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Introduction

o This talk will focus mostly on the SMEFT
- First relevant operators at dimension-6

- Warsaw basis: 2499 operators, but reduced via flavour
assumptions

Lgpr = Loy + Z

Violates B-L

Lepton-number violating

O : operators = interaction terms at a given expansion order
C. : operators = Wilson coefficients, free parameters

e Why is the Higgs boson important for EFT?

- Interactions with vector bosons and fermions provide
unique sensitivity to wide set of operators

- Interpretation of single and double H measurements
- Important constraints when combined with other sectors
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4-fermion operators
(most flavour general case)

Operators involving bosonic fields
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What do we want?

o Strongest simultaneous sensitivity to all relevant Wilson coefficients
- Assume UV model leads to multiple ¢; # 0

o Example: In the "topU3l" flavour assumption (U(3), X U(3), X U(2)q X U2),X U(2),) reduced to 182 operators

- 0(40) directly involve Higgs field, but pp— (H—)ff/VV processes studied sensitive to other operators (4-fermion, TGCs)
- Need a sufficient set of observables (measuring inclusive rates not enough)

e Where to start?

- State-of-the-art single Higgs combinations of all available production & decay channels
- Analyses target "simplified template cross section" (STXS) fiducial cross sections (target specific prod. phase space)

1.2
| | [ | |
py [0,200] Py [200, oo] . = 0-jet || = 1-jet > 2-jet [ |
| Pr | qf - WH qqf — ZH gg — ZH
= 0-jet = 1-jet > 2 -jet m;; [0, 350] m;j [350 0] TO
Pt 300 s O O
0 0 . : : : :
my; | 0 350] mj; [350 ] 450 ; 0 200] pH [200 oo] 75— : L :
10 H mj; 60 mjj 150 | : : | : :
350 , ,
5 250 I ' [ '
0.15 > 350 | : : : :
1000 Hj, o 0 25ijjoo 1000 400 F-----#----md------ b cocotoscocg—cncad
1500 Pr/Pr ’ 1500 : : ; ;
w [ [ [ [
O-jet 1-jet > 2-jet O-jet 1-jet > 2-jet O-jet 1-jet > 2-jet
o0 HJJ

17/9/26 A. Gilbert (LLR) 3



Rep. Prog. Phys. 89 (2026) 087801

Interpretation via STXS

o Analyses aim to measure as many of these bins as possible
in each final state

o Unfolding from reco. to gen. performed in the makx. likelihood
fit = parameterize each bin with WC dependence

e Some details:

Use the topU31 flavour assumptions
43 (CMS) dim-6 operators (CP-even) considered
SMEFTsim for tree-level & propagator corrections

SMEFT@NLO for loop-level (ggF, gg—ZH), or analytic (H—yy)
Parameterisation factorised into prod. and decay parts:
» Some differences in linearisation wrt. ATLAS

o' Bf .
[ [U-IB]fS]I\::AFT = y;)rod(a‘) y}{artial(g) VH(E)_I

H H '
(1 + Z] A] C}' -+ Z]k BjijCk)

ul () =

- Possibility to consider "linear-only" fits (drop A4 terms), or
"linear + quadratic" (keeps terms up to A4)
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-018/index.html

Interpretation via STXS

e Visualize the effect of operators on each cross section
bin, and each B(H—XX)

e Some, eq. CHq® with clear energy growth

lllli‘1l1lﬁlﬁlgi

pr(V)T——>

o Others, pure normalisation:

[ 1 Lin + Ot

Linear

(*) Modified H propagator /
modified Fermi constant

ggF bins
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Interpretation via STXS

e Simultaneous fit of all WCs not possible = flat directions

- Multiple WCs (or sets of combinations) with same effect

- Minimum not uniquely defined

e CMS produces results w/ one non-zero Wilson coefficient at a time

o Constraints with and without the quadratic terms:

- Useful as test of EFT validity

- At A4 we miss effect of double dim-6 insertions (¥), dim8-SM

interference

- (*) Somewhat addressed for Higgs by prod x decay factorisation

e In general, good agreement with SM
- Exceptions: cxg3) - p-value of 0.01
- Caused by excess in high pr(V) bins
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Solution: basis rotation

o |dentify orthogonal directions in WC space using principle component analysis
- Requires calculation of Hessian matrix for profile likelihood in terms of WCs
- Built from STXS Hessian and translated using linear EFT parametrisation

- Keep only those EVs with A > X (here X =0.01 = uncertainty of O(10))
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EFT results in di-Higgs production

o HEFT: more general, weaker symmetry requirements
- Some UV theories map to HEFT but not SMEFT

- No assumption of a Higgs SU(2) doublet - rather single
h + Goldstones U

o Mostly of interest in di-Higgs searches:
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rather than H doublet: Feruglio 9301281, Grinstein, Trott 0704.1505, Buchalla,Cata 1203.6510,

Alonso et al 1212.3305, IB et al 1311.1823,1604.06801,

singlet h + Goldstones U Buchalla et al 1307.5017,1511.00988. ..

v+ h ic-T
H— 7 U, U=exp( y )

SMEFT expands around EW-symmetric point, HEFT expands around EW vacuum

A. Gilbert (LLR)
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EFT results in di-Higgs production Sy

e HH—bbtt with 172 fb-! Run 3 data, combined with Run 2
- Improved trigger strategy (21 + jet, parking)
- Dedicated DNN for VBF selection
- New DNN architecture

e Recent results from CMS

* Updated HH—4b search (Run 2 + partial Run 3)

- Most stringent constraints in 4b final state . . o .
. . - 20% improvement in sensitivity wrt lumi-scaled Run 2
- Simultaneous constraint of ky and Ky

- 30% improvement wrt Run 2
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* 1.8F CMS | g‘: <509 observed- 5:_ ¢ Standard Model s==-- 68% expected _:
- : q < 2.30 expected - 95% CL: - 95% expected
16 : . g <5.99 expected_]
145 -- ' osSM 0.02 < Kyy < 2.1
12 .
1‘_____\\_ _______ Z
0.8 7
0.6 7
O4F 5 1 95%CL:
0.2 | 4 -25<kn<94
obe vt v v v vt 0.02< K< 2.
5 0 5 10 15 S
K, -6 -4 -2 0 2 4 6 8 10 12 14
arXiv:2604.27044 CMS-PAS-HIG-25-008 2
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-25-008/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-24-010/index.html

Stepping outside of Higgs... CMS-PAS-SMP-25-002 —~

e Recent CMS combination of single and multi-boson production analyses that directly target EFT effects

o Relevant for the Higgs sector: All six operators probed also modify Higgs processes
- Clear motivation for larger. cross-sector combinations, e.g. see CMS Higgs, EW, top, QCD combination: EPJC 86 (2026) 331

EW production

Final states

VBS

77

Z i VVV (V=W,Z) 0L-6j 1L-4j 2L-2j 2L-4j

VBF

17/9/26
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-25-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-24-003/index.html

Stepping outside of Higgs...

o Recent CMS combination of single and multi-boson production analyses that directly target EFT effects

o Relevant for the Higgs sector: All six operators probed also modify Higgs processes
- Clear motivation for larger. cross-sector combinations (see first CMS and ATLAS results on these)

17/9/26

| J | J _1
CMS Preliminary 138 fb~' (13 TeV)
Lin. exp. 68% CL Quad. exp. 68% CL M OSWW . WWwW VBS WV B Lin. c=0.1 Bl Quad. c=0.1
=®= Lin. obs. 68% CL =@= Quad. obs. 68% CL SSWW M VBE-W = VBS 7V B Lin. c=1 B Quad. c=1
- Lin. obs. 95% CL =---- Quad. obs. 95% CL SSWW (1p,) M VBF-Z VVV Lin. C=(4’1T)2 Quad.c=(41T)2
- - - ol - - - - (x10) T
- - - (x10) - = ]
—-- (x0.1)
--+-.
--+.-!--
--*--
---------- e @t - - -
------- *—-----------
e - e — - - - (x0.01)
------ *------
------ ———-- - - - - (x0.1)
---------- *-----------
|III|III|III:III|III|III| IIIIIIII| IIIIIIII| IIIIIIII| I I |
-6 -4 -2 0 2 4 6 O 0.5 11072 1071 100 10
Wilson coefficient [TeV~2] fo N\ at 95% CL [TeV]
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Summary & outlook

o Excellent progress on exploiting EFT sensitivity in Higgs boson analyses
- Longer term goal: full H + HH combination exploiting both production and decay information
- Even longer term: merge with full combinations covering EW, top, QCD sectors

o We are generally not accounting for EFT effects in the background

- Most relevant for channels with backgrounds from MC: VH(bb), H>WW, H—=1T
- Mitigation: use of control regions to float MC norm (less often shape)
- Should really start doing this soon...

o Theory uncertainties in EFT predictions not yet incorporated

o Presentation of results:
- Useful if all analyses can present version results in same format
- 1-by-1 scans with both expected and observed 95% CL intervals should always be possible - good for benchmarking
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