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Introduction

Several open questions in particle physics call for a deeper
understanding of the Higgs boson (H) nature 607, 41-47 (2022)

Dark
matter Asymmetry of matter vs Hierarchy
antimatter in the universe of fermion
masses

> Test compatibility with SM

o Mass, decay width, CP structure, production XS and decay BR
o Search for rare H (and HH) processes

> H coupling to fermions and vector bosons

> Probe properties of the H potential from H self-coupling

More data — Smaller uncertainties — Sensitivity to more subtle BSM effects


https://doi.org/10.1038/s41586-022-04899-4
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In this talk mostly focus on a selection of new results wrt
Moriond24

Full list of references in backup

> Test compatibility with SM

O ||V|ass, decay width,|CP structure, production XS and decay BR
o Search for rare H (and HH) processes

> |H coupling to fermions and vector bosons

> Probe properties of the H potential from|H self-coupling

More data — Smaller uncertainties — Sensitivity to more subtle BSM effects



Mass measurement

e Crucial input for global electroweak fit epy c7s. 675 (2018)

e H width through interferometry in H—yy channel pr. 111, 111802

e Universe meta(stability) phys. Rep.. 179 (1989)
ATLAS+CMS Run 1 comb of H—4l and yy: m = 125.09 £ 0.24 GeV

Measurements with H—4l in CMS Measurements in ATLAS
cMS arXiv:2409.13663 PRL 131, 251802
Run 2' 138 fb‘1 (1 3 Tev) _ TOtaI Stat Only T I T T T T I T T T T I T T T T | T T T T | T T T T | T
Run 1: 5.1 fo' (7 TeV) + 19.7 o' (8 TeV) S | ATLAS e+ Total Stat. only | Combination
ota (Stat On y) Run 1: /s =7-8 TeV, 25 fo-!, Run2: \/s =13 TeV, 140 fb~!
. — 124.90 77,7 (1) GeV Total (Stat. only)

5 oae Run1H — 7y F——e——1 126.02+0.51 (+ 0.43) GeV
de = 124.705 51 (4 ;) GeV Run1H — 40 e 124.51 + 0.52 (+ 0.52) GeV
2e2u —— 125.50 % (1)27) GeV Run2 H — 7y e 125.17 + 0.14 (+ 0.11) GeV
oo 125,200 (027 Gy Run2 H 4/ ——i 124.99 + 0.19 (+ 0.18) GeV

e —— .

. _“ _______ _I_ _____ 027 Loz’ T | Run 142 H — v o1 125.22 + 0.14 (+ 0.11) GeV
Run 2 fos 125.04 70,7 (1)) GeV Run 142 H — 4¢ — 124.94 + 0.18 (+ 0.17) GeV
Hiin 125.60 046 (,,0_43) GeV Run 1 Combined l—I—O—-I 125.38 + 0.41 (+ 0.37) GeV

2T o Run 2 Combined |—o|—| 125.10 + 0.11 ( 0.09) GeV

+0.12 ,+0.10
Run 1 + Run 2 Wi 125.087,;, (,,) GeV Run 1+2 Combined (. 125.11 + 0.11 (+ 0.09) GeV
1 | 1 1 L | 1 1 1 | 1 1 1 | 1 1 1 I 1 I 1 1 1 1 I 1 1 L 1 IJ_L 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1
122 124 126 128 130 123 124 125 126 127 128
m,, (GeV) my [GeV]

Run 1 + 2016 H—yy+41{125.38 + 0.14 GeV
PLB 805 (2020) 135425

Still statistically limited! | g4



https://doi.org/10.1140/epjc/s10052-018-6131-3
https://doi.org/10.1103/PhysRevLett.111.111802
https://doi.org/10.1016/0370-1573(89)90061-6
https://doi.org/10.1103/PhysRevLett.131.251802
http://dx.doi.org/10.1016/j.physletb.2020.135425
http://arxiv.org/abs/arXiv:2409.13663

Higgs boson width measurement

e InSM, Hwidth I, =4.1 MeV
o Deviations from SM — sign of BSM physics e.g. BSM H decays

e [, measurement from H—yy or H—4l mass peaks limited
by detector resolution

e Constraints on [', possible from off-shell H production

PRD 88 054024 Distribution of 4] mass for
H couplings for signal event candidates
4 3 production and decay CMS 138 o™ (13 TeV)
O pp—H—ZZ 8hge8Hz2 O T T T T Untagged
dM2 (M2 | m2)2 4 mar2 | Leading term 4 Data
, for on-shell 80 - WEWS +b+i]
Leading term for M,>>m = J[ 9gs +b+i
2 60 qabkg -
2 ﬂ WZ+X
5 b | arXivi2409.13663 -
o | o ~T In ATLAS, constraints on I, also
off-shell” ~on-shell H from 4top production . e |
PLB 861(2025)139277 N

220 350 480 610 740 870 1000 5
m,, (GeV)


https://doi.org/10.1103/PhysRevD.88.054024
http://arxiv.org/abs/arXiv:2409.13663
https://www.sciencedirect.com/science/article/pii/S0370269325000371

arxiv:2412.01548

H offshell with neural simulation-based inference New

e Problem: customary fit to binned neural-network (NN)

output score suboptimal for p

offshell

o Signal rate vs p_. . . nonlinear because of interference with bkg

e Event-by-event approximation of probability density ratios

with NN — used to build test statistics

Events / 0.005

Data / Ex
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g 15F
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NN output for y ., = 0.3

~ ATLAS -
Vs=13TeV, 140107 | gg:(sz i
— I Other Backgrounds — —
B qq- H* -5)Z2Z+2]
— Exp. (1=0.3)
¢ Data
©22 Uncertainty

0.96 0.98 1.00 1.02
p(x|u=0.3, &)/p(x|u =1.0,q)

> Optimal observable
for any value of y

offshell


https://arxiv.org/abs/2412.01548

H offshell and width measurement

Test statistics vs p ., ., comparing NN-based
inference to “customary” histogram based approach

- ATLAS
N \/§=13TeV,140fb‘1

4¢ only

s

arxiv:2412.01548

||||||||||||||||

—— Obs NSBI
-—-- Exp NSBI
—-= Obs Histogram
--—- Exp Histogram

M off-shell

> Significant improvement wrt
histogram-based approach

Evidence for off-shell H
production at 3.7(2.4)o
obs(exp)

obs(exp)|l', =4.3 +2.7/-1.9

(4.1 +3.5/-3.4) MeV

e From CMS

M, =4.5+3.3/-2.5 MeV

and evidence for

off-shell H production at 3.8(2.4)c obs(exp) arxiv:2409.13663
o Multi-dimensional histo-based approach w/ optimal observables

14


http://arxiv.org/abs/arXiv:2409.13663
https://arxiv.org/abs/2412.01548

® fermionic coupling

H couplings to fermions & vector bosons  ,osonic coupling

VBF

g

Main H production
mechanisms at LHC ‘

Main H decay H
channels at LHC - <

Mass of H(uu) candidates
after bkg subtraction Mass of H(yy) candidates Mass of H(4{) candidates

VH W Z+jets, tt ]
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T T T T T T T
aF 1 . — ‘ . . _ oo T T T
i t Data 1 2500 4 Data ATLAS 3 - ATLAS ¢ Data .
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CMS-PAS-HIG-21-018

Combination CMS Higgs boson measurements NEw

e Combination of H production & decays ch’s to reduce

uncertainties & utilize their complementarity

o All measurements utilizing full Run 2 dataset — 138 fb"
Relative SM H

production XS’s

Input analyses

:

ggH

T
R

T
!

=
=

Z

:

H—bb: itH VH Resolved VBF

bb
Boosted ggF+VBF SM H decay
Hotr branching ratios
ttH — leptons
H—py %‘- ™

‘ cc + NEW CMS combination of

H—invisible rr differential H XS measurements
Offshell H—4l - —see J. Langford talk 9
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https://doi.org/10.48550/arXiv.2206.09466
https://doi.org/10.48550/arXiv.2204.12945
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http://dx.doi.org/10.1103/PhysRevD.109.092011
http://dx.doi.org/10.1007/JHEP01(2024)173
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H cross sections and couplings

CMS-PAS-HIG-21-018

p=1.017388 bagn =098

pyver =0.87:31% pwn=1.51:93%

p-value for SM = 3%

pzn=1.363%

M = 0932317

Syst. and stat. uncertainties at same

level for most of the channels

Coupling modifiers k to quantify couplings . 5 e . P
deviations from SM predictions 7ilR) = ki -0} Fi(R) = Fj - T;
CMS Preliminary f 138 fb~! (13 TeV) CMS preliminary \ 138 fo~' (13 TeV)
> LI | 1 T (A I | P 9% B B A | | T T | B LB R I] T
o Observed SM expected & |> 1 00 Er L E
— 68% CL (stat @ syst) l 68% ch (syst-only) > f My = 125.38 GeV
my = 125.38 GeV " ¥ o - (systony X E paii=042
Psm = 0.03  (per-procucton-times cecay mode) B p:68%CL (stat@syst)  mm p':68% CL (stat & syst) '
1 _
" 1.12:088 1.06:012 1‘;?5133: i_{ms“gi; H 1.20:98 B 10 3 E
El>
L
+0.11 +0.13 +052 +2.64 +4.66
' 1.03:211 1.03:313 oc 0.38:032 :2’ i i?o-n ] { 7'31-767'?;‘ [ x 10_2 = O Observed E
= 68% CL (stat & syst)
0.99+0.08 0.92:011 082102 238073 1.88°074 — 95% CL (stat @ syst)
k -0.09 k -0 -023 0:'1»-059 0_1 -0 65 _3 = SM prediction
10 §_ M B Vector bosons _:
0.84'318 | os13E 0.86'3 17 1.4008 1889 A+ w5 generation fermions
H |”°’*‘| |‘ X O o | 2™ generation fermions |
1] Iy _23“53 16,5033_1 " h t1rz 1.5 ™ T T — 1. 1. T =]
= [ i
T ™ T ™T | = N
11551 04038 vasge [T [T T 7T TTTT o N IL : ” .
Ho— f— Ommt—]| 0 2! 4 6 g *c')' 1.0 ‘ i 1.0 i
| 1 | Ll | [ 7 | e - 4 B -1
245719 3.61+142 336310 P b X (< © i’ E
o} o SCHSOSACSIS - 0.9l |
o L | . ' L I III L 05_11 L Ll L Lol l.llllll L
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Particle mass (GeV)

> Precision better than

10% for most of the
considered couplings 10



H-charm Yukawa coupling

e Crucial to constrain Yukawa couplings to 2" gen. quarks

e Direct constraints from H—cc searches

o Combined bb/cc theoretically well-motivated, similar analysis,
X-contaminations
o Re-analysis of Run 2 data with improvements in jet-tagging, event
classification, and MVA strategy
2D likelihood scan of (Y., M)

(o ATLAS analysis targeting both VH—bb and cC arxiv:2410.19611
z
Z

I2_\‘|vs‘ ||||||||||||||||| T3

< z{:3:‘3{1630;40@% > Obs(exp) upper limit on y__at 95% CL: 11.5(10.6)
: o 3x better than previous analysis
o In CMS VH—cc analysis 14(7.6) PRL 131 06180

> Significance for ZH—bb and WH—Dbb: 4.90 and

bb cc
c —Ob erved 68% CL (MVHv w=0.92,1.0) 4 5 3
-20F ... Expected 68% CL E - 0
_2531.m...l...l..xl..,l.ulm
0.4 0.6 0.8 1 152 1.4 1.6

bb
l/"VH

10F
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https://arxiv.org/abs/2410.19611
http://dx.doi.org/10.1103/PhysRevLett.131.061801

JHEP 03 (2025) 114

VH—Dbb to constrain EFT operators

e BSM phenomenology at energy scale Ain the limit E<KA

Wilson coefficients
SMEFT ) 6 —

i Lovprr = Loy + ), —— 05, + E — g
lagrangian PAY PA2 TP —_ ilson operators

e CMS VH—Dbb analysis targeting leptonic V decays
o Main bkg from tt and V+jets
o H-—Dbb reconstruction in merged- and resolved-jet final states

e BDT regressions to construct likelihood ratio R(x|¢c) from

reco-level quantities x
o Optimal observable for a given Wilson coefficients hypothesis ¢

e Fix c=c"and use R(x|c*) as variable for signal extraction

from binned fit

o c* optimized to provide best sensitivity to simultaneous
measurements of all Wilson coefficients 12


https://doi.org/10.1007/JHEP03%282025%29114

JHEP 03 (2025) 114
VH—Dbb results NEW

Constraints on each Wilson coefficient either
freezing or profiling all the other ones

138 fb~1 (13 TeV)

CMS Linear SMEFT
e Best profiled fit — q < 1 (profiled) q < 4 (profiled)
e Best frozen fit — q < 1 (frozen) ---- q < 4 (frozen)
i qg<l1 q<i4
C:‘(":tl) [x2] ———— [-0.448,-0.059]  [-0.668,0.130]
C,(_I3q) [x10] —_— [-0.069,0.002]  [-0.105,0.039]
Chu | [x2] s o mmnissned [-0.269,0.073]  [-0.430,0.272]
Cug | [x1] e S — [-0.650,0.354]  [-1.263,0.800]
Llneal’ Comb Of gZZZ [x0.5] S e — [-0.073,1.673]  [-0.947,2.547]
zz — : :
CHB’ CHW’ CHWB gz [x0.1] e ——— [-1.562,5.293]  [-5.077,8.983]
1 1I O 1 1 1 1 0 1 1 1 1 1I0 1

Wilson coefficient value

> All coefficients compatible with zero within uncertainties

> No large deteriorations of constraints when profiling other
Wilson coefficients 13


https://doi.org/10.1007/JHEP03%282025%29114

H self-coupling

In SM trilinear and quartic H self-interactions
| .; A, and A, connected to

properties of Higgs potential
o~ A ......................... O~ A

Ty 3
" ) | " Cosmological evolution of
Strongest constraints from double-H (HH) the Universe, baryogenesis
and triple-H searches ew phase transition

HH branching ratio map PN
" l suH-xxyy) ] ® HH searches in Run 2 statistically

E 107

il combined to enhance sensitivity to

WW 8 cms

1072

_ @ @ @ Oatlas Signal PRL 133 (2024) 101801 CMS-PAS-HIG-20-011
_ @ O O 10° o All most sen.sitive decay ch’s

b o o ggF production, and for some ch’s
Yy ®|® |® IO. . VBF and VHH

rarer 1 4


https://link.aps.org/doi/10.1103/PhysRevLett.133.101801
https://cds.cern.ch/record/2917252

Constraints on H self-coupling

& Likelihood scan of k, = M/A
< A SM
< 8_ T T I T T T T I T T T T I T T T T I T _I T
= - ATLAS —— Combined —— bl.?y\{
o 7 B —— Multilepton —— bbbb _]
I 'FVs=13 T_eV,l126—140 fort bbit + EPss —— bbT*T- ]
- HH combination ]
6 All other k fixed to SM —— Obs.: 95% CL[-1.2,7.2]
EPRL 133 (2024) 101801 === Exp. (SM): 95% CL [-1.6,7.2] 5
Sl
4
3
2
1=
o

NEW constraints on k, from
single-H measurements in
CMS-PAS-HIG-21-018

CMS-PAS-HIG-20-011 y
CMS HH combination (\\pp

7 _— obs 95% CL[-1.4, 6.4]

exp 95% CL [-2.3, 8.0]

e Constraints on k, under more general assumptions from
combination of HH searches and single-H measurements

ATLAS 95% CL intervals

' PLB 861 (2025) 139210 Best fit «, value +1c 20 interval
Hypothesis Expected Observed Expected Observed PLB 843 (2023) 137745
Other couplings fixed to the SM prediction 1.0775 31130 [-20,77] [-12,75]—[-1.9,7.6] [-0.4,6.3]
Floating (icy, Koy, K 7) 1.0717 4505 [-22,78] [-1.7,7.7]
Floating (kv ;, &, k) 1.0715 47007 [-2.3,77] [-14,78]—[-2.2,7.7] [-1.4,6.1]
Floating (ity, Koy, K¢, Ky, Kz, ) .08 47437 [-23,7.8] [-14,7.8] 15



https://www.sciencedirect.com/science/article/pii/S0370269323000795?via=ihub
https://cds.cern.ch/record/2917252
https://link.aps.org/doi/10.1103/PhysRevLett.133.101801
http://dx.doi.org/10.1016/j.physletb.2024.139210

H couplings - perspectives for HL-LHC

Expected 68% CL uncertainty

on coupling modifiers
Vs = 14 TeV, 3000 fb' per experiment

Total ATLAS and CMS

Statistical HL-LHC Projection

—— Experimental
—tce Theory Uncertainty [%]
2 4 Tot Stat Exp Th
Ky B 3 1.8 08 1.0 13
CERN YR 7 (2019)

Ky =E— ! 1.7 08 0.7 13
Kz = 15 0.7 06 1.2
KQ EJ 25 09 08 21
KB | 34 09 11 34
Ky, == | 47 18 13 32
K = 1.9 09 08 15
Ky [— ] 43 38 10 17
Kzy 4 |08 72 17 64

0 002 004 006 008 0.1 0.2 0.14
Expected uncertainty

Uncertainties ~ few percent

Limited by theory uncertainties

68% CI for K,

w

25

1.5

0.5

68% CL interval on kA vs
integrated luminosity

T T 1 T 3

- ATLAS Preliminary
[ VS=14TeV

- HH combination
- All other k fixed to SM

—— Baseline
—— No syst. unc.

T T I T T T ]
—— Run 2syst.unc. |
Theo. unc. halved ]

125

/ B
Col e b b e L ’0
1000 1500 2000 2500 3000

Integrated Luminosity [fo~']

At 3 ab™' 40-50% uncertainty on
k, — naively ~30-35% from
CMS+ATLAS comb

Sensitivity to ew phase
transition models pro 94 075008 (2016)
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https://doi.org/10.1103/PhysRevD.94.075008
http://dx.doi.org/10.23731/CYRM-2019-007.221
http://cds.cern.ch/record/2925675

Fabio Monti - CERN

Summary

e H measurements are fundamental extensive tests of SM

e Combination of H measurements with CMS Run 2 data
o Precision better than 10% for most of the considered couplings

e In H offshell measurement and VH—bb EFT analysis novel

machine learning approaches for statistical inference
o Optimal observable for nontrivial physics processes

e New constraints on k, from di-Higgs combinations
o -1.2<k,<7.2(CMS)and -1.4 <k, <6.4 (ATLAS) at 95% CL
o At HL-LHC, ~30-35% precision on k, from CMS+ATLAS comb

Rich and extensive Higgs physics program with exciting

future perspectives 17
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References to new results presented in the talk

e H width

o Offshell H measurement in H—4l in ATLAS aniv:2412.01548

e H couplings
o CMS combination of STXS H measurements cus-ras-Hic-21-018

o Combined VH—cc and bb analysis in ATLAS aniv:2410.19611
o Combined VH—bb EFT analysis in CMS utep 03 (2025) 114

e di-Higgs
o Combination of HH searches in CMS cus-pas-Hic-20-011
o Combination of HH searches in ATLAS prL 133 (2024) 101801
o HL-LHC projections of ATLAS HH combination ar.-prys-pus-2025-004

19
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ATLAS: JHEP02(2025)045
CMS: arxiv:2503.08797

H+charm associated production

e Signal topology: 2 photons + a charm jet
o Thorough studies for accurate signal simulation—flavour-scheme

e |eading bkg from continuum yy+jets
+ Resonant bkg from H + light-flavour or b- jets
+ H + c-jet components independent fromy_

1 138 fb" (13TeV)

||||||||||||||||||| 7

Gy . swmina | ® C-j€t tagging crucial to separate

o - signal from main bkgs

1077¢ o Challenge: soft jet p in signal

Fraction of Events

e Signal from fit to H—yy mass

O From ATLAS, obs(exp) significance for

- ] inclusive H+c signal 1.7(1.0)o
107~z 04 06 08 1 o From CMS, [kc|< 38.1 (|kc|< 72.5)

CvsL score (DeepFlavour)

o i
10-2} T Yy

20


https://doi.org/10.1007/JHEP02(2025)045
http://arxiv.org/abs/arXiv:2503.08797

CMS-PAS-HIG-21-018

H couplings under more general assumptions

e Assuming ggH, Hyy, and HZy effective couplings and
accounting for invisible and undetected H decays

CMS Preliminary s 13tev) > 1St time offshell H measurement
m e 2 et in combination
T 3 s o Alleviate |k | < 1 constraint
— o
b = Z without bounds on I",,,
Kz ot Iy ki |— / each k can be scaled up
Ky =1 Thovu 1 — (Bigw +Bundet) €Qually to account for a
K g ' non-zero B ..
b T P unde
. =i > p-value SM = 18-35%
) ,,
= depending on assumptions
hy = | > Invisible and undetectable BR’s
Zy ' -
Biov ot compatible with SM
B“”det;.—le—],,,,|,.,.1.1,.1.1.l|,..l|,,1.1.1., ©) SM |nV|S|b|e BR(H—)ZZ—)4V)zO1
0.00 025 050 0.75 1.00 125 150 1.75 2.00 21
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Higgs boson width - results

Likelihood scan of FH

CMS 138 fo~! (13 TeV)
Ll T T )
| —— 40 on- and off-shell + 2¢ 2v off-shell
18}
| --- Expected
15 4% on- and off-shell
- 1
C 12} --- Expected .
g 9l arXiv:2409.13663 ,Lj
I A
6 // ]
_95%CL ]
3 ///:z’, N
o T
0 2 4 6 10 12

e I, =3.0+2.0/-1.5MeV

e Evidence for off-shell H
production at 3.80

-2In(\)

Likelihood scan of I /I" M

_IIII|II\I|IIIIIIIIIIII‘IIIIlIIIIIlII

C — - Obs-Stat. only
C ATLAS —— Obs-Sys
- On + Off-shell combined — - Exp-Stat. only
- 13 TeV, 139 fb™ — Exp-Sys

C i +0.6 8
[ Obs-Stat. only: 1.1° . 9

Exp-Stat. only: 1.0 fg
[~ Obs-Sys: 1107

Exp-Sys: 1.0° 0%

PLB 2023 138223

_l'_l r_flj_r 1—rl T

o I, =45+3.3/-2.5MeV

e FEvidence for off-shell H

production at 3.30
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H-charm Yukawa coupling

e Crucial to constrain Yukawa couplings to 2" gen. quarks
o BSM models predicting sizable deviations from SM arxiv:2410.05236

Direct H— cc searches
All main H production modes

——————————————————————————————

NEW VH-—cc results in next slides
NEW ttH—cc in S. Wuchter talk

Search for H+charm
associated production
e H NEW

/

’/ ATLAS: JHEP02(2025)045

CMS: arxiv:2503.08797

T

Indirect constraints

H kinematic H+y production
CMS: PLB 792(2019)369 CMS: arXiv:2502.05665
ATLAS? NEW

Search for rare H decays

CMS: arxiv:2410.18289
ATLAS(full run2?): PLB
786(2018)134
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https://doi.org/10.1016/j.physletb.2018.09.024
https://doi.org/10.1016/j.physletb.2018.09.024
https://doi.org/10.1007/JHEP02(2025)045
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VH—cc searches (and VH—bb measurements)

e Target leptonic V decays — efficient online selections &

QCD bkg suppression

o Main bkg from tt, V+jets, and VV events
o NEW all-hadronic VH—bb HiG-23-012 PRL132131802

e Complementary H—cc reconstruction techniques

Merged-jet at high p(H): better

Resolved-jet at low p_(H): y _ _
# : w  S/B, better exploit correlations
larger signal acceptance
/ between H decay products
/\/‘

NEW
e ATLAS analysis targeting both H—bb and cc amiv:2410.19611

o Theoretically well-motivated, similar analysis, x-contaminations
o Re-analysis of Run 2 data with improvements in jet-tagging, event
classification, and MVA strategy 24
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VH—cc (and bb) results

2D likelihood scan of (W, ., M)

PP S e A L L B B LA o

% 200 %T:ﬁ‘gTe_V’ ot ADV:241019611 4 > ZH—bb obs(exp) significance of
1ol VHH= bb/C'C E 4.9(5.6)0
‘Z: \’ 1 > WH-—bb observation with obs(exp)
£ E significance of 5.3(5.5)

: 7 > Obs(exp) upper limit on VH—cc at
~10- E 95% CL of 11.5(10.6)

- —— Observed 95% CL o SM
- ...« Expected 95% CL + Observed best fit

- Observed 8% CL (15, 1%0)=(0.92,1.0) o 3x better than previous analysis

- Expected 68% CL .
:I I 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 L 1 | l:

257654 06 08 1 12 14 46

bb
uVH

e CMS VH—cc analysis set obs(exp) upper limit on VH—cc
at 95% CL of 14(7.6) prL 131 06180
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arXiv:2502.05665

H couplings to light quarks from H+y measurement

(~) /E_v) H
C _______
*/Z /7 <y i Kq
q “H  g—1"g q

Sensitivity to HZy and Hyy effective Untagged categories to
couplings + H couplings to light quarks enhance sensitivity to kq

e Target H—bb and H—4l decay channels

Parameter Scenario Observed Expected

68% CL 95% CL 68% CL 95% CL
%, floatall  (0.0+1.5) x10° [-24,24] x10° (0.0+1.8) x 10° [-2.6,2.6] x 10°
K, fix others (0.0+14) x 103 [-23,23] x10> (0.0+1.6) x10* [-25,2.5] x 103
Kq floatall  (0.0+£7.1) x 10> [-1.0,1.0] x 10> (0.04+7.4) x 10> [-1.0,1.0] x 10?
Kq fix others (1.5730) x 102 [-9.7,9.7] x 10> (0.0 £6.5) x 10> [-9.7,9.7] x 10?
Ky floatall 013 [—46,44] 133 [—44,42]
Ky fix others 117} [—44,42] s [—41,40]
K, float all o.ojg;g [—4.0,3.4] 102 [—3.8,3.2]
K. fix others 1.47}7 [—4.0,3.5] (8 [—3.8,3.2]
IBM (MeV) floatall — 0.0107 <1.6 007 <14 26
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H self-couplings INSM A =m, 2/ 22 with v

: ) e H vacuum exp. value
e HH production XS’s sensitive om exp

at LO to the Higgs trilinear

....................... ¥ ~Av » ~A
coupling A
ggF production (ggHH) diagrams at LO
_____________________ L{Aﬁ.ff/\/ASM e k -dependent NLO
electroweak corrections to H
g 10T EAMPOTARE: XS and BR
s [olpp — HH)+X) I L
g 10° (=13 Tev —a' o Modification of total and
differential H XS’s and H BR’s
" 1 Examples of k,-dependent diagrams for single-H
i1 T s prod. mechanisms and H—VV decay
102; o —= ﬁ
10% 552#222(21071)67)7688053,7 | E
1wlllll

-20 -15 -10 -5 0 5 10 15 20
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VH—Dbb to constrain EFT operators

138 fb! (13 TeV)

CcCMS Linear SMEFT
e Best profiled fit — q < 1 (profiled) q < 4 (profiled)
e Best frozen fit - q < 1 (frozen) ---- q < 4 (frozen)
; qg<1 q<4
CI(-llq) [x2] ——— [-0.448,-0.059]  [-0.668,0.130]
C;(-ﬁ;) [x10] —_— [-0.069,0.002]  [-0.105,0.039]
Chu | Ix2] —_— [-0.269,0.073]  [-0.430,0.272]
Operator Definition Wilson Operator Definition Wilson
B — [-0.650,0.354]  [-1.263,0.800] coefficient coefficient
CHg | [X1] " oo- S—— a—— = — =
1 1t _ 1 + a v
OHq H'D ;thL'YﬂqL CHq OHWB H O'EHW;“,B” CHWB
gfz [x0.5] e —— [-0.073,1.673]  [-0.947,2.547]
3) 'S Ha ) + « F
of iH'0*'D Hqo"'q, ¢ Ouw Hic'HW? B" o5
07 | 1x0.1] e [1562,5.203]  [5.077,8.983] Hq PO Crg HWB m HWB
=
a1t _ t a apv
o1 Onu iH" D, Hagy"ug CHu Onw (H H)W;LVW " caw
Wilson coefficient value — —
a7t 3 + a g
iH" D, Hdiy#d c o H'H) W, W Cori
138 fb~1 (13 TeV) OHd 2 RT AR Hd OHW ( ) nv HW
uadratic SMEFT + + ' Y
CMS Q Omup (H'D'H)*(H'D,H)  cup Ous (H'H)B,,B"  cus
e Best profiled fit —— q < 1 (profiled) q < 4 (profiled) v
e Best frozen fit —— q < 1 (frozen) ---- q < 4 (frozen) Oun (H'H)O(H'H) CHOJ Ous (H'H) B,,B CHE
; g<l1 q<4
Cf(-ilq) [x5] ——— [-0.068,-0.028]U[0.009,0.074]  [-0.093,0.096]
CI(-I3q) [x5] mmm——-- [-0.059,-0.007] [-0.080,0.020]
Chu | [x5] = et - - [-0.050,0.036] [-0.091,0.073]
Chg | X5]1 oo - [-0.102,0.105] [-0.146,0.153]
zz ———— -0.259,0.409 -0.573,0.614
g3 [x1] S5 = [ ,0.409] [ .0.614]
g4ZZ [x1] Errr———— [-0.366,0.352] [-0.601,0.615]
-0.8 -0.4 0.8

Wilson coefficient value
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