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Search for deviations within the EFT framework at ATLAS and CMS

Introduction
• Searches for phenomena beyond the SM important part of physics programme at the LHC 

• Direct searches, e.g. “bump hunt” 
• Indirect searches ➙ look for deviations from SM in various measurements 

• No new particle discovered (yet) 
• New heavy particles beyond reach of LHC could distort lower-energy physics 
• Potential effect of new heavy particles parametrised within EFT framework 

• Fairly model independent
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Search for deviations within the EFT framework at ATLAS and CMS

(SM)EFT

• Extends SM Lagrangian by introducing terms of higher dimension 

• Terms of  violate lepton/baryon number conservation 
• Not usually considered 

• Leading order contributions from  
• Incomplete description of 

d = 5,7

d = 6
d = 8

3

Wilson coefficient  ci

Scale of “new physics” , usually set to 1 TeVΛ



Search for deviations within the EFT framework at ATLAS and CMS

• Have terms that are linear/quadratic in new operators 

• Linear ➙ SM/BSM interference  

• Quadratic ➙ pure BSM effects , including cross-terms 

• Same order as linear terms for  

• Design analyses to be sensitive to some (set of)  

• Re-interpret measurements to place constraints on  (usually cross-sections)

𝒪(Λ−2)
𝒪(Λ−4)

d = 8

ci

ci

(SM)EFT
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Goal: use LHC data to place constraints on various Wilson coefficients

ATLAS DRAFT

Particle-level events were passed through a G!"#$ 4 [52] simulation of the ATLAS detector [53] and415

reconstructed using the same analysis software as used for the data. Event pileup is included in the simulation416

by overlaying inelastic 𝐿𝐿 collisions, such that the average number of interactions per bunch crossing417

reproduces that observed in the data. The inelastic 𝐿𝐿 collisions were simulated with P%$&’"8 using the418

MSTW2008LO [54] set of PDFs with the A2 [55] set of tuned parameters or using the NNPDF2.3LO set419

of PDFs with the A3 [56] set of tuned parameters.420

3 SMEFT interpretations421

3.1 Methodology422

E!ective field theories (EFTs) provide a consistent approach to probe the presence of BSM physics in a423

model-independent way at the LHC, even if the energy scale, ω, of the new physics phenomena, is not424

directly accessible at the LHC. If this scale fulfills ω >> 𝑀, where 𝑀 is the vacuum expectation value of the425

Higgs field, the new physics decouples from the SM, which means that no new on-shell intermediate state426

is produced. In this case, an expansion of the Lagrangian in the canonical dimensionless quantity 𝐿

ω can be427

performed. The Standard Model e!ective field theory (SMEFT) [57, 58], is constructed as:428

LSMEFT = LSM +
∑
𝑀

𝑁
(𝑁)
𝑀

ω𝑁→4 O
(𝑁)
𝑀

(1)

where LSM is the SM Lagrangian and the expansion terms consist of BSM field operators, O(𝑁)
𝑀

, of429

mass-dimension 𝑂 > 4. The coe"cients, 𝑁𝑀 , are called Wilson coe"cients, which are free parameters of the430

theory. Measurements constrain the ratio 𝑁𝑀/ω𝑁→4 and for simplicity the results are quoted as constraints431

on 𝑁𝑀 with ω = 1 TeV. The assignment is considered to be valid for the EFT expansion and easily factorizes432

from calculations such that the final results can be rescaled for arbitrary values of ω. In this analysis the433

“Warsaw” basis [59] is used, which forms a complete, non-redundant set of dimension-6 operators allowed434

by the SM gauge symmetries. Furthermore, the top-flavour symmetry scheme is employed, which assumes435

a 𝑃 (2)3 symmetry in the quark sector, while in the lepton sector, a 𝑃 (1)3
𝑂+𝑃 symmetry is assumed. The436

lone dimension-5 operator is neglected assuming lepton number conservation; therefore, dimension-6437

operators are the leading-order terms in the expansion.438

439

While most of the operators have a direct impact on the Higgs boson couplings to SM particles, some of440

them impact the measurement only via the redefinition of the SM fields in the SMEFT framework [57,441

58]. A detailed description of the procedure can be found in [60]. Operators directly relevant to Higgs442

processes are shown in Table 2.443

In SMEFT, the scattering amplitude of a process with dimension-6 operators included is given by1:444

|MSMEFT |2 = |MSM |2 + 2
∑
𝑀

𝑁𝑀

ω2 Re(M↑
SMO𝑀) +

∑
𝑀, 𝑄

𝑁𝑀𝑁 𝑄

ω4
(
O↑
𝑀
O 𝑄

)
, (2)

where the first-term is the SM amplitude, the second-term describes the interference between the BSM445

physics and the SM, and third-term is a pure-BSM part that does not depend on the SM amplitude. Due446

1 EFT e!ects on PDFs, parton showers, detector interactions, etc. are not taken into account.
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to their dependence on the associated Wilson coe!cients, the interference terms are referred to as the447

“linear” terms and pure-BSM as “quadratic”. The linear terms, suppressed by ω→2, are the leading-order448

modifications to cross-sections and decay widths. The quadratic terms are suppressed by ω→4, and thus449

expected to be sub-leading for measurements within the accuracy of Higgs measurements at the LHC;450

however, they can become important in certain regions of the phase space as well as prevent negative451

cross-sections when only considering linear terms. The interference between SM and dimension-8 operators452

is also suppressed by the same factor but these (and higher-order terms) are neglected.453

As a result of Equation 2, the cross-section of a specific process as predicted by SMEFT receives three454

contributions,455

𝐿SMEFT = 𝐿SM + 𝐿int + 𝐿BSM, (3)

corresponding to those from the SM, linear, and quadratic terms as described above. An analogous form456

applies to the decay widths.457

The SMEFT impact on the cross-sections is parametrised as a relative correction to the SM prediction,458

which is typically computed at higher order with the state-of-the-art theory tools for the process,459

𝐿 = 𝐿
best order
SM ·

(
1 +

𝐿
LO
int

𝐿
LO
SM

+
𝐿

LO
BSM

𝐿
LO
SM

)
, (4)

where the contributions of the interference and quadratic terms to the relative correction away from unity460

are explicitly written out. An assumption is made that the correction to the cross-section from the EFT461

contribution at LO is valid for cross-sections at higher orders. This is supported for inclusive cross-sections462

by Figure 1 in Ref. [61], which shows that the 𝑀-factors between LO and NLO MCs are similar for the SM463

and with varied EFT parameters. It may not hold for all regions of the phase space, but there is currently464

not enough information or feasible methods to obtain corresponding uncertainties.465

Since the Higgs boson is a narrow, scalar particle, its production cross-section and decay width factorise.466

The parametrisation of the production and the decay in terms of EFT operators can thus be derived467

independently. For the cross-section in a given STXS bin 𝑁 and a given decay mode 𝑂 ↑ 𝑃 , the468

parametrisation is thus given by:469

(𝐿↓𝑄)𝐿,𝑀↑𝑁 = (𝐿↓𝑄)𝐿,𝑀↑𝑁

SM

(
1 +

𝐿
𝐿

int
𝐿
𝐿

SM
+
𝐿
𝐿

BSM

𝐿
𝐿

SM

) #$$
%
1 + ε𝐿↑𝑀

int
ε𝐿↑𝑀

SM
+ ε𝐿↑𝑀

BSM
ε𝐿↑𝑀

SM

1 + ε𝐿
int

ε𝐿
SM

+ ε𝐿
BSM
ε𝐿

SM

&''
(

, (5)

where the ratios are parametrised as:470

𝐿
𝐿

int
𝐿
𝐿

SM
=
∑
𝑂

𝑅
𝑃𝑁
𝑂
𝑆 𝑂

𝐿
𝐿

BSM

𝐿
𝐿

SM
=
∑
𝑂𝑄

𝑄
𝑃𝑁
𝑂𝑄
𝑆 𝑂𝑆𝑄 (6)471

ε𝑀↑𝑁

int

ε𝑀↑𝑁

SM
=
∑
𝑂

𝑅
ε𝐿↑𝑀

𝑂
𝑆 𝑂

ε𝑀↑𝑁

BSM

ε𝑀↑𝑁

SM
=
∑
𝑂𝑄

𝑄
ε𝐿↑𝑀

𝑂𝑄
𝑆 𝑂𝑆𝑄 (7)472

ε𝑀

int

ε𝑀

SM
=
∑
𝑂

𝑅
ε𝐿

𝑂
𝑆 𝑂

ε𝑀

BSM

ε𝑀

SM
=
∑
𝑂𝑄

𝑄
ε𝐿

𝑂𝑄
𝑆 𝑂𝑆𝑄 , (8)473

where all 𝑅 𝑂 and 𝑄 𝑂𝑄 are constant factors obtained from a simulation that express the sensitivity of the474

analysis to the operators O 𝑂 that correspond to the Wilson coe!cients 𝑆 𝑂 , and indices 𝑇 , 𝑀 run over all475
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Measurements

+  Global EFT fit 
[arXiv:2504.02958]

5

Higgs 

  [arXiv:2504.07686] 

  [arXiv:2509.07958] 

  combinations [arXiv:602.18611, 

arXiv:2510.07527] (HH in backup) 

  [ATL-PHYS-PUB-2025-034] (in backup) 

  [arXiv:2603.13113] * 🆕

H → WW*

H → WW*

H, HH

HH → bb̄γγ

tt̄HH

Electroweak 

  [arXiv:2512.08582]  

 VBF  [arXiv:2510.00118] 

 VBS +  [CERN-EP-2026-076] 🆕  

  photon-fusion production [arXiv:2601.21574] 

  [arXiv:2512.00502] 

  [CERN-EP-2026-078] 🆕  

  [CMS-PAS-SMP-24-017] (in backup)

Zγ

+2j

VVV

WW

γ + 2j

Wγ

VVV

* See talks from Fabio Iemmi and Sergio Sanchez Cruz + Top EFT summary plots [ATL-PHYS-PUB-2025-028] 

* See talks from Adrien Auriol and Lailin Xu 

* See talks from Santiago Folgueras and Matt Klein

Top 

 Differential t-channel single top [arXiv:2601.04938, arXiv:2510.23372] 

  rapidity + charge asymmetry [ATL-PHYS-PUB-2025-037] 

  [arXiv:2509.19038] 

  [arXiv:2507.17498] * 

  [CMS-PAS-TOP-24-008] * 

 CP violation in  [arXiv:2505.21206] *

tt̄

tt̄WjEW

tt̄Z + VZ

ttt, tt̄tt̄

tt̄Z, tZq

https://arxiv.org/abs/2504.02958
https://arxiv.org/abs/2504.07686
https://arxiv.org/abs/2509.07958
https://arxiv.org/abs/2602.18611v1
https://arxiv.org/abs/2510.07527
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-034/
https://arxiv.org/abs/2603.13113
https://arxiv.org/abs/2512.08582
https://arxiv.org/abs/2510.00118
https://arxiv.org/abs/2601.21574v1
https://arxiv.org/abs/2512.00502
https://cds.cern.ch/record/2946572/files/SMP-24-017-pas.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-028/
https://arxiv.org/abs/2601.04938
https://arxiv.org/abs/2510.23372
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-037/
https://arxiv.org/abs/2509.19038
https://arxiv.org/pdf/2507.17498
https://cds.cern.ch/record/2944177
https://arxiv.org/abs/2505.21206
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Higgs sector: HVV
•  interaction (  production and  decay) 

• CP-odd + CP-even ➙ different effects on distributions e.g.  

• Dominated by  terms  

• CMS: ADNN to reduce model dependence 

• Goals: s/b + similar output for varied samples (e.g. ) 
• Residual model dependence: acceptance effects 

• All results consistent with SM 
• Slight excess (~  local, 14 operators) for  

• ATLAS: STXS measurements as input 

• No 2D , but no excess in standalone  
• All results compatible with SM

HVV ggH, VBFH H → WW*
Δϕjj

d = 6

c ≠ 0

2σ cHB, cHB̃

cHB, cHB̃ cHB

6

  [arXiv:2509.07958] +   [arXiv:2504.07686]H → WW* H → WW*
Sep 2025 + Dec 2025

Run 2

25

10− 5− 0 5 10
HWc

10−

5−

0

5

10W~
Hc Observed

68% CL observed
95% CL observed
SM
68% CL expected
95% CL expected

CMS  (13 TeV)-1138 fb

4− 2− 0 2
HBc

20−

0

20

B~
Hc Observed

68% CL observed
95% CL observed
SM
68% CL expected
95% CL expected

CMS  (13 TeV)-1138 fb

6− 4− 2− 0 2
HWBc

10−

0

10

B
W~

Hc Observed
68% CL observed
95% CL observed
SM
68% CL expected
95% CL expected

CMS  (13 TeV)-1138 fb

0.3− 0.2− 0.1− 0 0.1
HGc

0.2−

0.1−

0

0.1

0.2G~
Hc Observed

68% CL observed
95% CL observed
SM
68% CL expected
95% CL expected

CMS  (13 TeV)-1138 fb

4− 2− 0 2 4
Hdc

4−

2−

0

2

4

6

Huc Observed
68% CL observed
95% CL observed
SM
68% CL expected
95% CL expected

CMS  (13 TeV)-1138 fb

4− 2− 0 2 4
Hj1c

4−

2−

0

2

4

6

Hj
3

c Observed
68% CL observed
95% CL observed
SM
68% CL expected
95% CL expected

CMS  (13 TeV)-1138 fb

Figure 6: Two-dimensional expected and observed scans for the pairs of Wilson coefficients
cHW, cHW̃ (upper left), cHB, cHB̃ (upper right), cHWB, cHW̃B (middle left), cHG, cHG̃ (middle right),
cHu, cHd (lower left) and cHj1, cHj3 (lower right). Solid (dotted) lines correspond to the 68%
(95%) CL contours.Figure 23: Best-fit values and uncertainties for the Wilson coe!cients of the 𝐿 = 6 operators considered by the

SMEFT interpretation of the STXS measurement in a CP-conserving scenario. The 𝐿 = 6 operators are given in
the Warsaw basis, and each Wilson coe!cient is fitted independently with the others fixed to 0. Both the observed
(diamond) and expected (circle) results are shown. The best-fit values and uncertainties for the observed (expected)
results are given by the left (right) numbers on each line. The error bars and quoted errors correspond to the total
95% CL uncertainty in each Wilson coe!cient.

60

https://arxiv.org/abs/2509.07958
https://arxiv.org/abs/2504.07686
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Higgs sector: combinations
• EFT interpretations in  STXS stage 1.2 combination 

• topU3l to impose flavour symmetry + only CP-conserving operators 
• Sensitivity to 43 (out of 129) remaining operators ➙ similar number for ATLAS (46) 

[arXiv:2402.05742] 

• Efficiency for STXS bins ~flat wrt EFT operators  

• Not true for 4-body decays ( ) 
• Lack of fiducial phase space restriction on final-state particles in STXS 

• Re-weighting of partial decay widths implemented 

• Tightest constraints on  and  from  and  respectively (around 15 TeV) 

• All results agree with SM ( ) 

•  EFT interpretations with focus on , see backup

H

H → ZZ* → 4ℓ, H → WW* → ℓνℓν

cHG cHB ggH H → γγ
pSM = 0.11

HH ctthh

7

  combination [arXiv:602.18611]  HRun 2
Feb 2026

https://arxiv.org/abs/2402.05742
https://arxiv.org/abs/2602.18611v1


Search for deviations within the EFT framework at ATLAS and CMS

11.5 Constraints on linear combinations of Wilson coefficients 71

Figure 24: Individual constraints on the SMEFT WCs. The left panel shows the best fit val-
ues, and the 68% and 95% CL intervals, when considering modifications in one SMEFT op-
erator at a time. The results from the linear and linear-plus-quadratic parametrizations are
shown in blue and orange, respectively. Arrows are used to indicate where the 95% CL inter-
val extends beyond the plotted range. In the right panel, the results are translated into a 95%
lower limit on the BSM physics energy scale. The WCs are categorized into operators from the
same group, and then listed in order of the probed energy scale using the linear-plus-quadratic
parametrization. The hatched lines represent WCs that cannot be constrained in the linear-only
parametrization.

Higgs sector: combinations

8

  combination [arXiv:602.18611]  HRun 2

quad effects important

Feb 2026

https://arxiv.org/abs/2602.18611v1
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Top sector: single top
 Differential t-channel single top [arXiv:2510.23372, arXiv:2601.04938]

• Decay: study of 4 angles that define  decay 

•  in  rest frame;  in  rest frame 
• Total systematic uncertainty dominant 

• Production :  unfolded distributions 

•  ➙ harder spectrum 

• 95%CL: −0.12 TeV−2 <  <0.12 TeV−2 

• No deviation in previous measurement [arXiv:2403.02126]:  

−0.87 <  < 1.42

t → Wb
θW, ϕW t θℓ, ϕℓ W

pT(t, t̄ )
c3,1

Qq ≠ 0

c3,1
Qq /Λ2

c3,1
Qq /Λ2

9

Run 2
Jan 2026 + Oct 2025

four-quark processes depend solely on a linear combination of Wilson coe!cients

𝐿
3,1
𝐿𝑀

=
∑
𝑁=1,2

𝐿
3(𝑁𝑁33)
𝑀𝑀

+ 1
6
𝐿

1(𝑁33𝑁)
𝑀𝑀

→ 1
6
𝐿

3(𝑁33𝑁)
𝑀𝑀

,

where 𝑀 represents the doublet of the third quark generation, therefore the four-quark interaction is fully
characterised by 𝑁

3,1
𝐿𝑀

. There are two other dimension-6 operators which can alter single-top production
and interfere with the SM diagrams at LO, namely 𝑁

3
ω𝐿

and 𝑁𝑂𝑃 [92]. They are not considered in this
interpretation, i.e. their respective Wilson coe!cients are set to zero. The operator 𝑁3,1

𝐿𝑀
leads to non-SM

single top-quark production, as illustrated in Figure 13, for example via the process 𝑂 + 𝑃 ↑ 𝑄 + 𝑅. Top
quarks produced in this way feature di"erent angular distributions and transverse momentum spectra than
those produced according to the SM.

b

u

t

d

O
3,1
Qq

Figure 13: Representative LO Feynman diagram of a four-quark contact interaction leading to the production of a
single top quark.

For large absolute values of 𝐿3,1
𝐿𝑀

/ε2, the number of single top quarks and top antiquarks produced with a
high transverse momentum is expected to increase. Therefore, the high-𝑆T region of the spectra provides a
high sensitivity to 𝐿

3,1
𝐿𝑀

/ε2. Since the radiation of additional jets leads to increased jet-𝑆T, this analysis is
not optimised for a high sensitivity to 𝐿

3,1
𝐿𝑀

/ε2, as the event selection requires candidate events to contain
exactly two jets. Nevertheless, the di"erential cross-sections as a function of 𝑆T(𝑄) or 𝑆T(𝑄) are measured
for high transverse momenta of up to 500 GeV, making an interpretation feasible.

The di"erential cross-sections as a function of 𝑆T(𝑄) or 𝑆T(𝑄) are parameterised by a polynomial of second
degree in the EFT coe!cient 𝐿3,1

𝐿𝑀
/ε2

d𝑇(𝑂 or 𝑂 )
d𝑆T(𝑄 or 𝑄) (𝐿

3,1
𝐿𝑀

/ε2)=
( d𝑇(𝑂 or 𝑂 )
d𝑆T(𝑄 or 𝑄)

)
SM

· ϑ𝑇̃(𝑂 or 𝑂 ) (𝐿3,1
𝐿𝑀

/ε2), with

ϑ𝑇̃(𝑂 or 𝑂 ) (𝐿3,1
𝐿𝑀

/ε2)=
(
1 + 𝑈1 · 𝐿3,1

𝐿𝑀
/ε2 + 𝑈2 · (𝐿3,1

𝐿𝑀
/ε2)2

)
.

(1)

The fixed-order predictions obtained with MCFM at NNLO are used in (d𝑇(𝑂 or 𝑂 )/d𝑆T(𝑄 or 𝑄))SM, which is
the SM prediction. The expected relative change of the cross-sections as a function of 𝐿3,1

𝐿𝑀
/ε2 is described

by ϑ𝑇̃(𝑂 or 𝑂 ) (𝐿3,1
𝐿𝑀

/ε2), where the term linear in 𝐿
3,1
𝐿𝑀

/ε2 covers the e"ect of the interference of SM and
non-SM amplitudes and the term proportional to (𝐿3,1

𝐿𝑀
/ε2)2 is entirely due to the four-quark operator. It is

obtained by unfolding the EFT MC samples using the nominal migration matrix and selection e!ciency;

28

counts, two bins in 𝐿T are the minimum required to separate their e!ects. In the future, it would be
beneficial to use more 𝐿T bins to better determine 𝑀

𝐿𝑀
.
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Figure 12: Summary of confidence intervals extracted from the likelihood fits described in Section 9 for (a) 𝑀
𝑁𝑂

,
𝑀

𝑃

𝑁𝑂
, 𝑀

𝐿𝑀
, 𝑀

𝑄𝐿
and (b) 𝑀

𝑄𝑁𝑅
, 𝑀

𝑅𝑂
, 𝑀 𝑃

𝑅𝑂
. The WC 68% CL (thick line) and 95% CL (dotted line) intervals are

shown for each of the di!erent fitting schemes.

The best previously published constraint on 𝑀
𝑁𝑂

comes from a measurement of the fraction of top-quark
decays that produce each W-boson helicity state (𝑁0, 𝑁L, 𝑁R) in pp collisions at

→
𝑂 =8 TeV, assuming

that 𝑀
𝑄𝐿

= 0 [27]. This analysis improves on that result by a factor of 2, while removing the assumption
that the other WCs are zero. The 2-D limit contours for 𝑀

𝑄𝑁𝑅
and 𝑀

𝑅𝑂
improve on the results from the

measurement of 𝑁R in Ref. [27] by providing constraints along the direction to which 𝑁R is blind, while

30

counts, two bins in 𝐿T are the minimum required to separate their e!ects. In the future, it would be
beneficial to use more 𝐿T bins to better determine 𝑀

𝐿𝑀
.
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shown for each of the di!erent fitting schemes.

The best previously published constraint on 𝑀
𝑁𝑂

comes from a measurement of the fraction of top-quark
decays that produce each W-boson helicity state (𝑁0, 𝑁L, 𝑁R) in pp collisions at

→
𝑂 =8 TeV, assuming

that 𝑀
𝑄𝐿

= 0 [27]. This analysis improves on that result by a factor of 2, while removing the assumption
that the other WCs are zero. The 2-D limit contours for 𝑀

𝑄𝑁𝑅
and 𝑀

𝑅𝑂
improve on the results from the

measurement of 𝑁R in Ref. [27] by providing constraints along the direction to which 𝑁R is blind, while
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Search for deviations within the EFT framework at ATLAS and CMS

Top sector: tt̄
•  production: charge-symmetric  

•  introduces asymmetry  
• BSM interactions can enhance asymmetry 

• Asymmetry observables:  (single + di-lepton),  

 (single lepton + high  jet) 

•  highly sensitive to SMEFT operators  

• Combination with  helps resolve   

flat direction

gg → tt̄
gq → tt̄q

Ay

AE pT

Ay

AE c1,8
Qq , C8

tq

10

  charge asymmetry [ATL-PHYS-PUB-2025-037] tt̄
Oct 2025

Run 2

Ay =
N(Δ |y | > 0) − N(Δ |y | < 0)
N(Δ |y | > 0) + N(Δ |y | < 0)

, with Δ |y | = |yt | − |yt̄ |

AE =
σEA

σES

 where σE,(A)S is the charge-(a)symmetric cross-section

Figure 2: Bounds on individual Wilson coe!cients from one-parameter quadratic fits to the energy (blue) and rapidity
(red) asymmetries as well as their combination (black), setting all other operator coe!cients to zero. The bounds
on 𝐿 (TeV/ω)2 are reported at the 68% confidence level (solid) and 95% confidence level (dashed). For the 𝐿1,1

𝐿𝑀
coe!cient, the thick black vertical bar represents interval of [0.21,0.23] from the combination.

Table 4: Comparison of the bounds on individual Wilson coe!cients 𝐿 (TeV/ω)2 from one-parameter quadratic fits
obtained from the individual rapidity asymmetry 𝑀𝑁 and energy asymmetry 𝑀𝑂 analyses and from their combination.
Limits for 95% confidence level are shown.

𝐿 (TeV/ω)2 95% confidence level
𝑀𝑁 𝑀𝑂 combination

𝐿
1,1
𝐿𝑀 [→0.62, 0.36] [→0.60, 0.63] [→0.58, 0.40]

𝐿
1,8
𝐿𝑀 [→0.24, 0.54] [→1.64, 1.99] [→0.24, 0.61]

𝐿
1
𝑃𝑀 [→0.21, 0.25] [→0.67, 0.73] [→0.21, 0.25]

𝐿
8
𝑃𝑀 [→0.70, 0.66] [→1.96, 1.38] [→0.63, 0.69]

𝐿
1
𝑃𝑄 [→0.79, 0.33] [→0.73, 0.75] [→0.75, 0.37]

𝐿
8
𝑃𝑄 [→1.71,→0.82] ↑ [→0.41, 0.87] [→1.62, 1.45] [→0.32, 0.92]

8
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Search for deviations within the EFT framework at ATLAS and CMS

Electroweak sector
Going beyond  

• Neutral triple gauge couplings (nTGC) and anomalous quartic gauge couplings (aQGC), 

appear at  

• Not well constrained under current  models 

• Couplings affect mostly vector boson scattering and  production 

• GSPM and VPM models used to describe nTGC 
• Éboli model used to describe aQGC

d = 6

d = 8
d = 6

VVV

11

Violate lepton/baryon number conservation

Highly constrained by available measurements



Search for deviations within the EFT framework at ATLAS and CMS

• nTGC constrained using  measurement 
• One of most precise EW measurements at LHC 

(very clean signature) 

• High-mass  ➙ sensitive to BSM effects 

• Limits under two models: 
• VPM preserves only unbroken U(1) symmetry  
• GSPM maintains SU(2) x U(1) constraints 

• Limits on GSPM operators are weaker

Zγ

Zγ

Electroweak sector: nTGC

12

  [arXiv:2512.08582] Zγ
Dec 2025

Run 2

6

Table 1: The observed fiducial ω+ω→γ cross section of the process in each channel. The quoted
uncertainties include statistical, systematical and theoretical components. Branching ratio B is
for the Z ↑ ω+ω→γ process.

Channel σB ± stat ± syst ± theo (pb)
Zγ (µµ) 0.928 ± 0.018 ± 0.027 ± 0.004
Zγ (ee) 0.975 ± 0.021 ± 0.038 ± 0.003

Zγ (combined) 1.896 ± 0.033 ± 0.054 ± 0.006

couplings. To ensure adequate number of events in the high-energy phase space, where the sen-
sitivity to potential BSM physics is enhanced, a nonzero anomalous coupling close to the limits
reported in previous publications is employed: h

Z
4 = →2.3824 ↓ 10→5 for VPM and c̃G+ = 0.02

for GSPM.

The selection of BSM signal events follows the same criteria as in the fiducial cross section
measurement study, except that the photon pT requirement is increased to 120 GeV to be more
sensitive to nTGC operators. The fit is performed in the mωωγ range of 100–1500 GeV, in 7
bins. Uneven bin sizes mωωγ = [100, 300, 500, 700, 800, 1000, 1200, 1500]GeV are used to ensure
sufficient statistical precision in each bin, the last bin includes the overflow. To obtain a con-
tinuous signal yield variation as a function of the coupling, the nTGC event yield over the
SM event yield is described as a quadratic function of the coupling values for each mωωγ bin.
Expected and observed 95% confidence level (CL) limits are computed for each operator coeffi-
cient, based on the profile likelihood ratio test statistic [41]. Each operator coefficient is scanned
independently with all other operator coefficients set to zero. Figure 3 shows the post-fit mωωγ

distributions for the electron and muon channels. An example of the nTGC signal, with the
new physics parameter c̃G+ set to the value of the positive 95% CL limit observed in this study,
is overlaid as a red curve. It is seen that most of the sensitivity to the nTGC signal comes from
the highest mωωγ bin.

Figure 3: Post-fit distributions of mωωγ for the electron channel (left) and the muon channel
(right) with the stricter photon pT requirement. The experimental data are shown as points with
associated statistical uncertainties, while the hatched bands represent the total uncertainties.
Uneven bin sizes are used to ensure sufficient statistical precision in each bin. A representative
nTGC signal c̃G+ and its statistical uncertainty is shown as the red curve. The nTGC sensitivity
mainly comes from the last bin which includes overflow events.

Table 2 shows the expected and observed 95% CL limits on the nTGC parameters. The results

7

combine the measurements in the electron and muon channels. Two theoretical interpretations
are considered: VPM and GSPM. Using Eq. (1), the expected and observed limits in GSPM can
be converted and compared with VPM, as shown in Table 3. From the results of the converted
limits, it can be seen that the limit on the vertex parameter h4 differs between VPM and GSPM.
The limits for GSPM, which maintains the full SU(2)L → U(1)Y gauge constrains, are signif-
icantly weaker than those obtained with VPM, which preserves only the unbroken U(1)EM
symmetry. These results are consistent with those obtained in Ref. [16]. Tabulated results are
provided in HEPData [51].

Table 2: Expected and observed 95% CL limits on nTGC parameters for the combination of the
measurements in the electron and muon channels. The first three rows show the results using
VPM that preserves only the U(1)EM symmetry, while the last three rows show the results from
GSPM that preserves the SU(2)L → U(1)Y symmetry.

Limits Expected Observed
Lower Upper Lower Upper

h
Z
4 ↑1.01 ↓ 10↑6 1.01 ↓ 10↑6 ↑8.17 ↓ 10↑7 8.20 ↓ 10↑7

h
γ
3 ↑8.34 ↓ 10↑4 8.58 ↓ 10↑4 ↑6.67 ↓ 10↑4 6.88 ↓ 10↑4

h
Z
3 ↑7.01 ↓ 10↑4 6.96 ↓ 10↑4 ↑5.69 ↓ 10↑4 5.48 ↓ 10↑4

c̃G+ ↑3.83 ↓ 10↑2 3.79 ↓ 10↑2 ↑3.05 ↓ 10↑2 3.06 ↓ 10↑2

c̃G↑ ↑3.09 3.18 ↑2.44 2.54
c̃

B̃W
↑1.24 1.26 ↑0.98 1.00

Table 3: Expected and observed 95% CL limits for VPM parameter h
Z
4 and for GSPM parameter

c̃G+ converted into h
Z
4 via Eq. (1).

Limits Expected Observed
Lower Upper Lower Upper

h
Z
4 ↑1.01 ↓ 10↑6 1.01 ↓ 10↑6 ↑8.17 ↓ 10↑7 8.20 ↓ 10↑7

h
Z
4 (c̃G+) ↑4.60 ↓ 10↑5 4.64 ↓ 10↑5 ↑3.71 ↓ 10↑5 3.70 ↓ 10↑5

In summary, a measurement of Zγ production using leptonic final states in proton-proton colli-
sions at a center-of-mass energy of 13.6 TeV has been presented. The data set used corresponds
to an integrated luminosity of 34.8 fb↑1, collected by the CMS experiment at the LHC during
2022. Events with a pair of oppositely charged muons or electrons together with an isolated
photon are selected. The measured fiducial cross section for the combined electron and muon
channels is 1.896 ± 0.033 (stat) ±0.054 (syst) ± 0.006 (theo) pb, in agreement with the standard
model prediction of 1.922 ± 0.094 pb. The mωωγ distribution is used to set 95% confidence level
limits on neutral triple gauge couplings. These limits are derived, for the first time, in the
context of a recently proposed framework of the effective field theory based on dimension-8
operators, which maintains SU(2)L → U(1)Y gauge symmetry [16].
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VPM

GSPM

1

Measurements of the production of multiple vector bosons (W, Z, γ) at a single interaction
vertex are crucial for understanding the electroweak (EW) sector of the standard model (SM).
In particular, the non-Abelian nature of the EW interaction predicts that self-interactions occur
among the vector bosons, resulting in a wide range of multiboson production mechanisms.

The production of Zγ is one of the most precisely measurable diboson processes at the CERN
LHC due to its large cross section and clean signature from the leptonic decays of the Z boson.
Its observation in the Z → ω+ω↑ (ω = e or µ) decay channel has little background, which allows
precise measurements and tests of SM predictions. Illustrative leading order (LO) Feynman
diagrams for Zγ production and an example of an anomalous gauge coupling diagram are
shown in Fig. 1.

q

q̄

ω→

ω+

ε

Z/ε↑

(a) x

q

q̄

ω→

ω+

ε
Z/ε↑

(b) x

q

q̄

ε

ω+

ω→
Z/ε↑

Z/ε↑

(c) x

Figure 1: Leading-order Feynman diagrams for ε production in pp collisions.

q

q̄

ω→

ω+

ε

ε

Z/ε↑

1

Figure 1: Leading order Feynman diagrams for Zγ production in proton-proton collisions and
an example anomalous gauge coupling diagram. Left: initial-state radiation. Center: final-state
radiation. Right: diagram involving anomalous gauge couplings that are forbidden in the SM
at tree level. The red point indicates the anomalous ZγZ↓ or Zγγ↓ gauge coupling vertices.

In addition, the Zγ process provides a powerful tool for placing constraints on neutral triple
gauge couplings (nTGCs). These couplings do not appear among the dimension-4 terms of
the SM Lagrangian, nor are they generated by dimension-6 terms in SM extensions via the SM
effective field theory (SMEFT) [1–3]. Instead, nTGCs first appear through the gauge invari-
ant dimension-8 operators in the SMEFT [4–7]. Hence any indication of nonvanishing nTGCs
would provide direct evidence for physics beyond the SM (BSM), which is different in nature
from anything that might be generated by dimension-6 operators. The high-mass part of the
Zγ invariant mass distribution is sensitive to nTGCs, allowing the detection of BSM physics.

Measurements of Zγ production have been performed by experiments at the LEP [8, 9], the
Tevatron [10], and the LHC [11–14] colliders. So far, BSM physics searches using Zγ produc-
tion [11–13] have relied on a vertex parameterization model (VPM), which only considers the
unbroken U(1)EM gauge symmetry [6, 15], and is in contrast to the dimension-8 operators in
the SMEFT that preserve the full EW gauge group SU(2)L ↔ U(1)Y of the SM. A new theoreti-
cal framework for nTGCs has recently been proposed [16], in which the nTGC interactions are
derived from dimension-8 operators evaluated in the EW broken phase. The conventional ap-
proach of modifying the TCG vertex coupling constants leads to a violation of SU(2)L ↔ U(1)Y
gauge symmetry, whereas the new theoretical framework preserves the SU(2)L ↔ U(1)Y gauge
symmetry.

Comparing the nTGCs predicted by dimension-8 operators with those obtained from the vertex
formulation, the authors of Ref. [16] relate the four VPM parameters h

Z
3 , h

γ
3 h

Z
4 , and h

γ
4 to the

https://arxiv.org/abs/2512.08582


Search for deviations within the EFT framework at ATLAS and CMS

• Input measurements: 

•  in lepton+jets final states 

• Fit to , found to be sensitive to aQGC effects 

• Small impact from clipping unitarisation scheme reported 
• aQGC zeroed above certain energy to avoid unitarity violation 

WW, WZ, ZZ

MVV

Electroweak sector: aQGC
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 VBF  [arXiv:2510.00118]+2j
Sep 2025

Run 2

13

Data yields from both the SRs and CRs are incorporated into the likelihood, as described in
Section 5.1 for the ZV process and in Ref. [22] for the WV process.

Systematic uncertainties are accounted for in the ML fit, as detailed in Section 5.2 for the ZV
channel and in Ref. [22] for the WV channel. The primary sources of uncertainty in the mea-
surement of the VBS WV process include the statistical uncertainty of the data, the limited size
of simulation samples, and uncertainties in background normalization. Among the theoretical
uncertainties, the most significant arises from the choice of renormalization and factorization
scales in the MC simulation of events. In the combination of the two channels, all background
normalization uncertainties are uncorrelated, whereas the other experimental uncertainties are
correlated. The theoretical uncertainties associated with parton shower modeling and PDF
uncertainties are also treated as correlated between the two channels. In contrast, the uncer-
tainties related to the choice of renormalization and factorization scales in the MC simulation
are treated as correlated for processes common to both channels.

No significant deviations from the SM predictions are observed, as can be seen in Figures 4
and 5 for the ZV and WV channels, respectively.
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Figure 4: Distributions of MZV for the data and post-fit backgrounds (stacked histograms), in
the SRs of the merged b tag (left) and the merged b veto (right) channels. The template for one
signal hypothesis is shown overlaid as a red solid line. The overflow is included in the last bin.
The lower panels show the ratios of the data to the pre-fit background prediction and post-fit
background yield as red open squares and blue points, respectively. The gray band in the lower
panels indicates the systematic component of the post-fit background uncertainty. The vertical
bars on the data points represent statistical uncertainties.

The 95% confidence intervals on the Wilson coefficients are extracted through a likelihood scan
performed by varying the corresponding Wilson coefficients one at a time and are reported in
Table 5 and in Figure 6. The signal strengths of the EW ZV and WV VBS processes are fixed
to 1. To validate the results obtained from the asymptotic approximation, pseudo-experiments
are generated for the signal and background, accounting for their statistical fluctuations. These
results are consistent with those derived from Wilks’ theorem [96]. These results represent the
best limits by CMS on these operators using the Run 2 data sample and represent the tightest
world limits to date using modern EFT modeling that properly includes systematic uncertain-
ties in the EFT signals.
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Figure 6: Constraints on dimension-8 Wilson coefficients derived from the WV, ZV, and their
combined results. The shaded areas represent the expected 95% CL intervals, whereas the solid
lines indicate the observed 95% CL limits. The top panel shows constraints on scalar and mixed
operators, whereas the bottom panel shows transverse operators.
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Figure 6: Constraints on dimension-8 Wilson coefficients derived from the WV, ZV, and their
combined results. The shaded areas represent the expected 95% CL intervals, whereas the solid
lines indicate the observed 95% CL limits. The top panel shows constraints on scalar and mixed
operators, whereas the bottom panel shows transverse operators.
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Search for deviations within the EFT framework at ATLAS and CMS

• Combination + re-interpretation of 8 input measurements 
• Differential distributions + inclusive cross-sections 

• Reports larger impact 
from clipping 
• 1 order of magnitude 

weaker constraints for 

1.5 TeV clipping 

• Results driven by  

 

and  

 

Zγ + 2j → νν̄γ + 2j

VV + 2j →
(ℓℓ, ℓν, νν)jj + 2j

Electroweak sector: aQGC

14

 VBS +  [CERN-EP-2026-076]VVV

🆕

Run 2

ATLAS DRAFT
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Figure 2: Contributions of the individual channels to the combination (top), expected and observed 68% and 95%
confidence level intervals from the combined fit (middle) and the probed energy scale for two illustrative values of
the Wilson coefficients (bottom). No constraints from unitarity bounds are applied. The energy scale of the observed
unitarization cut-off as evaluated through a clipping procedure is overlaid on the bottom panel. No unitarization
cut-off is found for the 𝐿𝐿1 operator where the experimental interval is always weaker than the unitarity constraint.

thresholds of 0.7, 1, 1.5, 2 and 3 TeV, with the results for the 1.5 TeV clipping threshold shown in Figure 3.227

It can be seen that the combined intervals on the Wilson coefficients at the 1.5 TeV clipping threshold228

are approximately an order of magnitude wider than the non-unitarized intervals. The input channels229

most sensitive to the clipping threshold are the 𝑀𝑀−semileptonic and 𝑁 (𝑂𝑂)𝑃 𝑄 𝑄 channels, where the fitted230

observables have a large reach in energy. Consequently, it can be seen at the 1.5 TeV clipping threshold that231

the contribution to the interval of some coefficients is more distributed across the input channels, with the232

𝑅𝑁 𝑄 𝑄 channel providing a similar contribution to previously-dominant 𝑀𝑀−semileptonic and 𝑁 (𝑂𝑂)𝑃 𝑄 𝑄233

channels.234

Unitarized confidence intervals are chosen as the intersection between the interpolated confidence intervals235

as a function of clipping threshold and the theoretical unitarity bounds provided in Ref [37, 38]. The236

clipping threshold at the unitarized point is designated as the unitarization cut-off. Examples of the237

confidence intervals scans across clipping thresholds for the combined fit on the 𝐿𝐿02, 𝐿𝑀0, and 𝐿𝑁 0 Wilson238

coefficients are shown in Figure 4. Where applicable, positivity bounds from Ref [39] are shown. A239

unitarization cut-off is found in all cases except for the 𝐿𝐿1 coefficient, where the theory bound is tighter240

than the derived experimental interval at all clipping thresholds.241

The combined expected and observed unitarized confidence intervals, along with the energy threshold242

17th March 2026 – 11:01 8



Search for deviations within the EFT framework at ATLAS and CMS

• Photon-fusion production mediated by (triple and) quartic gauge couplings 
• In SM, destructive interference preserves unitarity ➙ could be disturbed by BSM effects

Electroweak sector: γγ → WW

15

  photon-fusion production [arXiv:2601.21574]WW
Jan 2026

Sensitivity competitive with other EW results for many operators

Run 2
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Channel Limits Ubound
TeV

WV&ZV+jj (arXiv:2510.00118) [-0.539, 0.534] ∞

WV&ZV+jj (arXiv:2510.00118) [-1.590, 1.620] ∞

WV&ZV+jj (arXiv:2510.00118) [-0.703, 0.703] ∞

WV&ZV+jj (arXiv:2510.00118) [-2.550, 2.550] ∞

WV&ZV+jj (arXiv:2510.00118) [-1.480, 1.480] ∞

WV&ZV+jj (arXiv:2510.00118) [-2.140, 2.130] ∞

WV&ZV+jj (arXiv:2510.00118) [-2.630, 2.580] ∞

WW(ss)&WZ+jj (PLB 809 (2020) 135710) [-2.700, 2.900] ∞

WW(ss)&WZ+jj (PLB 809 (2020) 135710) [-4.100, 4.200] ∞

WW(ss)&WZ+jj (PLB 809 (2020) 135710) [-5.400, 5.800] ∞

WW(ss)&WZ+jj (PLB 809 (2020) 135710) [-5.700, 6.000] ∞

Wγ+jj (PRD 108 (2023) 032017) [-5.600, 5.500] 1.7

Wγ+jj (PRD 108 (2023) 032017) [-7.800, 8.100] 2.1

Wγ+jj (PRD 108 (2023) 032017) [-1.900, 1.900] 2.0

Wγ+jj (PRD 108 (2023) 032017) [-2.700, 2.700] 2.7

Wγ+jj (PRD 108 (2023) 032017) [-3.700, 3.600] 2.3

Wγ+jj (PRD 108 (2023) 032017) [-3.900, 3.900] 2.7

Wγ+jj (PRD 108 (2023) 032017) [-14.00, 14.00] 2.2

Zγ+jj (PRD (2021) 072001) [-15.80, 16.00] 1.3

Zγ+jj (PRD (2021) 072001) [-35.00, 34.70] 1.5

Zγ+jj (PRD (2021) 072001) [-6.550, 6.490] 1.5

Zγ+jj (PRD (2021) 072001) [-13.00, 13.00] 1.8

Zγ+jj (PRD (2021) 072001) [-13.00, 12.70] 1.7

Zγ+jj (PRD (2021) 072001) [-22.20, 21.30] 1.7

Zγ+jj (PRD (2021) 072001) [-56.60, 55.90] 1.6

γγ→VV(had) (JHEP 07 (2023) 229) [-66.00, 66.00] ∞

γγ→VV(had) (JHEP 07 (2023) 229) [-245.5, 245.5] ∞

γγ→VV(had) (JHEP 07 (2023) 229) [-9.800, 9.800] ∞

γγ→VV(had) (JHEP 07 (2023) 229) [-73.00, 73.00] ∞

γγ→VV(had) (JHEP 07 (2023) 229) [-36.00, 36.00] ∞
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Figure 4: Summary of observed limits on the fM Wilson coefficients for this analysis and previ-
ous results by the CMS Collaboration [55, 57–60]. The limits are arranged from most sensitive
to least sensitive in descending order, with the current result highlighted in red. Horizontal
error bars represent the 95% confidence level intervals. In some cases, limits on the Wilson co-
efficients are shown under the assumption of unitarity bounds, as indicated in the right-most
column. The unitarity bound is defined as the scattering energy at which the aQGC coupling
strength is set equal to the observed limit that would result in a scattering amplitude that vio-
lates unitarity[61].
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Zγ+jj (PRD (2021) 072001) [-0.640, 0.570] 1.9
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Zγ+jj (PRD (2021) 072001) [-1.680, 1.540] 1.9

Zγ+jj (PRD (2021) 072001) [-0.580, 0.640] 2.2

Zγ+jj (PRD (2021) 072001) [-1.300, 1.330] 2.0

Zγ+jj (PRD (2021) 072001) [-2.150, 2.430] 2.2

Zγ+jj (PRD (2021) 072001) [-0.470, 0.470] 1.8
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Wγγ, Zγγ (JHEP 10 (2021) 174) [-1.300, 1.300] ∞
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Figure 5: Summary of observed limits on the fT Wilson coefficients for this analysis and previ-
ous results by the CMS Collaboration [55–58, 60]. The limits are arranged from most sensitive
to least sensitive in descending order, with the current result highlighted in red. Horizontal
error bars represent the 95% confidence level intervals. In some cases, limits on the Wilson co-
efficients are shown under the assumption of unitarity bounds, as indicated in the right-most
column. The unitarity bound is defined as the scattering energy at which the aQGC coupling
strength is set equal to the observed limit that would result in a scattering amplitude that vio-
lates unitarity[61].
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1 Introduction
Vector boson fusion (VBF) in proton-proton (pp) collisions [1] is a process that can provide
unique insights into electroweak (EW) physics. In a VBF process, two vector bosons are radi-
ated from the incoming quarks in the protons, and they then fuse to produce a third boson. The
fusion process thus provides direct sensitivity to the triboson interaction. The initial quarks are
deflected slightly from the beam direction, and appear as forward jets in the CMS detector. This
leads to the typical VBF signature with two jets in the final state that are widely separated in
pseudorapidity η and with a large invariant mass of the dijet system mjj. These jets are here-
after referred to as “tagging jets”. In VBF processes, no color exchange is expected between the
two incoming quarks. This results in a low hadronic activity within the pseudorapidity gap
between the two tagging jets [2, 3], implying that additional jets in this region are usually from
the showering of partons. The VBF processes are therefore also important tools to validate
parton shower models.

d

u

u

d

W→

W+

ω

Figure 1: Representative Feynman diagram for EW γjj production with a photon produced via
vector boson fusion.

The large data sample of the CERN LHC at a center-of-mass energy of 13 TeV has provided
the prime opportunity to better study the VBF production of a vector boson. The ATLAS and
CMS Collaborations have measured the VBF production of the Z [4–8] and W [9–11] bosons
at different center-of-mass energies. Despite the larger cross section, the VBF production of
a photon is more challenging to measure because of the overwhelming backgrounds that are
irreducible and difficult to model.

Figure 1 shows a representative Feynman diagram for the EW γjj vector-boson fusion process at
order ε2

EWε, and Fig. 2 shows EW γjj productions via final-state radiation (FSR, left) or initial-
state radiation (ISR, right). In Fig. 3, diagrams of order ε2

Sε are presented where the same
final state is realized through dijet production induced by quantum chromodynamics (QCD)
with a hard FSR photon. Such processes are among the irreducible QCD backgrounds with
a production cross section that is about 30 times larger than EW γjj production. The ATLAS
Collaboration has conducted detailed studies of photon production in association with two
jets, focusing on the fragmentation and direct production regions [12]. To date, no dedicated
measurement of purely EW γjj production has been performed at the LHC.

In this paper, the first measurement of the EW γjj production is presented. The measurement
is performed in a VBF region and the photon is required to be central, |η| < 1.44, and have
a transverse momentum greater than 200 GeV. It is based on pp collisions at a center-of-mass
energy of 13 TeV, recorded in 2016–2018 with the CMS detector at the LHC, corresponding to an
integrated luminosity of 138 fb→1. The QCD-induced γjj production is treated as an irreducible
background. The signal interference with the QCD-induced processes, modeled at leading
order (LO), is also treated as background. This study provides, in addition to the inclusive
cross section, ϱEW γ jj, differential cross section measurements, unfolded to the particle level, as
functions of pseudorapidity of the tagging jets ηj1

and ηj2
, the transverse momentum of the
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Figure 11: Negative of twice in the difference in the log-likelihood as a function of cW and cHWB

based on 138 fb→1 of CMS data at 13 TeV. Upper left: the one-dimensional likelihood scan for
cW, showing the observed (black solid line) and expected (red dashed line) standard values,
with 68% and 95% confidence intervals indicated by horizontal dashed lines. Upper right: the
one-dimensional likelihood scan for cHWB, similarly presenting observed and expected lim-
its. Lower: the two-dimensional likelihood contour for cW and cHWB, indicating the standard
model (black cross), the best fit values (red dot), and contours corresponding to one (red solid
line) and two (red dashed line) standard deviations.

ATLAS DRAFT

Figure 11: Impact of the O𝐿 , O𝑀𝐿𝑁,O𝐿̃ and O𝑀𝐿̃𝑁 operators on the inclusive 𝐿𝑀 di!erential cross section
measured as a function of ω𝑁𝑂𝑃 , 𝑂𝐿̃

NN and 𝑂
𝑀𝐿̃𝑁
NN . The theoretical predictions are presented in the same way as for

Fig. 10.

and 𝑃

𝑄 𝐿=0
EFT is the prediction obtained from the SMEFT framework with all Wilson coe"cients set to zero.740

However, in the case of 𝐿𝑀 production, the 𝑄-factors calculated from the SM samples are about 1.5-2. For741

this reason, the constraints on the Wilson coe"cients are presented with and without the 𝑄 factor applied.742

The factorisation of QCD corrections and EFT corrections has been investigated using the S!"#$@%&’743

model [100], which provides EFT predictions accurate to NLO in QCD, but only for CP-even operators.744

The NLO QCD 𝑄-factor was found to similar for both 𝑅𝐿/ε2 = 0 and 𝑅𝐿/ε2 = 1 TeV→2 and have similar745

kinematic dependences.746

The unfolded di!erential cross sections and the EFT-dependent theoretical predictions are used to define a747

likelihood function. Statistical correlations between the bins of the measured distributions are evaluated748

during the unfolding procedure and included in the likelihood using a covariance matrix. Experimental749

systematic uncertainties are included as Gaussian-constrained nuisance parameters and each source is treated750

as fully correlated across the bins of the observable but uncorrelated to other sources. Uncertainties in the751

theoretical prediction due to renormalisation and factorisation scale uncertainties are also implemented as752

Gaussian-constrained nuisance parameters, with two nuisance parameters used to account for uncertainties753

in the normalisation and shape of the theoretical prediction. For observables measured in the baseline754

region, the standard envelope of the scale variations is used. For observables measured in the jet veto755
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Global fits
• CP-conserving operators only 

• Top-flavour symmetry scheme 

• Generally, BSM effects only considered for signal processes 
• Acceptance effects taken into account for 4-body decays  

• One-at-a-time fits (64 operators) + multi-coefficient constraints (PCA, 42 EVs) 
+ results with simplified model using covariance matrix 
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  Global EFT fit [arXiv:2504.02958]
Apr 2025

5

3 Analyses included in the combination

In this section, we briefly describe the analyses included in the combined interpretation. For
each of the studied processes, we have incorporated the most recent CMS measurement. Where
a measurement that only analyzes data collected in 2016 is used, a corresponding measurement
using the 2016–2018 data set is not available. A summary of analysis type, whether the experi-
mental statistical model was available, and the observables that were used, is given in Table 2.

Table 2: Summary of input analysis characteristics. The observables are defined in the follow-
ing sections and the experimental likelihood is defined in Section 6.

Analysis Type of measurement Observables used Experimental
likelihood

H → γγ Differential cross sections STXS bins [54] ↭
Wγ Fiducial differential cross sections p

γ
T ↑ |φ f | [33] ↭

Z → εε Fiducial differential cross sections p
Z
T ↭

WW Fiducial differential cross sections mωω ↭
tt Fiducial differential cross sections mtt ↑

t(t)X Direct EFT Yields in regions of
interest

↭

Inclusive jet Fiducial differential cross sections p
jet
T ↑ |yjet| ↑

EWPO Pseudo-observables ΓZ, ϱ0
had, Rω, Rc , Rb,

A
0,ω
FB, A

0,c
FB , A

0,b
FB [36]

↑

3.1 Measurement of H → γγ

In the H → γγ analysis, described in more detail in Ref. [30], the major Higgs boson pro-
duction modes are studied, including gluon-gluon fusion (ggH), vector boson fusion (VBF),
vector boson associated production (VH), production associated with a top quark-antiquark
pair (ttH), and production in association with a single top quark (tH). The analysis considers
final states with at least two photons, plus additional objects (leptons, jets) for categories tar-
geting specific production modes. The two photons with highest transverse momentum are
required to have pT > mγγ /3 and pT > mγγ /4, respectively, with an invariant mass mγγ in the
range 100 < mγγ < 180 GeV. The analysis is performed on proton-proton (pp) collision data
collected between 2016 and 2018, corresponding to an integrated luminosity of 138 fb↓1. The
Higgs boson signal is extracted by measuring a narrow peak in the diphoton invariant mass
spectrum, on top of a smoothly falling background.

The H → γγ analysis performs measurements of the simplified template cross sections
(STXS) [54], a set of fiducial bins for different kinematic variables defined for each Higgs boson
production mode. Stage 1.2 of the STXS is used. For ggH events, bins in Higgs boson pT and
number of jets are defined. For events with at least two jets, there is an additional binning in
dijet mass and the pT of the Higgs boson plus dijet system. Events in which Higgs bosons are
produced via VBF or in association with a hadronically decaying vector boson have a binning
in the number of jets, the Higgs boson pT, dijet mass, and the pT of the Higgs boson plus dijet
system. For Higgs bosons produced in association with a leptonically decaying vector boson,
a binning in the type of associated vector boson, the number of jets, and the pT of the vector
bosons is used. For ttH production, the pT of the Higgs boson is used to define a binning.
Not all of the STXS bins can be measured in the analysis; some of these bins are merged, while
others are fixed to their SM prediction.

https://arxiv.org/abs/2504.02958


Search for deviations within the EFT framework at ATLAS and CMS

Global fits
• Main conclusions:  

• Linear vs lin+quad large for some operators but not others 
• Measurements very complementary 
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Figure 13: Constraints on individual WCs, showing both the constraints considering only linear terms in the SMEFT parameterization
and those considering both linear and quadratic terms. The constraints for each WC are obtained keeping the other coefficients fixed to 0.
The shaded areas correspond to the expected 95% confidence intervals, the thick and thin bars to the observed 68% and 95% confidence
intervals, respectively. The constraints are scaled by powers of 10 to ensure the constraints on all 64 WCs can be visualized on the same y

axis scale.

Different measurements quite complementary
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Conclusion + general comments (1/2)

• Many results in (very) non-Gaussian regime 
• Tests done by CMS in global EFT fit 
• Can affect the 95% CLs quite a bit!  

• Larger effect when quad terms are important 
• Generally LH steep around 95% line so (luckily) results relatively stable
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Figure C.1: Observed likelihood scans for c
(3)
HQ, where linear terms dominate (upper left); clu ,

where quadratic terms dominate (upper right); and cW, where quadratic and linear terms both
contribute (lower). The results with quadratic terms included in the parameterization (solid
black line) and with linear terms only (dashed blue line) are shown. The solid grey lines in-
dicate the sets of points q

68% (lower line) and q
95% (upper line), whereas the dashed grey lines

denote the test statistic values used to determine the 68% and 95% confidence intervals in the
asymptotic approximation. The confidence intervals shown on the figures are the 68% confi-
dence intervals extracted from the intersection of the linear-plus-quadratic curve with the q

68%

line.
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Figure C.1: Observed likelihood scans for c
(3)
HQ, where linear terms dominate (upper left); clu ,

where quadratic terms dominate (upper right); and cW, where quadratic and linear terms both
contribute (lower). The results with quadratic terms included in the parameterization (solid
black line) and with linear terms only (dashed blue line) are shown. The solid grey lines in-
dicate the sets of points q

68% (lower line) and q
95% (upper line), whereas the dashed grey lines

denote the test statistic values used to determine the 68% and 95% confidence intervals in the
asymptotic approximation. The confidence intervals shown on the figures are the 68% confi-
dence intervals extracted from the intersection of the linear-plus-quadratic curve with the q

68%

line.
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Conclusion + general comments (2/2)

• Many new EFT results using Run 2 data + first results with Run 3 data 

• EFT fits benefit from combinations (esp. to resolve flat directions) 
• Important that input analyses be orthogonal ➙ not always the case! 
• Addressed by cutting away overlap in phase-space/events, bootstrapping 

• Interesting/new techniques to improve measurements 
• PCA to reduce correlations between parameters 
• ADNN to reduce model dependence 

• Non-trivial impact of missing  terms / linear vs lin+quad parametrisations, clipping 

schemes, … but very analysis/result-dependent 

• Overall, results tend to be limited by available statistics ➙ Run 3 data very useful

d = 8
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Search for deviations within the EFT framework at ATLAS and CMS

Higgs sector
• Look for BSM effects in  interactions (production and decay) 

• Mostly measurements reinterpreted within SMEFT 
• CP, (fiducial) cross-sections, STXS, …  

• Usually parametrised as “expansions” of the SM signal strength 
• Taylor expansion used to retain linear-only terms 

• Focus on 

H

d = 6
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Higgs sector: combinations
• 3 BSM couplings considered:  (  vertices) 

• Considering also  

• Only  production floated, VBF  set to SM 
• Samples re-weighted to account for BSM effects 

• Parametrised in  and  

• Input measurements:  

• 95% CL exclusion on  is −0.29 to 0.63 (−0.27 to 0.56 expected)

c2, cg, c2g ttHH, ggH, ggHH

κt, κ2V, κV, κλ

ggHH HH

mHH ΔϕHH

bb̄γγ, bb̄bb̄, bb̄ττ, bb̄WW, ML, WWγγ, ττγγ
c2

23

  combination [arXiv:2510.07527]  HHRun 2

Oct 2025

https://arxiv.org/abs/2510.07527


Search for deviations within the EFT framework at ATLAS and CMS

Higgs sector:  productionHH
• SMEFT and HEFT frameworks used to model EFT 

• HEFT decouples the Higgs boson from the EW gauge structure 

• Interpretations for  and VBF ,  

• 95% CL exclusion on  is -0.33 to 0.80 (-0.72 to 1.15 expected) 

• Complementary bounds from  on 

ggHH HH HH → bb̄γγ
cttHH

tt̄HH ctthh

24

  [ATL-PHYS-PUB-2025-034] +   [arXiv:2603.13113] HH → bb̄γγ tt̄HH
Sep 2025 + Mar 2026

Run 2 + 3

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-034/
https://arxiv.org/abs/2603.13113


Search for deviations within the EFT framework at ATLAS and CMS

Top sector

• Focusing mostly on differential measurements to constrain Wilson coefficients  
• Analyses typically target subset of relevant operators 
• Production and decay processes are sensitive to different operators 

• Focus on  

• Higgs results mainly dominated by statistical uncertainties  
• In top sector, systematic uncertainties play a larger role

d = 6

25



Search for deviations within the EFT framework at ATLAS and CMS

Electroweak sector: γ + 2j
• VBF production sensitive to triboson interactions 

• Analysis aims to separate EW and QCD   

using kinematic information from the  and the s 

• Sensitive to BSM interactions in the  vertex  

( ) 
• DNN trained to distinguish pure SM from (linear + quad) BSM 

terms ➙ DNN can handle negative weights fairly well

γ + 2j
γ j

WWγ
cW, cHWB

26

  [arXiv:2512.00502]γ + 2j

Nov 2025

Run 2

EW

QCD

https://arxiv.org/abs/2512.00502


Search for deviations within the EFT framework at ATLAS and CMS

• Input measurements: 

•  using large-R jet  taggers 

•  operators (Warsaw + Éboli bases, 12+20 operators) 

• Fit to  (scalar sum of  of leptons + jets) to approximate 

WWW, WWZ, WZZ, ZZZ V

d = 6 + 8
ST pT mVVV

Electroweak sector: aQGC

27

  [CMS-PAS-SMP-24-017]VVV

Oct 2025

Run 2

https://cds.cern.ch/record/2946572/files/SMP-24-017-pas.pdf


Search for deviations within the EFT framework at ATLAS and CMS

Electroweak sector: aQGC

28

ATLAS DRAFT
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Figure 3: Contributions of the individual channels to the combination (top), expected and observed 68% and 95%
confidence level intervals from the combined fit (middle) and the probed energy scale for two illustrative values of
the Wilson coefficients (bottom). Unitarity is preserved by setting higher dimension operator contributions to zero
above a clipping threshold of 1.5 TeV. The energy scale of the observed unitarization cut-off as evaluated through a
clipping procedure is overlaid on the bottom panel. No unitarization cut-off is found for the 𝐿𝐿1 coefficient where the
experimental interval is always weaker than the unitarity constraint.

that maintains unitarity, are displayed in Table 2. These combined results improve upon the previous243

published confidence intervals on these Wilson coefficients by 17–96% depending on the coefficient. The244

improvements in the unitarized results are larger than for the results without unitarity, due to steep trend in245

the theoretical unitarity bounds as a function of clipping threshold seen in Figure 4, which favors sensitivity246

at low clipping threshold. In this regime more analyses have a non-negligible contribution to the combined247

results, which illustrates the merit of such a combination. The confidence intervals are competitive with248

existing results from CMS [21, 26, 33, 45–47].249

Results were investigated for pairs of Wilson coefficients that have an appreciable cross-term, while250

keeping the others set to zero. The size of cross-terms is highly correlated with the structure of the Éboli251

operator basis, with high-suppression between scalar, mixed, and tensor type families, and block-structure252

within each. For instance, the operators associated with the 𝐿𝑀0, 𝐿𝑀1, and 𝐿𝑀7 coefficients form a mostly253

orthogonal subset relative to the 𝐿𝑀2, 𝐿𝑀3, 𝐿𝑀4 and 𝐿𝑀5 in the mixed-type family. Two dimension254

exclusion contours at 68% and 95% confidence level for the 𝐿𝑀2, 𝐿𝑀3, 𝐿𝑀4, and 𝐿𝑀5 pairings can be255

seen in Figure 5, without clipping, alongside with the individual negative-log likelihood scans projections256

along each coefficient direction in the fit. Two dimensional results are obtained for each clipping threshold.257

Positivity bounds are shown where applicable, and reduce the constrained phase space drastically in such258
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Figure 2: Contributions of the individual channels to the combination (top), expected and observed 68% and 95%
confidence level intervals from the combined fit (middle) and the probed energy scale for two illustrative values of
the Wilson coefficients (bottom). No constraints from unitarity bounds are applied. The energy scale of the observed
unitarization cut-off as evaluated through a clipping procedure is overlaid on the bottom panel. No unitarization
cut-off is found for the 𝐿𝐿1 operator where the experimental interval is always weaker than the unitarity constraint.

thresholds of 0.7, 1, 1.5, 2 and 3 TeV, with the results for the 1.5 TeV clipping threshold shown in Figure 3.227

It can be seen that the combined intervals on the Wilson coefficients at the 1.5 TeV clipping threshold228

are approximately an order of magnitude wider than the non-unitarized intervals. The input channels229

most sensitive to the clipping threshold are the 𝑀𝑀−semileptonic and 𝑁 (𝑂𝑂)𝑃 𝑄 𝑄 channels, where the fitted230

observables have a large reach in energy. Consequently, it can be seen at the 1.5 TeV clipping threshold that231

the contribution to the interval of some coefficients is more distributed across the input channels, with the232

𝑅𝑁 𝑄 𝑄 channel providing a similar contribution to previously-dominant 𝑀𝑀−semileptonic and 𝑁 (𝑂𝑂)𝑃 𝑄 𝑄233

channels.234

Unitarized confidence intervals are chosen as the intersection between the interpolated confidence intervals235

as a function of clipping threshold and the theoretical unitarity bounds provided in Ref [37, 38]. The236

clipping threshold at the unitarized point is designated as the unitarization cut-off. Examples of the237

confidence intervals scans across clipping thresholds for the combined fit on the 𝐿𝐿02, 𝐿𝑀0, and 𝐿𝑁 0 Wilson238

coefficients are shown in Figure 4. Where applicable, positivity bounds from Ref [39] are shown. A239

unitarization cut-off is found in all cases except for the 𝐿𝐿1 coefficient, where the theory bound is tighter240

than the derived experimental interval at all clipping thresholds.241

The combined expected and observed unitarized confidence intervals, along with the energy threshold242
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 VBS +  [CERN-EP-2026-076]VVV

🆕

Run 2



Search for deviations within the EFT framework at ATLAS and CMS

VVV:  CMS-PAS-SMP-24-017

29



Search for deviations within the EFT framework at ATLAS and CMS 30



Search for deviations within the EFT framework at ATLAS and CMS

CMS H combination

31



Search for deviations within the EFT framework at ATLAS and CMS

4 angles (single top)

32



Search for deviations within the EFT framework at ATLAS and CMS

 charge asymmetry: tt̄ Ay

33



Search for deviations within the EFT framework at ATLAS and CMS

 charge asymmetry: tt̄ AE

34


