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• Ultra-High Energy cosmic ray (UHECRs) spectrum
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PDG 2017 We are interested in

• Ultra-High Energy cosmic ray (UHECRs) spectrum

UHE cosmic rays



New Physics from 
UHE cosmic ray event

• Ultra-High Energy cosmic ray events  
: up to ~ 400 TeV in the center-of-mass frame 
  (It is the only way to reach above 10 TeV scale now.)


• Studying high E new physics event at ground air-shower 
detector arrays can be very important.



New Physics from 
UHE cosmic ray event

New Physics Search using UHE cosmic rays!
Pros)
Cons)

Can be much more Energetic. (up to CME 400 TeV)
The flux of UHE cosmic rays cannot be controlled.

Q) What kinds of New Physics Search are expected in 
UHECR observations?

• Ultra-High Energy cosmic ray events  
: up to ~ 400 TeV in the center-of-mass frame 
  (It is the only way to reach above 10 TeV scale now.)


• Studying high E new physics event at ground air-shower 
detector arrays can be very important.



New Physics from 
UHE cosmic ray event

• New Physics candidates above 10 TeV

ESph ⇠ O

⇣mW
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- Most of new physics expected in TeV-scale

- Electroweak (B+L)-violating process 

- and so on… 



New Physics from 
UHE cosmic ray event

• New Physics candidates above 10 TeV (with High multiplicity)

- Microscopic BH production in O(1-10) TeV-scale gravity

- Electroweak (B+L)-violating process ESph ⇠ O

⇣mW

↵W

⌘
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Q) What kinds of New Physics Search are expected in 
UHECR observations on air-shower arrays?

A) Process with high multiplicity of particles  
     in the final state.

- Enhanced Multi-Higgs production, …



New Physics from 
UHE cosmic ray event

• New Physics candidates above 10 TeV (with High multiplicity)

ESph ⇠ O

⇣mW

↵W

⌘
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Q) What kinds of New Physics Search are expected in 
UHECR observations on air-shower arrays?

A) Process with high multiplicity of particles  
     in the final state.

- Enhanced Multi-Higgs production, …

- Microscopic BH production in O(1-10) TeV-scale gravity

- Electroweak (B+L)-violating process 

we will focus  
on them.



High multiplicity new physics 
cross section

• Ultra-High E neutrino-nucleon collision cross section

UHE ⌫
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Target 
nucleon

E⌫ ⇠ O(1017 � 1021) eV
<latexit sha1_base64="g7LkOb/Fd4R8VfUhGq+RQ/DLnVY=">AAACHnicbVDLSgMxFM34rPVVdekmWARdWCai6FIUwZ0VbBU6tWTSWw1mMkNyRyzDfIkbf8WNC0UEV/o3ZmoXvg4EDufcy805YaKkRd//8EZGx8YnJktT5emZ2bn5ysJi08apEdAQsYrNecgtKKmhgRIVnCcGeBQqOAuvDwr/7AaMlbE+xX4C7YhfatmTgqOTOpXtw06gUxpYGdEg4ngluMqO8zXmX2RsJ6cbtGCbLF+nAcItZhSaOe1Uqn7NH4D+JWxIqmSIeqfyFnRjkUagUShubYv5CbYzblAKBXk5SC0kXFzzS2g5qnkEtp0N4uV01Sld2ouNexrpQP2+kfHI2n4Uuskigf3tFeJ/XivF3m47kzpJEbT4OtRLFcWYFl3RrjQgUPUd4cJI91cqrrjhAl2jZVcC+x35L2lu1phfYydb1b39YR0lskxWyBphZIfskSNSJw0iyB15IE/k2bv3Hr0X7/VrdMQb7iyRH/DePwF2yKAt</latexit><latexit sha1_base64="g7LkOb/Fd4R8VfUhGq+RQ/DLnVY=">AAACHnicbVDLSgMxFM34rPVVdekmWARdWCai6FIUwZ0VbBU6tWTSWw1mMkNyRyzDfIkbf8WNC0UEV/o3ZmoXvg4EDufcy805YaKkRd//8EZGx8YnJktT5emZ2bn5ysJi08apEdAQsYrNecgtKKmhgRIVnCcGeBQqOAuvDwr/7AaMlbE+xX4C7YhfatmTgqOTOpXtw06gUxpYGdEg4ngluMqO8zXmX2RsJ6cbtGCbLF+nAcItZhSaOe1Uqn7NH4D+JWxIqmSIeqfyFnRjkUagUShubYv5CbYzblAKBXk5SC0kXFzzS2g5qnkEtp0N4uV01Sld2ouNexrpQP2+kfHI2n4Uuskigf3tFeJ/XivF3m47kzpJEbT4OtRLFcWYFl3RrjQgUPUd4cJI91cqrrjhAl2jZVcC+x35L2lu1phfYydb1b39YR0lskxWyBphZIfskSNSJw0iyB15IE/k2bv3Hr0X7/VrdMQb7iyRH/DePwF2yKAt</latexit><latexit sha1_base64="g7LkOb/Fd4R8VfUhGq+RQ/DLnVY=">AAACHnicbVDLSgMxFM34rPVVdekmWARdWCai6FIUwZ0VbBU6tWTSWw1mMkNyRyzDfIkbf8WNC0UEV/o3ZmoXvg4EDufcy805YaKkRd//8EZGx8YnJktT5emZ2bn5ysJi08apEdAQsYrNecgtKKmhgRIVnCcGeBQqOAuvDwr/7AaMlbE+xX4C7YhfatmTgqOTOpXtw06gUxpYGdEg4ngluMqO8zXmX2RsJ6cbtGCbLF+nAcItZhSaOe1Uqn7NH4D+JWxIqmSIeqfyFnRjkUagUShubYv5CbYzblAKBXk5SC0kXFzzS2g5qnkEtp0N4uV01Sld2ouNexrpQP2+kfHI2n4Uuskigf3tFeJ/XivF3m47kzpJEbT4OtRLFcWYFl3RrjQgUPUd4cJI91cqrrjhAl2jZVcC+x35L2lu1phfYydb1b39YR0lskxWyBphZIfskSNSJw0iyB15IE/k2bv3Hr0X7/VrdMQb7iyRH/DePwF2yKAt</latexit><latexit sha1_base64="g7LkOb/Fd4R8VfUhGq+RQ/DLnVY=">AAACHnicbVDLSgMxFM34rPVVdekmWARdWCai6FIUwZ0VbBU6tWTSWw1mMkNyRyzDfIkbf8WNC0UEV/o3ZmoXvg4EDufcy805YaKkRd//8EZGx8YnJktT5emZ2bn5ysJi08apEdAQsYrNecgtKKmhgRIVnCcGeBQqOAuvDwr/7AaMlbE+xX4C7YhfatmTgqOTOpXtw06gUxpYGdEg4ngluMqO8zXmX2RsJ6cbtGCbLF+nAcItZhSaOe1Uqn7NH4D+JWxIqmSIeqfyFnRjkUagUShubYv5CbYzblAKBXk5SC0kXFzzS2g5qnkEtp0N4uV01Sld2ouNexrpQP2+kfHI2n4Uuskigf3tFeJ/XivF3m47kzpJEbT4OtRLFcWYFl3RrjQgUPUd4cJI91cqrrjhAl2jZVcC+x35L2lu1phfYydb1b39YR0lskxWyBphZIfskSNSJw0iyB15IE/k2bv3Hr0X7/VrdMQb7iyRH/DePwF2yKAt</latexit>

quark     with 
parton 

fraction x
<latexit sha1_base64="Kp8NgqahYzDLBzP7oFnY8mF6Jts=">AAACE3icbZDLSsNAFIYn9VbrLerSTbAIIhKSGNq6K7pxWcFeIA1lMp20QycXZiZiCXkHN76KGxeKuHXjzrdx0mahrQcGPv7/nJkzvxdTwoVhfCulldW19Y3yZmVre2d3T90/6PAoYQi3UUQj1vMgx5SEuC2IoLgXMwwDj+KuN7nO/e49ZpxE4Z2YxtgN4CgkPkFQSGmgnqX92SUOG3luauiXjZpl184N3TDqpmXmYNXtCzt7yAZqNZfz0pbBLKAKimoN1K/+MEJJgEOBKOTcMY1YuClkgiCKs0o/4TiGaAJH2JEYwgBzN52tk2knUhlqfsTkCYU2U39PpDDgfBp4sjOAYswXvVz8z3MS4TfclIRxInCI5g/5CdVEpOUBaUPCMBJ0KgEiRuSuGhpDBpGQMVZkCObil5ehY+mmoZu3drV5VcRRBkfgGJwCE9RBE9yAFmgDBB7BM3gFb8qT8qK8Kx/z1pJSzByCP6V8/gC3ipo5</latexit><latexit sha1_base64="Kp8NgqahYzDLBzP7oFnY8mF6Jts=">AAACE3icbZDLSsNAFIYn9VbrLerSTbAIIhKSGNq6K7pxWcFeIA1lMp20QycXZiZiCXkHN76KGxeKuHXjzrdx0mahrQcGPv7/nJkzvxdTwoVhfCulldW19Y3yZmVre2d3T90/6PAoYQi3UUQj1vMgx5SEuC2IoLgXMwwDj+KuN7nO/e49ZpxE4Z2YxtgN4CgkPkFQSGmgnqX92SUOG3luauiXjZpl184N3TDqpmXmYNXtCzt7yAZqNZfz0pbBLKAKimoN1K/+MEJJgEOBKOTcMY1YuClkgiCKs0o/4TiGaAJH2JEYwgBzN52tk2knUhlqfsTkCYU2U39PpDDgfBp4sjOAYswXvVz8z3MS4TfclIRxInCI5g/5CdVEpOUBaUPCMBJ0KgEiRuSuGhpDBpGQMVZkCObil5ehY+mmoZu3drV5VcRRBkfgGJwCE9RBE9yAFmgDBB7BM3gFb8qT8qK8Kx/z1pJSzByCP6V8/gC3ipo5</latexit><latexit sha1_base64="Kp8NgqahYzDLBzP7oFnY8mF6Jts=">AAACE3icbZDLSsNAFIYn9VbrLerSTbAIIhKSGNq6K7pxWcFeIA1lMp20QycXZiZiCXkHN76KGxeKuHXjzrdx0mahrQcGPv7/nJkzvxdTwoVhfCulldW19Y3yZmVre2d3T90/6PAoYQi3UUQj1vMgx5SEuC2IoLgXMwwDj+KuN7nO/e49ZpxE4Z2YxtgN4CgkPkFQSGmgnqX92SUOG3luauiXjZpl184N3TDqpmXmYNXtCzt7yAZqNZfz0pbBLKAKimoN1K/+MEJJgEOBKOTcMY1YuClkgiCKs0o/4TiGaAJH2JEYwgBzN52tk2knUhlqfsTkCYU2U39PpDDgfBp4sjOAYswXvVz8z3MS4TfclIRxInCI5g/5CdVEpOUBaUPCMBJ0KgEiRuSuGhpDBpGQMVZkCObil5ehY+mmoZu3drV5VcRRBkfgGJwCE9RBE9yAFmgDBB7BM3gFb8qT8qK8Kx/z1pJSzByCP6V8/gC3ipo5</latexit><latexit sha1_base64="Kp8NgqahYzDLBzP7oFnY8mF6Jts=">AAACE3icbZDLSsNAFIYn9VbrLerSTbAIIhKSGNq6K7pxWcFeIA1lMp20QycXZiZiCXkHN76KGxeKuHXjzrdx0mahrQcGPv7/nJkzvxdTwoVhfCulldW19Y3yZmVre2d3T90/6PAoYQi3UUQj1vMgx5SEuC2IoLgXMwwDj+KuN7nO/e49ZpxE4Z2YxtgN4CgkPkFQSGmgnqX92SUOG3luauiXjZpl184N3TDqpmXmYNXtCzt7yAZqNZfz0pbBLKAKimoN1K/+MEJJgEOBKOTcMY1YuClkgiCKs0o/4TiGaAJH2JEYwgBzN52tk2knUhlqfsTkCYU2U39PpDDgfBp4sjOAYswXvVz8z3MS4TfclIRxInCI5g/5CdVEpOUBaUPCMBJ0KgEiRuSuGhpDBpGQMVZkCObil5ehY+mmoZu3drV5VcRRBkfgGJwCE9RBE9yAFmgDBB7BM3gFb8qT8qK8Kx/z1pJSzByCP6V8/gC3ipo5</latexit>

�(E⌫) =
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Z
dx fa(x, q

2) �̂(ŝ = 2xmNE⌫)
<latexit sha1_base64="JZFSlAMtiGuZnKe2mfW0flknHCw="></latexit><latexit sha1_base64="JZFSlAMtiGuZnKe2mfW0flknHCw="></latexit><latexit sha1_base64="JZFSlAMtiGuZnKe2mfW0flknHCw="></latexit><latexit sha1_base64="JZFSlAMtiGuZnKe2mfW0flknHCw="></latexit>

⌫ + q ! X
<latexit sha1_base64="bjnQnr2w3waZ4O5Za3hFbRawB2U="></latexit><latexit sha1_base64="bjnQnr2w3waZ4O5Za3hFbRawB2U="></latexit><latexit sha1_base64="bjnQnr2w3waZ4O5Za3hFbRawB2U="></latexit><latexit sha1_base64="bjnQnr2w3waZ4O5Za3hFbRawB2U="></latexit>

q
<latexit sha1_base64="dzUbiNgJAQugyd+Q1Zyk8qXoVzQ=">AAACE3icbZDLSsNAFIYn9VbrLerSTbAIIhKSGNq6K7pxWcFeIA1lMp20QycXZyZCCXkHN76KGxeKuHXjzrdx0mahrQcGPv7/nJkzvxdTwoVhfCulldW19Y3yZmVre2d3T90/6PAoYQi3UUQj1vMgx5SEuC2IoLgXMwwDj+KuN7nO/e4DZpxE4Z2YxtgN4CgkPkFQSGmgnqX92SUOG3luauiXjZpl184N3TDqpmXmYNXtCzu7zwZqNZfz0pbBLKAKimoN1K/+MEJJgEOBKOTcMY1YuClkgiCKs0o/4TiGaAJH2JEYwgBzN52tk2knUhlqfsTkCYU2U39PpDDgfBp4sjOAYswXvVz8z3MS4TfclIRxInCI5g/5CdVEpOUBaUPCMBJ0KgEiRuSuGhpDBpGQMVZkCObil5ehY+mmoZu3drV5VcRRBkfgGJwCE9RBE9yAFmgDBB7BM3gFb8qT8qK8Kx/z1pJSzByCP6V8/gCs55oy</latexit><latexit sha1_base64="dzUbiNgJAQugyd+Q1Zyk8qXoVzQ=">AAACE3icbZDLSsNAFIYn9VbrLerSTbAIIhKSGNq6K7pxWcFeIA1lMp20QycXZyZCCXkHN76KGxeKuHXjzrdx0mahrQcGPv7/nJkzvxdTwoVhfCulldW19Y3yZmVre2d3T90/6PAoYQi3UUQj1vMgx5SEuC2IoLgXMwwDj+KuN7nO/e4DZpxE4Z2YxtgN4CgkPkFQSGmgnqX92SUOG3luauiXjZpl184N3TDqpmXmYNXtCzu7zwZqNZfz0pbBLKAKimoN1K/+MEJJgEOBKOTcMY1YuClkgiCKs0o/4TiGaAJH2JEYwgBzN52tk2knUhlqfsTkCYU2U39PpDDgfBp4sjOAYswXvVz8z3MS4TfclIRxInCI5g/5CdVEpOUBaUPCMBJ0KgEiRuSuGhpDBpGQMVZkCObil5ehY+mmoZu3drV5VcRRBkfgGJwCE9RBE9yAFmgDBB7BM3gFb8qT8qK8Kx/z1pJSzByCP6V8/gCs55oy</latexit><latexit sha1_base64="dzUbiNgJAQugyd+Q1Zyk8qXoVzQ=">AAACE3icbZDLSsNAFIYn9VbrLerSTbAIIhKSGNq6K7pxWcFeIA1lMp20QycXZyZCCXkHN76KGxeKuHXjzrdx0mahrQcGPv7/nJkzvxdTwoVhfCulldW19Y3yZmVre2d3T90/6PAoYQi3UUQj1vMgx5SEuC2IoLgXMwwDj+KuN7nO/e4DZpxE4Z2YxtgN4CgkPkFQSGmgnqX92SUOG3luauiXjZpl184N3TDqpmXmYNXtCzu7zwZqNZfz0pbBLKAKimoN1K/+MEJJgEOBKOTcMY1YuClkgiCKs0o/4TiGaAJH2JEYwgBzN52tk2knUhlqfsTkCYU2U39PpDDgfBp4sjOAYswXvVz8z3MS4TfclIRxInCI5g/5CdVEpOUBaUPCMBJ0KgEiRuSuGhpDBpGQMVZkCObil5ehY+mmoZu3drV5VcRRBkfgGJwCE9RBE9yAFmgDBB7BM3gFb8qT8qK8Kx/z1pJSzByCP6V8/gCs55oy</latexit><latexit sha1_base64="dzUbiNgJAQugyd+Q1Zyk8qXoVzQ=">AAACE3icbZDLSsNAFIYn9VbrLerSTbAIIhKSGNq6K7pxWcFeIA1lMp20QycXZyZCCXkHN76KGxeKuHXjzrdx0mahrQcGPv7/nJkzvxdTwoVhfCulldW19Y3yZmVre2d3T90/6PAoYQi3UUQj1vMgx5SEuC2IoLgXMwwDj+KuN7nO/e4DZpxE4Z2YxtgN4CgkPkFQSGmgnqX92SUOG3luauiXjZpl184N3TDqpmXmYNXtCzu7zwZqNZfz0pbBLKAKimoN1K/+MEJJgEOBKOTcMY1YuClkgiCKs0o/4TiGaAJH2JEYwgBzN52tk2knUhlqfsTkCYU2U39PpDDgfBp4sjOAYswXvVz8z3MS4TfclIRxInCI5g/5CdVEpOUBaUPCMBJ0KgEiRuSuGhpDBpGQMVZkCObil5ehY+mmoZu3drV5VcRRBkfgGJwCE9RBE9yAFmgDBB7BM3gFb8qT8qK8Kx/z1pJSzByCP6V8/gCs55oy</latexit>



High multiplicity new physics 
cross section

• Ultra-High E neutrino-nucleon collision cross section

�(E⌫) =
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Z
dx fa(x, q

2) �̂(ŝ = 2xmNE⌫)
<latexit sha1_base64="JZFSlAMtiGuZnKe2mfW0flknHCw="></latexit><latexit sha1_base64="JZFSlAMtiGuZnKe2mfW0flknHCw="></latexit><latexit sha1_base64="JZFSlAMtiGuZnKe2mfW0flknHCw="></latexit><latexit sha1_base64="JZFSlAMtiGuZnKe2mfW0flknHCw="></latexit>

UHE ⌫
<latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="9WW7h9R0oEO0pBKh1TuBJdRBUms=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZ0T6gHUomvdOGZjJDckcoQ3+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397pa3tnd298n7loHp4dFw7qbZtmhuBLZGq1HQjblFJjS2SpLCbGeRJpLATTe7meecZjZWpfqJphmHCR1rGUnBy1mNf54Na3W/4C7FNCFZQh5Wag9pXf5iKPEFNQnFre4GfUVhwQ1IonFX6ucWMiwkfYc+h5gnasFiMOmMXzhmyODXuaGIL9/eLgifWTpPI3Uw4je16Njf/y3o5xTdhIXWWE2qx/CjOFaOUzfdmQ2lQkJo64MJINysTY264INdOxZUQrK+8Ce2rRuA3ggcfynAG53AJAVzDLdxDE1ogYAQv8AbvnvJevY9lXSVv1dsp/JH3+QNBMIyC</latexit><latexit sha1_base64="9WW7h9R0oEO0pBKh1TuBJdRBUms=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZ0T6gHUomvdOGZjJDckcoQ3+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397pa3tnd298n7loHp4dFw7qbZtmhuBLZGq1HQjblFJjS2SpLCbGeRJpLATTe7meecZjZWpfqJphmHCR1rGUnBy1mNf54Na3W/4C7FNCFZQh5Wag9pXf5iKPEFNQnFre4GfUVhwQ1IonFX6ucWMiwkfYc+h5gnasFiMOmMXzhmyODXuaGIL9/eLgifWTpPI3Uw4je16Njf/y3o5xTdhIXWWE2qx/CjOFaOUzfdmQ2lQkJo64MJINysTY264INdOxZUQrK+8Ce2rRuA3ggcfynAG53AJAVzDLdxDE1ogYAQv8AbvnvJevY9lXSVv1dsp/JH3+QNBMIyC</latexit><latexit sha1_base64="lnQ1U2b8O6Zlm7oNX9mKcNN5LXs=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxIns2WhJtLDEKksCF7C17sGFv77I7Z0Iu/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXpkpapPTbK62tb2xulbcrO7t7+wfVw6O2TTLDRYsnKjGdkFmhpBYtlKhEJzWCxaESj+H4ZuY/PgljZaIfcJKKIGZDLSPJGTrpvqezfrVG63QOskr8gtSgQLNf/eoNEp7FQiNXzNquT1MMcmZQciWmlV5mRcr4mA1F11HNYmGDfH7qlJw5ZUCixLjSSObq74mcxdZO4tB1xgxHdtmbif953QyjqyCXOs1QaL5YFGWKYEJmf5OBNIKjmjjCuJHuVsJHzDCOLp2KC8FffnmVtC/qPq37d7TWuC7iKMMJnMI5+HAJDbiFJrSAwxCe4RXePOW9eO/ex6K15BUzx/AH3ucPXaON0w==</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit>

Target 
nucleon

E⌫ ⇠ O(1017 � 1021) eV
<latexit sha1_base64="g7LkOb/Fd4R8VfUhGq+RQ/DLnVY=">AAACHnicbVDLSgMxFM34rPVVdekmWARdWCai6FIUwZ0VbBU6tWTSWw1mMkNyRyzDfIkbf8WNC0UEV/o3ZmoXvg4EDufcy805YaKkRd//8EZGx8YnJktT5emZ2bn5ysJi08apEdAQsYrNecgtKKmhgRIVnCcGeBQqOAuvDwr/7AaMlbE+xX4C7YhfatmTgqOTOpXtw06gUxpYGdEg4ngluMqO8zXmX2RsJ6cbtGCbLF+nAcItZhSaOe1Uqn7NH4D+JWxIqmSIeqfyFnRjkUagUShubYv5CbYzblAKBXk5SC0kXFzzS2g5qnkEtp0N4uV01Sld2ouNexrpQP2+kfHI2n4Uuskigf3tFeJ/XivF3m47kzpJEbT4OtRLFcWYFl3RrjQgUPUd4cJI91cqrrjhAl2jZVcC+x35L2lu1phfYydb1b39YR0lskxWyBphZIfskSNSJw0iyB15IE/k2bv3Hr0X7/VrdMQb7iyRH/DePwF2yKAt</latexit><latexit sha1_base64="g7LkOb/Fd4R8VfUhGq+RQ/DLnVY=">AAACHnicbVDLSgMxFM34rPVVdekmWARdWCai6FIUwZ0VbBU6tWTSWw1mMkNyRyzDfIkbf8WNC0UEV/o3ZmoXvg4EDufcy805YaKkRd//8EZGx8YnJktT5emZ2bn5ysJi08apEdAQsYrNecgtKKmhgRIVnCcGeBQqOAuvDwr/7AaMlbE+xX4C7YhfatmTgqOTOpXtw06gUxpYGdEg4ngluMqO8zXmX2RsJ6cbtGCbLF+nAcItZhSaOe1Uqn7NH4D+JWxIqmSIeqfyFnRjkUagUShubYv5CbYzblAKBXk5SC0kXFzzS2g5qnkEtp0N4uV01Sld2ouNexrpQP2+kfHI2n4Uuskigf3tFeJ/XivF3m47kzpJEbT4OtRLFcWYFl3RrjQgUPUd4cJI91cqrrjhAl2jZVcC+x35L2lu1phfYydb1b39YR0lskxWyBphZIfskSNSJw0iyB15IE/k2bv3Hr0X7/VrdMQb7iyRH/DePwF2yKAt</latexit><latexit sha1_base64="g7LkOb/Fd4R8VfUhGq+RQ/DLnVY=">AAACHnicbVDLSgMxFM34rPVVdekmWARdWCai6FIUwZ0VbBU6tWTSWw1mMkNyRyzDfIkbf8WNC0UEV/o3ZmoXvg4EDufcy805YaKkRd//8EZGx8YnJktT5emZ2bn5ysJi08apEdAQsYrNecgtKKmhgRIVnCcGeBQqOAuvDwr/7AaMlbE+xX4C7YhfatmTgqOTOpXtw06gUxpYGdEg4ngluMqO8zXmX2RsJ6cbtGCbLF+nAcItZhSaOe1Uqn7NH4D+JWxIqmSIeqfyFnRjkUagUShubYv5CbYzblAKBXk5SC0kXFzzS2g5qnkEtp0N4uV01Sld2ouNexrpQP2+kfHI2n4Uuskigf3tFeJ/XivF3m47kzpJEbT4OtRLFcWYFl3RrjQgUPUd4cJI91cqrrjhAl2jZVcC+x35L2lu1phfYydb1b39YR0lskxWyBphZIfskSNSJw0iyB15IE/k2bv3Hr0X7/VrdMQb7iyRH/DePwF2yKAt</latexit><latexit sha1_base64="g7LkOb/Fd4R8VfUhGq+RQ/DLnVY=">AAACHnicbVDLSgMxFM34rPVVdekmWARdWCai6FIUwZ0VbBU6tWTSWw1mMkNyRyzDfIkbf8WNC0UEV/o3ZmoXvg4EDufcy805YaKkRd//8EZGx8YnJktT5emZ2bn5ysJi08apEdAQsYrNecgtKKmhgRIVnCcGeBQqOAuvDwr/7AaMlbE+xX4C7YhfatmTgqOTOpXtw06gUxpYGdEg4ngluMqO8zXmX2RsJ6cbtGCbLF+nAcItZhSaOe1Uqn7NH4D+JWxIqmSIeqfyFnRjkUagUShubYv5CbYzblAKBXk5SC0kXFzzS2g5qnkEtp0N4uV01Sld2ouNexrpQP2+kfHI2n4Uuskigf3tFeJ/XivF3m47kzpJEbT4OtRLFcWYFl3RrjQgUPUd4cJI91cqrrjhAl2jZVcC+x35L2lu1phfYydb1b39YR0lskxWyBphZIfskSNSJw0iyB15IE/k2bv3Hr0X7/VrdMQb7iyRH/DePwF2yKAt</latexit>

Parton distribution 
uncertainties at

x  10�5
<latexit sha1_base64="cZMbiI254OdKDgWYW9LeGUicQzE="></latexit><latexit sha1_base64="cZMbiI254OdKDgWYW9LeGUicQzE="></latexit><latexit sha1_base64="cZMbiI254OdKDgWYW9LeGUicQzE="></latexit><latexit sha1_base64="cZMbiI254OdKDgWYW9LeGUicQzE="></latexit>

small 
high

p

ŝ � O(10) TeV
<latexit sha1_base64="bhhfgqua0U4c4M6TuYCKo46ZCZY="></latexit><latexit sha1_base64="bhhfgqua0U4c4M6TuYCKo46ZCZY="></latexit><latexit sha1_base64="bhhfgqua0U4c4M6TuYCKo46ZCZY="></latexit><latexit sha1_base64="bhhfgqua0U4c4M6TuYCKo46ZCZY="></latexit>

Depend on 
New physics origin



High multiplicity new physics 
cross section

• Ultra-High E neutrino-nucleon collision cross section

�(E⌫) =
X

a

Z
dx fa(x, q

2) �̂(ŝ = 2xmNE⌫)
<latexit sha1_base64="JZFSlAMtiGuZnKe2mfW0flknHCw="></latexit><latexit sha1_base64="JZFSlAMtiGuZnKe2mfW0flknHCw="></latexit><latexit sha1_base64="JZFSlAMtiGuZnKe2mfW0flknHCw="></latexit><latexit sha1_base64="JZFSlAMtiGuZnKe2mfW0flknHCw="></latexit>

UHE ⌫
<latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="9WW7h9R0oEO0pBKh1TuBJdRBUms=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZ0T6gHUomvdOGZjJDckcoQ3+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397pa3tnd298n7loHp4dFw7qbZtmhuBLZGq1HQjblFJjS2SpLCbGeRJpLATTe7meecZjZWpfqJphmHCR1rGUnBy1mNf54Na3W/4C7FNCFZQh5Wag9pXf5iKPEFNQnFre4GfUVhwQ1IonFX6ucWMiwkfYc+h5gnasFiMOmMXzhmyODXuaGIL9/eLgifWTpPI3Uw4je16Njf/y3o5xTdhIXWWE2qx/CjOFaOUzfdmQ2lQkJo64MJINysTY264INdOxZUQrK+8Ce2rRuA3ggcfynAG53AJAVzDLdxDE1ogYAQv8AbvnvJevY9lXSVv1dsp/JH3+QNBMIyC</latexit><latexit sha1_base64="9WW7h9R0oEO0pBKh1TuBJdRBUms=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZ0T6gHUomvdOGZjJDckcoQ3+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397pa3tnd298n7loHp4dFw7qbZtmhuBLZGq1HQjblFJjS2SpLCbGeRJpLATTe7meecZjZWpfqJphmHCR1rGUnBy1mNf54Na3W/4C7FNCFZQh5Wag9pXf5iKPEFNQnFre4GfUVhwQ1IonFX6ucWMiwkfYc+h5gnasFiMOmMXzhmyODXuaGIL9/eLgifWTpPI3Uw4je16Njf/y3o5xTdhIXWWE2qx/CjOFaOUzfdmQ2lQkJo64MJINysTY264INdOxZUQrK+8Ce2rRuA3ggcfynAG53AJAVzDLdxDE1ogYAQv8AbvnvJevY9lXSVv1dsp/JH3+QNBMIyC</latexit><latexit sha1_base64="lnQ1U2b8O6Zlm7oNX9mKcNN5LXs=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxIns2WhJtLDEKksCF7C17sGFv77I7Z0Iu/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXpkpapPTbK62tb2xulbcrO7t7+wfVw6O2TTLDRYsnKjGdkFmhpBYtlKhEJzWCxaESj+H4ZuY/PgljZaIfcJKKIGZDLSPJGTrpvqezfrVG63QOskr8gtSgQLNf/eoNEp7FQiNXzNquT1MMcmZQciWmlV5mRcr4mA1F11HNYmGDfH7qlJw5ZUCixLjSSObq74mcxdZO4tB1xgxHdtmbif953QyjqyCXOs1QaL5YFGWKYEJmf5OBNIKjmjjCuJHuVsJHzDCOLp2KC8FffnmVtC/qPq37d7TWuC7iKMMJnMI5+HAJDbiFJrSAwxCe4RXePOW9eO/ex6K15BUzx/AH3ucPXaON0w==</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit>

Target 
nucleon

E⌫ ⇠ O(1017 � 1021) eV
<latexit sha1_base64="g7LkOb/Fd4R8VfUhGq+RQ/DLnVY=">AAACHnicbVDLSgMxFM34rPVVdekmWARdWCai6FIUwZ0VbBU6tWTSWw1mMkNyRyzDfIkbf8WNC0UEV/o3ZmoXvg4EDufcy805YaKkRd//8EZGx8YnJktT5emZ2bn5ysJi08apEdAQsYrNecgtKKmhgRIVnCcGeBQqOAuvDwr/7AaMlbE+xX4C7YhfatmTgqOTOpXtw06gUxpYGdEg4ngluMqO8zXmX2RsJ6cbtGCbLF+nAcItZhSaOe1Uqn7NH4D+JWxIqmSIeqfyFnRjkUagUShubYv5CbYzblAKBXk5SC0kXFzzS2g5qnkEtp0N4uV01Sld2ouNexrpQP2+kfHI2n4Uuskigf3tFeJ/XivF3m47kzpJEbT4OtRLFcWYFl3RrjQgUPUd4cJI91cqrrjhAl2jZVcC+x35L2lu1phfYydb1b39YR0lskxWyBphZIfskSNSJw0iyB15IE/k2bv3Hr0X7/VrdMQb7iyRH/DePwF2yKAt</latexit><latexit sha1_base64="g7LkOb/Fd4R8VfUhGq+RQ/DLnVY=">AAACHnicbVDLSgMxFM34rPVVdekmWARdWCai6FIUwZ0VbBU6tWTSWw1mMkNyRyzDfIkbf8WNC0UEV/o3ZmoXvg4EDufcy805YaKkRd//8EZGx8YnJktT5emZ2bn5ysJi08apEdAQsYrNecgtKKmhgRIVnCcGeBQqOAuvDwr/7AaMlbE+xX4C7YhfatmTgqOTOpXtw06gUxpYGdEg4ngluMqO8zXmX2RsJ6cbtGCbLF+nAcItZhSaOe1Uqn7NH4D+JWxIqmSIeqfyFnRjkUagUShubYv5CbYzblAKBXk5SC0kXFzzS2g5qnkEtp0N4uV01Sld2ouNexrpQP2+kfHI2n4Uuskigf3tFeJ/XivF3m47kzpJEbT4OtRLFcWYFl3RrjQgUPUd4cJI91cqrrjhAl2jZVcC+x35L2lu1phfYydb1b39YR0lskxWyBphZIfskSNSJw0iyB15IE/k2bv3Hr0X7/VrdMQb7iyRH/DePwF2yKAt</latexit><latexit sha1_base64="g7LkOb/Fd4R8VfUhGq+RQ/DLnVY=">AAACHnicbVDLSgMxFM34rPVVdekmWARdWCai6FIUwZ0VbBU6tWTSWw1mMkNyRyzDfIkbf8WNC0UEV/o3ZmoXvg4EDufcy805YaKkRd//8EZGx8YnJktT5emZ2bn5ysJi08apEdAQsYrNecgtKKmhgRIVnCcGeBQqOAuvDwr/7AaMlbE+xX4C7YhfatmTgqOTOpXtw06gUxpYGdEg4ngluMqO8zXmX2RsJ6cbtGCbLF+nAcItZhSaOe1Uqn7NH4D+JWxIqmSIeqfyFnRjkUagUShubYv5CbYzblAKBXk5SC0kXFzzS2g5qnkEtp0N4uV01Sld2ouNexrpQP2+kfHI2n4Uuskigf3tFeJ/XivF3m47kzpJEbT4OtRLFcWYFl3RrjQgUPUd4cJI91cqrrjhAl2jZVcC+x35L2lu1phfYydb1b39YR0lskxWyBphZIfskSNSJw0iyB15IE/k2bv3Hr0X7/VrdMQb7iyRH/DePwF2yKAt</latexit><latexit sha1_base64="g7LkOb/Fd4R8VfUhGq+RQ/DLnVY=">AAACHnicbVDLSgMxFM34rPVVdekmWARdWCai6FIUwZ0VbBU6tWTSWw1mMkNyRyzDfIkbf8WNC0UEV/o3ZmoXvg4EDufcy805YaKkRd//8EZGx8YnJktT5emZ2bn5ysJi08apEdAQsYrNecgtKKmhgRIVnCcGeBQqOAuvDwr/7AaMlbE+xX4C7YhfatmTgqOTOpXtw06gUxpYGdEg4ngluMqO8zXmX2RsJ6cbtGCbLF+nAcItZhSaOe1Uqn7NH4D+JWxIqmSIeqfyFnRjkUagUShubYv5CbYzblAKBXk5SC0kXFzzS2g5qnkEtp0N4uV01Sld2ouNexrpQP2+kfHI2n4Uuskigf3tFeJ/XivF3m47kzpJEbT4OtRLFcWYFl3RrjQgUPUd4cJI91cqrrjhAl2jZVcC+x35L2lu1phfYydb1b39YR0lskxWyBphZIfskSNSJw0iyB15IE/k2bv3Hr0X7/VrdMQb7iyRH/DePwF2yKAt</latexit>

Parton distribution 
uncertainties at

x  10�5
<latexit sha1_base64="cZMbiI254OdKDgWYW9LeGUicQzE="></latexit><latexit sha1_base64="cZMbiI254OdKDgWYW9LeGUicQzE="></latexit><latexit sha1_base64="cZMbiI254OdKDgWYW9LeGUicQzE="></latexit><latexit sha1_base64="cZMbiI254OdKDgWYW9LeGUicQzE="></latexit>

small 
high

p

ŝ � O(10) TeV
<latexit sha1_base64="bhhfgqua0U4c4M6TuYCKo46ZCZY="></latexit><latexit sha1_base64="bhhfgqua0U4c4M6TuYCKo46ZCZY="></latexit><latexit sha1_base64="bhhfgqua0U4c4M6TuYCKo46ZCZY="></latexit><latexit sha1_base64="bhhfgqua0U4c4M6TuYCKo46ZCZY="></latexit>

Depend on 
New physics origin 

i) EW Sphaleron 
ii) Microscopic BH 

iii) Multi-Higgs prod 
…



Sphaleron cross section

• New Physics case: Electroweak sphaleron

�(E⌫) =
X

a

Z
dx fa(x, q

2) �̂(ŝ = 2xmNE⌫)
<latexit sha1_base64="JZFSlAMtiGuZnKe2mfW0flknHCw="></latexit><latexit sha1_base64="JZFSlAMtiGuZnKe2mfW0flknHCw="></latexit><latexit sha1_base64="JZFSlAMtiGuZnKe2mfW0flknHCw="></latexit><latexit sha1_base64="JZFSlAMtiGuZnKe2mfW0flknHCw="></latexit>

N(u) + ⌫e ! L+Q+ (W,Z, Higgs bosons)
<latexit sha1_base64="PjnfWulU7GfRpv20XEN3GSM0FHI="></latexit><latexit sha1_base64="PjnfWulU7GfRpv20XEN3GSM0FHI="></latexit><latexit sha1_base64="PjnfWulU7GfRpv20XEN3GSM0FHI="></latexit><latexit sha1_base64="PjnfWulU7GfRpv20XEN3GSM0FHI="></latexit>

L = µ+ + ⌫̄⌧
<latexit sha1_base64="9wQVl4ENjmX73YfFFet7HMgLPAk=">AAACA3icbVDLSsNAFJ34rPUVdaebwSIIhZKIoBuh6MaFiwr2AU0Mk+m0HTozCfMQSii48VfcuFDErT/hzr9x2mahrQcuHM65l3vviVNGlfa8b2dhcWl5ZbWwVlzf2Nzadnd2GyoxEpM6TlgiWzFShFFB6ppqRlqpJIjHjDTjwdXYbz4QqWgi7vQwJSFHPUG7FCNtpcjdv4EXMODmvgzLMIiRzAJhRlGgkYncklfxJoDzxM9JCeSoRe5X0Emw4URozJBSbd9LdZghqSlmZFQMjCIpwgPUI21LBeJEhdnkhxE8skoHdhNpS2g4UX9PZIgrNeSx7eRI99WsNxb/89pGd8/DjIrUaCLwdFHXMKgTOA4EdqgkWLOhJQhLam+FuI8kwtrGVrQh+LMvz5PGScX3Kv7taal6mcdRAAfgEBwDH5yBKrgGNVAHGDyCZ/AK3pwn58V5dz6mrQtOPrMH/sD5/AH2YJZ3</latexit><latexit sha1_base64="9wQVl4ENjmX73YfFFet7HMgLPAk=">AAACA3icbVDLSsNAFJ34rPUVdaebwSIIhZKIoBuh6MaFiwr2AU0Mk+m0HTozCfMQSii48VfcuFDErT/hzr9x2mahrQcuHM65l3vviVNGlfa8b2dhcWl5ZbWwVlzf2Nzadnd2GyoxEpM6TlgiWzFShFFB6ppqRlqpJIjHjDTjwdXYbz4QqWgi7vQwJSFHPUG7FCNtpcjdv4EXMODmvgzLMIiRzAJhRlGgkYncklfxJoDzxM9JCeSoRe5X0Emw4URozJBSbd9LdZghqSlmZFQMjCIpwgPUI21LBeJEhdnkhxE8skoHdhNpS2g4UX9PZIgrNeSx7eRI99WsNxb/89pGd8/DjIrUaCLwdFHXMKgTOA4EdqgkWLOhJQhLam+FuI8kwtrGVrQh+LMvz5PGScX3Kv7taal6mcdRAAfgEBwDH5yBKrgGNVAHGDyCZ/AK3pwn58V5dz6mrQtOPrMH/sD5/AH2YJZ3</latexit><latexit sha1_base64="9wQVl4ENjmX73YfFFet7HMgLPAk=">AAACA3icbVDLSsNAFJ34rPUVdaebwSIIhZKIoBuh6MaFiwr2AU0Mk+m0HTozCfMQSii48VfcuFDErT/hzr9x2mahrQcuHM65l3vviVNGlfa8b2dhcWl5ZbWwVlzf2Nzadnd2GyoxEpM6TlgiWzFShFFB6ppqRlqpJIjHjDTjwdXYbz4QqWgi7vQwJSFHPUG7FCNtpcjdv4EXMODmvgzLMIiRzAJhRlGgkYncklfxJoDzxM9JCeSoRe5X0Emw4URozJBSbd9LdZghqSlmZFQMjCIpwgPUI21LBeJEhdnkhxE8skoHdhNpS2g4UX9PZIgrNeSx7eRI99WsNxb/89pGd8/DjIrUaCLwdFHXMKgTOA4EdqgkWLOhJQhLam+FuI8kwtrGVrQh+LMvz5PGScX3Kv7taal6mcdRAAfgEBwDH5yBKrgGNVAHGDyCZ/AK3pwn58V5dz6mrQtOPrMH/sD5/AH2YJZ3</latexit><latexit sha1_base64="9wQVl4ENjmX73YfFFet7HMgLPAk=">AAACA3icbVDLSsNAFJ34rPUVdaebwSIIhZKIoBuh6MaFiwr2AU0Mk+m0HTozCfMQSii48VfcuFDErT/hzr9x2mahrQcuHM65l3vviVNGlfa8b2dhcWl5ZbWwVlzf2Nzadnd2GyoxEpM6TlgiWzFShFFB6ppqRlqpJIjHjDTjwdXYbz4QqWgi7vQwJSFHPUG7FCNtpcjdv4EXMODmvgzLMIiRzAJhRlGgkYncklfxJoDzxM9JCeSoRe5X0Emw4URozJBSbd9LdZghqSlmZFQMjCIpwgPUI21LBeJEhdnkhxE8skoHdhNpS2g4UX9PZIgrNeSx7eRI99WsNxb/89pGd8/DjIrUaCLwdFHXMKgTOA4EdqgkWLOhJQhLam+FuI8kwtrGVrQh+LMvz5PGScX3Kv7taal6mcdRAAfgEBwDH5yBKrgGNVAHGDyCZ/AK3pwn58V5dz6mrQtOPrMH/sD5/AH2YJZ3</latexit>

Q = t̄+ 2b̄+ 2c̄+ s̄+ ū+ d̄
<latexit sha1_base64="kcZTLReSrZeUGnkNaYwkog6KgVY=">AAACKnicbZBNS8MwHMbT+TbnW9Wjl+AYCMJoh6AXYerF4wbuBbYy0jTdwtK0JKkwSj+PF7+Klx2U4dUPYrqVMTf/EPjxPPmTPI8bMSqVZc2Mwtb2zu5ecb90cHh0fGKenrVlGAtMWjhkoei6SBJGOWkpqhjpRoKgwGWk446fMr/zSoSkIX9Rk4g4ARpy6lOMlJYG5kMT3sO+i0SiUngNawt2VxhnPCe5pHhJXjowy1bVmg/cBDuHMsinMTCnfS/EcUC4wgxJ2bOtSDkJEopiRtJSP5YkQniMhqSnkaOASCeZR01hRSse9EOhD1dwrq5uJCiQchLoAJUAqZFc9zLxP68XK//OSSiPYkU4XjzkxwyqEGa9QY8KghWbaEBYUP1XiEdIIKx0uyVdgr0eeRPataptVe3mTbn+mNdRBBfgElwBG9yCOngGDdACGLyBD/AJvox3Y2rMjO/F1YKR75yDP2P8/AK+/aR5</latexit><latexit sha1_base64="kcZTLReSrZeUGnkNaYwkog6KgVY=">AAACKnicbZBNS8MwHMbT+TbnW9Wjl+AYCMJoh6AXYerF4wbuBbYy0jTdwtK0JKkwSj+PF7+Klx2U4dUPYrqVMTf/EPjxPPmTPI8bMSqVZc2Mwtb2zu5ecb90cHh0fGKenrVlGAtMWjhkoei6SBJGOWkpqhjpRoKgwGWk446fMr/zSoSkIX9Rk4g4ARpy6lOMlJYG5kMT3sO+i0SiUngNawt2VxhnPCe5pHhJXjowy1bVmg/cBDuHMsinMTCnfS/EcUC4wgxJ2bOtSDkJEopiRtJSP5YkQniMhqSnkaOASCeZR01hRSse9EOhD1dwrq5uJCiQchLoAJUAqZFc9zLxP68XK//OSSiPYkU4XjzkxwyqEGa9QY8KghWbaEBYUP1XiEdIIKx0uyVdgr0eeRPataptVe3mTbn+mNdRBBfgElwBG9yCOngGDdACGLyBD/AJvox3Y2rMjO/F1YKR75yDP2P8/AK+/aR5</latexit><latexit sha1_base64="kcZTLReSrZeUGnkNaYwkog6KgVY=">AAACKnicbZBNS8MwHMbT+TbnW9Wjl+AYCMJoh6AXYerF4wbuBbYy0jTdwtK0JKkwSj+PF7+Klx2U4dUPYrqVMTf/EPjxPPmTPI8bMSqVZc2Mwtb2zu5ecb90cHh0fGKenrVlGAtMWjhkoei6SBJGOWkpqhjpRoKgwGWk446fMr/zSoSkIX9Rk4g4ARpy6lOMlJYG5kMT3sO+i0SiUngNawt2VxhnPCe5pHhJXjowy1bVmg/cBDuHMsinMTCnfS/EcUC4wgxJ2bOtSDkJEopiRtJSP5YkQniMhqSnkaOASCeZR01hRSse9EOhD1dwrq5uJCiQchLoAJUAqZFc9zLxP68XK//OSSiPYkU4XjzkxwyqEGa9QY8KghWbaEBYUP1XiEdIIKx0uyVdgr0eeRPataptVe3mTbn+mNdRBBfgElwBG9yCOngGDdACGLyBD/AJvox3Y2rMjO/F1YKR75yDP2P8/AK+/aR5</latexit><latexit sha1_base64="kcZTLReSrZeUGnkNaYwkog6KgVY=">AAACKnicbZBNS8MwHMbT+TbnW9Wjl+AYCMJoh6AXYerF4wbuBbYy0jTdwtK0JKkwSj+PF7+Klx2U4dUPYrqVMTf/EPjxPPmTPI8bMSqVZc2Mwtb2zu5ecb90cHh0fGKenrVlGAtMWjhkoei6SBJGOWkpqhjpRoKgwGWk446fMr/zSoSkIX9Rk4g4ARpy6lOMlJYG5kMT3sO+i0SiUngNawt2VxhnPCe5pHhJXjowy1bVmg/cBDuHMsinMTCnfS/EcUC4wgxJ2bOtSDkJEopiRtJSP5YkQniMhqSnkaOASCeZR01hRSse9EOhD1dwrq5uJCiQchLoAJUAqZFc9zLxP68XK//OSSiPYkU4XjzkxwyqEGa9QY8KghWbaEBYUP1XiEdIIKx0uyVdgr0eeRPataptVe3mTbn+mNdRBBfgElwBG9yCOngGDdACGLyBD/AJvox3Y2rMjO/F1YKR75yDP2P8/AK+/aR5</latexit>

...<latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

⌫e
<latexit sha1_base64="Pm+Q5yZTt+y/x5MdRxYkOq6xlmg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby+zIb4KBac+vuAmSdeAWpQYHWoPrVHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx7IxcWGVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90EOZdpZlCy5aIoE8QkZP45GXKFzIipJZQpbm8lbEwVZcbmU7EheKsvr5P2Vd1z697Dda15W8RRhjM4h0vwoAFNuIcW+MCAwzO8wpsjnRfn3flYtpacYuYU/sD5/AHUsY6v</latexit><latexit sha1_base64="Pm+Q5yZTt+y/x5MdRxYkOq6xlmg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby+zIb4KBac+vuAmSdeAWpQYHWoPrVHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx7IxcWGVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90EOZdpZlCy5aIoE8QkZP45GXKFzIipJZQpbm8lbEwVZcbmU7EheKsvr5P2Vd1z697Dda15W8RRhjM4h0vwoAFNuIcW+MCAwzO8wpsjnRfn3flYtpacYuYU/sD5/AHUsY6v</latexit><latexit sha1_base64="Pm+Q5yZTt+y/x5MdRxYkOq6xlmg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby+zIb4KBac+vuAmSdeAWpQYHWoPrVHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx7IxcWGVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90EOZdpZlCy5aIoE8QkZP45GXKFzIipJZQpbm8lbEwVZcbmU7EheKsvr5P2Vd1z697Dda15W8RRhjM4h0vwoAFNuIcW+MCAwzO8wpsjnRfn3flYtpacYuYU/sD5/AHUsY6v</latexit><latexit sha1_base64="Pm+Q5yZTt+y/x5MdRxYkOq6xlmg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby+zIb4KBac+vuAmSdeAWpQYHWoPrVHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx7IxcWGVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90EOZdpZlCy5aIoE8QkZP45GXKFzIipJZQpbm8lbEwVZcbmU7EheKsvr5P2Vd1z697Dda15W8RRhjM4h0vwoAFNuIcW+MCAwzO8wpsjnRfn3flYtpacYuYU/sD5/AHUsY6v</latexit>

2l̄ + 8q̄
<latexit sha1_base64="RSVEbUm0f1XijbRnKurq4qHD4Dg=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWQRBKUgS7LLpxWcFeoA1lMp20QyeTODMRagi+ihsXirj1Pdz5Nk7TLrT1h4GP/5zDOfP7MWdKO863VVhZXVvfKG6WtrZ3dvfs/YOWihJJaJNEPJIdHyvKmaBNzTSnnVhSHPqctv3x9bTefqBSsUjc6UlMvRAPBQsYwdpYffuo2vOxTHmGzlEN5Xyf9e2yU3FyoWVw51CGuRp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNRLFI0xGeMh7RoUOKTKS/PrM3RqnAEKImme0Ch3f0+kOFRqEvqmM8R6pBZrU/O/WjfRQc1LmYgTTQWZLQoSjnSEplGgAZOUaD4xgIlk5lZERlhiok1gJROCu/jlZWhVK65TcW8vyvWreRxFOIYTOAMXLqEON9CAJhB4hGd4hTfryXqx3q2PWWvBms8cwh9Znz8X7pRX</latexit><latexit sha1_base64="RSVEbUm0f1XijbRnKurq4qHD4Dg=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWQRBKUgS7LLpxWcFeoA1lMp20QyeTODMRagi+ihsXirj1Pdz5Nk7TLrT1h4GP/5zDOfP7MWdKO863VVhZXVvfKG6WtrZ3dvfs/YOWihJJaJNEPJIdHyvKmaBNzTSnnVhSHPqctv3x9bTefqBSsUjc6UlMvRAPBQsYwdpYffuo2vOxTHmGzlEN5Xyf9e2yU3FyoWVw51CGuRp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNRLFI0xGeMh7RoUOKTKS/PrM3RqnAEKImme0Ch3f0+kOFRqEvqmM8R6pBZrU/O/WjfRQc1LmYgTTQWZLQoSjnSEplGgAZOUaD4xgIlk5lZERlhiok1gJROCu/jlZWhVK65TcW8vyvWreRxFOIYTOAMXLqEON9CAJhB4hGd4hTfryXqx3q2PWWvBms8cwh9Znz8X7pRX</latexit><latexit sha1_base64="RSVEbUm0f1XijbRnKurq4qHD4Dg=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWQRBKUgS7LLpxWcFeoA1lMp20QyeTODMRagi+ihsXirj1Pdz5Nk7TLrT1h4GP/5zDOfP7MWdKO863VVhZXVvfKG6WtrZ3dvfs/YOWihJJaJNEPJIdHyvKmaBNzTSnnVhSHPqctv3x9bTefqBSsUjc6UlMvRAPBQsYwdpYffuo2vOxTHmGzlEN5Xyf9e2yU3FyoWVw51CGuRp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNRLFI0xGeMh7RoUOKTKS/PrM3RqnAEKImme0Ch3f0+kOFRqEvqmM8R6pBZrU/O/WjfRQc1LmYgTTQWZLQoSjnSEplGgAZOUaD4xgIlk5lZERlhiok1gJROCu/jlZWhVK65TcW8vyvWreRxFOIYTOAMXLqEON9CAJhB4hGd4hTfryXqx3q2PWWvBms8cwh9Znz8X7pRX</latexit><latexit sha1_base64="RSVEbUm0f1XijbRnKurq4qHD4Dg=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWQRBKUgS7LLpxWcFeoA1lMp20QyeTODMRagi+ihsXirj1Pdz5Nk7TLrT1h4GP/5zDOfP7MWdKO863VVhZXVvfKG6WtrZ3dvfs/YOWihJJaJNEPJIdHyvKmaBNzTSnnVhSHPqctv3x9bTefqBSsUjc6UlMvRAPBQsYwdpYffuo2vOxTHmGzlEN5Xyf9e2yU3FyoWVw51CGuRp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNRLFI0xGeMh7RoUOKTKS/PrM3RqnAEKImme0Ch3f0+kOFRqEvqmM8R6pBZrU/O/WjfRQc1LmYgTTQWZLQoSjnSEplGgAZOUaD4xgIlk5lZERlhiok1gJROCu/jlZWhVK65TcW8vyvWreRxFOIYTOAMXLqEON9CAJhB4hGd4hTfryXqx3q2PWWvBms8cwh9Znz8X7pRX</latexit>

Sph

@µj
µ
B = @µj

µ
L = Nf

⇣ g2

32⇡2
W a

µ⌫W̃
aµ⌫ � g02

32⇡2
Bµ⌫B

µ⌫
⌘

<latexit sha1_base64="aTQcIOsFFwCz4DZnzAeba66w8No="></latexit><latexit sha1_base64="aTQcIOsFFwCz4DZnzAeba66w8No="></latexit><latexit sha1_base64="aTQcIOsFFwCz4DZnzAeba66w8No="></latexit><latexit sha1_base64="aTQcIOsFFwCz4DZnzAeba66w8No="></latexit>

B � L
<latexit sha1_base64="3/ewT2OWDkbcY5Ekw8ZLhcVnV5Q=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhBsDHciaBliY2ER0XxAcoS9zV6yZG/v2J0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpBIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6mfuuJayNi9YjjhPsRHSgRCkbRSg+187teqexW3BnIMvFyUoYc9V7pq9uPWRpxhUxSYzqem6CfUY 2CST4pdlPDE8pGdMA7lioaceNns1Mn5NQqfRLG2pZCMlN/T2Q0MmYcBbYzojg0i95U/M/rpBhe+5lQSYpcsfmiMJUEYzL9m/SF5gzl2BLKtLC3EjakmjK06RRtCN7iy8ukeVHx3Ip3f1mu1vI4CnAMJ3AGHlxBFW6hDg1gMIBneIU3RzovzrvzMW9dcfKZI/gD5/MHlk+NUw==</latexit><latexit sha1_base64="3/ewT2OWDkbcY5Ekw8ZLhcVnV5Q=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhBsDHciaBliY2ER0XxAcoS9zV6yZG/v2J0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpBIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6mfuuJayNi9YjjhPsRHSgRCkbRSg+187teqexW3BnIMvFyUoYc9V7pq9uPWRpxhUxSYzqem6CfUY 2CST4pdlPDE8pGdMA7lioaceNns1Mn5NQqfRLG2pZCMlN/T2Q0MmYcBbYzojg0i95U/M/rpBhe+5lQSYpcsfmiMJUEYzL9m/SF5gzl2BLKtLC3EjakmjK06RRtCN7iy8ukeVHx3Ip3f1mu1vI4CnAMJ3AGHlxBFW6hDg1gMIBneIU3RzovzrvzMW9dcfKZI/gD5/MHlk+NUw==</latexit><latexit sha1_base64="3/ewT2OWDkbcY5Ekw8ZLhcVnV5Q=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhBsDHciaBliY2ER0XxAcoS9zV6yZG/v2J0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpBIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6mfuuJayNi9YjjhPsRHSgRCkbRSg+187teqexW3BnIMvFyUoYc9V7pq9uPWRpxhUxSYzqem6CfUY 2CST4pdlPDE8pGdMA7lioaceNns1Mn5NQqfRLG2pZCMlN/T2Q0MmYcBbYzojg0i95U/M/rpBhe+5lQSYpcsfmiMJUEYzL9m/SF5gzl2BLKtLC3EjakmjK06RRtCN7iy8ukeVHx3Ip3f1mu1vI4CnAMJ3AGHlxBFW6hDg1gMIBneIU3RzovzrvzMW9dcfKZI/gD5/MHlk+NUw==</latexit><latexit sha1_base64="3/ewT2OWDkbcY5Ekw8ZLhcVnV5Q=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhBsDHciaBliY2ER0XxAcoS9zV6yZG/v2J0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpBIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6mfuuJayNi9YjjhPsRHSgRCkbRSg+187teqexW3BnIMvFyUoYc9V7pq9uPWRpxhUxSYzqem6CfUY 2CST4pdlPDE8pGdMA7lioaceNns1Mn5NQqfRLG2pZCMlN/T2Q0MmYcBbYzojg0i95U/M/rpBhe+5lQSYpcsfmiMJUEYzL9m/SF5gzl2BLKtLC3EjakmjK06RRtCN7iy8ukeVHx3Ip3f1mu1vI4CnAMJ3AGHlxBFW6hDg1gMIBneIU3RzovzrvzMW9dcfKZI/gD5/MHlk+NUw==</latexit>

Conserving,
B + L

<latexit sha1_base64="UsvUmVC7gnzOIeLSxSw80RWiOMo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GOpFw8eKtoPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2bg7Y+GHi8N8PMvCCRwqDrfjsrq2vrG5uFreL2zu7efungsGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGN1M/dYT10bE6hHHCfcjOlAiFIyilR5q53e9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/ox oFk3xS7KaGJ5SN6IB3LFU04sbPZqdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89jOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynaELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxCHRrAYADP8ApvjnRenHfnY9664uQzR/AHzucPk0WNUQ==</latexit><latexit sha1_base64="UsvUmVC7gnzOIeLSxSw80RWiOMo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GOpFw8eKtoPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2bg7Y+GHi8N8PMvCCRwqDrfjsrq2vrG5uFreL2zu7efungsGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGN1M/dYT10bE6hHHCfcjOlAiFIyilR5q53e9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/ox oFk3xS7KaGJ5SN6IB3LFU04sbPZqdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89jOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynaELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxCHRrAYADP8ApvjnRenHfnY9664uQzR/AHzucPk0WNUQ==</latexit><latexit sha1_base64="UsvUmVC7gnzOIeLSxSw80RWiOMo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GOpFw8eKtoPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2bg7Y+GHi8N8PMvCCRwqDrfjsrq2vrG5uFreL2zu7efungsGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGN1M/dYT10bE6hHHCfcjOlAiFIyilR5q53e9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/ox oFk3xS7KaGJ5SN6IB3LFU04sbPZqdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89jOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynaELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxCHRrAYADP8ApvjnRenHfnY9664uQzR/AHzucPk0WNUQ==</latexit><latexit sha1_base64="UsvUmVC7gnzOIeLSxSw80RWiOMo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GOpFw8eKtoPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2bg7Y+GHi8N8PMvCCRwqDrfjsrq2vrG5uFreL2zu7efungsGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGN1M/dYT10bE6hHHCfcjOlAiFIyilR5q53e9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/ox oFk3xS7KaGJ5SN6IB3LFU04sbPZqdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89jOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynaELzFl5dJ86LiuRXv/rJcreVxFOAYTuAMPLiCKtxCHRrAYADP8ApvjnRenHfnY9664uQzR/AHzucPk0WNUQ==</latexit>

Violating

EW Sphaleron-induced

process



Sphaleron cross section

• New Physics case: Electroweak sphaleron

�(E⌫) =
X

a

Z
dx fa(x, q

2) �̂(ŝ = 2xmNE⌫)
<latexit sha1_base64="JZFSlAMtiGuZnKe2mfW0flknHCw="></latexit><latexit sha1_base64="JZFSlAMtiGuZnKe2mfW0flknHCw="></latexit><latexit sha1_base64="JZFSlAMtiGuZnKe2mfW0flknHCw="></latexit><latexit sha1_base64="JZFSlAMtiGuZnKe2mfW0flknHCw="></latexit>

Actually, it is already predicted  
in the Electroweak theory. 

(not experimentally observed yet.)

N(u) + ⌫e ! L+Q+ (W,Z, Higgs bosons)
<latexit sha1_base64="PjnfWulU7GfRpv20XEN3GSM0FHI="></latexit><latexit sha1_base64="PjnfWulU7GfRpv20XEN3GSM0FHI="></latexit><latexit sha1_base64="PjnfWulU7GfRpv20XEN3GSM0FHI="></latexit><latexit sha1_base64="PjnfWulU7GfRpv20XEN3GSM0FHI="></latexit>

L = µ+ + ⌫̄⌧
<latexit sha1_base64="9wQVl4ENjmX73YfFFet7HMgLPAk=">AAACA3icbVDLSsNAFJ34rPUVdaebwSIIhZKIoBuh6MaFiwr2AU0Mk+m0HTozCfMQSii48VfcuFDErT/hzr9x2mahrQcuHM65l3vviVNGlfa8b2dhcWl5ZbWwVlzf2Nzadnd2GyoxEpM6TlgiWzFShFFB6ppqRlqpJIjHjDTjwdXYbz4QqWgi7vQwJSFHPUG7FCNtpcjdv4EXMODmvgzLMIiRzAJhRlGgkYncklfxJoDzxM9JCeSoRe5X0Emw4URozJBSbd9LdZghqSlmZFQMjCIpwgPUI21LBeJEhdnkhxE8skoHdhNpS2g4UX9PZIgrNeSx7eRI99WsNxb/89pGd8/DjIrUaCLwdFHXMKgTOA4EdqgkWLOhJQhLam+FuI8kwtrGVrQh+LMvz5PGScX3Kv7taal6mcdRAAfgEBwDH5yBKrgGNVAHGDyCZ/AK3pwn58V5dz6mrQtOPrMH/sD5/AH2YJZ3</latexit><latexit sha1_base64="9wQVl4ENjmX73YfFFet7HMgLPAk=">AAACA3icbVDLSsNAFJ34rPUVdaebwSIIhZKIoBuh6MaFiwr2AU0Mk+m0HTozCfMQSii48VfcuFDErT/hzr9x2mahrQcuHM65l3vviVNGlfa8b2dhcWl5ZbWwVlzf2Nzadnd2GyoxEpM6TlgiWzFShFFB6ppqRlqpJIjHjDTjwdXYbz4QqWgi7vQwJSFHPUG7FCNtpcjdv4EXMODmvgzLMIiRzAJhRlGgkYncklfxJoDzxM9JCeSoRe5X0Emw4URozJBSbd9LdZghqSlmZFQMjCIpwgPUI21LBeJEhdnkhxE8skoHdhNpS2g4UX9PZIgrNeSx7eRI99WsNxb/89pGd8/DjIrUaCLwdFHXMKgTOA4EdqgkWLOhJQhLam+FuI8kwtrGVrQh+LMvz5PGScX3Kv7taal6mcdRAAfgEBwDH5yBKrgGNVAHGDyCZ/AK3pwn58V5dz6mrQtOPrMH/sD5/AH2YJZ3</latexit><latexit sha1_base64="9wQVl4ENjmX73YfFFet7HMgLPAk=">AAACA3icbVDLSsNAFJ34rPUVdaebwSIIhZKIoBuh6MaFiwr2AU0Mk+m0HTozCfMQSii48VfcuFDErT/hzr9x2mahrQcuHM65l3vviVNGlfa8b2dhcWl5ZbWwVlzf2Nzadnd2GyoxEpM6TlgiWzFShFFB6ppqRlqpJIjHjDTjwdXYbz4QqWgi7vQwJSFHPUG7FCNtpcjdv4EXMODmvgzLMIiRzAJhRlGgkYncklfxJoDzxM9JCeSoRe5X0Emw4URozJBSbd9LdZghqSlmZFQMjCIpwgPUI21LBeJEhdnkhxE8skoHdhNpS2g4UX9PZIgrNeSx7eRI99WsNxb/89pGd8/DjIrUaCLwdFHXMKgTOA4EdqgkWLOhJQhLam+FuI8kwtrGVrQh+LMvz5PGScX3Kv7taal6mcdRAAfgEBwDH5yBKrgGNVAHGDyCZ/AK3pwn58V5dz6mrQtOPrMH/sD5/AH2YJZ3</latexit><latexit sha1_base64="9wQVl4ENjmX73YfFFet7HMgLPAk=">AAACA3icbVDLSsNAFJ34rPUVdaebwSIIhZKIoBuh6MaFiwr2AU0Mk+m0HTozCfMQSii48VfcuFDErT/hzr9x2mahrQcuHM65l3vviVNGlfa8b2dhcWl5ZbWwVlzf2Nzadnd2GyoxEpM6TlgiWzFShFFB6ppqRlqpJIjHjDTjwdXYbz4QqWgi7vQwJSFHPUG7FCNtpcjdv4EXMODmvgzLMIiRzAJhRlGgkYncklfxJoDzxM9JCeSoRe5X0Emw4URozJBSbd9LdZghqSlmZFQMjCIpwgPUI21LBeJEhdnkhxE8skoHdhNpS2g4UX9PZIgrNeSx7eRI99WsNxb/89pGd8/DjIrUaCLwdFHXMKgTOA4EdqgkWLOhJQhLam+FuI8kwtrGVrQh+LMvz5PGScX3Kv7taal6mcdRAAfgEBwDH5yBKrgGNVAHGDyCZ/AK3pwn58V5dz6mrQtOPrMH/sD5/AH2YJZ3</latexit>

Q = t̄+ 2b̄+ 2c̄+ s̄+ ū+ d̄
<latexit sha1_base64="kcZTLReSrZeUGnkNaYwkog6KgVY=">AAACKnicbZBNS8MwHMbT+TbnW9Wjl+AYCMJoh6AXYerF4wbuBbYy0jTdwtK0JKkwSj+PF7+Klx2U4dUPYrqVMTf/EPjxPPmTPI8bMSqVZc2Mwtb2zu5ecb90cHh0fGKenrVlGAtMWjhkoei6SBJGOWkpqhjpRoKgwGWk446fMr/zSoSkIX9Rk4g4ARpy6lOMlJYG5kMT3sO+i0SiUngNawt2VxhnPCe5pHhJXjowy1bVmg/cBDuHMsinMTCnfS/EcUC4wgxJ2bOtSDkJEopiRtJSP5YkQniMhqSnkaOASCeZR01hRSse9EOhD1dwrq5uJCiQchLoAJUAqZFc9zLxP68XK//OSSiPYkU4XjzkxwyqEGa9QY8KghWbaEBYUP1XiEdIIKx0uyVdgr0eeRPataptVe3mTbn+mNdRBBfgElwBG9yCOngGDdACGLyBD/AJvox3Y2rMjO/F1YKR75yDP2P8/AK+/aR5</latexit><latexit sha1_base64="kcZTLReSrZeUGnkNaYwkog6KgVY=">AAACKnicbZBNS8MwHMbT+TbnW9Wjl+AYCMJoh6AXYerF4wbuBbYy0jTdwtK0JKkwSj+PF7+Klx2U4dUPYrqVMTf/EPjxPPmTPI8bMSqVZc2Mwtb2zu5ecb90cHh0fGKenrVlGAtMWjhkoei6SBJGOWkpqhjpRoKgwGWk446fMr/zSoSkIX9Rk4g4ARpy6lOMlJYG5kMT3sO+i0SiUngNawt2VxhnPCe5pHhJXjowy1bVmg/cBDuHMsinMTCnfS/EcUC4wgxJ2bOtSDkJEopiRtJSP5YkQniMhqSnkaOASCeZR01hRSse9EOhD1dwrq5uJCiQchLoAJUAqZFc9zLxP68XK//OSSiPYkU4XjzkxwyqEGa9QY8KghWbaEBYUP1XiEdIIKx0uyVdgr0eeRPataptVe3mTbn+mNdRBBfgElwBG9yCOngGDdACGLyBD/AJvox3Y2rMjO/F1YKR75yDP2P8/AK+/aR5</latexit><latexit sha1_base64="kcZTLReSrZeUGnkNaYwkog6KgVY=">AAACKnicbZBNS8MwHMbT+TbnW9Wjl+AYCMJoh6AXYerF4wbuBbYy0jTdwtK0JKkwSj+PF7+Klx2U4dUPYrqVMTf/EPjxPPmTPI8bMSqVZc2Mwtb2zu5ecb90cHh0fGKenrVlGAtMWjhkoei6SBJGOWkpqhjpRoKgwGWk446fMr/zSoSkIX9Rk4g4ARpy6lOMlJYG5kMT3sO+i0SiUngNawt2VxhnPCe5pHhJXjowy1bVmg/cBDuHMsinMTCnfS/EcUC4wgxJ2bOtSDkJEopiRtJSP5YkQniMhqSnkaOASCeZR01hRSse9EOhD1dwrq5uJCiQchLoAJUAqZFc9zLxP68XK//OSSiPYkU4XjzkxwyqEGa9QY8KghWbaEBYUP1XiEdIIKx0uyVdgr0eeRPataptVe3mTbn+mNdRBBfgElwBG9yCOngGDdACGLyBD/AJvox3Y2rMjO/F1YKR75yDP2P8/AK+/aR5</latexit><latexit sha1_base64="kcZTLReSrZeUGnkNaYwkog6KgVY=">AAACKnicbZBNS8MwHMbT+TbnW9Wjl+AYCMJoh6AXYerF4wbuBbYy0jTdwtK0JKkwSj+PF7+Klx2U4dUPYrqVMTf/EPjxPPmTPI8bMSqVZc2Mwtb2zu5ecb90cHh0fGKenrVlGAtMWjhkoei6SBJGOWkpqhjpRoKgwGWk446fMr/zSoSkIX9Rk4g4ARpy6lOMlJYG5kMT3sO+i0SiUngNawt2VxhnPCe5pHhJXjowy1bVmg/cBDuHMsinMTCnfS/EcUC4wgxJ2bOtSDkJEopiRtJSP5YkQniMhqSnkaOASCeZR01hRSse9EOhD1dwrq5uJCiQchLoAJUAqZFc9zLxP68XK//OSSiPYkU4XjzkxwyqEGa9QY8KghWbaEBYUP1XiEdIIKx0uyVdgr0eeRPataptVe3mTbn+mNdRBBfgElwBG9yCOngGDdACGLyBD/AJvox3Y2rMjO/F1YKR75yDP2P8/AK+/aR5</latexit>

...<latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit><latexit sha1_base64="Ul1zjHMk9xZA8oyRXJLJOxn4TQw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+u6/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUvkjSI=</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

⌫e
<latexit sha1_base64="Pm+Q5yZTt+y/x5MdRxYkOq6xlmg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby+zIb4KBac+vuAmSdeAWpQYHWoPrVHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx7IxcWGVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90EOZdpZlCy5aIoE8QkZP45GXKFzIipJZQpbm8lbEwVZcbmU7EheKsvr5P2Vd1z697Dda15W8RRhjM4h0vwoAFNuIcW+MCAwzO8wpsjnRfn3flYtpacYuYU/sD5/AHUsY6v</latexit><latexit sha1_base64="Pm+Q5yZTt+y/x5MdRxYkOq6xlmg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby+zIb4KBac+vuAmSdeAWpQYHWoPrVHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx7IxcWGVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90EOZdpZlCy5aIoE8QkZP45GXKFzIipJZQpbm8lbEwVZcbmU7EheKsvr5P2Vd1z697Dda15W8RRhjM4h0vwoAFNuIcW+MCAwzO8wpsjnRfn3flYtpacYuYU/sD5/AHUsY6v</latexit><latexit sha1_base64="Pm+Q5yZTt+y/x5MdRxYkOq6xlmg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby+zIb4KBac+vuAmSdeAWpQYHWoPrVHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx7IxcWGVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90EOZdpZlCy5aIoE8QkZP45GXKFzIipJZQpbm8lbEwVZcbmU7EheKsvr5P2Vd1z697Dda15W8RRhjM4h0vwoAFNuIcW+MCAwzO8wpsjnRfn3flYtpacYuYU/sD5/AHUsY6v</latexit><latexit sha1_base64="Pm+Q5yZTt+y/x5MdRxYkOq6xlmg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby+zIb4KBac+vuAmSdeAWpQYHWoPrVHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx7IxcWGVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90EOZdpZlCy5aIoE8QkZP45GXKFzIipJZQpbm8lbEwVZcbmU7EheKsvr5P2Vd1z697Dda15W8RRhjM4h0vwoAFNuIcW+MCAwzO8wpsjnRfn3flYtpacYuYU/sD5/AHUsY6v</latexit>

2l̄ + 8q̄
<latexit sha1_base64="RSVEbUm0f1XijbRnKurq4qHD4Dg=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWQRBKUgS7LLpxWcFeoA1lMp20QyeTODMRagi+ihsXirj1Pdz5Nk7TLrT1h4GP/5zDOfP7MWdKO863VVhZXVvfKG6WtrZ3dvfs/YOWihJJaJNEPJIdHyvKmaBNzTSnnVhSHPqctv3x9bTefqBSsUjc6UlMvRAPBQsYwdpYffuo2vOxTHmGzlEN5Xyf9e2yU3FyoWVw51CGuRp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNRLFI0xGeMh7RoUOKTKS/PrM3RqnAEKImme0Ch3f0+kOFRqEvqmM8R6pBZrU/O/WjfRQc1LmYgTTQWZLQoSjnSEplGgAZOUaD4xgIlk5lZERlhiok1gJROCu/jlZWhVK65TcW8vyvWreRxFOIYTOAMXLqEON9CAJhB4hGd4hTfryXqx3q2PWWvBms8cwh9Znz8X7pRX</latexit><latexit sha1_base64="RSVEbUm0f1XijbRnKurq4qHD4Dg=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWQRBKUgS7LLpxWcFeoA1lMp20QyeTODMRagi+ihsXirj1Pdz5Nk7TLrT1h4GP/5zDOfP7MWdKO863VVhZXVvfKG6WtrZ3dvfs/YOWihJJaJNEPJIdHyvKmaBNzTSnnVhSHPqctv3x9bTefqBSsUjc6UlMvRAPBQsYwdpYffuo2vOxTHmGzlEN5Xyf9e2yU3FyoWVw51CGuRp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNRLFI0xGeMh7RoUOKTKS/PrM3RqnAEKImme0Ch3f0+kOFRqEvqmM8R6pBZrU/O/WjfRQc1LmYgTTQWZLQoSjnSEplGgAZOUaD4xgIlk5lZERlhiok1gJROCu/jlZWhVK65TcW8vyvWreRxFOIYTOAMXLqEON9CAJhB4hGd4hTfryXqx3q2PWWvBms8cwh9Znz8X7pRX</latexit><latexit sha1_base64="RSVEbUm0f1XijbRnKurq4qHD4Dg=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWQRBKUgS7LLpxWcFeoA1lMp20QyeTODMRagi+ihsXirj1Pdz5Nk7TLrT1h4GP/5zDOfP7MWdKO863VVhZXVvfKG6WtrZ3dvfs/YOWihJJaJNEPJIdHyvKmaBNzTSnnVhSHPqctv3x9bTefqBSsUjc6UlMvRAPBQsYwdpYffuo2vOxTHmGzlEN5Xyf9e2yU3FyoWVw51CGuRp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNRLFI0xGeMh7RoUOKTKS/PrM3RqnAEKImme0Ch3f0+kOFRqEvqmM8R6pBZrU/O/WjfRQc1LmYgTTQWZLQoSjnSEplGgAZOUaD4xgIlk5lZERlhiok1gJROCu/jlZWhVK65TcW8vyvWreRxFOIYTOAMXLqEON9CAJhB4hGd4hTfryXqx3q2PWWvBms8cwh9Znz8X7pRX</latexit><latexit sha1_base64="RSVEbUm0f1XijbRnKurq4qHD4Dg=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWQRBKUgS7LLpxWcFeoA1lMp20QyeTODMRagi+ihsXirj1Pdz5Nk7TLrT1h4GP/5zDOfP7MWdKO863VVhZXVvfKG6WtrZ3dvfs/YOWihJJaJNEPJIdHyvKmaBNzTSnnVhSHPqctv3x9bTefqBSsUjc6UlMvRAPBQsYwdpYffuo2vOxTHmGzlEN5Xyf9e2yU3FyoWVw51CGuRp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTrNRLFI0xGeMh7RoUOKTKS/PrM3RqnAEKImme0Ch3f0+kOFRqEvqmM8R6pBZrU/O/WjfRQc1LmYgTTQWZLQoSjnSEplGgAZOUaD4xgIlk5lZERlhiok1gJROCu/jlZWhVK65TcW8vyvWreRxFOIYTOAMXLqEON9CAJhB4hGd4hTfryXqx3q2PWWvBms8cwh9Znz8X7pRX</latexit>

Sph



Sphaleron cross section

• New Physics case: Electroweak sphaleron

�(E⌫) =
X

a

Z
dx fa(x, q

2) �̂(ŝ = 2xmNE⌫)
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�̂Sph(ŝ) =
p

m2
W

S(
p
ŝ)
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unknown parameter

typically, 

is expected

p ⇠ O(10�1
� 10�2)
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Exponentially suppressed

At low energies, but

can be unsuppressed

at

p
ŝ > ESph ' 10 TeV

<latexit sha1_base64="mAmSUHTaePD8MMooEbpLlgmWcss="></latexit><latexit sha1_base64="mAmSUHTaePD8MMooEbpLlgmWcss="></latexit><latexit sha1_base64="mAmSUHTaePD8MMooEbpLlgmWcss="></latexit><latexit sha1_base64="mAmSUHTaePD8MMooEbpLlgmWcss="></latexit>

[ Klinkhamer and Manton, 1984 ]

[ Rubakov and Shaposhnikov, 1987, 1996 ]

[ Ringwald et al., 1990 ]

[ Tye and Wong, 2015, 2017 ]



Microscopic BH cross section

�(E⌫) =
X

a

Z
dx fa(x, q

2) �̂(ŝ = 2xmNE⌫)
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• New Physics case: Microscopic BH in TeV-scale gravity

�̂BH(ŝ) ⇡ ⇡b2
BH

= ⇡
⇣
GD

p
ŝ
⌘ 2

D�3
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•  Higher-dimensional gravity scale can be low as ~ O(1) TeV 

• Current p-p collider bounds are 
(from lepton+jet and multi-jet searches) 

Mmin ⇡ 8� 10 TeV
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[ Arkani-Hamed, Dimopoulos, and Dvali 1998 ]

[ Randall and Sundrum, 1999 ]



UHE neutrino cross section
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Fermi-LAT 
observed diffuse 

gamma-rays 



GZK neutrino flux from 
various experiments

Expected neutrino flux from 
diffuse gamma-rays observation 

by FermiLAT

Upper bounds from direct 
(non-)observation 
of UHE neutrinos 

in the IceCube and Auger



Expected NP event rates 
on air-shower detector arrays

Expected event rate spectrum 
at Pierre Auger Observatory

Sphaleron bounds : Auger 9yrs search 
Auger North 10yrs (expected)
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p  3.4⇥ 10�2
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Events/yr

Primary 
Cosmic Ray E

MD = 1TeV, Blackholes

MD = 2TeV, Blackholes

Auger 9yrs

Esph = 9 TeV 
EW Sphlaeron





Extensive air shower: 
p vs. Fe primary CR

Top of the 
atmosphere

ground level 
(Auger Obs.)

MFP of 
pions 

in the atm.
�⇡ ⇠ 120 g cm�2
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Extensive air shower: 
p vs. Fe primary CR

Top of the 
atmosphere

ground level 
(Auger Obs.)



Extensive air shower: 
p vs. Fe primary CR

more pions, 
and each 
pion has 

much 
smaller E



Extensive air shower: 
QCD vs. NP (Sph, BH)

Top of the 
atmosphere

ground level 
(Auger Obs.)



Extensive air shower: 
QCD vs. NP (Sph, BH)

due to small 
NP cross 
section 

high multiplicity 
in ‘primary’ interaction

Top of the 
atmosphere

ground level 
(Auger Obs.)



Extensive air shower: 
QCD vs. NP (Sph, BH)

High multiplicity NP makes highly  
inclined & deep air showers! 

(and NP air showers more quickly develop.)

due to small 
NP cross section 

high multiplicity 
in primary interaction

QCD, QGSJET-II

EW Sph

Micro BH

QCD, SYBILL (v2.3)



Longitudinal development: 
Observation of Longitudinal profiles

Longitudinal development of air-shower 
can be observed by 

the fluorescence light detector (FD) 
(in the range of 300-430 nm)



Longitudinal development of air-shower 
can be observed by 

the fluorescence light detector (FD) 
(in the range of 300-430 nm)

Longitudinal development: 
Observation of Longitudinal profiles



Longitudinal development: 
QCD vs. NP (Sph, BH)

EW Sphaleron Microscopic BH

p, QCD

Fe, QCD

p, QCD

Fe, QCD

Auger Observations

Xmax

Primary CR 
Energy

primary parton shower : PYTHIA8 
cascade in the atmosphere : CORSIKA



Conclusion
• High Multiplicity New Physics can be above TeV-scale, 

which can be probed by Ultra-High-Energy Cosmic Rays, 
up to ~400 TeV in the center-of-mass frame energies.

Auger North 10yrs  
(expected)

Auger 9yrs
• Electroweak sphaleron process can be tested as

p  O(10�2)
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p  O(10�1)
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• Even though the NP event rates  
are expected to be small, 
their features in extensive air shower 
(highly inclined, deep, and rapidly developing) 
can be helpful  
to distinguish 
signal events 
from QCD showers



backup slides



proton, QCD iron, QCD

gamma, 
photopion process

Longitudinal development: 
Typical QCD showers

Large Cross section 
& High multiplicity

much smaller 
Cross sections

Q) How about  
NP with High multiplicity?

�Sph,BH ⌧ �QCD
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�p�!n⇡ ⇠ O(100) µb
<latexit sha1_base64="rDDNBjaRWmGNYqdao0Q6qvgyesk="></latexit><latexit sha1_base64="rDDNBjaRWmGNYqdao0Q6qvgyesk="></latexit><latexit sha1_base64="rDDNBjaRWmGNYqdao0Q6qvgyesk="></latexit><latexit sha1_base64="rDDNBjaRWmGNYqdao0Q6qvgyesk="></latexit>

�Fe ⇠ O(10) bn
<latexit sha1_base64="wxrK9KEFXLUz9bzS+j+nFsPUTtI=">AAACHHicbVDLSgMxFM34rPVVdekmWATdlBkVdFkUxJ0VrAqdUjLpbRuaZIbkjliG+RA3/oobF4q4cSH4N6aPha8DgcM555J7T5RIYdH3P72p6ZnZufnCQnFxaXlltbS2fmXj1HCo81jG5iZiFqTQUEeBEm4SA0xFEq6j/snQv74FY0WsL3GQQFOxrhYdwRk6qVXaD63oKtbKQoQ7zE4hz6mTFA0Vwx5nMjvPdwJ/l4Z0nIh03iqV/Yo/Av1LggkpkwlqrdJ72I55qkAjl8zaRuAn2MyYQcEl5MUwtZAw3mddaDiqmQLbzEbH5XTbKW3aiY17GulI/T6RMWXtQEUuOVzZ/vaG4n9eI8XOUTMTOkkRNB9/1EklxZgOm6JtYYCjHDjCuBFuV8p7zDCOrs+iKyH4ffJfcrVXCfxKcHFQrh5P6iiQTbJFdkhADkmVnJEaqRNO7skjeSYv3oP35L16b+PolDeZ2SA/4H18AdZqoco=</latexit><latexit sha1_base64="wxrK9KEFXLUz9bzS+j+nFsPUTtI=">AAACHHicbVDLSgMxFM34rPVVdekmWATdlBkVdFkUxJ0VrAqdUjLpbRuaZIbkjliG+RA3/oobF4q4cSH4N6aPha8DgcM555J7T5RIYdH3P72p6ZnZufnCQnFxaXlltbS2fmXj1HCo81jG5iZiFqTQUEeBEm4SA0xFEq6j/snQv74FY0WsL3GQQFOxrhYdwRk6qVXaD63oKtbKQoQ7zE4hz6mTFA0Vwx5nMjvPdwJ/l4Z0nIh03iqV/Yo/Av1LggkpkwlqrdJ72I55qkAjl8zaRuAn2MyYQcEl5MUwtZAw3mddaDiqmQLbzEbH5XTbKW3aiY17GulI/T6RMWXtQEUuOVzZ/vaG4n9eI8XOUTMTOkkRNB9/1EklxZgOm6JtYYCjHDjCuBFuV8p7zDCOrs+iKyH4ffJfcrVXCfxKcHFQrh5P6iiQTbJFdkhADkmVnJEaqRNO7skjeSYv3oP35L16b+PolDeZ2SA/4H18AdZqoco=</latexit><latexit sha1_base64="wxrK9KEFXLUz9bzS+j+nFsPUTtI=">AAACHHicbVDLSgMxFM34rPVVdekmWATdlBkVdFkUxJ0VrAqdUjLpbRuaZIbkjliG+RA3/oobF4q4cSH4N6aPha8DgcM555J7T5RIYdH3P72p6ZnZufnCQnFxaXlltbS2fmXj1HCo81jG5iZiFqTQUEeBEm4SA0xFEq6j/snQv74FY0WsL3GQQFOxrhYdwRk6qVXaD63oKtbKQoQ7zE4hz6mTFA0Vwx5nMjvPdwJ/l4Z0nIh03iqV/Yo/Av1LggkpkwlqrdJ72I55qkAjl8zaRuAn2MyYQcEl5MUwtZAw3mddaDiqmQLbzEbH5XTbKW3aiY17GulI/T6RMWXtQEUuOVzZ/vaG4n9eI8XOUTMTOkkRNB9/1EklxZgOm6JtYYCjHDjCuBFuV8p7zDCOrs+iKyH4ffJfcrVXCfxKcHFQrh5P6iiQTbJFdkhADkmVnJEaqRNO7skjeSYv3oP35L16b+PolDeZ2SA/4H18AdZqoco=</latexit><latexit sha1_base64="wxrK9KEFXLUz9bzS+j+nFsPUTtI=">AAACHHicbVDLSgMxFM34rPVVdekmWATdlBkVdFkUxJ0VrAqdUjLpbRuaZIbkjliG+RA3/oobF4q4cSH4N6aPha8DgcM555J7T5RIYdH3P72p6ZnZufnCQnFxaXlltbS2fmXj1HCo81jG5iZiFqTQUEeBEm4SA0xFEq6j/snQv74FY0WsL3GQQFOxrhYdwRk6qVXaD63oKtbKQoQ7zE4hz6mTFA0Vwx5nMjvPdwJ/l4Z0nIh03iqV/Yo/Av1LggkpkwlqrdJ72I55qkAjl8zaRuAn2MyYQcEl5MUwtZAw3mddaDiqmQLbzEbH5XTbKW3aiY17GulI/T6RMWXtQEUuOVzZ/vaG4n9eI8XOUTMTOkkRNB9/1EklxZgOm6JtYYCjHDjCuBFuV8p7zDCOrs+iKyH4ffJfcrVXCfxKcHFQrh5P6iiQTbJFdkhADkmVnJEaqRNO7skjeSYv3oP35L16b+PolDeZ2SA/4H18AdZqoco=</latexit>

�p ⇠ O(1) bn
<latexit sha1_base64="cZpTPLvUiw+K7ffYWa+0MycyINs=">AAACE3icbZDLSgMxFIYz9VbrrerSTbAI1UWZEUGXRTfurGAv0Cklk6ZtaJIZkjNiGeYd3Pgqblwo4taNO9/GTNuFtv4Q+PjPOeScP4gEN+C6305uaXlldS2/XtjY3NreKe7uNUwYa8rqNBShbgXEMMEVqwMHwVqRZkQGgjWD0VVWb94zbXio7mAcsY4kA8X7nBKwVrd44hs+kKSbRCm2KLEvCQwpEclNWvaOsY99YA+QBCrtFktuxZ0IL4I3gxKaqdYtfvm9kMaSKaCCGNP23Ag6CdHAqWBpwY8NiwgdkQFrW1REMtNJJjel+Mg6PdwPtX0K8MT9PZEQacxYBrYz29jM1zLzv1o7hv5FJ+EqioEpOv2oHwsMIc4Cwj2uGQUxtkCo5nZXTIdEEwo2xoINwZs/eREapxXPrXi3Z6Xq5SyOPDpAh6iMPHSOquga1VAdUfSIntErenOenBfn3fmYtuac2cw++iPn8weJ+Z3s</latexit><latexit sha1_base64="cZpTPLvUiw+K7ffYWa+0MycyINs=">AAACE3icbZDLSgMxFIYz9VbrrerSTbAI1UWZEUGXRTfurGAv0Cklk6ZtaJIZkjNiGeYd3Pgqblwo4taNO9/GTNuFtv4Q+PjPOeScP4gEN+C6305uaXlldS2/XtjY3NreKe7uNUwYa8rqNBShbgXEMMEVqwMHwVqRZkQGgjWD0VVWb94zbXio7mAcsY4kA8X7nBKwVrd44hs+kKSbRCm2KLEvCQwpEclNWvaOsY99YA+QBCrtFktuxZ0IL4I3gxKaqdYtfvm9kMaSKaCCGNP23Ag6CdHAqWBpwY8NiwgdkQFrW1REMtNJJjel+Mg6PdwPtX0K8MT9PZEQacxYBrYz29jM1zLzv1o7hv5FJ+EqioEpOv2oHwsMIc4Cwj2uGQUxtkCo5nZXTIdEEwo2xoINwZs/eREapxXPrXi3Z6Xq5SyOPDpAh6iMPHSOquga1VAdUfSIntErenOenBfn3fmYtuac2cw++iPn8weJ+Z3s</latexit><latexit sha1_base64="cZpTPLvUiw+K7ffYWa+0MycyINs=">AAACE3icbZDLSgMxFIYz9VbrrerSTbAI1UWZEUGXRTfurGAv0Cklk6ZtaJIZkjNiGeYd3Pgqblwo4taNO9/GTNuFtv4Q+PjPOeScP4gEN+C6305uaXlldS2/XtjY3NreKe7uNUwYa8rqNBShbgXEMMEVqwMHwVqRZkQGgjWD0VVWb94zbXio7mAcsY4kA8X7nBKwVrd44hs+kKSbRCm2KLEvCQwpEclNWvaOsY99YA+QBCrtFktuxZ0IL4I3gxKaqdYtfvm9kMaSKaCCGNP23Ag6CdHAqWBpwY8NiwgdkQFrW1REMtNJJjel+Mg6PdwPtX0K8MT9PZEQacxYBrYz29jM1zLzv1o7hv5FJ+EqioEpOv2oHwsMIc4Cwj2uGQUxtkCo5nZXTIdEEwo2xoINwZs/eREapxXPrXi3Z6Xq5SyOPDpAh6iMPHSOquga1VAdUfSIntErenOenBfn3fmYtuac2cw++iPn8weJ+Z3s</latexit><latexit sha1_base64="cZpTPLvUiw+K7ffYWa+0MycyINs=">AAACE3icbZDLSgMxFIYz9VbrrerSTbAI1UWZEUGXRTfurGAv0Cklk6ZtaJIZkjNiGeYd3Pgqblwo4taNO9/GTNuFtv4Q+PjPOeScP4gEN+C6305uaXlldS2/XtjY3NreKe7uNUwYa8rqNBShbgXEMMEVqwMHwVqRZkQGgjWD0VVWb94zbXio7mAcsY4kA8X7nBKwVrd44hs+kKSbRCm2KLEvCQwpEclNWvaOsY99YA+QBCrtFktuxZ0IL4I3gxKaqdYtfvm9kMaSKaCCGNP23Ag6CdHAqWBpwY8NiwgdkQFrW1REMtNJJjel+Mg6PdwPtX0K8MT9PZEQacxYBrYz29jM1zLzv1o7hv5FJ+EqioEpOv2oHwsMIc4Cwj2uGQUxtkCo5nZXTIdEEwo2xoINwZs/eREapxXPrXi3Z6Xq5SyOPDpAh6iMPHSOquga1VAdUfSIntErenOenBfn3fmYtuac2cw++iPn8weJ+Z3s</latexit>







Assuming 100% Sph events,

Only highly deep air-showers can contribute to the muon excess.
(Not so plausible)


