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Introduction

B UCLouvain

Motivation

* No indication of New Physics at the LHC

Hon on e TS e A\ A~O(TeV)
* Increase in luminosity w\o increase in collisions energy strongly
motivates indirect searches BSVV\

resonant

—

— increasing number of Higgs EFT measurements in CMS

Standard Model Effective Field Theory - SMEFT

In a nutshell, the new particles can be parameterised by an EFT where N;Vioakjgcsv
— the SM Lagrangian is supplemented by new operators and the theory has the same field content
General form violate B-L number

/s (6)
Loi = Loy + Y  —HO;7 +>°

2

0% +3°

where each Ol.(D Jis an SU(3) x SU(2) x U(1) invariant operator and cl.(D ) are called Wilson coefficients (WC) ( if c;=0— SM)and

A is the scale of the new physics (typically chosen as 1TeV). Heavy BSM states are integrated out.

= to parameterise observable effects - constraints of parameters = constraints on mass and couplings of new particles
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Higgs sector in the SMEFT W UCLouvain

- SMEFT introduces ~2500 CP-even operators at d=6 and ~37000 operators at d=8 ...
- A set of operators generally used by CMS and ATLAS experiments: Warsaw Basis [link

— a parameterisation framework within the SMEFT, tailored for studying Higgs anomalous couplings (AC)

— reduces the number of d=6 operators to 59, non-redundant

g —>——(
T 1 Iy W T J12%
CHW H'HW,,W WE—-—- H CHB H'H B, B ' Some relevant EFT
q —>———(q operators contributing to
q ——>—(q the Higgs production in
(. I puv Y F A Auv
CHWB H'THW,,B sz H CHG H'H G, G ' the SMEFT [link]
q —>———(q

- Observables: Effective fractional cross section

e.g. HVV scattering amplitude:

| K p +K p X * v X % v
AHVV) ~ |a; " + = (1 vv)22 2| m2 €hn€h, + ay fy(l) @ 4 g (1) Fr@m
Al

— convenient to measure the effective cross section ratios f rather than the

anomalous couplings themselves, as most uncertainties cancel in the ratio.
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https://cds.cern.ch/record/2743067

HVV constraints in H — WW final state B UCLouvain

Expanding the previous study into anomalous couplings (AC) within the same decay channel.

— Warsaw basis

— provide constraints on ACs at the HVV and Hgg vertices with dedicated categories targeting ggF, VBF, and VH

— MELA discriminant: Output nodes distinguish kinematics between SM and BSM scenarios, and identifying interference
between SM and BSM

— Two set of results with fixed or floating POI (parameter of interest) fitting
— [ 3 corresponds to the HVV vertex CMS PAS HIG-22-008

— Significant improvement in sensitivity/analysis coverage compared to full Run 1 analysis

, 6 CMS 138 fb' (13 TeV) CMS 138 fb™' (13 TeV)
Coupling Observed Expected ' °F
B —— Observed, fix others 1 ok
+1.43 1.37 - O
CHO _0-76_3.43 0'001-1.84 14: ------- Expected, fix others o — Observed
CHD —0.1 zjg-gg 0.00j8-§8 1ol i — Observed, float others F
. ' : 14\ Expected
------- E ted, float oth
cw  O08TE  0000F P
+0.88 +0.77 1t et I :
CHWB O°17_1,79 O°OO_0,96 c g T, c = - EERCL
+0.13 +0.11 qg Kk < -
. L +0.67 +0.48 - :
CHW 0.26_050 0.00_052 4_ 550 CL 0.6
) _ +1.37 +0.99 = -
CHWB 0547703 0002707 : oA
. +0.20 +0.15 2/ -
CHB _0.08_015 0.00—016 68% CL | 0.2 S N
IR B ' R T S O[L """""""""""" |

|
N
|
o
(@)
o
o
(@)
-
I
N
|
o
(@)
o
o
(&)
-

Oguz Guzel DIS2024: 31st International Workshop on Deep Inelastic Scattering, Grenoble, France


https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-008/index.html

H — 77 Analysis W UCLouvain

Several EFT vertices are targeted

— VBF production for HVV vertex = constrained using H — 77 decay in VBF production
— ggH production for Hgg vertex = constrained in combination of H — 7t and H — Z — 4/ (on shell)

— a combination of neural networks (to separate signal vs bkg) and MELA (to distinguish different signals) discriminants is used

— extracted effective fractional cross section Phys. Rev. D 108, 032013
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http://dx.doi.org/10.1103/PhysRevD.108.032013

H — 77 Analysis (2)

UCLouvain

with

Access to possible CP-violating effects in H couplings to fermions (Hff) in ggH production m
« HZZ
* ttH—vyy

c Ho1t
— combination improves limits on anomalous couplings by around 25%

— constraints on ¢,, and CP-odd ¢, , operators are performed

g8 g8
_ _ _ | L Phys. Rev. D 108, 032013
= pure CP-odd hypothesis for Higgs coupling to gluons excluded with a significance of 2.40
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EFT interpretation with STXS

STXS - Simplified Template Cross Sections [link]
maximise the sensitivity & minimize their theory

dependence — introduce kinematic regions which help

isolate BSM effects, subsequently serve as input for EFT
interpretations.

Gl-EFT — GZSM 4 Gimt 4+ GiBSM

™ - the leading term in the EFT expansion ( < 1/A?)

B - SM-independent term ( o 1/A%)

- a scaling function for each STXS bin 7, which

parameterises deviations in the cross section in
terms of the HEL parameters

'l UCLouvain
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¢, — H-V interaction, cp-odd

¢; — H-gluon interactions

¢, = H-up type quark

¢; — H-down type quarks

¢; = H-charged leptons

Cyw —H-V Iinteractions

Cyww — Cg —>H-V, cp-even
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https://e-publishing.cern.ch/index.php/CYRM/issue/view/32

EFT interpretation with STXS - CMS

CMS PAS HIG-19-005

'l UCLouvain

- Partial Run2 combination in STXS framework

35.9-137 b (13 TeV)

- Analyses included:
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EFT Interpretations in Double Higgs Analyses

HEFT: Multiple benchmark models of coupling strengths and modifiers across the dim-6

— maximum distinctions across different benchmarks HEFT benchmarks

'l UCLouvain
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— analyses performed by re- welghtlng signal samples to match each EFT benchmark
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https://link.springer.com/article/10.1007/JHEP07(2023)095

¥ UCLouvain

= Precision measurements are key to search for deviations from the SM

= CMS has several dedicated measurements for EFT effects in the Higgs sector of SMEFT with
- H - WW

- H - 17

and in HEFT with

— Double-Higgs analyses

= The STXS framework enables the exploration of EFT parameters across different Higgs production modes

— EFT effects are parametrised in STXS bins for dedicated sensitivity assuming zero modifications in background shapes or

normalisation resulting from EFT effects.

= CMS and ATLAS are actively collaborating to establish a unified framework encompassing both STXS and SMEFT parametrisation
within the LHC EFT Working Group, as discussed during the LHC EFT workshop in December 2022.
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Figure 218: Stage O bins.
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BACKUP - Higgs SMEFT W UCLouvain

Warsaw Basis [link]

Compact Muon Solenoid
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BACKUP - HEFT W UCL i
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