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Sensitive to new physics
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Credit: BBC

The Standard Model

Beyond

[Manibrata Sen]
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Introduction
Origin of neutrino masses

Super-Kamiokande collaboration, 
 arXiv:0105023

νL = UPMNS PLνl

Propagation states

[Salvador Rosauro-Alcaraz] 

Evidence of new physics
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Mystery of flavor

• SM flavor structure


• 13 parameters


• 20 with massive neutrinos

[Tom Tong] 

https://indico.cern.ch/event/1266242/contributions/5547089/attachments/2703705/4693156/Supernova_nus_Invisibles.pdf
https://indico.cern.ch/event/1266242/contributions/5547033/attachments/2703569/4692892/nuDM.pdf
https://indico.cern.ch/event/1266242/contributions/5547780/attachments/2704121/4693965/Flavon_DM.pdf
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New physics has to be…

… very heavy

… (light and) very weakly 
interacting with the SM

Leptoquarks
Supersymmetry

Z’ bosons

Axion-like 
particles

SMEFT
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[adapted from Martin Bauer]
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Outline
• Effective field theory

• SMEFT

• Global analyses

• Relation to light new physics

SMEFT describes the effects of heavy new 
physics at lower energy scales

Global analyses enable us to fully exploit the 
data and the correlations between different 

observables

SMEFT analyses can be reused to constrain  
axion-like particle (ALP) interactions
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Hierarchy of scales 

EFTELHC
<latexit sha1_base64="n+9kU9Z0LypO6iair3KBl274s/Y=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GOxCD14qGA/oAlls922SzebsDsRS+jf8OJBEa/+GW/+G7dtDtr6YODx3gwz84JYcI2O823l1tY3Nrfy24Wd3b39g+LhUUtHiaKsSSMRqU5ANBNcsiZyFKwTK0bCQLB2MK7N/PYjU5pH8gEnMfNDMpR8wClBI3m3PQ/ZE6Z39dq0Vyw5ZWcOe5W4GSlBhkav+OX1I5qETCIVROuu68Top0Qhp4JNC16iWUzomAxZ11BJQqb9dH7z1D4zSt8eRMqURHuu/p5ISaj1JAxMZ0hwpJe9mfif101wcO2nXMYJMkkXiwaJsDGyZwHYfa4YRTExhFDFza02HRFFKJqYCiYEd/nlVdKqlN2LcuX+slS9yeLIwwmcwjm4cAVVqEMDmkAhhmd4hTcrsV6sd+tj0Zqzsplj+APr8wfRrJGK</latexit>

ENP
<latexit sha1_base64="4RJRiE11QJX2AY7YIOcc92aPxnk=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexWQY9FETxJBfsB26Vk02wbmk2WZFYsS3+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb6ewsrq2vlHcLG1t7+zulfcPWkalmrImVULpTkgME1yyJnAQrJNoRuJQsHY4up767UemDVfyAcYJC2IykDzilICV/JteF9gTZHeNSa9ccavuDHiZeDmpoByNXvmr21c0jZkEKogxvucmEGREA6eCTUrd1LCE0BEZMN9SSWJmgmx28gSfWKWPI6VtScAz9fdERmJjxnFoO2MCQ7PoTcX/PD+F6DLIuExSYJLOF0WpwKDw9H/c55pREGNLCNXc3orpkGhCwaZUsiF4iy8vk1at6p1Va/fnlfpVHkcRHaFjdIo8dIHq6BY1UBNRpNAzekVvDjgvzrvzMW8tOPnMIfoD5/MHUkWRRw==</latexit>

⇤
<latexit sha1_base64="+7Vn0mJYfaZ//RcqBhLwm7cUdf0=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrtR0DJoY2ERwTwgWcLd2dlkyOzsMjMrhJCPsLFQxNbvsfNvnCRbaOKBgcM55zL3niAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKWTTFHWpIlIVCdAzQSXrGm4EayTKoZxIFg7GN3O/PYTU5on8tGMU+bHOJA84hSNldq9exsNsV+uuFV3DrJKvJxUIEejX/7qhQnNYiYNFah113NT409QGU4Fm5Z6mWYp0hEOWNdSiTHT/mS+7pScWSUkUaLsk4bM1d8TE4y1HseBTcZohnrZm4n/ed3MRNf+hMs0M0zSxUdRJohJyOx2EnLFqBFjS5AqbncldIgKqbENlWwJ3vLJq6RVq3oX1drDZaV+k9dRhBM4hXPw4ArqcAcNaAKFETzDK7w5qfPivDsfi2jByWeO4Q+czx8M849h</latexit>
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EFTELHC
<latexit sha1_base64="n+9kU9Z0LypO6iair3KBl274s/Y=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GOxCD14qGA/oAlls922SzebsDsRS+jf8OJBEa/+GW/+G7dtDtr6YODx3gwz84JYcI2O823l1tY3Nrfy24Wd3b39g+LhUUtHiaKsSSMRqU5ANBNcsiZyFKwTK0bCQLB2MK7N/PYjU5pH8gEnMfNDMpR8wClBI3m3PQ/ZE6Z39dq0Vyw5ZWcOe5W4GSlBhkav+OX1I5qETCIVROuu68Top0Qhp4JNC16iWUzomAxZ11BJQqb9dH7z1D4zSt8eRMqURHuu/p5ISaj1JAxMZ0hwpJe9mfif101wcO2nXMYJMkkXiwaJsDGyZwHYfa4YRTExhFDFza02HRFFKJqYCiYEd/nlVdKqlN2LcuX+slS9yeLIwwmcwjm4cAVVqEMDmkAhhmd4hTcrsV6sd+tj0Zqzsplj+APr8wfRrJGK</latexit>

ENP
<latexit sha1_base64="4RJRiE11QJX2AY7YIOcc92aPxnk=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexWQY9FETxJBfsB26Vk02wbmk2WZFYsS3+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb6ewsrq2vlHcLG1t7+zulfcPWkalmrImVULpTkgME1yyJnAQrJNoRuJQsHY4up767UemDVfyAcYJC2IykDzilICV/JteF9gTZHeNSa9ccavuDHiZeDmpoByNXvmr21c0jZkEKogxvucmEGREA6eCTUrd1LCE0BEZMN9SSWJmgmx28gSfWKWPI6VtScAz9fdERmJjxnFoO2MCQ7PoTcX/PD+F6DLIuExSYJLOF0WpwKDw9H/c55pREGNLCNXc3orpkGhCwaZUsiF4iy8vk1at6p1Va/fnlfpVHkcRHaFjdIo8dIHq6BY1UBNRpNAzekVvDjgvzrvzMW8tOPnMIfoD5/MHUkWRRw==</latexit>

⇤
<latexit sha1_base64="+7Vn0mJYfaZ//RcqBhLwm7cUdf0=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrtR0DJoY2ERwTwgWcLd2dlkyOzsMjMrhJCPsLFQxNbvsfNvnCRbaOKBgcM55zL3niAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKWTTFHWpIlIVCdAzQSXrGm4EayTKoZxIFg7GN3O/PYTU5on8tGMU+bHOJA84hSNldq9exsNsV+uuFV3DrJKvJxUIEejX/7qhQnNYiYNFah113NT409QGU4Fm5Z6mWYp0hEOWNdSiTHT/mS+7pScWSUkUaLsk4bM1d8TE4y1HseBTcZohnrZm4n/ed3MRNf+hMs0M0zSxUdRJohJyOx2EnLFqBFjS5AqbncldIgKqbENlWwJ3vLJq6RVq3oX1drDZaV+k9dRhBM4hXPw4ArqcAcNaAKFETzDK7w5qfPivDsfi2jByWeO4Q+czx8M849h</latexit>

W

µ ⌫

⌫̄

e

<latexit sha1_base64="5lq1+fsO25cWGJ2oz6+3ZBdFBKY="></latexit>

µ

⌫̄

e

⌫

<latexit sha1_base64="zqUBvh41rMvxhf0dyPZ5UhUvcPI="></latexit>

Describe NP by higher-order 
interactions of SM fields

Heavy particles that we 
cannot resolve live here 
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SM 
fields

[review: Brivio, Trott (1706.08945)] At low energies, the SM does 
a very good job.

https://arxiv.org/abs/1706.08945
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[review: Brivio, Trott (1706.08945)] 

SMEFT

• Proper, renormalisable 
quantum field theory 

• Minimal assumptions 
on UV completion

• Universal language for 
data interpretation 

At low energies, the SM does 
a very good job.

https://arxiv.org/abs/1706.08945
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SM 
symmetries
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fields

Higgs 
doublet

[review: Brivio, Trott (1706.08945)] 

<latexit sha1_base64="y+ui8zoJl2i82ucmSxekTewTacA="></latexit>

L = LSM +
X

i

ci
⇤2

O
(6)
i +

X

j

c(8)j

⇤4
O

(8)
j + · · ·

59 operators (MFV)

Odd dimensions violate lepton or baryon number 

• Proper, renormalisable 
quantum field theory 

• Minimal assumptions 
on UV completion

• Universal language for 
data interpretation 

At low energies, the SM does 
a very good job.

Systematic program for indirect 
searches!

https://arxiv.org/abs/1706.08945
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Plus another 24 four-fermion 
operators

[Grzadkowski et al. (1008.4884)]

https://arxiv.org/abs/1008.4884
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The operator  
<latexit sha1_base64="ynrsS4fS6C8b67k7fQZZz6mnPjg=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiRpa+2u4MLurGBaoQ1hMp22QycPZiZKifkUNy4UceuXuPNvnLQVVPTAhcM59zJnjh8zKqRpfmiFldW19Y3iZmlre2d3Ty/vd0WUcEwcHLGI3/hIEEZD4kgqGbmJOUGBz0jPn57nfu+WcEGj8FrOYuIGaBzSEcVIKsnTy4MAyQlGLL3MvLR9kUFPr5iGaderjSY0DbtqWc2c1OyqXTehZZhzVMASHU9/HwwjnAQklJghIfqWGUs3RVxSzEhWGiSCxAhP0Zj0FQ1RQISbzqNn8FgpQziKuJpQwrn6/SJFgRCzwFebeVDx28vFv7x+IkdnbkrDOJEkxIuHRgmDMoJ5D3BIOcGSzRRBmFOVFeIJ4ghL1VZJlfD1U/g/6dqGdWrUrmqVltNa1FEEh+AInAALNEALtEEHOACDO/AAnsCzdq89ai/a62K1oC0rPAA/oL19Aoo1lHc=</latexit>

OHG

8

<latexit sha1_base64="4JkQSfeu2sthbDgzIS2NymXhip0="></latexit>

Feynman rules

SM: 
EFT: 

Structurally the same

<latexit sha1_base64="TUAQK7jiDRimAjcY+kl++t07JA0="></latexit>

�iGH �a1,a2 (p
µ

1p
⌫

2 � ⌘µ⌫p1 · p2)
<latexit sha1_base64="d0q3HO4VnbgTqqVBkiqSmdfUnuE="></latexit>

�i v �a1,a2 (p
µ
1p

⌫
2 � ⌘µ⌫p1 · p2)

<latexit sha1_base64="cTRdfce9daARVTyiWX35/X4NGDY="></latexit>

OHG = H
†
H G

A

µ⌫
G

A,µ⌫
! vhG

A

µ⌫
G

Aµ⌫



Anke Biekötter - JGU Mainz

The operator  
<latexit sha1_base64="ynrsS4fS6C8b67k7fQZZz6mnPjg=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiRpa+2u4MLurGBaoQ1hMp22QycPZiZKifkUNy4UceuXuPNvnLQVVPTAhcM59zJnjh8zKqRpfmiFldW19Y3iZmlre2d3Ty/vd0WUcEwcHLGI3/hIEEZD4kgqGbmJOUGBz0jPn57nfu+WcEGj8FrOYuIGaBzSEcVIKsnTy4MAyQlGLL3MvLR9kUFPr5iGaderjSY0DbtqWc2c1OyqXTehZZhzVMASHU9/HwwjnAQklJghIfqWGUs3RVxSzEhWGiSCxAhP0Zj0FQ1RQISbzqNn8FgpQziKuJpQwrn6/SJFgRCzwFebeVDx28vFv7x+IkdnbkrDOJEkxIuHRgmDMoJ5D3BIOcGSzRRBmFOVFeIJ4ghL1VZJlfD1U/g/6dqGdWrUrmqVltNa1FEEh+AInAALNEALtEEHOACDO/AAnsCzdq89ai/a62K1oC0rPAA/oL19Aoo1lHc=</latexit>

OHG

8

<latexit sha1_base64="4JkQSfeu2sthbDgzIS2NymXhip0="></latexit>

Feynman rules

SM: 
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Affects total cross section only

<latexit sha1_base64="cTRdfce9daARVTyiWX35/X4NGDY="></latexit>
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A
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G
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OHB

9

Feynman rules

SM:  
EFT: 

EFT contribution has additional 
momentum dependence

<latexit sha1_base64="wAu3LS/6xfctbI3dC5QyT20lCuQ=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYSNgNopYBQWwERaNiNobZyU0yZHZ2mbkrhmXB1sZfsbFQxNYPsPNvnDwKXwcuHM45l5l7glgKg6776eQmJqemZ/Kzhbn5hcWl4vLKuYkSzaHGIxnpy4AZkEJBDQVKuIw1sDCQcBH09gf+xQ1oIyJ1hv0YGiHrKNEWnKGVmsVSp5leXXWzax/hFtPTo4z6W9QHZNepHya+SrKCTblldwj6l3hjUiJjHDeLH34r4kkICrlkxtQ9N8ZGyjQKLiEr+ImBmPEe60DdUsVCMI10eExGN6zSou1I21FIh+r3jZSFxvTDwCZDhl3z2xuI/3n1BNt7jVSoOEFQfPRQO5EUIzpohraEBo6ybwnjWti/Ut5lmnG0/Q1K8H6f/JecV8reTrlysl2qHtyN6siTNbJONolHdkmVHJJjUiOc3JNH8kxenAfnyXl13kbRnDOucJX8gPP+BZvxm8A=</latexit>

gSMZZh ⌘
µ⌫

<latexit sha1_base64="wpBtTeeChmrOYEV7bzayMdQZ1DM="></latexit>

gEFT
hZZ

⇥
pµZ1

p⌫Z2
� ⌘µ⌫ pZ1 · pZ2

⇤

<latexit sha1_base64="PGncLZKik6c1y3zgnDW/bAXmFDU="></latexit>

<latexit sha1_base64="WrYTESLEJuSqDTCHyilY+9r64/Q="></latexit>

OHB = H
†
H Bµ⌫B

µ⌫
! c

EFT
HZZ

hZµ⌫Z
µ⌫
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gSMZZh ⌘
µ⌫

<latexit sha1_base64="wpBtTeeChmrOYEV7bzayMdQZ1DM="></latexit>

gEFT
hZZ

⇥
pµZ1

p⌫Z2
� ⌘µ⌫ pZ1 · pZ2

⇤

<latexit sha1_base64="PGncLZKik6c1y3zgnDW/bAXmFDU="></latexit>

<latexit sha1_base64="WrYTESLEJuSqDTCHyilY+9r64/Q="></latexit>

OHB = H
†
H Bµ⌫B

µ⌫
! c

EFT
HZZ

hZµ⌫Z
µ⌫
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The operator  
<latexit sha1_base64="Ls51kvA6r/R0HShfR1y7gQiMRbk=">AAAB+nicdVDLSgMxFM34rPXV6tJNsAiuhsy0tS6Lbrqzgn1AOwyZNNOGZh4kGaWM8yluXCji1i9x59+YaSuo6IELh3PuJSfHizmTCqEPY2V1bX1js7BV3N7Z3dsvlQ+6MkoEoR0S8Uj0PSwpZyHtKKY47ceC4sDjtOdNL3O/d0uFZFF4o2YxdQI8DpnPCFZackvlYYDVhGCeXmVu2rrIoFuqIBNVa3a1CpFpNZBmmlTrto3q0DLRHBWwRNstvQ9HEUkCGirCsZQDC8XKSbFQjHCaFYeJpDEmUzymA01DHFDppPPoGTzRygj6kdATKjhXv1+kOJByFnh6Mw8qf3u5+Jc3SJR/7qQsjBNFQ7J4yE84VBHMe4AjJihRfKYJJoLprJBMsMBE6baKuoSvn8L/Sdc2rTOzdl2rNDvNRR0FcASOwSmwQAM0QQu0QQcQcAcewBN4Nu6NR+PFeF2srhjLCg/BDxhvn2hMlGA=</latexit>

OHB

9

Feynman rules

SM:  
EFT: 

EFT contribution has additional 
momentum dependence

<latexit sha1_base64="wAu3LS/6xfctbI3dC5QyT20lCuQ=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYSNgNopYBQWwERaNiNobZyU0yZHZ2mbkrhmXB1sZfsbFQxNYPsPNvnDwKXwcuHM45l5l7glgKg6776eQmJqemZ/Kzhbn5hcWl4vLKuYkSzaHGIxnpy4AZkEJBDQVKuIw1sDCQcBH09gf+xQ1oIyJ1hv0YGiHrKNEWnKGVmsVSp5leXXWzax/hFtPTo4z6W9QHZNepHya+SrKCTblldwj6l3hjUiJjHDeLH34r4kkICrlkxtQ9N8ZGyjQKLiEr+ImBmPEe60DdUsVCMI10eExGN6zSou1I21FIh+r3jZSFxvTDwCZDhl3z2xuI/3n1BNt7jVSoOEFQfPRQO5EUIzpohraEBo6ybwnjWti/Ut5lmnG0/Q1K8H6f/JecV8reTrlysl2qHtyN6siTNbJONolHdkmVHJJjUiOc3JNH8kxenAfnyXl13kbRnDOucJX8gPP+BZvxm8A=</latexit>

gSMZZh ⌘
µ⌫

<latexit sha1_base64="wpBtTeeChmrOYEV7bzayMdQZ1DM="></latexit>

gEFT
hZZ

⇥
pµZ1

p⌫Z2
� ⌘µ⌫ pZ1 · pZ2

⇤

<latexit sha1_base64="PGncLZKik6c1y3zgnDW/bAXmFDU="></latexit>

Affects distributions

<latexit sha1_base64="WrYTESLEJuSqDTCHyilY+9r64/Q="></latexit>

OHB = H
†
H Bµ⌫B

µ⌫
! c

EFT
HZZ

hZµ⌫Z
µ⌫

e.g.  in HZ production<latexit sha1_base64="33F2FrdiYf1eynM80Z3Aw3RP69E=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ2baWpcFQVxWsA9sh5JJM21sMhmSjFCGgp/gxoUibv0fd/6N6UNQ0QMXDufcy733hAln2iD04Swtr6yurec28ptb2zu7hb39ppapIrRBJJeqHWJNOYtpwzDDaTtRFIuQ01Y4Op/6rTuqNJPxtRknNBB4ELOIEWys1BS97GY46RWKyEWlsl8qQeR6VWSZJaWK76MK9Fw0QxEsUO8V3rt9SVJBY0M41rrjocQEGVaGEU4n+W6qaYLJCA9ox9IYC6qDbHbtBB5bpQ8jqWzFBs7U7xMZFlqPRWg7BTZD/dubin95ndREZ0HG4iQ1NCbzRVHKoZFw+jrsM0WJ4WNLMFHM3grJECtMjA0ob0P4+hT+T5q+65265atysXZxP48jBw7BETgBHqiCGrgEddAABNyCB/AEnh3pPDovzuu8dclZRHgAfsB5+wQzZY/6</latexit>mZh
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The operator    
<latexit sha1_base64="dkmldcfL3nJh6nMrHToQ/e7E7J4=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiRpa+2u4KY7K5i20IYwmU7boZMHMxOlxHyKGxeKuPVL3Pk3TtoKKnrgwuGce5kzx48ZFdI0P7TC2vrG5lZxu7Szu7d/oJcPuyJKOCYOjljE+z4ShNGQOJJKRvoxJyjwGen5s8vc790SLmgU3sh5TNwATUI6phhJJXl6eRggOcWIpVeZl7aTDHp6xTRMu15tNKFp2FXLauakZlftugktw1ygAlboePr7cBThJCChxAwJMbDMWLop4pJiRrLSMBEkRniGJmSgaIgCItx0ET2Dp0oZwXHE1YQSLtTvFykKhJgHvtrMg4rfXi7+5Q0SOb5wUxrGiSQhXj40ThiUEcx7gCPKCZZsrgjCnKqsEE8RR1iqtkqqhK+fwv9J1zasc6N2Xau0nNayjiI4BifgDFigAVqgDTrAARjcgQfwBJ61e+1Re9Fel6sFbVXhEfgB7e0T0EmUpQ==</latexit>

OHu

10

Feynman rules

SM Zuu : 
EFT Zuu: 
EFT Zhuu: 

New contact interaction 

<latexit sha1_base64="tK/ecPmSUXuTkAJyxRQFiYf6M3Q="></latexit>

gSMZuu �
µ PR

<latexit sha1_base64="n8+nSelDqvlb6rsaeYu2ZTCjb0Y="></latexit>

gEFT
Zuu �µ PR

<latexit sha1_base64="9EWxaYD8nKRKc7YhpLXqN5BQ/D0="></latexit>

gEFT
Zuu /v �

µ PR

<latexit sha1_base64="70rrx7nOQjVPf47uKk8gctbm35k="></latexit>

<latexit sha1_base64="vRz2kO0FzUa5wuufHCXiwwg3PC0="></latexit>

<latexit sha1_base64="F7QVF+0dg7BNJrdrLTBo2Nnw7CM="></latexit>

OHu = (H†
i

$
DµH) (ūR�

µ
uR) ! (h+ v)Zµ(ūR�

µ
uR)
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The operator    
<latexit sha1_base64="dkmldcfL3nJh6nMrHToQ/e7E7J4=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiRpa+2u4KY7K5i20IYwmU7boZMHMxOlxHyKGxeKuPVL3Pk3TtoKKnrgwuGce5kzx48ZFdI0P7TC2vrG5lZxu7Szu7d/oJcPuyJKOCYOjljE+z4ShNGQOJJKRvoxJyjwGen5s8vc790SLmgU3sh5TNwATUI6phhJJXl6eRggOcWIpVeZl7aTDHp6xTRMu15tNKFp2FXLauakZlftugktw1ygAlboePr7cBThJCChxAwJMbDMWLop4pJiRrLSMBEkRniGJmSgaIgCItx0ET2Dp0oZwXHE1YQSLtTvFykKhJgHvtrMg4rfXi7+5Q0SOb5wUxrGiSQhXj40ThiUEcx7gCPKCZZsrgjCnKqsEE8RR1iqtkqqhK+fwv9J1zasc6N2Xau0nNayjiI4BifgDFigAVqgDTrAARjcgQfwBJ61e+1Re9Fel6sFbVXhEfgB7e0T0EmUpQ==</latexit>

OHu

10

Feynman rules

SM Zuu : 
EFT Zuu: 
EFT Zhuu: 

New contact interaction 

<latexit sha1_base64="tK/ecPmSUXuTkAJyxRQFiYf6M3Q="></latexit>

gSMZuu �
µ PR

<latexit sha1_base64="n8+nSelDqvlb6rsaeYu2ZTCjb0Y="></latexit>

gEFT
Zuu �µ PR

<latexit sha1_base64="9EWxaYD8nKRKc7YhpLXqN5BQ/D0="></latexit>

gEFT
Zuu /v �

µ PR

<latexit sha1_base64="70rrx7nOQjVPf47uKk8gctbm35k="></latexit>

<latexit sha1_base64="vRz2kO0FzUa5wuufHCXiwwg3PC0="></latexit>

<latexit sha1_base64="PVoQ9E2c3oykMH0u5+CXIHEAtB0="></latexit>

SM: propagator 
suppression 

Affects distributions

<latexit sha1_base64="F7QVF+0dg7BNJrdrLTBo2Nnw7CM="></latexit>

OHu = (H†
i

$
DµH) (ūR�

µ
uR) ! (h+ v)Zµ(ūR�

µ
uR)
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SMEFT effects

11

• Modifications of SM-like structures
(same Lorentz structure as in SM)

• New Lorentz structures in known interactions
• New contact interactions 

(not present in the SM)

<latexit sha1_base64="vRz2kO0FzUa5wuufHCXiwwg3PC0="></latexit>

Changes of total 
cross sections

Changes of 
distributions

SMEFT universally describes the low-energy effects of new physics



Anke Biekötter - JGU Mainz

Why global fits?

12

One observable can be influenced by 
many operators

<latexit sha1_base64="ZoF67CE8DS5NH33Vbeqan9i8PVE="></latexit><latexit sha1_base64="uFvHOrb1OXM0rGjejaFKZ3BMxO4="></latexit>

<latexit sha1_base64="efQ1PBvqaduO9if8W7LxqO0hoOY="></latexit>

Higgs decay
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Why global fits?

12

One observable can be influenced by 
many operators

One operator can contribute to many 
different observables

<latexit sha1_base64="Hjo+y7deTPeJtvBpArV8Zjqr7hg="></latexit> <latexit sha1_base64="ZoF67CE8DS5NH33Vbeqan9i8PVE="></latexit><latexit sha1_base64="vgyF6u4WB9iT7zaGmPKhoGyTfr0="></latexit>

Zh production<latexit sha1_base64="TiqFTlWlYmQN3KgVzYNWtdSoVUs=">AAACFnicbZDLSgMxFIYz9VbrrSqu3ASLIEjLjBR1WRDEZQV7gU5bMumZNjSTGZKMMAwFH8OtW30Hd+LWra/gU5heFrb1QODn/08453xexJnStv1tZVZW19Y3spu5re2d3b38/kFdhbGkUKMhD2XTIwo4E1DTTHNoRhJI4HFoeMObcd54BKlYKB50EkE7IH3BfEaJNlY3fwSdcwydInZ1iH3sekSm/qibL9gle1J4WTgzUUCzqnbzP24vpHEAQlNOlGo5dqTbKZGaUQ6jnBsriAgdkj60jBQkANVOJ+uP8KlxetgPpXlC44n790dKAqWSwDOdAdEDtZiNzf+yVqz963bKRBRrEHQ6yI85NqeOWeAek0A1T4wgVDKzK6YDIgnVhtjcFB8SEURFEutwDMdZRLEs6hcl57JUvi8XKrdPU0xZdIxO0Bly0BWqoDtURTVEUYpe0Ct6s56td+vD+py2ZqwZ2kM0V9bXL0Z9n24=</latexit>

e+e� ! ff̄ Weak boson fusion 
Higgs production

<latexit sha1_base64="ZoF67CE8DS5NH33Vbeqan9i8PVE="></latexit><latexit sha1_base64="uFvHOrb1OXM0rGjejaFKZ3BMxO4="></latexit>

<latexit sha1_base64="efQ1PBvqaduO9if8W7LxqO0hoOY="></latexit>

Higgs decay
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Why global fits?

12

One observable can be influenced by 
many operators

One operator can contribute to many 
different observables

<latexit sha1_base64="Hjo+y7deTPeJtvBpArV8Zjqr7hg="></latexit> <latexit sha1_base64="ZoF67CE8DS5NH33Vbeqan9i8PVE="></latexit><latexit sha1_base64="vgyF6u4WB9iT7zaGmPKhoGyTfr0="></latexit>

Zh production<latexit sha1_base64="TiqFTlWlYmQN3KgVzYNWtdSoVUs=">AAACFnicbZDLSgMxFIYz9VbrrSqu3ASLIEjLjBR1WRDEZQV7gU5bMumZNjSTGZKMMAwFH8OtW30Hd+LWra/gU5heFrb1QODn/08453xexJnStv1tZVZW19Y3spu5re2d3b38/kFdhbGkUKMhD2XTIwo4E1DTTHNoRhJI4HFoeMObcd54BKlYKB50EkE7IH3BfEaJNlY3fwSdcwydInZ1iH3sekSm/qibL9gle1J4WTgzUUCzqnbzP24vpHEAQlNOlGo5dqTbKZGaUQ6jnBsriAgdkj60jBQkANVOJ+uP8KlxetgPpXlC44n790dKAqWSwDOdAdEDtZiNzf+yVqz963bKRBRrEHQ6yI85NqeOWeAek0A1T4wgVDKzK6YDIgnVhtjcFB8SEURFEutwDMdZRLEs6hcl57JUvi8XKrdPU0xZdIxO0Bly0BWqoDtURTVEUYpe0Ct6s56td+vD+py2ZqwZ2kM0V9bXL0Z9n24=</latexit>

e+e� ! ff̄ Weak boson fusion 
Higgs production

<latexit sha1_base64="ZoF67CE8DS5NH33Vbeqan9i8PVE="></latexit><latexit sha1_base64="uFvHOrb1OXM0rGjejaFKZ3BMxO4="></latexit>

<latexit sha1_base64="efQ1PBvqaduO9if8W7LxqO0hoOY="></latexit>

Higgs decay

Need a global analysis of all EFT 
coefficients to map all direction of new 
fundamental physics
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CP-odd Triple gauge couplings - the role of the data

13

<latexit sha1_base64="oVNDvo3NwN0UF4+6JsvpdzuwJQg="></latexit>

<latexit sha1_base64="ikrngRcXaUDcps5L13q3Mnrk7/U=">AAAB/nicbZDLSgMxFIbP1Futt6pLN4NFcFVnRNRlQRCXFe0F26Fk0jNtaJIZkowwlEJfwK2+gTtx66v4Aj6H6WWh1R8CP/9/wjl8YcKZNp736eSWlldW1/LrhY3Nre2d4u5eXcepolijMY9VMyQaOZNYM8xwbCYKiQg5NsLB1aRvPKLSLJb3JkswEKQnWcQoMTa6a5w8dIolr+xN5f41/tyUYK5qp/jV7sY0FSgN5UTrlu8lJhgSZRjlOCq0U40JoQPSw5a1kgjUwXB66sg9sknXjWJlnzTuNP35Y0iE1pkI7aQgpq8Xu0n4bxdhJkWysN1El8GQySQ1KOlseZRy18TuhIXbZQqp4Zk1hCpm73dpnyhCjSVWsGD8RQx/Tf207J+X/duzUuV6PEOUhwM4hGPw4QIqcANVqAGFHjzBM7w4Y+fVeXPeZ6M5Z451H37J+fgGO++WgA==</latexit>

W/Z

<latexit sha1_base64="cjJ/SsYLJ3m3BxTwoPi9RQ7HBnY=">AAAB/HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJiLosCOKyBXuBNpTJ9KQdOpmEmYkQQsW9W30Dd+LWd/EFfA6nl4VWfxj4+f8znMMXJIJr47qfTmFldW19o7hZ2tre2d0r7x+0dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+nvbte1Sax/LOZAn6ER1KHnJGjY0a7X654lbdmchf4y1MBRaq98tfvUHM0gilYYJq3fXcxPg5VYYzgZNSL9WYUDamQ+xaK2mE2s9nh07IiU0GJIyVfdKQWfrzR04jrbMosJMRNSO93E3Df7sQMxklS9tNeOXnXCapQcnmy8NUEBOTKQky4AqZEZk1lClu7ydsRBVlxvIqWTDeMoa/pnVW9S6qXuO8Urt5nCMqwhEcwyl4cAk1uIU6NIEBwhM8w4vz4Lw6b877fLTgLLAewi85H98WuZXj</latexit>

W<latexit sha1_base64="Ki1bZZnnXwbxNLPaqHKEVrpDMGM="></latexit>

<latexit sha1_base64="Few00oc0dQVKKqiu81A1RV8fuOk=">AAACBXicbZDLSgMxFIYz9VbrrerSTbAIrtoZEXVZEMRlBXuh7VDOpJk2NMkMSUYYhoI7X8CtvoE7cetz+AI+h+lloa0/BH7+/4Rz+IKYM21c98vJrayurW/kNwtb2zu7e8X9g4aOEkVonUQ8Uq0ANOVM0rphhtNWrCiIgNNmMLqe9M0HqjSL5L1JY+oLGEgWMgLGRu1mpV3pDkAI6BVLbtmdCi8bb25KaK5ar/jd7UckEVQawkHrjufGxs9AGUY4HRe6iaYxkBEMaMdaCYJqP5tePMYnNunjMFL2SYOn6e8fGQitUxHYSQFmqBe7SfhvF9JUinhhuwmv/IzJODFUktnyMOHYRHiCBPeZosTw1Bogitn7MRmCAmIsuIIF4y1iWDaNs7J3UfbuzkvVm8cZojw6QsfoFHnoElXRLaqhOiJIomf0gl6dJ+fNeXc+ZqM5Z471EP2R8/kDXqSZVA==</latexit>

W/Z/�

<latexit sha1_base64="XwXLp5UDrxYdRSRbvK0TChKrHrs="></latexit>

O
W̃

= ✏
IJK

W̃
I⌫

µ
W

J⇢

⌫
W

Kµ

⇢

O
HW̃B

= H
†
⌧
I
H W̃

I

µ⌫
B

µ⌫

<latexit sha1_base64="hJTsmHlZe8xKBoad/sYVzahj8oQ=">AAAB/nicbZDLSgMxFIbP1Futt6pLN8EiuCozIuqyIIjLivaC7VAyaaZNm2SGJCMMQ6Ev4FbfwJ249VV8AZ/D9LLQ1h8CP/9/wjl8QcyZNq775eRWVtfWN/Kbha3tnd294v5BXUeJIrRGIh6pZoA15UzSmmGG02asKBYBp41geD3pG09UaRbJB5PG1Be4J1nICDY2un8cDDrFklt2p0LLxpubEsxV7RS/292IJIJKQzjWuuW5sfEzrAwjnI4K7UTTGJMh7tGWtRILqv1seuoIndiki8JI2ScNmqa/f2RYaJ2KwE4KbPp6sZuE/3YhTaWIF7ab8MrPmIwTQyWZLQ8TjkyEJixQlylKDE+twUQxez8ifawwMZZYwYLxFjEsm/pZ2bsoe3fnpcrNeIYoD0dwDKfgwSVU4BaqUAMCPXiGF3h1xs6b8+58zEZzzhzrIfyR8/kDuICWzg==</latexit>

Zjj

 [AB, Gregg, Krauss, Schönherr (2102.01115)]

https://arxiv.org/abs/2102.01115v2
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The role of the operator set

14

<latexit sha1_base64="Hjo+y7deTPeJtvBpArV8Zjqr7hg="></latexit>

<latexit sha1_base64="rSKFQzY+r6Z7WngmP3BIfCngX+4="></latexit>

EWPO: Electroweak 
precision observables 
(LEP)

<latexit sha1_base64="xLNvhOnzmlJohGa/SLMCU0ETHIs="></latexit>

CW

single Higgs

Di-boson

EWPO
<latexit sha1_base64="Eo5UkW53kyutrayLFLLfm8eJ9Tk="></latexit>

CH⇤ CH
CtH
CHG

C⌧H CµH
CcH CbH
CtG CG CHB CHW

<latexit sha1_base64="B8aM7a5gE53jX2aV9y9EvYIXgSY="></latexit>

CHWB CHD Cll
CHe C(1)

Hl
C(3)
Hl

C(1)
Hq

C(3)
Hq

CHu CHd

Di-Higgs
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<latexit sha1_base64="xLNvhOnzmlJohGa/SLMCU0ETHIs="></latexit>

CW

single Higgs

Di-boson

EWPO
<latexit sha1_base64="Eo5UkW53kyutrayLFLLfm8eJ9Tk="></latexit>

CH⇤ CH
CtH
CHG

C⌧H CµH
CcH CbH
CtG CG CHB CHW

<latexit sha1_base64="B8aM7a5gE53jX2aV9y9EvYIXgSY="></latexit>

CHWB CHD Cll
CHe C(1)

Hl
C(3)
Hl

C(1)
Hq

C(3)
Hq

CHu CHd

Di-Higgs

<latexit sha1_base64="o0/HM8Ky5JqpgITSUAPdAs4Eo8I="></latexit>

<latexit sha1_base64="ZoF67CE8DS5NH33Vbeqan9i8PVE="></latexit><latexit sha1_base64="uFvHOrb1OXM0rGjejaFKZ3BMxO4="></latexit> <latexit sha1_base64="vgyF6u4WB9iT7zaGmPKhoGyTfr0="></latexit><latexit sha1_base64="4QI0pm7S9Xz5JgOoJ0qpTuKeCjQ="></latexit> <latexit sha1_base64="hPbpST1miXSWXPX5f7YvTCbYiPE="></latexit>

The role of the operator set

14

<latexit sha1_base64="Hjo+y7deTPeJtvBpArV8Zjqr7hg="></latexit>

<latexit sha1_base64="rSKFQzY+r6Z7WngmP3BIfCngX+4="></latexit>

EWPO: Electroweak 
precision observables 
(LEP)
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<latexit sha1_base64="xLNvhOnzmlJohGa/SLMCU0ETHIs="></latexit>

CW

single Higgs

Di-boson

EWPO
<latexit sha1_base64="Eo5UkW53kyutrayLFLLfm8eJ9Tk="></latexit>

CH⇤ CH
CtH
CHG

C⌧H CµH
CcH CbH
CtG CG CHB CHW

<latexit sha1_base64="B8aM7a5gE53jX2aV9y9EvYIXgSY="></latexit>

CHWB CHD Cll
CHe C(1)

Hl
C(3)
Hl

C(1)
Hq

C(3)
Hq

CHu CHd

Di-Higgs

<latexit sha1_base64="o0/HM8Ky5JqpgITSUAPdAs4Eo8I="></latexit>
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†Ŵµ⌫(D⌫�)

O
(1)
�Q = �†(i

$
Dµ�)(Q̄�µQ)

O
(3)
�Q = �†(i

$
Da

µ�)(Q̄�µ�aQ)

<latexit sha1_base64="cvXsZXm/4GDZK+reJwglMIiw7lY="></latexit>

0

100

200

300

400

500

]-2 [TeV2Λ/Bf
15− 10− 5− 0 5 10 15

]
-2

 [T
eV

2
Λ/

(1
) uφf

0.5−

0.4−

0.3−

0.2−

0.1−

0
0.1
0.2
0.3
0.4
0.5

Contributions to Zh production
[Banerjee et al (1807.01796)] 
[AB, Corbett, Plehn (1812.07587)]

No propagator 
suppression

https://arxiv.org/abs/1812.07587


Anke Biekötter - JGU Mainz

LHC 2018 fit -  correlations

16

Z⇤
OB,W

Z⇤
O�Q O�Q

<latexit sha1_base64="8ArURoPwV0RRg0CJWBUoug9ppCI="></latexit>

OB = (Dµ�)
†B̂µ⌫(D⌫�)

OW = (Dµ�)
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⌫⇢Ŵµ
⇢

⌘

O⌧ = �†� L̄3�eR,3

Ot = �†� Q̄3�̃uR,3

Ob = �†� Q̄3�dR,3

<latexit sha1_base64="l+NDs/MKoT9QXCHksBMa1G2w+LU="></latexit>

Fermion-gauge 
couplings 

[AB, Corbett, Plehn (1812.07587)]

[Hagiwara-Ishihara-Szalapski-Zeppenfeld basis] 

-15

-10

-5

 0

 5

 10

f
G
G

f
W

W
f
BB

f
W

f
B

fφ2
f
W

W
W

f
t

f
b

fτ

0.3

0.5

1
∞

1

0.5

0.3

f/Λ2

[TeV-2]
Λ/√|f|
[TeV]

95% CL, Run I + II

-15

-10

-5

 0

 5

 10

f
G
G

f
W

W
f
BB

f
W

f
B

fφ2
f
W

W
W

f
t

f
b

fτ

0.3

0.5

1
∞

1

0.5

0.3

f/Λ2

[TeV-2]
Λ/√|f|
[TeV]

95% CL, Run I + II

w/o fermionic ops
w/ fermionic ops

0

10

20

30

40

50

f/Λ2

[TeV-2]
BR
[%]

95% CL, Run I + II

Profiled over remaining 
operators 

10 operator fit
18 operator fit 

<latexit sha1_base64="iiUT3/dR4TBwuxRHON1emkea8Ew="></latexit>

<latexit sha1_base64="QY4q98Xsum1//AwXbhqh8AlVxN8="></latexit>

O�1 = (Dµ�)
† ��† (Dµ�) OBW = �†B̂µ⌫Ŵ
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O(1)

<latexit sha1_base64="zr7ONLkhGbuOZvkuaQgzgECo4F0=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuBPUiBL14jJAXJCHMTnqTIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7vFgKjY7zbeXW1jc2t/LbhZ3dvf2ifXDY1FGiODR4JCPV9pgGKUJooEAJ7VgBCzwJLW98O/NbD6C0iMI6TmLoBWwYCl9whkbq20X/2qVdhEdMaR2a075dcsrOHHSVuBkpkQy1vv3VHUQ8CSBELpnWHdeJsZcyhYJLmBa6iYaY8TEbQsfQkAWge+n88Ck9NcqA+pEyFSKdq78nUhZoPQk80xkwHOllbyb+53US9K96qQjjBCHki0V+IilGdJYCHQgFHOXEEMaVMLdSPmKKcTRZFUwI7vLLq6R5XnYvypX7Sql6k8WRJ8fkhJwRl1ySKrkjNdIgnCTkmbySN+vJerHerY9Fa87KZo7IH1ifP8HgkoY=</latexit>

f = 1 TeV
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<latexit sha1_base64="Lne2iNzriE3X55bU2vssGNYKvnY="></latexit>

⇤ = 4⇡f

 limits on ALP 
couplings for  

<latexit sha1_base64="xb14Y35922x2KCwW6xswsz+BvRg=">AAAB9XicbVDLSsNAFL2pr1pfVZduBotQNyWRoi6LbtxZwT6gjWUynbRDJ5MwM1FKyH+4caGIW//FnX/jpM1CWw8MHM65l3vmeBFnStv2t1VYWV1b3yhulra2d3b3yvsHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k+vM7zxSqVgo7vU0om6AR4L5jGBtpId+gPWYYJ7cplXndFCu2DV7BrRMnJxUIEdzUP7qD0MSB1RowrFSPceOtJtgqRnhNC31Y0UjTCZ4RHuGChxQ5Saz1Ck6McoQ+aE0T2g0U39vJDhQahp4ZjJLqRa9TPzP68Xav3QTJqJYU0Hmh/yYIx2irAI0ZJISzaeGYCKZyYrIGEtMtCmqZEpwFr+8TNpnNee8Vr+rVxpXeR1FOIJjqIIDF9CAG2hCCwhIeIZXeLOerBfr3fqYjxasfOcQ/sD6/AHKf5IO</latexit>

O(1)

<latexit sha1_base64="zr7ONLkhGbuOZvkuaQgzgECo4F0=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuBPUiBL14jJAXJCHMTnqTIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7vFgKjY7zbeXW1jc2t/LbhZ3dvf2ifXDY1FGiODR4JCPV9pgGKUJooEAJ7VgBCzwJLW98O/NbD6C0iMI6TmLoBWwYCl9whkbq20X/2qVdhEdMaR2a075dcsrOHHSVuBkpkQy1vv3VHUQ8CSBELpnWHdeJsZcyhYJLmBa6iYaY8TEbQsfQkAWge+n88Ck9NcqA+pEyFSKdq78nUhZoPQk80xkwHOllbyb+53US9K96qQjjBCHki0V+IilGdJYCHQgFHOXEEMaVMLdSPmKKcTRZFUwI7vLLq6R5XnYvypX7Sql6k8WRJ8fkhJwRl1ySKrkjNdIgnCTkmbySN+vJerHerY9Fa87KZo7IH1ifP8HgkoY=</latexit>

f = 1 TeV
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<latexit sha1_base64="Lne2iNzriE3X55bU2vssGNYKvnY="></latexit>

⇤ = 4⇡f

 limits on ALP 
couplings for  

<latexit sha1_base64="xb14Y35922x2KCwW6xswsz+BvRg=">AAAB9XicbVDLSsNAFL2pr1pfVZduBotQNyWRoi6LbtxZwT6gjWUynbRDJ5MwM1FKyH+4caGIW//FnX/jpM1CWw8MHM65l3vmeBFnStv2t1VYWV1b3yhulra2d3b3yvsHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k+vM7zxSqVgo7vU0om6AR4L5jGBtpId+gPWYYJ7cplXndFCu2DV7BrRMnJxUIEdzUP7qD0MSB1RowrFSPceOtJtgqRnhNC31Y0UjTCZ4RHuGChxQ5Saz1Ck6McoQ+aE0T2g0U39vJDhQahp4ZjJLqRa9TPzP68Xav3QTJqJYU0Hmh/yYIx2irAI0ZJISzaeGYCKZyYrIGEtMtCmqZEpwFr+8TNpnNee8Vr+rVxpXeR1FOIJjqIIDF9CAG2hCCwhIeIZXeLOerBfr3fqYjxasfOcQ/sD6/AHKf5IO</latexit>

O(1)

<latexit sha1_base64="zr7ONLkhGbuOZvkuaQgzgECo4F0=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuBPUiBL14jJAXJCHMTnqTIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7vFgKjY7zbeXW1jc2t/LbhZ3dvf2ifXDY1FGiODR4JCPV9pgGKUJooEAJ7VgBCzwJLW98O/NbD6C0iMI6TmLoBWwYCl9whkbq20X/2qVdhEdMaR2a075dcsrOHHSVuBkpkQy1vv3VHUQ8CSBELpnWHdeJsZcyhYJLmBa6iYaY8TEbQsfQkAWge+n88Ck9NcqA+pEyFSKdq78nUhZoPQk80xkwHOllbyb+53US9K96qQjjBCHki0V+IilGdJYCHQgFHOXEEMaVMLdSPmKKcTRZFUwI7vLLq6R5XnYvypX7Sql6k8WRJ8fkhJwRl1ySKrkjNdIgnCTkmbySN+vJerHerY9Fa87KZo7IH1ifP8HgkoY=</latexit>

f = 1 TeV
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Dominant constraints
•  : Higgs + Top
•  : LE + Higgs
•  : low energy
•  : low energy

•  : low energy
•  : low energy

<latexit sha1_base64="AlmO8rAKcAoHkFtL6wAHA36GL9s="></latexit>

CGG
<latexit sha1_base64="d3BvjWVKbYay2vV8XgVL5uNomK8="></latexit>

CWW
<latexit sha1_base64="nP49yZ0RMyQg1HCoqAGoqEtui+A="></latexit>

CBB
<latexit sha1_base64="/eZN9IfqYQF0TeAAUZLvJAikPGU="></latexit>

Cu

<latexit sha1_base64="s7jm/w+tMuebJcbD9YBT3UyGZME="></latexit>

Cd
<latexit sha1_base64="ETG6rX+3poqVOWp6QKnmj+TBGt0="></latexit>

Ce

<latexit sha1_base64="Ms/gGWxjA1a6p4ILfreJd+62EaU=">AAACEHicbVC7SgNBFJ2N7/hatbQZDD6qsCtBbYSAjYWIQhKF7BJmJ3d1yOyDmbtiWOIf2PgrNhaK2Fra+TfOJil8HRg4c865zNwTpFJodJxPqzQxOTU9MztXnl9YXFq2V1ZbOskUhyZPZKIuA6ZBihiaKFDCZaqARYGEi6B3VPgXN6C0SOIG9lPwI3YVi1Bwhkbq2NveiQl3Gd06pDXqpYKG1PPKYXF37zyEW8wb0Bp07IpTdYagf4k7JhUyxlnH/vC6Cc8iiJFLpnXbdVL0c6ZQcAmDspdpSBnvsStoGxqzCLSfDxca0E2jdGmYKHNipEP1+0TOIq37UWCSEcNr/dsrxP+8dobhgZ+LOM0QYj56KMwkxYQW7dCuUMBR9g1hXAnzV8qvmWIcTYdlU4L7e+W/pLVbdfeqtfNapX46rmOWrJMNskNcsk/q5JickSbh5J48kmfyYj1YT9ar9TaKlqzxzBr5Aev9C1Pvmlc=</latexit>

⇤ = 4⇡f

f = 1 TeV
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Dominant constraints
•  : Higgs + Top
•  : LE + Higgs
•  : low energy
•  : low energy

•  : low energy
•  : low energy

<latexit sha1_base64="AlmO8rAKcAoHkFtL6wAHA36GL9s="></latexit>

CGG
<latexit sha1_base64="d3BvjWVKbYay2vV8XgVL5uNomK8="></latexit>

CWW
<latexit sha1_base64="nP49yZ0RMyQg1HCoqAGoqEtui+A="></latexit>

CBB
<latexit sha1_base64="/eZN9IfqYQF0TeAAUZLvJAikPGU="></latexit>

Cu

<latexit sha1_base64="s7jm/w+tMuebJcbD9YBT3UyGZME="></latexit>

Cd
<latexit sha1_base64="ETG6rX+3poqVOWp6QKnmj+TBGt0="></latexit>

Ce

<latexit sha1_base64="Ms/gGWxjA1a6p4ILfreJd+62EaU=">AAACEHicbVC7SgNBFJ2N7/hatbQZDD6qsCtBbYSAjYWIQhKF7BJmJ3d1yOyDmbtiWOIf2PgrNhaK2Fra+TfOJil8HRg4c865zNwTpFJodJxPqzQxOTU9MztXnl9YXFq2V1ZbOskUhyZPZKIuA6ZBihiaKFDCZaqARYGEi6B3VPgXN6C0SOIG9lPwI3YVi1Bwhkbq2NveiQl3Gd06pDXqpYKG1PPKYXF37zyEW8wb0Bp07IpTdYagf4k7JhUyxlnH/vC6Cc8iiJFLpnXbdVL0c6ZQcAmDspdpSBnvsStoGxqzCLSfDxca0E2jdGmYKHNipEP1+0TOIq37UWCSEcNr/dsrxP+8dobhgZ+LOM0QYj56KMwkxYQW7dCuUMBR9g1hXAnzV8qvmWIcTYdlU4L7e+W/pLVbdfeqtfNapX46rmOWrJMNskNcsk/q5JickSbh5J48kmfyYj1YT9ar9TaKlqzxzBr5Aev9C1Pvmlc=</latexit>

⇤ = 4⇡f

f = 1 TeV

Higgs
LE

top
combi
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[Bauer, Neubert, Thamm (1708.00443)]
[Bauer, Neubert, Renner, Schnubel, Thamm (2110.10698)]

Flavor

Multi-jets

Flavor
Flavor

VBS VBS

<latexit sha1_base64="vZ04htRHzBQHFEvpZT54mL0SD10=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyyCqzIjRV0W3bisYB/QDuVOmmlDk8yQZIQ69EvcuFDErZ/izr8xbUfQ1gOXezjnXnJzwoQzbTzvyymsrW9sbhW3Szu7e/tl9+CwpeNUEdokMY9VJwRNOZO0aZjhtJMoCiLktB2Ob2Z++4EqzWJ5byYJDQQMJYsYAWOlvlsG3BuCED+t71a8qjcHXiV+TiooR6PvfvYGMUkFlYZw0Lrre4kJMlCGEU6npV6qaQJkDEPatVSCoDrI5odP8alVBjiKlS1p8Fz9vZGB0HoiQjspwIz0sjcT//O6qYmugozJJDVUksVDUcqxifEsBTxgihLDJ5YAUczeiskIFBBjsyrZEPzlL6+S1nnVv6jW7mqV+nUeRxEdoxN0hnx0ieroFjVQExGUoif0gl6dR+fZeXPeF6MFJ985Qn/gfHwD+KeSqQ==</latexit>a�� <latexit sha1_base64="vZ04htRHzBQHFEvpZT54mL0SD10=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyyCqzIjRV0W3bisYB/QDuVOmmlDk8yQZIQ69EvcuFDErZ/izr8xbUfQ1gOXezjnXnJzwoQzbTzvyymsrW9sbhW3Szu7e/tl9+CwpeNUEdokMY9VJwRNOZO0aZjhtJMoCiLktB2Ob2Z++4EqzWJ5byYJDQQMJYsYAWOlvlsG3BuCED+t71a8qjcHXiV+TiooR6PvfvYGMUkFlYZw0Lrre4kJMlCGEU6npV6qaQJkDEPatVSCoDrI5odP8alVBjiKlS1p8Fz9vZGB0HoiQjspwIz0sjcT//O6qYmugozJJDVUksVDUcqxifEsBTxgihLDJ5YAUczeiskIFBBjsyrZEPzlL6+S1nnVv6jW7mqV+nUeRxEdoxN0hnx0ieroFjVQExGUoif0gl6dR+fZeXPeF6MFJ985Qn/gfHwD+KeSqQ==</latexit>a��

[Mariotti, Redigolo, Sala, Tobiok (1710.01743)]
[Bonilla, Brivio, Machado-Rodríguez, de Trocóniz (2202.03450)]

Light gray bounds with 
additional assumptions

https://arxiv.org/abs/1708.00443
https://arxiv.org/abs/2110.10698
https://arxiv.org/abs/1710.01743
https://arxiv.org/abs/2202.03450
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[Bauer, Neubert, Thamm (1708.00443)]
[Bauer, Neubert, Renner, Schnubel, Thamm (2110.10698)]

Flavor

Multi-jets

Flavor
Flavor

VBS VBS

<latexit sha1_base64="vZ04htRHzBQHFEvpZT54mL0SD10=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyyCqzIjRV0W3bisYB/QDuVOmmlDk8yQZIQ69EvcuFDErZ/izr8xbUfQ1gOXezjnXnJzwoQzbTzvyymsrW9sbhW3Szu7e/tl9+CwpeNUEdokMY9VJwRNOZO0aZjhtJMoCiLktB2Ob2Z++4EqzWJ5byYJDQQMJYsYAWOlvlsG3BuCED+t71a8qjcHXiV+TiooR6PvfvYGMUkFlYZw0Lrre4kJMlCGEU6npV6qaQJkDEPatVSCoDrI5odP8alVBjiKlS1p8Fz9vZGB0HoiQjspwIz0sjcT//O6qYmugozJJDVUksVDUcqxifEsBTxgihLDJ5YAUczeiskIFBBjsyrZEPzlL6+S1nnVv6jW7mqV+nUeRxEdoxN0hnx0ieroFjVQExGUoif0gl6dR+fZeXPeF6MFJ985Qn/gfHwD+KeSqQ==</latexit>a�� <latexit sha1_base64="vZ04htRHzBQHFEvpZT54mL0SD10=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyyCqzIjRV0W3bisYB/QDuVOmmlDk8yQZIQ69EvcuFDErZ/izr8xbUfQ1gOXezjnXnJzwoQzbTzvyymsrW9sbhW3Szu7e/tl9+CwpeNUEdokMY9VJwRNOZO0aZjhtJMoCiLktB2Ob2Z++4EqzWJ5byYJDQQMJYsYAWOlvlsG3BuCED+t71a8qjcHXiV+TiooR6PvfvYGMUkFlYZw0Lrre4kJMlCGEU6npV6qaQJkDEPatVSCoDrI5odP8alVBjiKlS1p8Fz9vZGB0HoiQjspwIz0sjcT//O6qYmugozJJDVUksVDUcqxifEsBTxgihLDJ5YAUczeiskIFBBjsyrZEPzlL6+S1nnVv6jW7mqV+nUeRxEdoxN0hnx0ieroFjVQExGUoif0gl6dR+fZeXPeF6MFJ985Qn/gfHwD+KeSqQ==</latexit>a��

[Mariotti, Redigolo, Sala, Tobiok (1710.01743)]
[Bonilla, Brivio, Machado-Rodríguez, de Trocóniz (2202.03450)] ALP-SMEFT interference 

tests unconstrained parameter 
space

Light gray bounds with 
additional assumptions

https://arxiv.org/abs/1708.00443
https://arxiv.org/abs/2110.10698
https://arxiv.org/abs/1710.01743
https://arxiv.org/abs/2202.03450
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[Bauer, Neubert, Renner, Schnubel, Thamm (2110.10698)]

[Esser, Madigan, Sanz, Ubiali (2303.17634)]

[BaBar (1406.2980)]
[AB, Chala, Spannowski (2203.14984)]
[Lucente, Carenza (2107.12393)]
[Essig, Harnik, Kaplan, Toro (1008.0636)]

<latexit sha1_base64="zaz/McRUxbGceFKWsSM4WGOZXFI=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWZkaIuS924rGAv0BnKmTRtQ5PMkGSEMhR8FTcuFHHrc7jzbUzbWWjrD4GP/5xDzvmjhDNtPO/bKaytb2xuFbdLO7t7+wfu4VFLx6kitEliHqtOBJpyJmnTMMNpJ1EURMRpOxrfzurtR6o0i+WDmSQ0FDCUbMAIGGv13JMRDkyMAQcixUEdVGZh2nPLXsWbC6+Cn0MZ5Wr03K+gH5NUUGkIB627vpeYMANlGOF0WgpSTRMgYxjSrkUJguowm68/xefW6eNBrOyTBs/d3xMZCK0nIrKdAsxIL9dm5n+1bmoGN2HGZJIaKsnio0HKsT14lgXuM0WJ4RMLQBSzu2IyAgXE2MRKNgR/+eRVaF1W/KtK9b5artXzOIroFJ2hC+Sja1RDd6iBmoigDD2jV/TmPDkvzrvzsWgtOPnMMfoj5/MHFa+U8w==</latexit>

h ! aµµ̄

Beam 
Dumps

SN

Flav. / BaBar

Flavor

Flavor

Top

https://arxiv.org/abs/2110.10698
https://arxiv.org/abs/2303.17634
https://arxiv.org/abs/1406.2980
https://arxiv.org/abs/2203.14984
https://arxiv.org/abs/2107.12393
https://arxiv.org/abs/1008.0636


    effects
• Large number of dim8 operators 

(Wh production: 66 dim8 operators)
• Focus on dim8 operators induced in matching of 

specific UV-complete models in a specific 
process

(few parameters, relation between WCs)
• Or: all dim8 operators have the same magnitude

Wh: O(10%) effect 
[Hays, Martin, Sanz, Setford (1808.00442)]

31

<latexit sha1_base64="5oGChH4mpxG8xARd4HwOUKb74og=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuYhJiH7uCGxcuKpi2kMYymUzaoZNMmJkIJfQz3LhQxK1f486/cfoQVPTAwOGcM9x7T5gxKpVlfRgrq2vrG5ulrfL2zu7efuXgsCN5LjDxMGdc9EIkCaMp8RRVjPQyQVASMtINx5czv3tPhKQ8vVWTjAQJGqY0phgpLfn2ef9ahyN05w4qVcu0HNtp1qFlOk6zYbmauM5FzW5A27TmqIIl2oPKez/iOE9IqjBDUvq2lamgQEJRzMi03M8lyRAeoyHxNU1RQmRQzFeewlOtRDDmQr9Uwbn6/UeBEiknSaiTCVIj+dubiX95fq7iRlDQNMsVSfFiUJwzqDic3Q8jKghWbKIJwoLqXSEeIYGw0i2VdQlfl8L/Sccx7Zrp3rjVltda1FECx+AEnAEb1EELXIE28AAGHDyAJ/BsKOPReDFeF9EVY1nhEfgB4+0TmwWRGw==</latexit>

1/⇤4

https://arxiv.org/abs/1808.00442


Anke Biekötter - JGU Mainz

SMEFT fits - a global effort!

32

Filled to my best knowledge

<latexit sha1_base64="Hjmx+9htIYyDQM+2TW8REn18mBw=">AAAB9HicbVBNT8JAEJ36ifiFevSykZjghbR+4ZHEi0eMFkigku12Cxu227K7JSGE3+HFg8Z49cd489+4QA8KvmSSl/dmMjPPTzhT2ra/rZXVtfWNzdxWfntnd2+/cHBYV3EqCXVJzGPZ9LGinAnqaqY5bSaS4sjntOH3b6d+Y0ilYrF41KOEehHuChYygrWRvPYgxQF6cEsXZ09XnULRLtszoGXiZKQIGWqdwlc7iEkaUaEJx0q1HDvR3hhLzQink3w7VTTBpI+7tGWowBFV3nh29ASdGiVAYSxNCY1m6u+JMY6UGkW+6Yyw7qlFbyr+57VSHd54YyaSVFNB5ovClCMdo2kCKGCSEs1HhmAimbkVkR6WmGiTU96E4Cy+vEzq52XnuuzcXxarlSyOHBzDCZTAgQpU4Q5q4AKBATzDK7xZQ+vFerc+5q0rVjZzBH9gff4A7eGQ3Q==</latexit>

SU(3)5
<latexit sha1_base64="LaK9G9IazjEYAOHBfptxm+zWkR0=">AAACF3icbZDNTgIxFIU7/iL+oS7dNBIJJIbMgIpLEjcuMTpAwgDpdDrQ0OkMbceEEN7Cja/ixoXGuNWdb2OBWSh4kyZfzrk3t/e4EaNSmea3sbK6tr6xmdpKb+/s7u1nDg7rMowFJjYOWSiaLpKEUU5sRRUjzUgQFLiMNNzB9dRvPBAhacjv1Sgi7QD1OPUpRkpL3Uwx5wyHMfKgcwbv7Hy50LmAjpPOaS4VOiXoKBoQmVhl2M1kzaI5K7gMVgJZkFStm/lyvBDHAeEKMyRlyzIj1R4joShmZJJ2YkkihAeoR1oaOdLb2uPZXRN4qhUP+qHQjys4U39PjFEg5ShwdWeAVF8uelPxP68VK/+qPaY8ihXheL7IjxlUIZyGBD0qCFZspAFhQfVfIe4jgbDSUaZ1CNbiyctQLxWty6J1e56tVpI4UuAYnIA8sEAFVMENqAEbYPAInsEreDOejBfj3fiYt64YycwR+FPG5w9IdZr1</latexit>

SU(3)5

SU(2)2 ⇥ SU(3)3

<latexit sha1_base64="LaK9G9IazjEYAOHBfptxm+zWkR0=">AAACF3icbZDNTgIxFIU7/iL+oS7dNBIJJIbMgIpLEjcuMTpAwgDpdDrQ0OkMbceEEN7Cja/ixoXGuNWdb2OBWSh4kyZfzrk3t/e4EaNSmea3sbK6tr6xmdpKb+/s7u1nDg7rMowFJjYOWSiaLpKEUU5sRRUjzUgQFLiMNNzB9dRvPBAhacjv1Sgi7QD1OPUpRkpL3Uwx5wyHMfKgcwbv7Hy50LmAjpPOaS4VOiXoKBoQmVhl2M1kzaI5K7gMVgJZkFStm/lyvBDHAeEKMyRlyzIj1R4joShmZJJ2YkkihAeoR1oaOdLb2uPZXRN4qhUP+qHQjys4U39PjFEg5ShwdWeAVF8uelPxP68VK/+qPaY8ihXheL7IjxlUIZyGBD0qCFZspAFhQfVfIe4jgbDSUaZ1CNbiyctQLxWty6J1e56tVpI4UuAYnIA8sEAFVMENqAEbYPAInsEreDOejBfj3fiYt64YycwR+FPG5w9IdZr1</latexit>
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Eboli, Gonzalez-
Garcia et al Fitmaker SFitter TopFitter HEPfit SMEFit Dawson et al. Chakrabortty et 

al.

Input EWPD+Higgs+VV,
DY +VV

EWPD+Higgs+VV
+ top

EWPD+Higgs+VV,
top top EWPD+Higgs+VV

Flavor
EWPD+Higgs+VV, 

VBS + diboson,  
top

EWPD+Higgs+VV EWPD + Higgs

Linear/
quadratic Both Linear Both Linear Linear Both Linear Linear

Basis HISZ Warsaw HISZ (Higgs)
Warsaw (top) Warsaw Warsaw Warsaw Warsaw Warsaw

EW scheme Alpha Alpha Alpha - Alpha mW mW Alpha

Flavor 
assumptions

NLO QCD 
included LO Top only Top only LO LO Top only Vh, diboson, 

EWPO EWPO only

Fitting 
procedure Chi2 Bayesian Toy MC, Chi2, 

Bayesian Chi2 Bayesian Toy MC Chi2 Bayesian

Uncertainties Gaussian, theory 
correlated Gauss Gauss, Poisson, 

flat Gauss (Asymmetric) 
Gauss, flat Gauss Gauss, 

uncorrelated Gauss

UV complete 
model fits

Specialties VV + DY Higgs + EWPO + top 
+ diboson

Correlation of 
uncertainty classes Top Projections CP odd operators

VBS NLO for VV and Vh UV complete models
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Filled to my best knowledge
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al.

Input EWPD+Higgs+VV,
DY +VV

EWPD+Higgs+VV
+ top

EWPD+Higgs+VV,
top top EWPD+Higgs+VV

Flavor
EWPD+Higgs+VV, 

VBS + diboson,  
top

EWPD+Higgs+VV EWPD + Higgs

Linear/
quadratic Both Linear Both Linear Linear Both Linear Linear

Basis HISZ Warsaw HISZ (Higgs)
Warsaw (top) Warsaw Warsaw Warsaw Warsaw Warsaw

EW scheme Alpha Alpha Alpha - Alpha mW mW Alpha

Flavor 
assumptions

NLO QCD 
included LO Top only Top only LO LO Top only Vh, diboson, 

EWPO EWPO only

Fitting 
procedure Chi2 Bayesian Toy MC, Chi2, 

Bayesian Chi2 Bayesian Toy MC Chi2 Bayesian

Uncertainties Gaussian, theory 
correlated Gauss Gauss, Poisson, 

flat Gauss (Asymmetric) 
Gauss, flat Gauss Gauss, 

uncorrelated Gauss

UV complete 
model fits

Specialties VV + DY Higgs + EWPO + top 
+ diboson

Correlation of 
uncertainty classes Top Projections CP odd operators

VBS NLO for VV and Vh UV complete models

References
1211.4580, 

1509.01585, 
1805.11108, 
1812.01009, 
2108.04828

1404.3667,   
1803.03252, 
2012.02779

1308.1979,    
1505.05516, 
1604.03105, 
1812.07587,  
1910.03606

1506.08845,  
1512.03360,   
1901.03164

1710.0540, 
1905.03764, 
1907.04311, 
1910.14012

1901.05965, 
1906.05296, 
2101.03180

2007.01296
2009.13394, 
2010.04088, 
2012.03839,  
2111.05876

Many groups contribute to the field. 
Each of them has their own strength.



Dim-8 effects in specific UV models
• Heavy U(1) boson mixing with B, 

vector-triplet model contributions to 
EWPD
[Corbett, Helset, Martin, Trott (2102.02819)]  

• vector-like top partner contribution to 
tth: O(1%)
[Dawson, Homiller, Sullivan (2110.06929)]

• Size of effects depends on input 
parameter shifts 

• 2HDM: improved description of UV 
limits when including dim8

[Dawson, Fontes, Homiller, Sullivan (2205.01561)]
33

 [Dawson et al. (2205.01561)] 95% CL

https://arxiv.org/abs/2102.02819
https://arxiv.org/abs/2110.06929
https://arxiv.org/abs/2205.01561
https://arxiv.org/abs/2205.01561
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Top down - matching of a new model

34

Model with new heavy vector boson
Start from full UV-complete model and match onto EFT

Tree level One loop
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Model with new heavy vector boson
Start from full UV-complete model and match onto EFT
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Top down - matching of a new model
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Model with new heavy vector boson
Start from full UV-complete model and match onto EFT
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Two Higgs doublet model 

35

[Anisha, Bakshi, Banerjee, AB, Chakrabortty, Patra, Spannowsky (2111.05876)]
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Table 3: Warsaw basis e↵ective operators and the associated WCs that emerge after integrating-out the heavy
field H2 : (1, 2,� 1

2 ). Operators highlighted in red do not a↵ect our current set of observables and are thus absent
from our analysis. Operators highlighted in blue are functions of SM parameters only, while the red coloured
ones do not contribute to our observales.
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(Wh production: 66 dim8 operators)
• Focus on dim8 operators induced in 

matching of specific UV-complete models in 
a specific process

(few parameters, relation between WCs)
• Or: all dim8 operators have the same 

magnitude
Wh: O(10%) effect 
[Hays, Martin, Sanz, Setford (1808.00442)]
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SMEFT @ NLO, e.g. NLO QCD for 
diboson + Vh

[MG: Degrande et al. (2008.11743)]
Top sector fits including NLO QCD:
   [Hartland et al (1901.05965)]
   [Ellis et al. (2012.02779)]
   [Brivio et al. (1910.03606)] 

[Baglio et al (1909.11576, 2003.07862)]
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[Ellis, Madigan, Mimasu, Sanz, You (2012.02779)]
Combining different sectors, e.g. top + Higgs [Ethier et al. (2105.00006)]
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Toy MC
• Generate a random "toy"-measurement 

according to the uncertainties


• Construct the Likelihood (or !2 

equivalently)


• Minimize !2 


• Report result in Histogram

[Sebastian Bruggisser]

43



Toy MC

µ1 = 105� 5(c1 + c2)
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<latexit sha1_base64="DfnWReuWN8SFZYNlEyMzVSJmX3k=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQEUvSVtSFUHTjsoJ9QBvCZDpph84kYWYihFB/xY0LRdz6Ie78G6dtFtp64MLhnHu59x4vYlQqy/o2ciura+sb+c3C1vbO7p65f9CWYSwwaeGQhaLrIUkYDUhLUcVINxIEcY+Rjje+nfqdRyIkDYMHlUTE4WgYUJ9ipLTkmsU+j93q9VXttFbGrn2G3eqJa5asijUDXCZ2RkogQ9M1v/qDEMecBAozJGXPtiLlpEgoihmZFPqxJBHCYzQkPU0DxIl00tnxE3islQH0Q6ErUHCm/p5IEZcy4Z7u5EiN5KI3Ff/zerHyL52UBlGsSIDni/yYQRXCaRJwQAXBiiWaICyovhXiERIIK51XQYdgL768TNrVil2vnN/XS42bLI48OARHoAxscAEa4A40QQtgkIBn8ArejCfjxXg3PuatOSObKYI/MD5/AGUfkqw=</latexit>

µexp
1/2 = 100± 10

<latexit sha1_base64="Uy+768QUWewLg6hD68A+2yuvRzs=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqk5KRTdC0Y3LCvYBTQyT6bQdOpOEmYlYQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv994TxJwpjdC3tbC4tLyyWlgrrm9sbm3bO7tNFSWS0AaJeCTbAVaUs5A2NNOctmNJsQg4bQXDq7HfuqdSsSi81aOYegL3Q9ZjBGsj+fa+KxI/dU4q2V1KH+LswkHIjQV0kG+XUBlNAOeJk5MSyFH37S+3G5FE0FATjpXqOCjWXoqlZoTTrOgmisaYDHGfdgwNsaDKSycvZPDIKF3Yi6SpUMOJ+nsixUKpkQhMp8B6oGa9sfif10l079xLWRgnmoZkuqiXcKgjOM4DdpmkRPORIZhIZm6FZIAlJtqkVjQhOLMvz5NmpexUy6c31VLtMo+jAA7AITgGDjgDNXAN6qABCHgEz+AVvFlP1ov1bn1MWxesfGYP/IH1+QMsrpX/</latexit>

• Generate a random "toy"-measurement 
according to the uncertainties


• Construct the Likelihood (or !2 

equivalently)


• Minimize !2 


• Report result in Histogram

Predictions

Measurements

[Sebastian Bruggisser]
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Toy MC

µ1 = 105� 5(c1 + c2)

<latexit sha1_base64="w8IfYOsw2Jsyk/pLIta19q8HoG4=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCRSyT0qIboejGZQX7gHYYMmmmhmYyQ5IR6lD8FTcuFHHrf7jzb0zbWWjrgQuHc+7l3nv8mDOlHefbyi0tr6yu5dcLG5tb2zv27l5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/7weuK3H6hULBJ3ehRTN8QDwQJGsDaSZx/0wsRDl8ipndVKxEOnxKuceHbRKTtTwEWCMlIEGRqe/dXrRyQJqdCEY6W6yIm1m2KpGeF0XOglisaYDPGAdg0VOKTKTafXj+GxUfowiKQpoeFU/T2R4lCpUeibzhDrezXvTcT/vG6igws3ZSJONBVktihIONQRnEQB+0xSovnIEEwkM7dCco8lJtoEVjAhoPmXF0mrUkbVcu22WqxfZXHkwSE4AiWAwDmogxvQAE1AwCN4Bq/gzXqyXqx362PWmrOymX3wB9bnD8+0kuE=</latexit>

µ2 = 93 + 3(c1 � c2)

<latexit sha1_base64="DfnWReuWN8SFZYNlEyMzVSJmX3k=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQEUvSVtSFUHTjsoJ9QBvCZDpph84kYWYihFB/xY0LRdz6Ie78G6dtFtp64MLhnHu59x4vYlQqy/o2ciura+sb+c3C1vbO7p65f9CWYSwwaeGQhaLrIUkYDUhLUcVINxIEcY+Rjje+nfqdRyIkDYMHlUTE4WgYUJ9ipLTkmsU+j93q9VXttFbGrn2G3eqJa5asijUDXCZ2RkogQ9M1v/qDEMecBAozJGXPtiLlpEgoihmZFPqxJBHCYzQkPU0DxIl00tnxE3islQH0Q6ErUHCm/p5IEZcy4Z7u5EiN5KI3Ff/zerHyL52UBlGsSIDni/yYQRXCaRJwQAXBiiWaICyovhXiERIIK51XQYdgL768TNrVil2vnN/XS42bLI48OARHoAxscAEa4A40QQtgkIBn8ArejCfjxXg3PuatOSObKYI/MD5/AGUfkqw=</latexit>

µexp
1/2 = 100± 10

<latexit sha1_base64="Uy+768QUWewLg6hD68A+2yuvRzs=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqk5KRTdC0Y3LCvYBTQyT6bQdOpOEmYlYQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv994TxJwpjdC3tbC4tLyyWlgrrm9sbm3bO7tNFSWS0AaJeCTbAVaUs5A2NNOctmNJsQg4bQXDq7HfuqdSsSi81aOYegL3Q9ZjBGsj+fa+KxI/dU4q2V1KH+LswkHIjQV0kG+XUBlNAOeJk5MSyFH37S+3G5FE0FATjpXqOCjWXoqlZoTTrOgmisaYDHGfdgwNsaDKSycvZPDIKF3Yi6SpUMOJ+nsixUKpkQhMp8B6oGa9sfif10l079xLWRgnmoZkuqiXcKgjOM4DdpmkRPORIZhIZm6FZIAlJtqkVjQhOLMvz5NmpexUy6c31VLtMo+jAA7AITgGDjgDNXAN6qABCHgEz+AVvFlP1ov1bn1MWxesfGYP/IH1+QMsrpX/</latexit>

• Generate a random "toy"-measurement 
according to the uncertainties


• Construct the Likelihood (or !2 

equivalently)


• Minimize !2 


• Report result in Histogram

Predictions

Measurements

[Sebastian Bruggisser]
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Toy MC

µ1 = 105� 5(c1 + c2)

<latexit sha1_base64="w8IfYOsw2Jsyk/pLIta19q8HoG4=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCRSyT0qIboejGZQX7gHYYMmmmhmYyQ5IR6lD8FTcuFHHrf7jzb0zbWWjrgQuHc+7l3nv8mDOlHefbyi0tr6yu5dcLG5tb2zv27l5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/7weuK3H6hULBJ3ehRTN8QDwQJGsDaSZx/0wsRDl8ipndVKxEOnxKuceHbRKTtTwEWCMlIEGRqe/dXrRyQJqdCEY6W6yIm1m2KpGeF0XOglisaYDPGAdg0VOKTKTafXj+GxUfowiKQpoeFU/T2R4lCpUeibzhDrezXvTcT/vG6igws3ZSJONBVktihIONQRnEQB+0xSovnIEEwkM7dCco8lJtoEVjAhoPmXF0mrUkbVcu22WqxfZXHkwSE4AiWAwDmogxvQAE1AwCN4Bq/gzXqyXqx362PWmrOymX3wB9bnD8+0kuE=</latexit>

µ2 = 93 + 3(c1 � c2)

<latexit sha1_base64="DfnWReuWN8SFZYNlEyMzVSJmX3k=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQEUvSVtSFUHTjsoJ9QBvCZDpph84kYWYihFB/xY0LRdz6Ie78G6dtFtp64MLhnHu59x4vYlQqy/o2ciura+sb+c3C1vbO7p65f9CWYSwwaeGQhaLrIUkYDUhLUcVINxIEcY+Rjje+nfqdRyIkDYMHlUTE4WgYUJ9ipLTkmsU+j93q9VXttFbGrn2G3eqJa5asijUDXCZ2RkogQ9M1v/qDEMecBAozJGXPtiLlpEgoihmZFPqxJBHCYzQkPU0DxIl00tnxE3islQH0Q6ErUHCm/p5IEZcy4Z7u5EiN5KI3Ff/zerHyL52UBlGsSIDni/yYQRXCaRJwQAXBiiWaICyovhXiERIIK51XQYdgL768TNrVil2vnN/XS42bLI48OARHoAxscAEa4A40QQtgkIBn8ArejCfjxXg3PuatOSObKYI/MD5/AGUfkqw=</latexit>

µexp
1/2 = 100± 10

<latexit sha1_base64="Uy+768QUWewLg6hD68A+2yuvRzs=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqk5KRTdC0Y3LCvYBTQyT6bQdOpOEmYlYQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv994TxJwpjdC3tbC4tLyyWlgrrm9sbm3bO7tNFSWS0AaJeCTbAVaUs5A2NNOctmNJsQg4bQXDq7HfuqdSsSi81aOYegL3Q9ZjBGsj+fa+KxI/dU4q2V1KH+LswkHIjQV0kG+XUBlNAOeJk5MSyFH37S+3G5FE0FATjpXqOCjWXoqlZoTTrOgmisaYDHGfdgwNsaDKSycvZPDIKF3Yi6SpUMOJ+nsixUKpkQhMp8B6oGa9sfif10l079xLWRgnmoZkuqiXcKgjOM4DdpmkRPORIZhIZm6FZIAlJtqkVjQhOLMvz5NmpexUy6c31VLtMo+jAA7AITgGDjgDNXAN6qABCHgEz+AVvFlP1ov1bn1MWxesfGYP/IH1+QMsrpX/</latexit>

X

bin

<latexit sha1_base64="dErxNCFXbcM8XZkJMl/d19RxvsE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmAcmS5idzCZDZmaXeQhhyV948aCIV//Gm3/jJNmDJhY0FFXddHdFKWfa+P63V1hb39jcKm6Xdnb39g/Kh0ctnVhFaJMkPFGdCGvKmaRNwwynnVRRLCJO29H4dua3n6jSLJEPZpLSUOChZDEj2Djpsaet6GcRk9N+ueJX/TnQKglyUoEcjX75qzdIiBVUGsKx1t3AT02YYWUY4XRa6llNU0zGeEi7jkosqA6z+cVTdOaUAYoT5UoaNFd/T2RYaD0RkesU2Iz0sjcT//O61sTXYcZkag2VZLEothyZBM3eRwOmKDF84ggmirlbERlhhYlxIZVcCMHyy6ukdVENatXL+1qlfpPHUYQTOIVzCOAK6nAHDWgCAQnP8ApvnvZevHfvY9Fa8PKZY/gD7/MHBPuRJw==</latexit>

X

bin

<latexit sha1_base64="dErxNCFXbcM8XZkJMl/d19RxvsE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmAcmS5idzCZDZmaXeQhhyV948aCIV//Gm3/jJNmDJhY0FFXddHdFKWfa+P63V1hb39jcKm6Xdnb39g/Kh0ctnVhFaJMkPFGdCGvKmaRNwwynnVRRLCJO29H4dua3n6jSLJEPZpLSUOChZDEj2Djpsaet6GcRk9N+ueJX/TnQKglyUoEcjX75qzdIiBVUGsKx1t3AT02YYWUY4XRa6llNU0zGeEi7jkosqA6z+cVTdOaUAYoT5UoaNFd/T2RYaD0RkesU2Iz0sjcT//O61sTXYcZkag2VZLEothyZBM3eRwOmKDF84ggmirlbERlhhYlxIZVcCMHyy6ukdVENatXL+1qlfpPHUYQTOIVzCOAK6nAHDWgCAQnP8ApvnvZevHfvY9Fa8PKZY/gD7/MHBPuRJw==</latexit>

• Generate a random "toy"-measurement 
according to the uncertainties


• Construct the Likelihood (or !2 

equivalently)


• Minimize !2 


• Report result in Histogram

Predictions

Measurements

[Sebastian Bruggisser]
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Toy MC

µ1 = 105� 5(c1 + c2)

<latexit sha1_base64="w8IfYOsw2Jsyk/pLIta19q8HoG4=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCRSyT0qIboejGZQX7gHYYMmmmhmYyQ5IR6lD8FTcuFHHrf7jzb0zbWWjrgQuHc+7l3nv8mDOlHefbyi0tr6yu5dcLG5tb2zv27l5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/7weuK3H6hULBJ3ehRTN8QDwQJGsDaSZx/0wsRDl8ipndVKxEOnxKuceHbRKTtTwEWCMlIEGRqe/dXrRyQJqdCEY6W6yIm1m2KpGeF0XOglisaYDPGAdg0VOKTKTafXj+GxUfowiKQpoeFU/T2R4lCpUeibzhDrezXvTcT/vG6igws3ZSJONBVktihIONQRnEQB+0xSovnIEEwkM7dCco8lJtoEVjAhoPmXF0mrUkbVcu22WqxfZXHkwSE4AiWAwDmogxvQAE1AwCN4Bq/gzXqyXqx362PWmrOymX3wB9bnD8+0kuE=</latexit>

µ2 = 93 + 3(c1 � c2)

<latexit sha1_base64="DfnWReuWN8SFZYNlEyMzVSJmX3k=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQEUvSVtSFUHTjsoJ9QBvCZDpph84kYWYihFB/xY0LRdz6Ie78G6dtFtp64MLhnHu59x4vYlQqy/o2ciura+sb+c3C1vbO7p65f9CWYSwwaeGQhaLrIUkYDUhLUcVINxIEcY+Rjje+nfqdRyIkDYMHlUTE4WgYUJ9ipLTkmsU+j93q9VXttFbGrn2G3eqJa5asijUDXCZ2RkogQ9M1v/qDEMecBAozJGXPtiLlpEgoihmZFPqxJBHCYzQkPU0DxIl00tnxE3islQH0Q6ErUHCm/p5IEZcy4Z7u5EiN5KI3Ff/zerHyL52UBlGsSIDni/yYQRXCaRJwQAXBiiWaICyovhXiERIIK51XQYdgL768TNrVil2vnN/XS42bLI48OARHoAxscAEa4A40QQtgkIBn8ArejCfjxXg3PuatOSObKYI/MD5/AGUfkqw=</latexit>

µexp
1/2 = 100± 10

<latexit sha1_base64="Uy+768QUWewLg6hD68A+2yuvRzs=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqk5KRTdC0Y3LCvYBTQyT6bQdOpOEmYlYQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv994TxJwpjdC3tbC4tLyyWlgrrm9sbm3bO7tNFSWS0AaJeCTbAVaUs5A2NNOctmNJsQg4bQXDq7HfuqdSsSi81aOYegL3Q9ZjBGsj+fa+KxI/dU4q2V1KH+LswkHIjQV0kG+XUBlNAOeJk5MSyFH37S+3G5FE0FATjpXqOCjWXoqlZoTTrOgmisaYDHGfdgwNsaDKSycvZPDIKF3Yi6SpUMOJ+nsixUKpkQhMp8B6oGa9sfif10l079xLWRgnmoZkuqiXcKgjOM4DdpmkRPORIZhIZm6FZIAlJtqkVjQhOLMvz5NmpexUy6c31VLtMo+jAA7AITgGDjgDNXAN6qABCHgEz+AVvFlP1ov1bn1MWxesfGYP/IH1+QMsrpX/</latexit>

• Generate a random "toy"-measurement 
according to the uncertainties


• Construct the Likelihood (or !2 

equivalently)


• Minimize !2 


• Report result in Histogram

Predictions

Measurements

[Sebastian Bruggisser]
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Toy MC

µ1 = 105� 5(c1 + c2)

<latexit sha1_base64="w8IfYOsw2Jsyk/pLIta19q8HoG4=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCRSyT0qIboejGZQX7gHYYMmmmhmYyQ5IR6lD8FTcuFHHrf7jzb0zbWWjrgQuHc+7l3nv8mDOlHefbyi0tr6yu5dcLG5tb2zv27l5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/7weuK3H6hULBJ3ehRTN8QDwQJGsDaSZx/0wsRDl8ipndVKxEOnxKuceHbRKTtTwEWCMlIEGRqe/dXrRyQJqdCEY6W6yIm1m2KpGeF0XOglisaYDPGAdg0VOKTKTafXj+GxUfowiKQpoeFU/T2R4lCpUeibzhDrezXvTcT/vG6igws3ZSJONBVktihIONQRnEQB+0xSovnIEEwkM7dCco8lJtoEVjAhoPmXF0mrUkbVcu22WqxfZXHkwSE4AiWAwDmogxvQAE1AwCN4Bq/gzXqyXqx362PWmrOymX3wB9bnD8+0kuE=</latexit>

µ2 = 93 + 3(c1 � c2)

<latexit sha1_base64="DfnWReuWN8SFZYNlEyMzVSJmX3k=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQEUvSVtSFUHTjsoJ9QBvCZDpph84kYWYihFB/xY0LRdz6Ie78G6dtFtp64MLhnHu59x4vYlQqy/o2ciura+sb+c3C1vbO7p65f9CWYSwwaeGQhaLrIUkYDUhLUcVINxIEcY+Rjje+nfqdRyIkDYMHlUTE4WgYUJ9ipLTkmsU+j93q9VXttFbGrn2G3eqJa5asijUDXCZ2RkogQ9M1v/qDEMecBAozJGXPtiLlpEgoihmZFPqxJBHCYzQkPU0DxIl00tnxE3islQH0Q6ErUHCm/p5IEZcy4Z7u5EiN5KI3Ff/zerHyL52UBlGsSIDni/yYQRXCaRJwQAXBiiWaICyovhXiERIIK51XQYdgL768TNrVil2vnN/XS42bLI48OARHoAxscAEa4A40QQtgkIBn8ArejCfjxXg3PuatOSObKYI/MD5/AGUfkqw=</latexit>

µexp
1/2 = 100± 10

<latexit sha1_base64="Uy+768QUWewLg6hD68A+2yuvRzs=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqk5KRTdC0Y3LCvYBTQyT6bQdOpOEmYlYQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv994TxJwpjdC3tbC4tLyyWlgrrm9sbm3bO7tNFSWS0AaJeCTbAVaUs5A2NNOctmNJsQg4bQXDq7HfuqdSsSi81aOYegL3Q9ZjBGsj+fa+KxI/dU4q2V1KH+LswkHIjQV0kG+XUBlNAOeJk5MSyFH37S+3G5FE0FATjpXqOCjWXoqlZoTTrOgmisaYDHGfdgwNsaDKSycvZPDIKF3Yi6SpUMOJ+nsixUKpkQhMp8B6oGa9sfif10l079xLWRgnmoZkuqiXcKgjOM4DdpmkRPORIZhIZm6FZIAlJtqkVjQhOLMvz5NmpexUy6c31VLtMo+jAA7AITgGDjgDNXAN6qABCHgEz+AVvFlP1ov1bn1MWxesfGYP/IH1+QMsrpX/</latexit>

• Generate a random "toy"-measurement 
according to the uncertainties


• Construct the Likelihood (or !2 

equivalently)


• Minimize !2 


• Report result in Histogram

Predictions

Measurements

[Sebastian Bruggisser]
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Toy MC

µ1 = 105� 5(c1 + c2)

<latexit sha1_base64="w8IfYOsw2Jsyk/pLIta19q8HoG4=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCRSyT0qIboejGZQX7gHYYMmmmhmYyQ5IR6lD8FTcuFHHrf7jzb0zbWWjrgQuHc+7l3nv8mDOlHefbyi0tr6yu5dcLG5tb2zv27l5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/7weuK3H6hULBJ3ehRTN8QDwQJGsDaSZx/0wsRDl8ipndVKxEOnxKuceHbRKTtTwEWCMlIEGRqe/dXrRyQJqdCEY6W6yIm1m2KpGeF0XOglisaYDPGAdg0VOKTKTafXj+GxUfowiKQpoeFU/T2R4lCpUeibzhDrezXvTcT/vG6igws3ZSJONBVktihIONQRnEQB+0xSovnIEEwkM7dCco8lJtoEVjAhoPmXF0mrUkbVcu22WqxfZXHkwSE4AiWAwDmogxvQAE1AwCN4Bq/gzXqyXqx362PWmrOymX3wB9bnD8+0kuE=</latexit>

µ2 = 93 + 3(c1 � c2)

<latexit sha1_base64="DfnWReuWN8SFZYNlEyMzVSJmX3k=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQEUvSVtSFUHTjsoJ9QBvCZDpph84kYWYihFB/xY0LRdz6Ie78G6dtFtp64MLhnHu59x4vYlQqy/o2ciura+sb+c3C1vbO7p65f9CWYSwwaeGQhaLrIUkYDUhLUcVINxIEcY+Rjje+nfqdRyIkDYMHlUTE4WgYUJ9ipLTkmsU+j93q9VXttFbGrn2G3eqJa5asijUDXCZ2RkogQ9M1v/qDEMecBAozJGXPtiLlpEgoihmZFPqxJBHCYzQkPU0DxIl00tnxE3islQH0Q6ErUHCm/p5IEZcy4Z7u5EiN5KI3Ff/zerHyL52UBlGsSIDni/yYQRXCaRJwQAXBiiWaICyovhXiERIIK51XQYdgL768TNrVil2vnN/XS42bLI48OARHoAxscAEa4A40QQtgkIBn8ArejCfjxXg3PuatOSObKYI/MD5/AGUfkqw=</latexit>

µexp
1/2 = 100± 10

<latexit sha1_base64="Uy+768QUWewLg6hD68A+2yuvRzs=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqk5KRTdC0Y3LCvYBTQyT6bQdOpOEmYlYQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv994TxJwpjdC3tbC4tLyyWlgrrm9sbm3bO7tNFSWS0AaJeCTbAVaUs5A2NNOctmNJsQg4bQXDq7HfuqdSsSi81aOYegL3Q9ZjBGsj+fa+KxI/dU4q2V1KH+LswkHIjQV0kG+XUBlNAOeJk5MSyFH37S+3G5FE0FATjpXqOCjWXoqlZoTTrOgmisaYDHGfdgwNsaDKSycvZPDIKF3Yi6SpUMOJ+nsixUKpkQhMp8B6oGa9sfif10l079xLWRgnmoZkuqiXcKgjOM4DdpmkRPORIZhIZm6FZIAlJtqkVjQhOLMvz5NmpexUy6c31VLtMo+jAA7AITgGDjgDNXAN6qABCHgEz+AVvFlP1ov1bn1MWxesfGYP/IH1+QMsrpX/</latexit>

• Generate a random "toy"-measurement 
according to the uncertainties


• Construct the Likelihood (or !2 

equivalently)


• Minimize !2 


• Report result in Histogram

Predictions

Measurements

[Sebastian Bruggisser]
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Toy MC

µ1 = 105� 5(c1 + c2)

<latexit sha1_base64="w8IfYOsw2Jsyk/pLIta19q8HoG4=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCRSyT0qIboejGZQX7gHYYMmmmhmYyQ5IR6lD8FTcuFHHrf7jzb0zbWWjrgQuHc+7l3nv8mDOlHefbyi0tr6yu5dcLG5tb2zv27l5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/7weuK3H6hULBJ3ehRTN8QDwQJGsDaSZx/0wsRDl8ipndVKxEOnxKuceHbRKTtTwEWCMlIEGRqe/dXrRyQJqdCEY6W6yIm1m2KpGeF0XOglisaYDPGAdg0VOKTKTafXj+GxUfowiKQpoeFU/T2R4lCpUeibzhDrezXvTcT/vG6igws3ZSJONBVktihIONQRnEQB+0xSovnIEEwkM7dCco8lJtoEVjAhoPmXF0mrUkbVcu22WqxfZXHkwSE4AiWAwDmogxvQAE1AwCN4Bq/gzXqyXqx362PWmrOymX3wB9bnD8+0kuE=</latexit>

µ2 = 93 + 3(c1 � c2)

<latexit sha1_base64="DfnWReuWN8SFZYNlEyMzVSJmX3k=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQEUvSVtSFUHTjsoJ9QBvCZDpph84kYWYihFB/xY0LRdz6Ie78G6dtFtp64MLhnHu59x4vYlQqy/o2ciura+sb+c3C1vbO7p65f9CWYSwwaeGQhaLrIUkYDUhLUcVINxIEcY+Rjje+nfqdRyIkDYMHlUTE4WgYUJ9ipLTkmsU+j93q9VXttFbGrn2G3eqJa5asijUDXCZ2RkogQ9M1v/qDEMecBAozJGXPtiLlpEgoihmZFPqxJBHCYzQkPU0DxIl00tnxE3islQH0Q6ErUHCm/p5IEZcy4Z7u5EiN5KI3Ff/zerHyL52UBlGsSIDni/yYQRXCaRJwQAXBiiWaICyovhXiERIIK51XQYdgL768TNrVil2vnN/XS42bLI48OARHoAxscAEa4A40QQtgkIBn8ArejCfjxXg3PuatOSObKYI/MD5/AGUfkqw=</latexit>

µexp
1/2 = 100± 10

<latexit sha1_base64="Uy+768QUWewLg6hD68A+2yuvRzs=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqk5KRTdC0Y3LCvYBTQyT6bQdOpOEmYlYQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv994TxJwpjdC3tbC4tLyyWlgrrm9sbm3bO7tNFSWS0AaJeCTbAVaUs5A2NNOctmNJsQg4bQXDq7HfuqdSsSi81aOYegL3Q9ZjBGsj+fa+KxI/dU4q2V1KH+LswkHIjQV0kG+XUBlNAOeJk5MSyFH37S+3G5FE0FATjpXqOCjWXoqlZoTTrOgmisaYDHGfdgwNsaDKSycvZPDIKF3Yi6SpUMOJ+nsixUKpkQhMp8B6oGa9sfif10l079xLWRgnmoZkuqiXcKgjOM4DdpmkRPORIZhIZm6FZIAlJtqkVjQhOLMvz5NmpexUy6c31VLtMo+jAA7AITgGDjgDNXAN6qABCHgEz+AVvFlP1ov1bn1MWxesfGYP/IH1+QMsrpX/</latexit>

• Generate a random "toy"-measurement 
according to the uncertainties


• Construct the Likelihood (or !2 

equivalently)


• Minimize !2 


• Report result in Histogram

Predictions

Measurements

[Sebastian Bruggisser]
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<latexit sha1_base64="DfnWReuWN8SFZYNlEyMzVSJmX3k=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQEUvSVtSFUHTjsoJ9QBvCZDpph84kYWYihFB/xY0LRdz6Ie78G6dtFtp64MLhnHu59x4vYlQqy/o2ciura+sb+c3C1vbO7p65f9CWYSwwaeGQhaLrIUkYDUhLUcVINxIEcY+Rjje+nfqdRyIkDYMHlUTE4WgYUJ9ipLTkmsU+j93q9VXttFbGrn2G3eqJa5asijUDXCZ2RkogQ9M1v/qDEMecBAozJGXPtiLlpEgoihmZFPqxJBHCYzQkPU0DxIl00tnxE3islQH0Q6ErUHCm/p5IEZcy4Z7u5EiN5KI3Ff/zerHyL52UBlGsSIDni/yYQRXCaRJwQAXBiiWaICyovhXiERIIK51XQYdgL768TNrVil2vnN/XS42bLI48OARHoAxscAEa4A40QQtgkIBn8ArejCfjxXg3PuatOSObKYI/MD5/AGUfkqw=</latexit>

µexp
1/2 = 100± 10

<latexit sha1_base64="Uy+768QUWewLg6hD68A+2yuvRzs=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqk5KRTdC0Y3LCvYBTQyT6bQdOpOEmYlYQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv994TxJwpjdC3tbC4tLyyWlgrrm9sbm3bO7tNFSWS0AaJeCTbAVaUs5A2NNOctmNJsQg4bQXDq7HfuqdSsSi81aOYegL3Q9ZjBGsj+fa+KxI/dU4q2V1KH+LswkHIjQV0kG+XUBlNAOeJk5MSyFH37S+3G5FE0FATjpXqOCjWXoqlZoTTrOgmisaYDHGfdgwNsaDKSycvZPDIKF3Yi6SpUMOJ+nsixUKpkQhMp8B6oGa9sfif10l079xLWRgnmoZkuqiXcKgjOM4DdpmkRPORIZhIZm6FZIAlJtqkVjQhOLMvz5NmpexUy6c31VLtMo+jAA7AITgGDjgDNXAN6qABCHgEz+AVvFlP1ov1bn1MWxesfGYP/IH1+QMsrpX/</latexit>

• Generate a random "toy"-measurement 
according to the uncertainties


• Construct the Likelihood (or !2 

equivalently)


• Minimize !2 


• Report result in Histogram

Predictions

Measurements

[Sebastian Bruggisser]
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Markov Chains

• Start at random point xi


• Make one random step to xi+1


• Generate random number u in (0,1)


• if L(xi+1)/L(xi) > u keep xi+1 and repeat


• else discard xi+1 and repeat

Metropolis-Hastings

44
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Markov Chains

max
bin

L

<latexit sha1_base64="PONFjwgddVEucqNmIrnQeHSg+KY=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUmkosuiGxcuKtgHtCFMppN26GQSZiZiCQV/xY0LRdz6He78GydtFtp6YOBwzr3cMydIOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pOJWENknMY9kJsKKcCdrUTHPaSSTFUcBpOxhd5377gUrFYnGvxwn1IjwQLGQEayP59mEvwo9+FjAxMUwPCebZ7cS3K07VmQItErcgFSjQ8O2vXj8maUSFJhwr1XWdRHsZlpoRTiflXqpogskID2jXUIEjqrxsGn+CTozSR2EszRMaTdXfGxmOlBpHgZnMI6p5Lxf/87qpDi+9jIkk1VSQ2aEw5UjHKO8C9ZmkRPOxIZhIZrIiMsQSE20aK5sS3PkvL5LWWdWtVc/vapX6VVFHCY7gGE7BhQuoww00oAkEMniGV3iznqwX6936mI0uWcXOAfyB9fkDCtOWMQ==</latexit>

max
bin

L

<latexit sha1_base64="PONFjwgddVEucqNmIrnQeHSg+KY=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUmkosuiGxcuKtgHtCFMppN26GQSZiZiCQV/xY0LRdz6He78GydtFtp6YOBwzr3cMydIOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pOJWENknMY9kJsKKcCdrUTHPaSSTFUcBpOxhd5377gUrFYnGvxwn1IjwQLGQEayP59mEvwo9+FjAxMUwPCebZ7cS3K07VmQItErcgFSjQ8O2vXj8maUSFJhwr1XWdRHsZlpoRTiflXqpogskID2jXUIEjqrxsGn+CTozSR2EszRMaTdXfGxmOlBpHgZnMI6p5Lxf/87qpDi+9jIkk1VSQ2aEw5UjHKO8C9ZmkRPOxIZhIZrIiMsQSE20aK5sS3PkvL5LWWdWtVc/vapX6VVFHCY7gGE7BhQuoww00oAkEMniGV3iznqwX6936mI0uWcXOAfyB9fkDCtOWMQ==</latexit>
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MC vs. Toys

Markov Chain
Toy Monte Carlo
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[Sebastian Bruggisser]



MC vs. Toys

Markov Chain
Toy Monte Carlo
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[Sebastian Bruggisser]



A 2D example:

CP-odd triple gauge couplings



Anke Biekötter - JGU Mainz

CP-odd dimension-6 operators

47

• Linear effect of CP-odd operators 
on the total cross section is very 
small 

(zero before kinematic cuts)
• Influence of CP-odd operators on 

CP-even+CP-odd fit often 
negligible 

• Need dedicated observables

CP 
even

CP 
odd

• Only few fits of CP-odd SMEFT 
operators 

[Brehmer et al (1712.02350)]
[Bernlochner et al (1808.06577)]
[Englert et al (1901.05982)]
[Bhardwaj et al. (2112.05052)]

[Cirigliano et al (1903.03625)]

[Bakshi et al (2009.13394)]
[Ethier et al (2101.03180)] (distributions)

• Higgs production and decay

• Low-energy experiments (EDMs + 
LEP+  )

• Diboson production

<latexit sha1_base64="Yn+rNSYlH1ivSAnERS2EPkme0p8=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEXVZFMRlBXuBzlAy6Zk2NMkMSaYwlIJv4Au41TdwJ259Bl/A5zC9LLT1QODn/08453xRypk2nvflFFZW19Y3ipulre2d3T13/6Chk0xRqNOEJ6oVEQ2cSagbZji0UgVERBya0eBmkjeHoDRL5IPJUwgF6UkWM0qMtTque40Dk+BWR+OgR4QgHbfsVbxp4WXhz0UZzavWcb+DbkIzAdJQTrRu+15qwhFRhlEO41KQaUgJHZAetK2URIAOR9PNx/jEOl0cJ8o+afDU/f1jRITWuYhspyCmrxeziflvFkMuRbow3cRX4YjJNDMg6Wx4nHFs75+gwV2mgBqeW0GoYnZ/TPtEEWoswJIF4y9iWBaNs4p/UfHvz8vV28cZoiI6QsfoFPnoElXRHaqhOqJoiJ7RC3p1npw35935mLUWnDnWQ/SnnM8f+LebvQ==</latexit>

B ! Xs�

[Ethier et al (2101.03180)] 

https://arxiv.org/abs/1712.02350
https://arxiv.org/abs/1808.06577
https://arxiv.org/abs/1901.05982
https://arxiv.org/abs/1903.03625
https://arxiv.org/abs/2009.13394
https://arxiv.org/abs/2101.03180
https://arxiv.org/abs/2101.03180
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<latexit sha1_base64="YyyngPCRHvb7mM/yVkFlsKAs8zQ="></latexit>

<latexit sha1_base64="cjJ/SsYLJ3m3BxTwoPi9RQ7HBnY=">AAAB/HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJiLosCOKyBXuBNpTJ9KQdOpmEmYkQQsW9W30Dd+LWd/EFfA6nl4VWfxj4+f8znMMXJIJr47qfTmFldW19o7hZ2tre2d0r7x+0dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+nvbte1Sax/LOZAn6ER1KHnJGjY0a7X654lbdmchf4y1MBRaq98tfvUHM0gilYYJq3fXcxPg5VYYzgZNSL9WYUDamQ+xaK2mE2s9nh07IiU0GJIyVfdKQWfrzR04jrbMosJMRNSO93E3Df7sQMxklS9tNeOXnXCapQcnmy8NUEBOTKQky4AqZEZk1lClu7ydsRBVlxvIqWTDeMoa/pnVW9S6qXuO8Urt5nCMqwhEcwyl4cAk1uIU6NIEBwhM8w4vz4Lw6b877fLTgLLAewi85H98WuZXj</latexit>

W

<latexit sha1_base64="p0EFFpC6JmCsowXSSBppry/SI90=">AAACA3icbZDLSgMxFIbP1Futt6pLN4NFcFVnRNRlQRCXFewF26Fk0jNtaJIZkowwlIIbX8CtvoE7ceuD+AI+h+lloa0/BH7+/4Rz+MKEM20878vJLS2vrK7l1wsbm1vbO8XdvbqOU0WxRmMeq2ZINHImsWaY4dhMFBIRcmyEg6tx33hApVks70yWYCBIT7KIUWJs1Lw/afeIEKRTLHllbyJ30fgzU4KZqp3id7sb01SgNJQTrVu+l5hgSJRhlOOo0E41JoQOSA9b1koiUAfDyb0j98gmXTeKlX3SuJP0948hEVpnIrSTgpi+nu/G4b9dhJkUydx2E10GQyaT1KCk0+VRyl0Tu2MgbpcppIZn1hCqmL3fpX2iCDUWW8GC8ecxLJr6adk/L/u3Z6XK9eMUUR4O4BCOwYcLqMANVKEGFDg8wwu8Ok/Om/PufExHc84M6z78kfP5AzpwmLo=</latexit>

Z/�

<latexit sha1_base64="cjJ/SsYLJ3m3BxTwoPi9RQ7HBnY=">AAAB/HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJiLosCOKyBXuBNpTJ9KQdOpmEmYkQQsW9W30Dd+LWd/EFfA6nl4VWfxj4+f8znMMXJIJr47qfTmFldW19o7hZ2tre2d0r7x+0dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+nvbte1Sax/LOZAn6ER1KHnJGjY0a7X654lbdmchf4y1MBRaq98tfvUHM0gilYYJq3fXcxPg5VYYzgZNSL9WYUDamQ+xaK2mE2s9nh07IiU0GJIyVfdKQWfrzR04jrbMosJMRNSO93E3Df7sQMxklS9tNeOXnXCapQcnmy8NUEBOTKQky4AqZEZk1lClu7ydsRBVlxvIqWTDeMoa/pnVW9S6qXuO8Urt5nCMqwhEcwyl4cAk1uIU6NIEBwhM8w4vz4Lw6b877fLTgLLAewi85H98WuZXj</latexit>

W <latexit sha1_base64="rslxdtIKlnB0Uzk6hfn60uMeqxw="></latexit>

<latexit sha1_base64="p0EFFpC6JmCsowXSSBppry/SI90=">AAACA3icbZDLSgMxFIbP1Futt6pLN4NFcFVnRNRlQRCXFewF26Fk0jNtaJIZkowwlIIbX8CtvoE7ceuD+AI+h+lloa0/BH7+/4Rz+MKEM20878vJLS2vrK7l1wsbm1vbO8XdvbqOU0WxRmMeq2ZINHImsWaY4dhMFBIRcmyEg6tx33hApVks70yWYCBIT7KIUWJs1Lw/afeIEKRTLHllbyJ30fgzU4KZqp3id7sb01SgNJQTrVu+l5hgSJRhlOOo0E41JoQOSA9b1koiUAfDyb0j98gmXTeKlX3SuJP0948hEVpnIrSTgpi+nu/G4b9dhJkUydx2E10GQyaT1KCk0+VRyl0Tu2MgbpcppIZn1hCqmL3fpX2iCDUWW8GC8ecxLJr6adk/L/u3Z6XK9eMUUR4O4BCOwYcLqMANVKEGFDg8wwu8Ok/Om/PufExHc84M6z78kfP5AzpwmLo=</latexit>

Z/�

<latexit sha1_base64="cjJ/SsYLJ3m3BxTwoPi9RQ7HBnY=">AAAB/HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJiLosCOKyBXuBNpTJ9KQdOpmEmYkQQsW9W30Dd+LWd/EFfA6nl4VWfxj4+f8znMMXJIJr47qfTmFldW19o7hZ2tre2d0r7x+0dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+nvbte1Sax/LOZAn6ER1KHnJGjY0a7X654lbdmchf4y1MBRaq98tfvUHM0gilYYJq3fXcxPg5VYYzgZNSL9WYUDamQ+xaK2mE2s9nh07IiU0GJIyVfdKQWfrzR04jrbMosJMRNSO93E3Df7sQMxklS9tNeOXnXCapQcnmy8NUEBOTKQky4AqZEZk1lClu7ydsRBVlxvIqWTDeMoa/pnVW9S6qXuO8Urt5nCMqwhEcwyl4cAk1uIU6NIEBwhM8w4vz4Lw6b877fLTgLLAewi85H98WuZXj</latexit>

W

<latexit sha1_base64="cjJ/SsYLJ3m3BxTwoPi9RQ7HBnY=">AAAB/HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJiLosCOKyBXuBNpTJ9KQdOpmEmYkQQsW9W30Dd+LWd/EFfA6nl4VWfxj4+f8znMMXJIJr47qfTmFldW19o7hZ2tre2d0r7x+0dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+nvbte1Sax/LOZAn6ER1KHnJGjY0a7X654lbdmchf4y1MBRaq98tfvUHM0gilYYJq3fXcxPg5VYYzgZNSL9WYUDamQ+xaK2mE2s9nh07IiU0GJIyVfdKQWfrzR04jrbMosJMRNSO93E3Df7sQMxklS9tNeOXnXCapQcnmy8NUEBOTKQky4AqZEZk1lClu7ydsRBVlxvIqWTDeMoa/pnVW9S6qXuO8Urt5nCMqwhEcwyl4cAk1uIU6NIEBwhM8w4vz4Lw6b877fLTgLLAewi85H98WuZXj</latexit>

W

<latexit sha1_base64="rslxdtIKlnB0Uzk6hfn60uMeqxw="></latexit>

<latexit sha1_base64="c3dPOzVmSB98fnkRTHr7nCacbY4=">AAAB/HicbZDLSgMxFIbP1Futt6pLN4NFcFVmRNRlQRCXLdgLtkPJpGfa0CQzJBlhKBX3bvUN3Ilb38UX8DlMLwtt/SHw8/8nnMMXJpxp43lfTm5ldW19I79Z2Nre2d0r7h80dJwqinUa81i1QqKRM4l1wwzHVqKQiJBjMxxeT/rmAyrNYnlnsgQDQfqSRYwSY6PafbdY8sreVO6y8eemBHNVu8XvTi+mqUBpKCdat30vMcGIKMMox3Ghk2pMCB2SPratlUSgDkbTQ8fuiU16bhQr+6Rxp+nvHyMitM5EaCcFMQO92E3Cf7sIMymShe0mugpGTCapQUlny6OUuyZ2JyTcHlNIDc+sIVQxe79LB0QRaiyvggXjL2JYNo2zsn9R9mvnpcrN0wxRHo7gGE7Bh0uowC1UoQ4UEJ7hBV6dR+fNeXc+ZqM5Z471EP7I+fwBG4GV5g==</latexit>

Z

<latexit sha1_base64="p0EFFpC6JmCsowXSSBppry/SI90=">AAACA3icbZDLSgMxFIbP1Futt6pLN4NFcFVnRNRlQRCXFewF26Fk0jNtaJIZkowwlIIbX8CtvoE7ceuD+AI+h+lloa0/BH7+/4Rz+MKEM20878vJLS2vrK7l1wsbm1vbO8XdvbqOU0WxRmMeq2ZINHImsWaY4dhMFBIRcmyEg6tx33hApVks70yWYCBIT7KIUWJs1Lw/afeIEKRTLHllbyJ30fgzU4KZqp3id7sb01SgNJQTrVu+l5hgSJRhlOOo0E41JoQOSA9b1koiUAfDyb0j98gmXTeKlX3SuJP0948hEVpnIrSTgpi+nu/G4b9dhJkUydx2E10GQyaT1KCk0+VRyl0Tu2MgbpcppIZn1hCqmL3fpX2iCDUWW8GC8ecxLJr6adk/L/u3Z6XK9eMUUR4O4BCOwYcLqMANVKEGFDg8wwu8Ok/Om/PufExHc84M6z78kfP5AzpwmLo=</latexit>

Z/�

<latexit sha1_base64="p0EFFpC6JmCsowXSSBppry/SI90=">AAACA3icbZDLSgMxFIbP1Futt6pLN4NFcFVnRNRlQRCXFewF26Fk0jNtaJIZkowwlIIbX8CtvoE7ceuD+AI+h+lloa0/BH7+/4Rz+MKEM20878vJLS2vrK7l1wsbm1vbO8XdvbqOU0WxRmMeq2ZINHImsWaY4dhMFBIRcmyEg6tx33hApVks70yWYCBIT7KIUWJs1Lw/afeIEKRTLHllbyJ30fgzU4KZqp3id7sb01SgNJQTrVu+l5hgSJRhlOOo0E41JoQOSA9b1koiUAfDyb0j98gmXTeKlX3SuJP0948hEVpnIrSTgpi+nu/G4b9dhJkUydx2E10GQyaT1KCk0+VRyl0Tu2MgbpcppIZn1hCqmL3fpX2iCDUWW8GC8ecxLJr6adk/L/u3Z6XK9eMUUR4O4BCOwYcLqMANVKEGFDg8wwu8Ok/Om/PufExHc84M6z78kfP5AzpwmLo=</latexit>

Z/�

<latexit sha1_base64="rfhHdYHsu/Ln1sCoYjRUZDs9uHs="></latexit>

LSM = �igWWV

⇥ �
W+

µ⌫W
�µV ⌫ �W�
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⌫ V µ⌫
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<latexit sha1_base64="YyyngPCRHvb7mM/yVkFlsKAs8zQ="></latexit>

<latexit sha1_base64="cjJ/SsYLJ3m3BxTwoPi9RQ7HBnY=">AAAB/HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJiLosCOKyBXuBNpTJ9KQdOpmEmYkQQsW9W30Dd+LWd/EFfA6nl4VWfxj4+f8znMMXJIJr47qfTmFldW19o7hZ2tre2d0r7x+0dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+nvbte1Sax/LOZAn6ER1KHnJGjY0a7X654lbdmchf4y1MBRaq98tfvUHM0gilYYJq3fXcxPg5VYYzgZNSL9WYUDamQ+xaK2mE2s9nh07IiU0GJIyVfdKQWfrzR04jrbMosJMRNSO93E3Df7sQMxklS9tNeOXnXCapQcnmy8NUEBOTKQky4AqZEZk1lClu7ydsRBVlxvIqWTDeMoa/pnVW9S6qXuO8Urt5nCMqwhEcwyl4cAk1uIU6NIEBwhM8w4vz4Lw6b877fLTgLLAewi85H98WuZXj</latexit>

W

<latexit sha1_base64="p0EFFpC6JmCsowXSSBppry/SI90=">AAACA3icbZDLSgMxFIbP1Futt6pLN4NFcFVnRNRlQRCXFewF26Fk0jNtaJIZkowwlIIbX8CtvoE7ceuD+AI+h+lloa0/BH7+/4Rz+MKEM20878vJLS2vrK7l1wsbm1vbO8XdvbqOU0WxRmMeq2ZINHImsWaY4dhMFBIRcmyEg6tx33hApVks70yWYCBIT7KIUWJs1Lw/afeIEKRTLHllbyJ30fgzU4KZqp3id7sb01SgNJQTrVu+l5hgSJRhlOOo0E41JoQOSA9b1koiUAfDyb0j98gmXTeKlX3SuJP0948hEVpnIrSTgpi+nu/G4b9dhJkUydx2E10GQyaT1KCk0+VRyl0Tu2MgbpcppIZn1hCqmL3fpX2iCDUWW8GC8ecxLJr6adk/L/u3Z6XK9eMUUR4O4BCOwYcLqMANVKEGFDg8wwu8Ok/Om/PufExHc84M6z78kfP5AzpwmLo=</latexit>

Z/�

<latexit sha1_base64="cjJ/SsYLJ3m3BxTwoPi9RQ7HBnY=">AAAB/HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJiLosCOKyBXuBNpTJ9KQdOpmEmYkQQsW9W30Dd+LWd/EFfA6nl4VWfxj4+f8znMMXJIJr47qfTmFldW19o7hZ2tre2d0r7x+0dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+nvbte1Sax/LOZAn6ER1KHnJGjY0a7X654lbdmchf4y1MBRaq98tfvUHM0gilYYJq3fXcxPg5VYYzgZNSL9WYUDamQ+xaK2mE2s9nh07IiU0GJIyVfdKQWfrzR04jrbMosJMRNSO93E3Df7sQMxklS9tNeOXnXCapQcnmy8NUEBOTKQky4AqZEZk1lClu7ydsRBVlxvIqWTDeMoa/pnVW9S6qXuO8Urt5nCMqwhEcwyl4cAk1uIU6NIEBwhM8w4vz4Lw6b877fLTgLLAewi85H98WuZXj</latexit>

W <latexit sha1_base64="rslxdtIKlnB0Uzk6hfn60uMeqxw="></latexit>

<latexit sha1_base64="p0EFFpC6JmCsowXSSBppry/SI90=">AAACA3icbZDLSgMxFIbP1Futt6pLN4NFcFVnRNRlQRCXFewF26Fk0jNtaJIZkowwlIIbX8CtvoE7ceuD+AI+h+lloa0/BH7+/4Rz+MKEM20878vJLS2vrK7l1wsbm1vbO8XdvbqOU0WxRmMeq2ZINHImsWaY4dhMFBIRcmyEg6tx33hApVks70yWYCBIT7KIUWJs1Lw/afeIEKRTLHllbyJ30fgzU4KZqp3id7sb01SgNJQTrVu+l5hgSJRhlOOo0E41JoQOSA9b1koiUAfDyb0j98gmXTeKlX3SuJP0948hEVpnIrSTgpi+nu/G4b9dhJkUydx2E10GQyaT1KCk0+VRyl0Tu2MgbpcppIZn1hCqmL3fpX2iCDUWW8GC8ecxLJr6adk/L/u3Z6XK9eMUUR4O4BCOwYcLqMANVKEGFDg8wwu8Ok/Om/PufExHc84M6z78kfP5AzpwmLo=</latexit>

Z/�

<latexit sha1_base64="cjJ/SsYLJ3m3BxTwoPi9RQ7HBnY=">AAAB/HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJiLosCOKyBXuBNpTJ9KQdOpmEmYkQQsW9W30Dd+LWd/EFfA6nl4VWfxj4+f8znMMXJIJr47qfTmFldW19o7hZ2tre2d0r7x+0dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+nvbte1Sax/LOZAn6ER1KHnJGjY0a7X654lbdmchf4y1MBRaq98tfvUHM0gilYYJq3fXcxPg5VYYzgZNSL9WYUDamQ+xaK2mE2s9nh07IiU0GJIyVfdKQWfrzR04jrbMosJMRNSO93E3Df7sQMxklS9tNeOXnXCapQcnmy8NUEBOTKQky4AqZEZk1lClu7ydsRBVlxvIqWTDeMoa/pnVW9S6qXuO8Urt5nCMqwhEcwyl4cAk1uIU6NIEBwhM8w4vz4Lw6b877fLTgLLAewi85H98WuZXj</latexit>

W

<latexit sha1_base64="cjJ/SsYLJ3m3BxTwoPi9RQ7HBnY=">AAAB/HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJiLosCOKyBXuBNpTJ9KQdOpmEmYkQQsW9W30Dd+LWd/EFfA6nl4VWfxj4+f8znMMXJIJr47qfTmFldW19o7hZ2tre2d0r7x+0dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+nvbte1Sax/LOZAn6ER1KHnJGjY0a7X654lbdmchf4y1MBRaq98tfvUHM0gilYYJq3fXcxPg5VYYzgZNSL9WYUDamQ+xaK2mE2s9nh07IiU0GJIyVfdKQWfrzR04jrbMosJMRNSO93E3Df7sQMxklS9tNeOXnXCapQcnmy8NUEBOTKQky4AqZEZk1lClu7ydsRBVlxvIqWTDeMoa/pnVW9S6qXuO8Urt5nCMqwhEcwyl4cAk1uIU6NIEBwhM8w4vz4Lw6b877fLTgLLAewi85H98WuZXj</latexit>

W

<latexit sha1_base64="rslxdtIKlnB0Uzk6hfn60uMeqxw="></latexit>

<latexit sha1_base64="c3dPOzVmSB98fnkRTHr7nCacbY4=">AAAB/HicbZDLSgMxFIbP1Futt6pLN4NFcFVmRNRlQRCXLdgLtkPJpGfa0CQzJBlhKBX3bvUN3Ilb38UX8DlMLwtt/SHw8/8nnMMXJpxp43lfTm5ldW19I79Z2Nre2d0r7h80dJwqinUa81i1QqKRM4l1wwzHVqKQiJBjMxxeT/rmAyrNYnlnsgQDQfqSRYwSY6PafbdY8sreVO6y8eemBHNVu8XvTi+mqUBpKCdat30vMcGIKMMox3Ghk2pMCB2SPratlUSgDkbTQ8fuiU16bhQr+6Rxp+nvHyMitM5EaCcFMQO92E3Cf7sIMymShe0mugpGTCapQUlny6OUuyZ2JyTcHlNIDc+sIVQxe79LB0QRaiyvggXjL2JYNo2zsn9R9mvnpcrN0wxRHo7gGE7Bh0uowC1UoQ4UEJ7hBV6dR+fNeXc+ZqM5Z471EP7I+fwBG4GV5g==</latexit>

Z

<latexit sha1_base64="p0EFFpC6JmCsowXSSBppry/SI90=">AAACA3icbZDLSgMxFIbP1Futt6pLN4NFcFVnRNRlQRCXFewF26Fk0jNtaJIZkowwlIIbX8CtvoE7ceuD+AI+h+lloa0/BH7+/4Rz+MKEM20878vJLS2vrK7l1wsbm1vbO8XdvbqOU0WxRmMeq2ZINHImsWaY4dhMFBIRcmyEg6tx33hApVks70yWYCBIT7KIUWJs1Lw/afeIEKRTLHllbyJ30fgzU4KZqp3id7sb01SgNJQTrVu+l5hgSJRhlOOo0E41JoQOSA9b1koiUAfDyb0j98gmXTeKlX3SuJP0948hEVpnIrSTgpi+nu/G4b9dhJkUydx2E10GQyaT1KCk0+VRyl0Tu2MgbpcppIZn1hCqmL3fpX2iCDUWW8GC8ecxLJr6adk/L/u3Z6XK9eMUUR4O4BCOwYcLqMANVKEGFDg8wwu8Ok/Om/PufExHc84M6z78kfP5AzpwmLo=</latexit>

Z/�

<latexit sha1_base64="p0EFFpC6JmCsowXSSBppry/SI90=">AAACA3icbZDLSgMxFIbP1Futt6pLN4NFcFVnRNRlQRCXFewF26Fk0jNtaJIZkowwlIIbX8CtvoE7ceuD+AI+h+lloa0/BH7+/4Rz+MKEM20878vJLS2vrK7l1wsbm1vbO8XdvbqOU0WxRmMeq2ZINHImsWaY4dhMFBIRcmyEg6tx33hApVks70yWYCBIT7KIUWJs1Lw/afeIEKRTLHllbyJ30fgzU4KZqp3id7sb01SgNJQTrVu+l5hgSJRhlOOo0E41JoQOSA9b1koiUAfDyb0j98gmXTeKlX3SuJP0948hEVpnIrSTgpi+nu/G4b9dhJkUydx2E10GQyaT1KCk0+VRyl0Tu2MgbpcppIZn1hCqmL3fpX2iCDUWW8GC8ecxLJr6adk/L/u3Z6XK9eMUUR4O4BCOwYcLqMANVKEGFDg8wwu8Ok/Om/PufExHc84M6z78kfP5AzpwmLo=</latexit>

Z/�

Luckily only two dim-6 operators contribute

<latexit sha1_base64="XwXLp5UDrxYdRSRbvK0TChKrHrs="></latexit>
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<latexit sha1_base64="/ZbgwRGK80VjKtkp/jrgyrYdjDY="></latexit>

L = LSM +
c
W̃

⇤2
O

W̃
+

c
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<latexit sha1_base64="rfhHdYHsu/Ln1sCoYjRUZDs9uHs="></latexit>
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<latexit sha1_base64="YyyngPCRHvb7mM/yVkFlsKAs8zQ="></latexit>

<latexit sha1_base64="cjJ/SsYLJ3m3BxTwoPi9RQ7HBnY=">AAAB/HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJiLosCOKyBXuBNpTJ9KQdOpmEmYkQQsW9W30Dd+LWd/EFfA6nl4VWfxj4+f8znMMXJIJr47qfTmFldW19o7hZ2tre2d0r7x+0dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+nvbte1Sax/LOZAn6ER1KHnJGjY0a7X654lbdmchf4y1MBRaq98tfvUHM0gilYYJq3fXcxPg5VYYzgZNSL9WYUDamQ+xaK2mE2s9nh07IiU0GJIyVfdKQWfrzR04jrbMosJMRNSO93E3Df7sQMxklS9tNeOXnXCapQcnmy8NUEBOTKQky4AqZEZk1lClu7ydsRBVlxvIqWTDeMoa/pnVW9S6qXuO8Urt5nCMqwhEcwyl4cAk1uIU6NIEBwhM8w4vz4Lw6b877fLTgLLAewi85H98WuZXj</latexit>

W

<latexit sha1_base64="p0EFFpC6JmCsowXSSBppry/SI90=">AAACA3icbZDLSgMxFIbP1Futt6pLN4NFcFVnRNRlQRCXFewF26Fk0jNtaJIZkowwlIIbX8CtvoE7ceuD+AI+h+lloa0/BH7+/4Rz+MKEM20878vJLS2vrK7l1wsbm1vbO8XdvbqOU0WxRmMeq2ZINHImsWaY4dhMFBIRcmyEg6tx33hApVks70yWYCBIT7KIUWJs1Lw/afeIEKRTLHllbyJ30fgzU4KZqp3id7sb01SgNJQTrVu+l5hgSJRhlOOo0E41JoQOSA9b1koiUAfDyb0j98gmXTeKlX3SuJP0948hEVpnIrSTgpi+nu/G4b9dhJkUydx2E10GQyaT1KCk0+VRyl0Tu2MgbpcppIZn1hCqmL3fpX2iCDUWW8GC8ecxLJr6adk/L/u3Z6XK9eMUUR4O4BCOwYcLqMANVKEGFDg8wwu8Ok/Om/PufExHc84M6z78kfP5AzpwmLo=</latexit>

Z/�

<latexit sha1_base64="cjJ/SsYLJ3m3BxTwoPi9RQ7HBnY=">AAAB/HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJiLosCOKyBXuBNpTJ9KQdOpmEmYkQQsW9W30Dd+LWd/EFfA6nl4VWfxj4+f8znMMXJIJr47qfTmFldW19o7hZ2tre2d0r7x+0dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+nvbte1Sax/LOZAn6ER1KHnJGjY0a7X654lbdmchf4y1MBRaq98tfvUHM0gilYYJq3fXcxPg5VYYzgZNSL9WYUDamQ+xaK2mE2s9nh07IiU0GJIyVfdKQWfrzR04jrbMosJMRNSO93E3Df7sQMxklS9tNeOXnXCapQcnmy8NUEBOTKQky4AqZEZk1lClu7ydsRBVlxvIqWTDeMoa/pnVW9S6qXuO8Urt5nCMqwhEcwyl4cAk1uIU6NIEBwhM8w4vz4Lw6b877fLTgLLAewi85H98WuZXj</latexit>

W <latexit sha1_base64="rslxdtIKlnB0Uzk6hfn60uMeqxw="></latexit>

<latexit sha1_base64="p0EFFpC6JmCsowXSSBppry/SI90=">AAACA3icbZDLSgMxFIbP1Futt6pLN4NFcFVnRNRlQRCXFewF26Fk0jNtaJIZkowwlIIbX8CtvoE7ceuD+AI+h+lloa0/BH7+/4Rz+MKEM20878vJLS2vrK7l1wsbm1vbO8XdvbqOU0WxRmMeq2ZINHImsWaY4dhMFBIRcmyEg6tx33hApVks70yWYCBIT7KIUWJs1Lw/afeIEKRTLHllbyJ30fgzU4KZqp3id7sb01SgNJQTrVu+l5hgSJRhlOOo0E41JoQOSA9b1koiUAfDyb0j98gmXTeKlX3SuJP0948hEVpnIrSTgpi+nu/G4b9dhJkUydx2E10GQyaT1KCk0+VRyl0Tu2MgbpcppIZn1hCqmL3fpX2iCDUWW8GC8ecxLJr6adk/L/u3Z6XK9eMUUR4O4BCOwYcLqMANVKEGFDg8wwu8Ok/Om/PufExHc84M6z78kfP5AzpwmLo=</latexit>

Z/�

<latexit sha1_base64="cjJ/SsYLJ3m3BxTwoPi9RQ7HBnY=">AAAB/HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJiLosCOKyBXuBNpTJ9KQdOpmEmYkQQsW9W30Dd+LWd/EFfA6nl4VWfxj4+f8znMMXJIJr47qfTmFldW19o7hZ2tre2d0r7x+0dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+nvbte1Sax/LOZAn6ER1KHnJGjY0a7X654lbdmchf4y1MBRaq98tfvUHM0gilYYJq3fXcxPg5VYYzgZNSL9WYUDamQ+xaK2mE2s9nh07IiU0GJIyVfdKQWfrzR04jrbMosJMRNSO93E3Df7sQMxklS9tNeOXnXCapQcnmy8NUEBOTKQky4AqZEZk1lClu7ydsRBVlxvIqWTDeMoa/pnVW9S6qXuO8Urt5nCMqwhEcwyl4cAk1uIU6NIEBwhM8w4vz4Lw6b877fLTgLLAewi85H98WuZXj</latexit>

W

<latexit sha1_base64="cjJ/SsYLJ3m3BxTwoPi9RQ7HBnY=">AAAB/HicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJiLosCOKyBXuBNpTJ9KQdOpmEmYkQQsW9W30Dd+LWd/EFfA6nl4VWfxj4+f8znMMXJIJr47qfTmFldW19o7hZ2tre2d0r7x+0dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+nvbte1Sax/LOZAn6ER1KHnJGjY0a7X654lbdmchf4y1MBRaq98tfvUHM0gilYYJq3fXcxPg5VYYzgZNSL9WYUDamQ+xaK2mE2s9nh07IiU0GJIyVfdKQWfrzR04jrbMosJMRNSO93E3Df7sQMxklS9tNeOXnXCapQcnmy8NUEBOTKQky4AqZEZk1lClu7ydsRBVlxvIqWTDeMoa/pnVW9S6qXuO8Urt5nCMqwhEcwyl4cAk1uIU6NIEBwhM8w4vz4Lw6b877fLTgLLAewi85H98WuZXj</latexit>

W

<latexit sha1_base64="rslxdtIKlnB0Uzk6hfn60uMeqxw="></latexit>

<latexit sha1_base64="c3dPOzVmSB98fnkRTHr7nCacbY4=">AAAB/HicbZDLSgMxFIbP1Futt6pLN4NFcFVmRNRlQRCXLdgLtkPJpGfa0CQzJBlhKBX3bvUN3Ilb38UX8DlMLwtt/SHw8/8nnMMXJpxp43lfTm5ldW19I79Z2Nre2d0r7h80dJwqinUa81i1QqKRM4l1wwzHVqKQiJBjMxxeT/rmAyrNYnlnsgQDQfqSRYwSY6PafbdY8sreVO6y8eemBHNVu8XvTi+mqUBpKCdat30vMcGIKMMox3Ghk2pMCB2SPratlUSgDkbTQ8fuiU16bhQr+6Rxp+nvHyMitM5EaCcFMQO92E3Cf7sIMymShe0mugpGTCapQUlny6OUuyZ2JyTcHlNIDc+sIVQxe79LB0QRaiyvggXjL2JYNo2zsn9R9mvnpcrN0wxRHo7gGE7Bh0uowC1UoQ4UEJ7hBV6dR+fNeXc+ZqM5Z471EP7I+fwBG4GV5g==</latexit>

Z

<latexit sha1_base64="p0EFFpC6JmCsowXSSBppry/SI90=">AAACA3icbZDLSgMxFIbP1Futt6pLN4NFcFVnRNRlQRCXFewF26Fk0jNtaJIZkowwlIIbX8CtvoE7ceuD+AI+h+lloa0/BH7+/4Rz+MKEM20878vJLS2vrK7l1wsbm1vbO8XdvbqOU0WxRmMeq2ZINHImsWaY4dhMFBIRcmyEg6tx33hApVks70yWYCBIT7KIUWJs1Lw/afeIEKRTLHllbyJ30fgzU4KZqp3id7sb01SgNJQTrVu+l5hgSJRhlOOo0E41JoQOSA9b1koiUAfDyb0j98gmXTeKlX3SuJP0948hEVpnIrSTgpi+nu/G4b9dhJkUydx2E10GQyaT1KCk0+VRyl0Tu2MgbpcppIZn1hCqmL3fpX2iCDUWW8GC8ecxLJr6adk/L/u3Z6XK9eMUUR4O4BCOwYcLqMANVKEGFDg8wwu8Ok/Om/PufExHc84M6z78kfP5AzpwmLo=</latexit>

Z/�

<latexit sha1_base64="p0EFFpC6JmCsowXSSBppry/SI90=">AAACA3icbZDLSgMxFIbP1Futt6pLN4NFcFVnRNRlQRCXFewF26Fk0jNtaJIZkowwlIIbX8CtvoE7ceuD+AI+h+lloa0/BH7+/4Rz+MKEM20878vJLS2vrK7l1wsbm1vbO8XdvbqOU0WxRmMeq2ZINHImsWaY4dhMFBIRcmyEg6tx33hApVks70yWYCBIT7KIUWJs1Lw/afeIEKRTLHllbyJ30fgzU4KZqp3id7sb01SgNJQTrVu+l5hgSJRhlOOo0E41JoQOSA9b1koiUAfDyb0j98gmXTeKlX3SuJP0948hEVpnIrSTgpi+nu/G4b9dhJkUydx2E10GQyaT1KCk0+VRyl0Tu2MgbpcppIZn1hCqmL3fpX2iCDUWW8GC8ecxLJr6adk/L/u3Z6XK9eMUUR4O4BCOwYcLqMANVKEGFDg8wwu8Ok/Om/PufExHc84M6z78kfP5AzpwmLo=</latexit>

Z/�

Luckily only two dim-6 operators contribute

<latexit sha1_base64="XwXLp5UDrxYdRSRbvK0TChKrHrs="></latexit>
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<latexit sha1_base64="/ZbgwRGK80VjKtkp/jrgyrYdjDY="></latexit>
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Does not exist in the SM
First contribution appears at dim-8

<latexit sha1_base64="rfhHdYHsu/Ln1sCoYjRUZDs9uHs="></latexit>
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