
Effective Field Theory interpretations  
of Higgs boson measurements by the ATLAS experiment

Sandra Kortner

on behalf of the ATLAS Collaboration



Without any direct evidence of new physics beyond the SM so far,  
the SM may be viewed as a low-energy approximation to a more fundamental theory. 

• Linearly realized SM Effective Field Theory (SMEFT): 
 

 

 
 
 

Deviations from the SM:  
higher-dimension operators , suppressed by powers of .  
Wilson coefficients  are free parameters, correlated to each other. 
 
 
 

• Non-linearly realized Higgs Effective Field Theory (HEFT): 
 

More general (encompassing SMEFT): Higgs and EW Goldstone bosons are treated independently. 
 

Free parameters of the theory are not correlated.
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If lepton and baryon number is conserved, 
dimension-6 terms dominate.



Interpreting searches for the Higgs pair production in  and  final states, and their combination. 

 

• Upper limits at 95% CL on  production cross section for seven HEFT benchmark scenarios  
(with different mHH spectra): 50.4 fb (46.0 fb expected) to 135.1 fb (135.1 expected).


• Allowed range for 
 ( )  

 
 

from ATLAS-CONF-2021-052 
 

(-1.0, 6.6) observed, 
(-1.2, 7.2) expected. 


• Constraints on HEFT  
coupling parameters  

 and : 
 
 

Simultaneous constraints needed  
for more model-independence.

bbττ bbγγ

gg → HH

chhh ≡ κλ

cgghh ctthh

HEFT interpretation of Higgs boson pair searches
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ATLAS-PHYS-PUB-2022-019

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-052/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-019/


SMEFT interpretations of single-Higgs measurements
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Assuming U(3)5 = U(3)q x U(3)u x U(3)d x U(3)l x U(3)e flavour symmetry.



 

SMEFT cross section parametrization:


 

Simultaneous fit to five differential distributions: .pγγ
T , Njets, mjj, ΔΦjj, pj1

T

linear dim-6 terms quadratic dim-6 terms higher-dimension terms

σB = (σB)SM 1 + ∑
i

A(6)
i

C(6)
i

Λ2
+ ∑

ij

B(6)
ij

C(6)
i C(6)

j

Λ4
+ . . . Quadratic terms with  

 not considered.i ≠ j
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arXiv:2202.00487

, ,  : affect mainly the branching ratio.                           cHB cHW cHWB

 cHG
Sensitivity to CP-odd 

parameters mainly through .ΔΦjj

CP-even  CP-odd  

 differential and fiducial cross sections in SMEFTH → γγ

Using state-of-the-art SM predictions,

assuming there is no BSM impact on higher-order corrections. 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-13/


 differential and fiducial cross sections in SMEFTH → γγ
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arXiv:2202.00487

linear-only linear+quadratic1D parameter fit,  
with other parameters   
set to zero.

Limits on  
CP-odd operators

strongly affected  
by quadratic terms.

linear dim-6 terms quadratic dim-6 terms higher-dimension terms

σB = (σB)SM 1 + ∑
i

A(6)
i

C(6)
i

Λ2
+ ∑

ij

B(6)
ij

C(6)
i C(6)

j

Λ4
+ . . . Quadratic terms with  

 not considered.i ≠ j
Using state-of-the-art SM predictions,

assuming there is no BSM impact on higher-order corrections. 

 

SMEFT cross section parametrization:


 

Simultaneous fit to five differential distributions: .pγγ
T , Njets, mjj, ΔΦjj, pj1

T

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-13/


 simplified template cross sections in SMEFTH → γγ
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• Simplified Template Cross Sections 
(STXS): 
 
Differential measurements with a  
coarser binning in pTH, Njets and mjj,  
but with additional information 
from different production vertices. 

• Considering 34 Wilson coefficients  
with a visible impact.

ggF                                                                          qq → Hqq                                      Hℓν                                      Hℓℓ                                      ttH                                      tH BR                                     

Affecting both  
ggF and ttH production.

Affecting 
VBF and VH production.

Affecting  decays  
and VBF and VH production.

H → γγ

arXiv:2207.00348

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-16/
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1D parameter fit, with every other parameter set to zero.

• Parameters affecting the high-pT bins ( e.g.  etc. ) constrained predominantly by the quadratic terms,  
indicating non-negligible contributions from higher-order terms in the SMEFT expansion.


• 1D fits are a good measure of sensitivity, but don’t account for possible correlations between the Wilson coefficients. 
      Simultaneous fit of 12 mutually orthogonal linear combinations of Wilson coefficients also performed.

cG, c(1)
Hq

Similar sensitivity as from 
differential measurements.

 simplified template cross sections in SMEFTH → γγ
arXiv:2207.00348

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-16/


Combined Higgs STXS measurements in SMEFT
ATLAS-CONF-2021-053
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 Decay channel  Targeted prod. modes Ref.

 ggF, VBF, WH, ZH, ttH,tH [1]

 ggF, VBF, WH+ZH, ttH+tH [2]

 ggF, VBF [3]

 VBF, WH, ZH, ttH+tH [4],[5],[6],[7] 

 ggF, VBF, WH, ZH, ttH+tH [8]

H → γγ

H → ZZ* → 4ℓ

H → WW* → ℓνℓν

H → bb

H → ττ

ggF                                                                          qq → Hqq                                      Hℓν                                      Hℓℓ                                      ttH                                      tH BR                                     

: affecting mostly  (resolved+boosted)c(3)
Hq (W/Z )H, H → bb

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

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

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

: affecting almost all measurementsc(3)
Hl , cll′￼

Update of the  previous combination using  inputs.γγ, 4ℓ and VH(bb)

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
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/


Combined Higgs STXS measurements in SMEFT
ATLAS-CONF-2021-053
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 Decay channel  Targeted prod. modes Ref.

 ggF, VBF, WH, ZH, ttH,tH [1]

 ggF, VBF, WH+ZH, ttH+tH [2]

 ggF, VBF [3]

 VBF, WH, ZH, ttH+tH [4],[5],[6],[7] 

 ggF, VBF, WH, ZH, ttH+tH [8]

H → γγ

H → ZZ* → 4ℓ

H → WW* → ℓνℓν

H → bb

H → ττ

ggF                                                                          qq → Hqq                                      Hℓν                                      Hℓℓ                                      ttH                                      tH BR                                     

: affecting mostly  (resolved+boosted)c(3)
Hq (W/Z )H, H → bb

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

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

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

: affecting almost all measurementsc(3)
Hl , cll′￼

Update of the  previous combination using  inputs.γγ, 4ℓ and VH(bb)

• Linear combinations of Wilson coefficients  
along sensitive directions of parameter space: 
 

eigenvectors from principal component analysis 
of the Fischer information matrix 
 
 

. 
 
 

 : STXS information matrix (Gaussian approx.) 
P     : SMEFT parametrization matrix (linear-only)

C−1
SMEFT = PT C−1

STXS P

C−1
STXS

: affecting ceH H → ττ

: VBF  helps to 
        separate from VH(bb)
cdH H → bb

: affecting ggF and ttHcHG, cuH, cuH

: affecting only ttHctop ≡ cG, cqq, cuu . . . NEW (splitting)

NEW

NEW

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
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/


Combined Higgs STXS measurements in SMEFT
ATLAS-CONF-2021-053
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• Sensitivity to 3 Wilson coefficients directly ( )  
and to 10 linear combinations of other Wilson coefficients.


• ,  and   for the first time disentangled from other parameters,  
due to the new inputs from .


• 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 and ttH( → bb)

VH( → bb)

H → ττ

VBF & V(H → bb)

ZH( → bb) & H → γγ

Almost all inputs.

ZH( → bb)
ZH( → bb)
H( → γγ)
H( → γγ)
H( → γγ)
ggF and ttH

ttH
ggF and ttH

linear-only

Eigenvector decomposition

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/
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0 0.2 0.4 0.6 0.8 1

ctHRe

ceHRe

c LEP EW 14

c LEP EW 13

c4q 02

c2q2l 04

cuHRe cdHRe cHbox 01

ctop 01

ctGRe

cbHRe

c LEP EW 12

c LEP EW 11

c LEP EW 10

c LEP EW 09

c2q2l 03

c2q2l 02

c LEP EW 08

c LEP EW 07

c LEP EW 06

c LEP EW 05

cW

c4q 01

c2q2l 01

c LEP EW 04

c LEP EW 03

c LEP EW 02

c LEP EW 01

cHG

expected fractional contribution of measurement

1.Higgs 2.LEP 3.EW

First global EFT interpretation in ATLAS:  
(using U(2)q x U(2)u x U(2)d x U(3)l x U(3)e) flavour symmetry)


 
 

 

Constraining 6 individual and 22 linear combinations of Wilson coeff. 
 
Five tightest constraints come mainly from a single observable:


.  
Several constraints driven both by ATLAS and LEP/SLD. 
 
Simplified likelihood model available for re-interpretations, 

provides results that are very similar to the full model.

gg → H, σ0
had, H → γγ, ΓZ, AFB

Global SMEFT fit of Higgs+EW+EWPO data
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• Higgs STXS measurements 
  

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

• LEP/SLD EWPO:  

pℓ1
T mWZ mZ2 Δϕjj

ΓZ, R0
ℓ, R0

c , R0
b , A0,ℓ

FB , A0,c
FB , A0,b

FB , σ0
had

For more details, see the talk by U. Blumenschein (Top and EW parallel session)

ATL-PHYS-PUB-2022-037

https://arxiv.org/abs/1905.04242
https://arxiv.org/abs/1902.05759
https://arxiv.org/abs/2103.01918
https://arxiv.org/abs/2006.15458
https://arxiv.org/abs/hep-ex/0509008


Summary
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Increasing number of Higgs measurements interpreted in terms of Effective Field Theories.  

Combined interpretation of simplified template cross section measurements well advanced.

• significantly increased number of sensitive directions

• straightforward implementation into a more global EFT fit


First global ATLAS EFT interpretation of Higgs, EW and EWPO data now available,  
providing also the corresponding simplified likelihood model.


Still a lot to do (on a global scale): treatment of truncation and higher-order uncertainties, 
addition of additional measurements to the combination, etc.   


All results consistent with the SM predictions so far.



Backup Slides
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Without any direct evidence of new physics beyond the SM so far,  
the SM can be viewed as a low-energy approximation to a more fundamental theory. 

• Linearly realized SM Effective Field Theory (SMEFT): 
 

Assumes that the Higgs particle is part of a Higgs doublet. 
 

 
 

Deviations from the SM: higher-dimension operators ,  
suppressed by powers of  (mass scale of new physics).  
Wilson coefficients  are free parameters of the theory, correlated to each other. 
 

• Non-linearly realized Higgs Effective Field Theory (HEFT): 
 

Higgs and EW Goldstone bosons are treated independently, Higgs is assigned to a singlet representation. 
  

More general framework, encompassing SMEFT. Free parameters of the theory are not correlated.

ℒ = ℒSM + ∑
i

C(d)
i

Λd−4
𝒪(d)

i

𝒪(d)
i

Λ
C(d)

i

Λ ∼ 𝒪(TeV)

BSM 

(EFT)

BSM 

(resonant)

Effective Field Theory: Motivation
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Assuming  
no lepton and baryon number violation:

first-order deviations come in general 

from dimension-6 terms.



HEFT interpretation of Higgs pair search 
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ATLAS-PHYS-PUB-2022-019
HEFT signal modeled using the mHH reweighing procedure. Buchalla et al, JHEP 09 (2018) 057

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-019/
https://arxiv.org/abs/1806.05162
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Observed statistical correlations,

evaluated with bootstrapping technique,

between .pγγ

T , Njets, mjj, ΔΦjj, pj1
T

arXiv:2202.00487
 differential and fiducial cross sections in SMEFTH → γγ

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-13/
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2D constraints on Wilson coefficients:

arXiv:2202.00487
 differential and fiducial cross sections in SMEFTH → γγ

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-13/


 simplified template cross sections in SMEFTH → γγ
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• 33 Wilson coefficients considered in total.

• Linear combinations of coefficients (EV) along sensitive directions  

determined using principal component analysis (ATLAS-CONF-2020-053).

ggF                                                                          qq → Hqq                                      Hℓν                                      Hℓℓ                                      ttH                                      tH BR                                     

Simultaneous fit  of all EV.

 cHB, cHG . . .

 cHG, cHB . . .

 c(3)
Hq . . .

 cuG, c(3)
qq . . .

 cuG, c(3)
qq . . .

 cHW . . .

 c(1)
Hu . . .

 c(3)
Hl . . .

 cHWB, c(1)
Hq . . .

 c(3)
qq . . .

 cG . . .

 cHl . . .

arXiv:2207.00348

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-16/
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 simplified template cross sections in SMEFTH → γγ
arXiv:2207.00348

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-16/
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Non-zero values outside the diagonal: information matrix used in the 
PCA is not an exact representation of the measurement.  
 
Differences not considered in PCA:  
non-Gaussian effects due to low event counts in some categories  
and the non-linear impact of some systematic uncertainties.  

Linear parametrization Linear+quadratic  parametrization

Larger correlations observed due to the effect of the quadratic terms, 
which are not considered in the PCA.

 simplified template cross sections in SMEFTH → γγ
arXiv:2207.00348

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-16/
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EV1: broad shape in the expected linear+quadratic scan,  
partially due to the presence of two degenerate minima from the quadratic dependence.  
 
Degeneracy partially lifted in the observed scans, since observed data don’t exactly correspond to the SM expectation.

 simplified template cross sections in SMEFTH → γγ
arXiv:2207.00348

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-16/


 simplified template cross sections in SMEFTVH, H → bb
• Interpretation performed for each Wilson coefficients individually  

(setting the others to 0).

• Analyses with resolved and boosted (pTV> 400 GeV) topologies combined.

ATLAS-CONF-2021-051

Strong pTV dependence 

for ZH.

Mainly affecting the overall cross section. Combination improves  
constraints at 95% CL,  
especially for the  
linear+quadratic model.
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Strong pTV dependence 

for WH and ZH.

Linear  
parametrization

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/
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ATLAS-CONF-2021-051

Examples of improvements achieved by  
including the measurements of high-pTV bins 
using the boosted topology.


Significant improvement achieved despite of 
the statistically limited measurement precision.

 simplified template cross sections in SMEFTVH, H → bb

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/


ATLAS-CONF-2021-053
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 Decay channel  Targeted prod. modes Ref.

 ggF, VBF, WH, ZH, ttH,tH [1]

 ggF, VBF, WH+ZH, ttH+tH [2]

 ggF, VBF [3]

 VBF, WH, ZH, ttH+tH [4],[5],[6],[7] 

 ggF, VBF, WH,ZH, ttH+tH [8]

H → γγ

H → ZZ* → 4ℓ

H → WW* → ℓνℓν

H → bb

H → ττ

Combined Higgs STXS measurements in SMEFT
[1] ATLAS-CONF-2020-026


[2] Eur. Phys. J. C 80 (2020) 957 

[3] ATLAS-CONF-2021-014


[4] Eur. Phys. J. C 81 (2021) 178


[5] Phys. Lett. B 816 (2021) 136204


[6] Eur. Phys. J. C. 81 (2021) 537


[7] arXiv:2111.06712 


[8] ATLAS-CONF-2021-044

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


Combined Higgs STXS measurements in SMEFT

ATLAS-CONF-2021-053

 New result:  Previous result: 
ATLAS-CONF-2020-053

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/
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Combined Higgs STXS measurements in SMEFT
ATLAS-CONF-2021-053ATLAS-CONF-2020-053 Previous result:  New result: 

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/


Global SMEFT fit of Higgs+EW+EWPO data
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