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Anomalous gauge couplings of Higgs boson
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SM  Couplings due to New CP-even coupling/ New CP-odd

High-scale new physics  loop-induced (for Hgg)

Constraints on anomalous couplings (ACs) = bounds on EFT operator coefficients

Matrix element likelihood approach (MELA)

Construct discriminants sensitive to individual ACs
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Example topology:
VBF H production + H— yy decay
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Anomalous H-V couplings in H— yy final states
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https://indico.ijclab.in2p3.fr/event/11484/timetable/#227-analysis-methods-cms

< Event topology: H + 2 forward jets targeting H production via VBF & ggF “MS-PAS-HIG-24-004

Differential measurement of A(I)jj to probe anomalous H-V coupling

Signal extraction with adverserial deep neural network

— separating signal from background
— agnostic to physics model for signal

CMS Simulation Preliminary (13 TeV)
e
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< Event topology: H + 2 forward jets targeting H production via VBF & ggF “MS-PAS-HIG-24-004

Differential measurement of A(I)jj to probe anomalous H-V coupling

Signal extraction with adverserial deep neural network

— separating signal from background
— agnostic to physics model for signal
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Event topology: H + 2 forward jets targeting H production via VBF & ggF “MS-PAS-HIG-24-004

v Differential measurement of A(I)jj to probe anomalous H-V coupling

Signal extraction with adverserial deep neural network

— separating signal from background EFT operators modifying H-V coupling probed using D __ in 4 bins of ACDJ_J_
— agnostic to physics model for signal
-1
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Event topology: H + 2 forward jets targeting H production via VBF & ggF “MS-PAS-HIG-24-004

v Differential measurement of A(I)jj to probe anomalous H-V coupling More defails in

falk by B. Camaiani

Signal extraction with adverserial deep neural network

— separating signal from background EFT operators modifying H-V coupling probed using D __ in 4 bins of ACDJ_J_
— agnostic to physics model for signal
-1
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https://indico.ijclab.in2p3.fr/event/11484/timetable/#246-model-independent-differen

E‘Differential measurements in H-WW* + 2 jets: H-g coupling

. 1 M \ < Event topology: H + 2 forward jets targeting H production via VBF & ggF CMS-PAS-HIG-24-004
ii

A 4

Differential measurement of A(I)jj to probe anomalous H-g coupling More defails in

falk by B. Camaiani

Signal extraction with adverserial deep neural network  ppy operators modifying H-g coupling probed using 2D distribution of

- separating signal from background D .and D in 4 bins of A
— agnostic to physics model for signal

q q

CMS Simulation Preliminary (13 TeV) CMS Preliminary 138 fb~! (13 TeV)
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Anomalous Higgs to gluon couplings in H— yy final states

P . . . . . . . - — - -
q q Higgs-to-gluon coupling in production is probed in H+2 jets events CMS-PAS-HIG-24-006
g Physics Briefing
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-006/
https://indico.ijclab.in2p3.fr/event/11484/timetable/#225-cms-joker-talk
https://cms.cern/news/beyond-script-does-higgs-boson-improvise-its-interactions

Higgs coupling to fermions

Anomalous Higgs to top coupling

A(HEf) = —?xpf (+i

[

Ef'TS) s

CP-even

CP-odd

CP structure of t-H coupling is probed using ttH & tH measurements

e Combination performed across multiple analyses:
H-bb / H- WW*/tt (multilepton) / H— yy/H - ZZ* _ 4 lepton

e Pure CP-odd hypothesis excluded at ~30 by combined results
(50 expected)

Higgs Hunting 2025

Suman Chatterjee

CMS

JHEP 02 (2025) 097

138fb~1 (13 TeV)
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https://inspirehep.net/literature/2808025

STXS combination CMS-PAS-HIG-21-018

Combination of measurements in simplified template cross section (STXS) framework — interpreted in terms of SMEFT operators

Also see falk by W. Elmefenawee

Stage 1.2 (o] Stage 1.2 Y - o v aon
H ul 200 I | l l
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[ [ l [ l |
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-018/
https://indico.ijclab.in2p3.fr/event/11484/timetable/#196-higgs-boson-coupling-measu

STXS combination CMS-PAS-HIG-21-018

Combination of measurements in simplified template cross section (STXS) framework — interpreted in terms of SMEFT operators
Also see talk by W. EImetenawee

Constraints on 43 coefficients fitted individually (others set to SM values)

CMS Preliminary 138 fb~! (13 TeV)
T T T T T T T T T T T
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STXS combination CMS-PAS-HIG-21-018

Combination of measurements in simplified template cross section (STXS) framework — interpreted in terms of SMEFT operators
Also see talk by W. EImetenawee

Constraints on 43 coefficients fitted individually (others set to SM values)

CMS Preliminary 138 fb~! (13 TeV)
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STXS combination

CMS-PAS-HIG-21-018

Combination of measurements in simplified template cross section (STXS) framework — interpreted in terms of SMEFT operators

Constraints on 43 coefficients fitted individually (others set to SM values)
Principle component analysis (PCA) to probe multiple operators

Largest
discrepancy

CMS Preliminary 138 fb~' (13 TeV)
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BT

Probed scale A at 95% CL (TeV)

Linear combination of
Wilson coefficients
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CMS Preliminary
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Also see falk by W. Elmefenawee

~20 TeV
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STXS combination

Combination of measurements in simplified template cross section (STXS) framework — interpreted in terms of SMEFT operators
Also see falk by W. Elmefenawee

CMS-PAS-HIG-21-018

Constraints on 43 coefficients fitted individually (others set to SM values)
Principle component analysis (PCA) to probe multiple operators
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Higgs+Top+EWK+Multijet combination s 250402058

. . Analysis Type of measurement Observables used Experimental
Combination of performed across CMS measurements likelihood
. . H— vy Differential cross sections STXS bins [54] v
— Spanning a Var1Ety of processes Wry Fiducial differential cross sections  pJ x ¢ [33] v
. cpe e Z vy Fiducial differential cross sections p% v
Measurements provide complementary sensitivity to EFT operators WW Fiducial differential cross sections 11, v
tt Fiducial differential cross sections  m,; X
t(t)X Direct EFT Yields in regions of v/
interest
Inclusivejet  Fiducial differential cross sections  py' x || X
EWPO Pseudo-observables I, ol Ry R, Ry, X

Ag, Afs, Avy [36]
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-24-003/

Higgs+Top+EWK+Multijet combination

Combination of performed across CMS measurements

arXiv: 2504.02958

— spanning a variety of processes

Measurements provide complementary sensitivity to EFT operators

Analysis Type of measurement Observables used Experimental
likelihood
H— vy Differential cross sections STXS bins [54] v
Wey Fiducial differential cross sections  py x |¢¢| [33] v
Z —vv Fiducial differential cross sections p% v
WW Fiducial differential cross sections m,;, v
tt Fiducial differential cross sections  m,; X
t(t)X Direct EFT Yields in regions of v
interest
Inclusivejet  Fiducial differential cross sections  py' x || X

EWPO

Pseudo-observables

Iy, 00 Ry, R, Ry, X

Constraints on 64 coefficients fitted individually At Apg, Agp [36]

CMS Hybrid fit, 1-by-1 scans 36.3-138 b (13 TeV)

— T T T T
| Observed 95% CL ® Best fit | Linear | Linear+Quadratic

Expected 95% CL | Observed 68% GL

o
]

Fractional contribution f
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Fractional contribution f

Higgs+Top+EWK+Multijet combination

Combination of performed across CMS measurements
— spanning a variety of processes

Measurements provide complementary sensitivity to EFT operators

PCA to construct 43 eigen-vectors (EVs)
— Constraint on each EV reported while varying others

Constraints on 64 coefficients fitted individually

CMS

Hybrid fit, 1-by-1 scans

36.3-138 fb™ (13 TeV)

Expected 95% CL | Observed 68% GL

— T T T T
| Observed 95% CL ® Best fit | Linear | Linear+Quadratic
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Analysis Type of measurement Observables used Experimental
likelihood
H— vy Differential cross sections STXS bins [54] v
Wey Fiducial differential cross sections  py x |¢¢| [33] v
Z vy Fiducial differential cross sections p% v
WW Fiducial differential cross sections m,;, v
tt Fiducial differential cross sections  m,; X
t(t)X Direct EFT Yields in regions of v/
interest
Inclusivejet  Fiducial differential cross sections  py' x || X
EWPO Pseudo-observables Iy, 00 Ry, R, Ry, X
Ay, v, Apg 136]
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Compatibility with SM: p-value ~ 1.7% varying all EVs together
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A; at 95% CL (TeV)

Summary & Outlook

Complementary approaches to probe effective field theory effects in Higgs sector:
direct measurement targeting new operators/interactions and reinterpretation of cross section measurements

Combination performed between cross section measurements targeting several H production & decay with Run-2 data
— Power to probe a large number of EFT operators

Combination between Higgs, top, diboson, multijet measurements have already started arXiv: 2504.02958
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Complementary approaches to probe effective field theory effects in Higgs sector:
direct measurement targeting new operators/interactions and reinterpretation of cross section measurements

Combination performed between cross section measurements targeting several H production & decay with Run-2 data
— Power to probe a large number of EFT operators

Combination between Higgs, top, diboson, multijet measurements have already started arXiv: 2504.02958
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Precision era

ﬁgoégg @ LLHC Run 1: Higgs boson discovery era Run (1+)2, 3: Precision measurements of Higgs boson
INnclusive measurements Slmpllﬂed J(emplafe cross section (STXS) Differential distributions

(fiducial phase space)

LHCHWGFiducial AndSTXS ftwiki

CMS 138 1o (13 TeV) CMS 35.9 fb-1 (1 3 TeV)
e Observed []+1 sD (stat) E
C H
= +1 SD (stat ® syst) [l +1 SD (syst) Stage 1.2 C - Ac(p; > 600) / 250
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Granular measurements improve sensitivity to new physics effects away from bulk
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SMEFT analysis in V(- leptons) H( - bb) JHEP 03 (2025) 114

7 a 7 q W/Z . .
weeoa W ‘ / 3 final states 2 topologies
v ;
H 2
- q i 4 a
R v
Current operators Gauge coupling operators
4150 (13 TeV)
[2] o Tt T T T I T T T T 7 T
e Likelihood-free inference approach to construct optimal observables 5 [ CMS ¢ Data  [Z+bb
Li 2000 2-lepton (u) |:|Z+b |:|Z+C —
Brehmer, Cranmer, Louppe, Pavez (2018) [ SR (resolved) I Z+udsg [t

B VV+LF [l Singlet

[]VV+HF [ ggzZH
w2Unc.  — SM VH (x20)

Likelihood ratio between two EFT hypotheses — learned by regressing on joint likelihood ratio 1500 §

p(il‘:‘gl) _ I)(EB,Z|91) _ p(‘.’B|Z)}’)(Z|91) _ p(z‘gl) 1000:
o(60) Bl 2161.60) = 0 2160) ~ plalx)p(zl60)  p(z18y) -

R(ﬂﬁ‘ﬂl, 9{]) =

500

z — observable @parton level

plx|8) = ]p(:r:|z)p(z|9)d.z x — observable @detector level

e Boosted information tree (BIT) SC, N. Frohner, L. Lechner, R. Schoefbeck, D. Schwarz (2021) =
@)
Using decision trees to regress on learn likelihood ratio terms .
score
D) 21 ) 1
R(x]0,.0¢) = 1+ (61 — 00)aFa(@) + 501 = 00)a (01 — 00)sLap(x) Binned template used for signal extraction

— optimized to extract 6 Wilson coefficients simultaneously
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https://inspirehep.net/literature/2852160

SMEFT analysis in V(- leptons) H( - bb): Results

e 1- & 2-dimensional constraints reported on Wilson coefficients in Warsaw basis JHEP 03 (2025) 114
M 2
o ~ |MsmgFT|
C (32 C;C
) i i il 2 ij
~ [(Magn|” + E —52Re(Mgy M) + 5 —5|Me;|" + E : E g Mg i Mg AN=1TeV
‘A i\ il—jj>i A
13810 (13 TeV)
p-value = 73% p-value = 84% ' CMS '
L 1 47
\j i
138 fb~! (13 TeV) 138 fb~! (13 Tev) L -6
CMS Linear SMEFT CMS Quadratic SMEFT N L N
e Best profiled fit —— q < 1 (profiled) q < 4 (profiled) e Best profiled fit —— g < 1 (profiled) q < 4 (profiled) i 05
e Best frozen fit — q < 1 (frozen) ---- q < 4 (frozen) e Best frozen fit — q < 1 (frozen) ---- q < 4 (frozen) N 0 F 4
[aV} —
| gq<1l q<4 q<1 q<4 RO
C’(_Ilq) [x2] S m————— i___ [-0.45,-0.059]  [-0.67,0.13] CI(-Ilq) [x5] C——— [-0.068,-0.028]U[0.0085,0.074]  [-0.093,0.095] i 3
_05 [
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T S R USRS S AR,
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2
77 U7 (o 2 - o>
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Combination of measurements in simplified template cross section (STXS) framework
— interpreted in terms of SMEFT operator coefficients

STXS combination

CMS Preliminary 138 fb=! (13 TeV)
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SMEFT parameterization in STXS bins for both H production & decay
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STXS combination: EFT interpretation (2) cuseastic2i-ois

Principle component analysis (PCA) performed
for probing multiple operators together — 17 eigen-vectors (EV's) constructed

EVs — linear combinations of Wilson coefficients

CMS Preliminary

138 fb~' (13 TeV)
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Good compatibility with SM: p-value ~ 11% varying all EVs together
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CMS Preliminary

138 b1 (13 TeV)
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Differential combination: EFT interpretation e 2504.1308]

Differential distributions in fiducial phase space combined across H decay modes Principle component analysis
— Reinterpreted in SMEFT framework — 10 eigen-vectors (EVs) from 31 Wilson coefficients

CMS 138 fb~1 (13 TeV)
«  Exp. Combination best fit B CMS 138 fb~! (1 3 TeV)
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Anomalous Higgs to gluon couplings @

EurPhys.J.C 84 (2024) 8, 779
Higgs-to-gluon coupling is probed in H+2jets events
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CP-odd cross section fraction: =-0.034 [+ 0.38 - 0.72 @ 68% CL] pooH
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Anomalous H-V couplings: CP-even
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Phys.Rev.D 108 (2023) 3, 032013 EurPhys.J.C 84 (2024) 8, 779
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Interference effects are significant for a,
e Strong constraints on CP-even anomalous Higgs to electroweak vector boson couplings
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Anomalous H-V couplings: CP-odd @
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e Strong constraints on CP-odd anomalous Higgs to electroweak vector boson couplings
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Higgs basis
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Warsaw basis

Anomalous H-V couplings with H-Z7Z* decay mode

Phys.Rev.D 104 (2021) 5, 052004

Channels Coupling Observed Expected
CHD 0.0475%  0.0070%3
CHD —0.737957  0.007;%
CHW 0.017975  0.007)5
VBF & VH &H — 4¢  cHws  0017g75  0.00705
CHB 0.007002  0.00790%
caw  —0.23%% 0007
CHWB —0.257%  0.0077%
cup  —0.06757,  0.00755;
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-009/

Approach 2:
Use SU(2)xU(]) symmetry
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Compatibility with SM: p-value ~ 91% (while floating all anomalous couplings together)

Anomalous H-V couplings with H-WW* decay mode

EurPhys.J.C 84 (2024) 8, 779
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Constraints translated to SMEFT operator coefficients (including CP-odd operators) in Higgs & Warsaw bases
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Anomalous H-V couplings with H-WW* decay mode

Constraints translated to SMEFT operator coefficients

Higgs basis
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Inclusive jets in combination
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