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gg ! HHLagrangian relevant for

non-linear Effective Field Theory (EFT): [e.g. Buchalla et al. ’13]

5 anomalous couplings

ML-based shape analysis to constrain 
anomalous couplings in the Higgs sector
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NLO QCD corrections
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virtual corrections:

real corrections:

Example diagrams

Buchalla, Capozi, Celis, GH, Scyboz ‘18

Borowka, Greiner, GH, Jones,  
Kerner, Schlenk, Schubert, Zirke ’16 

2-loop SM-like

1-loop EFT
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mhh
<latexit sha1_base64="PoP+4hm6/Lexi8VPHzinHPJ3Dag=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GpLa6rgrunFZwbZCO5RMmunEZjJDkhHK0H9w40IRt/6PO//G9CGo6IELh3Pu5d57glRwbRD6cApLyyura8X10sbm1vZOeXevrZNMUdaiiUjUbUA0E1yyluFGsNtUMRIHgnWC0eXU79wzpXkib8w4ZX5MhpKHnBJjpXbcz6No0i9XkFvFyPNqELn1U3xerVtSw95JHUHsohkqYIFmv/zeGyQ0i5k0VBCtuxilxs+JMpwKNin1Ms1SQkdkyLqWShIz7eezayfwyCoDGCbKljRwpn6fyEms9TgObGdMTKR/e1PxL6+bmdDzcy7TzDBJ54vCTECTwOnrcMAVo0aMLSFUcXsrpBFRhBobUMmG8PUp/J+0qy5GLr6uVRoXiziK4AAcgmOAwRlogCvQBC1AwR14AE/g2UmcR+fFeZ23FpzFzD74AeftEz/9j5I=</latexit><latexit sha1_base64="PoP+4hm6/Lexi8VPHzinHPJ3Dag=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GpLa6rgrunFZwbZCO5RMmunEZjJDkhHK0H9w40IRt/6PO//G9CGo6IELh3Pu5d57glRwbRD6cApLyyura8X10sbm1vZOeXevrZNMUdaiiUjUbUA0E1yyluFGsNtUMRIHgnWC0eXU79wzpXkib8w4ZX5MhpKHnBJjpXbcz6No0i9XkFvFyPNqELn1U3xerVtSw95JHUHsohkqYIFmv/zeGyQ0i5k0VBCtuxilxs+JMpwKNin1Ms1SQkdkyLqWShIz7eezayfwyCoDGCbKljRwpn6fyEms9TgObGdMTKR/e1PxL6+bmdDzcy7TzDBJ54vCTECTwOnrcMAVo0aMLSFUcXsrpBFRhBobUMmG8PUp/J+0qy5GLr6uVRoXiziK4AAcgmOAwRlogCvQBC1AwR14AE/g2UmcR+fFeZ23FpzFzD74AeftEz/9j5I=</latexit><latexit sha1_base64="PoP+4hm6/Lexi8VPHzinHPJ3Dag=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GpLa6rgrunFZwbZCO5RMmunEZjJDkhHK0H9w40IRt/6PO//G9CGo6IELh3Pu5d57glRwbRD6cApLyyura8X10sbm1vZOeXevrZNMUdaiiUjUbUA0E1yyluFGsNtUMRIHgnWC0eXU79wzpXkib8w4ZX5MhpKHnBJjpXbcz6No0i9XkFvFyPNqELn1U3xerVtSw95JHUHsohkqYIFmv/zeGyQ0i5k0VBCtuxilxs+JMpwKNin1Ms1SQkdkyLqWShIz7eezayfwyCoDGCbKljRwpn6fyEms9TgObGdMTKR/e1PxL6+bmdDzcy7TzDBJ54vCTECTwOnrcMAVo0aMLSFUcXsrpBFRhBobUMmG8PUp/J+0qy5GLr6uVRoXiziK4AAcgmOAwRlogCvQBC1AwR14AE/g2UmcR+fFeZ23FpzFzD74AeftEz/9j5I=</latexit><latexit sha1_base64="PoP+4hm6/Lexi8VPHzinHPJ3Dag=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GpLa6rgrunFZwbZCO5RMmunEZjJDkhHK0H9w40IRt/6PO//G9CGo6IELh3Pu5d57glRwbRD6cApLyyura8X10sbm1vZOeXevrZNMUdaiiUjUbUA0E1yyluFGsNtUMRIHgnWC0eXU79wzpXkib8w4ZX5MhpKHnBJjpXbcz6No0i9XkFvFyPNqELn1U3xerVtSw95JHUHsohkqYIFmv/zeGyQ0i5k0VBCtuxilxs+JMpwKNin1Ms1SQkdkyLqWShIz7eezayfwyCoDGCbKljRwpn6fyEms9TgObGdMTKR/e1PxL6+bmdDzcy7TzDBJ54vCTECTwOnrcMAVo0aMLSFUcXsrpBFRhBobUMmG8PUp/J+0qy5GLr6uVRoXiziK4AAcgmOAwRlogCvQBC1AwR14AE/g2UmcR+fFeZ23FpzFzD74AeftEz/9j5I=</latexit>

Values of chhh
<latexit sha1_base64="4cr39S7bInwKSHuZ5kbEe13LwEg=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120izdbMLuRiihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LRTFL0YzqSPOSMGit12CCPomg6qFTdmjsHWSVeQapQoDmofPWHCctilIYJqnXPc1Pj51QZzgROy/1MY0rZmI6wZ6mkMWo/n587JedWGZIwUbakIXP190ROY60ncWA7Y2oivezNxP+8XmbCGz/nMs0MSrZYFGaCmITMfidDrpAZMbGEMsXtrYRFVFFmbEJlG4K3/PIqaddr3mWt/nBVbdwWcZTgFM7gAjy4hgbcQxNawGAMz/AKb07qvDjvzseidc0pZk7gD5zPH465j7Y=</latexit>

around 2.4 lead to 
mhh

<latexit sha1_base64="ZERaX3Jn9wJXAEZaS4TlpjIUVDc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZrNj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+nfmdJ6oNU/LBTlIaCjySLGYEWye1xSBPkumgWvPr/hxolQQFqUGB5qD61R8qkgkqLeHYmF7gpzbMsbaMcDqt9DNDU0zGeER7jkosqAnz+bVTdOaUIYqVdiUtmqu/J3IsjJmIyHUKbBOz7M3E/7xeZuPrMGcyzSyVZLEozjiyCs1eR0OmKbF84ggmmrlbEUmwxsS6gCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MH17OPSg==</latexit><latexit sha1_base64="ZERaX3Jn9wJXAEZaS4TlpjIUVDc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZrNj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+nfmdJ6oNU/LBTlIaCjySLGYEWye1xSBPkumgWvPr/hxolQQFqUGB5qD61R8qkgkqLeHYmF7gpzbMsbaMcDqt9DNDU0zGeER7jkosqAnz+bVTdOaUIYqVdiUtmqu/J3IsjJmIyHUKbBOz7M3E/7xeZuPrMGcyzSyVZLEozjiyCs1eR0OmKbF84ggmmrlbEUmwxsS6gCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MH17OPSg==</latexit><latexit sha1_base64="ZERaX3Jn9wJXAEZaS4TlpjIUVDc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZrNj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+nfmdJ6oNU/LBTlIaCjySLGYEWye1xSBPkumgWvPr/hxolQQFqUGB5qD61R8qkgkqLeHYmF7gpzbMsbaMcDqt9DNDU0zGeER7jkosqAnz+bVTdOaUIYqVdiUtmqu/J3IsjJmIyHUKbBOz7M3E/7xeZuPrMGcyzSyVZLEozjiyCs1eR0OmKbF84ggmmrlbEUmwxsS6gCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MH17OPSg==</latexit><latexit sha1_base64="ZERaX3Jn9wJXAEZaS4TlpjIUVDc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZrNj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+nfmdJ6oNU/LBTlIaCjySLGYEWye1xSBPkumgWvPr/hxolQQFqUGB5qD61R8qkgkqLeHYmF7gpzbMsbaMcDqt9DNDU0zGeER7jkosqAnz+bVTdOaUIYqVdiUtmqu/J3IsjJmIyHUKbBOz7M3E/7xeZuPrMGcyzSyVZLEozjiyCs1eR0OmKbF84ggmmrlbEUmwxsS6gCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MH17OPSg==</latexit>

a dip/double peak structure in the   distribution

Is this feature preserved once variations of the other  
couplings are taken into account?

chhh = �BSM/�SM
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get a clearer idea how the different anomalous couplings  
 affect the shape of the mhh

<latexit sha1_base64="ZERaX3Jn9wJXAEZaS4TlpjIUVDc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZrNj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+nfmdJ6oNU/LBTlIaCjySLGYEWye1xSBPkumgWvPr/hxolQQFqUGB5qD61R8qkgkqLeHYmF7gpzbMsbaMcDqt9DNDU0zGeER7jkosqAnz+bVTdOaUIYqVdiUtmqu/J3IsjJmIyHUKbBOz7M3E/7xeZuPrMGcyzSyVZLEozjiyCs1eR0OmKbF84ggmmrlbEUmwxsS6gCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MH17OPSg==</latexit><latexit sha1_base64="ZERaX3Jn9wJXAEZaS4TlpjIUVDc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZrNj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+nfmdJ6oNU/LBTlIaCjySLGYEWye1xSBPkumgWvPr/hxolQQFqUGB5qD61R8qkgkqLeHYmF7gpzbMsbaMcDqt9DNDU0zGeER7jkosqAnz+bVTdOaUIYqVdiUtmqu/J3IsjJmIyHUKbBOz7M3E/7xeZuPrMGcyzSyVZLEozjiyCs1eR0OmKbF84ggmmrlbEUmwxsS6gCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MH17OPSg==</latexit><latexit sha1_base64="ZERaX3Jn9wJXAEZaS4TlpjIUVDc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZrNj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+nfmdJ6oNU/LBTlIaCjySLGYEWye1xSBPkumgWvPr/hxolQQFqUGB5qD61R8qkgkqLeHYmF7gpzbMsbaMcDqt9DNDU0zGeER7jkosqAnz+bVTdOaUIYqVdiUtmqu/J3IsjJmIyHUKbBOz7M3E/7xeZuPrMGcyzSyVZLEozjiyCs1eR0OmKbF84ggmmrlbEUmwxsS6gCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MH17OPSg==</latexit><latexit sha1_base64="ZERaX3Jn9wJXAEZaS4TlpjIUVDc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZrNj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+nfmdJ6oNU/LBTlIaCjySLGYEWye1xSBPkumgWvPr/hxolQQFqUGB5qD61R8qkgkqLeHYmF7gpzbMsbaMcDqt9DNDU0zGeER7jkosqAnz+bVTdOaUIYqVdiUtmqu/J3IsjJmIyHUKbBOz7M3E/7xeZuPrMGcyzSyVZLEozjiyCs1eR0OmKbF84ggmmrlbEUmwxsS6gCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MH17OPSg==</latexit>

distribution

Aim: 

How?
• focus on characteristic shape features
• visualise underlying parameter space in 2-dim. projections
• analyse how the different parameters affect the shape
• crucial: find a suitable “measure” defining a characteristic  
    shape type 

mhh
<latexit sha1_base64="PoP+4hm6/Lexi8VPHzinHPJ3Dag=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GpLa6rgrunFZwbZCO5RMmunEZjJDkhHK0H9w40IRt/6PO//G9CGo6IELh3Pu5d57glRwbRD6cApLyyura8X10sbm1vZOeXevrZNMUdaiiUjUbUA0E1yyluFGsNtUMRIHgnWC0eXU79wzpXkib8w4ZX5MhpKHnBJjpXbcz6No0i9XkFvFyPNqELn1U3xerVtSw95JHUHsohkqYIFmv/zeGyQ0i5k0VBCtuxilxs+JMpwKNin1Ms1SQkdkyLqWShIz7eezayfwyCoDGCbKljRwpn6fyEms9TgObGdMTKR/e1PxL6+bmdDzcy7TzDBJ54vCTECTwOnrcMAVo0aMLSFUcXsrpBFRhBobUMmG8PUp/J+0qy5GLr6uVRoXiziK4AAcgmOAwRlogCvQBC1AwR14AE/g2UmcR+fFeZ23FpzFzD74AeftEz/9j5I=</latexit><latexit sha1_base64="PoP+4hm6/Lexi8VPHzinHPJ3Dag=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GpLa6rgrunFZwbZCO5RMmunEZjJDkhHK0H9w40IRt/6PO//G9CGo6IELh3Pu5d57glRwbRD6cApLyyura8X10sbm1vZOeXevrZNMUdaiiUjUbUA0E1yyluFGsNtUMRIHgnWC0eXU79wzpXkib8w4ZX5MhpKHnBJjpXbcz6No0i9XkFvFyPNqELn1U3xerVtSw95JHUHsohkqYIFmv/zeGyQ0i5k0VBCtuxilxs+JMpwKNin1Ms1SQkdkyLqWShIz7eezayfwyCoDGCbKljRwpn6fyEms9TgObGdMTKR/e1PxL6+bmdDzcy7TzDBJ54vCTECTwOnrcMAVo0aMLSFUcXsrpBFRhBobUMmG8PUp/J+0qy5GLr6uVRoXiziK4AAcgmOAwRlogCvQBC1AwR14AE/g2UmcR+fFeZ23FpzFzD74AeftEz/9j5I=</latexit><latexit sha1_base64="PoP+4hm6/Lexi8VPHzinHPJ3Dag=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GpLa6rgrunFZwbZCO5RMmunEZjJDkhHK0H9w40IRt/6PO//G9CGo6IELh3Pu5d57glRwbRD6cApLyyura8X10sbm1vZOeXevrZNMUdaiiUjUbUA0E1yyluFGsNtUMRIHgnWC0eXU79wzpXkib8w4ZX5MhpKHnBJjpXbcz6No0i9XkFvFyPNqELn1U3xerVtSw95JHUHsohkqYIFmv/zeGyQ0i5k0VBCtuxilxs+JMpwKNin1Ms1SQkdkyLqWShIz7eezayfwyCoDGCbKljRwpn6fyEms9TgObGdMTKR/e1PxL6+bmdDzcy7TzDBJ54vCTECTwOnrcMAVo0aMLSFUcXsrpBFRhBobUMmG8PUp/J+0qy5GLr6uVRoXiziK4AAcgmOAwRlogCvQBC1AwR14AE/g2UmcR+fFeZ23FpzFzD74AeftEz/9j5I=</latexit><latexit sha1_base64="PoP+4hm6/Lexi8VPHzinHPJ3Dag=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GpLa6rgrunFZwbZCO5RMmunEZjJDkhHK0H9w40IRt/6PO//G9CGo6IELh3Pu5d57glRwbRD6cApLyyura8X10sbm1vZOeXevrZNMUdaiiUjUbUA0E1yyluFGsNtUMRIHgnWC0eXU79wzpXkib8w4ZX5MhpKHnBJjpXbcz6No0i9XkFvFyPNqELn1U3xerVtSw95JHUHsohkqYIFmv/zeGyQ0i5k0VBCtuxilxs+JMpwKNin1Ms1SQkdkyLqWShIz7eezayfwyCoDGCbKljRwpn6fyEms9TgObGdMTKR/e1PxL6+bmdDzcy7TzDBJ54vCTECTwOnrcMAVo0aMLSFUcXsrpBFRhBobUMmG8PUp/J+0qy5GLr6uVRoXiziK4AAcgmOAwRlogCvQBC1AwR14AE/g2UmcR+fFeZ23FpzFzD74AeftEz/9j5I=</latexit>

(a) bin-by-bin analyser script 
(b) unsupervised learning 

used in 1908.08923:
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• use unsupervised learning to identify shape types 

• input: 10000 mhh
<latexit sha1_base64="ZERaX3Jn9wJXAEZaS4TlpjIUVDc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZrNj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+nfmdJ6oNU/LBTlIaCjySLGYEWye1xSBPkumgWvPr/hxolQQFqUGB5qD61R8qkgkqLeHYmF7gpzbMsbaMcDqt9DNDU0zGeER7jkosqAnz+bVTdOaUIYqVdiUtmqu/J3IsjJmIyHUKbBOz7M3E/7xeZuPrMGcyzSyVZLEozjiyCs1eR0OmKbF84ggmmrlbEUmwxsS6gCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MH17OPSg==</latexit><latexit sha1_base64="ZERaX3Jn9wJXAEZaS4TlpjIUVDc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZrNj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+nfmdJ6oNU/LBTlIaCjySLGYEWye1xSBPkumgWvPr/hxolQQFqUGB5qD61R8qkgkqLeHYmF7gpzbMsbaMcDqt9DNDU0zGeER7jkosqAnz+bVTdOaUIYqVdiUtmqu/J3IsjJmIyHUKbBOz7M3E/7xeZuPrMGcyzSyVZLEozjiyCs1eR0OmKbF84ggmmrlbEUmwxsS6gCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MH17OPSg==</latexit><latexit sha1_base64="ZERaX3Jn9wJXAEZaS4TlpjIUVDc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZrNj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+nfmdJ6oNU/LBTlIaCjySLGYEWye1xSBPkumgWvPr/hxolQQFqUGB5qD61R8qkgkqLeHYmF7gpzbMsbaMcDqt9DNDU0zGeER7jkosqAnz+bVTdOaUIYqVdiUtmqu/J3IsjJmIyHUKbBOz7M3E/7xeZuPrMGcyzSyVZLEozjiyCs1eR0OmKbF84ggmmrlbEUmwxsS6gCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MH17OPSg==</latexit><latexit sha1_base64="ZERaX3Jn9wJXAEZaS4TlpjIUVDc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZrNj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+nfmdJ6oNU/LBTlIaCjySLGYEWye1xSBPkumgWvPr/hxolQQFqUGB5qD61R8qkgkqLeHYmF7gpzbMsbaMcDqt9DNDU0zGeER7jkosqAnz+bVTdOaUIYqVdiUtmqu/J3IsjJmIyHUKbBOz7M3E/7xeZuPrMGcyzSyVZLEozjiyCs1eR0OmKbF84ggmmrlbEUmwxsS6gCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MH17OPSg==</latexit>

distributions with 30 bins of width 20 GeV

use 7000 distributions for training,  
retain 3000 for validation

• autoencoder  from KERAS (tensorflow)

then use KMeans algorithm (scikit-learn) 
for clustering into given number of clusters

encoder will try to find  
common patterns in order to  
achieve a compressed  
representation of the data
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tried 4-8 clusters, 7 seemed to be optimal

Shape analysis

map back to coupling parameter space
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Shape analysis
ctt

<latexit sha1_base64="TXt40+aLwIXa2eY4WrbPZ7rKRQo=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZI0tHVXdOOygn1AG8pkOmnHTh7M3Agl9B/cuFDErf/jzr9x0lZQ0QMXDufcy733+IngCizrwyisrW9sbhW3Szu7e/sH5cOjjopTSVmbxiKWPZ8oJnjE2sBBsF4iGQl9wbr+9Cr3u/dMKh5HtzBLmBeSccQDTgloqUOHGcB8WK5Y5kWj5rg1bJmWVbcdOydO3a262NZKjgpaoTUsvw9GMU1DFgEVRKm+bSXgZUQCp4LNS4NUsYTQKRmzvqYRCZnyssW1c3ymlREOYqkrArxQv09kJFRqFvq6MyQwUb+9XPzL66cQNLyMR0kKLKLLRUEqMMQ4fx2PuGQUxEwTQiXXt2I6IZJQ0AGVdAhfn+L/Sccx7arp3LiV5uUqjiI6QafoHNmojproGrVQG1F0hx7QE3o2YuPReDFel60FYzVzjH7AePsETkmPng==</latexit>

chhh
<latexit sha1_base64="kHtQ9SBQGZibMF0xozuPnVIJ7V4=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchSQNbd0V3bisYB/QhjKZTpqhkwczE6GEfoQbF4q49Xvc+TdO2goqeuDC4Zx7ufceP+VMKsv6MNbWNza3tks75d29/YPDytFxVyaZILRDEp6Ivo8l5SymHcUUp/1UUBz5nPb86XXh9+6pkCyJ79QspV6EJzELGMFKSz0yysMwnI8qVcu8bNYdt44s07IatmMXxGm4NRfZWilQhRXao8r7cJyQLKKxIhxLObCtVHk5FooRTuflYSZpiskUT+hA0xhHVHr54tw5OtfKGAWJ0BUrtFC/T+Q4knIW+bozwiqUv71C/MsbZCpoejmL00zRmCwXBRlHKkHF72jMBCWKzzTBRDB9KyIhFpgonVBZh/D1KfqfdB3TrpnOrVttXa3iKMEpnMEF2NCAFtxAGzpAYAoP8ATPRmo8Gi/G67J1zVjNnMAPGG+f7siP+A==</latexit>

shape combined with bounds on total      puts constraints on ctt
<latexit sha1_base64="E0aQjXMeOfC5NGiGzjyJ63q1nf0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilFutniNN+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lioaceNn82un5MwqAxLG2pZCMld/T2Q0MmYSBbYzojgyy95M/M/rphhe+5lQSYpcscWiMJUEYzJ7nQyE5gzlxBLKtLC3EjaimjK0AZVsCN7yy6ukVat6F9Xa/WWlfpPHUYQTOIVz8OAK6nAHDWgCg0d4hld4c2LnxXl3PhatBSefOYY/cD5/AO4rj1w=</latexit>

�
<latexit sha1_base64="uveq51XskeZ/BmBbyb/DEzkG8yU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBRbV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPna2PJw==</latexit>

ctt
<latexit sha1_base64="E0aQjXMeOfC5NGiGzjyJ63q1nf0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilFutniNN+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lioaceNn82un5MwqAxLG2pZCMld/T2Q0MmYSBbYzojgyy95M/M/rphhe+5lQSYpcscWiMJUEYzJ7nQyE5gzlxBLKtLC3EjaimjK0AZVsCN7yy6ukVat6F9Xa/WWlfpPHUYQTOIVz8OAK6nAHDWgCg0d4hld4c2LnxXl3PhatBSefOYY/cD5/AO4rj1w=</latexit>

and         have strong influence on shapechhh
<latexit sha1_base64="4cr39S7bInwKSHuZ5kbEe13LwEg=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120izdbMLuRiihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LRTFL0YzqSPOSMGit12CCPomg6qFTdmjsHWSVeQapQoDmofPWHCctilIYJqnXPc1Pj51QZzgROy/1MY0rZmI6wZ6mkMWo/n587JedWGZIwUbakIXP190ROY60ncWA7Y2oivezNxP+8XmbCGz/nMs0MSrZYFGaCmITMfidDrpAZMbGEMsXtrYRFVFFmbEJlG4K3/PIqaddr3mWt/nBVbdwWcZTgFM7gAjy4hgbcQxNawGAMz/AKb07qvDjvzseidc0pZk7gD5zPH465j7Y=</latexit>



Projects

 8

(2) new method to model complicated matrix elements  
    based on ML 

(1) combine with shape analysis of 

• maybe also VBF di-Higgs

• H+jet (     ) for constraints on cg, ct
<latexit sha1_base64="yki+cncbZXiOvGLmUuwUhSjAukM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosevFYwX5AG8Jmu2mXbjZhdyKU0h/hxYMiXv093vw3btsctPXBwOO9GWbmhakUBl332ymsrW9sbhW3Szu7e/sH5cOjlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wdDfz209cG5GoRxyn3I/pQIlIMIpWarNgcMECDMoVt+rOQVaJl5MK5GgE5a9eP2FZzBUySY3pem6K/oRqFEzyaamXGZ5SNqID3rVU0ZgbfzI/d0rOrNInUaJtKSRz9ffEhMbGjOPQdsYUh2bZm4n/ed0Moxt/IlSaIVdssSjKJMGEzH4nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/zyKmnVqt5ltfZwVanf5nEU4QRO4Rw8uIY63EMDmsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w/xd49P</latexit>

pH
T

<latexit sha1_base64="IhHPEO1iljZCfRCK2BxRhQzI5So=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiieyiiR6JXjhiwgIJrKRbutDQ7TZt14Rs+A1ePGiMV3+QN/+NBfag4EsmeXlvJjPzQsmZNq777RQ2Nre2d4q7pb39g8Oj8vFJWyepItQnCU9UN8Saciaob5jhtCsVxXHIaSec3M/9zhNVmiWiZaaSBjEeCRYxgo2VfDloPTYG5YpbdRdA68TLSQVyNAflr/4wIWlMhSEca93zXGmCDCvDCKezUj/VVGIywSPas1TgmOogWxw7QxdWGaIoUbaEQQv190SGY62ncWg7Y2zGetWbi/95vdREt0HGhEwNFWS5KEo5Mgmaf46GTFFi+NQSTBSztyIyxgoTY/Mp2RC81ZfXSbtW9a6qtYfrSv0uj6MIZ3AOl+DBDdShAU3wgQCDZ3iFN0c4L86787FsLTj5zCn8gfP5A333jnk=</latexit>


