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Who we are



3

The team :) 

Michele Anja Katya Julian 

LHCb analysis FCC-ee/LHCb ML/Computing ML/Computing

Sebastian

ML/Computing

LHCb analysis 

Martin (just 
graduated)

+ Con who is starting 
with us as a PhD in 
September 

+ 1 or 2 other 
students
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What we do 
LHCb analysis 

Analyse data from the LHCb experimental at CERN to search for new physics  



5

What we do 
LHCb analysis 

Development of fast-ML on FPGAs

Develop ultra-low latency, radiation hard neural networks to run on the detector 
electronics of our read-out systems 

Analyse data from the LHCb experimental at CERN to search for new physics  
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What we do 
LHCb analysis 

FCC-ee

Development of fast-ML on FPGAs

Investigate potential detector designs for the Future Circular Collider 

Develop ultra-low latency, radiation hard neural networks to run on the detector 
electronics of our read-out systems 

Analyse data from the LHCb experimental at CERN to search for new physics  
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Beauty quarks and new particles

LHCb analysis 
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Looking for new fundamental particles

+ force carriers and Higgs boson 

mass

The Standard Model 
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Looking for new fundamental particles

+ force carriers and Higgs boson 

mass

The Standard Model The Standard Model leaves many 
open questions: 

‣ Why does matter dominate 
anti-matter? 

‣ What is Dark Matter? 
‣ Why is the third generation 

so much heavier? 
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Looking for new fundamental particles

+ force carriers and Higgs boson 

mass

The Standard Model The Standard Model leaves many 
open questions: 

‣ Why does matter dominate 
anti-matter? 

‣ What is Dark Matter? 
‣ Why is the third generation 

so much heavier? 

Heaviest stable quark (beauty 
quark) can help answer these 
questions  



How to look for New Physics
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Direct searches 

E=mc2

NP particle

proton
proton

Mass of new particle limited 
by collision energy (⇠ 14TeV)

<latexit sha1_base64="sC+JJH3PNUEptvznE1yXqeaUSFM=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCBSmJFPRY9OKxQr+gCWWznbZLd5OwuxFCqH/FiwdFvPpDvPlv3LY5aOuDgcd7M8zMC2LOlHacb6uwsbm1vVPcLe3tHxwe2ccnHRUlkkKbRjySvYAo4CyEtmaaQy+WQETAoRtM7+Z+9xGkYlHY0mkMviDjkI0YJdpIA7tc9RQT2K17l54UWQs6s4uBXXFqzgJ4nbg5qaAczYH95Q0jmggINeVEqb7rxNrPiNSMcpiVvERBTOiUjKFvaEgEKD9bHD/D50YZ4lEkTYUaL9TfExkRSqUiMJ2C6Ila9ebif14/0aMbP2NhnGgI6XLRKOFYR3ieBB4yCVTz1BBCJTO3YjohklBt8iqZENzVl9dJ56rmOjX3oV5p3OZxFNEpOkNV5KJr1ED3qInaiKIUPaNX9GY9WS/Wu/WxbC1Y+UwZ/YH1+QP5LJOu</latexit><latexit sha1_base64="sC+JJH3PNUEptvznE1yXqeaUSFM=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCBSmJFPRY9OKxQr+gCWWznbZLd5OwuxFCqH/FiwdFvPpDvPlv3LY5aOuDgcd7M8zMC2LOlHacb6uwsbm1vVPcLe3tHxwe2ccnHRUlkkKbRjySvYAo4CyEtmaaQy+WQETAoRtM7+Z+9xGkYlHY0mkMviDjkI0YJdpIA7tc9RQT2K17l54UWQs6s4uBXXFqzgJ4nbg5qaAczYH95Q0jmggINeVEqb7rxNrPiNSMcpiVvERBTOiUjKFvaEgEKD9bHD/D50YZ4lEkTYUaL9TfExkRSqUiMJ2C6Ila9ebif14/0aMbP2NhnGgI6XLRKOFYR3ieBB4yCVTz1BBCJTO3YjohklBt8iqZENzVl9dJ56rmOjX3oV5p3OZxFNEpOkNV5KJr1ED3qInaiKIUPaNX9GY9WS/Wu/WxbC1Y+UwZ/YH1+QP5LJOu</latexit><latexit sha1_base64="sC+JJH3PNUEptvznE1yXqeaUSFM=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCBSmJFPRY9OKxQr+gCWWznbZLd5OwuxFCqH/FiwdFvPpDvPlv3LY5aOuDgcd7M8zMC2LOlHacb6uwsbm1vVPcLe3tHxwe2ccnHRUlkkKbRjySvYAo4CyEtmaaQy+WQETAoRtM7+Z+9xGkYlHY0mkMviDjkI0YJdpIA7tc9RQT2K17l54UWQs6s4uBXXFqzgJ4nbg5qaAczYH95Q0jmggINeVEqb7rxNrPiNSMcpiVvERBTOiUjKFvaEgEKD9bHD/D50YZ4lEkTYUaL9TfExkRSqUiMJ2C6Ila9ebif14/0aMbP2NhnGgI6XLRKOFYR3ieBB4yCVTz1BBCJTO3YjohklBt8iqZENzVl9dJ56rmOjX3oV5p3OZxFNEpOkNV5KJr1ED3qInaiKIUPaNX9GY9WS/Wu/WxbC1Y+UwZ/YH1+QP5LJOu</latexit><latexit sha1_base64="sC+JJH3PNUEptvznE1yXqeaUSFM=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCBSmJFPRY9OKxQr+gCWWznbZLd5OwuxFCqH/FiwdFvPpDvPlv3LY5aOuDgcd7M8zMC2LOlHacb6uwsbm1vVPcLe3tHxwe2ccnHRUlkkKbRjySvYAo4CyEtmaaQy+WQETAoRtM7+Z+9xGkYlHY0mkMviDjkI0YJdpIA7tc9RQT2K17l54UWQs6s4uBXXFqzgJ4nbg5qaAczYH95Q0jmggINeVEqb7rxNrPiNSMcpiVvERBTOiUjKFvaEgEKD9bHD/D50YZ4lEkTYUaL9TfExkRSqUiMJ2C6Ila9ebif14/0aMbP2NhnGgI6XLRKOFYR3ieBB4yCVTz1BBCJTO3YjohklBt8iqZENzVl9dJ56rmOjX3oV5p3OZxFNEpOkNV5KJr1ED3qInaiKIUPaNX9GY9WS/Wu/WxbC1Y+UwZ/YH1+QP5LJOu</latexit>



How to look for New Physics
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Direct searches  Indirect searches  

E=mc2

NP particle

proton
proton

Heisenberg’s uncertainty 
principle  

�E�t >
~
2

<latexit sha1_base64="LA1LnZOVx42jqUxahituyLU4ZAI=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiuCpJEXQlxQu4rGAv0IQymU7aoZNJmDkRSujeja/ixoUibn0Bd76N0zYLbf1h4OM/53Dm/EEiuAbH+bYKK6tr6xvFzdLW9s7unr1/0NJxqihr0ljEqhMQzQSXrAkcBOskipEoEKwdjK6m9fYDU5rH8h7GCfMjMpA85JSAsXp22btmAgi+wTkAvvBCRWjmDQOiJllt0rMrTtWZCS+Dm0MF5Wr07C+vH9M0YhKoIFp3XScBPyMKOBVsUvJSzRJCR2TAugYliZj2s9ktE3xsnD4OY2WeBDxzf09kJNJ6HAWmMyIw1Iu1qflfrZtCeO5nXCYpMEnni8JUYIjxNBjc54pREGMDhCpu/orpkJgkwMRXMiG4iycvQ6tWdZ2qe3daqV/mcRTRESqjE+SiM1RHt6iBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8ff3maFQ==</latexit><latexit sha1_base64="LA1LnZOVx42jqUxahituyLU4ZAI=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiuCpJEXQlxQu4rGAv0IQymU7aoZNJmDkRSujeja/ixoUibn0Bd76N0zYLbf1h4OM/53Dm/EEiuAbH+bYKK6tr6xvFzdLW9s7unr1/0NJxqihr0ljEqhMQzQSXrAkcBOskipEoEKwdjK6m9fYDU5rH8h7GCfMjMpA85JSAsXp22btmAgi+wTkAvvBCRWjmDQOiJllt0rMrTtWZCS+Dm0MF5Wr07C+vH9M0YhKoIFp3XScBPyMKOBVsUvJSzRJCR2TAugYliZj2s9ktE3xsnD4OY2WeBDxzf09kJNJ6HAWmMyIw1Iu1qflfrZtCeO5nXCYpMEnni8JUYIjxNBjc54pREGMDhCpu/orpkJgkwMRXMiG4iycvQ6tWdZ2qe3daqV/mcRTRESqjE+SiM1RHt6iBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8ff3maFQ==</latexit><latexit sha1_base64="LA1LnZOVx42jqUxahituyLU4ZAI=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiuCpJEXQlxQu4rGAv0IQymU7aoZNJmDkRSujeja/ixoUibn0Bd76N0zYLbf1h4OM/53Dm/EEiuAbH+bYKK6tr6xvFzdLW9s7unr1/0NJxqihr0ljEqhMQzQSXrAkcBOskipEoEKwdjK6m9fYDU5rH8h7GCfMjMpA85JSAsXp22btmAgi+wTkAvvBCRWjmDQOiJllt0rMrTtWZCS+Dm0MF5Wr07C+vH9M0YhKoIFp3XScBPyMKOBVsUvJSzRJCR2TAugYliZj2s9ktE3xsnD4OY2WeBDxzf09kJNJ6HAWmMyIw1Iu1qflfrZtCeO5nXCYpMEnni8JUYIjxNBjc54pREGMDhCpu/orpkJgkwMRXMiG4iycvQ6tWdZ2qe3daqV/mcRTRESqjE+SiM1RHt6iBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8ff3maFQ==</latexit><latexit sha1_base64="LA1LnZOVx42jqUxahituyLU4ZAI=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiuCpJEXQlxQu4rGAv0IQymU7aoZNJmDkRSujeja/ixoUibn0Bd76N0zYLbf1h4OM/53Dm/EEiuAbH+bYKK6tr6xvFzdLW9s7unr1/0NJxqihr0ljEqhMQzQSXrAkcBOskipEoEKwdjK6m9fYDU5rH8h7GCfMjMpA85JSAsXp22btmAgi+wTkAvvBCRWjmDQOiJllt0rMrTtWZCS+Dm0MF5Wr07C+vH9M0YhKoIFp3XScBPyMKOBVsUvJSzRJCR2TAugYliZj2s9ktE3xsnD4OY2WeBDxzf09kJNJ6HAWmMyIw1Iu1qflfrZtCeO5nXCYpMEnni8JUYIjxNBjc54pREGMDhCpu/orpkJgkwMRXMiG4iycvQ6tWdZ2qe3daqV/mcRTRESqjE+SiM1RHt6iBmoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8ff3maFQ==</latexit>

mc2>> E if       small

LQ
<latexit sha1_base64="0riH6O5R29LcCEEZ8gKJOhsqlxk=">AAAB6XicbVC7SgNBFL0bXzG+ohYWNoNBsAq7NlpJwMbCIhHzgGQJs5PZZMjs7DJzVwhL/sDGQhFb/8jOn8g3OHkUmnjgwuGce7n3niCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+nfvOJayNi9YijhPsR7SsRCkbRSg/3tW6x5JbdGcgq8RakVDmZTAgAVLvFr04vZmnEFTJJjWl7boJ+RjUKJvm40EkNTygb0j5vW6poxI2fzS4dk3Or9EgYa1sKyUz9PZHRyJhRFNjOiOLALHtT8T+vnWJ47WdCJSlyxeaLwlQSjMn0bdITmjOUI0so08LeStiAasrQhlOwIXjLL6+SxmXZc8tezaZxA3Pk4RTO4AI8uIIK3EEV6sAghGd4hTdn6Lw4787HvDXnLGaO4Q+czx9k3I92</latexit><latexit sha1_base64="/Er7fKjfOYsqnOGgyIHa8gIPlko=">AAAB6XicbVC7SgNBFL0bXzE+ErWwsBkMglXYtdFCJGBjYZGIeUCyhNnJbDJkdmaZmRXCkj+wsVDE1k/wT+z8ANt8g5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s5gt7+3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA98RsPVGkmxb0ZxtSPcE+wkBFsrHR3W+0Uim7JnQItE29OiuXD8Th/+fFd6RQ+211JkogKQzjWuuW5sfFTrAwjnI5y7UTTGJMB7tGWpQJHVPvp9NIROrFKF4VS2RIGTdXfEymOtB5Gge2MsOnrRW8i/ue1EhNe+CkTcWKoILNFYcKRkWjyNuoyRYnhQ0swUczeikgfK0yMDSdnQ/AWX14m9bOS55a8qk3jCmbIwhEcwyl4cA5luIEK1IBACI/wDC/OwHlyXp23WWvGmc8cwB847z++sZE5</latexit><latexit sha1_base64="/Er7fKjfOYsqnOGgyIHa8gIPlko=">AAAB6XicbVC7SgNBFL0bXzE+ErWwsBkMglXYtdFCJGBjYZGIeUCyhNnJbDJkdmaZmRXCkj+wsVDE1k/wT+z8ANt8g5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s5gt7+3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA98RsPVGkmxb0ZxtSPcE+wkBFsrHR3W+0Uim7JnQItE29OiuXD8Th/+fFd6RQ+211JkogKQzjWuuW5sfFTrAwjnI5y7UTTGJMB7tGWpQJHVPvp9NIROrFKF4VS2RIGTdXfEymOtB5Gge2MsOnrRW8i/ue1EhNe+CkTcWKoILNFYcKRkWjyNuoyRYnhQ0swUczeikgfK0yMDSdnQ/AWX14m9bOS55a8qk3jCmbIwhEcwyl4cA5luIEK1IBACI/wDC/OwHlyXp23WWvGmc8cwB847z++sZE5</latexit><latexit sha1_base64="hseNN3kw+WTRyMZBtgCZd5frHSg=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTCUBGwuLRMwHJEfY2+wlS/b2jt05IRz5BzYWitj6j+z8N26SKzTxwcDjvRlm5gWJFAZd99spbGxube8Ud0t7+weHR+Xjk7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI79ztPXBsRq0ecJtyP6EiJUDCKVnq4bw7KFbfqLkDWiZeTCuRoDMpf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bXDojF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxbDmZ0IlKXLFlovCVBKMyfxtMhSaM5RTSyjTwt5K2JhqytCGU7IheKsvr5P2VdVzq17TrdRv8jiKcAbncAkeXEMd7qABLWAQwjO8wpszcV6cd+dj2Vpw8plT+APn8wdBGI0j</latexit>

µ+
<latexit sha1_base64="Vo2IKlOLcke3qmASQA+sw82Qtvo=">AAAB7nicbVDLSgNBEOz1GeMr6sGDl8EgCELY9aInCXjxGME8IFnD7KSTDJmZXWZmhbDkI7x4UMSr3+PNn8g3OHkcNLGgoajqprsrSgQ31ve/vZXVtfWNzdxWfntnd2+/cHBYM3GqGVZZLGLdiKhBwRVWLbcCG4lGKiOB9WhwO/HrT6gNj9WDHSYYStpTvMsZtU6qt2T6mF2M2oWiX/KnIMskmJNi+Xg8JgBQaRe+Wp2YpRKVZYIa0wz8xIYZ1ZYzgaN8KzWYUDagPWw6qqhEE2bTc0fkzCkd0o21K2XJVP09kVFpzFBGrlNS2zeL3kT8z2umtnsdZlwlqUXFZou6qSA2JpPfSYdrZFYMHaFMc3crYX2qKbMuobwLIVh8eZnULkuBXwruXRo3MEMOTuAUziGAKyjDHVSgCgwG8Ayv8OYl3ov37n3MWle8+cwR/IH3+QNhPpHK</latexit><latexit sha1_base64="IQZiPhwMhij3DI0BcqcsBjgTJeo=">AAAB7nicbVC7SgNBFL0bXzE+ErWwsBkMgiCE3TRaiARsLCOYByRrmJ3MJkNmZpeZWSEs+QgbC0Vs7f0TOz/ANt/g5FFo4oELh3Pu5d57gpgzbVz3y8msrK6tb2Q3c1vbO7v5wt5+XUeJIrRGIh6pZoA15UzSmmGG02asKBYBp41gcD3xGw9UaRbJOzOMqS9wT7KQEWys1GiL5D49G3UKRbfkToGWiTcnxcrheJy//Piudgqf7W5EEkGlIRxr3fLc2PgpVoYRTke5dqJpjMkA92jLUokF1X46PXeETqzSRWGkbEmDpurviRQLrYcisJ0Cm75e9Cbif14rMeGFnzIZJ4ZKMlsUJhyZCE1+R12mKDF8aAkmitlbEeljhYmxCeVsCN7iy8ukXi55bsm7tWlcwQxZOIJjOAUPzqECN1CFGhAYwCM8w4sTO0/Oq/M2a80485kD+APn/Qe7E5ON</latexit><latexit sha1_base64="IQZiPhwMhij3DI0BcqcsBjgTJeo=">AAAB7nicbVC7SgNBFL0bXzE+ErWwsBkMgiCE3TRaiARsLCOYByRrmJ3MJkNmZpeZWSEs+QgbC0Vs7f0TOz/ANt/g5FFo4oELh3Pu5d57gpgzbVz3y8msrK6tb2Q3c1vbO7v5wt5+XUeJIrRGIh6pZoA15UzSmmGG02asKBYBp41gcD3xGw9UaRbJOzOMqS9wT7KQEWys1GiL5D49G3UKRbfkToGWiTcnxcrheJy//Piudgqf7W5EEkGlIRxr3fLc2PgpVoYRTke5dqJpjMkA92jLUokF1X46PXeETqzSRWGkbEmDpurviRQLrYcisJ0Cm75e9Cbif14rMeGFnzIZJ4ZKMlsUJhyZCE1+R12mKDF8aAkmitlbEeljhYmxCeVsCN7iy8ukXi55bsm7tWlcwQxZOIJjOAUPzqECN1CFGhAYwCM8w4sTO0/Oq/M2a80485kD+APn/Qe7E5ON</latexit><latexit sha1_base64="X+iwscLfPHwOblO9LTCtoqvhNKA=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgCGHXi54k4MVjBPOAZA2zk04yZGZ2mZkVwpKP8OJBEa9+jzf/xkmyB00saCiquunuihLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmiZONcMGi0Ws2xE1KLjChuVWYDvRSGUksBWNb2d+6wm14bF6sJMEQ0mHig84o9ZJra5MH7OLaa9c8av+HGSVBDmpQI56r/zV7ccslagsE9SYTuAnNsyotpwJnJa6qcGEsjEdYsdRRSWaMJufOyVnTumTQaxdKUvm6u+JjEpjJjJynZLakVn2ZuJ/Xie1g+sw4ypJLSq2WDRIBbExmf1O+lwjs2LiCGWau1sJG1FNmXUJlVwIwfLLq6R5WQ38anDvV2o3eRxFOIFTOIcArqAGd1CHBjAYwzO8wpuXeC/eu/exaC14+cwx/IH3+QM9eo93</latexit>

µ�
<latexit sha1_base64="QWCT/Pkm4qzzXEjIgz+dfcMIfLk=">AAAB7nicbVDLSgNBEOz1GeMr6sGDl8EgeDHsetGTBLx4jGAekKxhdtJJhszMLjOzQljyEV48KOLV7/HmT+QbnDwOmljQUFR1090VJYIb6/vf3srq2vrGZm4rv72zu7dfODismTjVDKssFrFuRNSg4AqrlluBjUQjlZHAejS4nfj1J9SGx+rBDhMMJe0p3uWMWifVWzJ9zC5G7ULRL/lTkGUSzEmxfDweEwCotAtfrU7MUonKMkGNaQZ+YsOMasuZwFG+lRpMKBvQHjYdVVSiCbPpuSNy5pQO6cbalbJkqv6eyKg0Zigj1ymp7ZtFbyL+5zVT270OM66S1KJis0XdVBAbk8nvpMM1MiuGjlCmubuVsD7VlFmXUN6FECy+vExql6XALwX3Lo0bmCEHJ3AK5xDAFZThDipQBQYDeIZXePMS78V79z5mrSvefOYI/sD7/AFkSJHM</latexit><latexit sha1_base64="39nl8w+vgLVeHVkd/xU+nNej96M=">AAAB7nicbVC7SgNBFL0bXzE+ErWwsBkMgo1hN40WIgEbywjmAckaZiezyZCZ2WVmVghLPsLGQhFbe//Ezg+wzTc4eRSaeODC4Zx7ufeeIOZMG9f9cjIrq2vrG9nN3Nb2zm6+sLdf11GiCK2RiEeqGWBNOZO0ZpjhtBkrikXAaSMYXE/8xgNVmkXyzgxj6gvckyxkBBsrNdoiuU/PRp1C0S25U6Bl4s1JsXI4HucvP76rncJnuxuRRFBpCMdatzw3Nn6KlWGE01GunWgaYzLAPdqyVGJBtZ9Ozx2hE6t0URgpW9Kgqfp7IsVC66EIbKfApq8XvYn4n9dKTHjhp0zGiaGSzBaFCUcmQpPfUZcpSgwfWoKJYvZWRPpYYWJsQjkbgrf48jKpl0ueW/JubRpXMEMWjuAYTsGDc6jADVShBgQG8AjP8OLEzpPz6rzNWjPOfOYA/sB5/wG+HZOP</latexit><latexit sha1_base64="39nl8w+vgLVeHVkd/xU+nNej96M=">AAAB7nicbVC7SgNBFL0bXzE+ErWwsBkMgo1hN40WIgEbywjmAckaZiezyZCZ2WVmVghLPsLGQhFbe//Ezg+wzTc4eRSaeODC4Zx7ufeeIOZMG9f9cjIrq2vrG9nN3Nb2zm6+sLdf11GiCK2RiEeqGWBNOZO0ZpjhtBkrikXAaSMYXE/8xgNVmkXyzgxj6gvckyxkBBsrNdoiuU/PRp1C0S25U6Bl4s1JsXI4HucvP76rncJnuxuRRFBpCMdatzw3Nn6KlWGE01GunWgaYzLAPdqyVGJBtZ9Ozx2hE6t0URgpW9Kgqfp7IsVC66EIbKfApq8XvYn4n9dKTHjhp0zGiaGSzBaFCUcmQpPfUZcpSgwfWoKJYvZWRPpYYWJsQjkbgrf48jKpl0ueW/JubRpXMEMWjuAYTsGDc6jADVShBgQG8AjP8OLEzpPz6rzNWjPOfOYA/sB5/wG+HZOP</latexit><latexit sha1_base64="lFE6MOp2OtTYHkBOz641PALnE50=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgY7iz0UoCNpYRzAckZ9jbTJIlu3vH7p4QjvwIGwtFbP09dv4bN8kVmvhg4PHeDDPzokRwY33/2yusrW9sbhW3Szu7e/sH5cOjpolTzbDBYhHrdkQNCq6wYbkV2E40UhkJbEXj25nfekJteKwe7CTBUNKh4gPOqHVSqyvTx+xi2itX/Ko/B1klQU4qkKPeK391+zFLJSrLBDWmE/iJDTOqLWcCp6VuajChbEyH2HFUUYkmzObnTsmZU/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4DrMuEpSi4otFg1SQWxMZr+TPtfIrJg4Qpnm7lbCRlRTZl1CJRdCsPzyKmleVgO/Gtz7ldpNHkcRTuAUziGAK6jBHdShAQzG8Ayv8OYl3ov37n0sWgtePnMMf+B9/gBAhI95</latexit>

NP particle

�t
<latexit sha1_base64="Uy98fa9nCs7ZsuPx+1myHhqTbpc=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DKohWUEEyPJEfY2c8mS3b1jd04IIb/CxkIRW3+Onf/GTXKFJj4YeLw3w8y8KJXCou9/e4WV1bX1jeJmaWt7Z3evvH/QtElmODR4IhPTipgFKTQ0UKCEVmqAqUjCQzS8nvoPT2CsSPQ9jlIIFetrEQvO0EmPnRuQyCjSbrniV/0Z6DIJclIhOerd8lenl/BMgUYumbXtwE8xHDODgkuYlDqZhZTxIetD21HNFNhwPDt4Qk+c0qNxYlxppDP198SYKWtHKnKdiuHALnpT8T+vnWF8GY6FTjMEzeeL4kxSTOj0e9oTBjjKkSOMG+FupXzADOPoMiq5EILFl5dJ86wa+NXg7rxSu8rjKJIjckxOSUAuSI3ckjppEE4UeSav5M0z3ov37n3MWwtePnNI/sD7/AHnwY/O</latexit><latexit sha1_base64="Uy98fa9nCs7ZsuPx+1myHhqTbpc=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DKohWUEEyPJEfY2c8mS3b1jd04IIb/CxkIRW3+Onf/GTXKFJj4YeLw3w8y8KJXCou9/e4WV1bX1jeJmaWt7Z3evvH/QtElmODR4IhPTipgFKTQ0UKCEVmqAqUjCQzS8nvoPT2CsSPQ9jlIIFetrEQvO0EmPnRuQyCjSbrniV/0Z6DIJclIhOerd8lenl/BMgUYumbXtwE8xHDODgkuYlDqZhZTxIetD21HNFNhwPDt4Qk+c0qNxYlxppDP198SYKWtHKnKdiuHALnpT8T+vnWF8GY6FTjMEzeeL4kxSTOj0e9oTBjjKkSOMG+FupXzADOPoMiq5EILFl5dJ86wa+NXg7rxSu8rjKJIjckxOSUAuSI3ckjppEE4UeSav5M0z3ov37n3MWwtePnNI/sD7/AHnwY/O</latexit><latexit sha1_base64="Uy98fa9nCs7ZsuPx+1myHhqTbpc=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DKohWUEEyPJEfY2c8mS3b1jd04IIb/CxkIRW3+Onf/GTXKFJj4YeLw3w8y8KJXCou9/e4WV1bX1jeJmaWt7Z3evvH/QtElmODR4IhPTipgFKTQ0UKCEVmqAqUjCQzS8nvoPT2CsSPQ9jlIIFetrEQvO0EmPnRuQyCjSbrniV/0Z6DIJclIhOerd8lenl/BMgUYumbXtwE8xHDODgkuYlDqZhZTxIetD21HNFNhwPDt4Qk+c0qNxYlxppDP198SYKWtHKnKdiuHALnpT8T+vnWF8GY6FTjMEzeeL4kxSTOj0e9oTBjjKkSOMG+FupXzADOPoMiq5EILFl5dJ86wa+NXg7rxSu8rjKJIjckxOSUAuSI3ckjppEE4UeSav5M0z3ov37n3MWwtePnNI/sD7/AHnwY/O</latexit><latexit sha1_base64="Uy98fa9nCs7ZsuPx+1myHhqTbpc=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DKohWUEEyPJEfY2c8mS3b1jd04IIb/CxkIRW3+Onf/GTXKFJj4YeLw3w8y8KJXCou9/e4WV1bX1jeJmaWt7Z3evvH/QtElmODR4IhPTipgFKTQ0UKCEVmqAqUjCQzS8nvoPT2CsSPQ9jlIIFetrEQvO0EmPnRuQyCjSbrniV/0Z6DIJclIhOerd8lenl/BMgUYumbXtwE8xHDODgkuYlDqZhZTxIetD21HNFNhwPDt4Qk+c0qNxYlxppDP198SYKWtHKnKdiuHALnpT8T+vnWF8GY6FTjMEzeeL4kxSTOj0e9oTBjjKkSOMG+FupXzADOPoMiq5EILFl5dJ86wa+NXg7rxSu8rjKJIjckxOSUAuSI3ckjppEE4UeSav5M0z3ov37n3MWwtePnNI/sD7/AHnwY/O</latexit>

Mass of new particle limited 
by collision energy (⇠ 14TeV)

<latexit sha1_base64="sC+JJH3PNUEptvznE1yXqeaUSFM=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCBSmJFPRY9OKxQr+gCWWznbZLd5OwuxFCqH/FiwdFvPpDvPlv3LY5aOuDgcd7M8zMC2LOlHacb6uwsbm1vVPcLe3tHxwe2ccnHRUlkkKbRjySvYAo4CyEtmaaQy+WQETAoRtM7+Z+9xGkYlHY0mkMviDjkI0YJdpIA7tc9RQT2K17l54UWQs6s4uBXXFqzgJ4nbg5qaAczYH95Q0jmggINeVEqb7rxNrPiNSMcpiVvERBTOiUjKFvaEgEKD9bHD/D50YZ4lEkTYUaL9TfExkRSqUiMJ2C6Ila9ebif14/0aMbP2NhnGgI6XLRKOFYR3ieBB4yCVTz1BBCJTO3YjohklBt8iqZENzVl9dJ56rmOjX3oV5p3OZxFNEpOkNV5KJr1ED3qInaiKIUPaNX9GY9WS/Wu/WxbC1Y+UwZ/YH1+QP5LJOu</latexit><latexit sha1_base64="sC+JJH3PNUEptvznE1yXqeaUSFM=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCBSmJFPRY9OKxQr+gCWWznbZLd5OwuxFCqH/FiwdFvPpDvPlv3LY5aOuDgcd7M8zMC2LOlHacb6uwsbm1vVPcLe3tHxwe2ccnHRUlkkKbRjySvYAo4CyEtmaaQy+WQETAoRtM7+Z+9xGkYlHY0mkMviDjkI0YJdpIA7tc9RQT2K17l54UWQs6s4uBXXFqzgJ4nbg5qaAczYH95Q0jmggINeVEqb7rxNrPiNSMcpiVvERBTOiUjKFvaEgEKD9bHD/D50YZ4lEkTYUaL9TfExkRSqUiMJ2C6Ila9ebif14/0aMbP2NhnGgI6XLRKOFYR3ieBB4yCVTz1BBCJTO3YjohklBt8iqZENzVl9dJ56rmOjX3oV5p3OZxFNEpOkNV5KJr1ED3qInaiKIUPaNX9GY9WS/Wu/WxbC1Y+UwZ/YH1+QP5LJOu</latexit><latexit sha1_base64="sC+JJH3PNUEptvznE1yXqeaUSFM=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCBSmJFPRY9OKxQr+gCWWznbZLd5OwuxFCqH/FiwdFvPpDvPlv3LY5aOuDgcd7M8zMC2LOlHacb6uwsbm1vVPcLe3tHxwe2ccnHRUlkkKbRjySvYAo4CyEtmaaQy+WQETAoRtM7+Z+9xGkYlHY0mkMviDjkI0YJdpIA7tc9RQT2K17l54UWQs6s4uBXXFqzgJ4nbg5qaAczYH95Q0jmggINeVEqb7rxNrPiNSMcpiVvERBTOiUjKFvaEgEKD9bHD/D50YZ4lEkTYUaL9TfExkRSqUiMJ2C6Ila9ebif14/0aMbP2NhnGgI6XLRKOFYR3ieBB4yCVTz1BBCJTO3YjohklBt8iqZENzVl9dJ56rmOjX3oV5p3OZxFNEpOkNV5KJr1ED3qInaiKIUPaNX9GY9WS/Wu/WxbC1Y+UwZ/YH1+QP5LJOu</latexit><latexit sha1_base64="sC+JJH3PNUEptvznE1yXqeaUSFM=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCBSmJFPRY9OKxQr+gCWWznbZLd5OwuxFCqH/FiwdFvPpDvPlv3LY5aOuDgcd7M8zMC2LOlHacb6uwsbm1vVPcLe3tHxwe2ccnHRUlkkKbRjySvYAo4CyEtmaaQy+WQETAoRtM7+Z+9xGkYlHY0mkMviDjkI0YJdpIA7tc9RQT2K17l54UWQs6s4uBXXFqzgJ4nbg5qaAczYH95Q0jmggINeVEqb7rxNrPiNSMcpiVvERBTOiUjKFvaEgEKD9bHD/D50YZ4lEkTYUaL9TfExkRSqUiMJ2C6Ila9ebif14/0aMbP2NhnGgI6XLRKOFYR3ieBB4yCVTz1BBCJTO3YjohklBt8iqZENzVl9dJ56rmOjX3oV5p3OZxFNEpOkNV5KJr1ED3qInaiKIUPaNX9GY9WS/Wu/WxbC1Y+UwZ/YH1+QP5LJOu</latexit>

O(100TeV)
<latexit sha1_base64="cyROrh3BIa5n2gwCo42jxAV3xBI=">AAACA3icbVDLSsNAFJ3UV62vqDvdBItQQcpEBF0W3bizQl/QhDKZTtqhM5MwMxFKCLjxV9y4UMStP+HOv3HSZqHVAxcO59zLvfcEMaNKQ/hllZaWV1bXyuuVjc2t7R17d6+jokRi0sYRi2QvQIowKkhbU81IL5YE8YCRbjC5zv3uPZGKRqKlpzHxORoJGlKMtJEG9oHHkR5jxNLbrOZC6J16kqct0slOBnYV1uEMzl/iFqQKCjQH9qc3jHDCidCYIaX6Loy1nyKpKWYkq3iJIjHCEzQifUMF4kT56eyHzDk2ytAJI2lKaGem/pxIEVdqygPTmV+sFr1c/M/rJzq89FMq4kQTgeeLwoQ5OnLyQJwhlQRrNjUEYUnNrQ4eI4mwNrFVTAju4st/Sees7sK6e3debVwVcZTBITgCNeCCC9AAN6AJ2gCDB/AEXsCr9Wg9W2/W+7y1ZBUz++AXrI9vn02W2A==</latexit><latexit sha1_base64="cyROrh3BIa5n2gwCo42jxAV3xBI=">AAACA3icbVDLSsNAFJ3UV62vqDvdBItQQcpEBF0W3bizQl/QhDKZTtqhM5MwMxFKCLjxV9y4UMStP+HOv3HSZqHVAxcO59zLvfcEMaNKQ/hllZaWV1bXyuuVjc2t7R17d6+jokRi0sYRi2QvQIowKkhbU81IL5YE8YCRbjC5zv3uPZGKRqKlpzHxORoJGlKMtJEG9oHHkR5jxNLbrOZC6J16kqct0slOBnYV1uEMzl/iFqQKCjQH9qc3jHDCidCYIaX6Loy1nyKpKWYkq3iJIjHCEzQifUMF4kT56eyHzDk2ytAJI2lKaGem/pxIEVdqygPTmV+sFr1c/M/rJzq89FMq4kQTgeeLwoQ5OnLyQJwhlQRrNjUEYUnNrQ4eI4mwNrFVTAju4st/Sees7sK6e3debVwVcZTBITgCNeCCC9AAN6AJ2gCDB/AEXsCr9Wg9W2/W+7y1ZBUz++AXrI9vn02W2A==</latexit><latexit sha1_base64="cyROrh3BIa5n2gwCo42jxAV3xBI=">AAACA3icbVDLSsNAFJ3UV62vqDvdBItQQcpEBF0W3bizQl/QhDKZTtqhM5MwMxFKCLjxV9y4UMStP+HOv3HSZqHVAxcO59zLvfcEMaNKQ/hllZaWV1bXyuuVjc2t7R17d6+jokRi0sYRi2QvQIowKkhbU81IL5YE8YCRbjC5zv3uPZGKRqKlpzHxORoJGlKMtJEG9oHHkR5jxNLbrOZC6J16kqct0slOBnYV1uEMzl/iFqQKCjQH9qc3jHDCidCYIaX6Loy1nyKpKWYkq3iJIjHCEzQifUMF4kT56eyHzDk2ytAJI2lKaGem/pxIEVdqygPTmV+sFr1c/M/rJzq89FMq4kQTgeeLwoQ5OnLyQJwhlQRrNjUEYUnNrQ4eI4mwNrFVTAju4st/Sees7sK6e3debVwVcZTBITgCNeCCC9AAN6AJ2gCDB/AEXsCr9Wg9W2/W+7y1ZBUz++AXrI9vn02W2A==</latexit><latexit sha1_base64="cyROrh3BIa5n2gwCo42jxAV3xBI=">AAACA3icbVDLSsNAFJ3UV62vqDvdBItQQcpEBF0W3bizQl/QhDKZTtqhM5MwMxFKCLjxV9y4UMStP+HOv3HSZqHVAxcO59zLvfcEMaNKQ/hllZaWV1bXyuuVjc2t7R17d6+jokRi0sYRi2QvQIowKkhbU81IL5YE8YCRbjC5zv3uPZGKRqKlpzHxORoJGlKMtJEG9oHHkR5jxNLbrOZC6J16kqct0slOBnYV1uEMzl/iFqQKCjQH9qc3jHDCidCYIaX6Loy1nyKpKWYkq3iJIjHCEzQifUMF4kT56eyHzDk2ytAJI2lKaGem/pxIEVdqygPTmV+sFr1c/M/rJzq89FMq4kQTgeeLwoQ5OnLyQJwhlQRrNjUEYUnNrQ4eI4mwNrFVTAju4st/Sees7sK6e3debVwVcZTBITgCNeCCC9AAN6AJ2gCDB/AEXsCr9Wg9W2/W+7y1ZBUz++AXrI9vn02W2A==</latexit>

m ~ JHEP 1411 (2014) 121
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This is a penguin
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<latexit sha1_base64="Sgo9m7w7P1CGg4tZc0CtFpWi1EY=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaq616+QFxSKZOLCl6QUnFFCPZcMkcBLVHr5T+6/ZilEUjDBNW645HE+BOqDGcCprluqiGhbEQH0LFU0gi0P5kfOsVnVunjMFa2pMFz9fvEhEZaj6PAdkbUDPVvbyb+5XVSE5b9CZdJakCyxaIwFdjEePY17nMFzIixJZQpbm/FbEgVZcZmk7MhrD7F/5Nm0fUu3VK9VKheL+PIohN0is6Rh65QFd2iGmoghgA9omf04tw7T86r87ZozTjLmWP0A877F0uZjUk=</latexit>s
<latexit sha1_base64="IDkaAo05edRWuslrZ5GhYtFLnYw=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaqB718gbikUiYXFbwgpeKKEOy5ZI4CWqLWy390+zFLI5CGCap1xyOJ8SdUGc4ETHPdVENC2YgOoGOppBFofzI/dIrPrNLHYaxsSYPn6veJCY20HkeB7YyoGerf3kz8y+ukJiz7Ey6T1IBki0VhKrCJ8exr3OcKmBFjSyhT3N6K2ZAqyozNJmdDWH2K/yfNoutduqV6qVC9XsaRRSfoFJ0jD12hKrpFNdRADAF6RM/oxbl3npxX523RmnGWM8foB5z3LzHVjTg=</latexit>

b

This is a penguin This is a rare penguin



15

Electroweak Penguins

Standard Model  

Suppression = very sensitive to New Physics diagrams

<latexit sha1_base64="Sgo9m7w7P1CGg4tZc0CtFpWi1EY=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaq616+QFxSKZOLCl6QUnFFCPZcMkcBLVHr5T+6/ZilEUjDBNW645HE+BOqDGcCprluqiGhbEQH0LFU0gi0P5kfOsVnVunjMFa2pMFz9fvEhEZaj6PAdkbUDPVvbyb+5XVSE5b9CZdJakCyxaIwFdjEePY17nMFzIixJZQpbm/FbEgVZcZmk7MhrD7F/5Nm0fUu3VK9VKheL+PIohN0is6Rh65QFd2iGmoghgA9omf04tw7T86r87ZozTjLmWP0A877F0uZjUk=</latexit>s
<latexit sha1_base64="IDkaAo05edRWuslrZ5GhYtFLnYw=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaqB718gbikUiYXFbwgpeKKEOy5ZI4CWqLWy390+zFLI5CGCap1xyOJ8SdUGc4ETHPdVENC2YgOoGOppBFofzI/dIrPrNLHYaxsSYPn6veJCY20HkeB7YyoGerf3kz8y+ukJiz7Ey6T1IBki0VhKrCJ8exr3OcKmBFjSyhT3N6K2ZAqyozNJmdDWH2K/yfNoutduqV6qVC9XsaRRSfoFJ0jD12hKrpFNdRADAF6RM/oxbl3npxX523RmnGWM8foB5z3LzHVjTg=</latexit>

b
<latexit sha1_base64="Sgo9m7w7P1CGg4tZc0CtFpWi1EY=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaq616+QFxSKZOLCl6QUnFFCPZcMkcBLVHr5T+6/ZilEUjDBNW645HE+BOqDGcCprluqiGhbEQH0LFU0gi0P5kfOsVnVunjMFa2pMFz9fvEhEZaj6PAdkbUDPVvbyb+5XVSE5b9CZdJakCyxaIwFdjEePY17nMFzIixJZQpbm/FbEgVZcZmk7MhrD7F/5Nm0fUu3VK9VKheL+PIohN0is6Rh65QFd2iGmoghgA9omf04tw7T86r87ZozTjLmWP0A877F0uZjUk=</latexit>s

<latexit sha1_base64="IDkaAo05edRWuslrZ5GhYtFLnYw=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaqB718gbikUiYXFbwgpeKKEOy5ZI4CWqLWy390+zFLI5CGCap1xyOJ8SdUGc4ETHPdVENC2YgOoGOppBFofzI/dIrPrNLHYaxsSYPn6veJCY20HkeB7YyoGerf3kz8y+ukJiz7Ey6T1IBki0VhKrCJ8exr3OcKmBFjSyhT3N6K2ZAqyozNJmdDWH2K/yfNoutduqV6qVC9XsaRRSfoFJ0jD12hKrpFNdRADAF6RM/oxbl3npxX523RmnGWM8foB5z3LzHVjTg=</latexit>

b

<latexit sha1_base64="rI6/SWxwhXUJo6idqVdVlnkBKQE=">AAAB+3icdVDLSgMxFM34rPU11qWbYBEEccjUou2u6MZlBfuAzlgyaaYNzWSGJCOW0l9x40IRt/6IO//GdNqCih5IOJxzL/feEyScKY3Qp7W0vLK6tp7byG9ube/s2nuFpopTSWiDxDyW7QArypmgDc00p+1EUhwFnLaC4dXUb91TqVgsbvUooX6E+4KFjGBtpK5dCDwdQ+VRzu9Osv+0axeRg6oVdFaFM1IuLQiCroMyFMEc9a794fVikkZUaMKxUh0XJdofY6kZ4XSS91JFE0yGuE87hgocUeWPs90n8MgoPRjG0jyhYaZ+7xjjSKlRFJjKCOuB+u1Nxb+8TqrDij9mIkk1FWQ2KEw5NOdOg4A9JinRfGQIJpKZXSEZYImJNnHlTQiLS+H/pFly3HOnfFMu1i7nceTAATgEx8AFF6AGrkEdNAABD+ARPIMXa2I9Wa/W26x0yZr37IMfsN6/AJPTlCs=</latexit>

b ! s`+`�

<latexit sha1_base64="9y1zXJW5dkKwl4J+6jQsTv+yJok=">AAAB9XicdVDLTgIxFL2DL8QX6tJNIzHBzWRmQMAd0Y07MREwgZF0SoGGziNtR0Mm/IcbFxrj1n9x59/YAUzU6EmanJxzb+7p8SLOpLKsDyOztLyyupZdz21sbm3v5Hf3WjKMBaFNEvJQ3HhYUs4C2lRMcXoTCYp9j9O2Nz5P/fYdFZKFwbWaRNT18TBgA0aw0tJt18dqRDBPLqdF+7iXL1jmaa3inDjIMi2r6pQqKXGqZaeEbK2kKMACjV7+vdsPSezTQBGOpezYVqTcBAvFCKfTXDeWNMJkjIe0o2mAfSrdZJZ6io600keDUOgXKDRTv28k2Jdy4nt6Mk0pf3up+JfXidWg5iYsiGJFAzI/NIg5UiFKK0B9JihRfKIJJoLprIiMsMBE6aJyuoSvn6L/Scsx7YpZvioX6meLOrJwAIdQBBuqUIcLaEATCAh4gCd4Nu6NR+PFeJ2PZozFzj78gPH2CS13klI=</latexit>

O(1)
Direct searches 

<latexit sha1_base64="46Q7KOdwixts5jLsGLiEcYoJ2Z0=">AAAB+HicdVDLTgIxFO3gC/HBqEs3jcQEN5MOMIg7oht3YiJIAhPSKR1o6DzSdkxwwpe4caExbv0Ud/6NHcBEjZ6kyck59+aeHi/mTCqEPozcyura+kZ+s7C1vbNbNPf2OzJKBKFtEvFIdD0sKWchbSumOO3GguLA4/TWm1xk/u0dFZJF4Y2axtQN8ChkPiNYaWlgFvsBVmOCeXo1K9voZGCWkIXqTvXMgchykN2oZKTi2AhVoW2hOUpgidbAfO8PI5IENFSEYyl7NoqVm2KhGOF0VugnksaYTPCI9jQNcUClm86Dz+CxVobQj4R+oYJz9ftGigMpp4GnJ7OY8reXiX95vUT5DTdlYZwoGpLFIT/hUEUwawEOmaBE8akmmAims0IyxgITpbsq6BK+fgr/J52KZdet2nWt1Dxf1pEHh+AIlIENTkETXIIWaAMCEvAAnsCzcW88Gi/G62I0Zyx3DsAPGG+fDHSStQ==</latexit>

O(10)

<latexit sha1_base64="tmW9/kHUpOvtvd5tPFfWaTTvAe0=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWomyHTdmrdFd24s4J9QDuUTJppQzMPkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT48WcSYXQh5FbW9/Y3MpvF3Z29/YPzMOjtowSQWiLRDwSXQ9LyllIW4opTruxoDjwOO14k+vM70ypkCwK79Uspm6ARyHzGcFKSwPT7AdYjQnm6e28ZCN0PjCLyEI1p3LpQGQ5yK6XM1J2tFmBtoUWKIIVmgPzvT+MSBLQUBGOpezZKFZuioVihNN5oZ9IGmMywSPa0zTEAZVuukg+h2daGUI/EvqFCi7U7xspDqScBZ6ezHLK314m/uX1EuXX3ZSFcaJoSJaH/IRDFcGsBjhkghLFZ5pgIpjOCskYC0yULqugS/j6KfyftMuWXbOqd9Vi42pVRx6cgFNQAja4AA1wA5qgBQiYggfwBJ6N1Hg0XozX5WjOWO0cgx8w3j4Bf4mS7w==</latexit>

O(100)
Mass of new physics in TeV 

New Physics beyond the TeV

JHEP11(2014)121

Rare decays 
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Electroweak Penguins

Standard Model  

Suppression = very sensitive to New Physics diagrams

<latexit sha1_base64="Sgo9m7w7P1CGg4tZc0CtFpWi1EY=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaq616+QFxSKZOLCl6QUnFFCPZcMkcBLVHr5T+6/ZilEUjDBNW645HE+BOqDGcCprluqiGhbEQH0LFU0gi0P5kfOsVnVunjMFa2pMFz9fvEhEZaj6PAdkbUDPVvbyb+5XVSE5b9CZdJakCyxaIwFdjEePY17nMFzIixJZQpbm/FbEgVZcZmk7MhrD7F/5Nm0fUu3VK9VKheL+PIohN0is6Rh65QFd2iGmoghgA9omf04tw7T86r87ZozTjLmWP0A877F0uZjUk=</latexit>s
<latexit sha1_base64="IDkaAo05edRWuslrZ5GhYtFLnYw=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaqB718gbikUiYXFbwgpeKKEOy5ZI4CWqLWy390+zFLI5CGCap1xyOJ8SdUGc4ETHPdVENC2YgOoGOppBFofzI/dIrPrNLHYaxsSYPn6veJCY20HkeB7YyoGerf3kz8y+ukJiz7Ey6T1IBki0VhKrCJ8exr3OcKmBFjSyhT3N6K2ZAqyozNJmdDWH2K/yfNoutduqV6qVC9XsaRRSfoFJ0jD12hKrpFNdRADAF6RM/oxbl3npxX523RmnGWM8foB5z3LzHVjTg=</latexit>

b
<latexit sha1_base64="Sgo9m7w7P1CGg4tZc0CtFpWi1EY=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaq616+QFxSKZOLCl6QUnFFCPZcMkcBLVHr5T+6/ZilEUjDBNW645HE+BOqDGcCprluqiGhbEQH0LFU0gi0P5kfOsVnVunjMFa2pMFz9fvEhEZaj6PAdkbUDPVvbyb+5XVSE5b9CZdJakCyxaIwFdjEePY17nMFzIixJZQpbm/FbEgVZcZmk7MhrD7F/5Nm0fUu3VK9VKheL+PIohN0is6Rh65QFd2iGmoghgA9omf04tw7T86r87ZozTjLmWP0A877F0uZjUk=</latexit>s

<latexit sha1_base64="IDkaAo05edRWuslrZ5GhYtFLnYw=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaqB718gbikUiYXFbwgpeKKEOy5ZI4CWqLWy390+zFLI5CGCap1xyOJ8SdUGc4ETHPdVENC2YgOoGOppBFofzI/dIrPrNLHYaxsSYPn6veJCY20HkeB7YyoGerf3kz8y+ukJiz7Ey6T1IBki0VhKrCJ8exr3OcKmBFjSyhT3N6K2ZAqyozNJmdDWH2K/yfNoutduqV6qVC9XsaRRSfoFJ0jD12hKrpFNdRADAF6RM/oxbl3npxX523RmnGWM8foB5z3LzHVjTg=</latexit>

b

<latexit sha1_base64="rI6/SWxwhXUJo6idqVdVlnkBKQE=">AAAB+3icdVDLSgMxFM34rPU11qWbYBEEccjUou2u6MZlBfuAzlgyaaYNzWSGJCOW0l9x40IRt/6IO//GdNqCih5IOJxzL/feEyScKY3Qp7W0vLK6tp7byG9ube/s2nuFpopTSWiDxDyW7QArypmgDc00p+1EUhwFnLaC4dXUb91TqVgsbvUooX6E+4KFjGBtpK5dCDwdQ+VRzu9Osv+0axeRg6oVdFaFM1IuLQiCroMyFMEc9a794fVikkZUaMKxUh0XJdofY6kZ4XSS91JFE0yGuE87hgocUeWPs90n8MgoPRjG0jyhYaZ+7xjjSKlRFJjKCOuB+u1Nxb+8TqrDij9mIkk1FWQ2KEw5NOdOg4A9JinRfGQIJpKZXSEZYImJNnHlTQiLS+H/pFly3HOnfFMu1i7nceTAATgEx8AFF6AGrkEdNAABD+ARPIMXa2I9Wa/W26x0yZr37IMfsN6/AJPTlCs=</latexit>

b ! s`+`�

<latexit sha1_base64="9y1zXJW5dkKwl4J+6jQsTv+yJok=">AAAB9XicdVDLTgIxFL2DL8QX6tJNIzHBzWRmQMAd0Y07MREwgZF0SoGGziNtR0Mm/IcbFxrj1n9x59/YAUzU6EmanJxzb+7p8SLOpLKsDyOztLyyupZdz21sbm3v5Hf3WjKMBaFNEvJQ3HhYUs4C2lRMcXoTCYp9j9O2Nz5P/fYdFZKFwbWaRNT18TBgA0aw0tJt18dqRDBPLqdF+7iXL1jmaa3inDjIMi2r6pQqKXGqZaeEbK2kKMACjV7+vdsPSezTQBGOpezYVqTcBAvFCKfTXDeWNMJkjIe0o2mAfSrdZJZ6io600keDUOgXKDRTv28k2Jdy4nt6Mk0pf3up+JfXidWg5iYsiGJFAzI/NIg5UiFKK0B9JihRfKIJJoLprIiMsMBE6aJyuoSvn6L/Scsx7YpZvioX6meLOrJwAIdQBBuqUIcLaEATCAh4gCd4Nu6NR+PFeJ2PZozFzj78gPH2CS13klI=</latexit>

O(1)
Direct searches 

<latexit sha1_base64="46Q7KOdwixts5jLsGLiEcYoJ2Z0=">AAAB+HicdVDLTgIxFO3gC/HBqEs3jcQEN5MOMIg7oht3YiJIAhPSKR1o6DzSdkxwwpe4caExbv0Ud/6NHcBEjZ6kyck59+aeHi/mTCqEPozcyura+kZ+s7C1vbNbNPf2OzJKBKFtEvFIdD0sKWchbSumOO3GguLA4/TWm1xk/u0dFZJF4Y2axtQN8ChkPiNYaWlgFvsBVmOCeXo1K9voZGCWkIXqTvXMgchykN2oZKTi2AhVoW2hOUpgidbAfO8PI5IENFSEYyl7NoqVm2KhGOF0VugnksaYTPCI9jQNcUClm86Dz+CxVobQj4R+oYJz9ftGigMpp4GnJ7OY8reXiX95vUT5DTdlYZwoGpLFIT/hUEUwawEOmaBE8akmmAims0IyxgITpbsq6BK+fgr/J52KZdet2nWt1Dxf1pEHh+AIlIENTkETXIIWaAMCEvAAnsCzcW88Gi/G62I0Zyx3DsAPGG+fDHSStQ==</latexit>

O(10)

<latexit sha1_base64="tmW9/kHUpOvtvd5tPFfWaTTvAe0=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWomyHTdmrdFd24s4J9QDuUTJppQzMPkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT48WcSYXQh5FbW9/Y3MpvF3Z29/YPzMOjtowSQWiLRDwSXQ9LyllIW4opTruxoDjwOO14k+vM70ypkCwK79Uspm6ARyHzGcFKSwPT7AdYjQnm6e28ZCN0PjCLyEI1p3LpQGQ5yK6XM1J2tFmBtoUWKIIVmgPzvT+MSBLQUBGOpezZKFZuioVihNN5oZ9IGmMywSPa0zTEAZVuukg+h2daGUI/EvqFCi7U7xspDqScBZ6ezHLK314m/uX1EuXX3ZSFcaJoSJaH/IRDFcGsBjhkghLFZ5pgIpjOCskYC0yULqugS/j6KfyftMuWXbOqd9Vi42pVRx6cgFNQAja4AA1wA5qgBQiYggfwBJ6N1Hg0XozX5WjOWO0cgx8w3j4Bf4mS7w==</latexit>

O(100)

Collide at bigger energies (e.g. FCC-hh ~2070)   

Mass of NP in TeV 

New Physics beyond the TeV

JHEP11(2014)121
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Electroweak Penguins

Standard Model  

Suppression = very sensitive to New Physics diagrams

<latexit sha1_base64="Sgo9m7w7P1CGg4tZc0CtFpWi1EY=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaq616+QFxSKZOLCl6QUnFFCPZcMkcBLVHr5T+6/ZilEUjDBNW645HE+BOqDGcCprluqiGhbEQH0LFU0gi0P5kfOsVnVunjMFa2pMFz9fvEhEZaj6PAdkbUDPVvbyb+5XVSE5b9CZdJakCyxaIwFdjEePY17nMFzIixJZQpbm/FbEgVZcZmk7MhrD7F/5Nm0fUu3VK9VKheL+PIohN0is6Rh65QFd2iGmoghgA9omf04tw7T86r87ZozTjLmWP0A877F0uZjUk=</latexit>s
<latexit sha1_base64="IDkaAo05edRWuslrZ5GhYtFLnYw=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaqB718gbikUiYXFbwgpeKKEOy5ZI4CWqLWy390+zFLI5CGCap1xyOJ8SdUGc4ETHPdVENC2YgOoGOppBFofzI/dIrPrNLHYaxsSYPn6veJCY20HkeB7YyoGerf3kz8y+ukJiz7Ey6T1IBki0VhKrCJ8exr3OcKmBFjSyhT3N6K2ZAqyozNJmdDWH2K/yfNoutduqV6qVC9XsaRRSfoFJ0jD12hKrpFNdRADAF6RM/oxbl3npxX523RmnGWM8foB5z3LzHVjTg=</latexit>

b
<latexit sha1_base64="Sgo9m7w7P1CGg4tZc0CtFpWi1EY=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaq616+QFxSKZOLCl6QUnFFCPZcMkcBLVHr5T+6/ZilEUjDBNW645HE+BOqDGcCprluqiGhbEQH0LFU0gi0P5kfOsVnVunjMFa2pMFz9fvEhEZaj6PAdkbUDPVvbyb+5XVSE5b9CZdJakCyxaIwFdjEePY17nMFzIixJZQpbm/FbEgVZcZmk7MhrD7F/5Nm0fUu3VK9VKheL+PIohN0is6Rh65QFd2iGmoghgA9omf04tw7T86r87ZozTjLmWP0A877F0uZjUk=</latexit>s

<latexit sha1_base64="IDkaAo05edRWuslrZ5GhYtFLnYw=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaqB718gbikUiYXFbwgpeKKEOy5ZI4CWqLWy390+zFLI5CGCap1xyOJ8SdUGc4ETHPdVENC2YgOoGOppBFofzI/dIrPrNLHYaxsSYPn6veJCY20HkeB7YyoGerf3kz8y+ukJiz7Ey6T1IBki0VhKrCJ8exr3OcKmBFjSyhT3N6K2ZAqyozNJmdDWH2K/yfNoutduqV6qVC9XsaRRSfoFJ0jD12hKrpFNdRADAF6RM/oxbl3npxX523RmnGWM8foB5z3LzHVjTg=</latexit>

b

<latexit sha1_base64="rI6/SWxwhXUJo6idqVdVlnkBKQE=">AAAB+3icdVDLSgMxFM34rPU11qWbYBEEccjUou2u6MZlBfuAzlgyaaYNzWSGJCOW0l9x40IRt/6IO//GdNqCih5IOJxzL/feEyScKY3Qp7W0vLK6tp7byG9ube/s2nuFpopTSWiDxDyW7QArypmgDc00p+1EUhwFnLaC4dXUb91TqVgsbvUooX6E+4KFjGBtpK5dCDwdQ+VRzu9Osv+0axeRg6oVdFaFM1IuLQiCroMyFMEc9a794fVikkZUaMKxUh0XJdofY6kZ4XSS91JFE0yGuE87hgocUeWPs90n8MgoPRjG0jyhYaZ+7xjjSKlRFJjKCOuB+u1Nxb+8TqrDij9mIkk1FWQ2KEw5NOdOg4A9JinRfGQIJpKZXSEZYImJNnHlTQiLS+H/pFly3HOnfFMu1i7nceTAATgEx8AFF6AGrkEdNAABD+ARPIMXa2I9Wa/W26x0yZr37IMfsN6/AJPTlCs=</latexit>

b ! s`+`�

<latexit sha1_base64="9y1zXJW5dkKwl4J+6jQsTv+yJok=">AAAB9XicdVDLTgIxFL2DL8QX6tJNIzHBzWRmQMAd0Y07MREwgZF0SoGGziNtR0Mm/IcbFxrj1n9x59/YAUzU6EmanJxzb+7p8SLOpLKsDyOztLyyupZdz21sbm3v5Hf3WjKMBaFNEvJQ3HhYUs4C2lRMcXoTCYp9j9O2Nz5P/fYdFZKFwbWaRNT18TBgA0aw0tJt18dqRDBPLqdF+7iXL1jmaa3inDjIMi2r6pQqKXGqZaeEbK2kKMACjV7+vdsPSezTQBGOpezYVqTcBAvFCKfTXDeWNMJkjIe0o2mAfSrdZJZ6io600keDUOgXKDRTv28k2Jdy4nt6Mk0pf3up+JfXidWg5iYsiGJFAzI/NIg5UiFKK0B9JihRfKIJJoLprIiMsMBE6aJyuoSvn6L/Scsx7YpZvioX6meLOrJwAIdQBBuqUIcLaEATCAh4gCd4Nu6NR+PFeJ2PZozFzj78gPH2CS13klI=</latexit>

O(1)
Direct searches 

<latexit sha1_base64="46Q7KOdwixts5jLsGLiEcYoJ2Z0=">AAAB+HicdVDLTgIxFO3gC/HBqEs3jcQEN5MOMIg7oht3YiJIAhPSKR1o6DzSdkxwwpe4caExbv0Ud/6NHcBEjZ6kyck59+aeHi/mTCqEPozcyura+kZ+s7C1vbNbNPf2OzJKBKFtEvFIdD0sKWchbSumOO3GguLA4/TWm1xk/u0dFZJF4Y2axtQN8ChkPiNYaWlgFvsBVmOCeXo1K9voZGCWkIXqTvXMgchykN2oZKTi2AhVoW2hOUpgidbAfO8PI5IENFSEYyl7NoqVm2KhGOF0VugnksaYTPCI9jQNcUClm86Dz+CxVobQj4R+oYJz9ftGigMpp4GnJ7OY8reXiX95vUT5DTdlYZwoGpLFIT/hUEUwawEOmaBE8akmmAims0IyxgITpbsq6BK+fgr/J52KZdet2nWt1Dxf1pEHh+AIlIENTkETXIIWaAMCEvAAnsCzcW88Gi/G62I0Zyx3DsAPGG+fDHSStQ==</latexit>

O(10)

<latexit sha1_base64="tmW9/kHUpOvtvd5tPFfWaTTvAe0=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWomyHTdmrdFd24s4J9QDuUTJppQzMPkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT48WcSYXQh5FbW9/Y3MpvF3Z29/YPzMOjtowSQWiLRDwSXQ9LyllIW4opTruxoDjwOO14k+vM70ypkCwK79Uspm6ARyHzGcFKSwPT7AdYjQnm6e28ZCN0PjCLyEI1p3LpQGQ5yK6XM1J2tFmBtoUWKIIVmgPzvT+MSBLQUBGOpezZKFZuioVihNN5oZ9IGmMywSPa0zTEAZVuukg+h2daGUI/EvqFCi7U7xspDqScBZ6ezHLK314m/uX1EuXX3ZSFcaJoSJaH/IRDFcGsBjhkghLFZ5pgIpjOCskYC0yULqugS/j6KfyftMuWXbOqd9Vi42pVRx6cgFNQAja4AA1wA5qgBQiYggfwBJ6N1Hg0XozX5WjOWO0cgx8w3j4Bf4mS7w==</latexit>

O(100)
Collect more 
data/measure 
more decays 
(now)  

New Physics beyond the TeV

Mass of NP in TeV 

JHEP11(2014)121
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Measuring b hadrons: LHCb experiment 

The original precision-measurement experiment: specialises in 
heavy quark decays:

~1cm
b

<latexit sha1_base64="AEU0dNGSYD5uqmTCuYz0K+fkMQY=">AAAB6HicbZDLSgMxFIbPeK31VnXpJlgEV8OkVduVFty4bMFeoB1KJs20sZkLSUYoQ5/AjQtF3PoqvoE738ZMK6LWHwIf/38OOed4seBKO86HtbS8srq2ntvIb25t7+wW9vZbKkokZU0aiUh2PKKY4CFraq4F68SSkcATrO2Nr7K8fcek4lF4oycxcwMyDLnPKdHGanj9QtGxS/gUV85RBs4ZriJsOzN9Q/HyrVyuAUC9X3jvDSKaBCzUVBClutiJtZsSqTkVbJrvJYrFhI7JkHUNhiRgyk1ng07RsXEGyI+keaFGM/dnR0oCpSaBZyoDokfqb5aZ/2XdRPtVN+VhnGgW0vlHfiKQjlC2NRpwyagWEwOESm5mRXREJKHa3CZvjrCw8iK0SjZ2bNxwirULmCsHh3AEJ4ChAjW4hjo0gQKDe3iEJ+vWerCerZd56ZL11XMAv2S9fgI5P46t</latexit><latexit sha1_base64="qaBLPSMB1gnDdqF/ba/CKYUl4NE=">AAAB6HicbZDLSgMxFIYz9VbrrerSTbAIroakXtqVFty4bMFeoB1KJs20sZnMkGSEMvQJ3LhQxK2v4hu4823MtCJq/SHw8f/nkHOOHwuuDUIfTm5peWV1Lb9e2Njc2t4p7u61dJQoypo0EpHq+EQzwSVrGm4E68SKkdAXrO2Pr7K8fceU5pG8MZOYeSEZSh5wSoy1Gn6/WEJuGZ/iyjnMAJ3hKsQumukbSpdvJzPV+8X33iCiScikoYJo3cUoNl5KlOFUsGmhl2gWEzomQ9a1KEnItJfOBp3CI+sMYBAp+6SBM/dnR0pCrSehbytDYkb6b5aZ/2XdxARVL+UyTgyTdP5RkAhoIphtDQdcMWrExAKhittZIR0RRaixtynYIyysvAitsouRixuoVLsAc+XBATgExwCDCqiBa1AHTUABA/fgETw5t86D8+y8zEtzzlfPPvgl5/UT9C2POQ==</latexit><latexit sha1_base64="qaBLPSMB1gnDdqF/ba/CKYUl4NE=">AAAB6HicbZDLSgMxFIYz9VbrrerSTbAIroakXtqVFty4bMFeoB1KJs20sZnMkGSEMvQJ3LhQxK2v4hu4823MtCJq/SHw8f/nkHOOHwuuDUIfTm5peWV1Lb9e2Njc2t4p7u61dJQoypo0EpHq+EQzwSVrGm4E68SKkdAXrO2Pr7K8fceU5pG8MZOYeSEZSh5wSoy1Gn6/WEJuGZ/iyjnMAJ3hKsQumukbSpdvJzPV+8X33iCiScikoYJo3cUoNl5KlOFUsGmhl2gWEzomQ9a1KEnItJfOBp3CI+sMYBAp+6SBM/dnR0pCrSehbytDYkb6b5aZ/2XdxARVL+UyTgyTdP5RkAhoIphtDQdcMWrExAKhittZIR0RRaixtynYIyysvAitsouRixuoVLsAc+XBATgExwCDCqiBa1AHTUABA/fgETw5t86D8+y8zEtzzlfPPvgl5/UT9C2POQ==</latexit><latexit sha1_base64="29Xo0fV1dgOVa1xrKdMJJX8GgHs=">AAAB6HicbVBNSwMxEJ2tX7V+VT16CRbB05ItanuSghePLdgPaJeSTbNtbDa7JFmhlP4CLx4U8epP8ua/MdsWUeuDgcd7M8zMCxLBtcH408mtrW9sbuW3Czu7e/sHxcOjlo5TRVmTxiJWnYBoJrhkTcONYJ1EMRIFgrWD8U3mtx+Y0jyWd2aSMD8iQ8lDTomxUiPoF0vYLXsXXuUKZQRfelXkuXiOb1KCJer94kdvENM0YtJQQbTuejgx/pQow6lgs0Iv1SwhdEyGrGupJBHT/nR+6AydWWWAwljZkgbN1Z8TUxJpPYkC2xkRM9J/vUz8z+umJqz6Uy6T1DBJF4vCVCATo+xrNOCKUSMmlhCquL0V0RFRhBqbTcGGsPLyKmmVXQ+7XgOXatfLOPJwAqdwDh5UoAa3UIcmUGDwCM/w4tw7T86r87ZozTnLmWP4Bef9C/t0jQU=</latexit>

hadron

Proton Proton
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•  World leading measurements of CP-violation 
•  Discovered over 70 new hadrons including new states of 
matter 

•  Observed significant deviations from SM in rare penguin 
decays

Measuring b hadrons: LHCb experiment 
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Deviations in rare penguins: we don’t see enough
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Deviations in rare penguins: we don’t see enough

Latest SM predictions (Lattice QCD)

What we measure 
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B0 ! K⇤0µ+µ�
<latexit sha1_base64="HTM+eNDtrEzL2vt8KPEzZ5hOKlM=">AAACBnicbVDLSgMxFL1TX7W+Rl2KMFgEUSwzIuiy1I3gpoJ9QDstmTStoUlmSDJCGWblxl9x40IRt36DO//GtJ2Fth4IOZxzL8k5QcSo0q77beUWFpeWV/KrhbX1jc0te3unrsJYYlLDIQtlM0CKMCpITVPNSDOSBPGAkUYwvBr7jQciFQ3FnR5FxOdoIGifYqSN1LX3K53ETds6dG46ybFhPO4kJ9PrNO3aRbfkTuDMEy8jRchQ7dpf7V6IY06Exgwp1fLcSPsJkppiRtJCO1YkQniIBqRlqECcKD+ZxEidQ6P0nH4ozRHamai/NxLElRrxwExypO/VrDcW//Nase5f+gkVUayJwNOH+jFzTOpxJ06PSoI1GxmCsKTmrw6+RxJhbZormBK82cjzpH5W8tySd3teLFeyOvKwBwdwBB5cQBmuoQo1wPAIz/AKb9aT9WK9Wx/T0ZyV7ezCH1ifP2TPmG8=</latexit><latexit sha1_base64="HTM+eNDtrEzL2vt8KPEzZ5hOKlM=">AAACBnicbVDLSgMxFL1TX7W+Rl2KMFgEUSwzIuiy1I3gpoJ9QDstmTStoUlmSDJCGWblxl9x40IRt36DO//GtJ2Fth4IOZxzL8k5QcSo0q77beUWFpeWV/KrhbX1jc0te3unrsJYYlLDIQtlM0CKMCpITVPNSDOSBPGAkUYwvBr7jQciFQ3FnR5FxOdoIGifYqSN1LX3K53ETds6dG46ybFhPO4kJ9PrNO3aRbfkTuDMEy8jRchQ7dpf7V6IY06Exgwp1fLcSPsJkppiRtJCO1YkQniIBqRlqECcKD+ZxEidQ6P0nH4ozRHamai/NxLElRrxwExypO/VrDcW//Nase5f+gkVUayJwNOH+jFzTOpxJ06PSoI1GxmCsKTmrw6+RxJhbZormBK82cjzpH5W8tySd3teLFeyOvKwBwdwBB5cQBmuoQo1wPAIz/AKb9aT9WK9Wx/T0ZyV7ezCH1ifP2TPmG8=</latexit><latexit sha1_base64="HTM+eNDtrEzL2vt8KPEzZ5hOKlM=">AAACBnicbVDLSgMxFL1TX7W+Rl2KMFgEUSwzIuiy1I3gpoJ9QDstmTStoUlmSDJCGWblxl9x40IRt36DO//GtJ2Fth4IOZxzL8k5QcSo0q77beUWFpeWV/KrhbX1jc0te3unrsJYYlLDIQtlM0CKMCpITVPNSDOSBPGAkUYwvBr7jQciFQ3FnR5FxOdoIGifYqSN1LX3K53ETds6dG46ybFhPO4kJ9PrNO3aRbfkTuDMEy8jRchQ7dpf7V6IY06Exgwp1fLcSPsJkppiRtJCO1YkQniIBqRlqECcKD+ZxEidQ6P0nH4ozRHamai/NxLElRrxwExypO/VrDcW//Nase5f+gkVUayJwNOH+jFzTOpxJ06PSoI1GxmCsKTmrw6+RxJhbZormBK82cjzpH5W8tySd3teLFeyOvKwBwdwBB5cQBmuoQo1wPAIz/AKb9aT9WK9Wx/T0ZyV7ezCH1ifP2TPmG8=</latexit><latexit sha1_base64="HTM+eNDtrEzL2vt8KPEzZ5hOKlM=">AAACBnicbVDLSgMxFL1TX7W+Rl2KMFgEUSwzIuiy1I3gpoJ9QDstmTStoUlmSDJCGWblxl9x40IRt36DO//GtJ2Fth4IOZxzL8k5QcSo0q77beUWFpeWV/KrhbX1jc0te3unrsJYYlLDIQtlM0CKMCpITVPNSDOSBPGAkUYwvBr7jQciFQ3FnR5FxOdoIGifYqSN1LX3K53ETds6dG46ybFhPO4kJ9PrNO3aRbfkTuDMEy8jRchQ7dpf7V6IY06Exgwp1fLcSPsJkppiRtJCO1YkQniIBqRlqECcKD+ZxEidQ6P0nH4ozRHamai/NxLElRrxwExypO/VrDcW//Nase5f+gkVUayJwNOH+jFzTOpxJ06PSoI1GxmCsKTmrw6+RxJhbZormBK82cjzpH5W8tySd3teLFeyOvKwBwdwBB5cQBmuoQo1wPAIz/AKb9aT9WK9Wx/T0ZyV7ezCH1ifP2TPmG8=</latexit>

B+ ! K⇤+µ+µ�
<latexit sha1_base64="ylHL/GAs0BVEBDX1kxWkkO6FQIQ=">AAACBnicbVBLSwMxGMzWV62vVY8iBIsgimVXBD2WehG8VLAPaLclm6Y1NMkuSVYoy568+Fe8eFDEq7/Bm//G7HYP2joQMsx8H8mMHzKqtON8W4WFxaXlleJqaW19Y3PL3t5pqiCSmDRwwALZ9pEijArS0FQz0g4lQdxnpOWPr1K/9UCkooG405OQeByNBB1SjLSR+vZ+rRefJF0dwJtefGwYjzIhvU6Tvl12Kk4GOE/cnJRBjnrf/uoOAhxxIjRmSKmO64Tai5HUFDOSlLqRIiHCYzQiHUMF4kR5cRYjgYdGGcBhIM0RGmbq740YcaUm3DeTHOl7Neul4n9eJ9LDSy+mIow0EXj60DBi0KROO4EDKgnWbGIIwpKav0J8jyTC2jRXMiW4s5HnSfOs4joV9/a8XK3ldRTBHjgAR8AFF6AKrkEdNAAGj+AZvII368l6sd6tj+lowcp3dsEfWJ8/VN+YZQ==</latexit><latexit sha1_base64="ylHL/GAs0BVEBDX1kxWkkO6FQIQ=">AAACBnicbVBLSwMxGMzWV62vVY8iBIsgimVXBD2WehG8VLAPaLclm6Y1NMkuSVYoy568+Fe8eFDEq7/Bm//G7HYP2joQMsx8H8mMHzKqtON8W4WFxaXlleJqaW19Y3PL3t5pqiCSmDRwwALZ9pEijArS0FQz0g4lQdxnpOWPr1K/9UCkooG405OQeByNBB1SjLSR+vZ+rRefJF0dwJtefGwYjzIhvU6Tvl12Kk4GOE/cnJRBjnrf/uoOAhxxIjRmSKmO64Tai5HUFDOSlLqRIiHCYzQiHUMF4kR5cRYjgYdGGcBhIM0RGmbq740YcaUm3DeTHOl7Neul4n9eJ9LDSy+mIow0EXj60DBi0KROO4EDKgnWbGIIwpKav0J8jyTC2jRXMiW4s5HnSfOs4joV9/a8XK3ldRTBHjgAR8AFF6AKrkEdNAAGj+AZvII368l6sd6tj+lowcp3dsEfWJ8/VN+YZQ==</latexit><latexit sha1_base64="ylHL/GAs0BVEBDX1kxWkkO6FQIQ=">AAACBnicbVBLSwMxGMzWV62vVY8iBIsgimVXBD2WehG8VLAPaLclm6Y1NMkuSVYoy568+Fe8eFDEq7/Bm//G7HYP2joQMsx8H8mMHzKqtON8W4WFxaXlleJqaW19Y3PL3t5pqiCSmDRwwALZ9pEijArS0FQz0g4lQdxnpOWPr1K/9UCkooG405OQeByNBB1SjLSR+vZ+rRefJF0dwJtefGwYjzIhvU6Tvl12Kk4GOE/cnJRBjnrf/uoOAhxxIjRmSKmO64Tai5HUFDOSlLqRIiHCYzQiHUMF4kR5cRYjgYdGGcBhIM0RGmbq740YcaUm3DeTHOl7Neul4n9eJ9LDSy+mIow0EXj60DBi0KROO4EDKgnWbGIIwpKav0J8jyTC2jRXMiW4s5HnSfOs4joV9/a8XK3ldRTBHjgAR8AFF6AKrkEdNAAGj+AZvII368l6sd6tj+lowcp3dsEfWJ8/VN+YZQ==</latexit><latexit sha1_base64="ylHL/GAs0BVEBDX1kxWkkO6FQIQ=">AAACBnicbVBLSwMxGMzWV62vVY8iBIsgimVXBD2WehG8VLAPaLclm6Y1NMkuSVYoy568+Fe8eFDEq7/Bm//G7HYP2joQMsx8H8mMHzKqtON8W4WFxaXlleJqaW19Y3PL3t5pqiCSmDRwwALZ9pEijArS0FQz0g4lQdxnpOWPr1K/9UCkooG405OQeByNBB1SjLSR+vZ+rRefJF0dwJtefGwYjzIhvU6Tvl12Kk4GOE/cnJRBjnrf/uoOAhxxIjRmSKmO64Tai5HUFDOSlLqRIiHCYzQiHUMF4kR5cRYjgYdGGcBhIM0RGmbq740YcaUm3DeTHOl7Neul4n9eJ9LDSy+mIow0EXj60DBi0KROO4EDKgnWbGIIwpKav0J8jyTC2jRXMiW4s5HnSfOs4joV9/a8XK3ldRTBHjgAR8AFF6AKrkEdNAAGj+AZvII368l6sd6tj+lowcp3dsEfWJ8/VN+YZQ==</latexit>

B0
s ! �µ+µ�

<latexit sha1_base64="PEjY4LWQ/QDHYaoRkRcpP88QVUg=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkUQxJKIoMtSNy4r2Ac0aZhMJ+3QeYSZiVBCdm78FTcuFHHrL7jzb5ymXWj1wOUezrmXmXuihBKlXffLKi0tr6yuldcrG5tb2zv27l5biVQi3EKCCtmNoMKUcNzSRFPcTSSGLKK4E42vp37nHktFBL/TkwQHDA45iQmC2kihfdjoZ24eZir3tfCTEfFZ2s9O86Kd5aFddWtuAecv8eakCuZohvanPxAoZZhrRKFSPc9NdJBBqQmiOK/4qcIJRGM4xD1DOWRYBVlxR+4cG2XgxEKa4top1J8bGWRKTVhkJhnUI7XoTcX/vF6q46sgIzxJNeZo9lCcUkcLZxqKMyASI00nhkAkifmrg0ZQQqRNdBUTgrd48l/SPq95bs27vajWG/M4yuAAHIET4IFLUAc3oAlaAIEH8ARewKv1aD1bb9b7bLRkzXf2wS9YH9+dT5nF</latexit><latexit sha1_base64="PEjY4LWQ/QDHYaoRkRcpP88QVUg=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkUQxJKIoMtSNy4r2Ac0aZhMJ+3QeYSZiVBCdm78FTcuFHHrL7jzb5ymXWj1wOUezrmXmXuihBKlXffLKi0tr6yuldcrG5tb2zv27l5biVQi3EKCCtmNoMKUcNzSRFPcTSSGLKK4E42vp37nHktFBL/TkwQHDA45iQmC2kihfdjoZ24eZir3tfCTEfFZ2s9O86Kd5aFddWtuAecv8eakCuZohvanPxAoZZhrRKFSPc9NdJBBqQmiOK/4qcIJRGM4xD1DOWRYBVlxR+4cG2XgxEKa4top1J8bGWRKTVhkJhnUI7XoTcX/vF6q46sgIzxJNeZo9lCcUkcLZxqKMyASI00nhkAkifmrg0ZQQqRNdBUTgrd48l/SPq95bs27vajWG/M4yuAAHIET4IFLUAc3oAlaAIEH8ARewKv1aD1bb9b7bLRkzXf2wS9YH9+dT5nF</latexit><latexit sha1_base64="PEjY4LWQ/QDHYaoRkRcpP88QVUg=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkUQxJKIoMtSNy4r2Ac0aZhMJ+3QeYSZiVBCdm78FTcuFHHrL7jzb5ymXWj1wOUezrmXmXuihBKlXffLKi0tr6yuldcrG5tb2zv27l5biVQi3EKCCtmNoMKUcNzSRFPcTSSGLKK4E42vp37nHktFBL/TkwQHDA45iQmC2kihfdjoZ24eZir3tfCTEfFZ2s9O86Kd5aFddWtuAecv8eakCuZohvanPxAoZZhrRKFSPc9NdJBBqQmiOK/4qcIJRGM4xD1DOWRYBVlxR+4cG2XgxEKa4top1J8bGWRKTVhkJhnUI7XoTcX/vF6q46sgIzxJNeZo9lCcUkcLZxqKMyASI00nhkAkifmrg0ZQQqRNdBUTgrd48l/SPq95bs27vajWG/M4yuAAHIET4IFLUAc3oAlaAIEH8ARewKv1aD1bb9b7bLRkzXf2wS9YH9+dT5nF</latexit><latexit sha1_base64="PEjY4LWQ/QDHYaoRkRcpP88QVUg=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkUQxJKIoMtSNy4r2Ac0aZhMJ+3QeYSZiVBCdm78FTcuFHHrL7jzb5ymXWj1wOUezrmXmXuihBKlXffLKi0tr6yuldcrG5tb2zv27l5biVQi3EKCCtmNoMKUcNzSRFPcTSSGLKK4E42vp37nHktFBL/TkwQHDA45iQmC2kihfdjoZ24eZir3tfCTEfFZ2s9O86Kd5aFddWtuAecv8eakCuZohvanPxAoZZhrRKFSPc9NdJBBqQmiOK/4qcIJRGM4xD1DOWRYBVlxR+4cG2XgxEKa4top1J8bGWRKTVhkJhnUI7XoTcX/vF6q46sgIzxJNeZo9lCcUkcLZxqKMyASI00nhkAkifmrg0ZQQqRNdBUTgrd48l/SPq95bs27vajWG/M4yuAAHIET4IFLUAc3oAlaAIEH8ARewKv1aD1bb9b7bLRkzXf2wS9YH9+dT5nF</latexit>
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⇠ 2�
<latexit sha1_base64="RCnLgcMXnQeYjIe4L/n/QaK+1Eg=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmbGoa27ohuXFewDpkPJpJk2NMkMSUYoQz/DjQtF3Po17vwbM20FFT2QcDjnXu69J0oZVdpxPqzS2vrG5lZ5u7Kzu7d/UD086qokk5h0cMIS2Y+QIowK0tFUM9JPJUE8YqQXTa8Lv3dPpKKJuNOzlIQcjQWNKUbaSMFAUe6Zb8zRsFpz7Mtm3fPr0LEdp+F6bkG8hn/hQ9coBWpghfaw+j4YJTjjRGjMkFKB66Q6zJHUFDMyrwwyRVKEp2hMAkMF4kSF+WLlOTwzygjGiTRPaLhQv3fkiCs145Gp5EhP1G+vEP/ygkzHzTCnIs00EXg5KM4Y1Aks7ocjKgnWbGYIwpKaXSGeIImwNilVTAhfl8L/SdezXcd2b/1a62oVRxmcgFNwDlzQAC1wA9qgAzBIwAN4As+Wth6tF+t1WVqyVj3H4Aest0+OUpFu</latexit><latexit sha1_base64="RCnLgcMXnQeYjIe4L/n/QaK+1Eg=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmbGoa27ohuXFewDpkPJpJk2NMkMSUYoQz/DjQtF3Po17vwbM20FFT2QcDjnXu69J0oZVdpxPqzS2vrG5lZ5u7Kzu7d/UD086qokk5h0cMIS2Y+QIowK0tFUM9JPJUE8YqQXTa8Lv3dPpKKJuNOzlIQcjQWNKUbaSMFAUe6Zb8zRsFpz7Mtm3fPr0LEdp+F6bkG8hn/hQ9coBWpghfaw+j4YJTjjRGjMkFKB66Q6zJHUFDMyrwwyRVKEp2hMAkMF4kSF+WLlOTwzygjGiTRPaLhQv3fkiCs145Gp5EhP1G+vEP/ygkzHzTCnIs00EXg5KM4Y1Aks7ocjKgnWbGYIwpKaXSGeIImwNilVTAhfl8L/SdezXcd2b/1a62oVRxmcgFNwDlzQAC1wA9qgAzBIwAN4As+Wth6tF+t1WVqyVj3H4Aest0+OUpFu</latexit><latexit sha1_base64="RCnLgcMXnQeYjIe4L/n/QaK+1Eg=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmbGoa27ohuXFewDpkPJpJk2NMkMSUYoQz/DjQtF3Po17vwbM20FFT2QcDjnXu69J0oZVdpxPqzS2vrG5lZ5u7Kzu7d/UD086qokk5h0cMIS2Y+QIowK0tFUM9JPJUE8YqQXTa8Lv3dPpKKJuNOzlIQcjQWNKUbaSMFAUe6Zb8zRsFpz7Mtm3fPr0LEdp+F6bkG8hn/hQ9coBWpghfaw+j4YJTjjRGjMkFKB66Q6zJHUFDMyrwwyRVKEp2hMAkMF4kSF+WLlOTwzygjGiTRPaLhQv3fkiCs145Gp5EhP1G+vEP/ygkzHzTCnIs00EXg5KM4Y1Aks7ocjKgnWbGYIwpKaXSGeIImwNilVTAhfl8L/SdezXcd2b/1a62oVRxmcgFNwDlzQAC1wA9qgAzBIwAN4As+Wth6tF+t1WVqyVj3H4Aest0+OUpFu</latexit><latexit sha1_base64="RCnLgcMXnQeYjIe4L/n/QaK+1Eg=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmbGoa27ohuXFewDpkPJpJk2NMkMSUYoQz/DjQtF3Po17vwbM20FFT2QcDjnXu69J0oZVdpxPqzS2vrG5lZ5u7Kzu7d/UD086qokk5h0cMIS2Y+QIowK0tFUM9JPJUE8YqQXTa8Lv3dPpKKJuNOzlIQcjQWNKUbaSMFAUe6Zb8zRsFpz7Mtm3fPr0LEdp+F6bkG8hn/hQ9coBWpghfaw+j4YJTjjRGjMkFKB66Q6zJHUFDMyrwwyRVKEp2hMAkMF4kSF+WLlOTwzygjGiTRPaLhQv3fkiCs145Gp5EhP1G+vEP/ygkzHzTCnIs00EXg5KM4Y1Aks7ocjKgnWbGYIwpKaXSGeIImwNilVTAhfl8L/SdezXcd2b/1a62oVRxmcgFNwDlzQAC1wA9qgAzBIwAN4As+Wth6tF+t1WVqyVj3H4Aest0+OUpFu</latexit>

⇠ 3�
<latexit sha1_base64="9av37yQOO4n1M2AZCpuC02GqKJY=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuA6VAyaaYNTSZDkhHK0M9w40IRt36NO//GTFtBRQ8kHM65l3vviVJGlXacD2ttfWNza7u0U97d2z84rBwdd5XIJCYdLJiQ/QgpwmhCOppqRvqpJIhHjPSi6XXh9+6JVFQkd3qWkpCjcUJjipE2UjBQlNfMN+ZoWKk69mWz7vl16NiO03A9tyBew6/50DVKgSpYoT2svA9GAmecJBozpFTgOqkOcyQ1xYzMy4NMkRThKRqTwNAEcaLCfLHyHJ4bZQRjIc1LNFyo3ztyxJWa8chUcqQn6rdXiH95QabjZpjTJM00SfByUJwxqAUs7ocjKgnWbGYIwpKaXSGeIImwNimVTQhfl8L/SdezXcd2b/1q62oVRwmcgjNwAVzQAC1wA9qgAzAQ4AE8gWdLW4/Wi/W6LF2zVj0n4Aest0+P3JFv</latexit><latexit sha1_base64="9av37yQOO4n1M2AZCpuC02GqKJY=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuA6VAyaaYNTSZDkhHK0M9w40IRt36NO//GTFtBRQ8kHM65l3vviVJGlXacD2ttfWNza7u0U97d2z84rBwdd5XIJCYdLJiQ/QgpwmhCOppqRvqpJIhHjPSi6XXh9+6JVFQkd3qWkpCjcUJjipE2UjBQlNfMN+ZoWKk69mWz7vl16NiO03A9tyBew6/50DVKgSpYoT2svA9GAmecJBozpFTgOqkOcyQ1xYzMy4NMkRThKRqTwNAEcaLCfLHyHJ4bZQRjIc1LNFyo3ztyxJWa8chUcqQn6rdXiH95QabjZpjTJM00SfByUJwxqAUs7ocjKgnWbGYIwpKaXSGeIImwNimVTQhfl8L/SdezXcd2b/1q62oVRwmcgjNwAVzQAC1wA9qgAzAQ4AE8gWdLW4/Wi/W6LF2zVj0n4Aest0+P3JFv</latexit><latexit sha1_base64="9av37yQOO4n1M2AZCpuC02GqKJY=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuA6VAyaaYNTSZDkhHK0M9w40IRt36NO//GTFtBRQ8kHM65l3vviVJGlXacD2ttfWNza7u0U97d2z84rBwdd5XIJCYdLJiQ/QgpwmhCOppqRvqpJIhHjPSi6XXh9+6JVFQkd3qWkpCjcUJjipE2UjBQlNfMN+ZoWKk69mWz7vl16NiO03A9tyBew6/50DVKgSpYoT2svA9GAmecJBozpFTgOqkOcyQ1xYzMy4NMkRThKRqTwNAEcaLCfLHyHJ4bZQRjIc1LNFyo3ztyxJWa8chUcqQn6rdXiH95QabjZpjTJM00SfByUJwxqAUs7ocjKgnWbGYIwpKaXSGeIImwNimVTQhfl8L/SdezXcd2b/1q62oVRwmcgjNwAVzQAC1wA9qgAzAQ4AE8gWdLW4/Wi/W6LF2zVj0n4Aest0+P3JFv</latexit><latexit sha1_base64="9av37yQOO4n1M2AZCpuC02GqKJY=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuA6VAyaaYNTSZDkhHK0M9w40IRt36NO//GTFtBRQ8kHM65l3vviVJGlXacD2ttfWNza7u0U97d2z84rBwdd5XIJCYdLJiQ/QgpwmhCOppqRvqpJIhHjPSi6XXh9+6JVFQkd3qWkpCjcUJjipE2UjBQlNfMN+ZoWKk69mWz7vl16NiO03A9tyBew6/50DVKgSpYoT2svA9GAmecJBozpFTgOqkOcyQ1xYzMy4NMkRThKRqTwNAEcaLCfLHyHJ4bZQRjIc1LNFyo3ztyxJWa8chUcqQn6rdXiH95QabjZpjTJM00SfByUJwxqAUs7ocjKgnWbGYIwpKaXSGeIImwNimVTQhfl8L/SdezXcd2b/1q62oVRwmcgjNwAVzQAC1wA9qgAzAQ4AE8gWdLW4/Wi/W6LF2zVj0n4Aest0+P3JFv</latexit>
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JHEP 11 (2021) 043 

And their angular distributions aren’t as we except



23

Global fit to underlying effective couplings 

• Results across all observables 
consistent 

• Overall deviation from SM at the 
3-5  level  - but sig. depends 
on theory assumptions 

σ

∼ 5σ
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> 5  combined, first beyond-SM discovery at LHC?σ
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b + = deviations  ?

> 5  combined, first beyond-SM discovery at LHC?σ
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b + = deviations  

Option 1 - New Physics 

> 5  combined, first beyond-SM discovery at LHC?σ



27

<latexit sha1_base64="Sgo9m7w7P1CGg4tZc0CtFpWi1EY=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaq616+QFxSKZOLCl6QUnFFCPZcMkcBLVHr5T+6/ZilEUjDBNW645HE+BOqDGcCprluqiGhbEQH0LFU0gi0P5kfOsVnVunjMFa2pMFz9fvEhEZaj6PAdkbUDPVvbyb+5XVSE5b9CZdJakCyxaIwFdjEePY17nMFzIixJZQpbm/FbEgVZcZmk7MhrD7F/5Nm0fUu3VK9VKheL+PIohN0is6Rh65QFd2iGmoghgA9omf04tw7T86r87ZozTjLmWP0A877F0uZjUk=</latexit>s
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b + = deviations  

CP violating? Leptoquark? = PhD projects 

Option 1 - New Physics 

> 5  combined, first beyond-SM discovery at LHC?σ
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b + = deviations  

Option 2 - misunderstood QCD processes 

> 5  combined, first beyond-SM discovery at LHC?σ
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PhD Projects 

∼ 5σ
Perform 5 (for 6!) dimensional fits 
in order to fully analyse the final 
states of electroweak penguin 
decays 

Use the results to understand 
whether these deviations are due 
to heavy new physics !!
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Machine-learning on FPGAs
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LHCb original  
2009-2018 

LHCb Upgrade I 
2022-2032

~1 pp collision per bunch-crossing ~6 pp collisions per bunch-crossing

Machine-learning on FPGAs
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LHCb original  
2009-2018 

LHCb Upgrade I 
2022-2032

~1 pp collision per bunch-crossing ~6 pp collisions per bunch-crossing

~40 pp collisions per bunch-crossing

LHCb Upgrade II  
2033 onwards 

+ ~30 million bunch 
crossings a second! 

Machine-learning on FPGAs
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LHCb Upgrade II will 
produce highest bandwidth 
of any LHC experiment 

Machine-learning on FPGAs
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LHCb Upgrade II will 
produce highest bandwidth 
of any LHC experiment 

First LHC experiment to run 
without a hardware trigger  
(40 Tb/s)

Machine-learning on FPGAs
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LHCb Upgrade II will 
produce highest bandwidth 
of any LHC experiment 

By 2030 we need to handle 
200 Tb/s….

First LHC experiment to run 
without a hardware trigger  
(40 Tb/s)

Machine-learning on FPGAs
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Subdetector 

Frontend (FE) electronics 

Backend (BE) electronics 

Can we implement machine learning algorithms here instead of here? 

Computing 
farm 
(surface )

Machine-learning on FPGAs
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Subdetector 

Frontend (FE) electronics 

Backend (BE) electronics 

Can we implement machine learning algorithms here instead of here? 

New developing field in low-
latency AI, little adaption so far in 
LHCb

Computing 
farm 
(surface )

Clusters in Up 
grade II ECAL 
simulation : CNN 

Machine-learning on FPGAs
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Subdetector 

Frontend (FE) electronics 

Backend (BE) electronics 

Can we implement machine learning algorithms here instead of here? 

Developing auto encoders with 
inference of ~ 20 nanosecond

New developing field in low-
latency AI

Computing 
farm 
(surface )

Clusters in Up 
grade II ECAL 
simulation : CNN 

Working look at making neural 
net itself radiation hard. 

Machine-learning on FPGAs
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Subdetector 

Frontend (FE) electronics 

Backend (BE) electronics 

Can we implement machine learning algorithms here instead of here? 

Developing auto encoders with 
inference of ~ 20 nanosecond

New developing field in low-
latency AI

Computing 
farm 
(surface )

Clusters in Up 
grade II ECAL 
simulation : CNN 

Working look at making neural 
net itself radiation hard. 

PhD involvement welcome!!

Machine-learning on FPGAs
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Feasibility studies at the FCC-ee
Future circular collider potentially a replacement of LHC 

Looking at developing particle identification requirements for 
detectors  
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Feasibility studies at the FCC-ee
Future circular collider potentially a replacement of LHC 

Looking at developing particle identification requirements for 
detectors  

PhD involvement welcome!!



Drop me an email at 
eluned@mit.edu 

Drop Anja an email at 
anbeck@mit.edu  

My office: 24-417 
Anja’s office: 24-416 
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Want to know more?

mailto:eluned@mit.edu
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Machine-learning on FPGAs
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Machine-learning on FPGAs


