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My career path

• freedom 

• versatility 

• physics

What got me into physics

+ many coincidences

What made me stay in physics
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Outline
• Motivation: Why is the Standard Model 

incomplete? 

• What is an effective field theory? 

• How can EFTs help us to explore the new 
physics parameter space? 

• Confronting EFTs with data: LHC global fits
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[quantamagazine.org]

The Standard Model of particle physics

https://www.quantamagazine.org/a-new-map-of-the-standard-model-of-particle-physics-20201022/


Physics beyond the Standard Model
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Muon g-2

W boson mass (?)

Dark matter

[physicsanduniverse.com]

[PDG]

Neutrino 
oscillations

https://physicsanduniverse.com/galaxy-rotation-curve-dark-matter/
https://pdg.lbl.gov/2015/reviews/rpp2015-rev-neutrino-mixing.pdf


Physics beyond the SM?
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[ATLAS-CONF-2020-027] 

[1903.06248]

Leptoquarks Supersymmetry

Z’ bosonsAxion-like 
particles

Extra dimensions

4th generation

Beyond Standard 
Model

Is new physics hiding at 
the TeV scale?

Can we test its effects at 
lower scales?

https://arxiv.org/abs/1909.02845
https://arxiv.org/abs/1909.02845
https://arxiv.org/abs/1903.06248


Effective field theory - EFT
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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>

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 



<latexit sha1_base64="tsn8dqg/JMALyYJJVWzBGoHruIM="></latexit>

Top down - matching of a new model

9

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

<latexit sha1_base64="8VhmCPx/hHn7PvkRsMLlK8xMgak="></latexit><latexit sha1_base64="RZTWxrGWN5FbzDkgoT8T2tF4NsQ="></latexit>

Tree level One loop

<latexit sha1_base64="CvmxhbSEI23q3VkFirLyUGlqWsE="></latexit>



<latexit sha1_base64="tsn8dqg/JMALyYJJVWzBGoHruIM="></latexit>

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

<latexit sha1_base64="8VhmCPx/hHn7PvkRsMLlK8xMgak="></latexit><latexit sha1_base64="RZTWxrGWN5FbzDkgoT8T2tF4NsQ="></latexit>

Tree level One loop

<latexit sha1_base64="CvmxhbSEI23q3VkFirLyUGlqWsE="></latexit>
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<latexit sha1_base64="fzqujipSHzf7MzWSXZgBuJCUeJE=">AAACBnicbVDLSgMxFM3UV62vqks3wSK4scxIUZcFQVy4qGAf0A4lk7nThmaSIckIZSi4dOtW/8GduPU3/AW/wvSxsK0HAodzTrj3niDhTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKFlqijUqeRStQKigTMBdcMMh1aigMQBh2YwuB77zUdQmknxYIYJ+DHpCRYxSoyVmp07Gw1Jt1hyy+4EeJl4M1JCM9S6xZ9OKGkagzCUE63bnpsYPyPKMMphVOikGhJCB6QHbUsFiUH72WTdET6xSogjqewTBk/Uvz8yEms9jAObjInp60VvLP7ntVMTXfkZE0lqQNDpoCjl2Eg8vh2HTAE1fGgJoYrZXTHtE0WosQ3NTYlgKOLkjKRGjmw53mIVy6RxXvYuypX7Sql68zStKY+O0DE6RR66RFV0i2qojigaoBf0it6cZ+fd+XA+p9GcM6v2EM3B+foFky+aXA==</latexit>

⇤



EFTs from the bottom-up
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SM 
symmetries

SM 
fields

Higgs 
doublet

[review: Brivio, Trott (1706.08945)] 

SMEFT

https://arxiv.org/abs/1706.08945


EFTs from the bottom-up

10

SM 
symmetries

SM 
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 

https://arxiv.org/abs/1706.08945


SMEFT advantages
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• Proper, renormalizable quantum field theory  
• Minimal assumptions on UV completion 

• Universal language for data interpretation  

• Allows combination of data from multiple experiments

Systematic program for indirect searches!



Warsaw basis 
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Plus another 24 four-fermion 
operators

[Grzadkowski et al. (1008.4884)]

https://arxiv.org/abs/1008.4884


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

OHG
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<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)

Affects total cross section only

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

OHG = H
†
H G

A

µ⌫
G

A,µ⌫
! vhG

A

µ⌫
G

Aµ⌫



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

OHB
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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



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

OHu
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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)



Dimension-six operators - effects
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• Contribution to SM-like structures 
(same Lorentz structure as in SM) 

• Interactions with new Lorentz structures  

• New contact interactions  
(not present in the SM)

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

Only total cross 
section affected

distributions  
affected



Global SMEFT fits



Why global fits?
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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



Why global fits?
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[ATLAS-CONF-2020-027] 

• Lots of measurements (without 
a clear deviation from the SM) 

• One observable can be 
influenced by many operators 

• One operator can contribute to 
many different observables

Need a global analysis of all EFT 
coefficients to map all direction of 
new fundamental physics

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

L = LSM +
X

i

ci
⇤2

O
(6)
i +

X

j

c(8)j

⇤4
O

(8)
j + · · ·

https://arxiv.org/abs/1909.02845
https://arxiv.org/abs/1909.02845


<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

The Higgs and electroweak sector
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<latexit sha1_base64="Hjo+y7deTPeJtvBpArV8Zjqr7hg="></latexit>

<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>

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

EWPO: Electroweak 
precision observables 
(LEP)

How do different sectors interact 
in a global fit?



LHC 2018 fit -  fermion-gauge operators
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OGG = �†� Ga
µ⌫G

aµ⌫

OWW = �†Ŵµ⌫Ŵ
µ⌫�

OBB = �†B̂µ⌫B̂
µ⌫�

OW = (Dµ�)
†Ŵµ⌫(D⌫�)

OB = (Dµ�)
†B̂µ⌫(D⌫�)

O�2 =
1

2
@µ(�†�)@µ(�

†�)

OWWW = Tr
⇣
Ŵµ⌫Ŵ

⌫⇢Ŵµ
⇢

⌘

O⌧ = �†� L̄3�eR,3

Ot = �†� Q̄3�̃uR,3

Ob = �†� Q̄3�dR,3

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

[AB, Corbett, Plehn (1812.07587)] 

[Hagiwara-Ishihara-Szalapski-Zeppenfeld basis] 
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LHC 2018 fit -  fermion-gauge operators
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LHC 2018 fit -  correlations
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UV complete model fits
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• Map UV complete 
models onto EFT 
• Extended scalar sectors  

• Quark bidoublet model 

• Vector-singlet pair model  

• Vector-like quarks 

• …

[Anisha, Bakshi, Chakrabortty, Kumar Patra (2010.04088)] 

[Gorbahn, No, Sanz (1502.07352)] 

[Drozd, Ellis, Quevillon, You (1504.02409)] 

[Ellis, (Madigan, Mimasu, Murphy), Sanz, You (1803.03252), (2012.02779)] 

[Dawson, Homiller, Lane (2007.01296), (2102.02823)] 

[Bakshi, Chakrabortty, (Englert), Spannowsky, (Stylianou) (2009.13394), (2012.03839)] 

[Krämer, Summ, Voigt (1908.04798)] 

[Brivio, Brugisser, Geoffray, Kilian, Krämer (2108.01094)] 

[…]
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CoDEx [Bakshi, Chakrabortty, Patra (1808.04403)] 

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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EWPO: Electroweak precision observables (mostly LEP data) 
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Global fits
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 [Almeida et al. 
(2108.04828)] 
[Dawson et al. 
(2007.01296)]
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 [Anisha et al. 
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    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)]
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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)]
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 [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


Summary
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We are on the way towards a truly global EFT fit!

SMEFT 

• Model-independent 
parametrisation of new 
fundamental physics

Outlook 

• Combining more sectors 

• Precision 

• SMEFT@NLO 

• Dimension-8



Thank you for your attention! 

See you in October!



 [Bagnaschi et al. (2204.05260)]

W boson mass - SMEFT interpretations

34

<latexit sha1_base64="LPqe5pwYrxtGZLaBHoGTGYUMVzI=">AAACGnicbVDLSgNBEJz1bXytevQyGAQPIexKUI+i+LgICsaI2bDMTjpmyOyDmV4xLPsdXvwVLx4U8SZe/Bsnaw5qLGi6qOpmpitIpNDoOJ/W2PjE5NT0zGxpbn5hccleXrnUcao41HksY3UVMA1SRFBHgRKuEgUsDCQ0gt7BwG/cgtIiji6wn0ArZDeR6AjO0Ei+7XoZ9ZhMuszPDhs5rVCvQo/9o6Kf+tfUy6mHcIcZ1bwLIeS+XXaqTgE6StwhKZMhznz73WvHPA0hQi6Z1k3XSbCVMYWCS8hLXqohYbzHbqBpaMRC0K2sOC2nG0Zp006sTEVIC/XnRsZCrfthYCZDhl391xuI/3nNFDu7rUxESYoQ8e+HOqmkGNNBTrQtFHCUfUMYV8L8lfIuU4yjSbNkQnD/njxKLreq7na1dl4r7+0P45gha2SdbBKX7JA9ckLOSJ1wck8eyTN5sR6sJ+vVevseHbOGO6vkF6yPL2zAnqs=</latexit>

{↵EW , GF , MZ} scheme
<latexit sha1_base64="71asCYZeMSL6luFqc0LCIEv8T6g="></latexit>

�m2
W

m2
W

= � s2W
4c2W

v2

⇤2

✓
cW
sW

CHD +
sW
cW

⇣
4C(3)

Hl
� 2Cll

⌘
+ 4CHWB

◆

 [CDF II (Science)]

[de Blas et al. 
(2204.04204)] 
[Bagnaschi et al. 
(2204.05260)] 
[Balkin, Madge et al. 
(2204.05992)] 
[Almeida et al. 
(2204.10130)] 
[many more (…)]

global fits and  

SMEFT studies

https://arxiv.org/abs/2204.05260
https://www.science.org/doi/10.1126/science.abk1781
https://arxiv.org/abs/2204.04204
https://arxiv.org/abs/2204.05260
https://arxiv.org/abs/2204.05992
https://arxiv.org/abs/2204.10130


    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)]
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1/⇤4
 [Bougheza, Mereghetti, Petriello (2106.05337)]

Dilepton production,  

single operator fits, 

inclusion of dim6 squared terms

Global fit 

with 4 operators

https://arxiv.org/abs/1808.00442
https://arxiv.org/abs/2106.05337


Including NLO QCD corrections
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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)]

https://arxiv.org/pdf/1909.11576.pdf
https://arxiv.org/pdf/2003.07862.pdf

