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Plz..... Any news?



• LHC provides complicated data in an unprecedented way.  
- Deepen understandings about QCD / Standard Model.  
 
Though these are "just" backgrounds to someone who is 
pursuing a new physics...  
 
: Efficient way to reduce "unwanted" backgrounds with 
helps from data science (Machine Learning: ML) 

• As our preferred BSM models have been passed away...  
If we want to have some clues from BIG data,  
unsupervised ML (anomaly detection) would be  
the way to go. 

Desperate... ?



Precision ? 
• In the Standard Model, parameters related to Higgs would be 

the last hope to check. 

• 7 years ago, we started to understand EWSB (from LHC) 

• To complete our understanding, we go further to examine  
the shape of the Higgs potential with data.

• This example is "supervised" Machine Learning with feature 
variables
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H-H-H. Higgs triple coupling

• Problem 1: Triangle diagram is sensitive at lower-energy 
(softs) bins where backgrounds dominate...
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ATLAS + CMS HH combina�on

Search for di-Higgs produc�on with ATLAS F. Costanza

 Combined values channel-by-channel:

 No correla�on considered (shown to have 

negligible impact).

 Systema�c uncertain�es included.

 Signal (SM) signi.cance:

 4σ expected for ATLAS+CMS! 

 Signal (SM) injec�on test:

 μinj = 1: μ measured with ~30% unc.

 μinj = 0: SM di-Higgs produc�on excluded at 95% CL.

 kλ measurement (assuming SM value):

 2nd minimum excluded at 99.4% CL thanks to

mhh shape informa�on. 

4σ expected for ATLAS+CMS! 

1902.00134

1902.00134

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%
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• These measurements are challenged by a low 𝜎 
(hh) and small branching ratios (BR).

• No single channel is expected to reach  
5 sigma at HL-LHC.

• The combination of different channels is crucial.  
bbWW has good potential for further 
improvement.



Experimental status on  at LHC 13 TeVκ3

CMS PAS HIG-17-030

• Allowed region of κ3

• The ,   are leading channels.bb̄γγ bb̄ττ̄

�observed
hh /�SM

hh = 22

• Allowed range of  cross sections.hh

95% *G QM �hh/�aJ
hh

<latexit sha1_base64="it3rNg6rPtiDDiePvkUwg2sVgFQ=">AAACH3icbVDLTgIxFO34RHyhLt00AokrnMH42hHduNBEo6AJg6RTCjS0nUl7x0gm8ydu/BU3LjTGuPNvLMgC0ZPc5PSce9N7TxAJbsB1v5yp6ZnZufnMQnZxaXllNbe2XjNhrCmr0lCE+jYghgmuWBU4CHYbaUZkINhN0DsZ+Df3TBseqmvoR6whSUfxNqcErNTM7ReO9vxiAZ+c4VDhgm94R5Jm0u2meAePve4SH9gDaJlcnadpoZnLuyV3CPyXeCOSRyNcNHOffiuksWQKqCDG1D03gkZCNHAqWJr1Y8MiQnukw+qWKiKZaSTD+1JctEoLt0NtSwEequMTCZHG9GVgOyWBrpn0BuJ/Xj2G9mEj4SqKgSn681E7FhhCPAgLt7hmFETfEkI1t7ti2iWaULCRZm0I3uTJf0mtXPJ2S+XLcr5yPIojgzbRFtpGHjpAFXSKLlAVUfSIntErenOenBfn3fn4aZ1yRjMb6Becr2+ghaGZ</latexit>

SM (κ3 = 1) �11.8 < 3 < 18.8
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<latexit sha1_base64="/+qb3dBoOi6+7MGg+1kN+2FeNwA=">AAACFnicbVC7SgNBFJ2NrxhfUUubwUSwMe6uhTZC0MZGiGgekMQwO5kkQ2Z2l5m7Ylj2K2z8FRsLRWzFzr9x8ihi4oELZ865l7n3eKHgGmz7x0otLC4tr6RXM2vrG5tb2e2dig4iRVmZBiJQNY9oJrjPysBBsFqoGJGeYFWvfzn0qw9MaR74dzAIWVOSrs87nBIwUit7lG9o3pWkFfd6CT7GU6/7BrBHUDK+vU4wPseum29lc3bBHgHPE2dCcmiCUiv73WgHNJLMByqI1nXHDqEZEwWcCpZkGpFmIaF90mV1Q30imW7Go7MSfGCUNu4EypQPeKROT8REaj2QnumUBHp61huK/3n1CDpnzZj7YQTMp+OPOpHAEOBhRrjNFaMgBoYQqrjZFdMeUYSCSTJjQnBmT54nFbfgnBTcGzdXvJjEkUZ7aB8dIgedoiK6QiVURhQ9oRf0ht6tZ+vV+rA+x60pazKzi/7A+voFfLeeRQ==</latexit>

(all channels combined)



• pp → HH → bb̄, ℓℓ̄, νν̄

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="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>

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

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

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

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

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

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

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

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

Sig Irreducible 
Bkg

• Problem 2: In  channel,  backgrounds are HUGE...bbVV tt̄



1. Applying variables

c1

c2

A B

C D

me!young generation 
(Minho Kim, Jeong Han Kim) my previous favorite

my old friends

cut-based



Conventional method to design cuts
• From patterns of signal events



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

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

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

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



• A low-level variable contains various information

W
<latexit sha1_base64="7pAtUxAw/XwLHLdHXAZ9Y1EhhY4=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYiJYhbtYaBm0sYxoPiA5wt5mL1myt3fszgnhyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh0q70i+V3ao7B1klXk7KkKPRL331BjFLI66QSWpM13MT9DOqUTDJp8VeanhC2ZgOeddSRSNu/Gx+6pScW2VAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadog3BW355lbRqVe+yWruvles3eRwFOIUzuAAPrqAOd9CAJjAYwjO8wpsjnRfn3flYtK45+cwJ/IHz+QNse405</latexit>

W
<latexit sha1_base64="7pAtUxAw/XwLHLdHXAZ9Y1EhhY4=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYiJYhbtYaBm0sYxoPiA5wt5mL1myt3fszgnhyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh0q70i+V3ao7B1klXk7KkKPRL331BjFLI66QSWpM13MT9DOqUTDJp8VeanhC2ZgOeddSRSNu/Gx+6pScW2VAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadog3BW355lbRqVe+yWruvles3eRwFOIUzuAAPrqAOd9CAJjAYwjO8wpsjnRfn3flYtK45+cwJ/IHz+QNse405</latexit>

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

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

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

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

Pt(`) = f(MW ,M⌫ ,M`)
<latexit sha1_base64="WH6JKOpj2VnNqj4xMDSai4Y0fu8=">AAACDnicbVDLSsNAFJ34rPUVdelmsC1UkJLUhW6Eohs3hQr2AU0Jk+mkHTqZhJmJUEK/wI2/4saFIm5du/NvnKRZaOuByz2ccy8z93gRo1JZ1rexsrq2vrFZ2Cpu7+zu7ZsHhx0ZxgKTNg5ZKHoekoRRTtqKKkZ6kSAo8BjpepOb1O8+ECFpyO/VNCKDAI049SlGSkuuWSm33ERVHcLY6QxeQb/adLtnsOk6PM5aapRds2TVrAxwmdg5KYEcLdf8coYhjgPCFWZIyr5tRWqQIKEoZmRWdGJJIoQnaET6mnIUEDlIsnNmsKKVIfRDoYsrmKm/NxIUSDkNPD0ZIDWWi14q/uf1Y+VfDhLKo1gRjucP+TGDKoRpNnBIBcGKTTVBWFD9V4jHSCCsdIJFHYK9ePIy6dRr9nmtflcvNa7zOArgGJyAKrDBBWiAW9ACbYDBI3gGr+DNeDJejHfjYz66YuQ7R+APjM8fzziZaw==</latexit>

Pt(`) = g(MW ,M⌫ ,M`, ⌘W )
<latexit sha1_base64="nMHpp4jJlQ9RP+FqbtCFvqRe6OQ=">AAACFnicbVA9SwNBEN3z2/gVtbRZjEICGu5ioY0g2tgIEUwi5MKxt5nEJXt7x+6cEI78Chv/io2FIrZi579xE1No4oNhHu/NsDsvTKQw6Lpfzszs3PzC4tJybmV1bX0jv7lVN3GqOdR4LGN9GzIDUiiooUAJt4kGFoUSGmHvYug37kEbEasb7CfQilhXiY7gDK0U5A/3qkGGRR+kLA3oKe0Wr4LGAb0KfJWOmjUOqA/IgkZpL8gX3LI7Ap0m3pgUyBjVIP/pt2OeRqCQS2ZM03MTbGVMo+ASBjk/NZAw3mNdaFqqWASmlY3OGtB9q7RpJ9a2FNKR+nsjY5Ex/Si0kxHDOzPpDcX/vGaKnZNWJlSSIij+81AnlRRjOsyItoUGjrJvCeNa2L9Sfsc042iTzNkQvMmTp0m9UvaOypXrSuHsfBzHEtkhu6RIPHJMzsglqZIa4eSBPJEX8uo8Os/Om/P+MzrjjHe2yR84H99PHJxU</latexit>

Rest frame  
of W

Lab frame  
of Detector

�Rbb̄ = h(Mh,Mb, ⌘h)
<latexit sha1_base64="qDDU+nRHuVsHVKXGauZZFidaZvI=">AAACFHicbVA9SwNBEN3z2/gVtbRZjIKihLtYaCOIWtgIKkaFXDjmNhNvce+D3TkhHPkRNv4VGwtFbC3s/DduYgq/Hgw83pthZl6YKWnIdT+coeGR0bHxicnS1PTM7Fx5fuHCpLkWWBepSvVVCAaVTLBOkhReZRohDhVehjcHPf/yFrWRaXJOnQybMVwnsi0FkJWC8saKf4iKgJ8FRcj9EDQPu3yXR2vHQbTJj4Nwk/tIEETrK0G54lbdPvhf4g1IhQ1wEpTf/VYq8hgTEgqMaXhuRs0CNEmhsFvyc4MZiBu4xoalCcRomkX/qS5ftUqLt1NtKyHeV79PFBAb04nttasxUGR+ez3xP6+RU3unWcgkywkT8bWonStOKe8lxFtSoyDVsQSElvZWLiLQIMjmWLIheL9f/ksualVvq1o7rVX29gdxTLAltszWmMe22R47YieszgS7Yw/siT07986j8+K8frUOOYOZRfYDztsn6RiblA==</latexit>

h
<latexit sha1_base64="P3knKtAy93Km3VV6iZ3XW+qrIzA=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGIUJIEL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFtfWNzq7hd2tnd2z8oHx61TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwzGNzP/8YlrI2L1gJOE+xEdKhEKRtFK99VRtV+uuDV3DrJKvJxUIEezX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnXa95FrX5XrzSu8ziKcAKncA4eXEIDbqEJLWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QOGUI1K</latexit>

⌘h = h0(
p
ŝ,Mh)

<latexit sha1_base64="7z3fPGHF4xUgsTu80EFCpeujKos=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o4kYQcJuLLQRgjY2QgTzgGxYZieT7JDZhzN3hbCktvFXbCwUsfUL7PwbJ49CEw9cOJxzL/fe48WCK7CsbyOzsLi0vJJdza2tb2xumds7dRUlkrIajUQkmx5RTPCQ1YCDYM1YMhJ4gjW8/tXIbzwwqXgU3sEgZu2A9ELe5ZSAllxzv+AwIK6PL7B/VHTUvYTU8QlgNTzBN65/XHDNvFWyxsDzxJ6SPJqi6ppfTieiScBCoIIo1bKtGNopkcCpYMOckygWE9onPdbSNCQBU+10/MoQH2qlg7uR1BUCHqu/J1ISKDUIPN0ZEPDVrDcS//NaCXTP2ykP4wRYSCeLuonAEOFRLrjDJaMgBpoQKrm+FVOfSEJBp5fTIdizL8+Terlkn5bKt+V85XIaRxbtoQNURDY6QxV0jaqohih6RM/oFb0ZT8aL8W58TFozxnRmF/2B8fkDJnOYow==</latexit>

,



VHQr(1)
<latexit sha1_base64="9/DB+NSxXSbVqNCCMxWNCYJoUDM=">AAACAXicbVC7TsNAEDzzDOFloEGiOZEghSayQwFlBA1lkMhDSizrfDknp5wfulsDkWUafoWGAoRo+Qs6/oZL4gISRlppNLOr3R0vFlyBZX0bS8srq2vrhY3i5tb2zq65t99SUSIpa9JIRLLjEcUED1kTOAjWiSUjgSdY2xtdTfz2HZOKR+EtjGPmBGQQcp9TAlpyzcNyy017wB5ABqmI7jM3rdinWVZ2zZJVtabAi8TOSQnlaLjmV68f0SRgIVBBlOraVgxOSiRwKlhW7CWKxYSOyIB1NQ1JwJSTTj/I8IlW+tiPpK4Q8FT9PZGSQKlx4OnOgMBQzXsT8T+vm4B/4aQ8jBNgIZ0t8hOBIcKTOHCfS0ZBjDUhVHJ9K6ZDIgkFHVpRh2DPv7xIWrWqfVat3dRK9cs8jgI6Qseogmx0juroGjVQE1H0iJ7RK3oznowX4934mLUuGfnMAfoD4/MHMU6WtQ==</latexit>

VHQr(2)
<latexit sha1_base64="7CearuAo9KpWq5K1GoNwG+ciM7M=">AAACAXicbVC7TsNAEDzzDOFloEGiOZEghSayTQFlBA1lkMhDSizrfLkkp5wfulsDkWUafoWGAoRo+Qs6/oZL4gISRlppNLOr3R0/FlyBZX0bS8srq2vrhY3i5tb2zq65t99UUSIpa9BIRLLtE8UED1kDOAjWjiUjgS9Yyx9dTfzWHZOKR+EtjGPmBmQQ8j6nBLTkmYflppd2gT2ADFIR3WdeWnFOs6zsmSWrak2BF4mdkxLKUffMr24voknAQqCCKNWxrRjclEjgVLCs2E0UiwkdkQHraBqSgCk3nX6Q4ROt9HA/krpCwFP190RKAqXGga87AwJDNe9NxP+8TgL9CzflYZwAC+lsUT8RGCI8iQP3uGQUxFgTQiXXt2I6JJJQ0KEVdQj2/MuLpOlU7bOqc+OUapd5HAV0hI5RBdnoHNXQNaqjBqLoET2jV/RmPBkvxrvxMWtdMvKZA/QHxucPMtaWtg==</latexit>

VHQr(3)
<latexit sha1_base64="MBQGLYC4lib66xzqYoXySJzMkqA=">AAACAXicbVC7TgJBFJ3FF+Jr1cbEZiKYYEN2odCSaGOJiTwS2GxmhwEmzD4yc1clm7XxV2wsNMbWv7DzbxxgCwVPcpOTc+7Nvfd4keAKLOvbyK2srq1v5DcLW9s7u3vm/kFLhbGkrElDEcqORxQTPGBN4CBYJ5KM+J5gbW98NfXbd0wqHga3MImY45NhwAecEtCSax6VWm7SA/YA0k9EeJ+6Sbl2lqYl1yxaFWsGvEzsjBRRhoZrfvX6IY19FgAVRKmubUXgJEQCp4KlhV6sWETomAxZV9OA+Ew5yeyDFJ9qpY8HodQVAJ6pvycS4is18T3d6RMYqUVvKv7ndWMYXDgJD6IYWEDniwaxwBDiaRy4zyWjICaaECq5vhXTEZGEgg6toEOwF19eJq1qxa5VqjfVYv0yiyOPjtEJKiMbnaM6ukYN1EQUPaJn9IrejCfjxXg3PuatOSObOUR/YHz+ADRelrc=</latexit>

VHQr(4)
<latexit sha1_base64="4VY9utYAarG9NGOOyQLZaNhQ/dM=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8FWqJeSVEGPRS8eK9gPaEPYbLft0t0k7E7UEuLFv+LFgyJe/Rfe/Ddu2xy09cHA470ZZub5EWcKbPvbyC0tr6yu5dcLG5tb2zvm7l5ThbEktEFCHsq2jxXlLKANYMBpO5IUC5/Tlj+6mvitOyoVC4NbGEfUFXgQsD4jGLTkmQelppd0gT6AFAkP71MvKZ+dpGnJM4t2xZ7CWiRORoooQ90zv7q9kMSCBkA4Vqrj2BG4CZbACKdpoRsrGmEywgPa0TTAgio3mX6QWsda6Vn9UOoKwJqqvycSLJQaC193CgxDNe9NxP+8Tgz9CzdhQRQDDchsUT/mFoTWJA6rxyQlwMeaYCKZvtUiQywxAR1aQYfgzL+8SJrVinNaqd5Ui7XLLI48OkRHqIwcdI5q6BrVUQMR9Iie0St6M56MF+Pd+Ji15oxsZh/9gfH5AzXmlrg=</latexit>

V?B;?(1)
<latexit sha1_base64="NM4cIma2RG8NPMdM++91AmM6NMY=">AAACAnicbVBNS8NAEN3Ur1q/op7ES7AV6qUk9aDHohePFewHtCFstpt26W4SdidiCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY84U2Pa3UVhZXVvfKG6WtrZ3dvfM/YO2ihJJaItEPJJdHyvKWUhbwIDTbiwpFj6nHX98PfU791QqFoV3MImpK/AwZAEjGLTkmUeVtpf2gT6AFOmIDUeZl1adsyyreGbZrtkzWMvEyUkZ5Wh65ld/EJFE0BAIx0r1HDsGN8USGOE0K/UTRWNMxnhIe5qGWFDlprMXMutUKwMriKSuEKyZ+nsixUKpifB1p8AwUoveVPzP6yUQXLopC+MEaEjmi4KEWxBZ0zysAZOUAJ9ogolk+laLjLDEBHRqJR2Cs/jyMmnXa855rX5bLzeu8jiK6BidoCpy0AVqoBvURC1E0CN6Rq/ozXgyXox342PeWjDymUP0B8bnD9Vulw0=</latexit>

V?B;?(2)
<latexit sha1_base64="eFt1pOk5aGfqSXN3bsjdfqaSlmU=">AAACAnicbVDLSsNAFJ3UV62vqCtxE2yFuilJXOiy6MZlBfuANoTJdNIMnTyYuRFLCG78FTcuFHHrV7jzb5y2WWjrgQuHc+7l3nu8hDMJpvmtlVZW19Y3ypuVre2d3T19/6Aj41QQ2iYxj0XPw5JyFtE2MOC0lwiKQ4/Trje+nvrdeyoki6M7mCTUCfEoYj4jGJTk6ke1jpsNgD6ACLOAjYLczer2WZ7XXL1qNswZjGViFaSKCrRc/WswjEka0ggIx1L2LTMBJ8MCGOE0rwxSSRNMxnhE+4pGOKTSyWYv5MapUoaGHwtVERgz9fdEhkMpJ6GnOkMMgVz0puJ/Xj8F/9LJWJSkQCMyX+Sn3IDYmOZhDJmgBPhEEUwEU7caJMACE1CpVVQI1uLLy6RjN6zzhn1rV5tXRRxldIxOUB1Z6AI10Q1qoTYi6BE9o1f0pj1pL9q79jFvLWnFzCH6A+3zB9b2lw4=</latexit>

• We need to "reduce dimensions" by finding  
"mutually orthogonal variables" to maximize sensitivity.

example of 2-dim

• Human can do this... and also Computer can achieve this..



• There have been various methods to resolve this issue.

- Principal Component Analysis (PCA)

Kilian Q. Weinberger  et.al. 2005

- Manifold learning



Maximizing correlations



2. Hypothesis test



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

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

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

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

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

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

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

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

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

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

For ttbar Background: A mass variable

• We have six unknowns for two neutrino momentums. 

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

(p⌫̄ + p`)2 = m2
W

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

(p⌫̄ + p` + pb̄)
2 = m2

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

(p⌫ + p¯̀)2 = m2
W

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

(p⌫ + p¯̀+ pb)2 = m2
t

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



• We have six unknowns for two neutrino momentums. 

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

For ttbar Background: A mass variable



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

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

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

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

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

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

¯̀
<latexit sha1_base64="ElGl/BVFAgnJehf3zOcdNDNkIy8=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LLaCp5LUgx6LXjxWsB+QhLLZbtqlm92wOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzolRwA6777ZQ2Nre2d8q7lb39g8Oj6vFJ16hMU9ahSijdj4hhgkvWAQ6C9VPNSBIJ1osmd3O/98S04Uo+wjRlYUJGksecErCSXw8ionHAhKgPqjW34S6A14lXkBoq0B5Uv4KholnCJFBBjPE9N4UwJxo4FWxWCTLDUkInZMR8SyVJmAnzxckzfGGVIY6VtiUBL9TfEzlJjJkmke1MCIzNqjcX//P8DOKbMOcyzYBJulwUZwKDwvP/8ZBrRkFMLSFUc3srpmOiCQWbUsWG4K2+vE66zYZ31Wg+NGut2yKOMjpD5+gSeegatdA9aqMOokihZ/SK3hxwXpx352PZWnKKmVP0B87nDx2EkHw=</latexit>
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<latexit sha1_base64="5cpZSbRSExjS5cbMAFSGZGh+AqE=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGIiYOQI2VvmYMPe3mV3z4Rc+Bc2Fhpj67+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrF6CKhGwSW2DDcCHxKFNAoEdoLxzczvPKHSPJb3ZpJgL6JDyUPOqLHSY9UPqCK+TKv9csWtuXOQVeLlpAI5mv3ylz+IWRqhNExQrbuem5heRpXhTOC05KcaE8rGdIhdSyWNUPey+cVTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU141cu4TFKDki0WhakgJiaz98mAK2RGTCyhTHF7K2EjqigzNqSSDcFbfnmVtOs176JWv6tXGtd5HEU4gVM4Bw8uoQG30IQWMJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AGzEkBg=</latexit>

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

• We have six unknowns for two neutrino momentums. 

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

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

For ttbar Background: A mass variable

Small  (Top-ness) = compatible with a ttbar event topologyχij



• We have six unknowns for two neutrino momentums. 

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

For HH signal events: Utilizing Mass information

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

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

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

Small  (Higgs-ness) = compatible with a Higgs event topologyH



Matchev, Kong, Kim ,MP PRL 2019 Matchev, Kong, Kim, MP PRL 2019

Small  (Higgs-ness)  
compatible with a Higgs-topology

H

Small  (Top-ness)  
compatible with a  -topology

χij
tt̄

Large  (Top-ness)  
NOT compatible with a  -topology

χij
tt̄

Large  (Higgs-ness) 
NOT compatible with a Higgs-topology

H

HH tt̄

wrong b`-pair

correct b`-pair



Conventional "super-cuts" (feature variables)
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•          is designed to specifically kill       .

•          is designed to specifically kill          .

•          can be used to suppress       further.
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"Production Energy" variable
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ŝ (h h)

p
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ŝ ' 2Mt Ub@r�p2V

<latexit sha1_base64="/3BxoNlJUnl329hDQP6ix5BuylE=">AAACDnicbVA9SwNBEN3zM8avqKXNYgzEwnAXCy2DNjZCBJMIuePY20zM4t6Hu3NKOPILbPwrNhaK2Frb+W/cfBSa+GDg8d4MM/OCRAqNtv1tzc0vLC4t51byq2vrG5uFre2mjlPFocFjGavrgGmQIoIGCpRwnShgYSChFdyeDf3WPSgt4ugK+wl4IbuJRFdwhkbyC6V9V98pzNweQ6oH1NUihDtapRc+7tOyPnxg93DgF4p2xR6BzhJnQopkgrpf+HI7MU9DiJBLpnXbsRP0MqZQcAmDvJtqSBi/ZTfQNjRiIWgvG70zoCWjdGg3VqYipCP190TGQq37YWA6Q4Y9Pe0Nxf+8dordEy8TUZIiRHy8qJtKijEdZkM7QgFH2TeEcSXMrZT3mGIcTYJ5E4Iz/fIsaVYrzlGlelkt1k4nceTILtkjZeKQY1Ij56ROGoSTR/JMXsmb9WS9WO/Wx7h1zprM7JA/sD5/AMW+mqI=</latexit>

p
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How to rescue bbWW* ?
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<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>
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• Consider "orthogonal" method to kinematics; QCD Color-flow



Processing Hadron Images (hh)



Processing Hadron Images (hh)



Processing Hadron Images ( )tt̄



Processing Hadron Images ( )tt̄



Jet images before baseline cuts

Figure 7. The cumulative average of the jet images for the signal and the different background
processes before the baseline cuts (basic cuts at the event generation stage were still imposed). The
origin of the (⌘, �) plane is taken to be the center of the b quark pair and the color scheme indicates the
total pT in each pixel. The black dotted line delineates the region 1.6  ⌘  1.6 and �2.01  �  2.01
used in the analysis.

Figure 8. The same as Fig. 7, but after imposing the baseline cuts introduced in Section 2.
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Not easy to determine event by event basis



Let's pass the difficult and dirty jobs 
to a Machine

Typing Monkey with endless effort

=



Convolution network for image data



Convolution network for image data



Dense neural network for low-level variables



Dense neural network for high-level variables



Combining dense neural networks



DNN results
(1
/N

)d
N
/d

p 1

p1

hhtt

• Once the training is complete, we 
compute the probability (p1) that a given 
event is classified as hh.

• Most of backgrounds are unlikely to be 
classified as hh.

• We place a cut on p1 to disentangle the 
backgrounds.



Figure 11. A ROC curve (left panel) and signal significance as a function of the number of signal
events (right panel). The vertical lines mark N = 20 signal events, which corresponds to ✏signal = 0.64.

affect the jet images and retains the same shapes as in Fig. 8. In second method, we remove
the neutral jet image layer in the analysis. Unlike charged particles, which can be cleaned up
from pile-up relatively easily by checking the longitudinal vertex information [106], neutral
particles cannot be treated the same way and suffer from non-removable pile-up effects. The
corresponding results with these two pile-up mitigation methods are also shown in Fig. 11
with the red dotted line labelled “16var with jetimage DNN, SoftDrop” and the red, dashed
line labelled “16var with jetimage DNN, no neutral layer”, respectively.

We also examine the performance of the DNN with four momentum information as input.
The corresponding results are shown in Fig. 11, where the green-dashed (green-solid) curve
represents the significance with four momentum information only (four momentum informa-
tion plus jet images). The inputs are 18 real numbers, i.e., the four momenta of the two
leptons and the two b-tagged jets and the missing transverse momentum. For this exercise,
we use a 4 ⇥ 128 dense layer instead of a 4 ⇥ 64 dense layer. We notice that the DNN
performance with kinematic variables is better. This is because, in general, the use of four
momenta requires a large training sample in order to be effective, while the kinematic vari-
ables already perform efficiently with a smaller data set. If the architecture is deep enough
with a large amount of data, the DNN performance with four momentum information would
be comparable (or better) to that with kinematic variables only. This exercise illustrates the
importance of the appropriate use of kinematic variables.

In summary, Fig. 11 demonstrates that jet images (which capture the effects of color flow)
can improve performance over the baseline selection cuts. At the same time, DL with jet image
substructure alone does not show the best performance, and becomes fully effective (and still
stable under pile-up) only when it is combined with the full set of 16 variables, including the
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• The DNN with jet images and high-
level variables improves the final 
significance.

• We can see a relative improvement in 
each layer of information.

Using Delphes

κ3 = 1
train: 40k, testing: 17k
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• Totally hadrons, lepton, photon, and neutrino images are shown for hh.

• Analogous images are shown for        background.tt

• A sharp difference between hh and      .tt
Kim, Kong, Matchev, Park, preliminary
Kim, Kong, Matchev, Park JHEP 2019

hh 

tt̄

Reconstructed  
Neutrinos  

(using Topness)

Reconstructed  
Neutrinos  

(using Topness)

• Construct 5 images (L+T, L+H) with 6 images data set.



• With trying to "reconstruct" 4-momentum of neutrino under

• signal hypothesis • background hypothesis

Hypothesis test



Neutrino momenta (parton-level)

• Just like MT2, Higgsness and Topness provide momentum of neutrinos. 

• They can be used to study other quantities.
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Symmetry of  momentumℓ ↔ ν
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=
If we have this event, this event is also possible!



• With trying to "reconstruct" 4-momentum of neutrino under

• signal hypothesis • background hypothesis

Hypothesis test: Signal



• With trying to "reconstruct" 4-momentum of neutrino under

• correct hypothesis • information from leptons  
(neutrino and leptons from same W)

Hypothesis test: Signal

(reconstructed neutrinos)



• With trying to "reconstruct" 4-momentum of neutrino under

• signal hypothesis • background hypothesis

Hypothesis test: Background



• With trying to "reconstruct" 4-momentum of neutrino under

• correct hypothesis• information from leptons  
(neutrino and leptons from same W)

Hypothesis test: Background

(reconstructed neutrinos)



3. Deeper and Deeper



• To make DL understand the object 
properly, we need to increase layers...

Good for shallow NN for simple correlations



He, Zhang, 
Ren, Sun 

[2015]

Error

…

5 × 5 CNN (32 filters)

5 × 5 CNN (32 filters)

5 × 5 CNN (32 filters)

5 × 5 CNN (32 filters)

5 × 5 CNN (32 filters)

56-layer

20-layer

…

5 × 5 CNN (32 filters)

• However, as the network goes deeper, its 
performance gets saturated or even starts 
degrading rapidly.

Vanishing gradient



A Residual Neural Network (ResNet)

5 × 5 CNN (32 filters)

5 × 5 CNN (32 filters)

5 × 5 CNN (32 filters)

y0

y1

y2

y3

f1

f2

f3

y3 = y0 + f1(y0) + f2(y0 + f1(y0)) + f3(y0 + f1(y0) + f2(y0 + f1(y0))

y3 = f3(f2(f1(y0))) y3 = y0 + f1(y0) + f2(y0 + f1(y0)) + f3(y0 + f1(y0) + f2(y0 + f1(y0))

Classic CNN Residual Neural Network (ResNet)

• The ResNet was proposed to go much deeper.
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High way

High way

• The core idea of ResNet is introducing high 
ways skipping the nodes.

• ResNet has a variety of angles to detect full images, as compared to the classic CNN.

angle1 angle2

angle3

original

He et al. [2015]



Our ResNet



Combining image data and high level 
kinematic variables in dense neural networks



Conclusions
• Various DL algorithms can 

maximize the reach of  
the Energy Frontier. 

• DL, one of Computer 
Frontier, the level of 
industries is way higher 
than HEP applications.  
We need young power!

• We need to understand the 
types of data (physics)  
to get maximum performance 
with given DL architectures.


