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Introduction

@ After the discovery of the Higgs boson in 2012, ATLAS and CMS have been working on
various topics to explore the Higgs properties and use the Higgs boson as a probe to explore
the possibility of BSM physics.

@ We can characterize the Higgs boson by studying:

» Production cross sections, differential and fiducial cross sections, couplings, mass,
width, rare decays, and else.

@ Two Nature papers from ATLAS (Nature 607, 52 (2022)) and CMS (Nature 607 (2022)
60-68) give an overview of the Higgs boson ten years after discovery.
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https://www.nature.com/articles/s41586-022-04893-w
http://dx.doi.org/10.1038/s41586-022-04892-x
http://dx.doi.org/10.1038/s41586-022-04892-x
https://www.science.org/doi/10.1126/science.1232005
http://dx.doi.org/10.1126/science.1230816

Sln gle Higgs production Nature 607, 52 (2022)
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https://cds.cern.ch/record/2227475
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
http://dx.doi.org/10.1038/s41586-022-04892-x

Higgs decay

@ cc and pp are still under
searching.

@ Z~ is above 30 in the combination
of ATLAS and CMS.
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Higgs mass

@ ATLAS and CMS measured the Higgs mass with full Run2 data combined with the Runl
results, achieving an accuracy of less than 0.1%.
» 125.1140.09 (stat.)40.06(syst.) = 125.11+0.11 GeV (ATLAS).
» 125.08+0.10 (stat.)+0.07(syst.) = 125.08+0.12 GeV (CMS).
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.251802
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-019/index.html

|nc|u5|ve cross section measurement
@ ATLAS published the measurements of the total cross section in H — ZZ* — 4¢ and H — ~v
with Runl, Run2 and Run3 (2022) data.
» Relative uncertainties: ~7 % for Run2, ~15 % for Run3.
@ CMS has the results in H — ZZ* — 4¢ with Runl and Run2 datasets.
> g = 73.472%(stat) 75 5 (syst) fb in agreement with 75+ 4.1 fb in H — 4+ with Run2 data.
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https://link.springer.com/article/10.1140/epjc/s10052-023-12130-5
http://dx.doi.org/10.1007/JHEP08(2023)040

Differential cross sections
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https://link.springer.com/article/10.1007/JHEP05(2023)028
http://dx.doi.org/10.1007/JHEP08(2023)040
http://dx.doi.org/10.1007/JHEP07(2023)091

Simplified template cross sections (STXS)

@ STXS reveals the kinematic properties of Higgs production processes with associated jets to
maximize the experimental sensitivities while at the same time minimizing their theory

dependence.
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWGFiducialAndSTXS

Recent results of STXS

ATLAS Run2

Nature 607, 52 (2022)
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https://www.nature.com/articles/s41586-022-04893-w

Higgs coupling in the x-framework

Higgs boson production modes Higgs boson decay channels
b) c)
q ,H
,
V kv, ’
d Y

Nature 607 (2022) 60-68

@ The x-framework is used to parametrize all the deviations from SM predictions of Higgs boson
couplings to SM bosons and fermions with a set of coupling modifiers <.
@ Any BSM process modifying the coupling strengths can be observed by this framework.
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http://dx.doi.org/10.1038/s41586-022-04892-x

Higgs coupling
@ The loop-induced processes are treated using effective coupling strength modifiers (x4, - and

Hz,y).
@ B, and B, are the branching ratios of invisible particles and other decay which are undetected

owing to a large background, respectively.

Nature 607 (2022) 60-68
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https://www.nature.com/articles/s41586-022-04893-w
http://dx.doi.org/10.1038/s41586-022-04892-x

Higgs coupling strength

Nature 607, 52 (2022)

ATLAS Run 2 J

K
T

[

$ x, is a free parameter

SM prediction

Force carriers _ Higgs boson

(]

s . e

& [ ]

5 12 l E

= f I B

i l ' SR

0.8, Ll Lol Ll -
107 1 10 102

Particle mass [GeV]

Ratio to SM

@ . is obtained from the fit with floating . and

fixed the other x parameters.
Yi-Lin Yang (SMU)

Nature 607 (2022) 60-68

CMS 138 tb™ (13 TeV,
T — — A RRALY —3
1 12538 cev wz.e
z"'
107 E
b .
-2 | T 8 i
10 - 3
f Vector bosons
10_3 L é 3" generation fermions i
i * 2" generation fermions
R — SM Higgs boson
12_27 I Ll Ll 3
1.2F El
1.0F- 3
0.8f E
0.6”‘ vl ol ol L
10" 1 10 10°

Particle mass (GeV)

08.03.2024 14 /26


https://www.nature.com/articles/s41586-022-04893-w
http://dx.doi.org/10.1038/s41586-022-04892-x

Higgs width

@ The SM prediction of total Higgs width is 4.1 MeV, which is
inaccessible from direct measurements.

@ The total width can be extracted from the ratios of yields of
on-shell and off-shell Higgs boson events.
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https://www.sciencedirect.com/science/article/pii/S0370269318305884
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JHEP10(2010)085

Standard Model Effective Field Theory (SMEFT)

@ SMEFT is an expansion of SM implemented with non-SM interactions as
perturbative terms:

_ P n(d)
Lsverr = Lsm + Y 7o O; ) ford > 4.

where the parameters C,.(d) describe the strength of new interactions and are
known as the Wilson coefficients, and A is the scale of new physics.

° Ci(6) are usually considered in the experiment since operators with d=5 and d=7
violate lepton and/or baryon number conservation and higher order terms are
suppressed by the cutoff scale A.

@ Measuring the cross sections can constrain the Wilson coefficients.
2 ; 2
o o [Msmert]? = |[Msm + X; S Meswm,i]
2 C; CC;
(Msm|” + 32, 2R (MGyMesm,i) 75 + 22, 2R (MESM,;MBSMJ) A
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Test of CP-invariancein H — ZZ* — 4¢

@ CP-odd HVV couplings in Warsaw and Higgs basis were tested in this
study.

> Cuwr SHB' e Gz Czy and c¢y,.
@ Optimal Observables (OO) are sensitive to CP-odd couplings and are

defined as:
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https://arxiv.org/abs/2304.09612

STXS analysis with SMEFT interpretations arXiv:2402.05742

@ ATLAS performed the STXS analysis including vy, ZZ*, WW*, 77, bb, Z~ and up channels.
@ Wilson coefficients are rotated to a new fit basis to maximize the sensitivities.
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https://arxiv.org/abs/2402.05742

Anomalous couplings of Hff e P s cos 023 563

JHEP 06 (2022) 012
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Anomalous couplings of HVV
@ The anonmalous effects of HVV can be parameterized with the amplitude as:

A(HW) = SlayY + Ay, 53V, kYY) Imel e, + SRa(a)Y) + S Fa(ay)

107

PRD 104 (2021) 052004

@ Except for ayV, the rest of the couplings are considered to be anomalous contributions.

@ Only aYV are the CP-odd couplings. Others are CP-even.

@ f and f,3 are the cross section fractions with the dependence of a, and a3, respectively.
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http://dx.doi.org/10.1103/PhysRevD.104.052004

Search for lepton flavor violation

JHEP 07 (2023) 166
T T T T T

@ ATLAS and CMS performed the search for H — et and f;: %T:L‘f;w‘ o Geic
H— pr. Tt ' PR

» ATLAS found 2.10 of the deviation for the 2D scan of ®osst ]
B(H — er) and B(H — u7) and 2.50 for the symmetry o f
method of B(H — ut) — B(H — er). O‘DZ:

@ CMS performed H — ey with the observed limit of 008 Ftloi b
4.4 x 1075, (6.2 x 1075 for ATLAS) Bt o
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http://dx.doi.org/10.1103/PhysRevD.108.072004
https://link.springer.com/article/10.1007/JHEP07(2023)166

H— Zv

@ The first evidence with a statistical significance of

3.40 is presented by the combination of ATLAS and

CMS results.

@ The signal strength is 2.2 + 0.7 within 1.90 of the
deviations from the SM prediction.
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https://link.aps.org/doi/10.1103/PhysRevLett.132.021803

Summary
@ The new results with Run3 data in the channels of H — vy and H — ZZ* — 4¢ at ATLAS are

available.

The first evidence of H — Z~ is presented in the combinatioh of ATLAS and CMS.

High precision measurements of Higgs mass (0.1%

accuracy) is achieved.

Comprehensive measurements of inclusive/differential

fiducial cross sections and STXS bins in the discovered

channels are performed.

» More new public results can complement the
combination. (ex. VH H — WW and VH H — 77 in
ATLAS)

» BSM interpretations are also taken into account.

More results from ATLAS and CMS with Run3 data are
coming out.
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More results of anomalous couplings for Hff

@ The measurement is also done in a four-top process via an off-shell Higgs boson.
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