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Effective Field Theory interpretations 
of Standard Model and Higgs 

measurements the ATLAS 
experiment
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Introduction

2

Today’s menu:

• Observation of the Higgs boson production in Run 1
• The experimental profile of the Higgs boson is becoming 

less blurry
‣ Excellent precision measurements performed in 

Run 2
• Run 3 ongoing!  exciting times and results ahead→

• Featured in this talk
‣ EFT interpretation of HWW and SMWW measurement (ATL-PHYS-PUB-202-010)
‣ EFT interpretation of combined single Higgs measurement  (ATLAS-CONF-2021-053)
‣ differential cross-sections of WW, WZ, 4l, and Z+2j production(ATL-PHYS-PUB-2021-022)
‣ EFT interpretation of Higgs, EW and LEP data (ATLAS-PHYS-PUB-2022-037)

ATLAS-CONF-2021-014

• (selection) recent (combined) EFT interpretations of
‣ Higgs boson pair searches in  and  (ATL-PHYS-PUB-2022-019)
‣ Combination of EW  production, limits on anomalous quartic gauge couplings (arXiv:2208.12741)
‣ Flavour-changing neutral current (FCNC)  (arXiv:2208.11415)

bb̄γγ bb̄ττ
Z(νν̄)γjj

tqH(q = u, c), H → τ+τ−

• Combine results of seemingly very different analyses and 
slight deviations from the SM in a near-model independent 
way

https://cds.cern.ch/record/2758785/files/ATL-PHYS-PUB-2021-010.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-022/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
https://cds.cern.ch/record/2759651/files/ATLAS-CONF-2021-014.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-019/
https://arxiv.org/pdf/2208.12741.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2019-17/
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Precision is key

3

• Precision measurements may hold the key for observing physics beyond the SM

• When interpreting them the SM may written down as a low-energy approximation or EFT to an UV 
complete theory

• Deviations from the SM interpreted through:
‣ Higher dimension orthogonal operators , 

suppressed by 
‣ Scaled by Wilson coefficients 

• All new operators respect symmetries of the SM

• BSM scenarios show up as a combination of 
operators

𝒪(d)
i

Λ(d−4)

c(d)
i

SM ?

BSM (EFT) - valid 
E < Λ BSM (UV complete)

 ~  
new physics scale
Λ O(TeV)

E E > ELHC

ℒSMEFT = ℒ4
SM + ∑

i

c(5)
i

Λ
𝒪(5)

i + ∑
i

c(6)
i

Λ2
𝒪(6)

i + ∑
i

c(7)
i

Λ3
𝒪(7)

i + 𝒪(8) + . . . = ℒBSM
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SMEFT interpretations of ATLAS measurements

4

• A popular EFT model for interpretations is the 
SMEFT

• Multiple orthogonal basis available for 
interpretation e.g. the SILH or the Warsaw basis

Ilaria Brivio

Operators important in Higgs + EW + LEP 
Assuming U(3)5 = U(3)q × U(3)u × U(3)d × U(3)l × U(3)e

• EFT operators affect
• Input parameters:

• CP-Even/Odd Interactions
• , ,

ΔGF(c(3)
Hl , cll), Δm2

z (cHD, cHWB)

cHd c(3)
Hl c(3)

Hq

• Necessary to retain all relevant operators in 
interpretations

• No single measurement can constrain all 
operators simultaneously
‣ A Global fit is required

https://arxiv.org/abs/1706.08945
https://arxiv.org/abs/hep-ph/0703164
https://arxiv.org/abs/1008.4884
https://indico.cern.ch/event/740110/contributions/3216030/attachments/1768491/2872434/slides_HWG_meeting.pdf
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SMEFT interpretation of SM WW + H → WW *

5

g

g

H
q1

q2

q3

? ?
q1

q2

q4

q3

g

g

W+

W−

 measurementH → WW  measurementpp → WW

• First ATLAS Run 2 combination of Higgs and EW measurements (using  )

• Developed methodology for EW+Higgs combinations

• Orthogonality ensured via opposite  selection at  GeV , any overlap in data 
removed during combination

• Ensured consistent statistical treatment of EFT effects in signal and background 
(WW)

36.1 fb−1

meμ 55

ATL-PHYS-PUB-2021-010

https://arxiv.org/abs/1905.04242
https://arxiv.org/abs/1808.09054
https://cds.cern.ch/record/2758785/files/ATL-PHYS-PUB-2021-010.pdf
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PCA of SM WW + combinationH → WW *

6

ATL-PHYS-PUB-2021-010

• Extracting eigenvectors (EV’s) from principal component 
analysis (PCA), using Fischer info. Matrix

• Linear comb. of Wilson coefficients, along sensitive 
directions of parameter space
‣ Grouping operators in terms of impact and physics 

motivation
‣ Eliminating flat directions in the fit
‣ Fitted simultaneously and can be translated back into 

Wilson coefficients

V−1
SMEFT = PT

μx→ci
V−1

measPμx→ci

‣ : measurement info. 
Matrix (Gaussian approx.)

‣  : SMEFT 
parameterisation Matrix

V−1
SMEFT

Pμx→ci

PCA

Eigenvector decomposition

EV fitting spaceOperator fitting space

https://cds.cern.ch/record/2758785/files/ATL-PHYS-PUB-2021-010.pdf
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SMEFT interpretation of SM WW + H → WW *

7

• Perform fits for all 20  coefficients one-at-a-
time with others fixed to SM ( =0)

• Compare 3 different combinations  
(HWW, SMWW, HWW+SMWW)

• Flat directions (EV’s) set constant in the fit

• Simultaneous fit with 8 sensitive EV directions, 
1 being a direct Wilson coefficient ( )

c(6)
i

c(6)
i

cW

ATL-PHYS-PUB-2021-010

https://cds.cern.ch/record/2758785/files/ATL-PHYS-PUB-2021-010.pdf
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SMEFT interpretations of combined single Higgs measurements

8

ATLAS-CONF-2021-053

Most important changes w.r.t previous combination

, , , , , : affecting  decayscHWB cHW cHB cuW cuB cW H → γγ

: most constrained by VH,  (resolved+boosted)c(3)
Hq H → bb

, , : affecting ZH, cHu cHd c(1)
Hq H → bb

, ,: affecting ZH,  and  c(1)
Hl cHe H → bb H → γγ

, ,: affecting Fermi Constant ( ) c(3)
Hl cll GF

ggF qq → Hqq Hlν Hll ttH tH Br

: VBF  helps 
separation from VH(bb)
cdH H → bb

: affecting ceH H → ττ

, , : in ggF and ttHcHG cuG cuH

 affecting only ttHctop ≡ cG, cqq, cuu, . .

‣ Adding more measurements improves 
sensitivity 

‣ Allows for de-correlating of Wilson 
coefficients 

Decay Channel Production modes Ref.

ggF, VBF, VH, ttH+tH [1]

ggF, VBF, VH, ttH+tH [2]

ggF, VBF [3]

VBF, VH, ttH+tH [4],[5],[6],[7]

ggF, VBF, VH, ttH+tH [8]

H → ZZ* → 4l
H → WW* → lνlν
H → bb
H → ττ

H → γγ

Higgs STXS measurements

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/
https://cds.cern.ch/record/2725727
https://arxiv.org/abs/2004.03447
https://cds.cern.ch/record/2759651
https://arxiv.org/abs/2007.02873
https://arxiv.org/abs/2008.02508
https://arxiv.org/abs/2011.08280
https://cds.cern.ch/record/2790392?ln=de
https://cds.cern.ch/record/2779179
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SMEFT interpretations of combined single Higgs measurements

9

ATLAS-CONF-2021-053

Decay Channel Production modes Ref.

ggF, VBF, VH, ttH+tH [1]

ggF, VBF, VH, ttH+tH [2]

ggF, VBF [3]

VBF, VH, ttH+tH [4],[5],[6],[7]

ggF, VBF, VH, ttH+tH [8]

H → ZZ* → 4l
H → WW* → lνlν
H → bb
H → ττ

H → γγ

, , , , , : affecting  decayscHWB cHW cHB cuW cuB cW H → γγ

: most constrained by VH,  (resolved+boosted)c(3)
Hq H → bb

, , : affecting ZH, cHu cHd c(1)
Hq H → bb

, ,: affecting ZH,  and  c(1)
Hl cHe H → bb H → γγ

, ,: affecting Fermi Constant ( ) c(3)
Hl cll GF

ggF qq → Hqq Hlν Hll ttH tH Br
Assuming U(3)5 = U(3)q × U(3)u × U(3)d × U(3)l × U(3)e

Weak+Higgs boson interactions 

Boson ( ) Couplings to fermionsγ/V/H

4-fermion interactions

Higgs STXS measurements

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/
https://cds.cern.ch/record/2725727
https://arxiv.org/abs/2004.03447
https://cds.cern.ch/record/2759651
https://arxiv.org/abs/2007.02873
https://arxiv.org/abs/2008.02508
https://arxiv.org/abs/2011.08280
https://cds.cern.ch/record/2790392?ln=de
https://cds.cern.ch/record/2779179
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SMEFT interpretations of combined single Higgs measurements

10

ATLAS-CONF-2021-053

Eigenvector decomposition

Linear only

Simultaneous fit to EV’s

• Sensitivity to 3 Wilson coefficients directly ( , , ) and 10 
linear combinations of other coefficients

• , ,  now disentangled from other parameters due to 
new inputs from ,  and  

• Limits improve by up to 70% compared to the previous 
combination. 

• Correlations in general significantly reduced. 

c(3)
Hq cdH ceH

ceH cdH c[1]
top

H → ττ VBF H → bb ttH H → bb

VH( → bb)
VBF + VH( → bb)
H → ττ
ZH( → bb) + H → ττ

All inputs
ZH( → bb)
ZH( → bb)
H → γγ
H → γγ
H → γγ
ggF + ttH
ggF + ttH
ttH

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/
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EFT interpretation of differential cross-sections of WW, WZ, 4l, and Z+2j production

11

ATL-PHYS-PUB-2021-022

Process Phase space req Observable Ref.

[1]

[2]

[3]

[4]

pp → l±νl+l−

pp → l+l−l+l−

pp → l+l−jj

pp → e±νμ∓ν mll > 55 GeV, pjet
T < 35 GeV

mll ∈ (81,101) GeV

m4l > 180 GeV

mjj > 1000 GeV, mll ∈ (81,101) GeV

plead,lep
T

mWZ
T

mZ2

Δϕjj

• Combination performed of 4 unfolded differential 
cross section measurements

• Fit performed after PCA assuming  flavour 
symmetry
• 33 operators included in 15 sensitive directions, 2 

direct operators 
• Basis ready for including top measurements

• CP-even operators (sensitive to CP-odd only in )
• Including all  terms, some  terms 

top U(3)l

Δϕjj
1/Λ2 1/Λ4

• EW differential distributions

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-022/
https://arxiv.org/abs/1905.04242
https://arxiv.org/abs/1902.05759
https://arxiv.org/abs/2103.01918
https://arxiv.org/abs/2006.15458


C
om

bi
ne

d 
EF

T 
in

te
rp

re
ta

tio
ns

 o
f S

M
 a

nd
 H

ig
gs

 
m

ea
su

re
m

en
ts

 a
t t

he
 A

TL
AS

 e
xp

er
im

en
t  

   
   

   
   

  

Bryan Kortman, Higgs 2022 Conference, 7-11 November

SMEFT interpretation of Higgs, EW + electroweak precision observables

12

ATL-PHYS-PUB-2022-037

• Higgs STXS measurements 

Measurement Type Ref.

ATLAS Higgs 
boson

Simplified Template Cross 
section(STXS) [1]

ATLAS 
electroweak Differential cross section [2]

Electroweak 
precision

Electroweak precision 
variables (EWPO) [3]

• Included results from LEP
• Observables describing physics at 

the Z-pole

• First global EFT interpretation in 
ATLAS
•  flavour symmetry

• Tight limits provided by LEP
• Only sensitive to a limited number 

of parameters

top U(3)l

• EW differential distributions
WW ( ), WZ( ), 4l ( ) 
and VBF Z ( )

pl1
T mWZ mZ2

Δϕjj

LEP/SLD EWPO 
•  ΓZ, R0

l , R0
b , A0,l

FB, A0,c
FB , A0,b

FB , σ0
had

Hadronic pole cross sectionDecay ratio into leptons and b-quarks Forward-backward asymmetry of 
leptons, c or b-quarks

https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf
https://cds.cern.ch/record/2789544
https://cds.cern.ch/record/2776648
https://www.sciencedirect.com/science/article/pii/S0370157305005119?via=ihub
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SMEFT interpretation of Higgs, EW and decay + electroweak precision observables

13

ATL-PHYS-PUB-2022-037

• Higgs STXS measurements

• EW differential distributions
WW ( ), WZ( ), 4l ( ) and VBF Z 
( )

• LEP/SLD EWPO 

pl1
T mWZ mZ2

Δϕjj

ΓZ, R0
l , R0

b , A0,l
FB, A0,c

FB , A0,b
FB , σ0

had

• Constraining 22 linear combinations and 6 individual Wilson coeff.

• Several constraints driven by either EW, Higgs, or LEP
• Example: , , 

• Clearly shows the complementarity of each measurement

• Simplified likelihood model available for re-interpreations!

c[1]
2q2l ctG c[1]

HVV,Vff

https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf
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Summary

14

• Many Higgs and EW measurements being interpreted in 
terms of Effective Field Theories.

• The Combined interpretation of Higgs STXS and EW 
measurements has made big steps in the last few years.
• SMWW+HWW,     7 EV’s and 1 Wilson coeff. measured
• EW combination, 13  EV’s and 2 Wilson coeff. measured
• Higgs STXS,        13  EV’s and 3 Wilson coeff. measured
• Higgs+EW+LEP,  22  EV’s and 6 Wilson coeff. measured

• First global ATLAS EFT interpretation available, also 
providing a simplified likelihood model for re-interpretation

• Next up: including Top analyses in the global fit, treatment of 
truncation, Higher-order uncertainties, etc. 

Higgs

EWTop
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Backup
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Backup 

16
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sensitivity 
gain 

by combination

ATL-PHYS-PUB-2021-010

• Observed one-at-a-time fit parameter limits
• Split for HWW, SMWW, HWW+SMWW

SMEFT interpretation of SM WW + H → WW *

https://cds.cern.ch/record/2758785/files/ATL-PHYS-PUB-2021-010.pdf
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ATL-PHYS-PUB-2022-037
SMEFT interpretation of Higgs, EW + electroweak precision observables

• Acceptance parametrisation applied for 
 decay rate.H → 4l

https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf
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SMEFT interpretation of Higgs, EW and decay + electroweak precision observables
ATL-PHYS-PUB-2022-037

• Fitted EigenVectors after PCA

https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf
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SMEFT interpretation of Higgs, EW and decay + electroweak precision observables
ATL-PHYS-PUB-2022-037

• Correlation matrix of the fitted 
Eigenvectors

https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf
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SMEFT interpretation of Higgs, EW and decay + electroweak precision observables
ATL-PHYS-PUB-2022-037

• Constraints on Wilson coefficients from the 
combined ATLAS-only analysis

https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf
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SMEFT interpretation of Higgs, EW and decay + electroweak precision observables
ATL-PHYS-PUB-2022-037

• Constraints on Wilson coefficients from 
Full likelihood model compared to the 
simplified likelihood model

• Using a Gaussian approximation of the 
likelihood

• Using  in a Multivariate Gaussiannμ = 128

https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf
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EFT interpretation of differential cross-sections of WW, WZ, 4l, and Z+2j production
ATL-PHYS-PUB-2021-022

• Fitted EigenVectors after PCA

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-022/
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EFT interpretation of differential cross-sections of WW, WZ, 4l, and Z+2j production
ATL-PHYS-PUB-2021-022

• Impact plot of , , , ,
, ,

cW c(3)
Hq c′ [0]

Vff c′ [1]
Vff

c′ [2]
Vff c′ [0]

2q2l c′ [0]
4q

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-022/

