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Further incompatibility with direct measurements 
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World average of direct         
measurements including CDF

<latexit sha1_base64="Ua9EDh2fQpCOwM9+cZ4+XATm5pM=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukQPbz9rRfrXl1bw68SvyC1KBAs1/96g0SmkmmLBXEmK7vpTbMibacCjat9DLDUkLHZMi6jioimQnz+bFTfOaUAY4T7UpZPFd/T+REGjORkeuUxI7MsjcT//O6mY1vwpyrNLNM0cWiOBPYJnj2OR5wzagVE0cI1dzdiumIaEKty6fiQvCXX14lrYu6f1W/fLisNW6LOMpwAqdwDj5cQwPuoQkBUODwDK/whhR6Qe/oY9FaQsXMMfwB+vwB/BqO0A==</latexit>mW



Maeve Madigan | SMEFT Analysis of mw 01/07/22

The SMEFT
Can new physics beyond the SM mitigate the         tension?


6

<latexit sha1_base64="Ua9EDh2fQpCOwM9+cZ4+XATm5pM=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukQPbz9rRfrXl1bw68SvyC1KBAs1/96g0SmkmmLBXEmK7vpTbMibacCjat9DLDUkLHZMi6jioimQnz+bFTfOaUAY4T7UpZPFd/T+REGjORkeuUxI7MsjcT//O6mY1vwpyrNLNM0cWiOBPYJnj2OR5wzagVE0cI1dzdiumIaEKty6fiQvCXX14lrYu6f1W/fLisNW6LOMpwAqdwDj5cQwPuoQkBUODwDK/whhR6Qe/oY9FaQsXMMfwB+vwB/BqO0A==</latexit>mW



Maeve Madigan | SMEFT Analysis of mw 01/07/22

The SMEFT
Can new physics beyond the SM mitigate the         tension?


Using the SMEFT, we can address this question in a model-independent manner, assuming heavy new physics:


7

<latexit sha1_base64="UGO5WCpIjevUr+KAXFOltwOf4hc="></latexit>

LSMEFT = LSM +
C(5)

⇤
O

(5) +
X

i

C(6)
i

⇤2
O

(6)
i

<latexit sha1_base64="umlQGphGpHulTeazHTW1rhJT7xg=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyCIIRERT0WvXisYNpCG8pmu2mXbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhang2rjuNyqtrK6tb5Q3K1vbO7t71f2Dpk4yRZlPE5Godkg0E1wy33AjWDtVjMShYK1wdDf1W09MaZ7IRzNOWRCTgeQRp8RYyT/DjuP0qjXXcWfAy8QrSA0KNHrVr24/oVnMpKGCaN3x3NQEOVGGU8EmlW6mWUroiAxYx1JJYqaDfHbsBJ9YpY+jRNmSBs/U3xM5ibUex6HtjIkZ6kVvKv7ndTIT3QQ5l2lmmKTzRVEmsEnw9HPc54pRI8aWEKq4vRXTIVGEGptPxYbgLb68TJrnjnflXDxc1uq3RRxlOIJjOAUPrqEO99AAHyhweIZXeEMSvaB39DFvLaFi5hD+AH3+AAsZjYk=</latexit>

+...
<latexit sha1_base64="MUrDihFuPXeJPUZ1fZGepo9KGcE=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiCC5cVLAPaEKZTCbt0MkkzkwKJfQ73LhQxK0f486/cdpmoa0HBg7n3MO9c/yEM6Vt+9sqrK1vbG4Vt0s7u3v7B+XDo7aKU0loi8Q8ll0fK8qZoC3NNKfdRFIc+Zx2/NHNzO+MqVQsFo96klAvwgPBQkawNpJ3i1zOkXtvAgHulyt21Z4DrRInJxXI0eyXv9wgJmlEhSYcK9Vz7ER7GZaaEU6nJTdVNMFkhAe0Z6jAEVVeNj96is6MEqAwluYJjebq70SGI6UmkW8mI6yHatmbif95vVSHV17GRJJqKshiUZhypGM0awAFTFKi+cQQTCQztyIyxBITbXoqmRKc5S+vkvZF1alXaw+1SuM6r6MIJ3AK5+DAJTTgDprQAgJP8Ayv8GaNrRfr3fpYjBasPHMMf2B9/gCZIpFb</latexit>

E ⌧ ⇤

<latexit sha1_base64="Ua9EDh2fQpCOwM9+cZ4+XATm5pM=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukQPbz9rRfrXl1bw68SvyC1KBAs1/96g0SmkmmLBXEmK7vpTbMibacCjat9DLDUkLHZMi6jioimQnz+bFTfOaUAY4T7UpZPFd/T+REGjORkeuUxI7MsjcT//O6mY1vwpyrNLNM0cWiOBPYJnj2OR5wzagVE0cI1dzdiumIaEKty6fiQvCXX14lrYu6f1W/fLisNW6LOMpwAqdwDj5cQwPuoQkBUODwDK/whhR6Qe/oY9FaQsXMMfwB+vwB/BqO0A==</latexit>mW

this work



Maeve Madigan | SMEFT Analysis of mw 01/07/22

The SMEFT
Can new physics beyond the SM mitigate the         tension?


Using the SMEFT, we can address this question in a model-independent manner, assuming heavy new physics:


Is this new physics consistent with other data?


8

<latexit sha1_base64="UGO5WCpIjevUr+KAXFOltwOf4hc="></latexit>

LSMEFT = LSM +
C(5)

⇤
O

(5) +
X

i

C(6)
i

⇤2
O

(6)
i

<latexit sha1_base64="umlQGphGpHulTeazHTW1rhJT7xg=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyCIIRERT0WvXisYNpCG8pmu2mXbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhang2rjuNyqtrK6tb5Q3K1vbO7t71f2Dpk4yRZlPE5Godkg0E1wy33AjWDtVjMShYK1wdDf1W09MaZ7IRzNOWRCTgeQRp8RYyT/DjuP0qjXXcWfAy8QrSA0KNHrVr24/oVnMpKGCaN3x3NQEOVGGU8EmlW6mWUroiAxYx1JJYqaDfHbsBJ9YpY+jRNmSBs/U3xM5ibUex6HtjIkZ6kVvKv7ndTIT3QQ5l2lmmKTzRVEmsEnw9HPc54pRI8aWEKq4vRXTIVGEGptPxYbgLb68TJrnjnflXDxc1uq3RRxlOIJjOAUPrqEO99AAHyhweIZXeEMSvaB39DFvLaFi5hD+AH3+AAsZjYk=</latexit>

+...
<latexit sha1_base64="MUrDihFuPXeJPUZ1fZGepo9KGcE=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiCC5cVLAPaEKZTCbt0MkkzkwKJfQ73LhQxK0f486/cdpmoa0HBg7n3MO9c/yEM6Vt+9sqrK1vbG4Vt0s7u3v7B+XDo7aKU0loi8Q8ll0fK8qZoC3NNKfdRFIc+Zx2/NHNzO+MqVQsFo96klAvwgPBQkawNpJ3i1zOkXtvAgHulyt21Z4DrRInJxXI0eyXv9wgJmlEhSYcK9Vz7ER7GZaaEU6nJTdVNMFkhAe0Z6jAEVVeNj96is6MEqAwluYJjebq70SGI6UmkW8mI6yHatmbif95vVSHV17GRJJqKshiUZhypGM0awAFTFKi+cQQTCQztyIyxBITbXoqmRKc5S+vkvZF1alXaw+1SuM6r6MIJ3AK5+DAJTTgDprQAgJP8Ayv8GaNrRfr3fpYjBasPHMMf2B9/gCZIpFb</latexit>

E ⌧ ⇤

<latexit sha1_base64="Ua9EDh2fQpCOwM9+cZ4+XATm5pM=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukQPbz9rRfrXl1bw68SvyC1KBAs1/96g0SmkmmLBXEmK7vpTbMibacCjat9DLDUkLHZMi6jioimQnz+bFTfOaUAY4T7UpZPFd/T+REGjORkeuUxI7MsjcT//O6mY1vwpyrNLNM0cWiOBPYJnj2OR5wzagVE0cI1dzdiumIaEKty6fiQvCXX14lrYu6f1W/fLisNW6LOMpwAqdwDj5cQwPuoQkBUODwDK/whhR6Qe/oY9FaQsXMMfwB+vwB/BqO0A==</latexit>mW

this work



Maeve Madigan | SMEFT Analysis of mw 01/07/22

The SMEFT
Can new physics beyond the SM mitigate the         tension?


Using the SMEFT, we can address this question in a model-independent manner, assuming heavy new physics:


Is this new physics consistent with other data?


We will incorporate the         data into a global fit,  analysing

the consistency of new physics with existing Higgs, diboson 

and electroweak precision data.
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Our analysis

• An update of our previous SMEFT analysis of Higgs, diboson and electroweak 
precision data using Fitmaker 


now including CDF II and LHCb measurements of 

• Dimension-6 operators in the Warsaw basis, at linear order only


• Flavour universal                      20 operators

10

Fitmaker https://gitlab.com/kenmimasu/fitrepo 

2012.02779 Ellis et. al
<latexit sha1_base64="Ua9EDh2fQpCOwM9+cZ4+XATm5pM=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukQPbz9rRfrXl1bw68SvyC1KBAs1/96g0SmkmmLBXEmK7vpTbMibacCjat9DLDUkLHZMi6jioimQnz+bFTfOaUAY4T7UpZPFd/T+REGjORkeuUxI7MsjcT//O6mY1vwpyrNLNM0cWiOBPYJnj2OR5wzagVE0cI1dzdiumIaEKty6fiQvCXX14lrYu6f1W/fLisNW6LOMpwAqdwDj5cQwPuoQkBUODwDK/whhR6Qe/oY9FaQsXMMfwB+vwB/BqO0A==</latexit>mW

<latexit sha1_base64="Db+jDwGcxVOEPTfga3x6QpVBrYI="></latexit>

� = �SM +
X

i

Ci

⇤2
�i +O(⇤�4)

<latexit sha1_base64="XkOXHdGNvwCNfj8mXYlCYCs8EY0=">AAAB8HicbVBNT8JAEJ3iF+IX6tFLIzHBC2kVP45ELx4xWsBAJdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5Qcyo0o7zbeWWlldW1/LrhY3Nre2d4u5eQ0WJxMTDEYtkK0CKMCqIp6lmpBVLgnjASDMYXk/85hORikbiXo9i4nPUFzSkGGkjPdx55dPjx/Rs3C2WnIozhb1I3IyUIEO9W/zq9CKccCI0ZkiptuvE2k+R1BQzMi50EkVihIeoT9qGCsSJ8tPpwWP7yCg9O4ykKaHtqfp7IkVcqREPTCdHeqDmvYn4n9dOdHjpp1TEiSYCzxaFCbN1ZE++t3tUEqzZyBCEJTW32niAJMLaZFQwIbjzLy+SxknFPa9Ub6ul2lUWRx4O4BDK4MIF1OAG6uABBg7P8ApvlrRerHfrY9aas7KZffgD6/MHggmPlA==</latexit>

SU(3)5

https://gitlab.com/kenmimasu/fitrepo
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Data
Electroweak precision observables include:

11

ATLAS 


LHCb

W boson mass at the LHC

Eur. Phys. J. C 78 (2018), arXiv:1701.07240 

JHEP 01 (2022) 036, [arXiv:2109.01113].  

Precision measurements at the Z resonance

Phys. Rept. 427 (2006) 257–454, hep-ex/0509008  

  

<latexit sha1_base64="8KD76sF2okO78DTHjtHP+16VEx4="></latexit>

{�Z ,�
0
had., R

0
l , A

l
FB , Al, R

0
b ,

R0
c , A

b
FB , A

c
FB , Ab, Ac} .

Combination of W boson mass at CDF, D0 & LEP 
<latexit sha1_base64="n5Zie90kR2kqlGBe3vP1ZcvvNFg=">AAACDnicbVA9SwNBEN3z2/h1ammzGAJWx10IJo0g2tgIEUwi5ELY20zi4u7dsTsnhiO/wMa/YmOhiK21nf/GzUfh14OBx3szzMyLUikM+v6nMze/sLi0vLJaWFvf2Nxyt3eaJsk0hwZPZKKvImZAihgaKFDCVaqBqUhCK7o5HfutW9BGJPElDlPoKDaIRV9whlbquiXVzVsjekRrfqVc8co0TBWteVUaItyhVjk9h+ao6xZ9z5+A/iXBjBTJDPWu+xH2Ep4piJFLZkw78FPs5Eyj4BJGhTAzkDJ+wwbQtjRmCkwnn7wzoiWr9Gg/0bZipBP1+0TOlDFDFdlOxfDa/PbG4n9eO8N+rZOLOM0QYj5d1M8kxYSOs6E9oYGjHFrCuBb2VsqvmWYcbYIFG0Lw++W/pFn2gkOvclEpHp/M4lghe2SfHJCAVMkxOSN10iCc3JNH8kxenAfnyXl13qatc85sZpf8gPP+Bch1mXY=</latexit>

mW = 80424.2± 8.7 MeV

CDF Collaboration, Science 376 (2022) no. 6589  

See 2204.05260 for details of the diboson and Higgs datasets
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 in the SMEFTmW

12

Electroweak input parameters:

<latexit sha1_base64="b9r4+GzJKkQ8hCDl2KcizwWwot8=">AAACGnicbVBJSwMxFM7UrdZt1KOXYBE8SJmRoh6L4nIRKtgFO0N5k6ZtaGYhyQhlmN/hxb/ixYMi3sSL/8a0HUFbHwS+5T1e3udFnEllWV9Gbm5+YXEpv1xYWV1b3zA3t+oyjAWhNRLyUDQ9kJSzgNYUU5w2I0HB9zhteIOzkd+4p0KyMLhVw4i6PvQC1mUElJbapu0k2OmDShzgUR/SdnLeSA8m0rVmdz/kUpOLFDtp2yxaJWtceBbYGSiirKpt88PphCT2aaAIBylbthUpNwGhGOE0LTixpBGQAfRoS8MAfCrdZHxaive00sHdUOgXKDxWf08k4Es59D3d6YPqy2lvJP7ntWLVPXETFkSxogGZLOrGHKsQj3LCHSYoUXyoARDB9F8x6YMAonSaBR2CPX3yLKgfluyjUvmmXKycZnHk0Q7aRfvIRseogq5QFdUQQQ/oCb2gV+PReDbejPdJa87IZrbRnzI+vwFWIqEQ</latexit>

{↵̂EW , M̂Z , ĜF }

<latexit sha1_base64="3OYXRbPC0XYC2Du9XDv+Pz5kftY="></latexit>

↵̂�1
EW = 127.95

ĜF = 1.16638⇥ 10�5 GeV�2

m̂Z = 91.1876 GeV

<latexit sha1_base64="PRnLqX4cyivivcc2k8BAumYG310=">AAACF3icbVDLSgMxFM34rPVVdekmWARBKDOlqBuh6MZlBfuAdhwyadqGJjNDckcow/yFG3/FjQtF3OrOvzFth6KtBwKHc87l5h4/ElyDbX9bS8srq2vruY385tb2zm5hb7+hw1hRVqehCFXLJ5oJHrA6cBCsFSlGpC9Y0x9ej/3mA1Oah8EdjCLmStIPeI9TAkbyCiXpJc30Pimn+BJ3BgQSmc6UU9zpMgEEz0JeoWiX7AnwInEyUkQZal7hq9MNaSxZAFQQrduOHYGbEAWcCpbmO7FmEaFD0mdtQwMimXaTyV0pPjZKF/dCZV4AeKL+nkiI1HokfZOUBAZ63huL/3ntGHoXbsKDKAYW0OmiXiwwhHhcEu5yxSiIkSGEKm7+iumAKELBVJk3JTjzJy+SRrnknJUqt5Vi9SqrI4cO0RE6QQ46R1V0g2qojih6RM/oFb1ZT9aL9W59TKNLVjZzgP7A+vwBURqfaA==</latexit>

m2
W = m̂2

W + �m2
W

<latexit sha1_base64="gzesWPNa6IBZ86bOBdYF79DlXHA="></latexit>

�m2
W

m̂2
W

= � sin 2✓w
cos 2✓w

v2

4⇤2

✓
cos ✓w
sin ✓w

CHD +
sin ✓w
cos ✓w

⇣
4C(3)

Hl
� 2Cll

⌘
+ 4CHWB

◆

where                                 ,         derived from input parameters in the SM.      

<latexit sha1_base64="+XbsjqFPZzFsP+O6zIDQM28e4Z4=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMh81hmeoWw7Gd48aCIV7/Gm3/jJNmDJhY0FFXddHdFieAWfP/bK62tb2xulbcrO7t7+wfVw6O21amhrEW10KYbEcsEV6wFHATrJoYRGQnWiSZ3M7/zxIzlWj3CNGGhJCPFY04JOKnXHxPIZD7IOvmgWvPr/hx4lQQFqaECzUH1qz/UNJVMARXE2l7gJxBmxACnguWVfmpZQuiEjFjPUUUks2E2PznHZ04Z4lgbVwrwXP09kRFp7VRGrlMSGNtlbyb+5/VSiG/CjKskBaboYlGcCgwaz/7HQ24YBTF1hFDD3a2YjokhFFxKFRdCsPzyKmlf1IOr+uXDZa1xW8RRRifoFJ2jAF2jBrpHTdRCFGn0jF7Rmwfei/fufSxaS14xc4z+wPv8AdCGkZ0=</latexit>

m̂W

<latexit sha1_base64="Ua9EDh2fQpCOwM9+cZ4+XATm5pM=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukQPbz9rRfrXl1bw68SvyC1KBAs1/96g0SmkmmLBXEmK7vpTbMibacCjat9DLDUkLHZMi6jioimQnz+bFTfOaUAY4T7UpZPFd/T+REGjORkeuUxI7MsjcT//O6mY1vwpyrNLNM0cWiOBPYJnj2OR5wzagVE0cI1dzdiumIaEKty6fiQvCXX14lrYu6f1W/fLisNW6LOMpwAqdwDj5cQwPuoQkBUODwDK/whhR6Qe/oY9FaQsXMMfwB+vwB/BqO0A==</latexit>mW
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Electroweak input parameters:

<latexit sha1_base64="b9r4+GzJKkQ8hCDl2KcizwWwot8=">AAACGnicbVBJSwMxFM7UrdZt1KOXYBE8SJmRoh6L4nIRKtgFO0N5k6ZtaGYhyQhlmN/hxb/ixYMi3sSL/8a0HUFbHwS+5T1e3udFnEllWV9Gbm5+YXEpv1xYWV1b3zA3t+oyjAWhNRLyUDQ9kJSzgNYUU5w2I0HB9zhteIOzkd+4p0KyMLhVw4i6PvQC1mUElJbapu0k2OmDShzgUR/SdnLeSA8m0rVmdz/kUpOLFDtp2yxaJWtceBbYGSiirKpt88PphCT2aaAIBylbthUpNwGhGOE0LTixpBGQAfRoS8MAfCrdZHxaive00sHdUOgXKDxWf08k4Es59D3d6YPqy2lvJP7ntWLVPXETFkSxogGZLOrGHKsQj3LCHSYoUXyoARDB9F8x6YMAonSaBR2CPX3yLKgfluyjUvmmXKycZnHk0Q7aRfvIRseogq5QFdUQQQ/oCb2gV+PReDbejPdJa87IZrbRnzI+vwFWIqEQ</latexit>

{↵̂EW , M̂Z , ĜF }

<latexit sha1_base64="3OYXRbPC0XYC2Du9XDv+Pz5kftY="></latexit>

↵̂�1
EW = 127.95

ĜF = 1.16638⇥ 10�5 GeV�2

m̂Z = 91.1876 GeV

<latexit sha1_base64="PRnLqX4cyivivcc2k8BAumYG310=">AAACF3icbVDLSgMxFM34rPVVdekmWARBKDOlqBuh6MZlBfuAdhwyadqGJjNDckcow/yFG3/FjQtF3OrOvzFth6KtBwKHc87l5h4/ElyDbX9bS8srq2vruY385tb2zm5hb7+hw1hRVqehCFXLJ5oJHrA6cBCsFSlGpC9Y0x9ej/3mA1Oah8EdjCLmStIPeI9TAkbyCiXpJc30Pimn+BJ3BgQSmc6UU9zpMgEEz0JeoWiX7AnwInEyUkQZal7hq9MNaSxZAFQQrduOHYGbEAWcCpbmO7FmEaFD0mdtQwMimXaTyV0pPjZKF/dCZV4AeKL+nkiI1HokfZOUBAZ63huL/3ntGHoXbsKDKAYW0OmiXiwwhHhcEu5yxSiIkSGEKm7+iumAKELBVJk3JTjzJy+SRrnknJUqt5Vi9SqrI4cO0RE6QQ46R1V0g2qojih6RM/oFb1ZT9aL9W59TKNLVjZzgP7A+vwBURqfaA==</latexit>

m2
W = m̂2

W + �m2
W

<latexit sha1_base64="gzesWPNa6IBZ86bOBdYF79DlXHA="></latexit>

�m2
W

m̂2
W

= � sin 2✓w
cos 2✓w

v2

4⇤2

✓
cos ✓w
sin ✓w

CHD +
sin ✓w
cos ✓w

⇣
4C(3)

Hl
� 2Cll

⌘
+ 4CHWB

◆

where                                 ,         derived from input parameters in the SM.      

<latexit sha1_base64="+XbsjqFPZzFsP+O6zIDQM28e4Z4=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMh81hmeoWw7Gd48aCIV7/Gm3/jJNmDJhY0FFXddHdFieAWfP/bK62tb2xulbcrO7t7+wfVw6O21amhrEW10KYbEcsEV6wFHATrJoYRGQnWiSZ3M7/zxIzlWj3CNGGhJCPFY04JOKnXHxPIZD7IOvmgWvPr/hx4lQQFqaECzUH1qz/UNJVMARXE2l7gJxBmxACnguWVfmpZQuiEjFjPUUUks2E2PznHZ04Z4lgbVwrwXP09kRFp7VRGrlMSGNtlbyb+5/VSiG/CjKskBaboYlGcCgwaz/7HQ24YBTF1hFDD3a2YjokhFFxKFRdCsPzyKmlf1IOr+uXDZa1xW8RRRifoFJ2jAF2jBrpHTdRCFGn0jF7Rmwfei/fufSxaS14xc4z+wPv8AdCGkZ0=</latexit>

m̂W

4 operators can induce a shift in          at linear order:

   

<latexit sha1_base64="Ua9EDh2fQpCOwM9+cZ4+XATm5pM=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukQPbz9rRfrXl1bw68SvyC1KBAs1/96g0SmkmmLBXEmK7vpTbMibacCjat9DLDUkLHZMi6jioimQnz+bFTfOaUAY4T7UpZPFd/T+REGjORkeuUxI7MsjcT//O6mY1vwpyrNLNM0cWiOBPYJnj2OR5wzagVE0cI1dzdiumIaEKty6fiQvCXX14lrYu6f1W/fLisNW6LOMpwAqdwDj5cQwPuoQkBUODwDK/whhR6Qe/oY9FaQsXMMfwB+vwB/BqO0A==</latexit>mW

We neglect possible measurement bias in extracting         in the SMEFT Bjørn, Trott, 1606.06502  <latexit sha1_base64="Ua9EDh2fQpCOwM9+cZ4+XATm5pM=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukQPbz9rRfrXl1bw68SvyC1KBAs1/96g0SmkmmLBXEmK7vpTbMibacCjat9DLDUkLHZMi6jioimQnz+bFTfOaUAY4T7UpZPFd/T+REGjORkeuUxI7MsjcT//O6mY1vwpyrNLNM0cWiOBPYJnj2OR5wzagVE0cI1dzdiumIaEKty6fiQvCXX14lrYu6f1W/fLisNW6LOMpwAqdwDj5cQwPuoQkBUODwDK/whhR6Qe/oY9FaQsXMMfwB+vwB/BqO0A==</latexit>mW

 in the SMEFTmW

13

<latexit sha1_base64="ZW/D54bDY7fnUPWeN6dn2tGvobw="></latexit>

OHWB ⌘ H
†
⌧
I
HW

I

µ⌫
B

µ⌫
, OHD ⌘

�
H

†
D

µ
H
�? �

H
†
DµH

�
,

O`` ⌘
�
¯̀�µ`

� �
¯̀�µ

`
�
, O

(3)
H`

⌘

⇣
H

†
i

$
D

I

µ
H

⌘ �
¯̀⌧ I�µ

`
�

(1)
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Individual SMEFT constraints

14

<latexit sha1_base64="/EOIqDwg6nrEClDFs0JIYOUo74Q="></latexit>

�m2
W

m2
W

= � sin 2✓w
cos 2✓w

v2

4⇤2

✓
cos ✓w
sin ✓w

CHD +
sin ✓w
cos ✓w

⇣
4C(3)

Hl
� 2Cll

⌘
+ 4CHWB

◆

*Only the most relevant 
operators are shown 
here
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Marginalised SMEFT constraints

15

*Only the most relevant 
operators are shown 
here.


All others are included 
in the marginalisation.
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Grey: SMEFT fit, excluding 
direct measurements of 

Red: SMEFT fit, including 
direct measurements of

 in the SMEFTmW
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<latexit sha1_base64="Ua9EDh2fQpCOwM9+cZ4+XATm5pM=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukQPbz9rRfrXl1bw68SvyC1KBAs1/96g0SmkmmLBXEmK7vpTbMibacCjat9DLDUkLHZMi6jioimQnz+bFTfOaUAY4T7UpZPFd/T+REGjORkeuUxI7MsjcT//O6mY1vwpyrNLNM0cWiOBPYJnj2OR5wzagVE0cI1dzdiumIaEKty6fiQvCXX14lrYu6f1W/fLisNW6LOMpwAqdwDj5cQwPuoQkBUODwDK/whhR6Qe/oY9FaQsXMMfwB+vwB/BqO0A==</latexit>mW

<latexit sha1_base64="Ua9EDh2fQpCOwM9+cZ4+XATm5pM=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukQPbz9rRfrXl1bw68SvyC1KBAs1/96g0SmkmmLBXEmK7vpTbMibacCjat9DLDUkLHZMi6jioimQnz+bFTfOaUAY4T7UpZPFd/T+REGjORkeuUxI7MsjcT//O6mY1vwpyrNLNM0cWiOBPYJnj2OR5wzagVE0cI1dzdiumIaEKty6fiQvCXX14lrYu6f1W/fLisNW6LOMpwAqdwDj5cQwPuoQkBUODwDK/whhR6Qe/oY9FaQsXMMfwB+vwB/BqO0A==</latexit>mW
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Fits including            show 

compatibility with the CDF  


measurement

<latexit sha1_base64="zFCe9l/CWZLMDzUfielm83BGeiE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVUj0W66HHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9P2lomitAWkVyqboA15UzQlmGG026sKI4CTjvBpD73O09UaSbFg5nG1I/wSLCQEWys1K4P0sbdbFAsuWV3AbROvIyUIENzUPzqDyVJIioM4VjrnufGxk+xMoxwOiv0E01jTCZ4RHuWChxR7aeLa2fowipDFEplSxi0UH9PpDjSehoFtjPCZqxXvbn4n9dLTHjjp0zEiaGCLBeFCUdGovnraMgUJYZPLcFEMXsrImOsMDE2oIINwVt9eZ20r8petVy5r5Rqt1kceTiDc7gED66hBg1oQgsIPMIzvMKbI50X5935WLbmnGzmFP7A+fwBMrOO5Q==</latexit>

CHD

<latexit sha1_base64="Ua9EDh2fQpCOwM9+cZ4+XATm5pM=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukQPbz9rRfrXl1bw68SvyC1KBAs1/96g0SmkmmLBXEmK7vpTbMibacCjat9DLDUkLHZMi6jioimQnz+bFTfOaUAY4T7UpZPFd/T+REGjORkeuUxI7MsjcT//O6mY1vwpyrNLNM0cWiOBPYJnj2OR5wzagVE0cI1dzdiumIaEKty6fiQvCXX14lrYu6f1W/fLisNW6LOMpwAqdwDj5cQwPuoQkBUODwDK/whhR6Qe/oY9FaQsXMMfwB+vwB/BqO0A==</latexit>mW

 in the SMEFTmW
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<latexit sha1_base64="zFCe9l/CWZLMDzUfielm83BGeiE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVUj0W66HHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9P2lomitAWkVyqboA15UzQlmGG026sKI4CTjvBpD73O09UaSbFg5nG1I/wSLCQEWys1K4P0sbdbFAsuWV3AbROvIyUIENzUPzqDyVJIioM4VjrnufGxk+xMoxwOiv0E01jTCZ4RHuWChxR7aeLa2fowipDFEplSxi0UH9PpDjSehoFtjPCZqxXvbn4n9dLTHjjp0zEiaGCLBeFCUdGovnraMgUJYZPLcFEMXsrImOsMDE2oIINwVt9eZ20r8petVy5r5Rqt1kceTiDc7gED66hBg1oQgsIPMIzvMKbI50X5935WLbmnGzmFP7A+fwBMrOO5Q==</latexit>

CHD           is the least 
constrained of the one-
param fits
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Fits including            

indicate a flat direction

<latexit sha1_base64="YULiigq4zNuxpzIoEiYeZWzzBg8=">AAAB9XicbVDLTgIxFL2DL8QX6tJNIzFxYciMIeiSiAuWmMgjgZF0SgcaOp1J29GQyfyHGxca49Z/ceffWGAWCp7k5p6cc296e7yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo7YKY0loi4Q8lF0PK8qZoC3NNKfdSFIceJx2vEl95nceqVQsFPd6GlE3wCPBfEawNtJDfZA0btMLZDrn6aBYssv2HGiVOBkpQYbmoPjVH4YkDqjQhGOleo4daTfBUjPCaVrox4pGmEzwiPYMFTigyk3mV6fozChD5IfSlNBorv7eSHCg1DTwzGSA9VgtezPxP68Xa//aTZiIYk0FWTzkxxzpEM0iQEMmKdF8aggmkplbERljiYk2QRVMCM7yl1dJ+7LsVMuVu0qpdpPFkYcTOIVzcOAKatCAJrSAgIRneIU368l6sd6tj8Vozsp2juEPrM8fm0KR8w==</latexit>

CHD, Cll

 in the SMEFTmW

18

Fits including            show 

compatibility with the CDF  


measurement

<latexit sha1_base64="zFCe9l/CWZLMDzUfielm83BGeiE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVUj0W66HHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9P2lomitAWkVyqboA15UzQlmGG026sKI4CTjvBpD73O09UaSbFg5nG1I/wSLCQEWys1K4P0sbdbFAsuWV3AbROvIyUIENzUPzqDyVJIioM4VjrnufGxk+xMoxwOiv0E01jTCZ4RHuWChxR7aeLa2fowipDFEplSxi0UH9PpDjSehoFtjPCZqxXvbn4n9dLTHjjp0zEiaGCLBeFCUdGovnraMgUJYZPLcFEMXsrImOsMDE2oIINwVt9eZ20r8petVy5r5Rqt1kceTiDc7gED66hBg1oQgsIPMIzvMKbI50X5935WLbmnGzmFP7A+fwBMrOO5Q==</latexit>

CHD

<latexit sha1_base64="Ua9EDh2fQpCOwM9+cZ4+XATm5pM=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukQPbz9rRfrXl1bw68SvyC1KBAs1/96g0SmkmmLBXEmK7vpTbMibacCjat9DLDUkLHZMi6jioimQnz+bFTfOaUAY4T7UpZPFd/T+REGjORkeuUxI7MsjcT//O6mY1vwpyrNLNM0cWiOBPYJnj2OR5wzagVE0cI1dzdiumIaEKty6fiQvCXX14lrYu6f1W/fLisNW6LOMpwAqdwDj5cQwPuoQkBUODwDK/whhR6Qe/oY9FaQsXMMfwB+vwB/BqO0A==</latexit>mW

<latexit sha1_base64="zFCe9l/CWZLMDzUfielm83BGeiE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVUj0W66HHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9P2lomitAWkVyqboA15UzQlmGG026sKI4CTjvBpD73O09UaSbFg5nG1I/wSLCQEWys1K4P0sbdbFAsuWV3AbROvIyUIENzUPzqDyVJIioM4VjrnufGxk+xMoxwOiv0E01jTCZ4RHuWChxR7aeLa2fowipDFEplSxi0UH9PpDjSehoFtjPCZqxXvbn4n9dLTHjjp0zEiaGCLBeFCUdGovnraMgUJYZPLcFEMXsrImOsMDE2oIINwVt9eZ20r8petVy5r5Rqt1kceTiDc7gED66hBg1oQgsIPMIzvMKbI50X5935WLbmnGzmFP7A+fwBMrOO5Q==</latexit>

CHD           is the least 
constrained of the one-
param fits
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SMEFT constraints
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A flat direction between                  is 

lifted by  

<latexit sha1_base64="YULiigq4zNuxpzIoEiYeZWzzBg8=">AAAB9XicbVDLTgIxFL2DL8QX6tJNIzFxYciMIeiSiAuWmMgjgZF0SgcaOp1J29GQyfyHGxca49Z/ceffWGAWCp7k5p6cc296e7yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo7YKY0loi4Q8lF0PK8qZoC3NNKfdSFIceJx2vEl95nceqVQsFPd6GlE3wCPBfEawNtJDfZA0btMLZDrn6aBYssv2HGiVOBkpQYbmoPjVH4YkDqjQhGOleo4daTfBUjPCaVrox4pGmEzwiPYMFTigyk3mV6fozChD5IfSlNBorv7eSHCg1DTwzGSA9VgtezPxP68Xa//aTZiIYk0FWTzkxxzpEM0iQEMmKdF8aggmkplbERljiYk2QRVMCM7yl1dJ+7LsVMuVu0qpdpPFkYcTOIVzcOAKatCAJrSAgIRneIU368l6sd6tj8Vozsp2juEPrM8fm0KR8w==</latexit>

CHD, Cll
<latexit sha1_base64="Ua9EDh2fQpCOwM9+cZ4+XATm5pM=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukQPbz9rRfrXl1bw68SvyC1KBAs1/96g0SmkmmLBXEmK7vpTbMibacCjat9DLDUkLHZMi6jioimQnz+bFTfOaUAY4T7UpZPFd/T+REGjORkeuUxI7MsjcT//O6mY1vwpyrNLNM0cWiOBPYJnj2OR5wzagVE0cI1dzdiumIaEKty6fiQvCXX14lrYu6f1W/fLisNW6LOMpwAqdwDj5cQwPuoQkBUODwDK/whhR6Qe/oY9FaQsXMMfwB+vwB/BqO0A==</latexit>mW

Both the 2 and 4-parameter fits 
show          always bounded away 
from zero 

<latexit sha1_base64="zFCe9l/CWZLMDzUfielm83BGeiE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVUj0W66HHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9P2lomitAWkVyqboA15UzQlmGG026sKI4CTjvBpD73O09UaSbFg5nG1I/wSLCQEWys1K4P0sbdbFAsuWV3AbROvIyUIENzUPzqDyVJIioM4VjrnufGxk+xMoxwOiv0E01jTCZ4RHuWChxR7aeLa2fowipDFEplSxi0UH9PpDjSehoFtjPCZqxXvbn4n9dLTHjjp0zEiaGCLBeFCUdGovnraMgUJYZPLcFEMXsrImOsMDE2oIINwVt9eZ20r8petVy5r5Rqt1kceTiDc7gED66hBg1oQgsIPMIzvMKbI50X5935WLbmnGzmFP7A+fwBMrOO5Q==</latexit>

CHD

We see good compatibility between 
the fits with/without <latexit sha1_base64="Ua9EDh2fQpCOwM9+cZ4+XATm5pM=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukQPbz9rRfrXl1bw68SvyC1KBAs1/96g0SmkmmLBXEmK7vpTbMibacCjat9DLDUkLHZMi6jioimQnz+bFTfOaUAY4T7UpZPFd/T+REGjORkeuUxI7MsjcT//O6mY1vwpyrNLNM0cWiOBPYJnj2OR5wzagVE0cI1dzdiumIaEKty6fiQvCXX14lrYu6f1W/fLisNW6LOMpwAqdwDj5cQwPuoQkBUODwDK/whhR6Qe/oY9FaQsXMMfwB+vwB/BqO0A==</latexit>mW



Maeve Madigan | SMEFT Analysis of mw 01/07/22

Constraints from CKM unitarity

20

<latexit sha1_base64="2Dko5TQlTAySF3ne4aXucJrp4Fc="></latexit>

�CKM = 2
v2

⇤2

h
C(3)

Hq
� C(3)

H`
+ C`` � C(3)

`q

i

<latexit sha1_base64="yklpWBqdSaampfKkO8W8J6qByb8=">AAACGHicbVDLSgMxFM3UV62vqks3wSIIYp0pRV0W60IQoYJ9QFuHTHrbhmYeJplCmc5nuPFX3LhQxG13/o3pY6GtBwLnnnMvN/c4AWdSmea3kVhaXlldS66nNja3tnfSu3sV6YeCQpn63Bc1h0jgzIOyYopDLRBAXIdD1ekVx361D0Iy33tQgwCaLul4rM0oUVqy02eNa+CK2FHx9i7GDXgKWR8PK3YUtuLhYw6fTAs5KU6xZaczZtacAC8Sa0YyaIaSnR41Wj4NXfAU5UTKumUGqhkRoRjlEKcaoYSA0B7pQF1Tj7ggm9HksBgfaaWF277Qz1N4ov6eiIgr5cB1dKdLVFfOe2PxP68eqvZlM2JeECrw6HRRO+RY+XicEm4xAVTxgSaECqb/immXCEKVzjKlQ7DmT14klVzWOs/m7/OZwtUsjiQ6QIfoGFnoAhXQDSqhMqLoGb2id/RhvBhvxqfxNW1NGLOZffQHxugH0tye/A==</latexit>

�CKM ⌘ |Vud|2 + |Vus|2 � 1

The SMEFT is constrained by the consistency of     - decay data with CKM unitarity:  
<latexit sha1_base64="UIyWLvTcQwdqoWRJIFfC4DrvEUg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ74Ucab9ac+vuHGSVeAWpQYFmv/rVGyQsi7lCJqkxXc9NMcipRsEkn1Z6meEpZWM65F1LFY25CfL5sVNyZpUBiRJtSyGZq78nchobM4lD2xlTHJllbyb+53UzjG6CXKg0Q67YYlGUSYIJmX1OBkJzhnJiCWVa2FsJG1FNGdp8KjYEb/nlVdK6qHtX9cuHy1rjtoijDCdwCufgwTU04B6a4AMDAc/wCm+Ocl6cd+dj0Vpyiplj+APn8wfGxI6t</latexit>

�
2204.04559 M. Blennow et. al 
2204.08440 V. Cirigliano et. al 

where
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<latexit sha1_base64="2Dko5TQlTAySF3ne4aXucJrp4Fc="></latexit>

�CKM = 2
v2

⇤2

h
C(3)

Hq
� C(3)

H`
+ C`` � C(3)

`q

i

<latexit sha1_base64="yklpWBqdSaampfKkO8W8J6qByb8=">AAACGHicbVDLSgMxFM3UV62vqks3wSIIYp0pRV0W60IQoYJ9QFuHTHrbhmYeJplCmc5nuPFX3LhQxG13/o3pY6GtBwLnnnMvN/c4AWdSmea3kVhaXlldS66nNja3tnfSu3sV6YeCQpn63Bc1h0jgzIOyYopDLRBAXIdD1ekVx361D0Iy33tQgwCaLul4rM0oUVqy02eNa+CK2FHx9i7GDXgKWR8PK3YUtuLhYw6fTAs5KU6xZaczZtacAC8Sa0YyaIaSnR41Wj4NXfAU5UTKumUGqhkRoRjlEKcaoYSA0B7pQF1Tj7ggm9HksBgfaaWF277Qz1N4ov6eiIgr5cB1dKdLVFfOe2PxP68eqvZlM2JeECrw6HRRO+RY+XicEm4xAVTxgSaECqb/immXCEKVzjKlQ7DmT14klVzWOs/m7/OZwtUsjiQ6QIfoGFnoAhXQDSqhMqLoGb2id/RhvBhvxqfxNW1NGLOZffQHxugH0tye/A==</latexit>

�CKM ⌘ |Vud|2 + |Vus|2 � 1

The SMEFT is constrained by the consistency of     - decay data with CKM unitarity:  
<latexit sha1_base64="UIyWLvTcQwdqoWRJIFfC4DrvEUg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ74Ucab9ac+vuHGSVeAWpQYFmv/rVGyQsi7lCJqkxXc9NMcipRsEkn1Z6meEpZWM65F1LFY25CfL5sVNyZpUBiRJtSyGZq78nchobM4lD2xlTHJllbyb+53UzjG6CXKg0Q67YYlGUSYIJmX1OBkJzhnJiCWVa2FsJG1FNGdp8KjYEb/nlVdK6qHtX9cuHy1rjtoijDCdwCufgwTU04B6a4AMDAc/wCm+Ocl6cd+dj0Vpyiplj+APn8wfGxI6t</latexit>

�
2204.04559 M. Blennow et. al 
2204.08440 V. Cirigliano et. al 

where
Recall  

<latexit sha1_base64="Q6IUw6tzvuwy78oaHrXehpjFvWE=">AAACDnicbVC7TsMwFHV4lvIKMLJYVJWKhKoEKmCsWoaORaIPqQ2R4zqtVceJbAepivIFLPwKCwMIsTKz8Te4bQZoOZJ1j8+5V/Y9XsSoVJb1baysrq1vbOa28ts7u3v75sFhW4axwKSFQxaKrockYZSTlqKKkW4kCAo8RjreuD71Ow9ESBryOzWJiBOgIac+xUhpyTWLdTdpsPQ+KV2cpmdQ3xib18ZNVju11DULVtmaAS4TOyMFkKHpml/9QYjjgHCFGZKyZ1uRchIkFMWMpPl+LEmE8BgNSU9TjgIinWS2TgqLWhlAPxT6cAVn6u+JBAVSTgJPdwZIjeSiNxX/83qx8q+dhPIoVoTj+UN+zKAK4TQbOKCCYMUmmiAsqP4rxCMkEFY6wbwOwV5ceZm0z8v2ZblyWylUa1kcOXAMTkAJ2OAKVEEDNEELYPAInsEreDOejBfj3fiYt64Y2cwR+APj8wcfS5pF</latexit>

C(3)
Hl

, Cll, CHD, CHWB

contribute to  <latexit sha1_base64="Ua9EDh2fQpCOwM9+cZ4+XATm5pM=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukQPbz9rRfrXl1bw68SvyC1KBAs1/96g0SmkmmLBXEmK7vpTbMibacCjat9DLDUkLHZMi6jioimQnz+bFTfOaUAY4T7UpZPFd/T+REGjORkeuUxI7MsjcT//O6mY1vwpyrNLNM0cWiOBPYJnj2OR5wzagVE0cI1dzdiumIaEKty6fiQvCXX14lrYu6f1W/fLisNW6LOMpwAqdwDj5cQwPuoQkBUODwDK/whhR6Qe/oY9FaQsXMMfwB+vwB/BqO0A==</latexit>mW
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<latexit sha1_base64="2Dko5TQlTAySF3ne4aXucJrp4Fc="></latexit>

�CKM = 2
v2

⇤2

h
C(3)

Hq
� C(3)

H`
+ C`` � C(3)

`q

i

<latexit sha1_base64="yklpWBqdSaampfKkO8W8J6qByb8=">AAACGHicbVDLSgMxFM3UV62vqks3wSIIYp0pRV0W60IQoYJ9QFuHTHrbhmYeJplCmc5nuPFX3LhQxG13/o3pY6GtBwLnnnMvN/c4AWdSmea3kVhaXlldS66nNja3tnfSu3sV6YeCQpn63Bc1h0jgzIOyYopDLRBAXIdD1ekVx361D0Iy33tQgwCaLul4rM0oUVqy02eNa+CK2FHx9i7GDXgKWR8PK3YUtuLhYw6fTAs5KU6xZaczZtacAC8Sa0YyaIaSnR41Wj4NXfAU5UTKumUGqhkRoRjlEKcaoYSA0B7pQF1Tj7ggm9HksBgfaaWF277Qz1N4ov6eiIgr5cB1dKdLVFfOe2PxP68eqvZlM2JeECrw6HRRO+RY+XicEm4xAVTxgSaECqb/immXCEKVzjKlQ7DmT14klVzWOs/m7/OZwtUsjiQ6QIfoGFnoAhXQDSqhMqLoGb2id/RhvBhvxqfxNW1NGLOZffQHxugH0tye/A==</latexit>

�CKM ⌘ |Vud|2 + |Vus|2 � 1

The SMEFT is constrained by the consistency of     - decay data with CKM unitarity:  
<latexit sha1_base64="UIyWLvTcQwdqoWRJIFfC4DrvEUg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ74Ucab9ac+vuHGSVeAWpQYFmv/rVGyQsi7lCJqkxXc9NMcipRsEkn1Z6meEpZWM65F1LFY25CfL5sVNyZpUBiRJtSyGZq78nchobM4lD2xlTHJllbyb+53UzjG6CXKg0Q67YYlGUSYIJmX1OBkJzhnJiCWVa2FsJG1FNGdp8KjYEb/nlVdK6qHtX9cuHy1rjtoijDCdwCufgwTU04B6a4AMDAc/wCm+Ocl6cd+dj0Vpyiplj+APn8wfGxI6t</latexit>

�
2204.04559 M. Blennow et. al 
2204.08440 V. Cirigliano et. al 

where
Recall  

<latexit sha1_base64="Q6IUw6tzvuwy78oaHrXehpjFvWE=">AAACDnicbVC7TsMwFHV4lvIKMLJYVJWKhKoEKmCsWoaORaIPqQ2R4zqtVceJbAepivIFLPwKCwMIsTKz8Te4bQZoOZJ1j8+5V/Y9XsSoVJb1baysrq1vbOa28ts7u3v75sFhW4axwKSFQxaKrockYZSTlqKKkW4kCAo8RjreuD71Ow9ESBryOzWJiBOgIac+xUhpyTWLdTdpsPQ+KV2cpmdQ3xib18ZNVju11DULVtmaAS4TOyMFkKHpml/9QYjjgHCFGZKyZ1uRchIkFMWMpPl+LEmE8BgNSU9TjgIinWS2TgqLWhlAPxT6cAVn6u+JBAVSTgJPdwZIjeSiNxX/83qx8q+dhPIoVoTj+UN+zKAK4TQbOKCCYMUmmiAsqP4rxCMkEFY6wbwOwV5ceZm0z8v2ZblyWylUa1kcOXAMTkAJ2OAKVEEDNEELYPAInsEreDOejBfj3fiYt64Y2cwR+APj8wcfS5pF</latexit>

C(3)
Hl

, Cll, CHD, CHWB

contribute to  <latexit sha1_base64="Ua9EDh2fQpCOwM9+cZ4+XATm5pM=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukQPbz9rRfrXl1bw68SvyC1KBAs1/96g0SmkmmLBXEmK7vpTbMibacCjat9DLDUkLHZMi6jioimQnz+bFTfOaUAY4T7UpZPFd/T+REGjORkeuUxI7MsjcT//O6mY1vwpyrNLNM0cWiOBPYJnj2OR5wzagVE0cI1dzdiumIaEKty6fiQvCXX14lrYu6f1W/fLisNW6LOMpwAqdwDj5cQwPuoQkBUODwDK/whhR6Qe/oY9FaQsXMMfwB+vwB/BqO0A==</latexit>mW

<latexit sha1_base64="7kSi+B7cWndqefgVS6rqiBJfmbY=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiuLEkUq0boVgXgggV7AWaECbTaTt0JgkzE6GE7t34Km5cKOLWF3Dn2zhps9DWHwY+/nMOZ87vR4xKZVnfRm5peWV1Lb9e2Njc2t4xd/daMowFJk0cslB0fCQJowFpKqoY6USCIO4z0vZH9bTefiBC0jC4V+OIuBwNAtqnGClteWbRuSJMIS+p39xO4AU8tsqWZZ9CJ+IwRata8MzSlLTgItgZlECmhmd+Ob0Qx5wECjMkZde2IuUmSCiKGZkUnFiSCOERGpCuxgBxIt1kessEHmqnB/uh0C9QcOr+nkgQl3LMfd3JkRrK+Vpq/lfrxqp/7iY0iGJFAjxb1I8ZVCFMg4E9KghWbKwBYUH1XyEeIoGw0vGlIdjzJy9C66Rsn5Urd5VS7TKLIw8OQBEcARtUQQ1cgwZoAgwewTN4BW/Gk/FivBsfs9ackc3sgz8yPn8ApeSW9g==</latexit>

�CKM = �0.0015± 0.0007

Measurements of                  nucleon transitions and kaon decays:
<latexit sha1_base64="jqAid4YZV5BVUzfq3exVKp9XtUs=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgiCURIp6LHrxWMF+QBvLZrtpl26yYXeilJCLf8WLB0W8+jO8+W/cpj1o64OBx3szzMzzY8E1OM63VVhaXlldK66XNja3tnfs3b2mlomirEGlkKrtE80Ej1gDOAjWjhUjoS9Yyx9dT/zWA1Oay+gOxjHzQjKIeMApASP17APnPj3NcFfxwRCIUvIR50rPLjsVJwdeJO6MlNEM9Z791e1LmoQsAiqI1h3XicFLiQJOBctK3USzmNARGbCOoREJmfbS/IEMHxuljwOpTEWAc/X3REpCrcehbzpDAkM9703E/7xOAsGll/IoToBFdLooSAQGiSdp4D5XjIIYG0Ko4uZWTIdEEQoms5IJwZ1/eZE0zyrueaV6Wy3XrmZxFNEhOkInyEUXqIZuUB01EEUZekav6M16sl6sd+tj2lqwZjP76A+szx+/gJXh</latexit>

0+ ! 0+



Maeve Madigan | SMEFT Analysis of mw 01/07/22

Breakdown of constraints

23

Diboson and Higgs data are      
crucial for constraining 
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No longer find a degeneracy 
between


Indirect        predictions are 
compatible with the         world 
average in all fits involving 

<latexit sha1_base64="YULiigq4zNuxpzIoEiYeZWzzBg8=">AAAB9XicbVDLTgIxFL2DL8QX6tJNIzFxYciMIeiSiAuWmMgjgZF0SgcaOp1J29GQyfyHGxca49Z/ceffWGAWCp7k5p6cc296e7yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo7YKY0loi4Q8lF0PK8qZoC3NNKfdSFIceJx2vEl95nceqVQsFPd6GlE3wCPBfEawNtJDfZA0btMLZDrn6aBYssv2HGiVOBkpQYbmoPjVH4YkDqjQhGOleo4daTfBUjPCaVrox4pGmEzwiPYMFTigyk3mV6fozChD5IfSlNBorv7eSHCg1DTwzGSA9VgtezPxP68Xa//aTZiIYk0FWTzkxxzpEM0iQEMmKdF8aggmkplbERljiYk2QRVMCM7yl1dJ+7LsVMuVu0qpdpPFkYcTOIVzcOAKatCAJrSAgIRneIU368l6sd6tj8Vozsp2juEPrM8fm0KR8w==</latexit>

CHD, Cll

<latexit sha1_base64="Ua9EDh2fQpCOwM9+cZ4+XATm5pM=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukQPbz9rRfrXl1bw68SvyC1KBAs1/96g0SmkmmLBXEmK7vpTbMibacCjat9DLDUkLHZMi6jioimQnz+bFTfOaUAY4T7UpZPFd/T+REGjORkeuUxI7MsjcT//O6mY1vwpyrNLNM0cWiOBPYJnj2OR5wzagVE0cI1dzdiumIaEKty6fiQvCXX14lrYu6f1W/fLisNW6LOMpwAqdwDj5cQwPuoQkBUODwDK/whhR6Qe/oY9FaQsXMMfwB+vwB/BqO0A==</latexit>mW
<latexit sha1_base64="Ua9EDh2fQpCOwM9+cZ4+XATm5pM=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurOd9o9La+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULLLeCdVLNiIwEa0fju5nffmLa8EQ92knKQkmGisecEuukQPbz9rRfrXl1bw68SvyC1KBAs1/96g0SmkmmLBXEmK7vpTbMibacCjat9DLDUkLHZMi6jioimQnz+bFTfOaUAY4T7UpZPFd/T+REGjORkeuUxI7MsjcT//O6mY1vwpyrNLNM0cWiOBPYJnj2OR5wzagVE0cI1dzdiumIaEKty6fiQvCXX14lrYu6f1W/fLisNW6LOMpwAqdwDj5cQwPuoQkBUODwDK/whhR6Qe/oY9FaQsXMMfwB+vwB/BqO0A==</latexit>mW

<latexit sha1_base64="zFCe9l/CWZLMDzUfielm83BGeiE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVUj0W66HHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9P2lomitAWkVyqboA15UzQlmGG026sKI4CTjvBpD73O09UaSbFg5nG1I/wSLCQEWys1K4P0sbdbFAsuWV3AbROvIyUIENzUPzqDyVJIioM4VjrnufGxk+xMoxwOiv0E01jTCZ4RHuWChxR7aeLa2fowipDFEplSxi0UH9PpDjSehoFtjPCZqxXvbn4n9dLTHjjp0zEiaGCLBeFCUdGovnraMgUJYZPLcFEMXsrImOsMDE2oIINwVt9eZ20r8petVy5r5Rqt1kceTiDc7gED66hBg1oQgsIPMIzvMKbI50X5935WLbmnGzmFP7A+fwBMrOO5Q==</latexit>

CHD



Maeve Madigan | SMEFT Analysis of mw 01/07/22

Probing single-field extensions of the SM

25

Model Spin SU(3) SU(2) U(1) Parameters
S1 0 1 1 1 (MS , S)
⌃ 1

2 1 3 0 (M⌃,�⌃)
⌃1

1
2 1 3 -1 (M⌃1 ,�⌃1)

N
1
2 1 1 0 (MN ,�N )

E
1
2 1 1 -1 (ME ,�E)

B 1 1 1 0 (MB, ĝ
B

H
)

B1 1 1 1 1 (MB1 ,�B1)

⌅ 0 1 3 0 (M⌅,⌅)
W1 1 1 3 1 (MW1 ,ĝ

'

W1
)

W 1 1 3 0 (MW ,ĝH
W

)

Table 2. The single-field extensions listed in the first column can make tree-level contributions to
mW . They have the quantum numbers listed in the following three columns, and the notations for
their masses and couplings are given in the last column.
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Table 3. Operators generated at the tree level by the single-field extensions listed in the first column,
which can make tree-level contributions to mW . The coefficients of the operators are given by the
squares of the corresponding coupling divided by the corresponding M

2, with the exception of an
extra factor of 1/m2

⌅ in the case of the ⌅ field, as noted in the Table. We denote the top, bottom
and ⌧ Yukawa couplings by yt, yb and y⌧ , respectively. Models that contribute to mW in such a way
that they cannot improve upon the SM fit are greyed out.

spin 0 with zero hypercharge, respectively). Each of these models exerts a pull of about 6.4
relative to the SM. The next best model is N , which is a singlet fermion, also known as a
sterile neutrino or heavy neutral lepton, which is a zero-hypercharge singlet of both SU(3)
and SU(2). This model exerts a pull of about 5 relative to the SM. Finally, we note that
model E, which is a singlet fermion with non-zero hypercharge, exerts a pull of about 3.5.
These are the models in Table 3 that generate non-zero coefficients for either C

(3)
Hl

or CHD

– 10 –

Single-field extensions of the SM matched to the SMEFT at tree-level, 1711.10391 de Blas et. al 
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Model Spin SU(3) SU(2) U(1) Parameters
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'

W1
)

W 1 1 3 0 (MW ,ĝH
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Table 2. The single-field extensions listed in the first column can make tree-level contributions to
mW . They have the quantum numbers listed in the following three columns, and the notations for
their masses and couplings are given in the last column.
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Table 3. Operators generated at the tree level by the single-field extensions listed in the first column,
which can make tree-level contributions to mW . The coefficients of the operators are given by the
squares of the corresponding coupling divided by the corresponding M

2, with the exception of an
extra factor of 1/m2

⌅ in the case of the ⌅ field, as noted in the Table. We denote the top, bottom
and ⌧ Yukawa couplings by yt, yb and y⌧ , respectively. Models that contribute to mW in such a way
that they cannot improve upon the SM fit are greyed out.

spin 0 with zero hypercharge, respectively). Each of these models exerts a pull of about 6.4
relative to the SM. The next best model is N , which is a singlet fermion, also known as a
sterile neutrino or heavy neutral lepton, which is a zero-hypercharge singlet of both SU(3)
and SU(2). This model exerts a pull of about 5 relative to the SM. Finally, we note that
model E, which is a singlet fermion with non-zero hypercharge, exerts a pull of about 3.5.
These are the models in Table 3 that generate non-zero coefficients for either C

(3)
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or CHD

– 10 –

Single-field extensions of the SM matched to the SMEFT at tree-level, 1711.10391 de Blas et. al 
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B

H
)

B1 1 1 1 1 (MB1 ,�B1)

⌅ 0 1 3 0 (M⌅,⌅)
W1 1 1 3 1 (MW1 ,ĝ
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Figure 6. The horizontal bars show the mass limits (in TeV) at the 68 and 95% CL for the models
described in Table 2, setting the corresponding couplings to unity. The coupling limits obtained when
setting the mass to 1 TeV are listed in Table 4.

with the negative sign that is indicated by the individual fits in Fig. 3. The other single-
field extensions do not improve upon the SM fit, either because they do not contribute
to either of these operator coefficients, or because their contributions have the disfavoured
sign. Table 4 lists the central values and 68% and 95% CL ranges of the masses of the extra
fields that give better fits than the SM, assuming that their couplings are unity, and the
68% CL ranges of their couplings, assuming a mass of 1 TeV. We see that if the coupling in
one of these models is of order unity the mass is large enough for the leading-order SMEFT
analysis employed here to be consistent, and this would probably be the case even if the
coupling were O(0.1).

Model Pull Best-fit mass 1-� mass 2-� mass 1-� coupling2

(TeV) range (TeV) range (TeV) range
W1 6.4 3.0 [2.8, 3.6] [2.6, 3.8] [0.09, 0.13]
B 6.4 8.6 [8.0, 9.4] [7.4, 10.6] [0.011, 0.016]
⌅ 6.4 2.9 [2.8, 3.1] [2.7, 3.2] [0.011, 0.016]
N 5.1 4.4 [4.1, 5.0] [3.8, 5.8] [0.040, 0.060]
E 3.5 5.8 [5.1, 6.8] [4.6, 8.5] [0.022, 0.039]

Table 4. Single-field models that can improve on the SM fit when the CDF measurement of mW

is included, showing their respective pulls, the best-fit masses and their 1- and 2-� ranges assuming
unit couplings, and the 1-� coupling ranges assuming masses of 1 TeV.

– 11 –

Constraints at 68% and 
95% CL, assuming a 
coupling of g=1
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Thank you for listening!

New physics parametrised by the dimension-6 SMEFT can account for a large enough shift in         
without significant tension with other electroweak precision, Higgs and diboson data. 
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       can be accommodated within several single-field extensions of the SM with new particles whose 
masses are in the TeV range for couplings of order 1 
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Low-energy measurements e.g.              provide complementary information on the SMEFT operators 
constrained by 
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Relation to the electroweak oblique 
parameters S, T:


SM + S,T electroweak fit: 

greater compatibility with the 
W mass world average 

S, T parameters
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Clear pull away from the SM in the T 
direction


Fit to         data (purple) remains 
compatible with the fit to all other data 
(yellow)
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