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Spontaneous Symmetry Breaking

SU(2)L ⇥ U(1)Y ! U(1)EM
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"Mexican Hat" Higgs potential

Yukawa terms for massive fermions

Higgs sector



Electroweak Symmetry Breaking
• By measuring interaction Lagrangian in                          channel,  H ! ZZ ! 4`
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the LHC identified a Higgs mechanism 

CMS PAS HIG-17-011



• The shape of a potential around EW scale is determined  
by       term and      term.  h2
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- We know about the mass of Higgs from clean channels

V SM
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V(ϕ) = − μ2ϕ2 + λϕ4

• From spontaneous symmetry breaking

Measuring Higgs potential



 Higgs Boson Pair  
to measure Higgs potential

• The shape of a potential around EW scale is determined  
by       term and      term.  h2
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- This triple Higgs coupling can be determined by h ! h, h
<latexit sha1_base64="EuLuZj4Mfy93meYTXMXCpeRa8LY=">AAAB9HicbVA9SwNBEJ2NXzF+RS1tFhPBQsJdGi2DNpYRzAckR9jb7OWW7O2du3uBcOR32FgoYuuPsfPfuEmu0MQHA4/3ZpiZ5yeCa+M436iwsbm1vVPcLe3tHxwelY9P2jpOFWUtGotYdX2imeCStQw3gnUTxUjkC9bxx3dzvzNhSvNYPpppwryIjCQPOCXGSl41xH0T4/AKh1U8KFecmrMAXiduTiqQozkof/WHMU0jJg0VROue6yTGy4gynAo2K/VTzRJCx2TEepZKEjHtZYujZ/jCKkMcxMqWNHih/p7ISKT1NPJtZ0RMqFe9ufif10tNcONlXCapYZIuFwWpwPbPeQJ4yBWjRkwtIVRxeyumIVGEGptTyYbgrr68Ttr1muvU3Id6pXGbx1GEMziHS3DhGhpwD01oAYUneIZXeEMT9ILe0ceytYDymVP4A/T5Ay+bkGU=</latexit><latexit sha1_base64="EuLuZj4Mfy93meYTXMXCpeRa8LY=">AAAB9HicbVA9SwNBEJ2NXzF+RS1tFhPBQsJdGi2DNpYRzAckR9jb7OWW7O2du3uBcOR32FgoYuuPsfPfuEmu0MQHA4/3ZpiZ5yeCa+M436iwsbm1vVPcLe3tHxwelY9P2jpOFWUtGotYdX2imeCStQw3gnUTxUjkC9bxx3dzvzNhSvNYPpppwryIjCQPOCXGSl41xH0T4/AKh1U8KFecmrMAXiduTiqQozkof/WHMU0jJg0VROue6yTGy4gynAo2K/VTzRJCx2TEepZKEjHtZYujZ/jCKkMcxMqWNHih/p7ISKT1NPJtZ0RMqFe9ufif10tNcONlXCapYZIuFwWpwPbPeQJ4yBWjRkwtIVRxeyumIVGEGptTyYbgrr68Ttr1muvU3Id6pXGbx1GEMziHS3DhGhpwD01oAYUneIZXeEMT9ILe0ceytYDymVP4A/T5Ay+bkGU=</latexit><latexit sha1_base64="EuLuZj4Mfy93meYTXMXCpeRa8LY=">AAAB9HicbVA9SwNBEJ2NXzF+RS1tFhPBQsJdGi2DNpYRzAckR9jb7OWW7O2du3uBcOR32FgoYuuPsfPfuEmu0MQHA4/3ZpiZ5yeCa+M436iwsbm1vVPcLe3tHxwelY9P2jpOFWUtGotYdX2imeCStQw3gnUTxUjkC9bxx3dzvzNhSvNYPpppwryIjCQPOCXGSl41xH0T4/AKh1U8KFecmrMAXiduTiqQozkof/WHMU0jJg0VROue6yTGy4gynAo2K/VTzRJCx2TEepZKEjHtZYujZ/jCKkMcxMqWNHih/p7ISKT1NPJtZ0RMqFe9ufif10tNcONlXCapYZIuFwWpwPbPeQJ4yBWjRkwtIVRxeyumIVGEGptTyYbgrr68Ttr1muvU3Id6pXGbx1GEMziHS3DhGhpwD01oAYUneIZXeEMT9ILe0ceytYDymVP4A/T5Ay+bkGU=</latexit><latexit sha1_base64="EuLuZj4Mfy93meYTXMXCpeRa8LY=">AAAB9HicbVA9SwNBEJ2NXzF+RS1tFhPBQsJdGi2DNpYRzAckR9jb7OWW7O2du3uBcOR32FgoYuuPsfPfuEmu0MQHA4/3ZpiZ5yeCa+M436iwsbm1vVPcLe3tHxwelY9P2jpOFWUtGotYdX2imeCStQw3gnUTxUjkC9bxx3dzvzNhSvNYPpppwryIjCQPOCXGSl41xH0T4/AKh1U8KFecmrMAXiduTiqQozkof/WHMU0jJg0VROue6yTGy4gynAo2K/VTzRJCx2TEepZKEjHtZYujZ/jCKkMcxMqWNHih/p7ISKT1NPJtZ0RMqFe9ufif10tNcONlXCapYZIuFwWpwPbPeQJ4yBWjRkwtIVRxeyumIVGEGptTyYbgrr68Ttr1muvU3Id6pXGbx1GEMziHS3DhGhpwD01oAYUneIZXeEMT9ILe0ceytYDymVP4A/T5Ay+bkGU=</latexit>

V SM
h = m2

h
2 h2 + m2

h
2v2 vh3 + 1
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h
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<latexit sha1_base64="Q1hJTsxM6Wze0OSpZXn1Je1aA3s="></latexit><latexit sha1_base64="Q1hJTsxM6Wze0OSpZXn1Je1aA3s="></latexit><latexit sha1_base64="Q1hJTsxM6Wze0OSpZXn1Je1aA3s="></latexit><latexit sha1_base64="Q1hJTsxM6Wze0OSpZXn1Je1aA3s="></latexit>



V SM
h = m2

h
2 h2 + m2

h
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<latexit sha1_base64="Q1hJTsxM6Wze0OSpZXn1Je1aA3s="></latexit><latexit sha1_base64="Q1hJTsxM6Wze0OSpZXn1Je1aA3s="></latexit><latexit sha1_base64="Q1hJTsxM6Wze0OSpZXn1Je1aA3s="></latexit><latexit sha1_base64="Q1hJTsxM6Wze0OSpZXn1Je1aA3s="></latexit>

⇥
<latexit sha1_base64="o/TztkgjxWN4eKNCgAhptEPqjkA=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vXN3zoRc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94DThfkRHSoSCUbRSt9pHEXFTHZQrbs1dgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGeponaLny3unZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/HkyFJozlFNLKNPC3krYmGrK0EZUsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawEDCM7zCm/PovDjvzseyteDkM6fwB87nD3ASj44=</latexit><latexit sha1_base64="o/TztkgjxWN4eKNCgAhptEPqjkA=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vXN3zoRc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94DThfkRHSoSCUbRSt9pHEXFTHZQrbs1dgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGeponaLny3unZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/HkyFJozlFNLKNPC3krYmGrK0EZUsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawEDCM7zCm/PovDjvzseyteDkM6fwB87nD3ASj44=</latexit><latexit sha1_base64="o/TztkgjxWN4eKNCgAhptEPqjkA=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vXN3zoRc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94DThfkRHSoSCUbRSt9pHEXFTHZQrbs1dgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGeponaLny3unZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/HkyFJozlFNLKNPC3krYmGrK0EZUsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawEDCM7zCm/PovDjvzseyteDkM6fwB87nD3ASj44=</latexit><latexit sha1_base64="o/TztkgjxWN4eKNCgAhptEPqjkA=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfswYa9vXN3zoRc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94DThfkRHSoSCUbRSt9pHEXFTHZQrbs1dgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGeponaLny3unZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/HkyFJozlFNLKNPC3krYmGrK0EZUsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawEDCM7zCm/PovDjvzseyteDkM6fwB87nD3ASj44=</latexit>

vh3
<latexit sha1_base64="BmVR9p4RprzHTvRZ1mmC7DDjEyY=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGIiHwmcZG/Zgw17e5fdORJC+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTm5jc2t7J79b2Ns/ODwqHp80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWju7nfGnNtRKwecZJwP6IDJULBKFqpVR6T4dNVuVcsuRV3AbJOvIyUIEO9V/zq9mOWRlwhk9SYjucm6E+pRsEknxW6qeEJZSM64B1LFY248aeLc2fkwip9EsbalkKyUH9PTGlkzCQKbGdEcWhWvbn4n9dJMbzxp0IlKXLFlovCVBKMyfx30heaM5QTSyjTwt5K2JBqytAmVLAheKsvr5NmteK5Fe+hWqrdZnHk4QzO4RI8uIYa3EMdGsBgBM/wCm9O4rw4787HsjXnZDOn8AfO5w/dBY6V</latexit><latexit sha1_base64="BmVR9p4RprzHTvRZ1mmC7DDjEyY=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGIiHwmcZG/Zgw17e5fdORJC+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTm5jc2t7J79b2Ns/ODwqHp80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWju7nfGnNtRKwecZJwP6IDJULBKFqpVR6T4dNVuVcsuRV3AbJOvIyUIEO9V/zq9mOWRlwhk9SYjucm6E+pRsEknxW6qeEJZSM64B1LFY248aeLc2fkwip9EsbalkKyUH9PTGlkzCQKbGdEcWhWvbn4n9dJMbzxp0IlKXLFlovCVBKMyfx30heaM5QTSyjTwt5K2JBqytAmVLAheKsvr5NmteK5Fe+hWqrdZnHk4QzO4RI8uIYa3EMdGsBgBM/wCm9O4rw4787HsjXnZDOn8AfO5w/dBY6V</latexit><latexit sha1_base64="BmVR9p4RprzHTvRZ1mmC7DDjEyY=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGIiHwmcZG/Zgw17e5fdORJC+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTm5jc2t7J79b2Ns/ODwqHp80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWju7nfGnNtRKwecZJwP6IDJULBKFqpVR6T4dNVuVcsuRV3AbJOvIyUIEO9V/zq9mOWRlwhk9SYjucm6E+pRsEknxW6qeEJZSM64B1LFY248aeLc2fkwip9EsbalkKyUH9PTGlkzCQKbGdEcWhWvbn4n9dJMbzxp0IlKXLFlovCVBKMyfx30heaM5QTSyjTwt5K2JBqytAmVLAheKsvr5NmteK5Fe+hWqrdZnHk4QzO4RI8uIYa3EMdGsBgBM/wCm9O4rw4787HsjXnZDOn8AfO5w/dBY6V</latexit><latexit sha1_base64="BmVR9p4RprzHTvRZ1mmC7DDjEyY=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGIiHwmcZG/Zgw17e5fdORJC+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSKQw6LrfTm5jc2t7J79b2Ns/ODwqHp80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWju7nfGnNtRKwecZJwP6IDJULBKFqpVR6T4dNVuVcsuRV3AbJOvIyUIEO9V/zq9mOWRlwhk9SYjucm6E+pRsEknxW6qeEJZSM64B1LFY248aeLc2fkwip9EsbalkKyUH9PTGlkzCQKbGdEcWhWvbn4n9dJMbzxp0IlKXLFlovCVBKMyfx30heaM5QTSyjTwt5K2JBqytAmVLAheKsvr5NmteK5Fe+hWqrdZnHk4QzO4RI8uIYa3EMdGsBgBM/wCm9O4rw4787HsjXnZDOn8AfO5w/dBY6V</latexit>

1
4h

4
<latexit sha1_base64="n01RThZgK8gPL1I1CGlqZo1zPHg=">AAAB+nicbVBNS8NAEJ34WetXqkcvi63gqSSloMeiF48V7Ae0sWy2m3bpZhN2N0qJ+SlePCji1V/izX/jts1BWx8MPN6bYWaeH3OmtON8W2vrG5tb24Wd4u7e/sGhXTpqqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXM/8zgOVikXiTk9j6oV4JFjACNZGGtilSj+QmKRultYzNL6vVwZ22ak6c6BV4uakDDmaA/urP4xIElKhCcdK9Vwn1l6KpWaE06zYTxSNMZngEe0ZKnBIlZfOT8/QmVGGKIikKaHRXP09keJQqWnom84Q67Fa9mbif14v0cGllzIRJ5oKslgUJBzpCM1yQEMmKdF8aggmkplbERljE4U2aRVNCO7yy6ukXau6TtW9rZUbV3kcBTiBUzgHFy6gATfQhBYQeIRneIU368l6sd6tj0XrmpXPHMMfWJ8/xKmTAg==</latexit><latexit sha1_base64="n01RThZgK8gPL1I1CGlqZo1zPHg=">AAAB+nicbVBNS8NAEJ34WetXqkcvi63gqSSloMeiF48V7Ae0sWy2m3bpZhN2N0qJ+SlePCji1V/izX/jts1BWx8MPN6bYWaeH3OmtON8W2vrG5tb24Wd4u7e/sGhXTpqqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXM/8zgOVikXiTk9j6oV4JFjACNZGGtilSj+QmKRultYzNL6vVwZ22ak6c6BV4uakDDmaA/urP4xIElKhCcdK9Vwn1l6KpWaE06zYTxSNMZngEe0ZKnBIlZfOT8/QmVGGKIikKaHRXP09keJQqWnom84Q67Fa9mbif14v0cGllzIRJ5oKslgUJBzpCM1yQEMmKdF8aggmkplbERljE4U2aRVNCO7yy6ukXau6TtW9rZUbV3kcBTiBUzgHFy6gATfQhBYQeIRneIU368l6sd6tj0XrmpXPHMMfWJ8/xKmTAg==</latexit><latexit sha1_base64="n01RThZgK8gPL1I1CGlqZo1zPHg=">AAAB+nicbVBNS8NAEJ34WetXqkcvi63gqSSloMeiF48V7Ae0sWy2m3bpZhN2N0qJ+SlePCji1V/izX/jts1BWx8MPN6bYWaeH3OmtON8W2vrG5tb24Wd4u7e/sGhXTpqqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXM/8zgOVikXiTk9j6oV4JFjACNZGGtilSj+QmKRultYzNL6vVwZ22ak6c6BV4uakDDmaA/urP4xIElKhCcdK9Vwn1l6KpWaE06zYTxSNMZngEe0ZKnBIlZfOT8/QmVGGKIikKaHRXP09keJQqWnom84Q67Fa9mbif14v0cGllzIRJ5oKslgUJBzpCM1yQEMmKdF8aggmkplbERljE4U2aRVNCO7yy6ukXau6TtW9rZUbV3kcBTiBUzgHFy6gATfQhBYQeIRneIU368l6sd6tj0XrmpXPHMMfWJ8/xKmTAg==</latexit><latexit sha1_base64="n01RThZgK8gPL1I1CGlqZo1zPHg=">AAAB+nicbVBNS8NAEJ34WetXqkcvi63gqSSloMeiF48V7Ae0sWy2m3bpZhN2N0qJ+SlePCji1V/izX/jts1BWx8MPN6bYWaeH3OmtON8W2vrG5tb24Wd4u7e/sGhXTpqqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXM/8zgOVikXiTk9j6oV4JFjACNZGGtilSj+QmKRultYzNL6vVwZ22ak6c6BV4uakDDmaA/urP4xIElKhCcdK9Vwn1l6KpWaE06zYTxSNMZngEe0ZKnBIlZfOT8/QmVGGKIikKaHRXP09keJQqWnom84Q67Fa9mbif14v0cGllzIRJ5oKslgUJBzpCM1yQEMmKdF8aggmkplbERljE4U2aRVNCO7yy6ukXau6TtW9rZUbV3kcBTiBUzgHFy6gATfQhBYQeIRneIU368l6sd6tj0XrmpXPHMMfWJ8/xKmTAg==</latexit>

• check 

- Triple Higgs coupling can be determined by h ! h, h
<latexit sha1_base64="EuLuZj4Mfy93meYTXMXCpeRa8LY=">AAAB9HicbVA9SwNBEJ2NXzF+RS1tFhPBQsJdGi2DNpYRzAckR9jb7OWW7O2du3uBcOR32FgoYuuPsfPfuEmu0MQHA4/3ZpiZ5yeCa+M436iwsbm1vVPcLe3tHxwelY9P2jpOFWUtGotYdX2imeCStQw3gnUTxUjkC9bxx3dzvzNhSvNYPpppwryIjCQPOCXGSl41xH0T4/AKh1U8KFecmrMAXiduTiqQozkof/WHMU0jJg0VROue6yTGy4gynAo2K/VTzRJCx2TEepZKEjHtZYujZ/jCKkMcxMqWNHih/p7ISKT1NPJtZ0RMqFe9ufif10tNcONlXCapYZIuFwWpwPbPeQJ4yBWjRkwtIVRxeyumIVGEGptTyYbgrr68Ttr1muvU3Id6pXGbx1GEMziHS3DhGhpwD01oAYUneIZXeEMT9ILe0ceytYDymVP4A/T5Ay+bkGU=</latexit><latexit sha1_base64="EuLuZj4Mfy93meYTXMXCpeRa8LY=">AAAB9HicbVA9SwNBEJ2NXzF+RS1tFhPBQsJdGi2DNpYRzAckR9jb7OWW7O2du3uBcOR32FgoYuuPsfPfuEmu0MQHA4/3ZpiZ5yeCa+M436iwsbm1vVPcLe3tHxwelY9P2jpOFWUtGotYdX2imeCStQw3gnUTxUjkC9bxx3dzvzNhSvNYPpppwryIjCQPOCXGSl41xH0T4/AKh1U8KFecmrMAXiduTiqQozkof/WHMU0jJg0VROue6yTGy4gynAo2K/VTzRJCx2TEepZKEjHtZYujZ/jCKkMcxMqWNHih/p7ISKT1NPJtZ0RMqFe9ufif10tNcONlXCapYZIuFwWpwPbPeQJ4yBWjRkwtIVRxeyumIVGEGptTyYbgrr68Ttr1muvU3Id6pXGbx1GEMziHS3DhGhpwD01oAYUneIZXeEMT9ILe0ceytYDymVP4A/T5Ay+bkGU=</latexit><latexit sha1_base64="EuLuZj4Mfy93meYTXMXCpeRa8LY=">AAAB9HicbVA9SwNBEJ2NXzF+RS1tFhPBQsJdGi2DNpYRzAckR9jb7OWW7O2du3uBcOR32FgoYuuPsfPfuEmu0MQHA4/3ZpiZ5yeCa+M436iwsbm1vVPcLe3tHxwelY9P2jpOFWUtGotYdX2imeCStQw3gnUTxUjkC9bxx3dzvzNhSvNYPpppwryIjCQPOCXGSl41xH0T4/AKh1U8KFecmrMAXiduTiqQozkof/WHMU0jJg0VROue6yTGy4gynAo2K/VTzRJCx2TEepZKEjHtZYujZ/jCKkMcxMqWNHih/p7ISKT1NPJtZ0RMqFe9ufif10tNcONlXCapYZIuFwWpwPbPeQJ4yBWjRkwtIVRxeyumIVGEGptTyYbgrr68Ttr1muvU3Id6pXGbx1GEMziHS3DhGhpwD01oAYUneIZXeEMT9ILe0ceytYDymVP4A/T5Ay+bkGU=</latexit><latexit sha1_base64="EuLuZj4Mfy93meYTXMXCpeRa8LY=">AAAB9HicbVA9SwNBEJ2NXzF+RS1tFhPBQsJdGi2DNpYRzAckR9jb7OWW7O2du3uBcOR32FgoYuuPsfPfuEmu0MQHA4/3ZpiZ5yeCa+M436iwsbm1vVPcLe3tHxwelY9P2jpOFWUtGotYdX2imeCStQw3gnUTxUjkC9bxx3dzvzNhSvNYPpppwryIjCQPOCXGSl41xH0T4/AKh1U8KFecmrMAXiduTiqQozkof/WHMU0jJg0VROue6yTGy4gynAo2K/VTzRJCx2TEepZKEjHtZYujZ/jCKkMcxMqWNHih/p7ISKT1NPJtZ0RMqFe9ufif10tNcONlXCapYZIuFwWpwPbPeQJ4yBWjRkwtIVRxeyumIVGEGptTyYbgrr68Ttr1muvU3Id6pXGbx1GEMziHS3DhGhpwD01oAYUneIZXeEMT9ILe0ceytYDymVP4A/T5Ay+bkGU=</latexit>

???

SM

- Quartic Higgs coupling can be determined by h ! h, h, h
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• So, let's focus on "precise measurement of" triple Higgs 
coupling at the LHC  

by Ulrich Haisch et.al (arXiv:1810.04665)



 Higgs Boson Pair @LHC

by Matthew J. Dolan et.al  (arXiv:1206.5001)



 Higgs Boson Pair @LHC
• Current status from various channels

bb WW* 𝜏𝜏 ZZ* 𝛾𝛾
bb 33%

WW* 25% 4.6%

𝜏𝜏 7.3% 2.7% 0.39%

ZZ* 3.1% 1.1% 0.33% 0.069%

𝛾𝛾 0.26% 0.1% 0.028% 0.012% 0.0005%

h ! XX
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<latexit sha1_base64="JbGAWOQgOdBSFFzP1xshMNH3a6A=">AAAB+nicbVA9TwJBEJ3zE/Hr0NJmI5hYkTsaLYk2lpgIXAKE7C17sGFv97K7JyEnP8XGQmNs/SV2/hsXuELBl0zy8t5MZuaFCWfaeN63s7G5tb2zW9gr7h8cHh27pZOWlqkitEkklyoIsaacCdo0zHAaJIriOOS0HY5v5377kSrNpHgw04T2YjwULGIEGyv13VIlCLqcRgYrJSdoVEF9t+xVvQXQOvFzUoYcjb771R1IksZUGMKx1h3fS0wvw8owwums2E01TTAZ4yHtWCpwTHUvW5w+QxdWGaBIKlvCoIX6eyLDsdbTOLSdMTYjverNxf+8Tmqi617GRJIaKshyUZRyZCSa54AGTFFi+NQSTBSztyIywgoTY9Mq2hD81ZfXSatW9b2qf18r12/yOApwBudwCT5cQR3uoAFNIDCBZ3iFN+fJeXHenY9l64aTz5zCHzifP/pRkyU=</latexit><latexit sha1_base64="JbGAWOQgOdBSFFzP1xshMNH3a6A=">AAAB+nicbVA9TwJBEJ3zE/Hr0NJmI5hYkTsaLYk2lpgIXAKE7C17sGFv97K7JyEnP8XGQmNs/SV2/hsXuELBl0zy8t5MZuaFCWfaeN63s7G5tb2zW9gr7h8cHh27pZOWlqkitEkklyoIsaacCdo0zHAaJIriOOS0HY5v5377kSrNpHgw04T2YjwULGIEGyv13VIlCLqcRgYrJSdoVEF9t+xVvQXQOvFzUoYcjb771R1IksZUGMKx1h3fS0wvw8owwums2E01TTAZ4yHtWCpwTHUvW5w+QxdWGaBIKlvCoIX6eyLDsdbTOLSdMTYjverNxf+8Tmqi617GRJIaKshyUZRyZCSa54AGTFFi+NQSTBSztyIywgoTY9Mq2hD81ZfXSatW9b2qf18r12/yOApwBudwCT5cQR3uoAFNIDCBZ3iFN+fJeXHenY9l64aTz5zCHzifP/pRkyU=</latexit><latexit sha1_base64="JbGAWOQgOdBSFFzP1xshMNH3a6A=">AAAB+nicbVA9TwJBEJ3zE/Hr0NJmI5hYkTsaLYk2lpgIXAKE7C17sGFv97K7JyEnP8XGQmNs/SV2/hsXuELBl0zy8t5MZuaFCWfaeN63s7G5tb2zW9gr7h8cHh27pZOWlqkitEkklyoIsaacCdo0zHAaJIriOOS0HY5v5377kSrNpHgw04T2YjwULGIEGyv13VIlCLqcRgYrJSdoVEF9t+xVvQXQOvFzUoYcjb771R1IksZUGMKx1h3fS0wvw8owwums2E01TTAZ4yHtWCpwTHUvW5w+QxdWGaBIKlvCoIX6eyLDsdbTOLSdMTYjverNxf+8Tmqi617GRJIaKshyUZRyZCSa54AGTFFi+NQSTBSztyIywgoTY9Mq2hD81ZfXSatW9b2qf18r12/yOApwBudwCT5cQR3uoAFNIDCBZ3iFN+fJeXHenY9l64aTz5zCHzifP/pRkyU=</latexit><latexit sha1_base64="JbGAWOQgOdBSFFzP1xshMNH3a6A=">AAAB+nicbVA9TwJBEJ3zE/Hr0NJmI5hYkTsaLYk2lpgIXAKE7C17sGFv97K7JyEnP8XGQmNs/SV2/hsXuELBl0zy8t5MZuaFCWfaeN63s7G5tb2zW9gr7h8cHh27pZOWlqkitEkklyoIsaacCdo0zHAaJIriOOS0HY5v5377kSrNpHgw04T2YjwULGIEGyv13VIlCLqcRgYrJSdoVEF9t+xVvQXQOvFzUoYcjb771R1IksZUGMKx1h3fS0wvw8owwums2E01TTAZ4yHtWCpwTHUvW5w+QxdWGaBIKlvCoIX6eyLDsdbTOLSdMTYjverNxf+8Tmqi617GRJIaKshyUZRyZCSa54AGTFFi+NQSTBSztyIywgoTY9Mq2hD81ZfXSatW9b2qf18r12/yOApwBudwCT5cQR3uoAFNIDCBZ3iFN+fJeXHenY9l64aTz5zCHzifP/pRkyU=</latexit>

CMS PAS HIG-17-030

• The driven channel is the "compromised" clean channel.



 Higgs Boson Pair @LHC
• Current status from various channels

CMS PAS HIG-17-030

• Why is             bad ?  how can one improve ? bbVV



How can theorists contribute  
to the battle of the LHC?



• Why is            bad ?   LHC is the Top-factory bbVV

• Applying "low-level " kinematic cuts based on event-
topology

b
<latexit sha1_base64="23PpFfjmh0m6oWiIPnPweyNtCqk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9WgOihX3Jq7AFknXk4qkKM5KH/1hzFLI5SGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGeppBFqP1ucOiMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhNd+xmWSGpRsuShMBTExmf9NhlwhM2JqCWWK21sJG1NFmbHplGwI3urL66Rdr3luzbuvVxo3eRxFOINzuAQPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AF6sI08</latexit><latexit sha1_base64="23PpFfjmh0m6oWiIPnPweyNtCqk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9WgOihX3Jq7AFknXk4qkKM5KH/1hzFLI5SGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGeppBFqP1ucOiMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhNd+xmWSGpRsuShMBTExmf9NhlwhM2JqCWWK21sJG1NFmbHplGwI3urL66Rdr3luzbuvVxo3eRxFOINzuAQPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AF6sI08</latexit><latexit sha1_base64="23PpFfjmh0m6oWiIPnPweyNtCqk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9WgOihX3Jq7AFknXk4qkKM5KH/1hzFLI5SGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGeppBFqP1ucOiMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhNd+xmWSGpRsuShMBTExmf9NhlwhM2JqCWWK21sJG1NFmbHplGwI3urL66Rdr3luzbuvVxo3eRxFOINzuAQPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AF6sI08</latexit><latexit sha1_base64="23PpFfjmh0m6oWiIPnPweyNtCqk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9WgOihX3Jq7AFknXk4qkKM5KH/1hzFLI5SGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGeppBFqP1ucOiMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhNd+xmWSGpRsuShMBTExmf9NhlwhM2JqCWWK21sJG1NFmbHplGwI3urL66Rdr3luzbuvVxo3eRxFOINzuAQPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AF6sI08</latexit>

b̄
<latexit sha1_base64="k8few5jiPeVSmX3GYpjTXRm4lAI=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzAckR9jbzCVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZK3Wo/oIoE1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/LnY8f</latexit><latexit sha1_base64="k8few5jiPeVSmX3GYpjTXRm4lAI=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzAckR9jbzCVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZK3Wo/oIoE1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/LnY8f</latexit><latexit sha1_base64="k8few5jiPeVSmX3GYpjTXRm4lAI=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzAckR9jbzCVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZK3Wo/oIoE1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/LnY8f</latexit><latexit sha1_base64="k8few5jiPeVSmX3GYpjTXRm4lAI=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzAckR9jbzCVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZK3Wo/oIoE1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/LnY8f</latexit>
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<latexit sha1_base64="23PpFfjmh0m6oWiIPnPweyNtCqk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9WgOihX3Jq7AFknXk4qkKM5KH/1hzFLI5SGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGeppBFqP1ucOiMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhNd+xmWSGpRsuShMBTExmf9NhlwhM2JqCWWK21sJG1NFmbHplGwI3urL66Rdr3luzbuvVxo3eRxFOINzuAQPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AF6sI08</latexit><latexit sha1_base64="23PpFfjmh0m6oWiIPnPweyNtCqk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9WgOihX3Jq7AFknXk4qkKM5KH/1hzFLI5SGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGeppBFqP1ucOiMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhNd+xmWSGpRsuShMBTExmf9NhlwhM2JqCWWK21sJG1NFmbHplGwI3urL66Rdr3luzbuvVxo3eRxFOINzuAQPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AF6sI08</latexit><latexit sha1_base64="23PpFfjmh0m6oWiIPnPweyNtCqk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9WgOihX3Jq7AFknXk4qkKM5KH/1hzFLI5SGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGeppBFqP1ucOiMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhNd+xmWSGpRsuShMBTExmf9NhlwhM2JqCWWK21sJG1NFmbHplGwI3urL66Rdr3luzbuvVxo3eRxFOINzuAQPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AF6sI08</latexit><latexit sha1_base64="23PpFfjmh0m6oWiIPnPweyNtCqk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9WgOihX3Jq7AFknXk4qkKM5KH/1hzFLI5SGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGeppBFqP1ucOiMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhNd+xmWSGpRsuShMBTExmf9NhlwhM2JqCWWK21sJG1NFmbHplGwI3urL66Rdr3luzbuvVxo3eRxFOINzuAQPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AF6sI08</latexit>

b̄
<latexit sha1_base64="k8few5jiPeVSmX3GYpjTXRm4lAI=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzAckR9jbzCVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZK3Wo/oIoE1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/LnY8f</latexit><latexit sha1_base64="k8few5jiPeVSmX3GYpjTXRm4lAI=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzAckR9jbzCVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZK3Wo/oIoE1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/LnY8f</latexit><latexit sha1_base64="k8few5jiPeVSmX3GYpjTXRm4lAI=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzAckR9jbzCVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZK3Wo/oIoE1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/LnY8f</latexit><latexit sha1_base64="k8few5jiPeVSmX3GYpjTXRm4lAI=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzAckR9jbzCVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZK3Wo/oIoE1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/LnY8f</latexit>

W
<latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit><latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit><latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit><latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit>

W ⇤
<latexit sha1_base64="pZJ9VZeY9fE0mX0Lu8BMIo4erjQ=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYiKIRbhLo5UEbCwjeEkgOcPeZi9Zsrd37M4JIeQ32FgoYusPsvPfuEmu0MQHA4/3ZpiZF6ZSGHTdb2dtfWNza7uwU9zd2z84LB0dN02SacZ9lshEt0NquBSK+yhQ8naqOY1DyVvh6Hbmt564NiJRDzhOeRDTgRKRYBSt5Fdaj5eVXqnsVt05yCrxclKGHI1e6avbT1gWc4VMUmM6nptiMKEaBZN8WuxmhqeUjeiAdyxVNOYmmMyPnZJzq/RJlGhbCslc/T0xobEx4zi0nTHFoVn2ZuJ/XifD6DqYCJVmyBVbLIoySTAhs89JX2jOUI4toUwLeythQ6opQ5tP0YbgLb+8Spq1qudWvftauX6Tx1GAUziDC/DgCupwBw3wgYGAZ3iFN0c5L86787FoXXPymRP4A+fzB4PWjc0=</latexit><latexit sha1_base64="pZJ9VZeY9fE0mX0Lu8BMIo4erjQ=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYiKIRbhLo5UEbCwjeEkgOcPeZi9Zsrd37M4JIeQ32FgoYusPsvPfuEmu0MQHA4/3ZpiZF6ZSGHTdb2dtfWNza7uwU9zd2z84LB0dN02SacZ9lshEt0NquBSK+yhQ8naqOY1DyVvh6Hbmt564NiJRDzhOeRDTgRKRYBSt5Fdaj5eVXqnsVt05yCrxclKGHI1e6avbT1gWc4VMUmM6nptiMKEaBZN8WuxmhqeUjeiAdyxVNOYmmMyPnZJzq/RJlGhbCslc/T0xobEx4zi0nTHFoVn2ZuJ/XifD6DqYCJVmyBVbLIoySTAhs89JX2jOUI4toUwLeythQ6opQ5tP0YbgLb+8Spq1qudWvftauX6Tx1GAUziDC/DgCupwBw3wgYGAZ3iFN0c5L86787FoXXPymRP4A+fzB4PWjc0=</latexit><latexit sha1_base64="pZJ9VZeY9fE0mX0Lu8BMIo4erjQ=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYiKIRbhLo5UEbCwjeEkgOcPeZi9Zsrd37M4JIeQ32FgoYusPsvPfuEmu0MQHA4/3ZpiZF6ZSGHTdb2dtfWNza7uwU9zd2z84LB0dN02SacZ9lshEt0NquBSK+yhQ8naqOY1DyVvh6Hbmt564NiJRDzhOeRDTgRKRYBSt5Fdaj5eVXqnsVt05yCrxclKGHI1e6avbT1gWc4VMUmM6nptiMKEaBZN8WuxmhqeUjeiAdyxVNOYmmMyPnZJzq/RJlGhbCslc/T0xobEx4zi0nTHFoVn2ZuJ/XifD6DqYCJVmyBVbLIoySTAhs89JX2jOUI4toUwLeythQ6opQ5tP0YbgLb+8Spq1qudWvftauX6Tx1GAUziDC/DgCupwBw3wgYGAZ3iFN0c5L86787FoXXPymRP4A+fzB4PWjc0=</latexit><latexit sha1_base64="pZJ9VZeY9fE0mX0Lu8BMIo4erjQ=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYiKIRbhLo5UEbCwjeEkgOcPeZi9Zsrd37M4JIeQ32FgoYusPsvPfuEmu0MQHA4/3ZpiZF6ZSGHTdb2dtfWNza7uwU9zd2z84LB0dN02SacZ9lshEt0NquBSK+yhQ8naqOY1DyVvh6Hbmt564NiJRDzhOeRDTgRKRYBSt5Fdaj5eVXqnsVt05yCrxclKGHI1e6avbT1gWc4VMUmM6nptiMKEaBZN8WuxmhqeUjeiAdyxVNOYmmMyPnZJzq/RJlGhbCslc/T0xobEx4zi0nTHFoVn2ZuJ/XifD6DqYCJVmyBVbLIoySTAhs89JX2jOUI4toUwLeythQ6opQ5tP0YbgLb+8Spq1qudWvftauX6Tx1GAUziDC/DgCupwBw3wgYGAZ3iFN0c5L86787FoXXPymRP4A+fzB4PWjc0=</latexit>

W
<latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit><latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit><latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit><latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit>

W
<latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit><latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit><latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit><latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit>



• Applying "low-level " kinematic cuts based on event-topology

• We may apply the advanced statistical tools to see correlations  
among "low-level" kinematic variables.

• But the efficiency based on "low-level cuts" is NOT GOOD

jj``⌫⌫̄ backgrounds from QCD+EW
<latexit sha1_base64="/V8S4R0tMDOOzlekaTQA9z7U7e0=">AAACGXicbVDLSgMxFM3UV62vUZdugq0gCGWmG10Wq+CyBfuAzlAyaaZNm0mGJCOU0t9w46+4caGIS135N2baWWjrgUsO59zLzT1BzKjSjvNt5dbWNza38tuFnd29/QP78KilRCIxaWLBhOwESBFGOWlqqhnpxJKgKGCkHYxrqd9+IFJRwe/1JCZ+hAachhQjbaSe7ZRGI48wlhb0eOIFSKZvCQYIjwdSJLyvYChFBBu1m4vbds8uOmVnDrhK3IwUQYZ6z/70+gInEeEaM6RU13Vi7U+R1BQzMit4iSKx2YUGpGsoRxFR/nR+2QyeGaUPQyFNcQ3n6u+JKYqUmkSB6YyQHqplLxX/87qJDq/8KeVxognHi0VhwqAWMI0J9qkkWLOJIQhLav4K8RBJhLUJs2BCcJdPXiWtStl1y26jUqxeZ3HkwQk4BefABZegCu5AHTQBBo/gGbyCN+vJerHerY9Fa87KZo7BH1hfP6vLn20=</latexit><latexit sha1_base64="/V8S4R0tMDOOzlekaTQA9z7U7e0=">AAACGXicbVDLSgMxFM3UV62vUZdugq0gCGWmG10Wq+CyBfuAzlAyaaZNm0mGJCOU0t9w46+4caGIS135N2baWWjrgUsO59zLzT1BzKjSjvNt5dbWNza38tuFnd29/QP78KilRCIxaWLBhOwESBFGOWlqqhnpxJKgKGCkHYxrqd9+IFJRwe/1JCZ+hAachhQjbaSe7ZRGI48wlhb0eOIFSKZvCQYIjwdSJLyvYChFBBu1m4vbds8uOmVnDrhK3IwUQYZ6z/70+gInEeEaM6RU13Vi7U+R1BQzMit4iSKx2YUGpGsoRxFR/nR+2QyeGaUPQyFNcQ3n6u+JKYqUmkSB6YyQHqplLxX/87qJDq/8KeVxognHi0VhwqAWMI0J9qkkWLOJIQhLav4K8RBJhLUJs2BCcJdPXiWtStl1y26jUqxeZ3HkwQk4BefABZegCu5AHTQBBo/gGbyCN+vJerHerY9Fa87KZo7BH1hfP6vLn20=</latexit><latexit sha1_base64="/V8S4R0tMDOOzlekaTQA9z7U7e0=">AAACGXicbVDLSgMxFM3UV62vUZdugq0gCGWmG10Wq+CyBfuAzlAyaaZNm0mGJCOU0t9w46+4caGIS135N2baWWjrgUsO59zLzT1BzKjSjvNt5dbWNza38tuFnd29/QP78KilRCIxaWLBhOwESBFGOWlqqhnpxJKgKGCkHYxrqd9+IFJRwe/1JCZ+hAachhQjbaSe7ZRGI48wlhb0eOIFSKZvCQYIjwdSJLyvYChFBBu1m4vbds8uOmVnDrhK3IwUQYZ6z/70+gInEeEaM6RU13Vi7U+R1BQzMit4iSKx2YUGpGsoRxFR/nR+2QyeGaUPQyFNcQ3n6u+JKYqUmkSB6YyQHqplLxX/87qJDq/8KeVxognHi0VhwqAWMI0J9qkkWLOJIQhLav4K8RBJhLUJs2BCcJdPXiWtStl1y26jUqxeZ3HkwQk4BefABZegCu5AHTQBBo/gGbyCN+vJerHerY9Fa87KZo7BH1hfP6vLn20=</latexit><latexit sha1_base64="/V8S4R0tMDOOzlekaTQA9z7U7e0=">AAACGXicbVDLSgMxFM3UV62vUZdugq0gCGWmG10Wq+CyBfuAzlAyaaZNm0mGJCOU0t9w46+4caGIS135N2baWWjrgUsO59zLzT1BzKjSjvNt5dbWNza38tuFnd29/QP78KilRCIxaWLBhOwESBFGOWlqqhnpxJKgKGCkHYxrqd9+IFJRwe/1JCZ+hAachhQjbaSe7ZRGI48wlhb0eOIFSKZvCQYIjwdSJLyvYChFBBu1m4vbds8uOmVnDrhK3IwUQYZ6z/70+gInEeEaM6RU13Vi7U+R1BQzMit4iSKx2YUGpGsoRxFR/nR+2QyeGaUPQyFNcQ3n6u+JKYqUmkSB6YyQHqplLxX/87qJDq/8KeVxognHi0VhwqAWMI0J9qkkWLOJIQhLav4K8RBJhLUJs2BCcJdPXiWtStl1y26jUqxeZ3HkwQk4BefABZegCu5AHTQBBo/gGbyCN+vJerHerY9Fa87KZo7BH1hfP6vLn20=</latexit>



what if we know BKG very well

• If we know BKG is a circle, we can take BKG out very easily  
with input variables which characterizes BKG events  
 
(for a circle, variables are; a location of center, radius)

A cartoon is from a paper by Spencer Chang, Timothy Cohen and Bryan Ostdiek,  
Phys. Rev. D 97, 056009 (2018)



b
<latexit sha1_base64="8LxerX8/dk3ambVo4VMApHvYJ18=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGIUJIEL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFtfWNzq7hd2tnd2z8oHx61TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwzGNzP/8YlrI2L1gJOE+xEdKhEKRtFK99Wg2i9X3Jo7B1klXk4qkKPZL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbTrNe+iVr+rVxrXeRxFOIFTOAcPLqEBt9CEFjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AF9Mo1E</latexit>

b̄
<latexit sha1_base64="wZsyUS2A5CX+4Tp4lkWYZJLt/NQ=">AAAB73icbVA9SwNBEJ3zM8avqKXNYiJYhbtYaBm0sYxgPiA5wt5mL1myt3fuzgnhyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTqUXUE2CSr9UdqvuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5vVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmT1PBkJzhnJiCWVa2FsJG1FNGdqIijYEb/nlVdKqVb3Lau2+Vq7f5HEU4BTO4AI8uII63EEDmsBAwjO8wpvz6Lw4787HonXNyWdO4A+czx/OH48n</latexit>

t̄
<latexit sha1_base64="/64uSrK+krOg1lQXMtwGk8suhsY=">AAAB73icbVA9SwNBEJ3zM8avqKXNYiJYhbtYaBm0sYxgPiA5wt5mL1myt3fuzgnhyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTqUXUE2w0i+V3ao7B1klXk7KkKPRL331BjFLI66QSWpM13MT9DOqUTDJp8VeanhC2ZgOeddSRSNu/Gx+75ScW2VAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaiog3BW355lbRqVe+yWruvles3eRwFOIUzuAAPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaF1z8pkT+APn8wfpeY85</latexit>

W+
<latexit sha1_base64="23VOok1vs9UWma7RQJYUmlQScj8=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCIJTdetBj0YvHCm5baNeSTbNtaJJdkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYT6JOax6oRYU84k9Q0znHYSRbEIOW2H49uZ336iSrNYPphJQgOBh5JFjGBjJb/afryo9ssVt+bOgVaJl5MK5Gj2y1+9QUxSQaUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSiQXVQTY/dorOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xjc10XWQMZmkhkqyWBSlHJkYzT5HA6YoMXxiCSaK2VsRGWGFibH5lGwI3vLLq6RVr3mXtfp9vdK4yeMowgmcwjl4cAUNuIMm+ECAwTO8wpsjnRfn3flYtBacfOYY/sD5/AGH3Y3W</latexit>

W�
<latexit sha1_base64="JDst9f/CjZjjIhSniojAV9CepTY=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO6w0JJoY4mJByRwkr1lDzbs7l1290zIhd9gY6Extv4gO/+NC1yh4EsmeXlvJjPzwoQzbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vp357SeqNIvlg5kkNBB4KFnECDZW8qvtx4tqv1xxa+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8Slr1mndZq9/XK42bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH4rnjdg=</latexit>

t
<latexit sha1_base64="ygNTqi9sqBPiYMTh7EM1/6Ucshc=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGIUJIEL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFtfWNzq7hd2tnd2z8oHx61TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwzGNzP/8YlrI2L1gJOE+xEdKhEKRtFK91Ws9ssVt+bOQVaJl5MK5Gj2y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJe16zbuo1e/qlcZ1HkcRTuAUzsGDS2jALTShBQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwCYjI1W</latexit>

¯̀
<latexit sha1_base64="ElGl/BVFAgnJehf3zOcdNDNkIy8=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LLaCp5LUgx6LXjxWsB+QhLLZbtqlm92wOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzolRwA6777ZQ2Nre2d8q7lb39g8Oj6vFJ16hMU9ahSijdj4hhgkvWAQ6C9VPNSBIJ1osmd3O/98S04Uo+wjRlYUJGksecErCSXw8ionHAhKgPqjW34S6A14lXkBoq0B5Uv4KholnCJFBBjPE9N4UwJxo4FWxWCTLDUkInZMR8SyVJmAnzxckzfGGVIY6VtiUBL9TfEzlJjJkmke1MCIzNqjcX//P8DOKbMOcyzYBJulwUZwKDwvP/8ZBrRkFMLSFUc3srpmOiCQWbUsWG4K2+vE66zYZ31Wg+NGut2yKOMjpD5+gSeegatdA9aqMOokihZ/SK3hxwXpx352PZWnKKmVP0B87nDx2EkHw=</latexit>

⌫̄
<latexit sha1_base64="5cpZSbRSExjS5cbMAFSGZGh+AqE=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGIiYOQI2VvmYMPe3mV3z4Rc+Bc2Fhpj67+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrF6CKhGwSW2DDcCHxKFNAoEdoLxzczvPKHSPJb3ZpJgL6JDyUPOqLHSY9UPqCK+TKv9csWtuXOQVeLlpAI5mv3ylz+IWRqhNExQrbuem5heRpXhTOC05KcaE8rGdIhdSyWNUPey+cVTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU141cu4TFKDki0WhakgJiaz98mAK2RGTCyhTHF7K2EjqigzNqSSDcFbfnmVtOs176JWv6tXGtd5HEU4gVM4Bw8uoQG30IQWMJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AGzEkBg=</latexit>

⌫
<latexit sha1_base64="r+GOFY2lkVcZlYfj/FVh+j1FuKY=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGLiAQlcyN4yBxv29i67eyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemAqujet+O4WNza3tneJuaW//4PCofHzS0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/vtJ1SaJ/LRTFIMYjqUPOKMGiv51Z7Mqv1yxa25C5B14uWkAjma/fJXb5CwLEZpmKBadz03NcGUKsOZwFmpl2lMKRvTIXYtlTRGHUwXx87IhVUGJEqULWnIQv09MaWx1pM4tJ0xNSO96s3F/7xuZqKbYMplmhmUbLkoygQxCZl/TgZcITNiYgllittbCRtRRZmx+ZRsCN7qy+ukVa95V7X6Q73SuM3jKMIZnMMleHANDbiHJvjAgMMzvMKbI50X5935WLYWnHzmFP7A+fwBGGGONQ==</latexit>

`
<latexit sha1_base64="GWqYaIOgi9Vm1DlrFXfK4pAwC34=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYiJYhbtYaBm0sYxgPiA5wt5mLlmzd3vs7gnhyH+wsVDE1v9j579xk1yhiQ8GHu/NMDMvSATXxnW/nbX1jc2t7cJOcXdv/+CwdHTc0jJVDJtMCqk6AdUoeIxNw43ATqKQRoHAdjC+nfntJ1Say/jBTBL0IzqMecgZNVZqVXooRKVfKrtVdw6ySryclCFHo1/66g0kSyOMDRNU667nJsbPqDKcCZwWe6nGhLIxHWLX0phGqP1sfu2UnFtlQEKpbMWGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmPk9RgzBaLwlQQI8nsdTLgCpkRE0soU9zeStiIKsqMDahoQ/CWX14lrVrVu6zW7mvl+k0eRwFO4QwuwIMrqMMdNKAJDB7hGV7hzZHOi/PufCxa15x85gT+wPn8AcdXjpk=</latexit>

Hypothesis test: Is the event from top production?

• We have six unknowns for two neutrino momentums. 

• We have four mass-shell conditions + two Missing 
Transverse Energy conditions

(p⌫̄ + p`)2 = m2
W

<latexit sha1_base64="t5duWn6uZrkL4qvkpdN/+Yr0zwA=">AAACDnicbVDLSsNAFJ3UV62vqEs3g22hIpQkLnQjFN24rGAf0KRhMp20QyeTMDMRSugXuPFX3LhQxK1rd/6N0zYLrR64cDjnXu69J0gYlcqyvozCyura+kZxs7S1vbO7Z+4ftGWcCkxaOGax6AZIEkY5aSmqGOkmgqAoYKQTjK9nfueeCEljfqcmCfEiNOQ0pBgpLflmtVJL/MwNkIAuT6fwFCa+Sxg76TvwEkZ+1pn2nYpvlq26NQf8S+yclEGOpm9+uoMYpxHhCjMkZc+2EuVlSCiKGZmW3FSSBOExGpKephxFRHrZ/J0prGplAMNY6OIKztWfExmKpJxEge6MkBrJZW8m/uf1UhVeeBnlSaoIx4tFYcqgiuEsGziggmDFJpogLKi+FeIREggrnWBJh2Avv/yXtJ26fVZ3bp1y4yqPowiOwDGoARucgwa4AU3QAhg8gCfwAl6NR+PZeDPeF60FI585BL9gfHwDs02Z+g==</latexit>

(p⌫̄ + p` + pb̄)
2 = m2

t̄
<latexit sha1_base64="a+RZ5lCirUyTTkMc1zxUYgq0eTE=">AAACIHicbZBNS8MwGMfT+Tbn29Sjl+AmTITR1sO8CEMvHie4F1i3kmbpFpamJUmFUfpRvPhVvHhQRG/6acy6HnT6h8Av/+d5SJ6/FzEqlWl+GoWV1bX1jeJmaWt7Z3evvH/QkWEsMGnjkIWi5yFJGOWkrahipBcJggKPka43vZ7Xu/dESBryOzWLyCBAY059ipHSlltuVGuRmzgeEtDhcQrPYOQ6hLEMFr6Xng5teAmD/K7SoV11yxWzbmaCf8HKoQJytdzyhzMKcRwQrjBDUvYtM1KDBAlFMSNpyYkliRCeojHpa+QoIHKQZAum8EQ7I+iHQh+uYOb+nEhQIOUs8HRngNRELtfm5n+1fqz8i0FCeRQrwvHiIT9mUIVwnhYcUUGwYjMNCAuq/wrxBAmElc60pEOwllf+Cx27bp3X7Vu70rzK4yiCI3AMasACDdAEN6AF2gCDB/AEXsCr8Wg8G2/G+6K1YOQzh+CXjK9vlw+gwQ==</latexit>

(p⌫ + p¯̀)2 = m2
W

<latexit sha1_base64="jflVRC2kv2ov3NGVcTWxkWQYmrk=">AAACEXicbZDLSsNAFIYn9VbrLerSzWArVISSxIVuhKIblxXsBZo0TKbTduhkEmYmQgl5BTe+ihsXirh15863cdpmoa0/DHz85xzOnD+IGZXKsr6Nwsrq2vpGcbO0tb2zu2fuH7RklAhMmjhikegESBJGOWkqqhjpxIKgMGCkHYxvpvX2AxGSRvxeTWLihWjI6YBipLTlm9VKNfZT6PIkg2dQoxsgAV3CWHbac+AVDP20nfWcim+WrZo1E1wGO4cyyNXwzS+3H+EkJFxhhqTs2lasvBQJRTEjWclNJIkRHqMh6WrkKCTSS2cXZfBEO304iIR+XMGZ+3siRaGUkzDQnSFSI7lYm5r/1bqJGlx6KeVxogjH80WDhEEVwWk8sE8FwYpNNCAsqP4rxCMkEFY6xJIOwV48eRlaTs0+rzl3Trl+ncdRBEfgGFSBDS5AHdyCBmgCDB7BM3gFb8aT8WK8Gx/z1oKRzxyCPzI+fwDv3Zsw</latexit>

(p⌫ + p¯̀+ pb)2 = m2
t

<latexit sha1_base64="mii7FFZX2M6BV8nIt/xRUgVVHeM=">AAACFnicbZBNS8MwGMfT+TbnW9Wjl+AmTMTR1oNehKEXjxPcC6xdSbNshqVpSVJhlH4KL34VLx4U8Sre/Dam2w66+YfAL//neUiefxAzKpVlfRuFpeWV1bXiemljc2t7x9zda8koEZg0ccQi0QmQJIxy0lRUMdKJBUFhwEg7GF3n9fYDEZJG/E6NY+KFaMjpgGKktOWbp5Vq7KfQ5UkGT6BGN0ACuoSxLL8Gxz0HXsLQT1XWcyq+WbZq1kRwEewZlMFMDd/8cvsRTkLCFWZIyq5txcpLkVAUM5KV3ESSGOERGpKuRo5CIr10slYGj7TTh4NI6MMVnLi/J1IUSjkOA90ZInUv52u5+V+tm6jBhZdSHieKcDx9aJAwqCKYZwT7VBCs2FgDwoLqv0J8jwTCSidZ0iHY8ysvQsup2Wc159Yp169mcRTBATgEVWCDc1AHN6ABmgCDR/AMXsGb8WS8GO/Gx7S1YMxm9sEfGZ8/WtOc+w==</latexit>



Hypothesis test: Is the event from top production?

• We have six unknowns for two neutrino momentums. 

• We have four mass-shell conditions + two Missing 
Transverse Energy conditions
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<latexit sha1_base64="guUpBzg5Vn+ihLXgd6HYnhFigPo="></latexit>



b
<latexit sha1_base64="8LxerX8/dk3ambVo4VMApHvYJ18=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGIUJIEL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFtfWNzq7hd2tnd2z8oHx61TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwzGNzP/8YlrI2L1gJOE+xEdKhEKRtFK99Wg2i9X3Jo7B1klXk4qkKPZL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbTrNe+iVr+rVxrXeRxFOIFTOAcPLqEBt9CEFjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AF9Mo1E</latexit>

b̄
<latexit sha1_base64="wZsyUS2A5CX+4Tp4lkWYZJLt/NQ=">AAAB73icbVA9SwNBEJ3zM8avqKXNYiJYhbtYaBm0sYxgPiA5wt5mL1myt3fuzgnhyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTqUXUE2CSr9UdqvuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5vVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmT1PBkJzhnJiCWVa2FsJG1FNGdqIijYEb/nlVdKqVb3Lau2+Vq7f5HEU4BTO4AI8uII63EEDmsBAwjO8wpvz6Lw4787HonXNyWdO4A+czx/OH48n</latexit>

t̄
<latexit sha1_base64="/64uSrK+krOg1lQXMtwGk8suhsY=">AAAB73icbVA9SwNBEJ3zM8avqKXNYiJYhbtYaBm0sYxgPiA5wt5mL1myt3fuzgnhyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTqUXUE2w0i+V3ao7B1klXk7KkKPRL331BjFLI66QSWpM13MT9DOqUTDJp8VeanhC2ZgOeddSRSNu/Gx+75ScW2VAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaiog3BW355lbRqVe+yWruvles3eRwFOIUzuAAPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaF1z8pkT+APn8wfpeY85</latexit>

W+
<latexit sha1_base64="23VOok1vs9UWma7RQJYUmlQScj8=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCIJTdetBj0YvHCm5baNeSTbNtaJJdkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYT6JOax6oRYU84k9Q0znHYSRbEIOW2H49uZ336iSrNYPphJQgOBh5JFjGBjJb/afryo9ssVt+bOgVaJl5MK5Gj2y1+9QUxSQaUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSiQXVQTY/dorOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xjc10XWQMZmkhkqyWBSlHJkYzT5HA6YoMXxiCSaK2VsRGWGFibH5lGwI3vLLq6RVr3mXtfp9vdK4yeMowgmcwjl4cAUNuIMm+ECAwTO8wpsjnRfn3flYtBacfOYY/sD5/AGH3Y3W</latexit>

W�
<latexit sha1_base64="JDst9f/CjZjjIhSniojAV9CepTY=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO6w0JJoY4mJByRwkr1lDzbs7l1290zIhd9gY6Extv4gO/+NC1yh4EsmeXlvJjPzwoQzbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vp357SeqNIvlg5kkNBB4KFnECDZW8qvtx4tqv1xxa+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8Slr1mndZq9/XK42bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH4rnjdg=</latexit>

t
<latexit sha1_base64="ygNTqi9sqBPiYMTh7EM1/6Ucshc=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGIUJIEL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFtfWNzq7hd2tnd2z8oHx61TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwzGNzP/8YlrI2L1gJOE+xEdKhEKRtFK91Ws9ssVt+bOQVaJl5MK5Gj2y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJe16zbuo1e/qlcZ1HkcRTuAUzsGDS2jALTShBQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwCYjI1W</latexit>

¯̀
<latexit sha1_base64="ElGl/BVFAgnJehf3zOcdNDNkIy8=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LLaCp5LUgx6LXjxWsB+QhLLZbtqlm92wOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzolRwA6777ZQ2Nre2d8q7lb39g8Oj6vFJ16hMU9ahSijdj4hhgkvWAQ6C9VPNSBIJ1osmd3O/98S04Uo+wjRlYUJGksecErCSXw8ionHAhKgPqjW34S6A14lXkBoq0B5Uv4KholnCJFBBjPE9N4UwJxo4FWxWCTLDUkInZMR8SyVJmAnzxckzfGGVIY6VtiUBL9TfEzlJjJkmke1MCIzNqjcX//P8DOKbMOcyzYBJulwUZwKDwvP/8ZBrRkFMLSFUc3srpmOiCQWbUsWG4K2+vE66zYZ31Wg+NGut2yKOMjpD5+gSeegatdA9aqMOokihZ/SK3hxwXpx352PZWnKKmVP0B87nDx2EkHw=</latexit>

⌫̄
<latexit sha1_base64="5cpZSbRSExjS5cbMAFSGZGh+AqE=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGIiYOQI2VvmYMPe3mV3z4Rc+Bc2Fhpj67+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrF6CKhGwSW2DDcCHxKFNAoEdoLxzczvPKHSPJb3ZpJgL6JDyUPOqLHSY9UPqCK+TKv9csWtuXOQVeLlpAI5mv3ylz+IWRqhNExQrbuem5heRpXhTOC05KcaE8rGdIhdSyWNUPey+cVTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU141cu4TFKDki0WhakgJiaz98mAK2RGTCyhTHF7K2EjqigzNqSSDcFbfnmVtOs176JWv6tXGtd5HEU4gVM4Bw8uoQG30IQWMJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AGzEkBg=</latexit>

⌫
<latexit sha1_base64="r+GOFY2lkVcZlYfj/FVh+j1FuKY=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGLiAQlcyN4yBxv29i67eyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemAqujet+O4WNza3tneJuaW//4PCofHzS0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/vtJ1SaJ/LRTFIMYjqUPOKMGiv51Z7Mqv1yxa25C5B14uWkAjma/fJXb5CwLEZpmKBadz03NcGUKsOZwFmpl2lMKRvTIXYtlTRGHUwXx87IhVUGJEqULWnIQv09MaWx1pM4tJ0xNSO96s3F/7xuZqKbYMplmhmUbLkoygQxCZl/TgZcITNiYgllittbCRtRRZmx+ZRsCN7qy+ukVa95V7X6Q73SuM3jKMIZnMMleHANDbiHJvjAgMMzvMKbI50X5935WLYWnHzmFP7A+fwBGGGONQ==</latexit>

`
<latexit sha1_base64="GWqYaIOgi9Vm1DlrFXfK4pAwC34=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYiJYhbtYaBm0sYxgPiA5wt5mLlmzd3vs7gnhyH+wsVDE1v9j579xk1yhiQ8GHu/NMDMvSATXxnW/nbX1jc2t7cJOcXdv/+CwdHTc0jJVDJtMCqk6AdUoeIxNw43ATqKQRoHAdjC+nfntJ1Say/jBTBL0IzqMecgZNVZqVXooRKVfKrtVdw6ySryclCFHo1/66g0kSyOMDRNU667nJsbPqDKcCZwWe6nGhLIxHWLX0phGqP1sfu2UnFtlQEKpbMWGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmPk9RgzBaLwlQQI8nsdTLgCpkRE0soU9zeStiIKsqMDahoQ/CWX14lrVrVu6zW7mvl+k0eRwFO4QwuwIMrqMMdNKAJDB7hGV7hzZHOi/PufCxa15x85gT+wPn8AcdXjpk=</latexit>

Hypothesis test: Is the event from top production?

• We have six unknowns for two neutrino momentums. 

• We have four mass-shell conditions + two Missing 
Transverse Energy conditions

• In a reality (as a detector is not perfect),  
we allow some "smearing" effects



• We have six unknowns for two neutrino momentums. 

• We have two mass-shell conditions + two "mass" constraints  
+  two Missing Transverse Energy conditions

Hypothesis test: Is the event from signal ?

b
<latexit sha1_base64="8LxerX8/dk3ambVo4VMApHvYJ18=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGIUJIEL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFtfWNzq7hd2tnd2z8oHx61TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwzGNzP/8YlrI2L1gJOE+xEdKhEKRtFK99Wg2i9X3Jo7B1klXk4qkKPZL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbTrNe+iVr+rVxrXeRxFOIFTOAcPLqEBt9CEFjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AF9Mo1E</latexit>

b̄
<latexit sha1_base64="wZsyUS2A5CX+4Tp4lkWYZJLt/NQ=">AAAB73icbVA9SwNBEJ3zM8avqKXNYiJYhbtYaBm0sYxgPiA5wt5mL1myt3fuzgnhyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTqUXUE2CSr9UdqvuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5vVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmT1PBkJzhnJiCWVa2FsJG1FNGdqIijYEb/nlVdKqVb3Lau2+Vq7f5HEU4BTO4AI8uII63EEDmsBAwjO8wpvz6Lw4787HonXNyWdO4A+czx/OH48n</latexit>

W+
<latexit sha1_base64="23VOok1vs9UWma7RQJYUmlQScj8=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CbaCIJTdetBj0YvHCm5baNeSTbNtaJJdkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYT6JOax6oRYU84k9Q0znHYSRbEIOW2H49uZ336iSrNYPphJQgOBh5JFjGBjJb/afryo9ssVt+bOgVaJl5MK5Gj2y1+9QUxSQaUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSiQXVQTY/dorOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xjc10XWQMZmkhkqyWBSlHJkYzT5HA6YoMXxiCSaK2VsRGWGFibH5lGwI3vLLq6RVr3mXtfp9vdK4yeMowgmcwjl4cAUNuIMm+ECAwTO8wpsjnRfn3flYtBacfOYY/sD5/AGH3Y3W</latexit>

W�
<latexit sha1_base64="JDst9f/CjZjjIhSniojAV9CepTY=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO6w0JJoY4mJByRwkr1lDzbs7l1290zIhd9gY6Extv4gO/+NC1yh4EsmeXlvJjPzwoQzbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vp357SeqNIvlg5kkNBB4KFnECDZW8qvtx4tqv1xxa+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8Slr1mndZq9/XK42bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH4rnjdg=</latexit>

¯̀
<latexit sha1_base64="ElGl/BVFAgnJehf3zOcdNDNkIy8=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LLaCp5LUgx6LXjxWsB+QhLLZbtqlm92wOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzolRwA6777ZQ2Nre2d8q7lb39g8Oj6vFJ16hMU9ahSijdj4hhgkvWAQ6C9VPNSBIJ1osmd3O/98S04Uo+wjRlYUJGksecErCSXw8ionHAhKgPqjW34S6A14lXkBoq0B5Uv4KholnCJFBBjPE9N4UwJxo4FWxWCTLDUkInZMR8SyVJmAnzxckzfGGVIY6VtiUBL9TfEzlJjJkmke1MCIzNqjcX//P8DOKbMOcyzYBJulwUZwKDwvP/8ZBrRkFMLSFUc3srpmOiCQWbUsWG4K2+vE66zYZ31Wg+NGut2yKOMjpD5+gSeegatdA9aqMOokihZ/SK3hxwXpx352PZWnKKmVP0B87nDx2EkHw=</latexit>

⌫̄
<latexit sha1_base64="5cpZSbRSExjS5cbMAFSGZGh+AqE=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGIiYOQI2VvmYMPe3mV3z4Rc+Bc2Fhpj67+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrF6CKhGwSW2DDcCHxKFNAoEdoLxzczvPKHSPJb3ZpJgL6JDyUPOqLHSY9UPqCK+TKv9csWtuXOQVeLlpAI5mv3ylz+IWRqhNExQrbuem5heRpXhTOC05KcaE8rGdIhdSyWNUPey+cVTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU141cu4TFKDki0WhakgJiaz98mAK2RGTCyhTHF7K2EjqigzNqSSDcFbfnmVtOs176JWv6tXGtd5HEU4gVM4Bw8uoQG30IQWMJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AGzEkBg=</latexit>

⌫
<latexit sha1_base64="r+GOFY2lkVcZlYfj/FVh+j1FuKY=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGLiAQlcyN4yBxv29i67eyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemAqujet+O4WNza3tneJuaW//4PCofHzS0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/vtJ1SaJ/LRTFIMYjqUPOKMGiv51Z7Mqv1yxa25C5B14uWkAjma/fJXb5CwLEZpmKBadz03NcGUKsOZwFmpl2lMKRvTIXYtlTRGHUwXx87IhVUGJEqULWnIQv09MaWx1pM4tJ0xNSO96s3F/7xuZqKbYMplmhmUbLkoygQxCZl/TgZcITNiYgllittbCRtRRZmx+ZRsCN7qy+ukVa95V7X6Q73SuM3jKMIZnMMleHANDbiHJvjAgMMzvMKbI50X5935WLYWnHzmFP7A+fwBGGGONQ==</latexit>

`
<latexit sha1_base64="GWqYaIOgi9Vm1DlrFXfK4pAwC34=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYiJYhbtYaBm0sYxgPiA5wt5mLlmzd3vs7gnhyH+wsVDE1v9j579xk1yhiQ8GHu/NMDMvSATXxnW/nbX1jc2t7cJOcXdv/+CwdHTc0jJVDJtMCqk6AdUoeIxNw43ATqKQRoHAdjC+nfntJ1Say/jBTBL0IzqMecgZNVZqVXooRKVfKrtVdw6ySryclCFHo1/66g0kSyOMDRNU667nJsbPqDKcCZwWe6nGhLIxHWLX0phGqP1sfu2UnFtlQEKpbMWGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmPk9RgzBaLwlQQI8nsdTLgCpkRE0soU9zeStiIKsqMDahoQ/CWX14lrVrVu6zW7mvl+k0eRwFO4QwuwIMrqMMdNKAJDB7hGV7hzZHOi/PufCxa15x85gT+wPn8AcdXjpk=</latexit>

H
<latexit sha1_base64="i0PVShCGq4eB68wkeWIuQgO9gEo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaUGKUjwQI2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjPPjwXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yN/fbT6g0j+SjmcbYD+lI8oAzaqz0UK6XB8WSW3EXIOvEy0gJMjQGxa/eMGJJiNIwQbXuem5s+ilVhjOBs0Iv0RhTNqEj7FoqaYi6ny5OnZELqwxJEClb0pCF+nsipaHW09C3nSE1Y73qzcX/vG5igpt+ymWcGJRsuShIBDERmf9NhlwhM2JqCWWK21sJG1NFmbHpFGwI3urL66RVrXhXlep9tVS7zeLIwxmcwyV4cA01qEMDmsBgBM/wCm+OcF6cd+dj2ZpzsplT+APn8wdVsI0q</latexit>

H
<latexit sha1_base64="i0PVShCGq4eB68wkeWIuQgO9gEo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaUGKUjwQI2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjPPjwXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yN/fbT6g0j+SjmcbYD+lI8oAzaqz0UK6XB8WSW3EXIOvEy0gJMjQGxa/eMGJJiNIwQbXuem5s+ilVhjOBs0Iv0RhTNqEj7FoqaYi6ny5OnZELqwxJEClb0pCF+nsipaHW09C3nSE1Y73qzcX/vG5igpt+ymWcGJRsuShIBDERmf9NhlwhM2JqCWWK21sJG1NFmbHpFGwI3urL66RVrXhXlep9tVS7zeLIwxmcwyV4cA01qEMDmsBgBM/wCm+OcF6cd+dj2ZpzsplT+APn8wdVsI0q</latexit>



b
<latexit sha1_base64="23PpFfjmh0m6oWiIPnPweyNtCqk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9WgOihX3Jq7AFknXk4qkKM5KH/1hzFLI5SGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGeppBFqP1ucOiMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhNd+xmWSGpRsuShMBTExmf9NhlwhM2JqCWWK21sJG1NFmbHplGwI3urL66Rdr3luzbuvVxo3eRxFOINzuAQPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AF6sI08</latexit><latexit sha1_base64="23PpFfjmh0m6oWiIPnPweyNtCqk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9WgOihX3Jq7AFknXk4qkKM5KH/1hzFLI5SGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGeppBFqP1ucOiMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhNd+xmWSGpRsuShMBTExmf9NhlwhM2JqCWWK21sJG1NFmbHplGwI3urL66Rdr3luzbuvVxo3eRxFOINzuAQPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AF6sI08</latexit><latexit sha1_base64="23PpFfjmh0m6oWiIPnPweyNtCqk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9WgOihX3Jq7AFknXk4qkKM5KH/1hzFLI5SGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGeppBFqP1ucOiMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhNd+xmWSGpRsuShMBTExmf9NhlwhM2JqCWWK21sJG1NFmbHplGwI3urL66Rdr3luzbuvVxo3eRxFOINzuAQPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AF6sI08</latexit><latexit sha1_base64="23PpFfjmh0m6oWiIPnPweyNtCqk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9WgOihX3Jq7AFknXk4qkKM5KH/1hzFLI5SGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGeppBFqP1ucOiMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhNd+xmWSGpRsuShMBTExmf9NhlwhM2JqCWWK21sJG1NFmbHplGwI3urL66Rdr3luzbuvVxo3eRxFOINzuAQPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AF6sI08</latexit>

b̄
<latexit sha1_base64="k8few5jiPeVSmX3GYpjTXRm4lAI=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzAckR9jbzCVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZK3Wo/oIoE1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/LnY8f</latexit><latexit sha1_base64="k8few5jiPeVSmX3GYpjTXRm4lAI=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzAckR9jbzCVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZK3Wo/oIoE1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/LnY8f</latexit><latexit sha1_base64="k8few5jiPeVSmX3GYpjTXRm4lAI=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzAckR9jbzCVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZK3Wo/oIoE1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/LnY8f</latexit><latexit sha1_base64="k8few5jiPeVSmX3GYpjTXRm4lAI=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzAckR9jbzCVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZK3Wo/oIoE1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/LnY8f</latexit>

b
<latexit sha1_base64="23PpFfjmh0m6oWiIPnPweyNtCqk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9WgOihX3Jq7AFknXk4qkKM5KH/1hzFLI5SGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGeppBFqP1ucOiMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhNd+xmWSGpRsuShMBTExmf9NhlwhM2JqCWWK21sJG1NFmbHplGwI3urL66Rdr3luzbuvVxo3eRxFOINzuAQPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AF6sI08</latexit><latexit sha1_base64="23PpFfjmh0m6oWiIPnPweyNtCqk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9WgOihX3Jq7AFknXk4qkKM5KH/1hzFLI5SGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGeppBFqP1ucOiMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhNd+xmWSGpRsuShMBTExmf9NhlwhM2JqCWWK21sJG1NFmbHplGwI3urL66Rdr3luzbuvVxo3eRxFOINzuAQPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AF6sI08</latexit><latexit sha1_base64="23PpFfjmh0m6oWiIPnPweyNtCqk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9WgOihX3Jq7AFknXk4qkKM5KH/1hzFLI5SGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGeppBFqP1ucOiMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhNd+xmWSGpRsuShMBTExmf9NhlwhM2JqCWWK21sJG1NFmbHplGwI3urL66Rdr3luzbuvVxo3eRxFOINzuAQPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AF6sI08</latexit><latexit sha1_base64="23PpFfjmh0m6oWiIPnPweyNtCqk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jbzCVL9vaO3T0hHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8NNME/YiOJA85o8ZKD9WgOihX3Jq7AFknXk4qkKM5KH/1hzFLI5SGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGeppBFqP1ucOiMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhNd+xmWSGpRsuShMBTExmf9NhlwhM2JqCWWK21sJG1NFmbHplGwI3urL66Rdr3luzbuvVxo3eRxFOINzuAQPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AF6sI08</latexit>

b̄
<latexit sha1_base64="k8few5jiPeVSmX3GYpjTXRm4lAI=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzAckR9jbzCVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZK3Wo/oIoE1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/LnY8f</latexit><latexit sha1_base64="k8few5jiPeVSmX3GYpjTXRm4lAI=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzAckR9jbzCVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZK3Wo/oIoE1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/LnY8f</latexit><latexit sha1_base64="k8few5jiPeVSmX3GYpjTXRm4lAI=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzAckR9jbzCVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZK3Wo/oIoE1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/LnY8f</latexit><latexit sha1_base64="k8few5jiPeVSmX3GYpjTXRm4lAI=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzAckR9jbzCVL9vbO3T0hHPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNMbud+5wmV5rF8MNME/YiOJA85o8ZK3Wo/oIoE1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yeMowhmcwyV4cAUNuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/LnY8f</latexit>

W
<latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit><latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit><latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit><latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit>

W ⇤
<latexit sha1_base64="pZJ9VZeY9fE0mX0Lu8BMIo4erjQ=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYiKIRbhLo5UEbCwjeEkgOcPeZi9Zsrd37M4JIeQ32FgoYusPsvPfuEmu0MQHA4/3ZpiZF6ZSGHTdb2dtfWNza7uwU9zd2z84LB0dN02SacZ9lshEt0NquBSK+yhQ8naqOY1DyVvh6Hbmt564NiJRDzhOeRDTgRKRYBSt5Fdaj5eVXqnsVt05yCrxclKGHI1e6avbT1gWc4VMUmM6nptiMKEaBZN8WuxmhqeUjeiAdyxVNOYmmMyPnZJzq/RJlGhbCslc/T0xobEx4zi0nTHFoVn2ZuJ/XifD6DqYCJVmyBVbLIoySTAhs89JX2jOUI4toUwLeythQ6opQ5tP0YbgLb+8Spq1qudWvftauX6Tx1GAUziDC/DgCupwBw3wgYGAZ3iFN0c5L86787FoXXPymRP4A+fzB4PWjc0=</latexit><latexit sha1_base64="pZJ9VZeY9fE0mX0Lu8BMIo4erjQ=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYiKIRbhLo5UEbCwjeEkgOcPeZi9Zsrd37M4JIeQ32FgoYusPsvPfuEmu0MQHA4/3ZpiZF6ZSGHTdb2dtfWNza7uwU9zd2z84LB0dN02SacZ9lshEt0NquBSK+yhQ8naqOY1DyVvh6Hbmt564NiJRDzhOeRDTgRKRYBSt5Fdaj5eVXqnsVt05yCrxclKGHI1e6avbT1gWc4VMUmM6nptiMKEaBZN8WuxmhqeUjeiAdyxVNOYmmMyPnZJzq/RJlGhbCslc/T0xobEx4zi0nTHFoVn2ZuJ/XifD6DqYCJVmyBVbLIoySTAhs89JX2jOUI4toUwLeythQ6opQ5tP0YbgLb+8Spq1qudWvftauX6Tx1GAUziDC/DgCupwBw3wgYGAZ3iFN0c5L86787FoXXPymRP4A+fzB4PWjc0=</latexit><latexit sha1_base64="pZJ9VZeY9fE0mX0Lu8BMIo4erjQ=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYiKIRbhLo5UEbCwjeEkgOcPeZi9Zsrd37M4JIeQ32FgoYusPsvPfuEmu0MQHA4/3ZpiZF6ZSGHTdb2dtfWNza7uwU9zd2z84LB0dN02SacZ9lshEt0NquBSK+yhQ8naqOY1DyVvh6Hbmt564NiJRDzhOeRDTgRKRYBSt5Fdaj5eVXqnsVt05yCrxclKGHI1e6avbT1gWc4VMUmM6nptiMKEaBZN8WuxmhqeUjeiAdyxVNOYmmMyPnZJzq/RJlGhbCslc/T0xobEx4zi0nTHFoVn2ZuJ/XifD6DqYCJVmyBVbLIoySTAhs89JX2jOUI4toUwLeythQ6opQ5tP0YbgLb+8Spq1qudWvftauX6Tx1GAUziDC/DgCupwBw3wgYGAZ3iFN0c5L86787FoXXPymRP4A+fzB4PWjc0=</latexit><latexit sha1_base64="pZJ9VZeY9fE0mX0Lu8BMIo4erjQ=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYiKIRbhLo5UEbCwjeEkgOcPeZi9Zsrd37M4JIeQ32FgoYusPsvPfuEmu0MQHA4/3ZpiZF6ZSGHTdb2dtfWNza7uwU9zd2z84LB0dN02SacZ9lshEt0NquBSK+yhQ8naqOY1DyVvh6Hbmt564NiJRDzhOeRDTgRKRYBSt5Fdaj5eVXqnsVt05yCrxclKGHI1e6avbT1gWc4VMUmM6nptiMKEaBZN8WuxmhqeUjeiAdyxVNOYmmMyPnZJzq/RJlGhbCslc/T0xobEx4zi0nTHFoVn2ZuJ/XifD6DqYCJVmyBVbLIoySTAhs89JX2jOUI4toUwLeythQ6opQ5tP0YbgLb+8Spq1qudWvftauX6Tx1GAUziDC/DgCupwBw3wgYGAZ3iFN0c5L86787FoXXPymRP4A+fzB4PWjc0=</latexit>

W
<latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit><latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit><latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit><latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit>

W
<latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit><latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit><latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit><latexit sha1_base64="p/ypAjSihM/FuUjnZfVnJBNu6dk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0UoCNpYRzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqh2qoNyxa25C5B14uWkAjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbz2M6GSFLliy0VhKgnGZP43GQrNGcqpJZRpYW8lbEw1ZWjTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNp+Y0x</latexit>

• Signal events = Low H-ness, High T-ness  
background events = High T-ness, Low H-ness



• Significance for constraining anomalous  
Higgs triple coupling



How can young generations  
contribute to the battle of the LHC?

- Minho Kim, Jeong Han Kim
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Energy deposits
<latexit sha1_base64="vtVJF6KPfWhmchTGu2wePjOTZJs=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkrSix6LInisYD+gDWWzmbRLN7thdyPU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmhSln2njet1Pa2Nza3invVvb2Dw6r7tFxR8tMUWhTyaXqhUQDZwLahhkOvVQBSUIO3XByM/e7j6A0k+LBTFMIEjISLGaUGCsN3eqtADWa4ghSqZnRQ7fm1b0F8DrxC1JDBVpD92sQSZolIAzlROu+76UmyIkyjHKYVQaZhpTQCRlB31JBEtBBvjh8hs+tEuFYKlvC4IX6eyInidbTJLSdCTFjverNxf+8fmbiqyBnIs0MCLpcFGccG4nnKeCIKaCG278ZoYrZWzEdE0WosVlVbAj+6svrpNOo+5bfN2rN6yKOMjpFZ+gC+egSNdEdaqE2oihDz+gVvTlPzovz7nwsW0tOMXOC/sD5/AHcgZM0</latexit><latexit sha1_base64="vtVJF6KPfWhmchTGu2wePjOTZJs=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkrSix6LInisYD+gDWWzmbRLN7thdyPU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmhSln2njet1Pa2Nza3invVvb2Dw6r7tFxR8tMUWhTyaXqhUQDZwLahhkOvVQBSUIO3XByM/e7j6A0k+LBTFMIEjISLGaUGCsN3eqtADWa4ghSqZnRQ7fm1b0F8DrxC1JDBVpD92sQSZolIAzlROu+76UmyIkyjHKYVQaZhpTQCRlB31JBEtBBvjh8hs+tEuFYKlvC4IX6eyInidbTJLSdCTFjverNxf+8fmbiqyBnIs0MCLpcFGccG4nnKeCIKaCG278ZoYrZWzEdE0WosVlVbAj+6svrpNOo+5bfN2rN6yKOMjpFZ+gC+egSNdEdaqE2oihDz+gVvTlPzovz7nwsW0tOMXOC/sD5/AHcgZM0</latexit><latexit sha1_base64="vtVJF6KPfWhmchTGu2wePjOTZJs=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkrSix6LInisYD+gDWWzmbRLN7thdyPU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmhSln2njet1Pa2Nza3invVvb2Dw6r7tFxR8tMUWhTyaXqhUQDZwLahhkOvVQBSUIO3XByM/e7j6A0k+LBTFMIEjISLGaUGCsN3eqtADWa4ghSqZnRQ7fm1b0F8DrxC1JDBVpD92sQSZolIAzlROu+76UmyIkyjHKYVQaZhpTQCRlB31JBEtBBvjh8hs+tEuFYKlvC4IX6eyInidbTJLSdCTFjverNxf+8fmbiqyBnIs0MCLpcFGccG4nnKeCIKaCG278ZoYrZWzEdE0WosVlVbAj+6svrpNOo+5bfN2rN6yKOMjpFZ+gC+egSNdEdaqE2oihDz+gVvTlPzovz7nwsW0tOMXOC/sD5/AHcgZM0</latexit><latexit sha1_base64="vtVJF6KPfWhmchTGu2wePjOTZJs=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkrSix6LInisYD+gDWWzmbRLN7thdyPU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmhSln2njet1Pa2Nza3invVvb2Dw6r7tFxR8tMUWhTyaXqhUQDZwLahhkOvVQBSUIO3XByM/e7j6A0k+LBTFMIEjISLGaUGCsN3eqtADWa4ghSqZnRQ7fm1b0F8DrxC1JDBVpD92sQSZolIAzlROu+76UmyIkyjHKYVQaZhpTQCRlB31JBEtBBvjh8hs+tEuFYKlvC4IX6eyInidbTJLSdCTFjverNxf+8fmbiqyBnIs0MCLpcFGccG4nnKeCIKaCG278ZoYrZWzEdE0WosVlVbAj+6svrpNOo+5bfN2rN6yKOMjpFZ+gC+egSNdEdaqE2oihDz+gVvTlPzovz7nwsW0tOMXOC/sD5/AHcgZM0</latexit>

⌘
<latexit sha1_base64="WqQaPqtonAZ3CFZGhw23YNzjyok=">AAAB7XicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijSUm8pHAhewtc7Cyd3vZ3TMhF/6DjYXG2Pp/7Pw3LnCFgm+yyZN3ZrIzb5AIro3rfjuFjc2t7Z3ibmlv/+DwqHx80tYyVQxbTAqpugHVKHiMLcONwG6ikEaBwE4wuZ3XO0+oNJfxg5km6Ed0FPOQM2qs1a720dDqoFxxa+5CZB28HCqQqzkof/WHkqURxoYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZzGmEWo/W2w7IxfWGZJQKvtiQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPYzHiepwZgtPwpTQYwk89PJkCtkRkwtUKa43ZWwMVWUGRtQyYbgrZ68Du16zbN8X680bvI4inAG53AJHlxBA+6gCS1g8AjP8ApvjnRenHfnY9lacPKZU/gj5/MHwYSOkg==</latexit><latexit sha1_base64="WqQaPqtonAZ3CFZGhw23YNzjyok=">AAAB7XicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijSUm8pHAhewtc7Cyd3vZ3TMhF/6DjYXG2Pp/7Pw3LnCFgm+yyZN3ZrIzb5AIro3rfjuFjc2t7Z3ibmlv/+DwqHx80tYyVQxbTAqpugHVKHiMLcONwG6ikEaBwE4wuZ3XO0+oNJfxg5km6Ed0FPOQM2qs1a720dDqoFxxa+5CZB28HCqQqzkof/WHkqURxoYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZzGmEWo/W2w7IxfWGZJQKvtiQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPYzHiepwZgtPwpTQYwk89PJkCtkRkwtUKa43ZWwMVWUGRtQyYbgrZ68Du16zbN8X680bvI4inAG53AJHlxBA+6gCS1g8AjP8ApvjnRenHfnY9lacPKZU/gj5/MHwYSOkg==</latexit><latexit sha1_base64="WqQaPqtonAZ3CFZGhw23YNzjyok=">AAAB7XicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijSUm8pHAhewtc7Cyd3vZ3TMhF/6DjYXG2Pp/7Pw3LnCFgm+yyZN3ZrIzb5AIro3rfjuFjc2t7Z3ibmlv/+DwqHx80tYyVQxbTAqpugHVKHiMLcONwG6ikEaBwE4wuZ3XO0+oNJfxg5km6Ed0FPOQM2qs1a720dDqoFxxa+5CZB28HCqQqzkof/WHkqURxoYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZzGmEWo/W2w7IxfWGZJQKvtiQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPYzHiepwZgtPwpTQYwk89PJkCtkRkwtUKa43ZWwMVWUGRtQyYbgrZ68Du16zbN8X680bvI4inAG53AJHlxBA+6gCS1g8AjP8ApvjnRenHfnY9lacPKZU/gj5/MHwYSOkg==</latexit><latexit sha1_base64="WqQaPqtonAZ3CFZGhw23YNzjyok=">AAAB7XicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijSUm8pHAhewtc7Cyd3vZ3TMhF/6DjYXG2Pp/7Pw3LnCFgm+yyZN3ZrIzb5AIro3rfjuFjc2t7Z3ibmlv/+DwqHx80tYyVQxbTAqpugHVKHiMLcONwG6ikEaBwE4wuZ3XO0+oNJfxg5km6Ed0FPOQM2qs1a720dDqoFxxa+5CZB28HCqQqzkof/WHkqURxoYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZzGmEWo/W2w7IxfWGZJQKvtiQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPYzHiepwZgtPwpTQYwk89PJkCtkRkwtUKa43ZWwMVWUGRtQyYbgrZ68Du16zbN8X680bvI4inAG53AJHlxBA+6gCS1g8AjP8ApvjnRenHfnY9lacPKZU/gj5/MHwYSOkg==</latexit>

⌘
<latexit sha1_base64="WqQaPqtonAZ3CFZGhw23YNzjyok=">AAAB7XicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijSUm8pHAhewtc7Cyd3vZ3TMhF/6DjYXG2Pp/7Pw3LnCFgm+yyZN3ZrIzb5AIro3rfjuFjc2t7Z3ibmlv/+DwqHx80tYyVQxbTAqpugHVKHiMLcONwG6ikEaBwE4wuZ3XO0+oNJfxg5km6Ed0FPOQM2qs1a720dDqoFxxa+5CZB28HCqQqzkof/WHkqURxoYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZzGmEWo/W2w7IxfWGZJQKvtiQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPYzHiepwZgtPwpTQYwk89PJkCtkRkwtUKa43ZWwMVWUGRtQyYbgrZ68Du16zbN8X680bvI4inAG53AJHlxBA+6gCS1g8AjP8ApvjnRenHfnY9lacPKZU/gj5/MHwYSOkg==</latexit><latexit sha1_base64="WqQaPqtonAZ3CFZGhw23YNzjyok=">AAAB7XicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijSUm8pHAhewtc7Cyd3vZ3TMhF/6DjYXG2Pp/7Pw3LnCFgm+yyZN3ZrIzb5AIro3rfjuFjc2t7Z3ibmlv/+DwqHx80tYyVQxbTAqpugHVKHiMLcONwG6ikEaBwE4wuZ3XO0+oNJfxg5km6Ed0FPOQM2qs1a720dDqoFxxa+5CZB28HCqQqzkof/WHkqURxoYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZzGmEWo/W2w7IxfWGZJQKvtiQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPYzHiepwZgtPwpTQYwk89PJkCtkRkwtUKa43ZWwMVWUGRtQyYbgrZ68Du16zbN8X680bvI4inAG53AJHlxBA+6gCS1g8AjP8ApvjnRenHfnY9lacPKZU/gj5/MHwYSOkg==</latexit><latexit sha1_base64="WqQaPqtonAZ3CFZGhw23YNzjyok=">AAAB7XicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijSUm8pHAhewtc7Cyd3vZ3TMhF/6DjYXG2Pp/7Pw3LnCFgm+yyZN3ZrIzb5AIro3rfjuFjc2t7Z3ibmlv/+DwqHx80tYyVQxbTAqpugHVKHiMLcONwG6ikEaBwE4wuZ3XO0+oNJfxg5km6Ed0FPOQM2qs1a720dDqoFxxa+5CZB28HCqQqzkof/WHkqURxoYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZzGmEWo/W2w7IxfWGZJQKvtiQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPYzHiepwZgtPwpTQYwk89PJkCtkRkwtUKa43ZWwMVWUGRtQyYbgrZ68Du16zbN8X680bvI4inAG53AJHlxBA+6gCS1g8AjP8ApvjnRenHfnY9lacPKZU/gj5/MHwYSOkg==</latexit><latexit sha1_base64="WqQaPqtonAZ3CFZGhw23YNzjyok=">AAAB7XicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijSUm8pHAhewtc7Cyd3vZ3TMhF/6DjYXG2Pp/7Pw3LnCFgm+yyZN3ZrIzb5AIro3rfjuFjc2t7Z3ibmlv/+DwqHx80tYyVQxbTAqpugHVKHiMLcONwG6ikEaBwE4wuZ3XO0+oNJfxg5km6Ed0FPOQM2qs1a720dDqoFxxa+5CZB28HCqQqzkof/WHkqURxoYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZzGmEWo/W2w7IxfWGZJQKvtiQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmvPYzHiepwZgtPwpTQYwk89PJkCtkRkwtUKa43ZWwMVWUGRtQyYbgrZ68Du16zbN8X680bvI4inAG53AJHlxBA+6gCS1g8AjP8ApvjnRenHfnY9lacPKZU/gj5/MHwYSOkg==</latexit>

�
<latexit sha1_base64="cGuIThOCyTN/k/SqjPhydonXWvc=">AAAB7XicbZDLTgIxFIbP4A3xhrp00wgmrsgMG10S3bjERC4JTEindKDSaZu2Y0ImvIMbFxrj1vdx59tYYBYK/kmTL/85Jz3njxRnxvr+t1fY2Nza3inulvb2Dw6PyscnbSNTTWiLSC51N8KGciZoyzLLaVdpipOI0040uZ3XO09UGybFg50qGiZ4JFjMCLbOalf7asyqg3LFr/kLoXUIcqhAruag/NUfSpImVFjCsTG9wFc2zLC2jHA6K/VTQxUmEzyiPYcCJ9SE2WLbGbpwzhDFUrsnLFq4vycynBgzTSLXmWA7Nqu1uflfrZfa+DrMmFCppYIsP4pTjqxE89PRkGlKLJ86wEQztysiY6wxsS6gkgshWD15Hdr1WuD4vl5p3ORxFOEMzuESAriCBtxBE1pA4BGe4RXePOm9eO/ex7K14OUzp/BH3ucPzDGOmQ==</latexit><latexit sha1_base64="cGuIThOCyTN/k/SqjPhydonXWvc=">AAAB7XicbZDLTgIxFIbP4A3xhrp00wgmrsgMG10S3bjERC4JTEindKDSaZu2Y0ImvIMbFxrj1vdx59tYYBYK/kmTL/85Jz3njxRnxvr+t1fY2Nza3inulvb2Dw6PyscnbSNTTWiLSC51N8KGciZoyzLLaVdpipOI0040uZ3XO09UGybFg50qGiZ4JFjMCLbOalf7asyqg3LFr/kLoXUIcqhAruag/NUfSpImVFjCsTG9wFc2zLC2jHA6K/VTQxUmEzyiPYcCJ9SE2WLbGbpwzhDFUrsnLFq4vycynBgzTSLXmWA7Nqu1uflfrZfa+DrMmFCppYIsP4pTjqxE89PRkGlKLJ86wEQztysiY6wxsS6gkgshWD15Hdr1WuD4vl5p3ORxFOEMzuESAriCBtxBE1pA4BGe4RXePOm9eO/ex7K14OUzp/BH3ucPzDGOmQ==</latexit><latexit sha1_base64="cGuIThOCyTN/k/SqjPhydonXWvc=">AAAB7XicbZDLTgIxFIbP4A3xhrp00wgmrsgMG10S3bjERC4JTEindKDSaZu2Y0ImvIMbFxrj1vdx59tYYBYK/kmTL/85Jz3njxRnxvr+t1fY2Nza3inulvb2Dw6PyscnbSNTTWiLSC51N8KGciZoyzLLaVdpipOI0040uZ3XO09UGybFg50qGiZ4JFjMCLbOalf7asyqg3LFr/kLoXUIcqhAruag/NUfSpImVFjCsTG9wFc2zLC2jHA6K/VTQxUmEzyiPYcCJ9SE2WLbGbpwzhDFUrsnLFq4vycynBgzTSLXmWA7Nqu1uflfrZfa+DrMmFCppYIsP4pTjqxE89PRkGlKLJ86wEQztysiY6wxsS6gkgshWD15Hdr1WuD4vl5p3ORxFOEMzuESAriCBtxBE1pA4BGe4RXePOm9eO/ex7K14OUzp/BH3ucPzDGOmQ==</latexit><latexit sha1_base64="cGuIThOCyTN/k/SqjPhydonXWvc=">AAAB7XicbZDLTgIxFIbP4A3xhrp00wgmrsgMG10S3bjERC4JTEindKDSaZu2Y0ImvIMbFxrj1vdx59tYYBYK/kmTL/85Jz3njxRnxvr+t1fY2Nza3inulvb2Dw6PyscnbSNTTWiLSC51N8KGciZoyzLLaVdpipOI0040uZ3XO09UGybFg50qGiZ4JFjMCLbOalf7asyqg3LFr/kLoXUIcqhAruag/NUfSpImVFjCsTG9wFc2zLC2jHA6K/VTQxUmEzyiPYcCJ9SE2WLbGbpwzhDFUrsnLFq4vycynBgzTSLXmWA7Nqu1uflfrZfa+DrMmFCppYIsP4pTjqxE89PRkGlKLJ86wEQztysiY6wxsS6gkgshWD15Hdr1WuD4vl5p3ORxFOEMzuESAriCBtxBE1pA4BGe4RXePOm9eO/ex7K14OUzp/BH3ucPzDGOmQ==</latexit>

�
<latexit sha1_base64="cGuIThOCyTN/k/SqjPhydonXWvc=">AAAB7XicbZDLTgIxFIbP4A3xhrp00wgmrsgMG10S3bjERC4JTEindKDSaZu2Y0ImvIMbFxrj1vdx59tYYBYK/kmTL/85Jz3njxRnxvr+t1fY2Nza3inulvb2Dw6PyscnbSNTTWiLSC51N8KGciZoyzLLaVdpipOI0040uZ3XO09UGybFg50qGiZ4JFjMCLbOalf7asyqg3LFr/kLoXUIcqhAruag/NUfSpImVFjCsTG9wFc2zLC2jHA6K/VTQxUmEzyiPYcCJ9SE2WLbGbpwzhDFUrsnLFq4vycynBgzTSLXmWA7Nqu1uflfrZfa+DrMmFCppYIsP4pTjqxE89PRkGlKLJ86wEQztysiY6wxsS6gkgshWD15Hdr1WuD4vl5p3ORxFOEMzuESAriCBtxBE1pA4BGe4RXePOm9eO/ex7K14OUzp/BH3ucPzDGOmQ==</latexit><latexit sha1_base64="cGuIThOCyTN/k/SqjPhydonXWvc=">AAAB7XicbZDLTgIxFIbP4A3xhrp00wgmrsgMG10S3bjERC4JTEindKDSaZu2Y0ImvIMbFxrj1vdx59tYYBYK/kmTL/85Jz3njxRnxvr+t1fY2Nza3inulvb2Dw6PyscnbSNTTWiLSC51N8KGciZoyzLLaVdpipOI0040uZ3XO09UGybFg50qGiZ4JFjMCLbOalf7asyqg3LFr/kLoXUIcqhAruag/NUfSpImVFjCsTG9wFc2zLC2jHA6K/VTQxUmEzyiPYcCJ9SE2WLbGbpwzhDFUrsnLFq4vycynBgzTSLXmWA7Nqu1uflfrZfa+DrMmFCppYIsP4pTjqxE89PRkGlKLJ86wEQztysiY6wxsS6gkgshWD15Hdr1WuD4vl5p3ORxFOEMzuESAriCBtxBE1pA4BGe4RXePOm9eO/ex7K14OUzp/BH3ucPzDGOmQ==</latexit><latexit sha1_base64="cGuIThOCyTN/k/SqjPhydonXWvc=">AAAB7XicbZDLTgIxFIbP4A3xhrp00wgmrsgMG10S3bjERC4JTEindKDSaZu2Y0ImvIMbFxrj1vdx59tYYBYK/kmTL/85Jz3njxRnxvr+t1fY2Nza3inulvb2Dw6PyscnbSNTTWiLSC51N8KGciZoyzLLaVdpipOI0040uZ3XO09UGybFg50qGiZ4JFjMCLbOalf7asyqg3LFr/kLoXUIcqhAruag/NUfSpImVFjCsTG9wFc2zLC2jHA6K/VTQxUmEzyiPYcCJ9SE2WLbGbpwzhDFUrsnLFq4vycynBgzTSLXmWA7Nqu1uflfrZfa+DrMmFCppYIsP4pTjqxE89PRkGlKLJ86wEQztysiY6wxsS6gkgshWD15Hdr1WuD4vl5p3ORxFOEMzuESAriCBtxBE1pA4BGe4RXePOm9eO/ex7K14OUzp/BH3ucPzDGOmQ==</latexit><latexit sha1_base64="cGuIThOCyTN/k/SqjPhydonXWvc=">AAAB7XicbZDLTgIxFIbP4A3xhrp00wgmrsgMG10S3bjERC4JTEindKDSaZu2Y0ImvIMbFxrj1vdx59tYYBYK/kmTL/85Jz3njxRnxvr+t1fY2Nza3inulvb2Dw6PyscnbSNTTWiLSC51N8KGciZoyzLLaVdpipOI0040uZ3XO09UGybFg50qGiZ4JFjMCLbOalf7asyqg3LFr/kLoXUIcqhAruag/NUfSpImVFjCsTG9wFc2zLC2jHA6K/VTQxUmEzyiPYcCJ9SE2WLbGbpwzhDFUrsnLFq4vycynBgzTSLXmWA7Nqu1uflfrZfa+DrMmFCppYIsP4pTjqxE89PRkGlKLJ86wEQztysiY6wxsS6gkgshWD15Hdr1WuD4vl5p3ORxFOEMzuESAriCBtxBE1pA4BGe4RXePOm9eO/ex7K14OUzp/BH3ucPzDGOmQ==</latexit>

pT
<latexit sha1_base64="QfSz3zMt+QOR6SN5YMmEJSNFwLc=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijSUmfCVwIXvLHGzY27vs7pmQC7/BxkJjbP1Bdv4bF7hCwTfZ5Mk7M9mZN0gE18Z1v53C1vbO7l5xv3RweHR8Uj496+g4VQzbLBax6gVUo+AS24Ybgb1EIY0Cgd1ger+od59QaR7Llpkl6Ed0LHnIGTXWaleTYas6LFfcmrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny2Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJyMuEJmxMwCZYrbXQmbUEWZsfmUbAje+smb0KnXPMuP9UrjLo+jCBdwCdfgwQ004AGa0AYGHJ7hFd4c6bw4787HqrXg5DPn8EfO5w/sk44V</latexit><latexit sha1_base64="QfSz3zMt+QOR6SN5YMmEJSNFwLc=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijSUmfCVwIXvLHGzY27vs7pmQC7/BxkJjbP1Bdv4bF7hCwTfZ5Mk7M9mZN0gE18Z1v53C1vbO7l5xv3RweHR8Uj496+g4VQzbLBax6gVUo+AS24Ybgb1EIY0Cgd1ger+od59QaR7Llpkl6Ed0LHnIGTXWaleTYas6LFfcmrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny2Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJyMuEJmxMwCZYrbXQmbUEWZsfmUbAje+smb0KnXPMuP9UrjLo+jCBdwCdfgwQ004AGa0AYGHJ7hFd4c6bw4787HqrXg5DPn8EfO5w/sk44V</latexit><latexit sha1_base64="QfSz3zMt+QOR6SN5YMmEJSNFwLc=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijSUmfCVwIXvLHGzY27vs7pmQC7/BxkJjbP1Bdv4bF7hCwTfZ5Mk7M9mZN0gE18Z1v53C1vbO7l5xv3RweHR8Uj496+g4VQzbLBax6gVUo+AS24Ybgb1EIY0Cgd1ger+od59QaR7Llpkl6Ed0LHnIGTXWaleTYas6LFfcmrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny2Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJyMuEJmxMwCZYrbXQmbUEWZsfmUbAje+smb0KnXPMuP9UrjLo+jCBdwCdfgwQ004AGa0AYGHJ7hFd4c6bw4787HqrXg5DPn8EfO5w/sk44V</latexit><latexit sha1_base64="QfSz3zMt+QOR6SN5YMmEJSNFwLc=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijSUmfCVwIXvLHGzY27vs7pmQC7/BxkJjbP1Bdv4bF7hCwTfZ5Mk7M9mZN0gE18Z1v53C1vbO7l5xv3RweHR8Uj496+g4VQzbLBax6gVUo+AS24Ybgb1EIY0Cgd1ger+od59QaR7Llpkl6Ed0LHnIGTXWaleTYas6LFfcmrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny2Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJyMuEJmxMwCZYrbXQmbUEWZsfmUbAje+smb0KnXPMuP9UrjLo+jCBdwCdfgwQ004AGa0AYGHJ7hFd4c6bw4787HqrXg5DPn8EfO5w/sk44V</latexit>

pT
<latexit sha1_base64="QfSz3zMt+QOR6SN5YMmEJSNFwLc=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijSUmfCVwIXvLHGzY27vs7pmQC7/BxkJjbP1Bdv4bF7hCwTfZ5Mk7M9mZN0gE18Z1v53C1vbO7l5xv3RweHR8Uj496+g4VQzbLBax6gVUo+AS24Ybgb1EIY0Cgd1ger+od59QaR7Llpkl6Ed0LHnIGTXWaleTYas6LFfcmrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny2Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJyMuEJmxMwCZYrbXQmbUEWZsfmUbAje+smb0KnXPMuP9UrjLo+jCBdwCdfgwQ004AGa0AYGHJ7hFd4c6bw4787HqrXg5DPn8EfO5w/sk44V</latexit><latexit sha1_base64="QfSz3zMt+QOR6SN5YMmEJSNFwLc=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijSUmfCVwIXvLHGzY27vs7pmQC7/BxkJjbP1Bdv4bF7hCwTfZ5Mk7M9mZN0gE18Z1v53C1vbO7l5xv3RweHR8Uj496+g4VQzbLBax6gVUo+AS24Ybgb1EIY0Cgd1ger+od59QaR7Llpkl6Ed0LHnIGTXWaleTYas6LFfcmrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny2Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJyMuEJmxMwCZYrbXQmbUEWZsfmUbAje+smb0KnXPMuP9UrjLo+jCBdwCdfgwQ004AGa0AYGHJ7hFd4c6bw4787HqrXg5DPn8EfO5w/sk44V</latexit><latexit sha1_base64="QfSz3zMt+QOR6SN5YMmEJSNFwLc=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijSUmfCVwIXvLHGzY27vs7pmQC7/BxkJjbP1Bdv4bF7hCwTfZ5Mk7M9mZN0gE18Z1v53C1vbO7l5xv3RweHR8Uj496+g4VQzbLBax6gVUo+AS24Ybgb1EIY0Cgd1ger+od59QaR7Llpkl6Ed0LHnIGTXWaleTYas6LFfcmrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny2Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJyMuEJmxMwCZYrbXQmbUEWZsfmUbAje+smb0KnXPMuP9UrjLo+jCBdwCdfgwQ004AGa0AYGHJ7hFd4c6bw4787HqrXg5DPn8EfO5w/sk44V</latexit><latexit sha1_base64="QfSz3zMt+QOR6SN5YMmEJSNFwLc=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmVuSORkuijSUmfCVwIXvLHGzY27vs7pmQC7/BxkJjbP1Bdv4bF7hCwTfZ5Mk7M9mZN0gE18Z1v53C1vbO7l5xv3RweHR8Uj496+g4VQzbLBax6gVUo+AS24Ybgb1EIY0Cgd1ger+od59QaR7Llpkl6Ed0LHnIGTXWaleTYas6LFfcmrsU2QQvhwrkag7LX4NRzNIIpWGCat333MT4GVWGM4Hz0iDVmFA2pWPsW5Q0Qu1ny2Xn5Mo6IxLGyj5pyNL9PZHRSOtZFNjOiJqJXq8tzP9q/dSEt37GZZIalGz1UZgKYmKyuJyMuEJmxMwCZYrbXQmbUEWZsfmUbAje+smb0KnXPMuP9UrjLo+jCBdwCdfgwQ004AGa0AYGHJ7hFd4c6bw4787HqrXg5DPn8EfO5w/sk44V</latexit>

• Consider "orthogonal" method to kinematics; QCD Color-flow
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Can you see a pattern?



Jet Image: Pattern Recognition with DL 

- Whole events with bbar (fat-jet) axis as a center



Maximizing information with Deep Neural Network

• For jet-image, we use 32x32 pixels for  -2.5<eta<2.5, -pi<phi < pi.  
 
Input channels for CNN are divided into two with particle flow:  
- Neutral particles  
- Charged particles



(featured variables)



"Backgrounds as stacked Histogram"



• To estimate effects from pileup removal (important in using QCD info), 
  
0. No additional processes.  
1. we apply SoftDrop to a fat-jet (R= 1.2 anti-Kt)  
2. we use "charged layer only"  
(Various pile-up removers use "longitudinal vertex information through tracking)



Additional improvements
arXiv:1908(?).WXYZ

JH Kim, MH Kim, KC Kong. Matchev, MP



Improved DL architecture 
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• Deeper Layer structure would 
capture more features

• As we have deeper layers, 
information propagation becomes  
inefficient 

• As we have deeper layers, 
information propagation becomes  
inefficient 

Residual Network



Conclusions
• Theorists can contribute to the LHC game. 

• (Armed with New technologies)  
Young generations can  win the battle of the LHC.  
 

• For HL-LHC, Offshell Higgs can be a good probe for BSM. 

• High Precision and maximization of background rejection 
are required.



Behinds...



Difficulties in preparing data
�U7#V

<latexit sha1_base64="CBYW2Jm9VDE54n6FAGnhsRJ/TnA=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFhMhNuEuFloGbSwjmA/IHWFvs5cs2d07dveEcORv2FgoYuufsfPfuEmu0MQHA4/3ZpiZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+fdHScKkLbJOax6oVYU84kbRtmOO0limIRctoNJ3dzv/tElWaxfDTThAYCjySLGMHGSn7V12wkcLUWhZeDcsWtuwugdeLlpAI5WoPylz+MSSqoNIRjrfuem5ggw8owwums5KeaJphM8Ij2LZVYUB1ki5tn6MIqQxTFypY0aKH+nsiw0HoqQtspsBnrVW8u/uf1UxPdBBmTSWqoJMtFUcqRidE8ADRkihLDp5Zgopi9FZExVpgYG1PJhuCtvrxOOo26d1VvPDQqzds8jiKcwTnUwINraMI9tKANBBJ4hld4c1LnxXl3PpatBSefOYU/cD5/AKHTkMI=</latexit>

0.648 953.6 611.3 1.71 5.107
⇥103

<latexit sha1_base64="zJm+NPBMnKp1EgNDAncfhGhNv1g=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCauJp2BAO6IblxiIo8ERtIpHWjodMa2Q0II3+HGhca49WPc+Td2ABM1epKbnJxzb+69x485UxqhDyuztr6xuZXdzu3s7u0f5A+PWipKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2x1ep355QqVgkbvU0pl6Ih4IFjGBtJK/Y0yykCjrorlTs5wvIvqhV3HIFIhuhquM6KXGr5VIZOkZJUQArNPr5994gIklIhSYcK9V1UKy9GZaaEU7nuV6iaIzJGA9p11CBzSpvtjh6Ds+MMoBBJE0JDRfq94kZDpWahr7pDLEeqd9eKv7ldRMd1LwZE3GiqSDLRUHCoY5gmgAcMEmJ5lNDMJHM3ArJCEtMtMkpZ0L4+hT+T1qu7ZRs98Yt1C9XcWTBCTgF58ABVVAH16ABmoCAe/AAnsCzNbEerRfrddmasVYzx+AHrLdPOb+RGA==</latexit>

⇥103
<latexit sha1_base64="zJm+NPBMnKp1EgNDAncfhGhNv1g=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCauJp2BAO6IblxiIo8ERtIpHWjodMa2Q0II3+HGhca49WPc+Td2ABM1epKbnJxzb+69x485UxqhDyuztr6xuZXdzu3s7u0f5A+PWipKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2x1ep355QqVgkbvU0pl6Ih4IFjGBtJK/Y0yykCjrorlTs5wvIvqhV3HIFIhuhquM6KXGr5VIZOkZJUQArNPr5994gIklIhSYcK9V1UKy9GZaaEU7nuV6iaIzJGA9p11CBzSpvtjh6Ds+MMoBBJE0JDRfq94kZDpWahr7pDLEeqd9eKv7ldRMd1LwZE3GiqSDLRUHCoY5gmgAcMEmJ5lNDMJHM3ArJCEtMtMkpZ0L4+hT+T1qu7ZRs98Yt1C9XcWTBCTgF58ABVVAH16ABmoCAe/AAnsCzNbEerRfrddmasVYzx+AHrLdPOb+RGA==</latexit>⇥103

<latexit sha1_base64="zJm+NPBMnKp1EgNDAncfhGhNv1g=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCauJp2BAO6IblxiIo8ERtIpHWjodMa2Q0II3+HGhca49WPc+Td2ABM1epKbnJxzb+69x485UxqhDyuztr6xuZXdzu3s7u0f5A+PWipKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2x1ep355QqVgkbvU0pl6Ih4IFjGBtJK/Y0yykCjrorlTs5wvIvqhV3HIFIhuhquM6KXGr5VIZOkZJUQArNPr5994gIklIhSYcK9V1UKy9GZaaEU7nuV6iaIzJGA9p11CBzSpvtjh6Ds+MMoBBJE0JDRfq94kZDpWahr7pDLEeqd9eKv7ldRMd1LwZE3GiqSDLRUHCoY5gmgAcMEmJ5lNDMJHM3ArJCEtMtMkpZ0L4+hT+T1qu7ZRs98Yt1C9XcWTBCTgF58ABVVAH16ABmoCAe/AAnsCzNbEerRfrddmasVYzx+AHrLdPOb+RGA==</latexit>

• To generate backgrounds properly, we need to make HUGE  
Monte Carlo samples 

• Preparing "Good enough" MC samples for testing is NOT EASY.

• Thus, we should find very good features (High-level observables)

⇥103
<latexit sha1_base64="zJm+NPBMnKp1EgNDAncfhGhNv1g=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCauJp2BAO6IblxiIo8ERtIpHWjodMa2Q0II3+HGhca49WPc+Td2ABM1epKbnJxzb+69x485UxqhDyuztr6xuZXdzu3s7u0f5A+PWipKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2x1ep355QqVgkbvU0pl6Ih4IFjGBtJK/Y0yykCjrorlTs5wvIvqhV3HIFIhuhquM6KXGr5VIZOkZJUQArNPr5994gIklIhSYcK9V1UKy9GZaaEU7nuV6iaIzJGA9p11CBzSpvtjh6Ds+MMoBBJE0JDRfq94kZDpWahr7pDLEeqd9eKv7ldRMd1LwZE3GiqSDLRUHCoY5gmgAcMEmJ5lNDMJHM3ArJCEtMtMkpZ0L4+hT+T1qu7ZRs98Yt1C9XcWTBCTgF58ABVVAH16ABmoCAe/AAnsCzNbEerRfrddmasVYzx+AHrLdPOb+RGA==</latexit>

⇥103
<latexit sha1_base64="zJm+NPBMnKp1EgNDAncfhGhNv1g=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCauJp2BAO6IblxiIo8ERtIpHWjodMa2Q0II3+HGhca49WPc+Td2ABM1epKbnJxzb+69x485UxqhDyuztr6xuZXdzu3s7u0f5A+PWipKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2x1ep355QqVgkbvU0pl6Ih4IFjGBtJK/Y0yykCjrorlTs5wvIvqhV3HIFIhuhquM6KXGr5VIZOkZJUQArNPr5994gIklIhSYcK9V1UKy9GZaaEU7nuV6iaIzJGA9p11CBzSpvtjh6Ds+MMoBBJE0JDRfq94kZDpWahr7pDLEeqd9eKv7ldRMd1LwZE3GiqSDLRUHCoY5gmgAcMEmJ5lNDMJHM3ArJCEtMtMkpZ0L4+hT+T1qu7ZRs98Yt1C9XcWTBCTgF58ABVVAH16ABmoCAe/AAnsCzNbEerRfrddmasVYzx+AHrLdPOb+RGA==</latexit> ⇥103
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