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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



Measuring Higgs potential

• From spontaneous symmetry breaking

V(ϕ) = − μ2ϕ2 + λϕ4
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• The shape of a potential around EW scale is determined  
by       term and      term.  h2
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• 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
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<latexit sha1_base64="Q1hJTsxM6Wze0OSpZXn1Je1aA3s="></latexit><latexit sha1_base64="Q1hJTsxM6Wze0OSpZXn1Je1aA3s="></latexit><latexit sha1_base64="Q1hJTsxM6Wze0OSpZXn1Je1aA3s="></latexit><latexit sha1_base64="Q1hJTsxM6Wze0OSpZXn1Je1aA3s="></latexit>

Measuring Higgs potential
V(ϕ) = − μ2ϕ2 + λϕ4

• From spontaneous symmetry breaking



 Higgs Boson Pair  
to measure Higgs potential

• The shape of a potential around EW scale is determined  
by       term and      term.  h2

<latexit sha1_base64="g7tsHytqxHnLOSXSv/Cm9TZ2ZvY=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpgImMBJ9pY9WNmPy+6eCbnwH2wsNMbW/2Pnv3GBKxR8ySQv781kZl6UcGas7397hbX1jc2t4nZpZ3dv/6B8eNQ2KtWEtojiSt9H2FDOJG1ZZjm9TzTFIuK0E42vZ37niWrDlLyzk4SGAg8lixnB1knt6uihXkX9csWv+XOgVRLkpAI5mv3yV2+gSCqotIRjY7qBn9gww9oywum01EsNTTAZ4yHtOiqxoCbM5tdO0ZlTBihW2pW0aK7+nsiwMGYiItcpsB2ZZW8m/ud1UxtfhhmTSWqpJItFccqRVWj2OhowTYnlE0cw0czdisgIa0ysC6jkQgiWX14l7Xot8GvBbb3SuMrjKMIJnMI5BHABDbiBJrSAwCM8wyu8ecp78d69j0VrwctnjuEPvM8fAeSOFA==</latexit><latexit sha1_base64="g7tsHytqxHnLOSXSv/Cm9TZ2ZvY=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpgImMBJ9pY9WNmPy+6eCbnwH2wsNMbW/2Pnv3GBKxR8ySQv781kZl6UcGas7397hbX1jc2t4nZpZ3dv/6B8eNQ2KtWEtojiSt9H2FDOJG1ZZjm9TzTFIuK0E42vZ37niWrDlLyzk4SGAg8lixnB1knt6uihXkX9csWv+XOgVRLkpAI5mv3yV2+gSCqotIRjY7qBn9gww9oywum01EsNTTAZ4yHtOiqxoCbM5tdO0ZlTBihW2pW0aK7+nsiwMGYiItcpsB2ZZW8m/ud1UxtfhhmTSWqpJItFccqRVWj2OhowTYnlE0cw0czdisgIa0ysC6jkQgiWX14l7Xot8GvBbb3SuMrjKMIJnMI5BHABDbiBJrSAwCM8wyu8ecp78d69j0VrwctnjuEPvM8fAeSOFA==</latexit><latexit sha1_base64="g7tsHytqxHnLOSXSv/Cm9TZ2ZvY=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpgImMBJ9pY9WNmPy+6eCbnwH2wsNMbW/2Pnv3GBKxR8ySQv781kZl6UcGas7397hbX1jc2t4nZpZ3dv/6B8eNQ2KtWEtojiSt9H2FDOJG1ZZjm9TzTFIuK0E42vZ37niWrDlLyzk4SGAg8lixnB1knt6uihXkX9csWv+XOgVRLkpAI5mv3yV2+gSCqotIRjY7qBn9gww9oywum01EsNTTAZ4yHtOiqxoCbM5tdO0ZlTBihW2pW0aK7+nsiwMGYiItcpsB2ZZW8m/ud1UxtfhhmTSWqpJItFccqRVWj2OhowTYnlE0cw0czdisgIa0ysC6jkQgiWX14l7Xot8GvBbb3SuMrjKMIJnMI5BHABDbiBJrSAwCM8wyu8ecp78d69j0VrwctnjuEPvM8fAeSOFA==</latexit><latexit sha1_base64="g7tsHytqxHnLOSXSv/Cm9TZ2ZvY=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpgImMBJ9pY9WNmPy+6eCbnwH2wsNMbW/2Pnv3GBKxR8ySQv781kZl6UcGas7397hbX1jc2t4nZpZ3dv/6B8eNQ2KtWEtojiSt9H2FDOJG1ZZjm9TzTFIuK0E42vZ37niWrDlLyzk4SGAg8lixnB1knt6uihXkX9csWv+XOgVRLkpAI5mv3yV2+gSCqotIRjY7qBn9gww9oywum01EsNTTAZ4yHtOiqxoCbM5tdO0ZlTBihW2pW0aK7+nsiwMGYiItcpsB2ZZW8m/ud1UxtfhhmTSWqpJItFccqRVWj2OhowTYnlE0cw0czdisgIa0ysC6jkQgiWX14l7Xot8GvBbb3SuMrjKMIJnMI5BHABDbiBJrSAwCM8wyu8ecp78d69j0VrwctnjuEPvM8fAeSOFA==</latexit>

h3
<latexit sha1_base64="KE45gA7A5uJNT/h6alqKRCcSWyA=">AAAB7XicbVA9T8MwEL2Ur1K+CowsFi0SU5WUAcYKFsYi0Q+pDZXjOq2pY0e2g1RF/Q8sDCDEyv9h49/gtBmg5UknPb13p7t7QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GR+54kqzaS4N9OY+hEeCRYygo2V2tXxw0UVDcoVt+bOgVaJl5MK5GgOyl/9oSRJRIUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SgSOq/XR+7QydWWWIQqlsCYPm6u+JFEdaT6PAdkbYjPWyl4n/eb3EhFd+ykScGCrIYlGYcGQkyl5HQ6YoMXxqCSaK2VsRGWOFibEBlWwI3vLLq6Rdr3luzburVxrXeRxFOIFTOAcPLqEBt9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMDao4V</latexit><latexit sha1_base64="KE45gA7A5uJNT/h6alqKRCcSWyA=">AAAB7XicbVA9T8MwEL2Ur1K+CowsFi0SU5WUAcYKFsYi0Q+pDZXjOq2pY0e2g1RF/Q8sDCDEyv9h49/gtBmg5UknPb13p7t7QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GR+54kqzaS4N9OY+hEeCRYygo2V2tXxw0UVDcoVt+bOgVaJl5MK5GgOyl/9oSRJRIUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SgSOq/XR+7QydWWWIQqlsCYPm6u+JFEdaT6PAdkbYjPWyl4n/eb3EhFd+ykScGCrIYlGYcGQkyl5HQ6YoMXxqCSaK2VsRGWOFibEBlWwI3vLLq6Rdr3luzburVxrXeRxFOIFTOAcPLqEBt9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMDao4V</latexit><latexit sha1_base64="KE45gA7A5uJNT/h6alqKRCcSWyA=">AAAB7XicbVA9T8MwEL2Ur1K+CowsFi0SU5WUAcYKFsYi0Q+pDZXjOq2pY0e2g1RF/Q8sDCDEyv9h49/gtBmg5UknPb13p7t7QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GR+54kqzaS4N9OY+hEeCRYygo2V2tXxw0UVDcoVt+bOgVaJl5MK5GgOyl/9oSRJRIUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SgSOq/XR+7QydWWWIQqlsCYPm6u+JFEdaT6PAdkbYjPWyl4n/eb3EhFd+ykScGCrIYlGYcGQkyl5HQ6YoMXxqCSaK2VsRGWOFibEBlWwI3vLLq6Rdr3luzburVxrXeRxFOIFTOAcPLqEBt9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMDao4V</latexit><latexit sha1_base64="KE45gA7A5uJNT/h6alqKRCcSWyA=">AAAB7XicbVA9T8MwEL2Ur1K+CowsFi0SU5WUAcYKFsYi0Q+pDZXjOq2pY0e2g1RF/Q8sDCDEyv9h49/gtBmg5UknPb13p7t7QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GR+54kqzaS4N9OY+hEeCRYygo2V2tXxw0UVDcoVt+bOgVaJl5MK5GgOyl/9oSRJRIUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SgSOq/XR+7QydWWWIQqlsCYPm6u+JFEdaT6PAdkbYjPWyl4n/eb3EhFd+ykScGCrIYlGYcGQkyl5HQ6YoMXxqCSaK2VsRGWOFibEBlWwI3vLLq6Rdr3luzburVxrXeRxFOIFTOAcPLqEBt9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMDao4V</latexit>

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

V(ϕ) = − μ2ϕ2 + λϕ4

• From spontaneous symmetry breaking



Multi-Higgs 
to measure Higgs potential

• From spontaneous symmetry breakingV(ϕ) = − μ2ϕ2 + λϕ4

V SM
h = m2

h
2 h2 + m2

h
2v2 vh3 + 1

4
m2

h
2v2h4

<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
<latexit sha1_base64="Err9Eeoz7zmIOQGDTGyXvXvITxI=">AAAB+XicbVC7TsMwFL0pr1JeAUYWixaJAVVJlzJWsDAWiT6kNqoc12msOk5kO5WqqH/CwgBCrPwJG3+Dm2aAliNbOjrnXt17j59wprTjfFulre2d3b3yfuXg8Oj4xD4966o4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn94v/d6MSsVi8aTnCfUiPBEsYARrI41suxaioY5ReJO/GhrZVafu5ECbxC1IFQq0R/bXcByTNKJCE46VGrhOor0MS80Ip4vKMFU0wWSKJ3RgqMARVV6Wb75AV0YZoyCW5guNcvV3R4YjpeaRbyojrEO17i3F/7xBqoNbL2MiSTUVZDUoSDkypy5jQGMmKdF8bggmkpldEQmxxESbsComBHf95E3SbdRdp+4+NqqtuyKOMlzAJVyDC01owQO0oQMEZvAMr/BmZdaL9W59rEpLVtFzDn9gff4AMqyRaA==</latexit><latexit sha1_base64="Err9Eeoz7zmIOQGDTGyXvXvITxI=">AAAB+XicbVC7TsMwFL0pr1JeAUYWixaJAVVJlzJWsDAWiT6kNqoc12msOk5kO5WqqH/CwgBCrPwJG3+Dm2aAliNbOjrnXt17j59wprTjfFulre2d3b3yfuXg8Oj4xD4966o4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn94v/d6MSsVi8aTnCfUiPBEsYARrI41suxaioY5ReJO/GhrZVafu5ECbxC1IFQq0R/bXcByTNKJCE46VGrhOor0MS80Ip4vKMFU0wWSKJ3RgqMARVV6Wb75AV0YZoyCW5guNcvV3R4YjpeaRbyojrEO17i3F/7xBqoNbL2MiSTUVZDUoSDkypy5jQGMmKdF8bggmkpldEQmxxESbsComBHf95E3SbdRdp+4+NqqtuyKOMlzAJVyDC01owQO0oQMEZvAMr/BmZdaL9W59rEpLVtFzDn9gff4AMqyRaA==</latexit><latexit sha1_base64="Err9Eeoz7zmIOQGDTGyXvXvITxI=">AAAB+XicbVC7TsMwFL0pr1JeAUYWixaJAVVJlzJWsDAWiT6kNqoc12msOk5kO5WqqH/CwgBCrPwJG3+Dm2aAliNbOjrnXt17j59wprTjfFulre2d3b3yfuXg8Oj4xD4966o4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn94v/d6MSsVi8aTnCfUiPBEsYARrI41suxaioY5ReJO/GhrZVafu5ECbxC1IFQq0R/bXcByTNKJCE46VGrhOor0MS80Ip4vKMFU0wWSKJ3RgqMARVV6Wb75AV0YZoyCW5guNcvV3R4YjpeaRbyojrEO17i3F/7xBqoNbL2MiSTUVZDUoSDkypy5jQGMmKdF8bggmkpldEQmxxESbsComBHf95E3SbdRdp+4+NqqtuyKOMlzAJVyDC01owQO0oQMEZvAMr/BmZdaL9W59rEpLVtFzDn9gff4AMqyRaA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="U86VRs3Lc10BI1Q3ESUjOAath1M=">AAAB7nicbVBNS8NAEJ34WWvV6NXLYit4kJJ40aPgxWMF+wFtKJvtpFm62YTdTaGE/hMvHhTx53jz37hNe9DWxw483pthZ16YCa6N5307W9s7u3v7lYPqYe3o+MQ9rXV0miuGbZaKVPVCqlFwiW3DjcBeppAmocBuOHlY+N0pKs1T+WxmGQYJHUsecUaNlYau24jJwKQkvi5fgwzdutf0SpBN4q9IHVZoDd2vwShleYLSMEG17vteZoKCKsOZwHl1kGvMKJvQMfYtlTRBHRTl5nNyaZURiVJlSxpSqr8nCppoPUtC25lQE+t1byH+5/VzE90FBZdZblCy5UdRLog9dREDGXGFzIiZJZQpbnclLKaKMmPDqtoQ/PWTN0nnpul7Tf/JgwqcwwVcgQ+3cA+P0II2MJjCC7zBu1M4r87HMq4tZ5XbGfyB8/kD8OuQBg==</latexit><latexit sha1_base64="U86VRs3Lc10BI1Q3ESUjOAath1M=">AAAB7nicbVBNS8NAEJ34WWvV6NXLYit4kJJ40aPgxWMF+wFtKJvtpFm62YTdTaGE/hMvHhTx53jz37hNe9DWxw483pthZ16YCa6N5307W9s7u3v7lYPqYe3o+MQ9rXV0miuGbZaKVPVCqlFwiW3DjcBeppAmocBuOHlY+N0pKs1T+WxmGQYJHUsecUaNlYau24jJwKQkvi5fgwzdutf0SpBN4q9IHVZoDd2vwShleYLSMEG17vteZoKCKsOZwHl1kGvMKJvQMfYtlTRBHRTl5nNyaZURiVJlSxpSqr8nCppoPUtC25lQE+t1byH+5/VzE90FBZdZblCy5UdRLog9dREDGXGFzIiZJZQpbnclLKaKMmPDqtoQ/PWTN0nnpul7Tf/JgwqcwwVcgQ+3cA+P0II2MJjCC7zBu1M4r87HMq4tZ5XbGfyB8/kD8OuQBg==</latexit><latexit sha1_base64="PhkCz2yv7NTX2NGakowbEkWHOKw=">AAAB+XicbVC7TsMwFL0pr1JeAUYWixaJAVUJC4wVLIxFog+pjSrHdRqrjhPZTqUo6p+wMIAQK3/Cxt/gphmg5ciWjs65V/fe4yecKe0431ZlY3Nre6e6W9vbPzg8so9PuipOJaEdEvNY9n2sKGeCdjTTnPYTSXHkc9rzp/cLvzejUrFYPOksoV6EJ4IFjGBtpJFtN0I01DEKr4rXQCO77jSdAmiduCWpQ4n2yP4ajmOSRlRowrFSA9dJtJdjqRnhdF4bpoommEzxhA4MFTiiysuLzefowihjFMTSfKFRof7uyHGkVBb5pjLCOlSr3kL8zxukOrj1ciaSVFNBloOClCNz6iIGNGaSEs0zQzCRzOyKSIglJtqEVTMhuKsnr5PuddN1mu6jU2/dlXFU4QzO4RJcuIEWPEAbOkBgBs/wCm9Wbr1Y79bHsrRilT2n8AfW5w8yDJFm</latexit><latexit sha1_base64="Err9Eeoz7zmIOQGDTGyXvXvITxI=">AAAB+XicbVC7TsMwFL0pr1JeAUYWixaJAVVJlzJWsDAWiT6kNqoc12msOk5kO5WqqH/CwgBCrPwJG3+Dm2aAliNbOjrnXt17j59wprTjfFulre2d3b3yfuXg8Oj4xD4966o4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn94v/d6MSsVi8aTnCfUiPBEsYARrI41suxaioY5ReJO/GhrZVafu5ECbxC1IFQq0R/bXcByTNKJCE46VGrhOor0MS80Ip4vKMFU0wWSKJ3RgqMARVV6Wb75AV0YZoyCW5guNcvV3R4YjpeaRbyojrEO17i3F/7xBqoNbL2MiSTUVZDUoSDkypy5jQGMmKdF8bggmkpldEQmxxESbsComBHf95E3SbdRdp+4+NqqtuyKOMlzAJVyDC01owQO0oQMEZvAMr/BmZdaL9W59rEpLVtFzDn9gff4AMqyRaA==</latexit><latexit sha1_base64="Err9Eeoz7zmIOQGDTGyXvXvITxI=">AAAB+XicbVC7TsMwFL0pr1JeAUYWixaJAVVJlzJWsDAWiT6kNqoc12msOk5kO5WqqH/CwgBCrPwJG3+Dm2aAliNbOjrnXt17j59wprTjfFulre2d3b3yfuXg8Oj4xD4966o4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn94v/d6MSsVi8aTnCfUiPBEsYARrI41suxaioY5ReJO/GhrZVafu5ECbxC1IFQq0R/bXcByTNKJCE46VGrhOor0MS80Ip4vKMFU0wWSKJ3RgqMARVV6Wb75AV0YZoyCW5guNcvV3R4YjpeaRbyojrEO17i3F/7xBqoNbL2MiSTUVZDUoSDkypy5jQGMmKdF8bggmkpldEQmxxESbsComBHf95E3SbdRdp+4+NqqtuyKOMlzAJVyDC01owQO0oQMEZvAMr/BmZdaL9W59rEpLVtFzDn9gff4AMqyRaA==</latexit><latexit sha1_base64="Err9Eeoz7zmIOQGDTGyXvXvITxI=">AAAB+XicbVC7TsMwFL0pr1JeAUYWixaJAVVJlzJWsDAWiT6kNqoc12msOk5kO5WqqH/CwgBCrPwJG3+Dm2aAliNbOjrnXt17j59wprTjfFulre2d3b3yfuXg8Oj4xD4966o4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn94v/d6MSsVi8aTnCfUiPBEsYARrI41suxaioY5ReJO/GhrZVafu5ECbxC1IFQq0R/bXcByTNKJCE46VGrhOor0MS80Ip4vKMFU0wWSKJ3RgqMARVV6Wb75AV0YZoyCW5guNcvV3R4YjpeaRbyojrEO17i3F/7xBqoNbL2MiSTUVZDUoSDkypy5jQGMmKdF8bggmkpldEQmxxESbsComBHf95E3SbdRdp+4+NqqtuyKOMlzAJVyDC01owQO0oQMEZvAMr/BmZdaL9W59rEpLVtFzDn9gff4AMqyRaA==</latexit><latexit sha1_base64="Err9Eeoz7zmIOQGDTGyXvXvITxI=">AAAB+XicbVC7TsMwFL0pr1JeAUYWixaJAVVJlzJWsDAWiT6kNqoc12msOk5kO5WqqH/CwgBCrPwJG3+Dm2aAliNbOjrnXt17j59wprTjfFulre2d3b3yfuXg8Oj4xD4966o4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn94v/d6MSsVi8aTnCfUiPBEsYARrI41suxaioY5ReJO/GhrZVafu5ECbxC1IFQq0R/bXcByTNKJCE46VGrhOor0MS80Ip4vKMFU0wWSKJ3RgqMARVV6Wb75AV0YZoyCW5guNcvV3R4YjpeaRbyojrEO17i3F/7xBqoNbL2MiSTUVZDUoSDkypy5jQGMmKdF8bggmkpldEQmxxESbsComBHf95E3SbdRdp+4+NqqtuyKOMlzAJVyDC01owQO0oQMEZvAMr/BmZdaL9W59rEpLVtFzDn9gff4AMqyRaA==</latexit><latexit sha1_base64="Err9Eeoz7zmIOQGDTGyXvXvITxI=">AAAB+XicbVC7TsMwFL0pr1JeAUYWixaJAVVJlzJWsDAWiT6kNqoc12msOk5kO5WqqH/CwgBCrPwJG3+Dm2aAliNbOjrnXt17j59wprTjfFulre2d3b3yfuXg8Oj4xD4966o4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn94v/d6MSsVi8aTnCfUiPBEsYARrI41suxaioY5ReJO/GhrZVafu5ECbxC1IFQq0R/bXcByTNKJCE46VGrhOor0MS80Ip4vKMFU0wWSKJ3RgqMARVV6Wb75AV0YZoyCW5guNcvV3R4YjpeaRbyojrEO17i3F/7xBqoNbL2MiSTUVZDUoSDkypy5jQGMmKdF8bggmkpldEQmxxESbsComBHf95E3SbdRdp+4+NqqtuyKOMlzAJVyDC01owQO0oQMEZvAMr/BmZdaL9W59rEpLVtFzDn9gff4AMqyRaA==</latexit><latexit sha1_base64="Err9Eeoz7zmIOQGDTGyXvXvITxI=">AAAB+XicbVC7TsMwFL0pr1JeAUYWixaJAVVJlzJWsDAWiT6kNqoc12msOk5kO5WqqH/CwgBCrPwJG3+Dm2aAliNbOjrnXt17j59wprTjfFulre2d3b3yfuXg8Oj4xD4966o4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn94v/d6MSsVi8aTnCfUiPBEsYARrI41suxaioY5ReJO/GhrZVafu5ECbxC1IFQq0R/bXcByTNKJCE46VGrhOor0MS80Ip4vKMFU0wWSKJ3RgqMARVV6Wb75AV0YZoyCW5guNcvV3R4YjpeaRbyojrEO17i3F/7xBqoNbL2MiSTUVZDUoSDkypy5jQGMmKdF8bggmkpldEQmxxESbsComBHf95E3SbdRdp+4+NqqtuyKOMlzAJVyDC01owQO0oQMEZvAMr/BmZdaL9W59rEpLVtFzDn9gff4AMqyRaA==</latexit>



• So, let's focus on "precise measurement of" triple Higgs 
coupling at the LHC  



 Higgs Boson Pair @LHC



- This triple Higgs coupling can be determined by h ! h, h
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Standard Model

Non-resonant di-Higgs: can be probed
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• 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



• 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>

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>



• 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  
in that case.

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)



• Considering "high-level " kinematic cuts based on event-topology

• What are the "high-level " kinematic variables?

when one considers only visibles

when one considers visibles+invisbles

invariant mass

transverse mass

Ian-Woo Kim, 2010



• Considering "high-level " kinematic cuts based on event-topology

Hypothesis test: invariant mass
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>

Higgs(to WW*), W, and off-shell W 

two top quarks and two W



• Considering "high-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>

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>

Hypothesis test: invariant mass



Transverse mass
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>

• Considering "high-level " kinematic cuts based on event-topology

M (`)
T2 � M⌧

<latexit sha1_base64="XXV5MICA0gAFtezeqsW5xH6KC4k=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDCZCbMJuGq0kYGMTiJAXZNdldnKTDJl9MDMrhGUbG3/FxkIRW//Bzr9x8ig08cCFwzn3cu89fsyZVJb1beTW1jc2t/LbhZ3dvf0D8/CoLaNEUGjRiEei6xMJnIXQUkxx6MYCSOBz6Pjjm6nfeQAhWRQ21SQGNyDDkA0YJUpLnnlaqntps5rdp2UHOL/IsDMEXPccRZKSZxatijUDXiX2ghTRAg3P/HL6EU0CCBXlRMqebcXKTYlQjHLICk4iISZ0TIbQ0zQkAUg3nX2R4XOt9PEgErpChWfq74mUBFJOAl93BkSN5LI3Ff/zeokaXLkpC+NEQUjniwYJxyrC00hwnwmgik80IVQwfSumIyIIVTq4gg7BXn55lbSrFduq2HfVYu16EUcenaAzVEY2ukQ1dIsaqIUoekTP6BW9GU/Gi/FufMxbc8Zi5hj9gfH5A1YXlyk=</latexit><latexit sha1_base64="XXV5MICA0gAFtezeqsW5xH6KC4k=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDCZCbMJuGq0kYGMTiJAXZNdldnKTDJl9MDMrhGUbG3/FxkIRW//Bzr9x8ig08cCFwzn3cu89fsyZVJb1beTW1jc2t/LbhZ3dvf0D8/CoLaNEUGjRiEei6xMJnIXQUkxx6MYCSOBz6Pjjm6nfeQAhWRQ21SQGNyDDkA0YJUpLnnlaqntps5rdp2UHOL/IsDMEXPccRZKSZxatijUDXiX2ghTRAg3P/HL6EU0CCBXlRMqebcXKTYlQjHLICk4iISZ0TIbQ0zQkAUg3nX2R4XOt9PEgErpChWfq74mUBFJOAl93BkSN5LI3Ff/zeokaXLkpC+NEQUjniwYJxyrC00hwnwmgik80IVQwfSumIyIIVTq4gg7BXn55lbSrFduq2HfVYu16EUcenaAzVEY2ukQ1dIsaqIUoekTP6BW9GU/Gi/FufMxbc8Zi5hj9gfH5A1YXlyk=</latexit><latexit sha1_base64="XXV5MICA0gAFtezeqsW5xH6KC4k=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDCZCbMJuGq0kYGMTiJAXZNdldnKTDJl9MDMrhGUbG3/FxkIRW//Bzr9x8ig08cCFwzn3cu89fsyZVJb1beTW1jc2t/LbhZ3dvf0D8/CoLaNEUGjRiEei6xMJnIXQUkxx6MYCSOBz6Pjjm6nfeQAhWRQ21SQGNyDDkA0YJUpLnnlaqntps5rdp2UHOL/IsDMEXPccRZKSZxatijUDXiX2ghTRAg3P/HL6EU0CCBXlRMqebcXKTYlQjHLICk4iISZ0TIbQ0zQkAUg3nX2R4XOt9PEgErpChWfq74mUBFJOAl93BkSN5LI3Ff/zeokaXLkpC+NEQUjniwYJxyrC00hwnwmgik80IVQwfSumIyIIVTq4gg7BXn55lbSrFduq2HfVYu16EUcenaAzVEY2ukQ1dIsaqIUoekTP6BW9GU/Gi/FufMxbc8Zi5hj9gfH5A1YXlyk=</latexit><latexit sha1_base64="XXV5MICA0gAFtezeqsW5xH6KC4k=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDCZCbMJuGq0kYGMTiJAXZNdldnKTDJl9MDMrhGUbG3/FxkIRW//Bzr9x8ig08cCFwzn3cu89fsyZVJb1beTW1jc2t/LbhZ3dvf0D8/CoLaNEUGjRiEei6xMJnIXQUkxx6MYCSOBz6Pjjm6nfeQAhWRQ21SQGNyDDkA0YJUpLnnlaqntps5rdp2UHOL/IsDMEXPccRZKSZxatijUDXiX2ghTRAg3P/HL6EU0CCBXlRMqebcXKTYlQjHLICk4iISZ0TIbQ0zQkAUg3nX2R4XOt9PEgErpChWfq74mUBFJOAl93BkSN5LI3Ff/zeokaXLkpC+NEQUjniwYJxyrC00hwnwmgik80IVQwfSumIyIIVTq4gg7BXn55lbSrFduq2HfVYu16EUcenaAzVEY2ukQ1dIsaqIUoekTP6BW9GU/Gi/FufMxbc8Zi5hj9gfH5A1YXlyk=</latexit>

M (b)
T2 � Mt

<latexit sha1_base64="ke8av6Wmf5F+MEnjcm/NWda+J0A=">AAAB/3icbVC7SgNBFL0bXzG+VgUbm8FEiE3YTaOVBGxsAhHygmRdZiezyZDZBzOzQlhT+Cs2ForY+ht2/o2TZAtNPHDhcM693HuPF3MmlWV9G7m19Y3Nrfx2YWd3b//APDxqyygRhLZIxCPR9bCknIW0pZjitBsLigOP0443vpn5nQcqJIvCpprE1AnwMGQ+I1hpyTVPSnU3bVan92nZu5ii/pCiuqtKrlm0KtYcaJXYGSlChoZrfvUHEUkCGirCsZQ924qVk2KhGOF0WugnksaYjPGQ9jQNcUClk87vn6JzrQyQHwldoUJz9fdEigMpJ4GnOwOsRnLZm4n/eb1E+VdOysI4UTQki0V+wpGK0CwMNGCCEsUnmmAimL4VkREWmCgdWUGHYC+/vEra1YptVey7arF2ncWRh1M4gzLYcAk1uIUGtIDAIzzDK7wZT8aL8W58LFpzRjZzDH9gfP4Am3OUhA==</latexit><latexit sha1_base64="ke8av6Wmf5F+MEnjcm/NWda+J0A=">AAAB/3icbVC7SgNBFL0bXzG+VgUbm8FEiE3YTaOVBGxsAhHygmRdZiezyZDZBzOzQlhT+Cs2ForY+ht2/o2TZAtNPHDhcM693HuPF3MmlWV9G7m19Y3Nrfx2YWd3b//APDxqyygRhLZIxCPR9bCknIW0pZjitBsLigOP0443vpn5nQcqJIvCpprE1AnwMGQ+I1hpyTVPSnU3bVan92nZu5ii/pCiuqtKrlm0KtYcaJXYGSlChoZrfvUHEUkCGirCsZQ924qVk2KhGOF0WugnksaYjPGQ9jQNcUClk87vn6JzrQyQHwldoUJz9fdEigMpJ4GnOwOsRnLZm4n/eb1E+VdOysI4UTQki0V+wpGK0CwMNGCCEsUnmmAimL4VkREWmCgdWUGHYC+/vEra1YptVey7arF2ncWRh1M4gzLYcAk1uIUGtIDAIzzDK7wZT8aL8W58LFpzRjZzDH9gfP4Am3OUhA==</latexit><latexit sha1_base64="ke8av6Wmf5F+MEnjcm/NWda+J0A=">AAAB/3icbVC7SgNBFL0bXzG+VgUbm8FEiE3YTaOVBGxsAhHygmRdZiezyZDZBzOzQlhT+Cs2ForY+ht2/o2TZAtNPHDhcM693HuPF3MmlWV9G7m19Y3Nrfx2YWd3b//APDxqyygRhLZIxCPR9bCknIW0pZjitBsLigOP0443vpn5nQcqJIvCpprE1AnwMGQ+I1hpyTVPSnU3bVan92nZu5ii/pCiuqtKrlm0KtYcaJXYGSlChoZrfvUHEUkCGirCsZQ924qVk2KhGOF0WugnksaYjPGQ9jQNcUClk87vn6JzrQyQHwldoUJz9fdEigMpJ4GnOwOsRnLZm4n/eb1E+VdOysI4UTQki0V+wpGK0CwMNGCCEsUnmmAimL4VkREWmCgdWUGHYC+/vEra1YptVey7arF2ncWRh1M4gzLYcAk1uIUGtIDAIzzDK7wZT8aL8W58LFpzRjZzDH9gfP4Am3OUhA==</latexit><latexit sha1_base64="ke8av6Wmf5F+MEnjcm/NWda+J0A=">AAAB/3icbVC7SgNBFL0bXzG+VgUbm8FEiE3YTaOVBGxsAhHygmRdZiezyZDZBzOzQlhT+Cs2ForY+ht2/o2TZAtNPHDhcM693HuPF3MmlWV9G7m19Y3Nrfx2YWd3b//APDxqyygRhLZIxCPR9bCknIW0pZjitBsLigOP0443vpn5nQcqJIvCpprE1AnwMGQ+I1hpyTVPSnU3bVan92nZu5ii/pCiuqtKrlm0KtYcaJXYGSlChoZrfvUHEUkCGirCsZQ924qVk2KhGOF0WugnksaYjPGQ9jQNcUClk87vn6JzrQyQHwldoUJz9fdEigMpJ4GnOwOsRnLZm4n/eb1E+VdOysI4UTQki0V+wpGK0CwMNGCCEsUnmmAimL4VkREWmCgdWUGHYC+/vEra1YptVey7arF2ncWRh1M4gzLYcAk1uIUGtIDAIzzDK7wZT8aL8W58LFpzRjZzDH9gfP4Am3OUhA==</latexit>



• Discovery chance for triple Higgs coupling  
- Optimization for cut is set for SM case  

CMS-NN, CMS-BDT, BDT with basic observables

Dotted lines with
5% systematics

14TeV LHC with L = 3ab
�1

<latexit sha1_base64="yTm6Zdidtk1xyeQ2444ScqjVCJU=">AAACGXicbVA9SwNBEN3z2/gVtbRZTAQbw20UtBFEG4sUEUwMJDHsbSbJkr0PdufUcNzfsPGv2FgoYqmV/8ZNTKHGBwOP92aYmedFShp03U9nanpmdm5+YTGztLyyupZd36iaMNYCKiJUoa553ICSAVRQooJapIH7noIrr3829K9uQBsZBpc4iKDp824gO1JwtFIr67KDS6jS0vkZvZXYo/mGz7EnuEpKKT2m+w2EO9R+wr30Otljab6VzbkFdwQ6SdiY5MgY5Vb2vdEORexDgEJxY+rMjbCZcI1SKEgzjdhAxEWfd6FuacB9MM1k9FlKd6zSpp1Q2wqQjtSfEwn3jRn4nu0c3m3+ekPxP68eY+eomcggihEC8b2oEyuKIR3GRNtSg0A1sIQLLe2tVPS45gJtmBkbAvv78iSpFguMFdhFMXdyOo5jgWyRbbJLGDkkJ+SclEmFCHJPHskzeXEenCfn1Xn7bp1yxjOb5Becjy+Vgp7S</latexit><latexit sha1_base64="yTm6Zdidtk1xyeQ2444ScqjVCJU=">AAACGXicbVA9SwNBEN3z2/gVtbRZTAQbw20UtBFEG4sUEUwMJDHsbSbJkr0PdufUcNzfsPGv2FgoYqmV/8ZNTKHGBwOP92aYmedFShp03U9nanpmdm5+YTGztLyyupZd36iaMNYCKiJUoa553ICSAVRQooJapIH7noIrr3829K9uQBsZBpc4iKDp824gO1JwtFIr67KDS6jS0vkZvZXYo/mGz7EnuEpKKT2m+w2EO9R+wr30Otljab6VzbkFdwQ6SdiY5MgY5Vb2vdEORexDgEJxY+rMjbCZcI1SKEgzjdhAxEWfd6FuacB9MM1k9FlKd6zSpp1Q2wqQjtSfEwn3jRn4nu0c3m3+ekPxP68eY+eomcggihEC8b2oEyuKIR3GRNtSg0A1sIQLLe2tVPS45gJtmBkbAvv78iSpFguMFdhFMXdyOo5jgWyRbbJLGDkkJ+SclEmFCHJPHskzeXEenCfn1Xn7bp1yxjOb5Becjy+Vgp7S</latexit><latexit sha1_base64="yTm6Zdidtk1xyeQ2444ScqjVCJU=">AAACGXicbVA9SwNBEN3z2/gVtbRZTAQbw20UtBFEG4sUEUwMJDHsbSbJkr0PdufUcNzfsPGv2FgoYqmV/8ZNTKHGBwOP92aYmedFShp03U9nanpmdm5+YTGztLyyupZd36iaMNYCKiJUoa553ICSAVRQooJapIH7noIrr3829K9uQBsZBpc4iKDp824gO1JwtFIr67KDS6jS0vkZvZXYo/mGz7EnuEpKKT2m+w2EO9R+wr30Otljab6VzbkFdwQ6SdiY5MgY5Vb2vdEORexDgEJxY+rMjbCZcI1SKEgzjdhAxEWfd6FuacB9MM1k9FlKd6zSpp1Q2wqQjtSfEwn3jRn4nu0c3m3+ekPxP68eY+eomcggihEC8b2oEyuKIR3GRNtSg0A1sIQLLe2tVPS45gJtmBkbAvv78iSpFguMFdhFMXdyOo5jgWyRbbJLGDkkJ+SclEmFCHJPHskzeXEenCfn1Xn7bp1yxjOb5Becjy+Vgp7S</latexit><latexit sha1_base64="yTm6Zdidtk1xyeQ2444ScqjVCJU=">AAACGXicbVA9SwNBEN3z2/gVtbRZTAQbw20UtBFEG4sUEUwMJDHsbSbJkr0PdufUcNzfsPGv2FgoYqmV/8ZNTKHGBwOP92aYmedFShp03U9nanpmdm5+YTGztLyyupZd36iaMNYCKiJUoa553ICSAVRQooJapIH7noIrr3829K9uQBsZBpc4iKDp824gO1JwtFIr67KDS6jS0vkZvZXYo/mGz7EnuEpKKT2m+w2EO9R+wr30Otljab6VzbkFdwQ6SdiY5MgY5Vb2vdEORexDgEJxY+rMjbCZcI1SKEgzjdhAxEWfd6FuacB9MM1k9FlKd6zSpp1Q2wqQjtSfEwn3jRn4nu0c3m3+ekPxP68eY+eomcggihEC8b2oEyuKIR3GRNtSg0A1sIQLLe2tVPS45gJtmBkbAvv78iSpFguMFdhFMXdyOo5jgWyRbbJLGDkkJ+SclEmFCHJPHskzeXEenCfn1Xn7bp1yxjOb5Becjy+Vgp7S</latexit>



• Significance for observing "anomalous"  
Higgs triple coupling

• Here the hypothesis is SM Higgs (triple coupling = SM case)



Can we do  
more than this?
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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





"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)



If DL is so smart,  
why do we bother  

to invent high-level observables?

Sorry, Sedol Lee! 

V.S.



Is DL really smart  ??? 
Or 

Typing Monkey (with seamless efforts)

Sorry, Sedol Lee! 

V.S.



Curse of Dimensionality

S`QD2+iBQM Q7 S3 BMiQ R3
<latexit sha1_base64="WjFAVMCZkWiOAeo8P3D0U/QBV+Q=">AAACB3icbVA7T8MwGHTKq5RXgBEJWbRITFXSDjBWsDCWRx9SGyrHdVpTx45sB6mKurHwV1gYQIiVv8DGv8FpM0DLSZbOd98n+86PGFXacb6t3NLyyupafr2wsbm1vWPv7jWViCUmDSyYkG0fKcIoJw1NNSPtSBIU+oy0/NFF6rceiFRU8Fs9jogXogGnAcVIG6lnH9aluCc4vUARwNLNXbUEKdcClq4N7dlFp+xMAReJm5EiyFDv2V/dvsBxSLjGDCnVcZ1IewmSmmJGJoVurEiE8AgNSMdQjkKivGSaYwKPjdKHgZDmcA2n6u+NBIVKjUPfTIZID9W8l4r/eZ1YB2deQnkUa8Lx7KEgZtDETEuBfSpNB2xsCMKSmr9CPEQSYW2qK5gS3PnIi6RZKbvVcuWqUqydZ3XkwQE4AifABaegBi5BHTQABo/gGbyCN+vJerHerY/ZaM7KdvbBH1ifP98Nl1w=</latexit>

S2
<latexit sha1_base64="xdkX+JsSsP7tAX3SrZD4MTTV9w4=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRNp60CPRi0eMFkigku2yhQ3bbbO7NSENv8GLB43x6g/y5r9xCz0o+JJJXt6bycy8IOFMadv+tkpr6xubW+Xtys7u3v5B9fCoreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3OR+54lKxWLxoKcJ9SM8EixkBGsjefX7R7c+qNbshj0HWiVOQWpQoDWofvWHMUkjKjThWKmeYyfaz7DUjHA6q/RTRRNMJnhEe4YKHFHlZ/NjZ+jMKEMUxtKU0Giu/p7IcKTUNApMZ4T1WC17ufif10t1eOVnTCSppoIsFoUpRzpG+edoyCQlmk8NwUQycysiYywx0SafignBWX55lbTdhnPRcO/cWvO6iKMMJ3AK5+DAJTThFlrgAQEGz/AKb5awXqx362PRWrKKmWP4A+vzB4xkjdk=</latexit>

S1
<latexit sha1_base64="7xcWV5E9m3wV1sa10MnuXe7h96k=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGL0gAROsrfswYa93cvungm58BtsLDTG1h9k579xgSsUfMkkL+/NZGZemHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJVhPpEcqk6IdaUM0F9wwynnURRHIectsPxzcxvP1GlmRQPZpLQIMZDwSJGsLGSX71/9Kr9csWtuXOgVeLlpAI5mv3yV28gSRpTYQjHWnc9NzFBhpVhhNNpqZdqmmAyxkPatVTgmOogmx87RWdWGaBIKlvCoLn6eyLDsdaTOLSdMTYjvezNxP+8bmqiqyBjIkkNFWSxKEo5MhLNPkcDpigxfGIJJorZWxEZYYWJsfmUbAje8surpFWveRe1+l290rjO4yjCCZzCOXhwCQ24hSb4QIDBM7zCmyOcF+fd+Vi0Fpx85hj+wPn8AYrfjdg=</latexit>

· · ·<latexit sha1_base64="T4Bq/XivoFAzPI/y/2h+BD++6dw=">AAAB73icbVA9SwNBEJ3zM8avqKXNYiJYhbtYaBm0sYxgPiA5wt7eJlmyt3fuzgnhyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlRgIRtFKnUqPhTGaSr9UdqvuHGSVeDkpQ45Gv/TVC2OWRlwhk9SYrucm6GdUo2CST4u91PCEsjEd8q6likbc+Nn83ik5t0pIBrG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87opDq79TKgkRa7YYtEglQRjMnuehEJzhnJiCWVa2FsJG1FNGdqIijYEb/nlVdKqVb3Lau2+Vq7f5HEU4BTO4AI8uII63EEDmsBAwjO8wpvz6Lw4787HonXNyWdO4A+czx9ph4+N</latexit>

• Inside n-sphere: Signal events  
Outside n-sphere: Backgrounds.



Curse of Dimensionality

• SIG : BKG =          :                         =   V (S8)
<latexit sha1_base64="hmi+s5lXyV8sOR+Db9xQnchivts=">AAAB73icbVBNT8JAEJ3iF+IX6tHLRjDBC2nrQY5ELx4xykcClWyXLWzYbuvu1oQ0/AkvHjTGq3/Hm//GBXpQ8CWTvLw3k5l5fsyZ0rb9beXW1jc2t/LbhZ3dvf2D4uFRS0WJJLRJIh7Jjo8V5UzQpmaa004sKQ59Ttv++Hrmt5+oVCwS93oSUy/EQ8ECRrA2Uqfcqtw91M7L/WLJrtpzoFXiZKQEGRr94ldvEJEkpEITjpXqOnasvRRLzQin00IvUTTGZIyHtGuowCFVXjq/d4rOjDJAQSRNCY3m6u+JFIdKTULfdIZYj9SyNxP/87qJDmpeykScaCrIYlGQcKQjNHseDZikRPOJIZhIZm5FZIQlJtpEVDAhOMsvr5KWW3Uuqu6tW6pfZXHk4QROoQIOXEIdbqABTSDA4Rle4c16tF6sd+tj0Zqzsplj+APr8wcF0I6k</latexit>

V (B8)� V (S8)
<latexit sha1_base64="8QWEvj5CN9mY+NXFkxlayT0tur8=">AAAB+XicbVC7TgJBFL2LL8TXqqXNRDDBQrKLhZQEG0uMspDASmaHWZgw+8jMLAnZ8Cc2Fhpj65/Y+TcOsIWCJ7m5J+fcm7lzvJgzqSzr28htbG5t7+R3C3v7B4dH5vGJI6NEENoiEY9Ex8OSchbSlmKK004sKA48Ttve+HbutydUSBaFj2oaUzfAw5D5jGClpb5plpxy46l2eYWc8oPupb5ZtCrWAmid2BkpQoZm3/zqDSKSBDRUhGMpu7YVKzfFQjHC6azQSySNMRnjIe1qGuKASjddXD5DF1oZID8SukKFFurvjRQHUk4DT08GWI3kqjcX//O6ifJrbsrCOFE0JMuH/IQjFaF5DGjABCWKTzXBRDB9KyIjLDBROqyCDsFe/fI6caoV+7pSva8W640sjjycwTmUwYYbqMMdNKEFBCbwDK/wZqTGi/FufCxHc0a2cwp/YHz+AHO/kPE=</latexit>

⇡
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<latexit sha1_base64="uI+db+H4Do5Pl3IxnP0oa/ko788="></latexit>

• Higher-level observable: Radius.  
Raw observable: coordinate

Training data  
300k

arXiv:1907.WXYZ
JH Kim, MH Kim, KC Kong. MPpreliminary



Curse of MC SIZE
�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

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

71.17 3.289 8.819
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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 



Conclusions

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

• High Precision and maximization of background rejection 
are required. 

• For a new computational tool, there are things that we need 
to look into and "design" analysis methods.  
- High level kinematical variables is introduced.


