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Introduction and motivation

BSM particles with new tree level flavour-violating 
interactions: clearly flavour observables will be sensitive

What about the other extreme? What if BSM physics is 
flavour symmetric? Does flavour still have something to 
say?
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SMEFT global fits often done assuming U(3)5 flavour 
symmetry, or MFV. In this context is flavour data irrelevant?

If TeV scale new physics exists, it must have suppressed 
FCNCs



Flavour in the SM

No tree level FCNCs

SM Lagrangian: only the Yukawa terms break            flavour symmetry

CKM ~ 1 and unitary

U(3)5
<latexit sha1_base64="H9bYuF0Tm6qdfMwQE35+5WHa6cE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquVfRY9OKxgtsW2rVk02wbm02WJCuUpf/BiwdFvPp/vPlvTD8O2vpg4PHeDDPzwoQzbVz328mtrK6tb+Q3C1vbO7t7xf2DhpapItQnkkvVCrGmnAnqG2Y4bSWK4jjktBkObyZ+84kqzaS4N6OEBjHuCxYxgo2VGn65evpw0S2W3Io7BVom3pyUYI56t/jV6UmSxlQYwrHWbc9NTJBhZRjhdFzopJommAxxn7YtFTimOsim147RiVV6KJLKljBoqv6eyHCs9SgObWeMzUAvehPxP6+dmugqyJhIUkMFmS2KUo6MRJPXUY8pSgwfWYKJYvZWRAZYYWJsQAUbgrf48jJpnFW8asW9Oy/Vrudx5OEIjqEMHlxCDW6hDj4QeIRneIU3RzovzrvzMWvNOfOZQ/gD5/MHFPqOJA==</latexit>=)<latexit sha1_base64="O90zHmzpOZ8nZ8R6h0ZLRDqj6+w=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5U0DJoYxnBxEByhL3NXLJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTDBssEYluRdSg4AoblluBrVQjlZHAh2h4M/UfnlAbnqh7O0oxlLSveMwZtU5qdbh0W9B0yxW/6s9AlkmQkwrkqHfLX51ewjKJyjJBjWkHfmrDMdWWM4GTUiczmFI2pH1sO6qoRBOOZ/dOyIlTeiROtCtlyUz9PTGm0piRjFynpHZgFr2p+J/Xzmx8FY65SjOLis0XxZkgNiHT50mPa2RWjByhTHN3K2EDqimzLqKSCyFYfHmZNM+qwXnVv7uo1K7zOIpwBMdwCgFcQg1uoQ4NYCDgGV7hzXv0Xrx372PeWvDymUP4A+/zB0LVkBs=</latexit>

A challenge and an opportunity for BSM...

FCNCs at one loop suppressed by small CKM elements

=)<latexit sha1_base64="O90zHmzpOZ8nZ8R6h0ZLRDqj6+w=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5U0DJoYxnBxEByhL3NXLJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTDBssEYluRdSg4AoblluBrVQjlZHAh2h4M/UfnlAbnqh7O0oxlLSveMwZtU5qdbh0W9B0yxW/6s9AlkmQkwrkqHfLX51ewjKJyjJBjWkHfmrDMdWWM4GTUiczmFI2pH1sO6qoRBOOZ/dOyIlTeiROtCtlyUz9PTGm0piRjFynpHZgFr2p+J/Xzmx8FY65SjOLis0XxZkgNiHT50mPa2RWjByhTHN3K2EDqimzLqKSCyFYfHmZNM+qwXnVv7uo1K7zOIpwBMdwCgFcQg1uoQ4NYCDgGV7hzXv0Xrx372PeWvDymUP4A+/zB0LVkBs=</latexit>
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Flavour beyond the SM

Tree level FCNCs strongly constrained

Flavour observables are extremely sensitive to new 
sources of flavour violation

For TeV(+) scale NP

Flavour symmetries FCNCs connected to fermion massesand/or

=)<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit> [Isidori, 1507.00867]

eg MFV eg partial compositenesss

Tree level analyses of MFV, PC etc: limits even on these

Even NP with no explicit flavour violation will produce FCNCs via 
loops of SM particles
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The Standard Model Effective Field Theory 
(SMEFT)

Effective theory parameterising effects of heavy new physics respecting 
the full SM gauge group, and containing a Higgs doublet

Series of higher dimensional operators respecting SM gauge symmetries
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<latexit sha1_base64="BMa2c5OBxFhl8QRKElbAsC/A5LY="></latexit>

Any* model of heavy new physics can be matched to the SMEFT 

Experimental data can be used to constrain SMEFT coefficients
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Flavour in the SMEFT
2499 parameters, nearly all of which are elements of flavour matrices

Large hierarchy of constraints on different Wilson coefficients...

For TeV scale NP, have to assume that many Wilson coeffs are suppressed way below O(1)

Flavour symmetries FCNCs connected to fermion massesand/or
eg MFV eg partial compositenesss

For      close to the TeV scale, need:         ⇤
<latexit sha1_base64="Nz6aF8F5pGEVg4CvNbJ5BmTvEVI=">AAAB7nicbVBNS8NAFHypX7V+VT16WSyCp5KooMeiFw8eKlhbaEPZbDbt0s0m7L4IJfRHePGgiFd/jzf/jds2B20dWBhm5rHvTZBKYdB1v53Syura+kZ5s7K1vbO7V90/eDRJphlvsUQmuhNQw6VQvIUCJe+kmtM4kLwdjG6mfvuJayMS9YDjlPsxHSgRCUbRSu3enY2GtF+tuXV3BrJMvILUoECzX/3qhQnLYq6QSWpM13NT9HOqUTDJJ5VeZnhK2YgOeNdSRWNu/Hy27oScWCUkUaLtU0hm6u+JnMbGjOPAJmOKQ7PoTcX/vG6G0ZWfC5VmyBWbfxRlkmBCpreTUGjOUI4toUwLuythQ6opQ9tQxZbgLZ68TB7P6t553b2/qDWuizrKcATHcAoeXEIDbqEJLWAwgmd4hTcndV6cd+djHi05xcwh/IHz+QMMT49f</latexit>
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Suppression of tree level FCNCs, and more manageable number of parameters

[SMEFT tree level flavour constraints: Silvestrini & Valli 1812.10913]



U(3)5
<latexit sha1_base64="cJs7rKzfJBcCjZUqi6OoFWnnXms=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquVfRY8OJFqOC2hXYt2TTbxmaTJckKZel/8OJBEa/+H2/+G9OPg7Y+GHi8N8PMvDDhTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKFlqgj1ieRStUKsKWeC+oYZTluJojgOOW2Gw+uJ33yiSjMp7s0ooUGM+4JFjGBjpYZfrp4+XHSLJbfiToGWiTcnJZij3i1+dXqSpDEVhnCsddtzExNkWBlGOB0XOqmmCSZD3KdtSwWOqQ6y6bVjdGKVHoqksiUMmqq/JzIcaz2KQ9sZYzPQi95E/M9rpya6CjImktRQQWaLopQjI9HkddRjihLDR5Zgopi9FZEBVpgYG1DBhuAtvrxMGmcVr1px785Ltdt5HHk4gmMogweXUIMbqIMPBB7hGV7hzZHOi/PufMxac8585hD+wPn8ARhJji8=</latexit>

Implications for the SMEFT:

Many operators must have 
identity-like Wilson coefficient 

matrices

C(1)
Hq

⇠ �pr
<latexit sha1_base64="lz6+bP5//OABCDeEZ974z7QIYSE=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyVRQZeFbrqsYB/QxDCZTNqhM0mcmQglZOXGX3HjQhG3foM7/8Zpm4W2HrhwOOde7r3HTxiVyrK+jdLK6tr6RnmzsrW9s7tn7h90ZZwKTDo4ZrHo+0gSRiPSUVQx0k8EQdxnpOePm1O/90CEpHF0qyYJcTkaRjSkGCkteeZx08ta9/ldVrPPcuhIyqETEKaQlyUi98yqVbdmgMvELkgVFGh75pcTxDjlJFKYISkHtpUoN0NCUcxIXnFSSRKEx2hIBppGiBPpZrM3cniqlQCGsdAVKThTf09kiEs54b7u5EiN5KI3Ff/zBqkKr92MRkmqSITni8KUQRXDaSYwoIJgxSaaICyovhXiERIIK51cRYdgL768TLrndfuibt1cVhuNIo4yOAInoAZscAUaoAXaoAMweATP4BW8GU/Gi/FufMxbS0Yxcwj+wPj8AXaNmHw=</latexit>

Ceu ⇠ �pr�st
<latexit sha1_base64="yxexVUuhRUFry1R092kMDJgjZmk=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYFXRa6cVnBPqAtJZO504YmM0NyRyjDfIAbf8WNC0Xc+gHu/BvTB6KtBwKHc87l5h4/kcKg6345K6tr6xubha3i9s7u3n7p4LBp4lRzaPBYxrrtMwNSRNBAgRLaiQamfAktf1Sb+K170EbE0R2OE+gpNohEKDhDK/VL5Vo/gzSnXSMU7QYgkfWzROc/3GBuU27FnYIuE29OymSOer/02Q1iniqIkEtmTMdzE+xlTKPgEvJiNzWQMD5iA+hYGjEFppdNj8npqVUCGsbavgjpVP09kTFlzFj5NqkYDs2iNxH/8zophte9TERJihDx2aIwlRRjOmmGBkIDRzm2hHEt7F8pHzLNONr+irYEb/HkZdI8r3gXFff2slytzusokGNyQs6IR65IldyQOmkQTh7IE3khr86j8+y8Oe+z6Ioznzkif+B8fANJl5vF</latexit>

A few operators have two 
possible symmetric 

combinations

Cll ⇠ �pr�st
<latexit sha1_base64="m3UzgWQSEwnBfqG6vVNjz8ncZeo=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSqKCLgvduKxgH9CEMJlM2qEzSZi5EUrIB7jxV9y4UMStH+DOv3HaBtHWAwOHc87lzj1BKrgG2/6yVlbX1jc2K1vV7Z3dvf3awWFXJ5mirEMTkah+QDQTPGYd4CBYP1WMyECwXjBuTf3ePVOaJ/EdTFLmSTKMecQpASP5tXrLz4UosKu5xG7IBBA/T1XxwzUUJmU37BnwMnFKUkcl2n7t0w0TmkkWAxVE64Fjp+DlRAGnghVVN9MsJXRMhmxgaEwk014+O6bAp0YJcZQo82LAM/X3RE6k1hMZmKQkMNKL3lT8zxtkEF17OY/TDFhM54uiTGBI8LQZHHLFKIiJIYQqbv6K6YgoQsH0VzUlOIsnL5PuecO5aNi3l/Vms6yjgo7RCTpDDrpCTXSD2qiDKHpAT+gFvVqP1rP1Zr3PoytWOXOE/sD6+AZGWpvD</latexit>

C 0
ll ⇠ �pt�sr

<latexit sha1_base64="ykYqLDCcQNaqGR19bI7Av4+bNVI=">AAACE3icbZBNS8NAEIY3ftb6FfXoZbEI4qEkKuix0ItHBdsKTQ2bzVQXd5OwOxFKyH/w4l/x4kERr168+W/c1iB+vbDw8M4Ms/NGmRQGPe/dmZqemZ2bry3UF5eWV1bdtfWuSXPNocNTmerziBmQIoEOCpRwnmlgKpLQi67b43rvBrQRaXKGowwGil0mYig4Q2uF7m47LKQsL4JMCwU0MELRIAaJLCwyLL/Y6DJ0G17Tm4j+Bb+CBql0ErpvQZzyXEGCXDJj+r6X4aBgGgWXUNaD3EDG+DW7hL7FhCkwg2JyU0m3rRPTYartS5BO3O8TBVPGjFRkOxXDK/O7Njb/q/VzHB4NCpFkOULCPxcNc0kxpeOAaCw0cJQjC4xrYf9K+RXTjKONsW5D8H+f/Be6e01/v+mdHjRarSqOGtkkW2SH+OSQtMgxOSEdwsktuSeP5Mm5cx6cZ+fls3XKqWY2yA85rx8FkZ7g</latexit>

Some operators have coeffs 
proportional to Yukawas

CdW ⇠ (Yd)pr
<latexit sha1_base64="8qEmOjgfig7M+gITKFKAvwnJt48=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkVdBlsRuXFexD2hAmk2k7dGYSZiZCiVn4K25cKOLW33Dn3zhts9DWAxcO59zLvfcEMaNKO863VVhZXVvfKG6WtrZ3dvfs/YO2ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsG4MfU7D0QqGok7PYmJx9FQ0AHFSBvJt48afhp2MthXlMPKvR+e+WksM98uO1VnBrhM3JyUQY6mb3/1wwgnnAiNGVKq5zqx9lIkNcWMZKV+okiM8BgNSc9QgThRXjq7P4OnRgnhIJKmhIYz9fdEirhSEx6YTo70SC16U/E/r5fowZWXUhEnmgg8XzRIGNQRnIYBQyoJ1mxiCMKSmlshHiGJsDaRlUwI7uLLy6Rdq7rn1drtRbl+ncdRBMfgBFSACy5BHdyAJmgBDB7BM3gFb9aT9WK9Wx/z1oKVzxyCP7A+fwDzYJVr</latexit>

Plus spurionic Yukawas ("MFV")

Ye ⇠ (1, 1, 1, 3, 3̄)
<latexit sha1_base64="P8t660eZ4E2NI6wOXTUE+hJCwAA=">AAACBnicbVDLSgMxFM3UV62vUZciBItQoZSZVtCVFNy4rGAf0hmGTJppQ5PMkGSEUrpy46+4caGIW7/BnX9j2s5CWw/3wuGce0nuCRNGlXacbyu3srq2vpHfLGxt7+zu2fsHLRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTD4fXUbz8QqWgs7vQoIT5HfUEjipE2UmAf3wcEeopyWHLLcF61MvRCJGHtLLCLTsWZAS4TNyNFkKER2F9eL8YpJ0JjhpTquk6i/TGSmmJGJgUvVSRBeIj6pGuoQJwofzw7YwJPjdKDUSxNCw1n6u+NMeJKjXhoJjnSA7XoTcX/vG6qo0t/TEWSaiLw/KEoZVDHcJoJ7FFJsGYjQxCW1PwV4gGSCGuTXMGE4C6evExa1Ypbq1Rvz4v1qyyOPDgCJ6AEXHAB6uAGNEATYPAInsEreLOerBfr3fqYj+asbOcQ/IH1+QMCiJT6</latexit>

Yu ⇠ (3, 3̄, 1, 1, 1)
<latexit sha1_base64="7bD5XIYTDwI98WtWUybHMiFd2n0=">AAACBXicbVDLSgMxFM34rPU16lIXwSJUkDLTCrqSghuXFexDOsOQSTNtaJIZkoxQhm7c+CtuXCji1n9w59+YabvQ1kPCPZxzL8k9YcKo0o7zbS0tr6yurRc2iptb2zu79t5+S8WpxKSJYxbLTogUYVSQpqaakU4iCeIhI+1weJ377QciFY3FnR4lxOeoL2hEMdJGCuyj+yCFnqIclmtn0AuRhKa6+XFPA7vkVJwJ4CJxZ6QEZmgE9pfXi3HKidCYIaW6rpNoP0NSU8zIuOiliiQID1GfdA0ViBPlZ5MtxvDEKD0YxdJcoeFE/T2RIa7UiIemkyM9UPNeLv7ndVMdXfoZFUmqicDTh6KUQR3DPBLYo5JgzUaGICyp+SvEAyQR1ia4ognBnV95kbSqFbdWqd6el+pXszgK4BAcgzJwwQWogxvQAE2AwSN4Bq/gzXqyXqx362PaumTNZg7AH1ifP8enlOA=</latexit>

Yd ⇠ (3, 1, 3̄, 1, 1)
<latexit sha1_base64="38DicRyVmewaPMn1F1k8bvvGLK8=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EiVCglaQVdScGNywr2Ik0Ik8m0HTqZhJmJUEIXbnwVNy4UcetDuPNtnKZZaOsPAx//OYcz5/djRqWyrG+jsLa+sblV3C7t7O7tH5iHR10ZJQKTDo5YJPo+koRRTjqKKkb6sSAo9Bnp+ZPreb33QISkEb9T05i4IRpxOqQYKW15ZvneC6AjaQirzRq0a46PBMzIPvPMilW3MsFVsHOogFxtz/xygggnIeEKMyTlwLZi5aZIKIoZmZWcRJIY4QkakYFGjkIi3TQ7YgZPtRPAYST04wpm7u+JFIVSTkNfd4ZIjeVybW7+VxskanjpppTHiSIcLxYNEwZVBOeJwIAKghWbakBYUP1XiMdIIKx0biUdgr188ip0G3W7WW/cnldaV3kcRVAGJ6AKbHABWuAGtEEHYPAInsEreDOejBfj3fhYtBaMfOYY/JHx+QNOVpSl</latexit>
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The flavour symmetric SMEFT

Cuts down number of parameters

"Flavour safe"?

20 WCs constrained by:
LEP: EW precision data and WW 

production
LHC: Higgs data and WW production 

U(3)5
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Often used in global fits, e.g. 1803.03252

Still many flat directions
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9

Flavour in the flavour symmetric SMEFT

Calculated full one-loop matching from MFV SMEFT to operators below 
weak scale mediating                                                        di ! dj�

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

di ! dj l
+l�

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

, and meson mixingdi ! dj ⌫̄⌫
<latexit sha1_base64="W/LdfjjID92rsoJTH3uFkJ70p0o=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJCrosunFZwT6gCWEymbRjJ5MwMxFKqRt/xY0LRdz6F+78GydtF9p64MLhnHuZOSfMOFPacb6t0tLyyupaeb2ysbm1vWPv7rVUmktCmyTlqeyEWFHOBG1qpjntZJLiJOS0HQ6uC7/9QKViqbjTw4z6Ce4JFjOCtZEC+yAKGPJ0iqLgHnkhlsgTeTGBXXVqzgRokbgzUoUZGoH95UUpyRMqNOFYqa7rZNofYakZ4XRc8XJFM0wGuEe7hgqcUOWPJgnG6NgoEYpTaUZoNFF/X4xwotQwCc1mgnVfzXuF+J/XzXV86Y+YyHJNBZk+FOccmcRFHShikhLNh4ZgIpn5KyJ9LDHRprSKKcGdj7xIWqc196x2enterV/N6ijDIRzBCbhwAXW4gQY0gcAjPMMrvFlP1ov1bn1MV0vW7GYf/sD6/AHnTJXm</latexit>

,

Plus lowest order in 
spurionic YukawasU(3)5

<latexit sha1_base64="cJs7rKzfJBcCjZUqi6OoFWnnXms=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquVfRY8OJFqOC2hXYt2TTbxmaTJckKZel/8OJBEa/+H2/+G9OPg7Y+GHi8N8PMvDDhTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKFlqgj1ieRStUKsKWeC+oYZTluJojgOOW2Gw+uJ33yiSjMp7s0ooUGM+4JFjGBjpYZfrp4+XHSLJbfiToGWiTcnJZij3i1+dXqSpDEVhnCsddtzExNkWBlGOB0XOqmmCSZD3KdtSwWOqQ6y6bVjdGKVHoqksiUMmqq/JzIcaz2KQ9sZYzPQi95E/M9rpya6CjImktRQQWaLopQjI9HkddRjihLDR5Zgopi9FZEBVpgYG1DBhuAtvrxMGmcVr1px785Ltdt5HHk4gmMogweXUIMbqIMPBB7hGV7hzZHOi/PufMxac8585hD+wPn8ARhJji8=</latexit>

No tree level FCNCs

SMEFT

⇤
<latexit sha1_base64="Gp1/nAlpz7l7mGzC1dl355o58ig=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJTse2uIIgLFxXsA9qhZDKZNjSTGZKMUIaCv+DGhSJu/R53/o3ptIKKHggczjnh3nv8hDOlEfqwCiura+sbxc3S1vbO7l55/6Cj4lQS2iYxj2XPx4pyJmhbM81pL5EURz6nXX9yMfe7d1QqFotbPU2oF+GRYCEjWBupO7g20QAPyxVk1xsNF9UhslHVqSKUk9q560LHRjkqYInWsPw+CGKSRlRowrFSfQcl2suw1IxwOisNUkUTTCZ4RPuGChxR5WX5ujN4YpQAhrE0T2iYq99/ZDhSahr5JhlhPVa/vbn4l9dPdVj3MiaSVFNBFoPClEMdw/ntMGCSEs2nhmAimdkVkjGWmGjTUMmU8HUp/J90XNup2ujmrNK8vF/UUQRH4BicAgfUQBNcgRZoAwIm4AE8gWcrsR6tF+t1ES1YywoPwQ9Yb5+PUpAi</latexit>

EW ⇠ mW
<latexit sha1_base64="VAVqvvGWCcoZpFfVr+3sw2dSesE=">AAAB+nicdVDLSgNBEJz1GeMr0aOXwSB4WmYTMcktKILHCOYBSQizk0kyZGZ3melVw5pP8eJBEa9+iTf/xslDUNGChqKqm+4uP5LCACEfztLyyuraemojvbm1vbObye7VTRhrxmsslKFu+tRwKQJeAwGSNyPNqfIlb/ij86nfuOHaiDC4hnHEO4oOAtEXjIKVuplsG/gdJBeNSdsIhVW30c3kiFsql/OkhIlLCl6BkBkpnubz2HPJDDm0QLWbeW/3QhYrHgCT1JiWRyLoJFSDYJJP0u3Y8IiyER3wlqUBVdx0ktnpE3xklR7uh9pWAHimfp9IqDJmrHzbqSgMzW9vKv7ltWLolzqJCKIYeMDmi/qxxBDiaQ64JzRnIMeWUKaFvRWzIdWUgU0rbUP4+hT/T+p51yu45OokVzlbxJFCB+gQHSMPFVEFXaIqqiGGbtEDekLPzr3z6Lw4r/PWJWcxs49+wHn7BJHIlDM=</latexit>

WET (a.k.a. LEFT)
SM - {t, W, Z, h}

mb
<latexit sha1_base64="FdTjXImy+pbOSbhMF1sR0oiRjbc=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbB07JrhfZY9OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03ZBrT4YeLw3w8y8MOFMG8/7dApr6xubW8Xt0s7u3v5B+fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uZ77nQeqNIvlvZkmNBB4JFnECDZWuhODcFCueG69XqvWfOS53gLfxM9JBXI0B+WP/jAmqaDSEI617vleYoIMK8MIp7NSP9U0wWSCR7RnqcSC6iBbnDpDZ1YZoihWtqRBC/XnRIaF1lMR2k6BzVivenPxP6+XmqgeZEwmqaGSLBdFKUcmRvO/0ZApSgyfWoKJYvZWRMZYYWJsOiUbgr/68l/SvnD9quvdXlYaV3kcRTiBUzgHH2rQgBtoQgsIjOARnuHF4c6T8+q8LVsLTj5zDL/gvH8BeFiN6g==</latexit>

�SMEFT
<latexit sha1_base64="BjzdBM+6zfWUdL3W3o9QXnZrc0A=">AAACBXicbVDLSgMxFM34rPU16lIXg0VwVWZU0GVRFDdCxb6gHYZMmrahSWZI7ohlmI0bf8WNC0Xc+g/u/BvTx0JbD9zL4Zx7Se4JY840uO63NTe/sLi0nFvJr66tb2zaW9s1HSWK0CqJeKQaIdaUM0mrwIDTRqwoFiGn9bB/MfTr91RpFskKDGLqC9yVrMMIBiMF9l6ri4XAQdoC+gCmMzlI724urypZlgV2wS26IzizxJuQApqgHNhfrXZEEkElEI61bnpuDH6KFTDCaZZvJZrGmPRxlzYNlVhQ7aejKzLnwChtpxMpUxKckfp7I8VC64EIzaTA0NPT3lD8z2sm0DnzUybjBKgk44c6CXcgcoaROG2mKAE+MAQTxcxfHdLDChMwweVNCN70ybOkdlT0jovu7UmhdD6JI4d20T46RB46RSV0jcqoigh6RM/oFb1ZT9aL9W59jEfnrMnODvoD6/MHcwyZKw==</latexit>

�WET
<latexit sha1_base64="pbabxD6bHiskQgaAlfRejcgr6RQ=">AAACA3icbVDLSsNAFJ3UV62vqjvdBIvgqiQq6LIogssKfUETwmQ6aYfOTMLMjVhCwI2/4saFIm79CXf+jdPHQlsP3MvhnHuZuSdMONPgON9WYWl5ZXWtuF7a2Nza3inv7rV0nCpCmyTmseqEWFPOJG0CA047iaJYhJy2w+H12G/fU6VZLBswSqgvcF+yiBEMRgrKB14fC4GDzAP6AKYzOcraN408z4Nyxak6E9iLxJ2RCpqhHpS/vF5MUkElEI617rpOAn6GFTDCaV7yUk0TTIa4T7uGSiyo9rPJDbl9bJSeHcXKlAR7ov7eyLDQeiRCMykwDPS8Nxb/87opRJd+xmSSApVk+lCUchtiexyI3WOKEuAjQzBRzPzVJgOsMAETW8mE4M6fvEhap1X3rOrcnVdqV7M4iugQHaET5KILVEO3qI6aiKBH9Ixe0Zv1ZL1Y79bHdLRgzXb20R9Ynz87OJiI</latexit>

SM fields

Loop level matching at mW:
Integrate out loops of Ws, tops

Below mW: contribution to WET operator 
(s̄�µPLb)(l̄�

µPLl)
<latexit sha1_base64="n1hAb5H2r11nLzZ/MjnEBpNuxCk=">AAACI3icbZDLSgMxFIYz9VbrbdSlm2AR2k2ZUcHiquDGhYsK9gKdOpxJ0zY0mRmSjFCGvosbX8WNC6W4ceG7mF5EbT0Q+Pm/czg5fxBzprTjfFiZldW19Y3sZm5re2d3z94/qKsokYTWSMQj2QxAUc5CWtNMc9qMJQURcNoIBlcT3nigUrEovNPDmLYF9ELWZQS0sXz7suAFIFM1wl4PhAA/9UQywlX/BgdFPIP8G97/QF7Evp13Ss608LJw5yKP5lX17bHXiUgiaKgJB6VarhPrdgpSM8LpKOclisZABtCjLSNDEFS10+mNI3xinA7uRtK8UOOp+3siBaHUUASmU4Duq0U2Mf9jrUR3y+2UhXGiaUhmi7oJxzrCk8Bwh0lKNB8aAUQy81dM+iCBaBNrzoTgLp68LOqnJfes5Nye5yvleRxZdISOUQG56AJV0DWqohoi6BE9o1f0Zj1ZL9bYep+1Zqz5zCH6U9bnF/D3oyU=</latexit>

t
<latexit sha1_base64="ZXEgEOUFHF4QZ8VPQ+GiYQy6k0w=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lUsMeCF48t2A9oQ9lsJ+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqObR4LGPdDZgBKRS0UKCEbqKBRYGETjC5m/udJ9BGxOoBpwn4ERspEQrO0EpNHJQrbtVdgK4TLycVkqMxKH/1hzFPI1DIJTOm57kJ+hnTKLiEWamfGkgYn7AR9CxVLALjZ4tDZ/TCKkMaxtqWQrpQf09kLDJmGgW2M2I4NqveXPzP66UY1vxMqCRFUHy5KEwlxZjOv6ZDoYGjnFrCuBb2VsrHTDOONpuSDcFbfXmdtK+q3nXVbd5U6rU8jiI5I+fkknjkltTJPWmQFuEEyDN5JW/Oo/PivDsfy9aCk8+ckj9wPn8A3dGM8A==</latexit>

t
<latexit sha1_base64="ZXEgEOUFHF4QZ8VPQ+GiYQy6k0w=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lUsMeCF48t2A9oQ9lsJ+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqObR4LGPdDZgBKRS0UKCEbqKBRYGETjC5m/udJ9BGxOoBpwn4ERspEQrO0EpNHJQrbtVdgK4TLycVkqMxKH/1hzFPI1DIJTOm57kJ+hnTKLiEWamfGkgYn7AR9CxVLALjZ4tDZ/TCKkMaxtqWQrpQf09kLDJmGgW2M2I4NqveXPzP66UY1vxMqCRFUHy5KEwlxZjOv6ZDoYGjnFrCuBb2VsrHTDOONpuSDcFbfXmdtK+q3nXVbd5U6rU8jiI5I+fkknjkltTJPWmQFuEEyDN5JW/Oo/PivDsfy9aCk8+ckj9wPn8A3dGM8A==</latexit>

=)

<latexit sha1_base64="RJgfHcwPq2F3xUcdxJez44KuYT4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKRI8BLx4jmAckS5iddJIhM7PrzKwQloDf4MWDIl79HW/+jZPHQRMLGoqqbrq7okRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSq8Ol24KmWyz5ZX8GskqCBSnBArVu8avTi1kqUVkmqDHtwE9smFFtORM4KXRSgwllIzrAtqOKSjRhNrt3Qs6c0iP9WLtSlszU3xMZlcaMZeQ6JbVDs+xNxf+8dmr712HGVZJaVGy+qJ8KYmMyfZ70uEZmxdgRyjR3txI2pJoy6yIquBCC5ZdXSeOiHFTKl3eVUrX2NI8jDydwCucQwBVU4RZqUAcGAp7hFd68B+/Fe/c+5q05bxHhMfyB9/kDbvmQrw==</latexit>



Observables and operators

Higgs-lepton operators

u/c/t
<latexit sha1_base64="kEwfG8xJZQzyp1PrBxwPiNrDotw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg7SJCnosePFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+VmN1bBXrrhVdw6ySrycVCBHo1f+6vYTlsVcIZPUmI7nphhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm82On5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DSZCpRlyxRaLokwSTMjsc9IXmjOUY0so08LeStiQasrQ5lOyIXjLL6+S5mXVu6q6D9eV+kUeRxFO4BTOwYMbqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPRyyOQg==</latexit>

u/c/t
<latexit sha1_base64="kEwfG8xJZQzyp1PrBxwPiNrDotw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg7SJCnosePFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+VmN1bBXrrhVdw6ySrycVCBHo1f+6vYTlsVcIZPUmI7nphhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm82On5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DSZCpRlyxRaLokwSTMjsc9IXmjOUY0so08LeStiQasrQ5lOyIXjLL6+S5mXVu6q6D9eV+kUeRxFO4BTOwYMbqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPRyyOQg==</latexit>

u/c/t
<latexit sha1_base64="kEwfG8xJZQzyp1PrBxwPiNrDotw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg7SJCnosePFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+VmN1bBXrrhVdw6ySrycVCBHo1f+6vYTlsVcIZPUmI7nphhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm82On5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DSZCpRlyxRaLokwSTMjsc9IXmjOUY0so08LeStiQasrQ5lOyIXjLL6+S5mXVu6q6D9eV+kUeRxFO4BTOwYMbqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPRyyOQg==</latexit>

Purely bosonic operators

u/c/t
<latexit sha1_base64="kEwfG8xJZQzyp1PrBxwPiNrDotw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg7SJCnosePFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+VmN1bBXrrhVdw6ySrycVCBHo1f+6vYTlsVcIZPUmI7nphhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm82On5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DSZCpRlyxRaLokwSTMjsc9IXmjOUY0so08LeStiQasrQ5lOyIXjLL6+S5mXVu6q6D9eV+kUeRxFO4BTOwYMbqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPRyyOQg==</latexit>

Higgs-quark operators

u/c/t
<latexit sha1_base64="kEwfG8xJZQzyp1PrBxwPiNrDotw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg7SJCnosePFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+VmN1bBXrrhVdw6ySrycVCBHo1f+6vYTlsVcIZPUmI7nphhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm82On5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DSZCpRlyxRaLokwSTMjsc9IXmjOUY0so08LeStiQasrQ5lOyIXjLL6+S5mXVu6q6D9eV+kUeRxFO4BTOwYMbqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPRyyOQg==</latexit>

u/c/t
<latexit sha1_base64="kEwfG8xJZQzyp1PrBxwPiNrDotw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg7SJCnosePFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+VmN1bBXrrhVdw6ySrycVCBHo1f+6vYTlsVcIZPUmI7nphhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm82On5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DSZCpRlyxRaLokwSTMjsc9IXmjOUY0so08LeStiQasrQ5lOyIXjLL6+S5mXVu6q6D9eV+kUeRxFO4BTOwYMbqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPRyyOQg==</latexit>
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Dipole operators

u/c/t
<latexit sha1_base64="kEwfG8xJZQzyp1PrBxwPiNrDotw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg7SJCnosePFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+VmN1bBXrrhVdw6ySrycVCBHo1f+6vYTlsVcIZPUmI7nphhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm82On5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DSZCpRlyxRaLokwSTMjsc9IXmjOUY0so08LeStiQasrQ5lOyIXjLL6+S5mXVu6q6D9eV+kUeRxFO4BTOwYMbqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPRyyOQg==</latexit>

u/c/t
<latexit sha1_base64="kEwfG8xJZQzyp1PrBxwPiNrDotw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg7SJCnosePFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+VmN1bBXrrhVdw6ySrycVCBHo1f+6vYTlsVcIZPUmI7nphhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm82On5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DSZCpRlyxRaLokwSTMjsc9IXmjOUY0so08LeStiQasrQ5lOyIXjLL6+S5mXVu6q6D9eV+kUeRxFO4BTOwYMbqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPRyyOQg==</latexit>

4 quark operators
u/c/t

<latexit sha1_base64="kEwfG8xJZQzyp1PrBxwPiNrDotw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg7SJCnosePFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+VmN1bBXrrhVdw6ySrycVCBHo1f+6vYTlsVcIZPUmI7nphhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm82On5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DSZCpRlyxRaLokwSTMjsc9IXmjOUY0so08LeStiQasrQ5lOyIXjLL6+S5mXVu6q6D9eV+kUeRxFO4BTOwYMbqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPRyyOQg==</latexit>

u/c/t
<latexit sha1_base64="kEwfG8xJZQzyp1PrBxwPiNrDotw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg7SJCnosePFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+VmN1bBXrrhVdw6ySrycVCBHo1f+6vYTlsVcIZPUmI7nphhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm82On5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DSZCpRlyxRaLokwSTMjsc9IXmjOUY0so08LeStiQasrQ5lOyIXjLL6+S5mXVu6q6D9eV+kUeRxFO4BTOwYMbqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPRyyOQg==</latexit>

2 quark, 2 lepton operators

u/c/t
<latexit sha1_base64="kEwfG8xJZQzyp1PrBxwPiNrDotw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg7SJCnosePFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+VmN1bBXrrhVdw6ySrycVCBHo1f+6vYTlsVcIZPUmI7nphhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm82On5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DSZCpRlyxRaLokwSTMjsc9IXmjOUY0so08LeStiQasrQ5lOyIXjLL6+S5mXVu6q6D9eV+kUeRxFO4BTOwYMbqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPRyyOQg==</latexit>

These depend on a total of 27 Warsaw basis coefficients, through diagrams like these:

Down-type FCNC processes

b ! s�
<latexit sha1_base64="KSdcBE4fQkYVzb/sGM2bZGf+bAE=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YAmlMl20y7dTeLuplBKf4cXD4p49cd489+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmGnuLu3f3BYOjpu6iRTlDVoIhLVDlEzwWPWMNwI1k4VQxkK1gqHdzO/NWJK8yR+NOOUBRL7MY84RWOlIPRNQjTx+ygldktlt+LOQVaJl5My5Kh3S19+L6GZZLGhArXueG5qggkqw6lg06KfaZYiHWKfdSyNUTIdTOZHT8m5VXokSpSt2JC5+ntiglLrsQxtp0Qz0MveTPzP62QmugkmPE4zw2K6WBRlgthPZwmQHleMGjG2BKni9lZCB6iQGptT0YbgLb+8SprVindZqT5clWu3eRwFOIUzuAAPrqEG91CHBlB4gmd4hTdn5Lw4787HonXNyWdO4A+czx8oYJGz</latexit>

mixing

[Other matching refs: Aebischer & al 1512.02830, Dekens & Stoffer 1908.09295]

K0 � K̄0

<latexit sha1_base64="uEArw+m7aFbUX56xjx0/boVACPI=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuLHMSEHdSMGN4KaCvUBnLJk004YmmSHJCGXoa7hxoYhbX8adb2PazkJbfwh8/OcczskfJpxp47rfTmFldW19o7hZ2tre2d0r7x+0dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g5HN9N6+4kqzWL5YMYJDQQeSBYxgo21/LtH98wPsUIWeuWKW3VnQsvg5VCBXI1e+cvvxyQVVBrCsdZdz01MkGFlGOF0UvJTTRNMRnhAuxYlFlQH2ezmCTqxTh9FsbJPGjRzf09kWGg9FqHtFNgM9WJtav5X66YmugwyJpPUUEnmi6KUIxOjaQCozxQlho8tYKKYvRWRIVaYGBtTyYbgLX55GVrnVa9WvbqvVerXeRxFOIJjOAUPLqAOt9CAJhBI4Ble4c1JnRfn3fmYtxacfOYQ/sj5/AFDtpCK</latexit>



Inputs

Need to pick a set of measured inputs to fix parameters of the theory...

Han & Skiba hep-ph/0412166SMEFT operators enter into observables 
whose measurements fix the inputs of the 

theory

Berthier & Trott 1502.02570

Brivio & Trott 1701.06424

We chose

2 different schemes

Brivio & Trott 1701.06424

+ others

e.g. Alonso & al 1312.2014

n
↵̂em, m̂Z , ĜF , m̂t, m̂b, ↵̂s, V̂CKM

o

<latexit sha1_base64="XZjIYi3AgA4jjApXglbqdClnxC0="></latexit>
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In the SM, these are used to assign numerical values to SM parameters

e.g. from measurement of  GF =
1p
2v2

<latexit sha1_base64="65XCChum9x+PGAWeI4QUQwkuds0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiSloC6UgqAuK9gHNDFMppN26GQSZyaFEoIbf8WNC0Xc+hXu/BunbRbaeuDC4Zx7ufceP2ZUKsv6NhYWl5ZXVgtrxfWNza1tc2e3KaNEYNLAEYtE20eSMMpJQ1HFSDsWBIU+Iy1/cDn2W0MiJI34nRrFxA1Rj9OAYqS05Jn7197VuRMIhFM7Sx35IFRayYb3lcwzS1bZmgDOEzsnJZCj7plfTjfCSUi4wgxJ2bGtWLkpEopiRrKik0gSIzxAPdLRlKOQSDedvJDBI610YRAJXVzBifp7IkWhlKPQ150hUn05643F/7xOooJTN6U8ThTheLooSBhUERznAbtUEKzYSBOEBdW3QtxHOg+lUyvqEOzZl+dJs1K2q+Wz22qpdpHHUQAH4BAcAxucgBq4AXXQABg8gmfwCt6MJ+PFeDc+pq0LRj6zB/7A+PwBHdmXRQ==</latexit>

=) v = 246GeV

<latexit sha1_base64="9wiEpXRaTrAhiK9J+Fxx+JWQFw4=">AAACBHicbVDJSgNBEO1xjXGLesylMQgeJMyE4HJQAh70GMEskAmhp1NJmvQsdNcEw5CDF3/FiwdFvPoR3vwbO8tBEx8UPN6roqqeF0mh0ba/raXlldW19dRGenNre2c3s7df1WGsOFR4KENV95gGKQKooEAJ9UgB8z0JNa9/PfZrA1BahME9DiNo+qwbiI7gDI3UymRd4Zs9oOngslA8dU+oi/CAyQ1UR61Mzs7bE9BF4sxIjsxQbmW+3HbIYx8C5JJp3XDsCJsJUyi4hFHajTVEjPdZFxqGBswH3UwmT4zokVHatBMqUwHSifp7ImG+1kPfM50+w56e98bif14jxs55MxFBFCMEfLqoE0uKIR0nQttCAUc5NIRxJcytlPeYYhxNbmkTgjP/8iKpFvJOMX9xV8yVrmZxpEiWHJJj4pAzUiK3pEwqhJNH8kxeyZv1ZL1Y79bHtHXJms0ckD+wPn8AUSaXQg==</latexit>



Inputs
Han & Skiba hep-ph/0412166SMEFT operators enter into observables 

whose measurements fix the inputs of the 
theory

Berthier & Trott 1502.02570

Brivio & Trott 1701.06424

We chose

2 different schemes

Brivio & Trott 1701.06424

In the SMEFT, EW parameters are (re)defined:

}
<latexit sha1_base64="/wWdeoOVxjYdpjlTRjFHuaN+yBM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPfSm/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mlU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2dtkwBUyIyaWUKa4vZWwEVWUGRtOyYbgLb+8SloXVe+y6t7XKvW7PI4inMApnIMHV1CHW2hAExiE8Ayv8OaMnRfn3flYtBacfOYY/sD5/AGh641y</latexit>

These coefficients therefore 
modify the SM-like (dim 4) 

amplitude

+ others

e.g. Alonso & al 1312.2014

n
↵̂em, m̂Z , ĜF , m̂t, m̂b, ↵̂s, V̂CKM

o

<latexit sha1_base64="XZjIYi3AgA4jjApXglbqdClnxC0="></latexit>

11

Need to pick a set of measured inputs to fix parameters of the theory...



Inputs
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We chose

2 different schemes

Brivio & Trott 1701.06424

In the SMEFT, EW parameters are (re)defined:

}
<latexit sha1_base64="/wWdeoOVxjYdpjlTRjFHuaN+yBM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPfSm/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mlU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2dtkwBUyIyaWUKa4vZWwEVWUGRtOyYbgLb+8SloXVe+y6t7XKvW7PI4inMApnIMHV1CHW2hAExiE8Ayv8OaMnRfn3flYtBacfOYY/sD5/AGh641y</latexit>
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modify the SM-like (dim 4) 

amplitude

+ others

e.g. Alonso & al 1312.2014

n
↵̂em, m̂Z , ĜF , m̂t, m̂b, ↵̂s, V̂CKM

o

<latexit sha1_base64="XZjIYi3AgA4jjApXglbqdClnxC0="></latexit>

11

Need to pick a set of measured inputs to fix parameters of the theory...

CKM



The CKM matrix in the SM

SM CKM fits are done to many measurements

If there is NP, need to understand how it contributes to the observables used to fix the CKM

The CKM matrix depends 
on 4 parameters

Leptonic decays e.g. K ! µ⌫̄, ⇡ ! e⌫̄, . . .

<latexit sha1_base64="088oO08r1QgrEzTjq5Kby7bpM2w=">AAACFnicbVDLSgMxFM3UV62vUZdugkVwoWVGCtZdwY3gpoJ9QDOUTCbThmYyQ5IRSqk/4cZfceNCEbfizr8x0w6orQcCh3Pu5eYcP+FMacf5sgpLyyura8X10sbm1vaOvbvXUnEqCW2SmMey42NFORO0qZnmtJNIiiOf07Y/vMz89h2VisXiVo8S6kW4L1jICNZG6tmn10jHEEUpRD6WSKQn8B6ihMFMpj8i4kGsVc8uOxVnCrhI3JyUQY5Gz/5EQUzSiApNOFaq6zqJ9sZYakY4nZRQqmiCyRD3addQgSOqvPE01gQeGSWAYSzNExpO1d8bYxwpNYp8MxlhPVDzXib+53VTHda8MRNJqqkgs0NhyqGJnHUEAyYp0XxkCCaSmb9CMsASE22aLJkS3PnIi6R1VnGrlYubarley+soggNwCI6BC85BHVyBBmgCAh7AE3gBr9aj9Wy9We+z0YKV7+yDP7A+vgEDJp4I</latexit>

Semileptonic decays e.g. K ! ⇡e⌫̄, B ! De⌫̄, . . .

<latexit sha1_base64="XjE5fcUq9qhIPb7C2urlePvSzUY=">AAACGnicbZDLSgMxFIYz9VbrbdSlm2ARXEiZkYJ1V9SF4KaCvUBnKJlM2oZmkiHJCGWor+HGV3HjQhF34sa3MZ3OQlt/CPx85xxOzh/EjCrtON9WYWl5ZXWtuF7a2Nza3rF391pKJBKTJhZMyE6AFGGUk6ammpFOLAmKAkbawehyWm/fE6mo4Hd6HBM/QgNO+xQjbVDPdm+gpwX0YgoJ9AIkoceTE/gALzJ+ldMMeiwUWvXsslNxMsFF4+amDHI1evanFwqcRIRrzJBSXdeJtZ8iqSlmZFLyEkVihEdoQLrGchQR5afZaRN4ZEgI+0KaxzXM6O+JFEVKjaPAdEZID9V8bQr/q3UT3a/5KeVxognHs0X9hEFz9DQnGFJJsGZjYxCW1PwV4iGSCGuTZsmE4M6fvGhapxW3Wjm/rZbrtTyOIjgAh+AYuOAM1ME1aIAmwOARPINX8GY9WS/Wu/Uxay1Y+cw++CPr6wf4P55d</latexit>

CP asymmetries, e.g. in B ! J/ K(⇤), B ! ⇡⇡, . . .

<latexit sha1_base64="0aANab+4tuRECIn1yKavDexkArw=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VopdRECtZd0Y3opoJ9QBPLZDJth04ezEyEEvoNbvwVNy4UcevKnX/jJM1CWw9cOJxzLzPnOCGjQhrGt5ZbWl5ZXcuvFzY2t7Z39N29tggijkkLByzgXQcJwqhPWpJKRrohJ8hzGOk448vE7zwQLmjg38lJSGwPDX06oBhJJfX18oUlA3h9YoWCwpv7uHRcnlZgKlohTaYCLeYGUvT1olE1UsBFYmakCDI0+/qX5QY48ogvMUNC9EwjlHaMuKSYkWnBigQJER6jIekp6iOPCDtOI03hkVJcOAi4Gl/CVP19ESNPiInnqE0PyZGY9xLxP68XyUHdjqkfRpL4ePbQIGJQBU76gS7lBEs2UQRhTtVfIR4hjrBULRZUCeZ85EXSPq2ater5ba3YqGd15MEBOAQlYIIz0ABXoAlaAINH8AxewZv2pL1o79rHbDWnZTf74A+0zx+RtpuK</latexit>

Neutral meson mixing, e.g. �Md, ✏ . . .

<latexit sha1_base64="gvIA+QHwMw0YGbTe1UYNLxfqo4c=">AAACB3icbZBNSwMxEIazftb6VfUoSLAIHqTsSkG9FfTgRVCwWuguSzY7bUOzyZLMCqV48+Jf8eJBEa/+BW/+G9Pag18vBB7emWEyb5JLYdH3P7yp6ZnZufnSQnlxaXlltbK2fmV1YTg0uZbatBJmQQoFTRQooZUbYFki4TrpH4/q1zdgrNDqEgc5RBnrKtERnKGz4spWeAISGT2LU7pHQ8itkFqFDmWq0caVql/zx6J/IZhAlUx0Hlfew1TzIgOFXDJr24GfYzRkBgWXcFsOCws5433WhbZDxTKw0XB8xy3dcU5KO9q4p5CO3e8TQ5ZZO8gS15kx7NnftZH5X61dYOcwGgqVFwiKfy3qFJKipqNQaCoMcJQDB4wb4f5KeY8ZxtFFV3YhBL9P/gtX+7WgXju6qFcbh5M4SmSTbJNdEpAD0iCn5Jw0CSd35IE8kWfv3nv0XrzXr9YpbzKzQX7Ie/sEKkyYOw==</latexit>

12



The CKM matrix in the SMEFT

Fix the CKM taking account of SMEFT contributions to the 
processes involved in the fit

Pick 4 measurements which can fix the 4 parameters

[arXiv:1812.08163]

<latexit sha1_base64="5fr0KvWBCJrCWL3wJfeCJwhTQtU=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwFZJaNLoquHFZwT4gDWUynbRDJw9mbooldOHGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r3HTziTYFnfWmFtfWNzq7hd2tnd2z/QD49aMk4FoU0S81h0fCwpZxFtAgNOO4mgOPQ5bfujm5nfHlMhWRzdwyShXogHEQsYwaCknl7uAn0AgMzFosPG17ZjV03LsS/OvWlPr1imNYexSuycVFCORk//6vZjkoY0AsKxlK5tJeBlWAAjnE5L3VTSBJMRHlBX0QiHVHrZ/ImpcaqUvhHEQlUExlz9PZHhUMpJ6KvOEMNQLnsz8T/PTSFwvIxFSQo0IotFQcoNiI1ZIkafCUqATxTBRDB1q0GGWGACKreSCsFefnmVtKqmXTOv7mqVupPHUURldILOkI0uUR3dogZqIoIe0TN6RW/ak/aivWsfi9aCls8coz/QPn8AieeWtA==</latexit>

This will give a               shift compared to the SM determination, which 
must be included in the SMEFT predictions for other processes

O(⇤�2)

<latexit sha1_base64="50ZAtKQHLOiBmEDVreTLuP9qhlI=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyxCXViSUrDuCm5cCFawD2hjmUwm7dDJJMxMhBr6JW5cKOLWT3Hn3zhts9DWAwOHc87l3jlezKhUtv1t5NbWNza38tuFnd29/aJ5cNiWUSIwaeGIRaLrIUkY5aSlqGKkGwuCQo+Rjje+mvmdRyIkjfi9msTEDdGQ04BipLQ0MIu35f6NjvvoIT2vTs8GZsmu2HNYq8TJSAkyNAfmV9+PcBISrjBDUvYcO1ZuioSimJFpoZ9IEiM8RkPS05SjkEg3nR8+tU614ltBJPTjypqrvydSFEo5CT2dDJEayWVvJv7n9RIV1N2U8jhRhOPFoiBhloqsWQuWTwXBik00QVhQfauFR0ggrHRXBV2Cs/zlVdKuVpxa5fKuVmrUszrycAwnUAYHLqAB19CEFmBI4Ble4c14Ml6Md+NjEc0Z2cwR/IHx+QNQQZI1</latexit>

13



The CKM matrix in the MFV SMEFT

e.g. charged-current (semi)leptonic decays
 So appropriate ratios of processes are 

unchanged, still proportional to SM CKM ratios

e.g. schematically

Under our flavour assumptions, the SMEFT contributions to any process are proportional to 
the same CKM factors as in the SM 

No flavour indices hereAmplitude    ~ (SM+NP) Vij

<latexit sha1_base64="hCbjD74s+1zc0Tswm4DtNeNymoI=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaiB6JXjxiIgsJbEi3dKHQbTdt14Rs+A9ePGiMV/+PN/+NBfag4EsmeXlvJjPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eMTX8tUEdoikkvVCbGmnAnaMsxw2kkUxXHIaTuc3M399hNVmknxaKYJDWI8FCxiBBsr+X4/Y+NZv1xxq+4CaJ14OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0VuqlmiaYTPCQdi0VOKY6yBbXztCFVQYoksqWMGih/p7IcKz1NA5tZ4zNSK96c/E/r5ua6CbImEhSQwVZLopSjoxE89fRgClKDJ9agoli9lZERlhhYmxAJRuCt/ryOvGvql6tWn+oVRq3eRxFOINzuAQPrqEB99CEFhAYwzO8wpsjnRfn3flYthacfOYU/sD5/AG7jI8+</latexit>

ij

<latexit sha1_base64="Dn/cXlIs52mmRw5/pYqESidib10=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oWy2k3btZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7Gf8cdovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzslZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TgZcITNiYgllittbCRtRRZmx+ZRsCN7yy6ukdVH1atXL+1qlfpPHUYQTOIVz8OAK6nAHDWgCAw7P8ApvjnRenHfnY9FacPKZY/gD5/MHEpqO3g==</latexit>

b ! cl⌫

s ! ul⌫
/

����
Vcb

Vus

����
2

<latexit sha1_base64="+D/ZoaHPPQd2yWuvAiQKTheZCPw="></latexit>

A little less precise than full fits
This can be used for theory predictions 

when fitting to the MFV SMEFT

14



Results of matching calculations

+ flavour constraints as bounds on those WET coeffs }
<latexit sha1_base64="bzMoBQAxNkzw+P5z7gkBRhzSmVU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5iQMuAjYVFBPMByRH2NnPJkr29Y3dPCEd+hI2FIrb+Hjv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533lCpXksH800QT+iI8lDzqixUqevAkUZDsoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxbnzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5r+TIVfIjJhaQpni9lbCxtQGYGxCJRuCt/ryOmnXqt5VtfZQrzTu8ziKcAbncAkeXEMD7qAJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wdWe4+Z</latexit>

New constraints 
for SMEFT fits

Cb(s,d)
1,mix (mW ) = 0.25CuW + 0.61 (C(3)

Hq
+ C 0

ll
� 2C(3)

Hl
) + 0.28 (C(3)0

qq
� C(1)0

qq
� 2C(3)

qq
)

<latexit sha1_base64="sUQQKz9x61rvfubKtqk71pMBlYU="></latexit>

Matching result:

Expressions for WET coeffs in terms of SMEFT coeffs

15

(s̄L�
µbL)

2

<latexit sha1_base64="XaQ/XSUA8R/6nl5SyqPJSklpBkc=">AAACBHicbVC7SgNBFJ31GeMraplmMAixCbshomXQxiJFBPOA7Ga5O5kkQ2Z2l5lZISwpbPwVGwtFbP0IO//GyaPQxAMXDufcy733BDFnStv2t7W2vrG5tZ3Zye7u7R8c5o6OmypKJKENEvFItgNQlLOQNjTTnLZjSUEEnLaC0c3Ubz1QqVgU3utxTD0Bg5D1GQFtJD+XL7oBSKz8GnYHIAR0XZHgwK+dd8t+rmCX7BnwKnEWpIAWqPu5L7cXkUTQUBMOSnUcO9ZeClIzwukk6yaKxkBGMKAdQ0MQVHnp7IkJPjNKD/cjaSrUeKb+nkhBKDUWgekUoIdq2ZuK/3mdRPevvJSFcaJpSOaL+gnHOsLTRHCPSUo0HxsCRDJzKyZDkEC0yS1rQnCWX14lzXLJqZQu7iqF6vUijgzKo1NURA66RFV0i+qogQh6RM/oFb1ZT9aL9W59zFvXrMXMCfoD6/MHfL6WuQ==</latexit>

Constrains BSM coefficient 

of WET operator

Example: observable in mixing�Ms

<latexit sha1_base64="kNWSEPJAmL7VDk9ltRA9kukYqa8=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL1IQA9ehAjmgckSZiedZMjs7DLTK4Qlf+HFgyJe/Rtv/o2TZA+aWNBQVHXT3RXEUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomSjSHOo9kpFsBMyCFgjoKlNCKNbAwkNAMRtdTv/kE2ohIPeA4Bj9kAyX6gjO00mPnBiQyetc13WLJLbsz0GXiZaREMtS6xa9OL+JJCAq5ZMa0PTdGP2UaBZcwKXQSAzHjIzaAtqWKhWD8dHbxhJ5YpUf7kbalkM7U3xMpC40Zh4HtDBkOzaI3Ff/z2gn2L/xUqDhBUHy+qJ9IihGdvk97QgNHObaEcS3srZQPmWYcbUgFG4K3+PIyaZyVvUr58r5Sql5lceTJETkmp8Qj56RKbkmN1AknijyTV/LmGOfFeXc+5q05J5s5JH/gfP4A5QeQaw==</latexit>

Bs

<latexit sha1_base64="wNC1MRsCwHL3qys4TuEP1w54IW4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHm56uleuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUJOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWXl0nzrOqdV6/uzyu16zyOIhzBMZyCBxdQgzuoQwMYDOAZXuHNEc6L8+58zFsLTj5zCH/gfP4AICCNtA==</latexit>

Cbs
1,mix(mW ) = 0.07+0.17

�0.15

<latexit sha1_base64="pBZWnAbO5WwkPINp6v1JWx8yDUs=">AAACEXicbVDLSsNAFJ3UV62vqEs3wSJU1JBIpbpQCt24rGAf0KZhMp3YoTNJmJmIJeQX3Pgrblwo4tadO//GaZuFth643MM59zJzjxdRIqRlfWu5hcWl5ZX8amFtfWNzS9/eaYow5gg3UEhD3vagwJQEuCGJpLgdcQyZR3HLG9bGfusec0HC4FaOIuwweBcQnyAoleTqpZqb2MeMPKS9xBNpibmtw0vLtCq95Mgy7UrqJieqn6WuXlTyBMY8sTNSBBnqrv7V7YcoZjiQiEIhOrYVSSeBXBJEcVroxgJHEA3hHe4oGkCGhZNMLkqNA6X0DT/kqgJpTNTfGwlkQoyYpyYZlAMx643F/7xOLP1zJyFBFEscoOlDfkwNGRrjeIw+4RhJOlIEIk7UXw00gBwiqUIsqBDs2ZPnSfPUtMvmxU25WL3K4siDPbAPSsAGFVAF16AOGgCBR/AMXsGb9qS9aO/ax3Q0p2U7u+APtM8fORaauA==</latexit>



Results of matching calculations

+ flavour constraints as bounds on those WET coeffs }
<latexit sha1_base64="bzMoBQAxNkzw+P5z7gkBRhzSmVU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5iQMuAjYVFBPMByRH2NnPJkr29Y3dPCEd+hI2FIrb+Hjv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533lCpXksH800QT+iI8lDzqixUqevAkUZDsoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxbnzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5r+TIVfIjJhaQpni9lbCxtQGYGxCJRuCt/ryOmnXqt5VtfZQrzTu8ziKcAbncAkeXEMD7qAJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wdWe4+Z</latexit>

New constraints 
for SMEFT fits

Cb(s,d)
1,mix (mW ) = 0.25CuW + 0.61 (C(3)

Hq
+ C 0

ll
� 2C(3)

Hl
) + 0.28 (C(3)0

qq
� C(1)0

qq
� 2C(3)

qq
)

<latexit sha1_base64="sUQQKz9x61rvfubKtqk71pMBlYU="></latexit>

Linear combination of SMEFT coeffs, in units of 1/TeV2 
(defined at Lambda=1 TeV)

Matching result:

Expressions for WET coeffs in terms of SMEFT coeffs

15

(s̄L�
µbL)

2

<latexit sha1_base64="XaQ/XSUA8R/6nl5SyqPJSklpBkc=">AAACBHicbVC7SgNBFJ31GeMraplmMAixCbshomXQxiJFBPOA7Ga5O5kkQ2Z2l5lZISwpbPwVGwtFbP0IO//GyaPQxAMXDufcy733BDFnStv2t7W2vrG5tZ3Zye7u7R8c5o6OmypKJKENEvFItgNQlLOQNjTTnLZjSUEEnLaC0c3Ubz1QqVgU3utxTD0Bg5D1GQFtJD+XL7oBSKz8GnYHIAR0XZHgwK+dd8t+rmCX7BnwKnEWpIAWqPu5L7cXkUTQUBMOSnUcO9ZeClIzwukk6yaKxkBGMKAdQ0MQVHnp7IkJPjNKD/cjaSrUeKb+nkhBKDUWgekUoIdq2ZuK/3mdRPevvJSFcaJpSOaL+gnHOsLTRHCPSUo0HxsCRDJzKyZDkEC0yS1rQnCWX14lzXLJqZQu7iqF6vUijgzKo1NURA66RFV0i+qogQh6RM/oFb1ZT9aL9W59zFvXrMXMCfoD6/MHfL6WuQ==</latexit>

Constrains BSM coefficient 

of WET operator

Example: observable in mixing�Ms

<latexit sha1_base64="kNWSEPJAmL7VDk9ltRA9kukYqa8=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL1IQA9ehAjmgckSZiedZMjs7DLTK4Qlf+HFgyJe/Rtv/o2TZA+aWNBQVHXT3RXEUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomSjSHOo9kpFsBMyCFgjoKlNCKNbAwkNAMRtdTv/kE2ohIPeA4Bj9kAyX6gjO00mPnBiQyetc13WLJLbsz0GXiZaREMtS6xa9OL+JJCAq5ZMa0PTdGP2UaBZcwKXQSAzHjIzaAtqWKhWD8dHbxhJ5YpUf7kbalkM7U3xMpC40Zh4HtDBkOzaI3Ff/z2gn2L/xUqDhBUHy+qJ9IihGdvk97QgNHObaEcS3srZQPmWYcbUgFG4K3+PIyaZyVvUr58r5Sql5lceTJETkmp8Qj56RKbkmN1AknijyTV/LmGOfFeXc+5q05J5s5JH/gfP4A5QeQaw==</latexit>

Bs

<latexit sha1_base64="wNC1MRsCwHL3qys4TuEP1w54IW4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHm56uleuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUJOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWXl0nzrOqdV6/uzyu16zyOIhzBMZyCBxdQgzuoQwMYDOAZXuHNEc6L8+58zFsLTj5zCH/gfP4AICCNtA==</latexit>

Cbs
1,mix(mW ) = 0.07+0.17

�0.15

<latexit sha1_base64="pBZWnAbO5WwkPINp6v1JWx8yDUs=">AAACEXicbVDLSsNAFJ3UV62vqEs3wSJU1JBIpbpQCt24rGAf0KZhMp3YoTNJmJmIJeQX3Pgrblwo4tadO//GaZuFth643MM59zJzjxdRIqRlfWu5hcWl5ZX8amFtfWNzS9/eaYow5gg3UEhD3vagwJQEuCGJpLgdcQyZR3HLG9bGfusec0HC4FaOIuwweBcQnyAoleTqpZqb2MeMPKS9xBNpibmtw0vLtCq95Mgy7UrqJieqn6WuXlTyBMY8sTNSBBnqrv7V7YcoZjiQiEIhOrYVSSeBXBJEcVroxgJHEA3hHe4oGkCGhZNMLkqNA6X0DT/kqgJpTNTfGwlkQoyYpyYZlAMx643F/7xOLP1zJyFBFEscoOlDfkwNGRrjeIw+4RhJOlIEIk7UXw00gBwiqUIsqBDs2ZPnSfPUtMvmxU25WL3K4siDPbAPSsAGFVAF16AOGgCBR/AMXsGb9qS9aO/ax3Q0p2U7u+APtM8fORaauA==</latexit>



Results of matching calculations
Expressions for WET coeffs in terms of SMEFT coeffs
+ flavour constraints as bounds on those WET coeffs }

<latexit sha1_base64="bzMoBQAxNkzw+P5z7gkBRhzSmVU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5iQMuAjYVFBPMByRH2NnPJkr29Y3dPCEd+hI2FIrb+Hjv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533lCpXksH800QT+iI8lDzqixUqevAkUZDsoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxbnzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5r+TIVfIjJhaQpni9lbCxtQGYGxCJRuCt/ryOmnXqt5VtfZQrzTu8ziKcAbncAkeXEMD7qAJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wdWe4+Z</latexit>

New constraints 
for global SMEFT 

fits

Cb(s,d)
1,mix (mW ) = 0.25CuW + 0.61 (C(3)

Hq
+ C 0

ll
� 2C(3)

Hl
) + 0.28 (C(3)0

qq
� C(1)0

qq
� 2C(3)

qq
)

<latexit sha1_base64="sUQQKz9x61rvfubKtqk71pMBlYU="></latexit>

Linear combination of SMEFT coeffs, in units of 1/TeV2

Matching result:

Constrained 
WET coefficient

15

(s̄L�
µbL)

2

<latexit sha1_base64="XaQ/XSUA8R/6nl5SyqPJSklpBkc=">AAACBHicbVC7SgNBFJ31GeMraplmMAixCbshomXQxiJFBPOA7Ga5O5kkQ2Z2l5lZISwpbPwVGwtFbP0IO//GyaPQxAMXDufcy733BDFnStv2t7W2vrG5tZ3Zye7u7R8c5o6OmypKJKENEvFItgNQlLOQNjTTnLZjSUEEnLaC0c3Ubz1QqVgU3utxTD0Bg5D1GQFtJD+XL7oBSKz8GnYHIAR0XZHgwK+dd8t+rmCX7BnwKnEWpIAWqPu5L7cXkUTQUBMOSnUcO9ZeClIzwukk6yaKxkBGMKAdQ0MQVHnp7IkJPjNKD/cjaSrUeKb+nkhBKDUWgekUoIdq2ZuK/3mdRPevvJSFcaJpSOaL+gnHOsLTRHCPSUo0HxsCRDJzKyZDkEC0yS1rQnCWX14lzXLJqZQu7iqF6vUijgzKo1NURA66RFV0i+qogQh6RM/oFb1ZT9aL9W59zFvXrMXMCfoD6/MHfL6WuQ==</latexit>

Constrains BSM coefficient 

of WET operator

Example: observable in mixing�Ms

<latexit sha1_base64="kNWSEPJAmL7VDk9ltRA9kukYqa8=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL1IQA9ehAjmgckSZiedZMjs7DLTK4Qlf+HFgyJe/Rtv/o2TZA+aWNBQVHXT3RXEUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomSjSHOo9kpFsBMyCFgjoKlNCKNbAwkNAMRtdTv/kE2ohIPeA4Bj9kAyX6gjO00mPnBiQyetc13WLJLbsz0GXiZaREMtS6xa9OL+JJCAq5ZMa0PTdGP2UaBZcwKXQSAzHjIzaAtqWKhWD8dHbxhJ5YpUf7kbalkM7U3xMpC40Zh4HtDBkOzaI3Ff/z2gn2L/xUqDhBUHy+qJ9IihGdvk97QgNHObaEcS3srZQPmWYcbUgFG4K3+PIyaZyVvUr58r5Sql5lceTJETkmp8Qj56RKbkmN1AknijyTV/LmGOfFeXc+5q05J5s5JH/gfP4A5QeQaw==</latexit>

Bs

<latexit sha1_base64="wNC1MRsCwHL3qys4TuEP1w54IW4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHm56uleuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUJOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWXl0nzrOqdV6/uzyu16zyOIhzBMZyCBxdQgzuoQwMYDOAZXuHNEc6L8+58zFsLTj5zCH/gfP4AICCNtA==</latexit>

Cbs
1,mix(mW ) = 0.07+0.17

�0.15

<latexit sha1_base64="pBZWnAbO5WwkPINp6v1JWx8yDUs=">AAACEXicbVDLSsNAFJ3UV62vqEs3wSJU1JBIpbpQCt24rGAf0KZhMp3YoTNJmJmIJeQX3Pgrblwo4tadO//GaZuFth643MM59zJzjxdRIqRlfWu5hcWl5ZX8amFtfWNzS9/eaYow5gg3UEhD3vagwJQEuCGJpLgdcQyZR3HLG9bGfusec0HC4FaOIuwweBcQnyAoleTqpZqb2MeMPKS9xBNpibmtw0vLtCq95Mgy7UrqJieqn6WuXlTyBMY8sTNSBBnqrv7V7YcoZjiQiEIhOrYVSSeBXBJEcVroxgJHEA3hHe4oGkCGhZNMLkqNA6X0DT/kqgJpTNTfGwlkQoyYpyYZlAMx643F/7xOLP1zJyFBFEscoOlDfkwNGRrjeIw+4RhJOlIEIk7UXw00gBwiqUIsqBDs2ZPnSfPUtMvmxU25WL3K4siDPbAPSsAGFVAF16AOGgCBR/AMXsGb9qS9aO/ax3Q0p2U7u+APtM8fORaauA==</latexit>



Aspects of results
Low energy (WET) Hamiltonian

Canonically defined with CKM elements, in 
anticipation of SM results

In SM, only non negligible contributions 
are to operators with left handed s

flavour symmetryU(3)5
<latexit sha1_base64="tdJkqQmIoGDaYB5nTmD+qD3Fc7Y=">AAAB7XicbVBNTwIxEJ31E/EL9eilkZjgheyKRo8kXjxi4gIJrKRbulDptpu2a0I2/AcvHjTGq//Hm//GAntQ8CWTvLw3k5l5YcKZNq777aysrq1vbBa2its7u3v7pYPDppapItQnkkvVDrGmnAnqG2Y4bSeK4jjktBWObqZ+64kqzaS4N+OEBjEeCBYxgo2Vmn6ldvZw2SuV3ao7A1omXk7KkKPRK311+5KkMRWGcKx1x3MTE2RYGUY4nRS7qaYJJiM8oB1LBY6pDrLZtRN0apU+iqSyJQyaqb8nMhxrPY5D2xljM9SL3lT8z+ukJroOMiaS1FBB5ouilCMj0fR11GeKEsPHlmCimL0VkSFWmBgbUNGG4C2+vEya51WvVnXvLsr1eh5HAY7hBCrgwRXU4RYa4AOBR3iGV3hzpPPivDsf89YVJ585gj9wPn8AFGCOIg==</latexit>

=)
<latexit sha1_base64="kWXKl3ljX4yZRalAXNWeAkFWsWk=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rBjlMMJR0oHnNGrZPaXS7dFjS9csWv+nOQVRLkpAI56r3yV7efsEyiskxQYzqBn9pwQrXlTOC01M0MppSN6AA7jioq0YST+b1TcuaUPokT7UpZMld/T0yoNGYsI9cpqR2aZW8m/ud1MhvfhBOu0syiYotFcSaITcjsedLnGpkVY0co09zdStiQasqsi6jkQgiWX14lzYtqcFn1768qtVoeRxFO4BTOIYBrqMEd1KEBDAQ8wyu8eY/ei/fufSxaC14+cwx/4H3+AEI7kBk=</latexit>

similar structure for our results 

No right handed currents

Same CKM factors

GIM mechanism
xt ⌘

m2
t

m2
W

<latexit sha1_base64="jrfYmNP2JAdfxlFIaPrTnp5/OWU=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRVsMuCG5cV7AOaGCbTSTt08nDmplhCV278FTcuFHHrN7jzb5y2WWjrgeEezrmXO/f4ieAKLOvbKKysrq1vFDdLW9s7u3vm/kFLxamkrEljEcuOTxQTPGJN4CBYJ5GMhL5gbX94NfXbIyYVj6NbGCfMDUk/4gGnBLTkmccPHjjsPuUj7ASS0Cz04K460aWti2eWrYo1A14mdk7KKEfDM7+cXkzTkEVABVGqa1sJuBmRwKlgk5KTKpYQOiR91tU0IiFTbjY7Y4JPtdLDQSz1iwDP1N8TGQmVGoe+7gwJDNSiNxX/87opBDU341GSAovofFGQCgwxnmaCe1wyCmKsCaGS679iOiA6DdDJlXQI9uLJy6RVrdjnFevmolyv5XEU0RE6QWfIRpeojq5RAzURRY/oGb2iN+PJeDHejY95a8HIZw7RHxifP437mSE=</latexit>

16



Running below weak scale

mW
<latexit sha1_base64="Zta35ex5BKspvdSaVj142Hh26BQ=">AAAB6nicdVDLSgMxFM34rPVVdekmWARXw6QvnV3RjcuK9gHtUDJppg1NMkOSEcrQT3DjQhG3fpE7/8b0IajogQuHc+7l3nvChDNtPO/DWVldW9/YzG3lt3d29/YLB4ctHaeK0CaJeaw6IdaUM0mbhhlOO4miWISctsPx1cxv31OlWSzvzCShgcBDySJGsLHSrei3+4Wi59ZqPqpUoeeiCqqWfEvKvo/8KkSuN0cRLNHoF957g5ikgkpDONa6i7zEBBlWhhFOp/leqmmCyRgPaddSiQXVQTY/dQpPrTKAUaxsSQPn6veJDAutJyK0nQKbkf7tzcS/vG5qoosgYzJJDZVksShKOTQxnP0NB0xRYvjEEkwUs7dCMsIKE2PTydsQvj6F/5NWyUVlt3RTKdYvl3HkwDE4AWcAgXNQB9egAZqAgCF4AE/g2eHOo/PivC5aV5zlzBH4AeftE7Zrjhg=</latexit>

mb
<latexit sha1_base64="C3VqQJaAzdR+QVUscZcqIJTt6dw=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GiZ96eyKblxWtLXQDiWTZtrQJDMkGaEM/QQ3LhRx6xe5829MH4KKHrhwOOde7r0nTDjTxvM+nNzK6tr6Rn6zsLW9s7tX3D9o6zhVhLZIzGPVCbGmnEnaMsxw2kkUxSLk9C4cX878u3uqNIvlrZkkNBB4KFnECDZWuhH9sF8seW697qNqDXouqqJa2bek4vvIr0HkenOUwBLNfvG9N4hJKqg0hGOtu8hLTJBhZRjhdFropZommIzxkHYtlVhQHWTzU6fwxCoDGMXKljRwrn6fyLDQeiJC2ymwGenf3kz8y+umJjoPMiaT1FBJFouilEMTw9nfcMAUJYZPLMFEMXsrJCOsMDE2nYIN4etT+D9pl11UccvX1VLjYhlHHhyBY3AKEDgDDXAFmqAFCBiCB/AEnh3uPDovzuuiNecsZw7BDzhvn8cXjiM=</latexit>

�
d̄i�

µPLdj
� �

l̄k�µlk
�

<latexit sha1_base64="ll62nRgHOMBUQzxGq2u3h2RAPIg="></latexit>

�
d̄i�

µPLdj
� �

l̄k�µ�5lk
�

<latexit sha1_base64="E+p5wgDJk+BveXLmu2+ROuppfBg="></latexit>

�
d̄↵i �

µPLq
�
� �

q̄��µPLd
↵
j

�
<latexit sha1_base64="B43TR2iunUMTHvk94ccy3iSyoLA="></latexit>

�
d̄↵i �

µPLq
↵
� ⇣

q̄��µPLd
�
j

⌘

<latexit sha1_base64="3y5nnR9jxNP3qzl/PJ73SLM21dQ="></latexit>

�
d̄i�

µPLdj
� �

l̄k�µlk
�

<latexit sha1_base64="ll62nRgHOMBUQzxGq2u3h2RAPIg="></latexit>

�
d̄i�

µPLdj
� �

l̄k�µ�5lk
�

<latexit sha1_base64="E+p5wgDJk+BveXLmu2+ROuppfBg="></latexit>

�
d̄i�

µPLdj
�
(⌫̄k�µPL⌫k)

<latexit sha1_base64="7x3qN6263nGWVAF2MEKOrXVxM/w="></latexit>

�
d̄i�

µPLdj
�
(⌫̄k�µPL⌫k)

<latexit sha1_base64="7x3qN6263nGWVAF2MEKOrXVxM/w="></latexit>

�
d̄i�

µ⌫PRdj
�
Fµ⌫

<latexit sha1_base64="J0pi1EiDKPpQO6+fjJ4aGIZvIn8=">AAACH3icbVBNS8NAEN34bf2qevSyWIR6KYmKepKCIB6rWBWaGDabTbt2dxN2J0IJ/Sde/CtePCgi3vw3bmsFrT4YeLw3w8y8KBPcgOt+OBOTU9Mzs3PzpYXFpeWV8urapUlzTVmTpiLV1xExTHDFmsBBsOtMMyIjwa6i7vHAv7pj2vBUXUAvY4EkbcUTTglYKSzv+4IlUPUjonEcct/wtiQ3hS9zX+V93AjPrXzra97uwPZJ+G2E5Ypbc4fAf4k3IhU0QiMsv/txSnPJFFBBjGl5bgZBQTRwKli/5OeGZYR2SZu1LFVEMhMUw//6eMsqMU5SbUsBHqo/JwoijenJyHZKAh0z7g3E/7xWDslhUHCV5cAU/VqU5AJDigdh4ZhrRkH0LCFUc3srph2iCQUbacmG4I2//Jdc7tS83drO2V6lfjSKYw5toE1URR46QHV0ihqoiSi6R4/oGb04D86T8+q8fbVOOKOZdfQLzscneLejPg==</latexit>

�
d̄i�

µ⌫TAPRdj
�
GA

µ⌫
<latexit sha1_base64="hqQ2uPG0sbLwX2vw1ISbW6snuhk="></latexit>

�
d̄i�

µ⌫PRdj
�
Fµ⌫

<latexit sha1_base64="J0pi1EiDKPpQO6+fjJ4aGIZvIn8=">AAACH3icbVBNS8NAEN34bf2qevSyWIR6KYmKepKCIB6rWBWaGDabTbt2dxN2J0IJ/Sde/CtePCgi3vw3bmsFrT4YeLw3w8y8KBPcgOt+OBOTU9Mzs3PzpYXFpeWV8urapUlzTVmTpiLV1xExTHDFmsBBsOtMMyIjwa6i7vHAv7pj2vBUXUAvY4EkbcUTTglYKSzv+4IlUPUjonEcct/wtiQ3hS9zX+V93AjPrXzra97uwPZJ+G2E5Ypbc4fAf4k3IhU0QiMsv/txSnPJFFBBjGl5bgZBQTRwKli/5OeGZYR2SZu1LFVEMhMUw//6eMsqMU5SbUsBHqo/JwoijenJyHZKAh0z7g3E/7xWDslhUHCV5cAU/VqU5AJDigdh4ZhrRkH0LCFUc3srph2iCQUbacmG4I2//Jdc7tS83drO2V6lfjSKYw5toE1URR46QHV0ihqoiSi6R4/oGb04D86T8+q8fbVOOKOZdfQLzscneLejPg==</latexit>

b ! s�
<latexit sha1_base64="KSdcBE4fQkYVzb/sGM2bZGf+bAE=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YAmlMl20y7dTeLuplBKf4cXD4p49cd489+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmGnuLu3f3BYOjpu6iRTlDVoIhLVDlEzwWPWMNwI1k4VQxkK1gqHdzO/NWJK8yR+NOOUBRL7MY84RWOlIPRNQjTx+ygldktlt+LOQVaJl5My5Kh3S19+L6GZZLGhArXueG5qggkqw6lg06KfaZYiHWKfdSyNUTIdTOZHT8m5VXokSpSt2JC5+ntiglLrsQxtp0Qz0MveTPzP62QmugkmPE4zw2K6WBRlgthPZwmQHleMGjG2BKni9lZCB6iQGptT0YbgLb+8SprVindZqT5clWu3eRwFOIUzuAAPrqEG91CHBlB4gmd4hTdn5Lw4787HonXNyWdO4A+czx8oYJGz</latexit> b ! sl+l�

<latexit sha1_base64="t5LfRO6/gSn4JdObIYDKgxA8WZM=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRZBEMtuFfRY9OKxgv2AdluyabYNTbJLklXK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD0e3Ubz5SpVkkH8w4pr7AA8lCRrCxUjfomAhpxLtnts57xZJbdmdAy8TLSAky1HrFr04/Iomg0hCOtW57bmz8FCvDCKeTQifRNMZkhAe0banEgmo/nV09QSdW6aMwUrakQTP190SKhdZjEdhOgc1QL3pT8T+vnZjw2k+ZjBNDJZkvChOO7KvTCFCfKUoMH1uCiWL2VkSGWGFibFAFG4K3+PIyaVTK3kW5cn9Zqt5kceThCI7hFDy4gircQQ3qQEDBM7zCm/PkvDjvzse8NedkM4fwB87nD9KjkWo=</latexit>

b ! s⌫̄⌫
<latexit sha1_base64="VcEuxANBN7z+/zVajsQttgYIuoI=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVJIq6LHoxWMF+wFNKJvtpl262YTdjRBC/StePCji1R/izX/jps1BWx8MPN6bYWZekHCmtON8W2vrG5tb25Wd6u7e/sGhfXTcVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvS383iOVisXiQWcJ9SM8FixkBGsjDe1a4OkYKeQFWCJPpEUN7brTcOZAq8QtSR1KtIf2lzeKSRpRoQnHSg1cJ9F+jqVmhNNZ1UsVTTCZ4jEdGCpwRJWfz4+foTOjjFAYS1NCo7n6eyLHkVJZFJjOCOuJWvYK8T9vkOrw2s+ZSFJNBVksClOOzL9FEmjEJCWaZ4ZgIpm5FZEJlphok1fVhOAuv7xKus2Ge9Fo3l/WWzdlHBU4gVM4BxeuoAV30IYOEMjgGV7hzXqyXqx362PRumaVMzX4A+vzB44ClBA=</latexit>

s ! d⌫̄⌫
<latexit sha1_base64="ohVMarK7xslAw8ECzhrTtblupFA=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5LUgh6LXjxWsB/QhLLZbNqlm03Y3Ygl9K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcqZ0o7zbZU2Nre2d8q7lb39g8Mj+7jaVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuZ37vUcqFUvEg56m1I/xSLCIEayNNLSrytMJCpEXYOmJDJka2jWn7iyA1olbkBoUaA/tLy9MSBZToQnHSg1cJ9V+jqVmhNNZxcsUTTGZ4BEdGCpwTJWfL26foXOjhChKpCmh0UL9PZHjWKlpHJjOGOuxWvXm4n/eINPRtZ8zkWaaCrJcFGUcmXfnQaCQSUo0nxqCiWTmVkTGWGKiTVwVE4K7+vI66Tbq7mW9cd+stW6KOMpwCmdwAS5cQQvuoA0dIPAEz/AKb9bMerHerY9la8kqZk7gD6zPHzcNk+g=</latexit>

�
d̄i�

µPLdj
� �

d̄i�µPLdj
�

<latexit sha1_base64="2/NTti+GbHUtYfGCZgt/Tba2OOI=">AAACOnicbVC7SgNBFJ31GeMramkzGITYhN0oaCWCjYVFAiYRsnG5O5lNxszsLjN3hRD8Lhu/ws7CxkIRWz/AyaPQ6IGBwznncueeMJXCoOs+O3PzC4tLy7mV/Ora+sZmYWu7YZJMM15niUz0dQiGSxHzOgqU/DrVHFQoeTPsn4/85h3XRiTxFQ5S3lbQjUUkGKCVgkLNlzzCkh+Cpp1AUL8LSsGNrzJaDS6tdEt9Lbo9PPgdnOSCf3JBoeiW3THoX+JNSZFMUQ0KT34nYZniMTIJxrQ8N8X2EDQKJvl93s8MT4H1octblsaguGkPx6ff032rdGiUaPtipGP158QQlDEDFdqkAuyZWW8k/ue1MoxO2kMRpxnymE0WRZmkmNBRj7QjNGcoB5YA08L+lbIeaGBo287bErzZk/+SRqXsHZYrtaPi2em0jhzZJXukRDxyTM7IBamSOmHkgbyQN/LuPDqvzofzOYnOOdOZHfILztc3BfesWg==</latexit>

�
d̄i�

µPLdj
� �

d̄i�µPLdj
�

<latexit sha1_base64="2/NTti+GbHUtYfGCZgt/Tba2OOI=">AAACOnicbVC7SgNBFJ31GeMramkzGITYhN0oaCWCjYVFAiYRsnG5O5lNxszsLjN3hRD8Lhu/ws7CxkIRWz/AyaPQ6IGBwznncueeMJXCoOs+O3PzC4tLy7mV/Ora+sZmYWu7YZJMM15niUz0dQiGSxHzOgqU/DrVHFQoeTPsn4/85h3XRiTxFQ5S3lbQjUUkGKCVgkLNlzzCkh+Cpp1AUL8LSsGNrzJaDS6tdEt9Lbo9PPgdnOSCf3JBoeiW3THoX+JNSZFMUQ0KT34nYZniMTIJxrQ8N8X2EDQKJvl93s8MT4H1octblsaguGkPx6ff032rdGiUaPtipGP158QQlDEDFdqkAuyZWW8k/ue1MoxO2kMRpxnymE0WRZmkmNBRj7QjNGcoB5YA08L+lbIeaGBo287bErzZk/+SRqXsHZYrtaPi2em0jhzZJXukRDxyTM7IBamSOmHkgbyQN/LuPDqvzofzOYnOOdOZHfILztc3BfesWg==</latexit>

[Anomalous dim matrix: Aebischer & al 1704.06639, Jenkins & al 1711.05270] 

dj ! uil⌫

<latexit sha1_base64="pL1qCy64L6/EhvzNFO4rLX3Hb8Y=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIoF6k4MVjBfsBbQibzaZdu9mE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6ScKe0431ZpZXVtfaO8Wdna3tnds6v7bZVkktAWSXgiuwFWlDNBW5ppTruppDgOOO0Eo+up33mgUrFE3OlxSr0YDwSLGMHaSL5dDf171NcJynyGOOqLzLdrTt2ZAS0TtyA1KND07a9+mJAspkITjpXquU6qvRxLzQink0o/UzTFZIQHtGeowDFVXj47fYKOjRKiKJGmhEYz9fdEjmOlxnFgOmOsh2rRm4r/eb1MRxdezkSaaSrIfFGUcWReneaAQiYp0XxsCCaSmVsRGWKJiTZpVUwI7uLLy6R9WnfP6pe3Z7XGVRFHGQ7hCE7AhXNowA00oQUEHuEZXuHNerJerHfrY95asoqZA/gD6/MH/qmTMQ==</latexit>

�
d̄↵i �

µPLq
�
� �

q̄��µPLd
↵
j

�
<latexit sha1_base64="B43TR2iunUMTHvk94ccy3iSyoLA="></latexit>

�
d̄↵i �

µPLq
↵
� ⇣

q̄��µPLd
�
j

⌘

<latexit sha1_base64="3y5nnR9jxNP3qzl/PJ73SLM21dQ="></latexit>

��s,d

<latexit sha1_base64="qfreLseROHWxuo5YdQlh1xn9Suw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBg5RECupFCgp6rGA/oAlhstm2S3eTsLsRS8hf8eJBEa/+EW/+G7dtDtr6YODx3gwz84KEUals+9sorayurW+UNytb2zu7e+Z+tSPjVGDSxjGLRS8ASRiNSFtRxUgvEQR4wEg3GF9P/e4jEZLG0YOaJMTjMIzogGJQWvLNqntDmAL3FjgHP5OnYe6bNbtuz2AtE6cgNVSg5ZtfbhjjlJNIYQZS9h07UV4GQlHMSF5xU0kSwGMYkr6mEXAivWx2e24dayW0BrHQFSlrpv6eyIBLOeGB7uSgRnLRm4r/ef1UDS68jEZJqkiE54sGKbNUbE2DsEIqCFZsoglgQfWtFh6BAKx0XBUdgrP48jLpnNWdRv3yvlFrXhVxlNEhOkInyEHnqInuUAu1EUZP6Bm9ojcjN16Md+Nj3loyipkD9AfG5w/DUZRG</latexit>

Limited number of new constraints

17

Effects of the MFV SMEFT only appear in particular WET operators



Flavour vs existing constraints

Many operator directions are already well constrained by 
electroweak data

But there are flat directions in global fits: more operators than independent constraints

To get a full picture...

Allow all operators at once

Constrain with many different observables

18



CHe
<latexit sha1_base64="OUD/b3D/pU2svyUfUVIjMvirbT0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQU8SyCXHCOYByRJmJ51kzOzOMjMrhCX/4MWDIl79H2/+jZNkD5pY0FBUddPdFcSCa+O6305uY3Nreye/W9jbPzg8Kh6ftLRMFMMmk0KqTkA1Ch5h03AjsBMrpGEgsB1ManO//YRKcxk9mGmMfkhHER9yRo2VWrV+WsdZv1hyy+4CZJ14GSlBhka/+NUbSJaEGBkmqNZdz42Nn1JlOBM4K/QSjTFlEzrCrqURDVH76eLaGbmwyoAMpbIVGbJQf0+kNNR6Gga2M6RmrFe9ufif103M8NZPeRQnBiO2XDRMBDGSzF8nA66QGTG1hDLF7a2EjamizNiACjYEb/XlddKqlL2rcuX+ulS9y+LIwxmcwyV4cANVqEMDmsDgEZ7hFd4c6bw4787HsjXnZDOn8AfO5w9iBI79</latexit> CHD

<latexit sha1_base64="sGo8bgD1BNU4B/dKVrObGV1JGr8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT1JoR56rGA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pK1loghtEcml6gZYU84EbRlmOO3GiuIo4LQTTOpzv/NElWZSPJhpTP0IjwQLGcHGSu36IG3czQbFklt2F0DrxMtICTI0B8Wv/lCSJKLCEI617nlubPwUK8MIp7NCP9E0xmSCR7RnqcAR1X66uHaGLqwyRKFUtoRBC/X3RIojradRYDsjbMZ61ZuL/3m9xIQ3fspEnBgqyHJRmHBkJJq/joZMUWL41BJMFLO3IjLGChNjAyrYELzVl9dJu1L2rsqV+2qpdpvFkYczOIdL8OAaatCAJrSAwCM8wyu8OdJ5cd6dj2VrzslmTuEPnM8fL9+O3A==</latexit>

CHu
<latexit sha1_base64="i53tf615CbJy6eFjjkgRhbjoda8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0EuPFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmG73oK0PBh7vzTAzL4g508Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKELbRHKpegHWlDNB24YZTnuxojgKOO0G08bC7z5RpZkUD2YWUz/CY8FCRrCxUqcxTJvJfFiuuFU3A1onXk4qkKM1LH8NRpIkERWGcKx133Nj46dYGUY4nZcGiaYxJlM8pn1LBY6o9tPs2jm6sMoIhVLZEgZl6u+JFEdaz6LAdkbYTPSqtxD/8/qJCW/9lIk4MVSQ5aIw4chItHgdjZiixPCZJZgoZm9FZIIVJsYGVLIheKsvr5NOrepdVWv315X6XR5HEc7gHC7BgxuoQxNa0AYCj/AMr/DmSOfFeXc+lq0FJ585hT9wPn8AelSPDQ==</latexit>

CHd
<latexit sha1_base64="1SWYvIRhPMPdE1YzGxnoAL7znIo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0EuPFewHtEvJZrNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0g408Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKkLbRHKpegHWlDNB24YZTnuJojgOOO0Gk8bc7z5RpZkUD2aaUD/GI8EiRrCxUqcxzJrhbFiuuFV3AbROvJxUIEdrWP4ahJKkMRWGcKx133MT42dYGUY4nZUGqaYJJhM8on1LBY6p9rPFtTN0YZUQRVLZEgYt1N8TGY61nsaB7YyxGetVby7+5/VTE936GRNJaqggy0VRypGRaP46CpmixPCpJZgoZm9FZIwVJsYGVLIheKsvr5NOrepdVWv315X6XR5HEc7gHC7BgxuoQxNa0AYCj/AMr/DmSOfFeXc+lq0FJ585hT9wPn8AYH+O/A==</latexit>

CW
<latexit sha1_base64="KgSNc3k8orurVChqKpgTxb8BcJk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoCcp9OKxgmkLbSib7bZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsbm1vVPcLe3tHxwelY9PWiZONeM+i2WsOyE1XArFfRQoeSfRnEah5O1w0pj77SeujYjVI04THkR0pMRQMIpW8hv9rD3rlytu1V2ArBMvJxXI0eyXv3qDmKURV8gkNabruQkGGdUomOSzUi81PKFsQke8a6miETdBtjh2Ri6sMiDDWNtSSBbq74mMRsZMo9B2RhTHZtWbi/953RSHt0EmVJIiV2y5aJhKgjGZf04GQnOGcmoJZVrYWwkbU00Z2nxKNgRv9eV10qpVvatq7eG6Ur/L4yjCGZzDJXhwA3W4hyb4wEDAM7zCm6OcF+fd+Vi2Fpx85hT+wPn8Abj2jp0=</latexit>

C(1)
Hq

<latexit sha1_base64="nFm+GTpIohps2fFGYeJmcMo3JE4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSCnqSQi89VrAf0May2W7apZtN3N0IJeRvePGgiFf/jDf/jds2B219MPB4b4aZeV7EmdK2/W3lNja3tnfyu4W9/YPDo+LxSUeFsSS0TUIeyp6HFeVM0LZmmtNeJCkOPE673rQx97tPVCoWins9i6gb4LFgPiNYG2nQGCbNx/QhKTuX6bBYsiv2AmidOBkpQYbWsPg1GIUkDqjQhGOl+o4daTfBUjPCaVoYxIpGmEzxmPYNFTigyk0WN6fowigj5IfSlNBoof6eSHCg1CzwTGeA9UStenPxP68fa//GTZiIYk0FWS7yY450iOYBoBGTlGg+MwQTycytiEywxESbmAomBGf15XXSqVacWqV6d1Wq32Zx5OEMzqEMDlxDHZrQgjYQiOAZXuHNiq0X6936WLbmrGzmFP7A+vwBMEWRHQ==</latexit>

C(3)
Hq

<latexit sha1_base64="q8/3b6gwz0x3FyypOe55UgArQPI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSCnqSQi89VrAf0May2W7apZtN3N0IJeRvePGgiFf/jDf/jds2B219MPB4b4aZeV7EmdK2/W3lNja3tnfyu4W9/YPDo+LxSUeFsSS0TUIeyp6HFeVM0LZmmtNeJCkOPE673rQx97tPVCoWins9i6gb4LFgPiNYG2nQGCbNx/QhKdcu02GxZFfsBdA6cTJSggytYfFrMApJHFChCcdK9R070m6CpWaE07QwiBWNMJniMe0bKnBAlZssbk7RhVFGyA+lKaHRQv09keBAqVngmc4A64la9ebif14/1v6NmzARxZoKslzkxxzpEM0DQCMmKdF8ZggmkplbEZlgiYk2MRVMCM7qy+ukU604tUr17qpUv83iyMMZnEMZHLiGOjShBW0gEMEzvMKbFVsv1rv1sWzNWdnMKfyB9fkDM1GRHw==</latexit>

C(3)
Hl

<latexit sha1_base64="p6te76poBjycY6bA4ihW1kC8p7w=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSFvQkhV56rGA/oI1ls920SzebsLsRSsjf8OJBEa/+GW/+G7dtDtr6YODx3gwz87yIM6Vt+9vKbW3v7O7l9wsHh0fHJ8XTs64KY0loh4Q8lH0PK8qZoB3NNKf9SFIceJz2vFlz4feeqFQsFA96HlE3wBPBfEawNtKwOUpaPH1MyrXrdFQs2RV7CbRJnIyUIEN7VPwajkMSB1RowrFSA8eOtJtgqRnhNC0MY0UjTGZ4QgeGChxQ5SbLm1N0ZZQx8kNpSmi0VH9PJDhQah54pjPAeqrWvYX4nzeItX/rJkxEsaaCrBb5MUc6RIsA0JhJSjSfG4KJZOZWRKZYYqJNTAUTgrP+8ibpVitOrVK9r5cad1kcebiASyiDAzfQgBa0oQMEIniGV3izYuvFerc+Vq05K5s5hz+wPn8AK5qRGg==</latexit>

C(1)
Hl

<latexit sha1_base64="0GIzB/LuUp72rFGcMZE+ndD+6rQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBT1JoZceK9gPaGPZbDft0s0m7G6EEvI3vHhQxKt/xpv/xk2bg7Y+GHi8N8PMPC/iTGnb/rYKG5tb2zvF3dLe/sHhUfn4pKvCWBLaISEPZd/DinImaEczzWk/khQHHqc9b9bM/N4TlYqF4kHPI+oGeCKYzwjWRho2R0mLp49J1blMR+WKXbMXQOvEyUkFcrRH5a/hOCRxQIUmHCs1cOxIuwmWmhFO09IwVjTCZIYndGCowAFVbrK4OUUXRhkjP5SmhEYL9fdEggOl5oFnOgOsp2rVy8T/vEGs/Vs3YSKKNRVkuciPOdIhygJAYyYp0XxuCCaSmVsRmWKJiTYxlUwIzurL66RbrzlXtfr9daVxl8dRhDM4hyo4cAMNaEEbOkAggmd4hTcrtl6sd+tj2Vqw8plT+APr8wcojpEY</latexit>

CHWB
<latexit sha1_base64="9HcKvhTX0QYBVMDOZ/mMivUkYpQ=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQU9S7KXHCrZbaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9ruQVsfDDzem2FmXpAIro3jfKPCxubW9k5xt7S3f3B4VD4+6eg4VZS1aSxi1Q2IZoJL1jbcCNZNFCNRIJgXTBpz33tiSvNYPpppwvyIjCQPOSXGSl5jkDW9+9mgXHGqzgJ4nbg5qUCO1qD81R/GNI2YNFQQrXuukxg/I8pwKtis1E81SwidkBHrWSpJxLSfLc6d4QurDHEYK1vS4IX6eyIjkdbTKLCdETFjverNxf+8XmrCWz/jMkkNk3S5KEwFNjGe/46HXDFqxNQSQhW3t2I6JopQYxMq2RDc1ZfXSadWda+qtYfrSv0uj6MIZ3AOl+DCDdShCS1oA4UJPMMrvKEEvaB39LFsLaB85hT+AH3+ANeyjzs=</latexit>

CG
<latexit sha1_base64="vGgMoo2RPBZ4+jiUTqay8KkwOcY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CSFHvRYwbSFtpTNdtMu3WzC7kQoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxIpDLrut7O2vrG5tV3YKe7u7R8clo6OmyZONeM+i2Ws2wE1XArFfRQoeTvRnEaB5K1gXJ/5rSeujYjVI04S3ovoUIlQMIpW8uv97G7aL5XdijsHWSVeTsqQo9EvfXUHMUsjrpBJakzHcxPsZVSjYJJPi93U8ISyMR3yjqWKRtz0svmxU3JulQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVIMb3qZUEmKXLHFojCVBGMy+5wMhOYM5cQSyrSwtxI2opoytPkUbQje8surpFmteJeV6sNVuXabx1GAUziDC/DgGmpwDw3wgYGAZ3iFN0c5L86787FoXXPymRP4A+fzB6Cmjo0=</latexit> CuH

<latexit sha1_base64="ep0+Ysub3jdNaBUu8YAEUOkyoPg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0EuPFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmG73oK0PBh7vzTAzL4g508Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKELbRHKpegHWlDNB24YZTnuxojgKOO0G08bC7z5RpZkUD2YWUz/CY8FCRrCxUqcxTJPmfFiuuFU3A1onXk4qkKM1LH8NRpIkERWGcKx133Nj46dYGUY4nZcGiaYxJlM8pn1LBY6o9tPs2jm6sMoIhVLZEgZl6u+JFEdaz6LAdkbYTPSqtxD/8/qJCW/9lIk4MVSQ5aIw4chItHgdjZiixPCZJZgoZm9FZIIVJsYGVLIheKsvr5NOrepdVWv315X6XR5HEc7gHC7BgxuoQxNa0AYCj/AMr/DmSOfFeXc+lq0FJ585hT9wPn8AeoGPDQ==</latexit>

CHB
<latexit sha1_base64="urZ+bcZY/XBid5oP75DwDgCFj48=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT1JsZceK9gPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aWuZKEJbRHKpugHWlDNBW4YZTruxojgKOO0Ek/rc7zxRpZkUD2YaUz/CI8FCRrCxUrs+SBt3s0Gx5JbdBdA68TJSggzNQfGrP5QkiagwhGOte54bGz/FyjDC6azQTzSNMZngEe1ZKnBEtZ8urp2hC6sMUSiVLWHQQv09keJI62kU2M4Im7Fe9ebif14vMeGNnzIRJ4YKslwUJhwZieavoyFTlBg+tQQTxeytiIyxwsTYgAo2BG/15XXSrpS9q3Llvlqq3WZx5OEMzuESPLiGGjSgCS0g8AjP8ApvjnRenHfnY9mac7KZU/gD5/MHLNWO2g==</latexit>

CHW
<latexit sha1_base64="Ms2/8Vyr9yrTxWvF18OKxCpB27U=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0EuPFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmG73oK0PBh7vzTAzL4g508Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKELbRHKpegHWlDNB24YZTnuxojgKOO0G08bC7z5RpZkUD2YWUz/CY8FCRrCxUqcxTJvd+bBccatuBrROvJxUIEdrWP4ajCRJIioM4VjrvufGxk+xMoxwOi8NEk1jTKZ4TPuWChxR7afZtXN0YZURCqWyJQzK1N8TKY60nkWB7YywmehVbyH+5/UTE976KRNxYqggy0VhwpGRaPE6GjFFieEzSzBRzN6KyAQrTIwNqGRD8FZfXiedWtW7qtburyv1uzyOIpzBOVyCBzdQhya0oA0EHuEZXuHNkc6L8+58LFsLTj5zCn/gfP4ATL6O7w==</latexit>

CH⇤
<latexit sha1_base64="aBD5rYwODOiR8HuCslz2ZBSNgYU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k2EuPFeyHtEvJptk2NJssSVYsS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etbRMFKFNIrlUnQBrypmgTcMMp51YURwFnLaDcW3mtx+p0kyKezOJqR/hoWAhI9hY6aHWT+u9W/k07RdLbtmdA60SLyMlyNDoF796A0mSiApDONa667mx8VOsDCOcTgu9RNMYkzEe0q6lAkdU++n84Ck6s8oAhVLZEgbN1d8TKY60nkSB7YywGellbyb+53UTE177KRNxYqggi0VhwpGRaPY9GjBFieETSzBRzN6KyAgrTIzNqGBD8JZfXiWtStm7KFfuLkvVmyyOPJzAKZyDB1dQhTo0oAkEIniGV3hzlPPivDsfi9ack80cwx84nz+MyJA7</latexit>

CHG
<latexit sha1_base64="4JppD2oAR6Aj4CVmidfOs9anR+w=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT1JoQd7rGA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pK1loghtEcml6gZYU84EbRlmOO3GiuIo4LQTTOpzv/NElWZSPJhpTP0IjwQLGcHGSu36IG3czQbFklt2F0DrxMtICTI0B8Wv/lCSJKLCEI617nlubPwUK8MIp7NCP9E0xmSCR7RnqcAR1X66uHaGLqwyRKFUtoRBC/X3RIojradRYDsjbMZ61ZuL/3m9xIQ3fspEnBgqyHJRmHBkJJq/joZMUWL41BJMFLO3IjLGChNjAyrYELzVl9dJu1L2rsqV+2qpdpvFkYczOIdL8OAaatCAJrSAwCM8wyu8OdJ5cd6dj2VrzslmTuEPnM8fNG6O3w==</latexit>

C(1)
lq

<latexit sha1_base64="e5VNB8tfLWKUalR21gLlu7q04vQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBT1JoRePFewHtLFstpt26WYTdzdCCfkbXjwo4tU/481/46bNQVsfDDzem2FmnhdxprRtf1uFtfWNza3idmlnd2//oHx41FFhLAltk5CHsudhRTkTtK2Z5rQXSYoDj9OuN21mfveJSsVCca9nEXUDPBbMZwRrIw2aw4Q/pg9J1TlPh+WKXbPnQKvEyUkFcrSG5a/BKCRxQIUmHCvVd+xIuwmWmhFO09IgVjTCZIrHtG+owAFVbjK/OUVnRhkhP5SmhEZz9fdEggOlZoFnOgOsJ2rZy8T/vH6s/Ws3YSKKNRVksciPOdIhygJAIyYp0XxmCCaSmVsRmWCJiTYxlUwIzvLLq6RTrzkXtfrdZaVxk8dRhBM4hSo4cAUNuIUWtIFABM/wCm9WbL1Y79bHorVg5TPH8AfW5w9n9ZFB</latexit>

C(3)
lq

<latexit sha1_base64="caAZmTIB6WePAJn3i0cCJs+d0JQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSCnqSQi8eK9gPaGPZbDft0s0m3d0IJeRvePGgiFf/jDf/jds2B219MPB4b4aZeV7EmdK2/W3lNja3tnfyu4W9/YPDo+LxSVuFsSS0RUIeyq6HFeVM0JZmmtNuJCkOPE473qQx9ztPVCoWigc9i6gb4JFgPiNYG6nfGCR8mj4m5dplOiiW7Iq9AFonTkZKkKE5KH71hyGJAyo04VipnmNH2k2w1Ixwmhb6saIRJhM8oj1DBQ6ocpPFzSm6MMoQ+aE0JTRaqL8nEhwoNQs80xlgPVar3lz8z+vF2r9xEyaiWFNBlov8mCMdonkAaMgkJZrPDMFEMnMrImMsMdEmpoIJwVl9eZ20qxWnVqneX5Xqt1kceTiDcyiDA9dQhztoQgsIRPAMr/BmxdaL9W59LFtzVjZzCn9gff4AawGRQw==</latexit>

Clu
<latexit sha1_base64="yCGZsQ0UBwCES1zWYrOAIvthyBM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQU8SyMVjBBMDyRJmJ7PJmNmZZR5CWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcqZNr7/7RXW1jc2t4rbpZ3dvf2D8uFRW0urCG0RyaXqRFhTzgRtGWY47aSK4iTi9CEaN2b+wxNVmklxbyYpDRM8FCxmBBsntRv9jNtpv1zxq/4caJUEOalAjma//NUbSGITKgzhWOtu4KcmzLAyjHA6LfWspikmYzykXUcFTqgOs/m1U3TmlAGKpXIlDJqrvycynGg9SSLXmWAz0sveTPzP61oTX4cZE6k1VJDFothyZCSavY4GTFFi+MQRTBRztyIywgoT4wIquRCC5ZdXSbtWDS6qtbvLSv0mj6MIJ3AK5xDAFdThFprQAgKP8Ayv8OZJ78V79z4WrQUvnzmGP/A+fwCxLI8x</latexit>

Ceu
<latexit sha1_base64="OD+MdDHb5uOpJyTYTSnOaHsFXTQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0JMUevFYwdZCG8pmO2nXbnbD7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxPOtPG8b6ewtr6xuVXcLu3s7u0flA+P2lqmimKLSi5VJyQaORPYMsxw7CQKSRxyfAjHjZn/8IRKMynuzSTBICZDwSJGibFSu9HPMJ32yxWv6s3hrhI/JxXI0eyXv3oDSdMYhaGcaN31vcQEGVGGUY7TUi/VmBA6JkPsWipIjDrI5tdO3TOrDNxIKlvCuHP190RGYq0ncWg7Y2JGetmbif953dRE10HGRJIaFHSxKEq5a6Q7e90dMIXU8IklhCpmb3XpiChCjQ2oZEPwl19eJe1a1b+o1u4uK/WbPI4inMApnIMPV1CHW2hCCyg8wjO8wpsjnRfn3flYtBacfOYY/sD5/AGmgo8q</latexit>

Cqe
<latexit sha1_base64="Jf3HjerYzZq02AIdh6VARtqwzWk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQU8SyMVjBPOAZAmzk04yZnZ2nZkVwpJ/8OJBEa/+jzf/xkmyB00saCiquunuCmLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFMMGi0Sk2gHVKLjEhuFGYDtWSMNAYCsY12Z+6wmV5pG8N5MY/ZAOJR9wRo2VmrVe+ojTXrHklt05yCrxMlKCDPVe8avbj1gSojRMUK07nhsbP6XKcCZwWugmGmPKxnSIHUslDVH76fzaKTmzSp8MImVLGjJXf0+kNNR6Ega2M6RmpJe9mfif10nM4NpPuYwTg5ItFg0SQUxEZq+TPlfIjJhYQpni9lbCRlRRZmxABRuCt/zyKmlWyt5FuXJ3WareZHHk4QRO4Rw8uIIq3EIdGsDgAZ7hFd6cyHlx3p2PRWvOyWaO4Q+czx+geo8m</latexit>

CuG
<latexit sha1_base64="AnohwivuZNyoZTzhXzZr6fsEoUc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0IMeK9gPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJo3M7zxRpZkUD2YaUz/CI8FCRrCxUrsxSJPb2aBccavuHGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k/n187QmVWGKJTKljBorv6eSHGk9TQKbGeEzVgve5n4n9dLTHjtp0zEiaGCLBaFCUdGoux1NGSKEsOnlmCimL0VkTFWmBgbUMmG4C2/vEratap3Ua3dX1bqN3kcRTiBUzgHD66gDnfQhBYQeIRneIU3RzovzrvzsWgtOPnMMfyB8/kDePyPDA==</latexit>

CuB
<latexit sha1_base64="+pRVa2ZqObci52u4sla5YqGTYqw=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbBT1JsRePFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyacaeN5305hbX1jc6u4XdrZ3ds/cA+PWlqmitAmkVyqTog15UzQpmGG006iKI5DTtvhuD7z209UaSbFg5kkNIjxULCIEWys1Kr3s/R22nfLXsWbA60SPydlyNHou1+9gSRpTIUhHGvd9b3EBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7RSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6DjIkkNVSQxaIo5chINHsdDZiixPCJJZgoZm9FZIQVJsYGVLIh+Msvr5JWteJfVKr3l+XaTR5HEU7gFM7BhyuowR00oAkEHuEZXuHNkc6L8+58LFoLTj5zDH/gfP4AcWOPBw==</latexit>

CuW
<latexit sha1_base64="cUji435kzIIwNX8IqeTin/b/V6c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EkCuXiMYB6QLGF2MpuMmZ1Z5iGEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpZxp4/vf3tr6xubWdmGnuLu3f3BYOjpuaWkVoU0iuVSdCGvKmaBNwwynnVRRnESctqNxfea3n6jSTIoHM0lpmOChYDEj2DipVe9ntj3tl8p+xZ8DrZIgJ2XI0eiXvnoDSWxChSEca90N/NSEGVaGEU6nxZ7VNMVkjIe066jACdVhNr92is6dMkCxVK6EQXP190SGE60nSeQ6E2xGetmbif95XWvimzBjIrWGCrJYFFuOjESz19GAKUoMnziCiWLuVkRGWGFiXEBFF0Kw/PIqaVUrwWWlen9Vrt3mcRTgFM7gAgK4hhrcQQOaQOARnuEV3jzpvXjv3seidc3LZ07gD7zPH5FMjxw=</latexit>

CdW
<latexit sha1_base64="zkzzdwzDmTX+OlDMsh3gufhqToc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT1JoRePFewHtEvJZrNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0g408Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKkLbRHKpegHWlDNB24YZTnuJojgOOO0Gk+bc7z5RpZkUD2aaUD/GI8EiRrCxUqc5zMLubFiuuFV3AbROvJxUIEdrWP4ahJKkMRWGcKx133MT42dYGUY4nZUGqaYJJhM8on1LBY6p9rPFtTN0YZUQRVLZEgYt1N8TGY61nsaB7YyxGetVby7+5/VTE934GRNJaqggy0VRypGRaP46CpmixPCpJZgoZm9FZIwVJsYGVLIheKsvr5NOrepdVWv39UrjNo+jCGdwDpfgwTU04A5a0AYCj/AMr/DmSOfFeXc+lq0FJ585hT9wPn8Ad2aPCw==</latexit>

CHud
<latexit sha1_base64="hpr1wqO+PNKsn34pVNz435I+8pY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CSFXnqsYD+gDWWz2bZLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777Wxsbm3v7Bb2ivsHh0fHpZPTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gUp/7nSeujYjVI04T7kd0pMRQMIpW6tQHWSMNZ4NS2a24C5B14uWkDDmag9JXP4xZGnGFTFJjep6boJ9RjYJJPiv2U8MTyiZ0xHuWKhpx42eLc2fk0iohGcbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulOLzzM6GSFLliy0XDVBKMyfx3EgrNGcqpJZRpYW8lbEw1ZWgTKtoQvNWX10m7WvGuK9WHm3LtPo+jAOdwAVfgwS3UoAFNaAGDCTzDK7w5ifPivDsfy9YNJ585gz9wPn8AOR+Pew==</latexit>

C(1)
quqd

<latexit sha1_base64="UGT5F/1EyRhJXLQpyqz5m8Lxkw0=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSLUS0mqoCcp9OKxgv2ANi2bzaZdutmkuxulhP4PLx4U8ep/8ea/cdvmoK0PBh7vzTAzz4s5U9q2v6219Y3Nre3cTn53b//gsHB03FRRIgltkIhHsu1hRTkTtKGZ5rQdS4pDj9OWN6rN/NYjlYpF4kFPYuqGeCBYwAjWRurV+uk4GfvTXlpyLqb9QtEu23OgVeJkpAgZ6v3CV9ePSBJSoQnHSnUcO9ZuiqVmhNNpvpsoGmMywgPaMVTgkCo3nV89RedG8VEQSVNCo7n6eyLFoVKT0DOdIdZDtezNxP+8TqKDGzdlIk40FWSxKEg40hGaRYB8JinRfGIIJpKZWxEZYomJNkHlTQjO8surpFkpO5flyv1VsXqbxZGDUziDEjhwDVW4gzo0gICEZ3iFN+vJerHerY9F65qVzZzAH1ifPw0PkjM=</latexit>

C(8)
quqd

<latexit sha1_base64="xE/OmIwwS3/jEKKisFFyXeatvRg=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BItQLyWpgj1JoRePFewHtGnZbDbt0s0m3d0oJeR/ePGgiFf/izf/jds2B219MPB4b4aZeW7EqFSW9W3kNja3tnfyu4W9/YPDo+LxSVuGscCkhUMWiq6LJGGUk5aiipFuJAgKXEY67qQx9zuPREga8gc1i4gToBGnPsVIaWnQGCbTeOqlg6Rcu0yHxZJVsRYw14mdkRJkaA6LX30vxHFAuMIMSdmzrUg5CRKKYkbSQj+WJEJ4gkakpylHAZFOsrg6NS+04pl+KHRxZS7U3xMJCqScBa7uDJAay1VvLv7n9WLl15yE8ihWhOPlIj9mpgrNeQSmRwXBis00QVhQfauJx0ggrHRQBR2CvfryOmlXK/ZVpXp/XarfZnHk4QzOoQw23EAd7qAJLcAg4Ble4c14Ml6Md+Nj2ZozsplT+APj8wcXuZI6</latexit>

Flavour

Z pole

Higgs

Ced
<latexit sha1_base64="3//HsJUsQEdol+ZCJtw0H7BWPyw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0JMUevFYwdZCG8pmM23XbnbD7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxPOtPG8b6ewtr6xuVXcLu3s7u0flA+P2lqmimKLSi5VJyQaORPYMsxw7CQKSRxyfAjHjZn/8IRKMynuzSTBICZDwQaMEmOldqOfYTTtlyte1ZvDXSV+TiqQo9kvf/UiSdMYhaGcaN31vcQEGVGGUY7TUi/VmBA6JkPsWipIjDrI5tdO3TOrRO5AKlvCuHP190RGYq0ncWg7Y2JGetmbif953dQMroOMiSQ1KOhi0SDlrpHu7HU3Ygqp4RNLCFXM3urSEVGEGhtQyYbgL7+8Stq1qn9Rrd1dVuo3eRxFOIFTOAcfrqAOt9CEFlB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QOMrY8Z</latexit>

Cld
<latexit sha1_base64="fenDVPwpb6w5E+AWDQTAxqGzkuk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT1JoRePFewHtEvJZrNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0g408Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKkLbRHKpegHWlDNB24YZTnuJojgOOO0Gk+bc7z5RpZkUD2aaUD/GI8EiRrCxUqc5zHg4G5YrbtVdAK0TLycVyNEalr8GoSRpTIUhHGvd99zE+BlWhhFOZ6VBqmmCyQSPaN9SgWOq/Wxx7QxdWCVEkVS2hEEL9fdEhmOtp3FgO2NsxnrVm4v/ef3URDd+xkSSGirIclGUcmQkmr+OQqYoMXxqCSaK2VsRGWOFibEBlWwI3urL66RTq3pX1dp9vdK4zeMowhmcwyV4cA0NuIMWtIHAIzzDK7w50nlx3p2PZWvByWdO4Q+czx+XV48g</latexit>

C 0
ll

<latexit sha1_base64="cr+TOKXpXBvH0I9sEsY1nDcuIfw=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EkCuXiMYB6QrGF20kmGzOyuM7OBsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glhwbVz321lb39jc2s7t5Hf39g8OC0fHDR0limGdRSJSrYBqFDzEuuFGYCtWSGUgsBmMqjO/OUaleRQ+mEmMvqSDkPc5o8ZKfrWbCjF97MSKS+wWim7JnYOsEi8jRchQ6xa+Or2IJRJDwwTVuu25sfFTqgxnAqf5TqIxpmxEB9i2NKQStZ/Oj56Sc6v0SD9StkJD5urviZRKrScysJ2SmqFe9mbif147Mf0bP+VhnBgM2WJRPxHERGSWAOlxhcyIiSWUKW5vJWxIFWXG5pS3IXjLL6+SRrnkXZbK91fFym0WRw5O4QwuwINrqMAd1KAODJ7gGV7hzRk7L86787FoXXOymRP4A+fzBw3UkkU=</latexit>

C(1)0
qq

<latexit sha1_base64="hk7rKT/Os5W+JiXSITB+nuv4qlc=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiRV0JUUunFZwT6gjWEynbRDZybpzEQsIb/ixoUibv0Rd/6N0zYLbT1w4XDOvdx7TxAzqrTjfFtr6xubW9uFneLu3v7BoX1UaqsokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTjBszv/NIpKKRuNfTmHgcDQUNKUbaSL5davjpZJI9pBX3vB9Lyknm22Wn6swBV4mbkzLI0fTtr/4gwgknQmOGlOq5Tqy9FElNMSNZsZ8oEiM8RkPSM1QgTpSXzm/P4JlRBjCMpCmh4Vz9PZEirtSUB6aTIz1Sy95M/M/rJTq89lIq4kQTgReLwoRBHcFZEHBAJcGaTQ1BWFJzK8QjJBHWJq6iCcFdfnmVtGtV96Jau7ss12/yOArgBJyCCnDBFaiDW9AELYDBE3gGr+DNyqwX6936WLSuWfnMMfgD6/MHpRCULA==</latexit>

C(3)0
qq

<latexit sha1_base64="I1j/LLWjCJUeSIha9qUfeIZsO/A=">AAAB+3icbVDLTgIxFO3gC/E14tJNIzHBDZkBE10ZEjYuMZFHAuOkUwo0tJ2h7RjJZH7FjQuNceuPuPNvLDALBU9yk5Nz7s299wQRo0o7zreV29jc2t7J7xb29g8Oj+zjYluFscSkhUMWym6AFGFUkJammpFuJAniASOdYNKY+51HIhUNxb2eRcTjaCTokGKkjeTbxYafTKfpQ1KuXfQjSTlJfbvkVJwF4DpxM1ICGZq+/dUfhDjmRGjMkFI914m0lyCpKWYkLfRjRSKEJ2hEeoYKxInyksXtKTw3ygAOQ2lKaLhQf08kiCs144Hp5EiP1ao3F//zerEeXnsJFVGsicDLRcOYQR3CeRBwQCXBms0MQVhScyvEYyQR1iauggnBXX15nbSrFbdWqd5dluo3WRx5cArOQBm44ArUwS1oghbA4Ak8g1fwZqXWi/VufSxbc1Y2cwL+wPr8AagolC4=</latexit>

C(3)
qq

<latexit sha1_base64="VeuMWqFXb58yiZ1GzTeNLoOcQwU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSCnqSQi8eK9gPaGPZbDft0s0m3d0IJeRvePGgiFf/jDf/jds2B219MPB4b4aZeV7EmdK2/W3lNja3tnfyu4W9/YPDo+LxSVuFsSS0RUIeyq6HFeVM0JZmmtNuJCkOPE473qQx9ztPVCoWigc9i6gb4JFgPiNYG6nfGCTTafqYlGuX6aBYsiv2AmidOBkpQYbmoPjVH4YkDqjQhGOleo4daTfBUjPCaVrox4pGmEzwiPYMFTigyk0WN6fowihD5IfSlNBoof6eSHCg1CzwTGeA9VitenPxP68Xa//GTZiIYk0FWS7yY450iOYBoCGTlGg+MwQTycytiIyxxESbmAomBGf15XXSrlacWqV6f1Wq32Zx5OEMzqEMDlxDHe6gCS0gEMEzvMKbFVsv1rv1sWzNWdnMKfyB9fkDcr2RSA==</latexit>

4-fermion

LEPII WW

CdH
<latexit sha1_base64="R8QZErKeDGwhPnrVaKPEgqKC/+s=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0EuPFewHtEvJZrNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0g408Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKkLbRHKpegHWlDNB24YZTnuJojgOOO0Gk8bc7z5RpZkUD2aaUD/GI8EiRrCxUqcxzMLmbFiuuFV3AbROvJxUIEdrWP4ahJKkMRWGcKx133MT42dYGUY4nZUGqaYJJhM8on1LBY6p9rPFtTN0YZUQRVLZEgYt1N8TGY61nsaB7YyxGetVby7+5/VTE936GRNJaqggy0VRypGRaP46CpmixPCpJZgoZm9FZIwVJsYGVLIheKsvr5NOrepdVWv315X6XR5HEc7gHC7BgxuoQxNa0AYCj/AMr/DmSOfFeXc+lq0FJ585hT9wPn8AYJuO/A==</latexit>

(Warsaw basis)

Atomic parity violation
DIS,...
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e+e� ! q̄q

<latexit sha1_base64="68yulGjffvwSH+Amo6dTAAtxa3I=">AAAB/XicdVDJSgNBEO2JW4xbXG5eGoMgiGEmJtG5Bb14jGAWyCShp1NJmvQs6e4R4hD8FS8eFPHqf3jzb+wsgoo+KHi8V0VVPTfkTCrT/DASC4tLyyvJ1dTa+sbmVnp7pyqDSFCo0IAHou4SCZz5UFFMcaiHAojncqi5g8uJX7sFIVng36hRCE2P9HzWZZQoLbXTe9A6xtA6wY4KsOMSgYd42E5nzGyxaFv5AjazVt4q5GxNTm3bsgvYyppTZNAc5Xb63ekENPLAV5QTKRuWGapmTIRilMM45UQSQkIHpAcNTX3igWzG0+vH+FArHdwNhC5f4an6fSImnpQjz9WdHlF9+dubiH95jUh1z5sx88NIgU9ni7oRx/rTSRS4wwRQxUeaECqYvhXTPhGEKh1YSofw9Sn+n1RzOp9s4TqfKV3M40iifXSAjpCFzlAJXaEyqiCK7tADekLPxr3xaLwYr7PWhDGf2UU/YLx9AoStlAQ=</latexit>

b ! sl+l�

<latexit sha1_base64="W/nQPqM+G9nVlxOhuWmyI9pia9U=">AAAB9HicdVDLSgMxFM3UV62vqks3wSII4pCpU2fcFdy4rGAf0E5LJs20oZmHSaZQhn6HGxeKuPVj3Pk3pg9BRQ9cOJxzL/fe4yecSYXQh5FbWV1b38hvFra2d3b3ivsHDRmngtA6iXksWj6WlLOI1hVTnLYSQXHoc9r0R9czvzmmQrI4ulOThHohHkQsYAQrLXl+R8VQQt49493zXrGETKuCbKsMkXlxWbFdSxPkOs6VAy0TzVECS9R6xfdOPyZpSCNFOJaybaFEeRkWihFOp4VOKmmCyQgPaFvTCIdUetn86Ck80UofBrHQFSk4V79PZDiUchL6ujPEaih/ezPxL6+dqsD1MhYlqaIRWSwKUg71p7MEYJ8JShSfaIKJYPpWSIZYYKJ0TgUdwten8H/SKJuWbVZu7VLVXcaRB0fgGJwCCzigCm5ADdQBAffgATyBZ2NsPBovxuuiNWcsZw7BDxhvn+e5kYg=</latexit>

b ! s�

<latexit sha1_base64="Zp5lnkCMgLOwr1iJorXAKFDoRvI=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFZKamrgruHFZwT6gCWUynbZDZyZxZlIood/hxoUibv0Yd/6N04egogcuHM65l3vviVNGlXacD6uwtr6xuVXcLu3s7u0flA+PWirJJCZNnLBEdmKkCKOCNDXVjHRSSRCPGWnH4+u5354QqWgi7vQ0JRFHQ0EHFCNtpCgOdQIVDIeIc9QrVxzbrTmeW4WOfXFZ8wLXECfw/SsfurazQAWs0OiV38N+gjNOhMYMKdV1nVRHOZKaYkZmpTBTJEV4jIaka6hAnKgoXxw9g2dG6cNBIk0JDRfq94kccaWmPDadHOmR+u3Nxb+8bqYHQZRTkWaaCLxcNMgYNJ/OE4B9KgnWbGoIwpKaWyEeIYmwNjmVTAhfn8L/Satqu55du/Uq9WAVRxGcgFNwDlzggzq4AQ3QBBjcgwfwBJ6tifVovVivy9aCtZo5Bj9gvX0ClpuR+w==</latexit>

K ! ⇡⌫̄⌫

<latexit sha1_base64="wyK17ksxeVJ7fJfAGtB4wo5QwPo=">AAAB/nicdVBNS8NAEN3Ur1q/ouLJy2IRPIWkpqbeCl4ELxVsKzShbLabdulmE3Y3QgkF/4oXD4p49Xd489+4aSuo6IOBx3szzMwLU0alsu0Po7S0vLK6Vl6vbGxube+Yu3sdmWQCkzZOWCJuQyQJo5y0FVWM3KaCoDhkpBuOLwq/e0eEpAm/UZOUBDEachpRjJSW+ubBla8S6KcU+iES0OdZUX2zaltO3XadGrSt07O623A0sRued+5Bx7JnqIIFWn3z3R8kOIsJV5ghKXuOnaogR0JRzMi04meSpAiP0ZD0NOUoJjLIZ+dP4bFWBjBKhC6u4Ez9PpGjWMpJHOrOGKmR/O0V4l9eL1NRI8gpTzNFOJ4vijIG9cdFFnBABcGKTTRBWFB9K8QjJBBWOrGKDuHrU/g/6dQsx7Xq12612VjEUQaH4AicAAd4oAkuQQu0AQY5eABP4Nm4Nx6NF+N13loyFjP74AeMt09Wj5UX</latexit>

B ! K(⇤)⌫̄⌫

<latexit sha1_base64="PW/92jbc/YEXEkLTlWmWP/0vHMk=">AAACAnicdVDLSgMxFM34rPVVdSVugkWoLoaZ2jp1V3QjuKlgH9AZSyZN29BMZkgyQhmKG3/FjQtF3PoV7vwbM20FFT1w4XDOvSTn+BGjUlnWhzE3v7C4tJxZya6urW9s5ra2GzKMBSZ1HLJQtHwkCaOc1BVVjLQiQVDgM9L0h+ep37wlQtKQX6tRRLwA9TntUYyUljq53TNXhfDyJikcHY6h6yMBXR6n08nlLdMuWyW7CC3z+KRcqtiaWBXHOXWgbVoT5MEMtU7u3e2GOA4IV5ghKdu2FSkvQUJRzMg468aSRAgPUZ+0NeUoINJLJhHG8EArXdgLhR6u4ET9fpGgQMpR4OvNAKmB/O2l4l9eO1a9ipdQHsWKcDx9qBczqFOnfcAuFQQrNtIEYUH1XyEeIIGw0q1ldQlfSeH/pFE07ZJZvirlq5VZHRmwB/ZBAdjAAVVwAWqgDjC4Aw/gCTwb98aj8WK8TlfnjNnNDvgB4+0TUrmWHQ==</latexit>

Bs � B̄s

<latexit sha1_base64="hV4Zzmp3em+7KvSU1WIT16bTMF4=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwY5jU1LS7ohuXFWwtNKFMppN26GQSZiZCCf0NNy4UcevPuPNvnD4EFT1w4XDOvdx7T5hypjRCH1ZhZXVtfaO4Wdra3tndK+8fdFSSSULbJOGJ7IZYUc4EbWumOe2mkuI45PQuHF/N/Lt7KhVLxK2epDSI8VCwiBGsjeRf9tWZH2IJDemXK8h2ash1qhDZ5xc1t+4Yguqe1/CgY6M5KmCJVr/87g8SksVUaMKxUj0HpTrIsdSMcDot+ZmiKSZjPKQ9QwWOqQry+c1TeGKUAYwSaUpoOFe/T+Q4VmoSh6Yzxnqkfnsz8S+vl+moHuRMpJmmgiwWRRmHOoGzAOCASUo0nxiCiWTmVkhGWGKiTUwlE8LXp/B/0qnajms3btxKs76MowiOwDE4BQ7wQBNcgxZoAwJS8ACewLOVWY/Wi/W6aC1Yy5lD8APW2ydms5FI</latexit>

K0 � K̄0

<latexit sha1_base64="aAi6SMAxd9TG4OH4/25J+CXAh4U=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4ccjUqdPuim4ENxVsLXTGkkkzbWgmMyQZoZT+hhsXirj1Z9z5N6YPQUUPXDiccy/33hOmnCmN0IeVW1peWV3Lrxc2Nre2d4q7ey2VZJLQJkl4ItshVpQzQZuaaU7bqaQ4Djm9DYcXU//2nkrFEnGjRykNYtwXLGIEayP5V3foxA+xhIZ0iyVkOxXkOmWI7NOzilt1DEFVz6t50LHRDCWwQKNbfPd7CcliKjThWKmOg1IdjLHUjHA6KfiZoikmQ9ynHUMFjqkKxrObJ/DIKD0YJdKU0HCmfp8Y41ipURyazhjrgfrtTcW/vE6mo2owZiLNNBVkvijKONQJnAYAe0xSovnIEEwkM7dCMsASE21iKpgQvj6F/5NW2XZcu3btlurnizjy4AAcgmPgAA/UwSVogCYgIAUP4Ak8W5n1aL1Yr/PWnLWY2Qc/YL19ArTdkNw=</latexit>

K ! µ⌫

<latexit sha1_base64="zMepZ5GMtvNDauqe8tajkaB7Uks=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQlJT026k4EZwU8E+oAllMp20QyeTMA+hhP6GGxeKuPVn3Pk3Th+Cih64cDjnXu69J8oYlcpxPqyV1bX1jc3CVnF7Z3dvv3Rw2JapFpi0cMpS0Y2QJIxy0lJUMdLNBEFJxEgnGl/N/M49EZKm/E5NMhImaMhpTDFSRgpuApXCINEw4LpfKju2W3U8twId+/yi6tVcQ5ya79d96NrOHGWwRLNfeg8GKdYJ4QozJGXPdTIV5kgoihmZFgMtSYbwGA1Jz1COEiLDfH7zFJ4aZQDjVJjiCs7V7xM5SqScJJHpTJAayd/eTPzL62kV18Kc8kwrwvFiUawZNI/OAoADKghWbGIIwoKaWyEeIYGwMjEVTQhfn8L/Sbtiu55dv/XKjctlHAVwDE7AGXCBDxrgGjRBC2CQgQfwBJ4tbT1aL9bronXFWs4cgR+w3j4BzCaRjw==</latexit>

Partial widths, hadronic xsec, ratios, 
forward-backward asymmetries

LHC Run I and Run II 
signal strengths



Global fit
Observables: Higgs, Z-pole, LEPII WW, e+e� ! q̄q

<latexit sha1_base64="WNC8D54UqlmPoGG+9SR6VHEKBW4=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEQSwzVdBl0Y3LCvYBnWnJpHfa0ExmTDJCGQr+ihsXirj1O9z5N6aPhbaeEDiccy/33hMknCntON9Wbml5ZXUtv17Y2Nza3rF39+oqTiWFGo15LJsBUcCZgJpmmkMzkUCigEMjGNyM/cYjSMVica+HCfgR6QkWMkq0kTr2AbRPMbTPsKdj7AVE4gfzOnbRKTkT4EXizkgRzVDt2F9eN6ZpBEJTTpRquU6i/YxIzSiHUcFLFSSEDkgPWoYKEoHys8n6I3xslC4OY2m+0Hii/u7ISKTUMApMZUR0X817Y/E/r5Xq8MrPmEhSDYJOB4Upx+bUcRa4yyRQzYeGECqZ2RXTPpGEapNYwYTgzp+8SOrlknteKt9dFCvXszjy6BAdoRPkoktUQbeoimqIogw9o1f0Zj1ZL9a79TEtzVmznn30B9bnD16lk9E=</latexit>

off the Z pole,
low energy precision measurements, flavour

20

}
<latexit sha1_base64="bzMoBQAxNkzw+P5z7gkBRhzSmVU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5iQMuAjYVFBPMByRH2NnPJkr29Y3dPCEd+hI2FIrb+Hjv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533lCpXksH800QT+iI8lDzqixUqevAkUZDsoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxbnzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5r+TIVfIjJhaQpni9lbCxtQGYGxCJRuCt/ryOmnXqt5VtfZQrzTu8ziKcAbncAkeXEMD7qAJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wdWe4+Z</latexit>

36 coefficients

Method of least squares

}
<latexit sha1_base64="bzMoBQAxNkzw+P5z7gkBRhzSmVU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5iQMuAjYVFBPMByRH2NnPJkr29Y3dPCEd+hI2FIrb+Hjv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533lCpXksH800QT+iI8lDzqixUqevAkUZDsoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxbnzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5r+TIVfIjJhaQpni9lbCxtQGYGxCJRuCt/ryOmnXqt5VtfZQrzTu8ziKcAbncAkeXEMD7qAJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wdWe4+Z</latexit>

187 observables

vector of 
SMEFT coeffs

matrix

vector of SMEFT predictions for the observables

[PDG Statistics review]



Global fit
Observables: Higgs, Z-pole, LEPII WW, e+e� ! q̄q

<latexit sha1_base64="WNC8D54UqlmPoGG+9SR6VHEKBW4=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEQSwzVdBl0Y3LCvYBnWnJpHfa0ExmTDJCGQr+ihsXirj1O9z5N6aPhbaeEDiccy/33hMknCntON9Wbml5ZXUtv17Y2Nza3rF39+oqTiWFGo15LJsBUcCZgJpmmkMzkUCigEMjGNyM/cYjSMVica+HCfgR6QkWMkq0kTr2AbRPMbTPsKdj7AVE4gfzOnbRKTkT4EXizkgRzVDt2F9eN6ZpBEJTTpRquU6i/YxIzSiHUcFLFSSEDkgPWoYKEoHys8n6I3xslC4OY2m+0Hii/u7ISKTUMApMZUR0X817Y/E/r5Xq8MrPmEhSDYJOB4Upx+bUcRa4yyRQzYeGECqZ2RXTPpGEapNYwYTgzp+8SOrlknteKt9dFCvXszjy6BAdoRPkoktUQbeoimqIogw9o1f0Zj1ZL9a79TEtzVmznn30B9bnD16lk9E=</latexit>

off the Z pole,
low energy precision measurements, flavour

20

}
<latexit sha1_base64="bzMoBQAxNkzw+P5z7gkBRhzSmVU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5iQMuAjYVFBPMByRH2NnPJkr29Y3dPCEd+hI2FIrb+Hjv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533lCpXksH800QT+iI8lDzqixUqevAkUZDsoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxbnzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5r+TIVfIjJhaQpni9lbCxtQGYGxCJRuCt/ryOmnXqt5VtfZQrzTu8ziKcAbncAkeXEMD7qAJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wdWe4+Z</latexit>

36 coefficients

Eigenvectors of the Fisher matrix: linear combinations of SMEFT coeffs

covariance matrix of 
measurements

Output of the fit: 
covariance matrix in 
Wilson coeff space 

Fisher matrix

Eigenvalues of the Fisher matrix:

}
<latexit sha1_base64="bzMoBQAxNkzw+P5z7gkBRhzSmVU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5iQMuAjYVFBPMByRH2NnPJkr29Y3dPCEd+hI2FIrb+Hjv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533lCpXksH800QT+iI8lDzqixUqevAkUZDsoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxbnzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5r+TIVfIjJhaQpni9lbCxtQGYGxCJRuCt/ryOmnXqt5VtfZQrzTu8ziKcAbncAkeXEMD7qAJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wdWe4+Z</latexit>

187 observables

matrix
Method of least squares

[PDG Statistics review]
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Constraints
Observables: Higgs, Z-pole, LEPII WW, e+e� ! q̄q

<latexit sha1_base64="WNC8D54UqlmPoGG+9SR6VHEKBW4=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEQSwzVdBl0Y3LCvYBnWnJpHfa0ExmTDJCGQr+ihsXirj1O9z5N6aPhbaeEDiccy/33hMknCntON9Wbml5ZXUtv17Y2Nza3rF39+oqTiWFGo15LJsBUcCZgJpmmkMzkUCigEMjGNyM/cYjSMVica+HCfgR6QkWMkq0kTr2AbRPMbTPsKdj7AVE4gfzOnbRKTkT4EXizkgRzVDt2F9eN6ZpBEJTTpRquU6i/YxIzSiHUcFLFSSEDkgPWoYKEoHys8n6I3xslC4OY2m+0Hii/u7ISKTUMApMZUR0X817Y/E/r5Xq8MrPmEhSDYJOB4Upx+bUcRa4yyRQzYeGECqZ2RXTPpGEapNYwYTgzp+8SOrlknteKt9dFCvXszjy6BAdoRPkoktUQbeoimqIogw9o1f0Zj1ZL9a79TEtzVmznn30B9bnD16lk9E=</latexit>

off the Z pole,
low energy precision measurements, flavour

Without flavour: 12 flat directions

With flavour: 7 flat directions

⇠
⇣
C(1)0

qq � C(3)0
qq

⌘

<latexit sha1_base64="wVPrJ6j7n0ntdyW2PsKDXeTjH7g=">AAACInicbZDJSgNBEIZ7XGPcoh69NAYhHgwzKqi3gBePCmaBTAw9nZqksXtm7K4RwpBn8eKrePGgqCfBh7GzKG4/NPx8VUV1/UEihUHXfXOmpmdm5+ZzC/nFpeWV1cLaes3EqeZQ5bGMdSNgBqSIoIoCJTQSDUwFEurB1cmwXr8BbUQcXWA/gZZi3UiEgjO0qF049o1Q1JcQYumknV1fDy6zkrfjJ1ooGOx+of1PRH0tuj3coe1C0S27I9G/xpuYIpnorF148TsxTxVEyCUzpum5CbYyplFwCYO8nxpIGL9iXWhaGzEFppWNThzQbUs6NIy1fRHSEf0+kTFlTF8FtlMx7JnftSH8r9ZMMTxqZSJKUoSIjxeFqaQY02FetCM0cJR9axjXwv6V8h7TjKNNNW9D8H6f/NfU9sreQfn4/KBYOZrEkSObZIuUiEcOSYWckjNSJZzcknvySJ6cO+fBeXZex61TzmRmg/yQ8/4BWa2jhw==</latexit>

⇠ CdW

<latexit sha1_base64="KpXw1m4qpYLMcw41RB/I3L/Ms+4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYL0VevFYwX5AGspms2mX7mbD7kYooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1POtHHdb6e0tb2zu1ferxwcHh2fVE/PelpmitAukVyqQYg15SyhXcMMp4NUUSxCTvvhtL3w+09UaSaTRzNLaSDwOGExI9hYyR9qJlB7lEf9+ahac+vuEmiTeAWpQYHOqPo1jCTJBE0M4Vhr33NTE+RYGUY4nVeGmaYpJlM8pr6lCRZUB/ny5Dm6skqEYqlsJQYt1d8TORZaz0RoOwU2E73uLcT/PD8zcTPIWZJmhiZktSjOODISLf5HEVOUGD6zBBPF7K2ITLDCxNiUKjYEb/3lTdK7qXuN+t1Do9ZqFnGU4QIu4Ro8uIUW3EMHukBAwjO8wptjnBfn3flYtZacYuYc/sD5/AHuS5EE</latexit>



Flavour in Z pole flat directions

22

Z pole

Higgs

LEPII WW

In the Wilson coeff space of Z pole data...

there are two directions that are unconstrained

Fit to this space of 10 coefficients and plot 
contours in the plane of the flat directions, 
profiling over the 8 orthogonal directions

[SMEFT predictions for Z pole observables from Brivio & Trott 1701.06424,

SMEFT predictions for LEPII WW from Berthier, Bjorn, Trott 1606.06693,


SMEFT predictions for Higgs signal strengths from Ellis, Murphy, Sanz, You 1803.03252]

Flavour in Z pole flat directions

CHe
<latexit sha1_base64="OUD/b3D/pU2svyUfUVIjMvirbT0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQU8SyCXHCOYByRJmJ51kzOzOMjMrhCX/4MWDIl79H2/+jZNkD5pY0FBUddPdFcSCa+O6305uY3Nreye/W9jbPzg8Kh6ftLRMFMMmk0KqTkA1Ch5h03AjsBMrpGEgsB1ManO//YRKcxk9mGmMfkhHER9yRo2VWrV+WsdZv1hyy+4CZJ14GSlBhka/+NUbSJaEGBkmqNZdz42Nn1JlOBM4K/QSjTFlEzrCrqURDVH76eLaGbmwyoAMpbIVGbJQf0+kNNR6Gga2M6RmrFe9ufif103M8NZPeRQnBiO2XDRMBDGSzF8nA66QGTG1hDLF7a2EjamizNiACjYEb/XlddKqlL2rcuX+ulS9y+LIwxmcwyV4cANVqEMDmsDgEZ7hFd4c6bw4787HsjXnZDOn8AfO5w9iBI79</latexit> CHD

<latexit sha1_base64="sGo8bgD1BNU4B/dKVrObGV1JGr8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT1JoR56rGA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pK1loghtEcml6gZYU84EbRlmOO3GiuIo4LQTTOpzv/NElWZSPJhpTP0IjwQLGcHGSu36IG3czQbFklt2F0DrxMtICTI0B8Wv/lCSJKLCEI617nlubPwUK8MIp7NCP9E0xmSCR7RnqcAR1X66uHaGLqwyRKFUtoRBC/X3RIojradRYDsjbMZ61ZuL/3m9xIQ3fspEnBgqyHJRmHBkJJq/joZMUWL41BJMFLO3IjLGChNjAyrYELzVl9dJu1L2rsqV+2qpdpvFkYczOIdL8OAaatCAJrSAwCM8wyu8OdJ5cd6dj2VrzslmTuEPnM8fL9+O3A==</latexit>

CHu
<latexit sha1_base64="i53tf615CbJy6eFjjkgRhbjoda8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0EuPFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmG73oK0PBh7vzTAzL4g508Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKELbRHKpegHWlDNB24YZTnuxojgKOO0G08bC7z5RpZkUD2YWUz/CY8FCRrCxUqcxTJvJfFiuuFU3A1onXk4qkKM1LH8NRpIkERWGcKx133Nj46dYGUY4nZcGiaYxJlM8pn1LBY6o9tPs2jm6sMoIhVLZEgZl6u+JFEdaz6LAdkbYTPSqtxD/8/qJCW/9lIk4MVSQ5aIw4chItHgdjZiixPCZJZgoZm9FZIIVJsYGVLIheKsvr5NOrepdVWv315X6XR5HEc7gHC7BgxuoQxNa0AYCj/AMr/DmSOfFeXc+lq0FJ585hT9wPn8AelSPDQ==</latexit>

CHd
<latexit sha1_base64="1SWYvIRhPMPdE1YzGxnoAL7znIo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0EuPFewHtEvJZrNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0g408Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKkLbRHKpegHWlDNB24YZTnuJojgOOO0Gk8bc7z5RpZkUD2aaUD/GI8EiRrCxUqcxzJrhbFiuuFV3AbROvJxUIEdrWP4ahJKkMRWGcKx133MT42dYGUY4nZUGqaYJJhM8on1LBY6p9rPFtTN0YZUQRVLZEgYt1N8TGY61nsaB7YyxGetVby7+5/VTE936GRNJaqggy0VRypGRaP46CpmixPCpJZgoZm9FZIwVJsYGVLIheKsvr5NOrepdVWv315X6XR5HEc7gHC7BgxuoQxNa0AYCj/AMr/DmSOfFeXc+lq0FJ585hT9wPn8AYH+O/A==</latexit>

CW
<latexit sha1_base64="KgSNc3k8orurVChqKpgTxb8BcJk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoCcp9OKxgmkLbSib7bZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsbm1vVPcLe3tHxwelY9PWiZONeM+i2WsOyE1XArFfRQoeSfRnEah5O1w0pj77SeujYjVI04THkR0pMRQMIpW8hv9rD3rlytu1V2ArBMvJxXI0eyXv3qDmKURV8gkNabruQkGGdUomOSzUi81PKFsQke8a6miETdBtjh2Ri6sMiDDWNtSSBbq74mMRsZMo9B2RhTHZtWbi/953RSHt0EmVJIiV2y5aJhKgjGZf04GQnOGcmoJZVrYWwkbU00Z2nxKNgRv9eV10qpVvatq7eG6Ur/L4yjCGZzDJXhwA3W4hyb4wEDAM7zCm6OcF+fd+Vi2Fpx85hT+wPn8Abj2jp0=</latexit>

C(1)
Hq

<latexit sha1_base64="nFm+GTpIohps2fFGYeJmcMo3JE4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSCnqSQi89VrAf0May2W7apZtN3N0IJeRvePGgiFf/jDf/jds2B219MPB4b4aZeV7EmdK2/W3lNja3tnfyu4W9/YPDo+LxSUeFsSS0TUIeyp6HFeVM0LZmmtNeJCkOPE673rQx97tPVCoWins9i6gb4LFgPiNYG2nQGCbNx/QhKTuX6bBYsiv2AmidOBkpQYbWsPg1GIUkDqjQhGOl+o4daTfBUjPCaVoYxIpGmEzxmPYNFTigyk0WN6fowigj5IfSlNBoof6eSHCg1CzwTGeA9UStenPxP68fa//GTZiIYk0FWS7yY450iOYBoBGTlGg+MwQTycytiEywxESbmAomBGf15XXSqVacWqV6d1Wq32Zx5OEMzqEMDlxDHZrQgjYQiOAZXuHNiq0X6936WLbmrGzmFP7A+vwBMEWRHQ==</latexit>

C(3)
Hq

<latexit sha1_base64="q8/3b6gwz0x3FyypOe55UgArQPI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSCnqSQi89VrAf0May2W7apZtN3N0IJeRvePGgiFf/jDf/jds2B219MPB4b4aZeV7EmdK2/W3lNja3tnfyu4W9/YPDo+LxSUeFsSS0TUIeyp6HFeVM0LZmmtNeJCkOPE673rQx97tPVCoWins9i6gb4LFgPiNYG2nQGCbNx/QhKdcu02GxZFfsBdA6cTJSggytYfFrMApJHFChCcdK9R070m6CpWaE07QwiBWNMJniMe0bKnBAlZssbk7RhVFGyA+lKaHRQv09keBAqVngmc4A64la9ebif14/1v6NmzARxZoKslzkxxzpEM0DQCMmKdF8ZggmkplbEZlgiYk2MRVMCM7qy+ukU604tUr17qpUv83iyMMZnEMZHLiGOjShBW0gEMEzvMKbFVsv1rv1sWzNWdnMKfyB9fkDM1GRHw==</latexit>

C(3)
Hl

<latexit sha1_base64="p6te76poBjycY6bA4ihW1kC8p7w=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSFvQkhV56rGA/oI1ls920SzebsLsRSsjf8OJBEa/+GW/+G7dtDtr6YODx3gwz87yIM6Vt+9vKbW3v7O7l9wsHh0fHJ8XTs64KY0loh4Q8lH0PK8qZoB3NNKf9SFIceJz2vFlz4feeqFQsFA96HlE3wBPBfEawNtKwOUpaPH1MyrXrdFQs2RV7CbRJnIyUIEN7VPwajkMSB1RowrFSA8eOtJtgqRnhNC0MY0UjTGZ4QgeGChxQ5SbLm1N0ZZQx8kNpSmi0VH9PJDhQah54pjPAeqrWvYX4nzeItX/rJkxEsaaCrBb5MUc6RIsA0JhJSjSfG4KJZOZWRKZYYqJNTAUTgrP+8ibpVitOrVK9r5cad1kcebiASyiDAzfQgBa0oQMEIniGV3izYuvFerc+Vq05K5s5hz+wPn8AK5qRGg==</latexit>

C(1)
Hl

<latexit sha1_base64="0GIzB/LuUp72rFGcMZE+ndD+6rQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBT1JoZceK9gPaGPZbDft0s0m7G6EEvI3vHhQxKt/xpv/xk2bg7Y+GHi8N8PMPC/iTGnb/rYKG5tb2zvF3dLe/sHhUfn4pKvCWBLaISEPZd/DinImaEczzWk/khQHHqc9b9bM/N4TlYqF4kHPI+oGeCKYzwjWRho2R0mLp49J1blMR+WKXbMXQOvEyUkFcrRH5a/hOCRxQIUmHCs1cOxIuwmWmhFO09IwVjTCZIYndGCowAFVbrK4OUUXRhkjP5SmhEYL9fdEggOl5oFnOgOsp2rVy8T/vEGs/Vs3YSKKNRVkuciPOdIhygJAYyYp0XxuCCaSmVsRmWKJiTYxlUwIzurL66RbrzlXtfr9daVxl8dRhDM4hyo4cAMNaEEbOkAggmd4hTcrtl6sd+tj2Vqw8plT+APr8wcojpEY</latexit>

CHWB
<latexit sha1_base64="9HcKvhTX0QYBVMDOZ/mMivUkYpQ=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQU9S7KXHCrZbaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9ruQVsfDDzem2FmXpAIro3jfKPCxubW9k5xt7S3f3B4VD4+6eg4VZS1aSxi1Q2IZoJL1jbcCNZNFCNRIJgXTBpz33tiSvNYPpppwvyIjCQPOSXGSl5jkDW9+9mgXHGqzgJ4nbg5qUCO1qD81R/GNI2YNFQQrXuukxg/I8pwKtis1E81SwidkBHrWSpJxLSfLc6d4QurDHEYK1vS4IX6eyIjkdbTKLCdETFjverNxf+8XmrCWz/jMkkNk3S5KEwFNjGe/46HXDFqxNQSQhW3t2I6JopQYxMq2RDc1ZfXSadWda+qtYfrSv0uj6MIZ3AOl+DCDdShCS1oA4UJPMMrvKEEvaB39LFsLaB85hT+AH3+ANeyjzs=</latexit>

CG
<latexit sha1_base64="vGgMoo2RPBZ4+jiUTqay8KkwOcY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CSFHvRYwbSFtpTNdtMu3WzC7kQoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxIpDLrut7O2vrG5tV3YKe7u7R8clo6OmyZONeM+i2Ws2wE1XArFfRQoeTvRnEaB5K1gXJ/5rSeujYjVI04S3ovoUIlQMIpW8uv97G7aL5XdijsHWSVeTsqQo9EvfXUHMUsjrpBJakzHcxPsZVSjYJJPi93U8ISyMR3yjqWKRtz0svmxU3JulQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVIMb3qZUEmKXLHFojCVBGMy+5wMhOYM5cQSyrSwtxI2opoytPkUbQje8surpFmteJeV6sNVuXabx1GAUziDC/DgGmpwDw3wgYGAZ3iFN0c5L86787FoXXPymRP4A+fzB6Cmjo0=</latexit> CuH

<latexit sha1_base64="ep0+Ysub3jdNaBUu8YAEUOkyoPg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0EuPFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmG73oK0PBh7vzTAzL4g508Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKELbRHKpegHWlDNB24YZTnuxojgKOO0G08bC7z5RpZkUD2YWUz/CY8FCRrCxUqcxTJPmfFiuuFU3A1onXk4qkKM1LH8NRpIkERWGcKx133Nj46dYGUY4nZcGiaYxJlM8pn1LBY6o9tPs2jm6sMoIhVLZEgZl6u+JFEdaz6LAdkbYTPSqtxD/8/qJCW/9lIk4MVSQ5aIw4chItHgdjZiixPCZJZgoZm9FZIIVJsYGVLIheKsvr5NOrepdVWv315X6XR5HEc7gHC7BgxuoQxNa0AYCj/AMr/DmSOfFeXc+lq0FJ585hT9wPn8AeoGPDQ==</latexit>

CHB
<latexit sha1_base64="urZ+bcZY/XBid5oP75DwDgCFj48=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT1JsZceK9gPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aWuZKEJbRHKpugHWlDNBW4YZTruxojgKOO0Ek/rc7zxRpZkUD2YaUz/CI8FCRrCxUrs+SBt3s0Gx5JbdBdA68TJSggzNQfGrP5QkiagwhGOte54bGz/FyjDC6azQTzSNMZngEe1ZKnBEtZ8urp2hC6sMUSiVLWHQQv09keJI62kU2M4Im7Fe9ebif14vMeGNnzIRJ4YKslwUJhwZieavoyFTlBg+tQQTxeytiIyxwsTYgAo2BG/15XXSrpS9q3Llvlqq3WZx5OEMzuESPLiGGjSgCS0g8AjP8ApvjnRenHfnY9mac7KZU/gD5/MHLNWO2g==</latexit>

CHW
<latexit sha1_base64="Ms2/8Vyr9yrTxWvF18OKxCpB27U=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0EuPFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmG73oK0PBh7vzTAzL4g508Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKELbRHKpegHWlDNB24YZTnuxojgKOO0G08bC7z5RpZkUD2YWUz/CY8FCRrCxUqcxTJvd+bBccatuBrROvJxUIEdrWP4ajCRJIioM4VjrvufGxk+xMoxwOi8NEk1jTKZ4TPuWChxR7afZtXN0YZURCqWyJQzK1N8TKY60nkWB7YywmehVbyH+5/UTE976KRNxYqggy0VhwpGRaPE6GjFFieEzSzBRzN6KyAQrTIwNqGRD8FZfXiedWtW7qtburyv1uzyOIpzBOVyCBzdQhya0oA0EHuEZXuHNkc6L8+58LFsLTj5zCn/gfP4ATL6O7w==</latexit>

CH⇤
<latexit sha1_base64="aBD5rYwODOiR8HuCslz2ZBSNgYU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k2EuPFeyHtEvJptk2NJssSVYsS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etbRMFKFNIrlUnQBrypmgTcMMp51YURwFnLaDcW3mtx+p0kyKezOJqR/hoWAhI9hY6aHWT+u9W/k07RdLbtmdA60SLyMlyNDoF796A0mSiApDONa667mx8VOsDCOcTgu9RNMYkzEe0q6lAkdU++n84Ck6s8oAhVLZEgbN1d8TKY60nkSB7YywGellbyb+53UTE177KRNxYqggi0VhwpGRaPY9GjBFieETSzBRzN6KyAgrTIzNqGBD8JZfXiWtStm7KFfuLkvVmyyOPJzAKZyDB1dQhTo0oAkEIniGV3hzlPPivDsfi9ack80cwx84nz+MyJA7</latexit>

CHG
<latexit sha1_base64="4JppD2oAR6Aj4CVmidfOs9anR+w=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT1JoQd7rGA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pK1loghtEcml6gZYU84EbRlmOO3GiuIo4LQTTOpzv/NElWZSPJhpTP0IjwQLGcHGSu36IG3czQbFklt2F0DrxMtICTI0B8Wv/lCSJKLCEI617nlubPwUK8MIp7NCP9E0xmSCR7RnqcAR1X66uHaGLqwyRKFUtoRBC/X3RIojradRYDsjbMZ61ZuL/3m9xIQ3fspEnBgqyHJRmHBkJJq/joZMUWL41BJMFLO3IjLGChNjAyrYELzVl9dJu1L2rsqV+2qpdpvFkYczOIdL8OAaatCAJrSAwCM8wyu8OdJ5cd6dj2VrzslmTuEPnM8fNG6O3w==</latexit>

C(1)
lq

<latexit sha1_base64="e5VNB8tfLWKUalR21gLlu7q04vQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBT1JoRePFewHtLFstpt26WYTdzdCCfkbXjwo4tU/481/46bNQVsfDDzem2FmnhdxprRtf1uFtfWNza3idmlnd2//oHx41FFhLAltk5CHsudhRTkTtK2Z5rQXSYoDj9OuN21mfveJSsVCca9nEXUDPBbMZwRrIw2aw4Q/pg9J1TlPh+WKXbPnQKvEyUkFcrSG5a/BKCRxQIUmHCvVd+xIuwmWmhFO09IgVjTCZIrHtG+owAFVbjK/OUVnRhkhP5SmhEZz9fdEggOlZoFnOgOsJ2rZy8T/vH6s/Ws3YSKKNRVksciPOdIhygJAIyYp0XxmCCaSmVsRmWCJiTYxlUwIzvLLq6RTrzkXtfrdZaVxk8dRhBM4hSo4cAUNuIUWtIFABM/wCm9WbL1Y79bHorVg5TPH8AfW5w9n9ZFB</latexit>

C(3)
lq

<latexit sha1_base64="caAZmTIB6WePAJn3i0cCJs+d0JQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSCnqSQi8eK9gPaGPZbDft0s0m3d0IJeRvePGgiFf/jDf/jds2B219MPB4b4aZeV7EmdK2/W3lNja3tnfyu4W9/YPDo+LxSVuFsSS0RUIeyq6HFeVM0JZmmtNuJCkOPE473qQx9ztPVCoWigc9i6gb4JFgPiNYG6nfGCR8mj4m5dplOiiW7Iq9AFonTkZKkKE5KH71hyGJAyo04VipnmNH2k2w1Ixwmhb6saIRJhM8oj1DBQ6ocpPFzSm6MMoQ+aE0JTRaqL8nEhwoNQs80xlgPVar3lz8z+vF2r9xEyaiWFNBlov8mCMdonkAaMgkJZrPDMFEMnMrImMsMdEmpoIJwVl9eZ20qxWnVqneX5Xqt1kceTiDcyiDA9dQhztoQgsIRPAMr/BmxdaL9W59LFtzVjZzCn9gff4AawGRQw==</latexit>

Clu
<latexit sha1_base64="yCGZsQ0UBwCES1zWYrOAIvthyBM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQU8SyMVjBBMDyRJmJ7PJmNmZZR5CWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcqZNr7/7RXW1jc2t4rbpZ3dvf2D8uFRW0urCG0RyaXqRFhTzgRtGWY47aSK4iTi9CEaN2b+wxNVmklxbyYpDRM8FCxmBBsntRv9jNtpv1zxq/4caJUEOalAjma//NUbSGITKgzhWOtu4KcmzLAyjHA6LfWspikmYzykXUcFTqgOs/m1U3TmlAGKpXIlDJqrvycynGg9SSLXmWAz0sveTPzP61oTX4cZE6k1VJDFothyZCSavY4GTFFi+MQRTBRztyIywgoT4wIquRCC5ZdXSbtWDS6qtbvLSv0mj6MIJ3AK5xDAFdThFprQAgKP8Ayv8OZJ78V79z4WrQUvnzmGP/A+fwCxLI8x</latexit>

Ceu
<latexit sha1_base64="OD+MdDHb5uOpJyTYTSnOaHsFXTQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0JMUevFYwdZCG8pmO2nXbnbD7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxPOtPG8b6ewtr6xuVXcLu3s7u0flA+P2lqmimKLSi5VJyQaORPYMsxw7CQKSRxyfAjHjZn/8IRKMynuzSTBICZDwSJGibFSu9HPMJ32yxWv6s3hrhI/JxXI0eyXv3oDSdMYhaGcaN31vcQEGVGGUY7TUi/VmBA6JkPsWipIjDrI5tdO3TOrDNxIKlvCuHP190RGYq0ncWg7Y2JGetmbif953dRE10HGRJIaFHSxKEq5a6Q7e90dMIXU8IklhCpmb3XpiChCjQ2oZEPwl19eJe1a1b+o1u4uK/WbPI4inMApnIMPV1CHW2hCCyg8wjO8wpsjnRfn3flYtBacfOYY/sD5/AGmgo8q</latexit>

Cqe
<latexit sha1_base64="Jf3HjerYzZq02AIdh6VARtqwzWk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQU8SyMVjBPOAZAmzk04yZnZ2nZkVwpJ/8OJBEa/+jzf/xkmyB00saCiquunuCmLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFMMGi0Sk2gHVKLjEhuFGYDtWSMNAYCsY12Z+6wmV5pG8N5MY/ZAOJR9wRo2VmrVe+ojTXrHklt05yCrxMlKCDPVe8avbj1gSojRMUK07nhsbP6XKcCZwWugmGmPKxnSIHUslDVH76fzaKTmzSp8MImVLGjJXf0+kNNR6Ega2M6RmpJe9mfif10nM4NpPuYwTg5ItFg0SQUxEZq+TPlfIjJhYQpni9lbCRlRRZmxABRuCt/zyKmlWyt5FuXJ3WareZHHk4QRO4Rw8uIIq3EIdGsDgAZ7hFd6cyHlx3p2PRWvOyWaO4Q+czx+geo8m</latexit>

CuG
<latexit sha1_base64="AnohwivuZNyoZTzhXzZr6fsEoUc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0IMeK9gPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJo3M7zxRpZkUD2YaUz/CI8FCRrCxUrsxSJPb2aBccavuHGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k/n187QmVWGKJTKljBorv6eSHGk9TQKbGeEzVgve5n4n9dLTHjtp0zEiaGCLBaFCUdGoux1NGSKEsOnlmCimL0VkTFWmBgbUMmG4C2/vEratap3Ua3dX1bqN3kcRTiBUzgHD66gDnfQhBYQeIRneIU3RzovzrvzsWgtOPnMMfyB8/kDePyPDA==</latexit>

CuB
<latexit sha1_base64="+pRVa2ZqObci52u4sla5YqGTYqw=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbBT1JsRePFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyacaeN5305hbX1jc6u4XdrZ3ds/cA+PWlqmitAmkVyqTog15UzQpmGG006iKI5DTtvhuD7z209UaSbFg5kkNIjxULCIEWys1Kr3s/R22nfLXsWbA60SPydlyNHou1+9gSRpTIUhHGvd9b3EBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7RSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6DjIkkNVSQxaIo5chINHsdDZiixPCJJZgoZm9FZIQVJsYGVLIh+Msvr5JWteJfVKr3l+XaTR5HEU7gFM7BhyuowR00oAkEHuEZXuHNkc6L8+58LFoLTj5zDH/gfP4AcWOPBw==</latexit>

CuW
<latexit sha1_base64="cUji435kzIIwNX8IqeTin/b/V6c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EkCuXiMYB6QLGF2MpuMmZ1Z5iGEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpZxp4/vf3tr6xubWdmGnuLu3f3BYOjpuaWkVoU0iuVSdCGvKmaBNwwynnVRRnESctqNxfea3n6jSTIoHM0lpmOChYDEj2DipVe9ntj3tl8p+xZ8DrZIgJ2XI0eiXvnoDSWxChSEca90N/NSEGVaGEU6nxZ7VNMVkjIe066jACdVhNr92is6dMkCxVK6EQXP190SGE60nSeQ6E2xGetmbif95XWvimzBjIrWGCrJYFFuOjESz19GAKUoMnziCiWLuVkRGWGFiXEBFF0Kw/PIqaVUrwWWlen9Vrt3mcRTgFM7gAgK4hhrcQQOaQOARnuEV3jzpvXjv3seidc3LZ07gD7zPH5FMjxw=</latexit>

CdW
<latexit sha1_base64="zkzzdwzDmTX+OlDMsh3gufhqToc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT1JoRePFewHtEvJZrNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0g408Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKkLbRHKpegHWlDNB24YZTnuJojgOOO0Gk+bc7z5RpZkUD2aaUD/GI8EiRrCxUqc5zMLubFiuuFV3AbROvJxUIEdrWP4ahJKkMRWGcKx133MT42dYGUY4nZUGqaYJJhM8on1LBY6p9rPFtTN0YZUQRVLZEgYt1N8TGY61nsaB7YyxGetVby7+5/VTE934GRNJaqggy0VRypGRaP46CpmixPCpJZgoZm9FZIwVJsYGVLIheKsvr5NOrepdVWv39UrjNo+jCGdwDpfgwTU04A5a0AYCj/AMr/DmSOfFeXc+lq0FJ585hT9wPn8Ad2aPCw==</latexit>

CHud
<latexit sha1_base64="hpr1wqO+PNKsn34pVNz435I+8pY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CSFXnqsYD+gDWWz2bZLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777Wxsbm3v7Bb2ivsHh0fHpZPTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gUp/7nSeujYjVI04T7kd0pMRQMIpW6tQHWSMNZ4NS2a24C5B14uWkDDmag9JXP4xZGnGFTFJjep6boJ9RjYJJPiv2U8MTyiZ0xHuWKhpx42eLc2fk0iohGcbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulOLzzM6GSFLliy0XDVBKMyfx3EgrNGcqpJZRpYW8lbEw1ZWgTKtoQvNWX10m7WvGuK9WHm3LtPo+jAOdwAVfgwS3UoAFNaAGDCTzDK7w5ifPivDsfy9YNJ585gz9wPn8AOR+Pew==</latexit>

C(1)
quqd

<latexit sha1_base64="UGT5F/1EyRhJXLQpyqz5m8Lxkw0=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSLUS0mqoCcp9OKxgv2ANi2bzaZdutmkuxulhP4PLx4U8ep/8ea/cdvmoK0PBh7vzTAzz4s5U9q2v6219Y3Nre3cTn53b//gsHB03FRRIgltkIhHsu1hRTkTtKGZ5rQdS4pDj9OWN6rN/NYjlYpF4kFPYuqGeCBYwAjWRurV+uk4GfvTXlpyLqb9QtEu23OgVeJkpAgZ6v3CV9ePSBJSoQnHSnUcO9ZuiqVmhNNpvpsoGmMywgPaMVTgkCo3nV89RedG8VEQSVNCo7n6eyLFoVKT0DOdIdZDtezNxP+8TqKDGzdlIk40FWSxKEg40hGaRYB8JinRfGIIJpKZWxEZYomJNkHlTQjO8surpFkpO5flyv1VsXqbxZGDUziDEjhwDVW4gzo0gICEZ3iFN+vJerHerY9F65qVzZzAH1ifPw0PkjM=</latexit>

C(8)
quqd

<latexit sha1_base64="xE/OmIwwS3/jEKKisFFyXeatvRg=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BItQLyWpgj1JoRePFewHtGnZbDbt0s0m3d0oJeR/ePGgiFf/izf/jds2B219MPB4b4aZeW7EqFSW9W3kNja3tnfyu4W9/YPDo+LxSVuGscCkhUMWiq6LJGGUk5aiipFuJAgKXEY67qQx9zuPREga8gc1i4gToBGnPsVIaWnQGCbTeOqlg6Rcu0yHxZJVsRYw14mdkRJkaA6LX30vxHFAuMIMSdmzrUg5CRKKYkbSQj+WJEJ4gkakpylHAZFOsrg6NS+04pl+KHRxZS7U3xMJCqScBa7uDJAay1VvLv7n9WLl15yE8ihWhOPlIj9mpgrNeQSmRwXBis00QVhQfauJx0ggrHRQBR2CvfryOmlXK/ZVpXp/XarfZnHk4QzOoQw23EAd7qAJLcAg4Ble4c14Ml6Md+Nj2ZozsplT+APj8wcXuZI6</latexit>

C 0
ll

<latexit sha1_base64="cr+TOKXpXBvH0I9sEsY1nDcuIfw=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EkCuXiMYB6QrGF20kmGzOyuM7OBsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glhwbVz321lb39jc2s7t5Hf39g8OC0fHDR0limGdRSJSrYBqFDzEuuFGYCtWSGUgsBmMqjO/OUaleRQ+mEmMvqSDkPc5o8ZKfrWbCjF97MSKS+wWim7JnYOsEi8jRchQ6xa+Or2IJRJDwwTVuu25sfFTqgxnAqf5TqIxpmxEB9i2NKQStZ/Oj56Sc6v0SD9StkJD5urviZRKrScysJ2SmqFe9mbif147Mf0bP+VhnBgM2WJRPxHERGSWAOlxhcyIiSWUKW5vJWxIFWXG5pS3IXjLL6+SRrnkXZbK91fFym0WRw5O4QwuwINrqMAd1KAODJ7gGV7hzRk7L86787FoXXOymRP4A+fzBw3UkkU=</latexit>

C(1)0
qq

<latexit sha1_base64="hk7rKT/Os5W+JiXSITB+nuv4qlc=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiRV0JUUunFZwT6gjWEynbRDZybpzEQsIb/ixoUibv0Rd/6N0zYLbT1w4XDOvdx7TxAzqrTjfFtr6xubW9uFneLu3v7BoX1UaqsokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTjBszv/NIpKKRuNfTmHgcDQUNKUbaSL5davjpZJI9pBX3vB9Lyknm22Wn6swBV4mbkzLI0fTtr/4gwgknQmOGlOq5Tqy9FElNMSNZsZ8oEiM8RkPSM1QgTpSXzm/P4JlRBjCMpCmh4Vz9PZEirtSUB6aTIz1Sy95M/M/rJTq89lIq4kQTgReLwoRBHcFZEHBAJcGaTQ1BWFJzK8QjJBHWJq6iCcFdfnmVtGtV96Jau7ss12/yOArgBJyCCnDBFaiDW9AELYDBE3gGr+DNyqwX6936WLSuWfnMMfgD6/MHpRCULA==</latexit>

C(3)0
qq

<latexit sha1_base64="I1j/LLWjCJUeSIha9qUfeIZsO/A=">AAAB+3icbVDLTgIxFO3gC/E14tJNIzHBDZkBE10ZEjYuMZFHAuOkUwo0tJ2h7RjJZH7FjQuNceuPuPNvLDALBU9yk5Nz7s299wQRo0o7zreV29jc2t7J7xb29g8Oj+zjYluFscSkhUMWym6AFGFUkJammpFuJAniASOdYNKY+51HIhUNxb2eRcTjaCTokGKkjeTbxYafTKfpQ1KuXfQjSTlJfbvkVJwF4DpxM1ICGZq+/dUfhDjmRGjMkFI914m0lyCpKWYkLfRjRSKEJ2hEeoYKxInyksXtKTw3ygAOQ2lKaLhQf08kiCs144Hp5EiP1ao3F//zerEeXnsJFVGsicDLRcOYQR3CeRBwQCXBms0MQVhScyvEYyQR1iauggnBXX15nbSrFbdWqd5dluo3WRx5cArOQBm44ArUwS1oghbA4Ak8g1fwZqXWi/VufSxbc1Y2cwL+wPr8AagolC4=</latexit>

C(3)
qq

<latexit sha1_base64="VeuMWqFXb58yiZ1GzTeNLoOcQwU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSCnqSQi8eK9gPaGPZbDft0s0m3d0IJeRvePGgiFf/jDf/jds2B219MPB4b4aZeV7EmdK2/W3lNja3tnfyu4W9/YPDo+LxSVuFsSS0RUIeyq6HFeVM0JZmmtNuJCkOPE473qQx9ztPVCoWigc9i6gb4JFgPiNYG6nfGCTTafqYlGuX6aBYsiv2AmidOBkpQYbmoPjVH4YkDqjQhGOleo4daTfBUjPCaVrox4pGmEzwiPYMFTigyk0WN6fowihD5IfSlNBoof6eSHCg1CzwTGeA9VitenPxP68Xa//GTZiIYk0FWS7yY450iOYBoCGTlGg+MwQTycytiIyxxESbmAomBGf15XXSrlacWqV6f1Wq32Zx5OEMzqEMDlxDHe6gCS0gEMEzvMKbFVsv1rv1sWzNWdnMKfyB9fkDcr2RSA==</latexit>

CdH
<latexit sha1_base64="R8QZErKeDGwhPnrVaKPEgqKC/+s=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0EuPFewHtEvJZrNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0g408Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKkLbRHKpegHWlDNB24YZTnuJojgOOO0Gk8bc7z5RpZkUD2aaUD/GI8EiRrCxUqcxzMLmbFiuuFV3AbROvJxUIEdrWP4ahJKkMRWGcKx133MT42dYGUY4nZUGqaYJJhM8on1LBY6p9rPFtTN0YZUQRVLZEgYt1N8TGY61nsaB7YyxGetVby7+5/VTE936GRNJaqggy0VRypGRaP46CpmixPCpJZgoZm9FZIwVJsYGVLIheKsvr5NOrepdVWv315X6XR5HEc7gHC7BgxuoQxNa0AYCj/AMr/DmSOfFeXc+lq0FJ585hT9wPn8AYJuO/A==</latexit>
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<latexit sha1_base64="P0CBNi2BqKU15IoRN/g5c1aT41Q="></latexit>

k2 = �0.664
�
C(3)

Hq
+ C(3)

Hl

�
+ 0.344CHWB

<latexit sha1_base64="NWJJYc7S5Wj2CVqDkeiocAwBH4A="></latexit>



Flavour in Z pole flat directions
In the Wilson coeff space of Z pole data...

there are two directions that are unconstrained

Fit to this space of 10 coefficients and plot 
contours in the plane of the flat directions, 
profiling over the 8 orthogonal directions

22

CHe
<latexit sha1_base64="OUD/b3D/pU2svyUfUVIjMvirbT0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQU8SyCXHCOYByRJmJ51kzOzOMjMrhCX/4MWDIl79H2/+jZNkD5pY0FBUddPdFcSCa+O6305uY3Nreye/W9jbPzg8Kh6ftLRMFMMmk0KqTkA1Ch5h03AjsBMrpGEgsB1ManO//YRKcxk9mGmMfkhHER9yRo2VWrV+WsdZv1hyy+4CZJ14GSlBhka/+NUbSJaEGBkmqNZdz42Nn1JlOBM4K/QSjTFlEzrCrqURDVH76eLaGbmwyoAMpbIVGbJQf0+kNNR6Gga2M6RmrFe9ufif103M8NZPeRQnBiO2XDRMBDGSzF8nA66QGTG1hDLF7a2EjamizNiACjYEb/XlddKqlL2rcuX+ulS9y+LIwxmcwyV4cANVqEMDmsDgEZ7hFd4c6bw4787HsjXnZDOn8AfO5w9iBI79</latexit> CHD

<latexit sha1_base64="sGo8bgD1BNU4B/dKVrObGV1JGr8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT1JoR56rGA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pK1loghtEcml6gZYU84EbRlmOO3GiuIo4LQTTOpzv/NElWZSPJhpTP0IjwQLGcHGSu36IG3czQbFklt2F0DrxMtICTI0B8Wv/lCSJKLCEI617nlubPwUK8MIp7NCP9E0xmSCR7RnqcAR1X66uHaGLqwyRKFUtoRBC/X3RIojradRYDsjbMZ61ZuL/3m9xIQ3fspEnBgqyHJRmHBkJJq/joZMUWL41BJMFLO3IjLGChNjAyrYELzVl9dJu1L2rsqV+2qpdpvFkYczOIdL8OAaatCAJrSAwCM8wyu8OdJ5cd6dj2VrzslmTuEPnM8fL9+O3A==</latexit>

CHu
<latexit sha1_base64="i53tf615CbJy6eFjjkgRhbjoda8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0EuPFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmG73oK0PBh7vzTAzL4g508Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKELbRHKpegHWlDNB24YZTnuxojgKOO0G08bC7z5RpZkUD2YWUz/CY8FCRrCxUqcxTJvJfFiuuFU3A1onXk4qkKM1LH8NRpIkERWGcKx133Nj46dYGUY4nZcGiaYxJlM8pn1LBY6o9tPs2jm6sMoIhVLZEgZl6u+JFEdaz6LAdkbYTPSqtxD/8/qJCW/9lIk4MVSQ5aIw4chItHgdjZiixPCZJZgoZm9FZIIVJsYGVLIheKsvr5NOrepdVWv315X6XR5HEc7gHC7BgxuoQxNa0AYCj/AMr/DmSOfFeXc+lq0FJ585hT9wPn8AelSPDQ==</latexit>

CHd
<latexit sha1_base64="1SWYvIRhPMPdE1YzGxnoAL7znIo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6k0EuPFewHtEvJZrNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0g408Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKkLbRHKpegHWlDNB24YZTnuJojgOOO0Gk8bc7z5RpZkUD2aaUD/GI8EiRrCxUqcxzJrhbFiuuFV3AbROvJxUIEdrWP4ahJKkMRWGcKx133MT42dYGUY4nZUGqaYJJhM8on1LBY6p9rPFtTN0YZUQRVLZEgYt1N8TGY61nsaB7YyxGetVby7+5/VTE936GRNJaqggy0VRypGRaP46CpmixPCpJZgoZm9FZIwVJsYGVLIheKsvr5NOrepdVWv315X6XR5HEc7gHC7BgxuoQxNa0AYCj/AMr/DmSOfFeXc+lq0FJ585hT9wPn8AYH+O/A==</latexit>

C(1)
Hq

<latexit sha1_base64="nFm+GTpIohps2fFGYeJmcMo3JE4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSCnqSQi89VrAf0May2W7apZtN3N0IJeRvePGgiFf/jDf/jds2B219MPB4b4aZeV7EmdK2/W3lNja3tnfyu4W9/YPDo+LxSUeFsSS0TUIeyp6HFeVM0LZmmtNeJCkOPE673rQx97tPVCoWins9i6gb4LFgPiNYG2nQGCbNx/QhKTuX6bBYsiv2AmidOBkpQYbWsPg1GIUkDqjQhGOl+o4daTfBUjPCaVoYxIpGmEzxmPYNFTigyk0WN6fowigj5IfSlNBoof6eSHCg1CzwTGeA9UStenPxP68fa//GTZiIYk0FWS7yY450iOYBoBGTlGg+MwQTycytiEywxESbmAomBGf15XXSqVacWqV6d1Wq32Zx5OEMzqEMDlxDHZrQgjYQiOAZXuHNiq0X6936WLbmrGzmFP7A+vwBMEWRHQ==</latexit>

C(3)
Hq

<latexit sha1_base64="q8/3b6gwz0x3FyypOe55UgArQPI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSCnqSQi89VrAf0May2W7apZtN3N0IJeRvePGgiFf/jDf/jds2B219MPB4b4aZeV7EmdK2/W3lNja3tnfyu4W9/YPDo+LxSUeFsSS0TUIeyp6HFeVM0LZmmtNeJCkOPE673rQx97tPVCoWins9i6gb4LFgPiNYG2nQGCbNx/QhKdcu02GxZFfsBdA6cTJSggytYfFrMApJHFChCcdK9R070m6CpWaE07QwiBWNMJniMe0bKnBAlZssbk7RhVFGyA+lKaHRQv09keBAqVngmc4A64la9ebif14/1v6NmzARxZoKslzkxxzpEM0DQCMmKdF8ZggmkplbEZlgiYk2MRVMCM7qy+ukU604tUr17qpUv83iyMMZnEMZHLiGOjShBW0gEMEzvMKbFVsv1rv1sWzNWdnMKfyB9fkDM1GRHw==</latexit>

C(3)
Hl

<latexit sha1_base64="p6te76poBjycY6bA4ihW1kC8p7w=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSFvQkhV56rGA/oI1ls920SzebsLsRSsjf8OJBEa/+GW/+G7dtDtr6YODx3gwz87yIM6Vt+9vKbW3v7O7l9wsHh0fHJ8XTs64KY0loh4Q8lH0PK8qZoB3NNKf9SFIceJz2vFlz4feeqFQsFA96HlE3wBPBfEawNtKwOUpaPH1MyrXrdFQs2RV7CbRJnIyUIEN7VPwajkMSB1RowrFSA8eOtJtgqRnhNC0MY0UjTGZ4QgeGChxQ5SbLm1N0ZZQx8kNpSmi0VH9PJDhQah54pjPAeqrWvYX4nzeItX/rJkxEsaaCrBb5MUc6RIsA0JhJSjSfG4KJZOZWRKZYYqJNTAUTgrP+8ibpVitOrVK9r5cad1kcebiASyiDAzfQgBa0oQMEIniGV3izYuvFerc+Vq05K5s5hz+wPn8AK5qRGg==</latexit>

C(1)
Hl

<latexit sha1_base64="0GIzB/LuUp72rFGcMZE+ndD+6rQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBT1JoZceK9gPaGPZbDft0s0m7G6EEvI3vHhQxKt/xpv/xk2bg7Y+GHi8N8PMPC/iTGnb/rYKG5tb2zvF3dLe/sHhUfn4pKvCWBLaISEPZd/DinImaEczzWk/khQHHqc9b9bM/N4TlYqF4kHPI+oGeCKYzwjWRho2R0mLp49J1blMR+WKXbMXQOvEyUkFcrRH5a/hOCRxQIUmHCs1cOxIuwmWmhFO09IwVjTCZIYndGCowAFVbrK4OUUXRhkjP5SmhEYL9fdEggOl5oFnOgOsp2rVy8T/vEGs/Vs3YSKKNRVkuciPOdIhygJAYyYp0XxuCCaSmVsRmWKJiTYxlUwIzurL66RbrzlXtfr9daVxl8dRhDM4hyo4cAMNaEEbOkAggmd4hTcrtl6sd+tj2Vqw8plT+APr8wcojpEY</latexit>

CHWB
<latexit sha1_base64="9HcKvhTX0QYBVMDOZ/mMivUkYpQ=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQU9S7KXHCrZbaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9ruQVsfDDzem2FmXpAIro3jfKPCxubW9k5xt7S3f3B4VD4+6eg4VZS1aSxi1Q2IZoJL1jbcCNZNFCNRIJgXTBpz33tiSvNYPpppwvyIjCQPOSXGSl5jkDW9+9mgXHGqzgJ4nbg5qUCO1qD81R/GNI2YNFQQrXuukxg/I8pwKtis1E81SwidkBHrWSpJxLSfLc6d4QurDHEYK1vS4IX6eyIjkdbTKLCdETFjverNxf+8XmrCWz/jMkkNk3S5KEwFNjGe/46HXDFqxNQSQhW3t2I6JopQYxMq2RDc1ZfXSadWda+qtYfrSv0uj6MIZ3AOl+DCDdShCS1oA4UJPMMrvKEEvaB39LFsLaB85hT+AH3+ANeyjzs=</latexit>

C 0
ll

<latexit sha1_base64="cr+TOKXpXBvH0I9sEsY1nDcuIfw=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EkCuXiMYB6QrGF20kmGzOyuM7OBsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glhwbVz321lb39jc2s7t5Hf39g8OC0fHDR0limGdRSJSrYBqFDzEuuFGYCtWSGUgsBmMqjO/OUaleRQ+mEmMvqSDkPc5o8ZKfrWbCjF97MSKS+wWim7JnYOsEi8jRchQ6xa+Or2IJRJDwwTVuu25sfFTqgxnAqf5TqIxpmxEB9i2NKQStZ/Oj56Sc6v0SD9StkJD5urviZRKrScysJ2SmqFe9mbif147Mf0bP+VhnBgM2WJRPxHERGSWAOlxhcyIiSWUKW5vJWxIFWXG5pS3IXjLL6+SRrnkXZbK91fFym0WRw5O4QwuwINrqMAd1KAODJ7gGV7hzRk7L86787FoXXOymRP4A+fzBw3UkkU=</latexit>
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Thoughts
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Flavour constraints clearly depend sensitively on the assumed flavour structure 
...Can we learn anything from this if we don't believe that BSM physics 
follows this particular flavour symmetry?

The U(3)5 flavour symmetry is the largest one available. Can be thought of 
as "baseline" effects expected

Loop effects are dominated by top contribution. If a theory doesnt have 
tree level FCNCs, and couples to the top, effects will be similar (but not 
identical: will break some GIM cancellations)

If a theory's largest FCNC effects are loop induced, get similar qualitative 
patterns of deviations (CKM suppressions, lorentz structure)

Clearly a lot more work to do!



Summary

Calculated the loop level matching for SMEFT with MFV flavour symmetry
to WET operators responsible for down type FCNCs

Flavour measurements suggest possibility of NP with flavour symmetries

What information can be extracted in this case?

Flavour can now be included on the same footing as EW/higgs data in global 
fits and provide new constraints

Lots of flavour data to come, how can we use it best?

24

Obtained explicit expressions for predictions of  U(3)5 SMEFT in flavour 
observables


