKDmhH0CG385p47cS4gHAydMric="></latexit>cte
m2

⇤
(ēR�µeR)(t̄R�

µtR)
<latexit sha1_base64="+NHVo1YX50ANyuhdJtN9WPxVV3I="></latexit> ct`
m2

⇤
(¯̀L�µ`L)(t̄R�

µtR)

For strongly-coupled theories             , RGE term leading contribution.

<latexit sha1_base64="asFxIG9RBDJ5QoEus20W8y4CVkQ="></latexit>

cte
m2
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ct`
m2
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g02

m2
⇤

✓
32

9

g2⇤
16⇡2

log+finite

◆

<latexit sha1_base64="1ReYQ5tMVXL3pnaYSjHGM0dtY8M=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREFD0WvXisYD+kDWWz3aRLdzdhdyOU0F/hxYMiXv053vw3btMctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8e3M7zxRpVksH8wkob7AkWQhI9hY6TEanKF+FCFvUK25dTcHWiZeQWpQoDmofvWHMUkFlYZwrHXPcxPjZ1gZRjidVvqppgkmYxzRnqUSC6r9LD94ik6sMkRhrGxJg3L190SGhdYTEdhOgc1IL3oz8T+vl5rw2s+YTFJDJZkvClOOTIxm36MhU5QYPrEEE8XsrYiMsMLE2IwqNgRv8eVl0j6ve5d19/6i1rgp4ijDERzDKXhwBQ24gya0gICAZ3iFN0c5L8678zFvLTnFzCH8gfP5Az76j2M=</latexit>

g⇤ � 1
(Banelli et al. ’20)



<latexit sha1_base64="3N15HF9oM7jv7AKL9DiB8jk0nE8=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0oWgZtLCwSMB+QHGFvM5es2ds7dveEcOQX2FgoYutPsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/lgxkn6Ed0IHnIGTVWqt/3SmW34s5AlomXkzLkqPVKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZodOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDZFG4K3+PIyaZ5XvMuKW78oV2/yOApwDCdwBh5cQRXuoAYNYIDwDK/w5jw6L8678zFvXXHymSP4A+fzB6TbjNQ=</latexit>

L

<latexit sha1_base64="3N15HF9oM7jv7AKL9DiB8jk0nE8=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0oWgZtLCwSMB+QHGFvM5es2ds7dveEcOQX2FgoYutPsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/lgxkn6Ed0IHnIGTVWqt/3SmW34s5AlomXkzLkqPVKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZodOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDZFG4K3+PIyaZ5XvMuKW78oV2/yOApwDCdwBh5cQRXuoAYNYIDwDK/w5jw6L8678zFvXXHymSP4A+fzB6TbjNQ=</latexit>

L

<latexit sha1_base64="PxfgnSw3+XJvCY4fdpu7JFHteZs=">AAACEXicbVDLSsNAFJ34rPUVdelmsAgFsSSi6LLoxo1QwT6giWUynbRDJw9mboQS+gtu/BU3LhRx686df+MkzUJbDwxzOOde7r3HiwVXYFnfxsLi0vLKammtvL6xubVt7uy2VJRIypo0EpHseEQxwUPWBA6CdWLJSOAJ1vZGV5nffmBS8Si8g3HM3IAMQu5zSkBLPbPqBASGlIj0ZtJLHSbE/RHOv2PsQIQBOx6RGCY9s2LVrBx4ntgFqaACjZ755fQjmgQsBCqIUl3bisFNiQROBZuUnUSxmNARGbCupiEJmHLT/KIJPtRKH/uR1C8EnKu/O1ISKDUOPF2Z7a9mvUz8z+sm4F+4KQ/jBFhIp4P8RODsVB0P7nPJKIixJoRKrnfFdEgkoaBDLOsQ7NmT50nrpGaf1azb00r9soijhPbRAaoiG52jOrpGDdREFD2iZ/SK3own48V4Nz6mpQtG0bOH/sD4/AFZL5yv</latexit>

M`+`�!tt̄

21

~
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Figure 1:
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1

+

<latexit sha1_base64="PC1eMqXKc5yKD21NqNJX4erdtCY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diK/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDrfOM2g==</latexit>

R

<latexit sha1_base64="PC1eMqXKc5yKD21NqNJX4erdtCY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diK/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDrfOM2g==</latexit>

R

<latexit sha1_base64="PC1eMqXKc5yKD21NqNJX4erdtCY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diK/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDrfOM2g==</latexit>

R

<latexit sha1_base64="PC1eMqXKc5yKD21NqNJX4erdtCY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diK/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDrfOM2g==</latexit>

R

<latexit sha1_base64="PC1eMqXKc5yKD21NqNJX4erdtCY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diK/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDrfOM2g==</latexit>

R

<latexit sha1_base64="3N15HF9oM7jv7AKL9DiB8jk0nE8=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0oWgZtLCwSMB+QHGFvM5es2ds7dveEcOQX2FgoYutPsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/lgxkn6Ed0IHnIGTVWqt/3SmW34s5AlomXkzLkqPVKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZodOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDZFG4K3+PIyaZ5XvMuKW78oV2/yOApwDCdwBh5cQRXuoAYNYIDwDK/w5jw6L8678zFvXXHymSP4A+fzB6TbjNQ=</latexit>

L

<latexit sha1_base64="+x1DA5KzfBztWNYBQQ6xP4bhGlw="></latexit>

g
2
⇤

m2
⇤
(H†

DµH)(t̄R�
µ
tR)

<latexit sha1_base64="DKkiHAaUWutCbLfoJYSrOdDI+vc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diC/cA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OB x3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDuhOM4g==</latexit>

Z
<latexit sha1_base64="u5NnoDEOVZnmGoHCfFTNLTHf/ng=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoseiF48V7Ie2oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUUVansYhVK0DNBI9Y3XAjWCtRDGUgWDMY3kz85hNTmsfRvRklzJfYj3jIKRorPTyekk4fpcRuqexW3CnIIvFyUoYctW7pq9OLaSpZZKhArduemxg/Q2U4FWxc7KSaJUiH2GdtSyOUTPvZ9OAxObZKj4SxshUZMlV/T2QotR7JwHZKNAM9703E/7x2asIrP+NRkhoW0dmiMBXExGTyPelxxagRI0uQKm5vJXSACqmxGRVtCN78y4ukcVbxLiru3Xm5ep3HUYBDOIIT8OASqnALNagDBQnP8ApvjnJenHfnY9a65OQzB/AHzucP93iP3Q==</latexit>

Z, �

<latexit sha1_base64="8DRMurlOJaYkFVaHN4pYjKypu6c="></latexit>

ytg

m2
⇤
q̄LH�µ⌫W

µ⌫
tR

<latexit sha1_base64="zKDmhH0CG385p47cS4gHAydMric="></latexit>cte
m2

⇤
(ēR�µeR)(t̄R�

µtR)

<latexit sha1_base64="om3Pouv6e4bRFj1AH0TGmdnqrJc=">AAACB3icbVDLSgMxFM34rPU16lKQYBHERZkpii6LblxWsA/oTIdMmmlDk8yQZIQydOfGX3HjQhG3/oI7/8Z0OgttPXC5h3PuJbknTBhV2nG+raXlldW19dJGeXNre2fX3ttvqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB2ObqZ++4FIRWNxr8cJ8TkaCBpRjLSRAvvIU5RDL5IIZ4PgrFebZDxvkAftXi2wK07VyQEXiVuQCijQCOwvrx/jlBOhMUNKdV0n0X6GpKaYkUnZSxVJEB6hAekaKhAnys/yOybwxCh9GMXSlNAwV39vZIgrNeahmeRID9W8NxX/87qpjq78jIok1UTg2UNRyqCO4TQU2KeSYM3GhiAsqfkrxENkMtEmurIJwZ0/eZG0alX3ourcnVfq10UcJXAIjsEpcMElqINb0ABNgMEjeAav4M16sl6sd+tjNrpkFTsH4A+szx9vUZhh</latexit>

⇠ g2⇤
m2

⇤
m2

W

<latexit sha1_base64="SXm/tfuvCwJRlrh8vxgNDWPdHeU=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJCDFVSgWCsYGEsEn1ITagc12mt2kmwb5CqKB/Awq+wMIAQKx/Axt/gthmg5UiWj845V/Y9fiy4Btv+tgpLyyura8X10sbm1vZOeXevpaNEUdakkYhUxyeaCR6yJnAQrBMrRqQvWNsfXU389gNTmkfhLYxj5kkyCHnAKQEj9coVV3OJ3UARmg7ualkqeyfmwrIH2NX3ClKdmZRdtafAi8TJSQXlaPTKX24/oolkIVBBtO46dgxeShRwKlhWchPNYkJHZMC6hoZEMu2l02UyfGSUPg4iZU4IeKr+nkiJ1HosfZOUBIZ63puI/3ndBIILL+VhnAAL6eyhIBEYIjxpBve5YhTE2BBCFTd/xXRITDFg+iuZEpz5lRdJq1Z1zqr2zWmlfpnXUUQH6BAdIwedozq6Rg3URBQ9omf0it6sJ+vFerc+ZtGClc/soz+wPn8AgaKbSA==</latexit>

⇠ g2

m2
⇤
mt

p
s

<latexit sha1_base64="GGkQlw5wGungoSTWcVrW8ekvrO8=">AAACA3icbVDLSgMxFM3UV62vUXe6CRZBXJSZouiy6MZlBfuAzjhk0kwbmmSGJCOUoeDGX3HjQhG3/oQ7/8Z0OgttPXC5h3PuJbknTBhV2nG+rdLS8srqWnm9srG5tb1j7+61VZxKTFo4ZrHshkgRRgVpaaoZ6SaSIB4y0glH11O/80CkorG40+OE+BwNBI0oRtpIgX3gKcqhF0mEs0Fwel+fZDxvUAV21ak5OeAicQtSBQWagf3l9WOcciI0Zkipnusk2s+Q1BQzMql4qSIJwiM0ID1DBeJE+Vl+wwQeG6UPo1iaEhrm6u+NDHGlxjw0kxzpoZr3puJ/Xi/V0aWfUZGkmgg8eyhKGdQxnAYC+1QSrNnYEIQlNX+FeIhMHtrEVjEhuPMnL5J2veae15zbs2rjqoijDA7BETgBLrgADXADmqAFMHgEz+AVvFlP1ov1bn3MRktWsbMP/sD6/AHOG5b5</latexit>

⇠ g2⇤
m2

⇤
s

Contact interactions at high-energy colliders dominate the sensitivity to            .
<latexit sha1_base64="GzjfBSZ1rSTgMa3XXbhKpJWS0ks=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRZBeqi7RdFj0YvHCvYD2mXJptk2NMkuSVYoS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx3czv/NElWaxfDSThPoCDyWLGMHGSp1hUL0QQTUoV9yaOwdaJV5OKpCjGZS/+oOYpIJKQzjWuue5ifEzrAwjnE5L/VTTBJMxHtKepRILqv1sfu4UnVllgKJY2ZIGzdXfExkWWk9EaDsFNiO97M3E/7xeaqIbP2MySQ2VZLEoSjkyMZr9jgZMUWL4xBJMFLO3IjLCChNjEyrZELzll1dJu17zrmruw2WlcZvHUYQTOIVz8OAaGnAPTWgBgTE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/PeSO2Q==</latexit>

g⇤/m⇤

Several c.o.m. energies and polarized beams is crucial to probe different operators.

Bottom pair-production provides sensitivity to the weakly coupled regime            .<latexit sha1_base64="WRAQY3WKaRf8LlHFvhsL4ie1ugM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMgHsKuKHoMevEYwTwwWcLsZDYZMo9lZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR7dRvPVFtmJIPdpzQUOCBZDEj2DrpcdA7Q13DBAp65Ypf9WdAyyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNJqZsammAywgPacVRiQU2YzS6eoBOn9FGstCtp0Uz9PZFhYcxYRK5TYDs0i95U/M/rpDa+DjMmk9RSSeaL4pQjq9D0fdRnmhLLx45gopm7FZEh1phYF1LJhRAsvrxMmufV4LLq319Uajd5HEU4gmM4hQCuoAZ3UIcGEJDwDK/w5hnvxXv3PuatBS+fOYQ/8D5/ACGzj+g=</latexit>

g⇤ ⇠ 1

<latexit sha1_base64="rbeboteAJCnWkQxTE3z1kHpNaD8=">AAACEXicbVDLSsNAFJ34rPUVdelmsAgFsSSi6LLoxo1QwT6giWFmOmmHTh7MTIQS8gtu/BU3LhRx686df+MkzUJbDwxzOOde7r0Hx5xJZVnfxsLi0vLKamWtur6xubVt7ux2ZJQIQtsk4pHoYSQpZyFtK6Y47cWCogBz2sXjq9zvPlAhWRTeqUlM3QANQ+YzgpSWPLPuBEiNCOLpTealDuX8/ggW3zF0VAQxdDASEGeeWbMaVgE4T+yS1ECJlmd+OYOIJAENFeFIyr5txcpNkVCMcJpVnUTSGJExGtK+piEKqHTT4qIMHmplAP1I6BcqWKi/O1IUSDkJsK7M95ezXi7+5/UT5V+4KQvjRNGQTAf5CYf61DweOGCCEsUnmiAimN4VkhESiCgdYlWHYM+ePE86Jw37rGHdntaal2UcFbAPDkAd2OAcNME1aIE2IOARPINX8GY8GS/Gu/ExLV0wyp498AfG5w8h/ZyL</latexit>

M`+`�!bb̄ ~

<latexit sha1_base64="flVja/32Tkw7DZcRyDNrzAcoN58="></latexit>

y2t g
2

g2⇤m
2
⇤
(¯̀L�µ`L)(q̄L�

µqL)

<latexit sha1_base64="6jMPuhf4LTtQe4CNTOLPom3S0sM=">AAACDXicbZC7TsMwFIYdrqXcAowsFgUJMVRJBYKxgoWxSPQiNWnkuE5q1U4i20GKor4AC6/CwgBCrOxsvA1OmwFajmTr0/+fI/v8fsKoVJb1bSwtr6yurVc2qptb2zu75t5+R8apwKSNYxaLno8kYTQibUUVI71EEMR9Rrr++Kbwuw9ESBpH9ypLiMtRGNGAYqS05JnHjqQcOoFAOM88NWjAcNCY5KF3ppEX9wRKz6xZdWtacBHsEmqgrJZnfjnDGKecRAozJGXfthLl5kgoihmZVJ1UkgThMQpJX2OEOJFuPt1mAk+0MoRBLPSJFJyqvydyxKXMuK87OVIjOe8V4n9eP1XBlZvTKEkVifDsoSBlUMWwiAYOqSBYsUwDwoLqv0I8QjoZpQOs6hDs+ZUXodOo2xd16+681rwu46iAQ3AEToENLkET3IIWaAMMHsEzeAVvxpPxYrwbH7PWJaOcOQB/yvj8AVevmnA=</latexit>

⇠ y2t g
2

g2⇤m
2
⇤
s

Future lepton colliders



High c.o.m. energies great advantage in (indirectly) probing most of parameter space.
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Based on reinterpretation of results for sensitivity to the individual operators: Durieux, Perelló, Vos, Zhang ’18.
See also Durieux, Matsedonskyi ’18.

<latexit sha1_base64="oWTT1xcDzfLZOJCnlgz9QgdpKsA="></latexit>p
s = 0.38, 1.4, 3 TeV

L = 0.5, 1.5, 3 /ab

Contact interactions and highest-energy runs dominate the sensitivity.

<latexit sha1_base64="24AYuvdn510QeHlYD+aT2doRpX0=">AAACLnicbVDLSgMxFM3UVx1foy7dBIvioowzYtGNUBTBhYsKfUFnKJk0U0MzD5OMUIb5Ijf+ii4EFXHrZ5hOu9C2B5J7OPdcknu8mFEhLetdKywsLi2vFFf1tfWNzS1je6cpooRj0sARi3jbQ4IwGpKGpJKRdswJCjxGWt7gatRvPRIuaBTW5TAmboD6IfUpRlJJXePaEQ9cpiKDhxfQMitl6JShrS5VUocHsE6aGXQc/XaO4Th3IC/rGiXLtHLAWWJPSAlMUOsar04vwklAQokZEqJjW7F0U8QlxYxkupMIEiM8QH3SUTREARFumq+bwQOl9KAfcXVCCXP170SKAiGGgaecAZL3Yro3Euf1Oon0z92UhnEiSYjHD/kJgzKCo+xgj3KCJRsqgjCn6q8Q3yOOsFQJ6yoEe3rlWdI8Me2Kad2dlqqXkziKYA/sgyNggzNQBTegBhoAgyfwAj7Ap/asvWlf2vfYWtAmM7vgH7SfX4Gzoh0=</latexit>p
s = 0.5, 1 TeV

L = 0.5, 1 /ab

Future lepton colliders: ILC vs CLIC



High c.o.m. energies great advantage in (indirectly) probing most of parameter space.
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<latexit sha1_base64="oWTT1xcDzfLZOJCnlgz9QgdpKsA="></latexit>p
s = 0.38, 1.4, 3 TeV

L = 0.5, 1.5, 3 /ab

<latexit sha1_base64="24AYuvdn510QeHlYD+aT2doRpX0=">AAACLnicbVDLSgMxFM3UVx1foy7dBIvioowzYtGNUBTBhYsKfUFnKJk0U0MzD5OMUIb5Ijf+ii4EFXHrZ5hOu9C2B5J7OPdcknu8mFEhLetdKywsLi2vFFf1tfWNzS1je6cpooRj0sARi3jbQ4IwGpKGpJKRdswJCjxGWt7gatRvPRIuaBTW5TAmboD6IfUpRlJJXePaEQ9cpiKDhxfQMitl6JShrS5VUocHsE6aGXQc/XaO4Th3IC/rGiXLtHLAWWJPSAlMUOsar04vwklAQokZEqJjW7F0U8QlxYxkupMIEiM8QH3SUTREARFumq+bwQOl9KAfcXVCCXP170SKAiGGgaecAZL3Yro3Euf1Oon0z92UhnEiSYjHD/kJgzKCo+xgj3KCJRsqgjCn6q8Q3yOOsFQJ6yoEe3rlWdI8Me2Kad2dlqqXkziKYA/sgyNggzNQBTegBhoAgyfwAj7Ap/asvWlf2vfYWtAmM7vgH7SfX4Gzoh0=</latexit>p
s = 0.5, 1 TeV

L = 0.5, 1 /ab

<latexit sha1_base64="KHW2GmkEbNdCf8GXhgs7c1g5FAk=">AAACP3icbVC7SgNBFJ31GeMramkzGASrsCuKlsE0BlJEMA/ILmF2MpsMmX04c1cIy/6Zjb9gZ2tjoYitnZNkhTw8MHDuuecy9x43ElyBab4aK6tr6xubua389s7u3n7h4LCpwlhS1qChCGXbJYoJHrAGcBCsHUlGfFewljusjPutRyYVD4N7GEXM8Uk/4B6nBLTULTRt4D5T2FYPEhLbk4QmqpvY0sfVWiVN/4pKraqrdM5Xm/XV5nzdQtEsmRPgZWJlpIgy1LuFF7sX0thnAVBBlOpYZgROQiRwKliat2PFIkKHpM86mgZEL+0kk/tTfKqVHvZCqV8AeKLOTiTEV2rku9rpExioxd5Y/K/XicG7dhIeRDGwgE4/8mKBIcTjMHGPS0ZBjDQhVHK9K6YDorMBHXleh2AtnrxMmucl67Jk3l0UyzdZHDl0jE7QGbLQFSqjW1RHDUTRE3pDH+jTeDbejS/je2pdMbKZIzQH4+cXkxyxAQ==</latexit>

⇥
r

sILC
sCLIC

r
LILC

LCLIC
(statistically dominated errors)

Future lepton colliders: ILC vs CLIC

Contact interactions and highest-energy runs dominate the sensitivity.

Based on reinterpretation of results for sensitivity to the individual operators: Durieux, Perelló, Vos, Zhang ’18.
See also Durieux, Matsedonskyi ’18.



HELC perspective

Ennio Salvioni

• Sensitivity is dominated by highest-energy run. For CLIC up to 3 TeV:

<latexit sha1_base64="juiLwl87jejBpEKIhSe7vjabdCI=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4EJKIhVdFty4rNAXJCFMppN26MwkzEyEErrxV9y4UMStn+HOv3HSZqGtBy4czrmXe++JUkaVdpxvq7K2vrG5Vd2u7ezu7R/Yh0c9lWQSky5OWCIHEVKEUUG6mmpGBqkkiEeM9KPJXeH3H4lUNBEdPU1JwNFI0JhipI0U2ic89JHS/iX0fI70WPK8Q3qzILTrTsOZA64StyR1UKId2l/+MMEZJ0JjhpTyXCfVQY6kppiRWc3PFEkRnqAR8QwViBMV5PMHZvDcKEMYJ9KU0HCu/p7IEVdqyiPTWRyplr1C/M/zMh3fBjkVaaaJwItFccagTmCRBhxSSbBmU0MQltTcCvEYSYS1yaxmQnCXX14lvauGe91wHpr1VrOMowpOwRm4AC64AS1wD9qgCzCYgWfwCt6sJ+vFerc+Fq0Vq5w5Bn9gff4Ab1iWQw==</latexit>

m⇤ [TeV]

Higgs precision
t t̄

S 
parameter

W  
param.

bb̄

see also [Durieux, Matsedonskyi 1807.10273]

<latexit sha1_base64="cIeXMgspIYaUQiihPfodusDFQwA="></latexit>m⇤
g⇤

> 7.7 TeV

(  )e+e− → t t̄

<latexit sha1_base64="iEEgJCQ0lp90dnNH3xfAw9AX2Jg="></latexit>m⇤
g⇤

> 4.3 TeV

[de Blas et al. 1905.03764]

• Reach of muon collider on  operators not yet available, but clearly interestingμμtt̄
[Wulzer et al., Snowmass 2021 LoI]

<latexit sha1_base64="qc54POU037OQ8UUM0v/+EpS821A=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx48RjBPCBZwuxkNhkzO7PM9Aoh5B+8eFDEq//jzb9xkuxBEwsaiqpuuruiVAqLvv/trayurW9sFraK2zu7e/ulg8OG1ZlhvM601KYVUculULyOAiVvpYbTJJK8GQ1vp37ziRsrtHrAUcrDhPaViAWj6KRGv9uhFrulsl/xZyDLJMhJGXLUuqWvTk+zLOEKmaTWtgM/xXBMDQom+aTYySxPKRvSPm87qmjCbTieXTshp07pkVgbVwrJTP09MaaJtaMkcp0JxYFd9Kbif147w/gmHAuVZsgVmy+KM0lQk+nrpCcMZyhHjlBmhLuVsAE1lKELqOhCCBZfXiaN80pwWfHvL8rVqzyOAhzDCZxBANdQhTuoQR0YPMIzvMKbp70X7937mLeuePnMEfyB9/kDlUOPGA==</latexit>g⇤
<latexit sha1_base64="4AOKwb20FbOMbwgrorrHPtL40T0="></latexit>p
s = 0.38, 1.4, 3 TeV, L = 0.5, 1.5, 3 ab�1
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HELC perspective

Ennio Salvioni

• Sensitivity is dominated by highest-energy run. For CLIC up to 3 TeV:

<latexit sha1_base64="juiLwl87jejBpEKIhSe7vjabdCI=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4EJKIhVdFty4rNAXJCFMppN26MwkzEyEErrxV9y4UMStn+HOv3HSZqGtBy4czrmXe++JUkaVdpxvq7K2vrG5Vd2u7ezu7R/Yh0c9lWQSky5OWCIHEVKEUUG6mmpGBqkkiEeM9KPJXeH3H4lUNBEdPU1JwNFI0JhipI0U2ic89JHS/iX0fI70WPK8Q3qzILTrTsOZA64StyR1UKId2l/+MMEZJ0JjhpTyXCfVQY6kppiRWc3PFEkRnqAR8QwViBMV5PMHZvDcKEMYJ9KU0HCu/p7IEVdqyiPTWRyplr1C/M/zMh3fBjkVaaaJwItFccagTmCRBhxSSbBmU0MQltTcCvEYSYS1yaxmQnCXX14lvauGe91wHpr1VrOMowpOwRm4AC64AS1wD9qgCzCYgWfwCt6sJ+vFerc+Fq0Vq5w5Bn9gff4Ab1iWQw==</latexit>

m⇤ [TeV]

Higgs precision
t t̄

S 
parameter

W  
param.

bb̄

see also [Durieux, Matsedonskyi 1807.10273]

<latexit sha1_base64="cIeXMgspIYaUQiihPfodusDFQwA="></latexit>m⇤
g⇤

> 7.7 TeV

(  )e+e− → t t̄

<latexit sha1_base64="iEEgJCQ0lp90dnNH3xfAw9AX2Jg="></latexit>m⇤
g⇤

> 4.3 TeV

[de Blas et al. 1905.03764]

• Reach of muon collider on  operators not yet available, but clearly interestingμμtt̄
[Wulzer et al., Snowmass 2021 LoI]

<latexit sha1_base64="qc54POU037OQ8UUM0v/+EpS821A=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx48RjBPCBZwuxkNhkzO7PM9Aoh5B+8eFDEq//jzb9xkuxBEwsaiqpuuruiVAqLvv/trayurW9sFraK2zu7e/ulg8OG1ZlhvM601KYVUculULyOAiVvpYbTJJK8GQ1vp37ziRsrtHrAUcrDhPaViAWj6KRGv9uhFrulsl/xZyDLJMhJGXLUuqWvTk+zLOEKmaTWtgM/xXBMDQom+aTYySxPKRvSPm87qmjCbTieXTshp07pkVgbVwrJTP09MaaJtaMkcp0JxYFd9Kbif147w/gmHAuVZsgVmy+KM0lQk+nrpCcMZyhHjlBmhLuVsAE1lKELqOhCCBZfXiaN80pwWfHvL8rVqzyOAhzDCZxBANdQhTuoQR0YPMIzvMKbp70X7937mLeuePnMEfyB9/kDlUOPGA==</latexit>g⇤
<latexit sha1_base64="4AOKwb20FbOMbwgrorrHPtL40T0="></latexit>p
s = 0.38, 1.4, 3 TeV, L = 0.5, 1.5, 3 ab�1
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Top and Higgs compositeness: CLIC
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4-top contact

W-parameter

(de Blas et al. ’19)
eebb contact

(Banelli et al. ’20)

Dominant sensitivity to large compositeness scale/coupling via 4-top contact interactions.
<latexit sha1_base64="4A2wACAAvIvjudtXqr/SIPnG0vk=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMgHsJuEPUiBL14jGAekGyW2ckkGTL7YKZXCUv+w4sHRbz6L978GyfJHjSxoKGo6qa7y4+l0Gjb31ZuZXVtfSO/Wdja3tndK+4fNHSUKMbrLJKRavlUcylCXkeBkrdixWngS970R7dTv/nIlRZR+IDjmLsBHYSiLxhFI3WZlyJOyDUZeGfdilcs2WV7BrJMnIyUIEPNK351ehFLAh4ik1TrtmPH6KZUoWCSTwqdRPOYshEd8LahIQ24dtPZ1RNyYpQe6UfKVIhkpv6eSGmg9TjwTWdAcagXvan4n9dOsH/lpiKME+Qhmy/qJ5JgRKYRkJ5QnKEcG0KZEuZWwoZUUYYmqIIJwVl8eZk0KmXnoly5Py9Vb7I48nAEx3AKDlxCFe6gBnVgoOAZXuHNerJerHfrY96as7KZQ/gD6/MHNfeRrA==</latexit>

ctt = g2⇤



<latexit sha1_base64="Bi9669t3UZm7TZsVvC8ynXMMXtw=">AAACIHicbVDLSgMxFM34tr5GXboJFkFEyoxU61J041LBPqAzlEx6pwaTmSHJCCXMp7jxV9y4UER3+jWm7Sy0eiHhcM49NzcnyjhT2vM+nZnZufmFxaXlysrq2vqGu7nVUmkuKTRpylPZiYgCzhJoaqY5dDIJREQc2tHdxUhv34NULE1u9DCDUJBBwmJGibZUz22YYDzERDyHAgexJNSI3kFhBvbCwUBbr8AntToODrEJpMA30CqKnlv1at648F/gl6CKyrrquR9BP6W5gERTTpTq+l6mQ0OkZpRDUQlyBRmhd2QAXQsTIkCFZrxbgfcs08dxKu1JNB6zPx2GCKWGIrKdguhbNa2NyP+0bq7j09CwJMs1JHTyUJxzrFM8Sgv3mQSq+dACQiWzu2J6S2xG2mZasSH401/+C1pHNf+45l3Xq2fnZRxLaAfton3kowY6Q5foCjURRQ/oCb2gV+fReXbenPdJ64xTerbRr3K+vgH6UKLK</latexit>m⇤
g⇤

& 6.4TeV

1 Section
m⇤

g⇤
& 18TeV

1

Same conclusion at a high-energy muon collider, with larger reach!

25

Top and Higgs compositeness: muon collider
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4-top contact

(Han et al. ’20)
eebb contact

(statistically dominated errors)

Main assumption is that uncertainty remains statistically dominated.
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<latexit sha1_base64="0TVgZayseMmT9l+R8CiB9KTxCUs="></latexit>

⇥
r

sCLIC

sµ+µ�

s
LCLIC

Lµ+µ�

<latexit sha1_base64="R/F/yyLQIWHuR/yAMA/TKW5ZxUk="></latexit>p
sµ+µ� = 10TeV Lµ+µ� = 10 /ab

(Buttazzo et al. ’20)



Top (effective) compositeness is a very motivated target for high-energy colliders.
In particular because of its connection to the origin of the electroweak scale.

Current LHC measurements are already (intriguingly) interesting.
Probes of genuine strong 4-top production competitive with Higgs precision.

Conclusions/Outlook

Pattern of mild excesses in multi-lepton + jets deserve closer inspection.

Future colliders would provide very powerful tests of a strongly-interacting top.

26

Lepton colliders, indirectly via RGE effects in top-pair production.

Hadron colliders, directly via strong tt-scattering in 4-top production.

<latexit sha1_base64="X/w/KPc8I4WoRyKsa2LKACIGvWg="></latexit>

m⇤
g⇤

����
4t

LHC, 36/fb

& 0.73TeV

<latexit sha1_base64="Qkgpew0vnaNe2ZAFHOXS/KEgA14="></latexit>
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Exploring levels of electroweak-scale fine-tuning below the per-mille level.



27

Thank you.
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