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Introduction

* Over a decade of Higgs boson physics at the LHC = probing Higgs boson
properties ever more precisely
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Higgs boson production measurements

Model dependence
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See talks in the parallel sessions
(S. Chatterjee, G. Callea)
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Cross sections at 13.6 TeV
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Cross sections per production/decay mode
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See A. Gomez Delegido's talk in the parallel session tomorrow !
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VH, H->bb

H
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Electroweak VH

e EW producti%n of WH sensitive to relative
Sign /IWZ — W

Kz
 H->bb final state (CMS including merged jets)

« ATLAS and CMS both exclude values }\wz<i/

consistent with existing measurements
(@ more than 50)

+interference ~kyk, Kw
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ttH production

* 1% of Higgs
bosons

* Direct probe of top
quark Yukawa
coupling

e H->bb: ML for S/B
discrimination, CRs
for backgrounds
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CMS-PAS-HIG-19-011
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ttH production

* 1% of Higgs
bosons

* Direct probe of top
quark Yukawa
coupling

e H->bb: ML for S/B
discrimination, CRs
for backgrounds
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b-associated production

e b-associated production (via b-fusion and
gluon fusion with gluon=>bb splitting ) studied
in final states with leptons (WW, 1)

* Obs (exp) upper limit: 3.7 (6.1) x SM

CMS-PAS-HIG-23-003
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Ratio to SM

STXS interpretations
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Use fine-grained measurements
to constrain new physics, e.g. In

EFT context
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arXiv:2402.05742 (sub to JHEP)

STXS interpretations
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BSM interpretations of STXS measurements
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BSM interpretations of STXS measurements

ATLAS
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I§T§M Interpretations of STXS measurements

I ,

, My V
1 UHS 2zy
| | BHS wwr S iy s =13TeV, 36.1-139 1b

x 10!
-

-
BHH-rr
H = up
H ggF
M vBrF

5 5 HwH

é é é [ zH

z B - z z

| Model matched to EFT (example: 2HDM
= type-Il) = constraints similar (but not

identical) to coupling modifier based
| | nnnnnnnnnnn

e

)
3l
: i +*1 i+44 1 4 { 5 03 -02 -01 00 01 0.2 _.3

3.2
10
32

5 =
: o
: ©
: O
: n
: ®
: q

: H
: (@]
B p -
: o
o

/

Best
—_— 68 %
......... % C

- mmm Linear (obs.)

- Linear (exp.) -
5
Q i :
S5 10| ;
© B E
o i :
N i z
© —2 | |
e 107°} |
£ . :
> i :
2 * z

ol | ]

< | mmm Linear (obs.)
=~ 4 Linear (exp.)

(&)
-Ov
o9 >
T C
O = 2
3 s
O :
58 |
© < :
> O 0 5
L-o .
() :
N | 4
— - 1 1 .
%6 -2 ! ' :
LE - 1 :
4] | :
o & :

Y GRYY YNV %



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-17/

(Anomalous) couplings



Overview

* |Inclusive production
and decay rates =
couplings (coupling
modifiers)

e Not all effects can be
covered by this
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Very good agreement with the SM
expectation!

16


https://doi.org/10.1038/s41586-022-04893-w
https://doi.org/10.1038/s41586-022-04892-x

arXiv:2403.00657 (acc by EPJC)

138 fb™ (13 TeV)
Best fit 68% CL
[-4.19, 0.67]
[-0.44, 0.81]
[-0.79, 0.51]
[-1.62, 1.05]
[-0.23, 0.16]
[-0.76, 0.41]
[-1.57, 0.83]
[-0.23, 0.12]
Parameter value

-0.76
-0.12
-0.26
-0.54
-0.08

0.08
0.17
0.03

B s

R,

B s

R o

By e,

RRRII TR L e

By St o R

P S 4

P Sy S e d -
FRRRIIIR, S

P Sy 3 S e —
PR, e B e T

B e T s —
PR, e B e, 2 e PP
s A b i B pe
R, . e 7. Ty T 7. e SRR SRR
B B T B T e —
e 5 i

o, ey B e, T - —
PRRRIRIRR. B e ST -

P, Sy S 7 —
FRRRIITR: SR -

Py ey S 7 .
PRRRIITR, SR

P S R M 7

PRI,

P Sy

PR,

P Sy

PR,

R,

o, ey

RRrrTraee.

o ey

FRRRRRERR:

| Expected

—e— (Observed

CMS

Interactions
ttH available

It

1

iS resu

37]

th H=>T1T
68% CL

[-0.42,0.31]

[-0.37,0

[-0.15,0.67 ]

[-0.75,0.28 ]

[-0.01,0.03]
4

[-0.22,0.09 ]
[-0.56,0.53]
[-0.69, 0.69 ]
[-0.82,0.31]
[-0.07,1.09 ]
[-1.50,1.50 ]
[-0.02,0.01]

Stat+Sys
Stat+Sys - th
STXS

Hyy

Hyy + Htt
CMS

W 55 B BB B 1
e 2 ¢ 2 ¢ ¢ {T:4 © TolE o =) 10D
e . . . . ~—
) mwwwwwamomo;o.mzmmw%.zmo.o.-
O o O (@» I o O
il g 0 0 0 & o noDVW_O_m_O_mOiO_m_O-
st L O O O O O m m m m
+A++o w m w o]
m m m 2 21
: : : P XX

previous resu

}
o
4

13 TeV, 139 fb™
1

SMEFT CP-odd couplings
A

H>VV

H— ZZ* — 4l

ATLAS
(s

* Higgs boson confirmed to be spin-0, and consistent with CP++ since run 1
* Pure CP-odd state excluded # CP-even state = active field of study

 Compatible with the SM expectation so far
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Mass & width



Overview of mass and W|dth measurements
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Mass measurements - ATLAS
 Combination of H=>yy and H=>Z7->4|

PRL 131 (2023) 251802

ATLAS e Total Stat. Syst. | Combination
Run1: /s=7-8TeV,25fb~!, Run 2: \/s =13 TeV, 140 fb~!
Total Stat.  Syst.

Run1 H — vy | ° 126.02 + 0.51 (+ 0.43 + 0.27) GeV
Run1 H — 4/ | ® I 124.51 + 0.52 (= 0.52 + 0.04) GeV
Run2 H — vy |'[|1T| 125.17 + 0.14 (+ 0.11 + 0.09) GeV
Run2 H — 4¢ 124.99 + 0.19 (£ 0.18 = 0.04) GeV
Run 1+2 H — v 125.22 + 0.14 (+ 0.11 £ 0.09) GeV
Run 1+2 H — 4/ 124.94 + 0.18 (= 0.17 = 0.03) GeV
Run 1 Combined | | —o—— 125.38 + 0.41 (+ 0.37 = 0.18) GeV
Run 2 Combined h%rl 125.10 + 0.11 (= 0.09 + 0.07) GeV
Run 1+2 Combined 125.11 + 0.11 (= 0.09 + 0.06) GeV
. I | :-ITI-I‘ | I I L

123 124 125 126 127 128

my [GeV]

Run 1+2 combined: mu= 125.11+£0.11 (x0.09 (stat.)=0.06 (syst.)) GeV = 0.09% relative precision (most precise

measurement to date)
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Mass measurements - CMS

* My measured in 9 mass resolution categories /\:

o 2D fit: reconstructed ms and kinematic

discriminant

e Direct constraint on I'H

CMS Preliminary
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Width measurements
o Off-shell region (mareco > 200 GeV) studied in H=>Z2Z-2>4] and H>ZZ->212v
channels + combination with on-shell H=>Z/-=>4l

* 3D observable (CMS) / NN (ATLAS) = comparable sensitivity O(70%) precision -
2-3 MeV!
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Summary & outlook

 Many Higgs boson production and property
measurements already performed with Run 2 data

 Run 3 well underway = expect more Higgs
measurements at 13.6 TeV soon

 Much more to be learned about the Higgs boson with
Run 3 and HL-LHC data !

LHC
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11:00 NLO EW corrections to HH production Huan-Yu Bi 11:00 Higgs differential measurements and EFT interpretation in CMS Suman Chatterjee
ISEC Room 102 11:00 - 11:18 ISEC Room 102 11:00 - 11:18
Non-resonant di-Higgs searches and measurements with the ATLAS detector Arely Cortes Gonzalez Higgs differential measurements and EFT interpretation in ATLAS Giuseppe Callea
ISEC Room 102 11:18 - 11:36 ISEC Room 102 11:18 - 11:36
Non-resonant di-Higgs searches and measurements with the CMS detector Irene Dutta Uniqueness of the matching in the HEFT Duarte Fontes
ISEC Room 102 11:36 - 11:54 ISEC Room 102 11:36 - 11:54
1200 Light Yukawa couplings from H* production Marco Vitti . ZH production in SMEFT from ggF Marion Thomas
ISEC Room 102 11:54 - 12:12 ISEC Room 102 11:54 - 12:12

Higgs property measurements (mass, width, CP) with the ATLAS detector Sebastien Rettie Higgs boson coupling measurements in CMS Clara Ramon Alvarez

ISEC Room 102 12:12-12:30 ISEC Room 102 12:12 - 12:30
Higgs propery measurements (mass, width, CP) with the CMS detector Lucas Kang Higgs boson coupling measurements in ATLAS Antonio Jesus Gomez Delegido
ISEC Room 102 12:30 - 12:48 ISEC Room 102 12:30 - 12:48

More detalls in the parallel talks today and tomorrow ! g
See also J. Alison's talk on di-Higgs production in tomorrow's plenary,
and S. Hirose's talk on rare/BSM Higgs boson decays in yesterday's plenary

14:00 ttH+tH Production (ATLAS) Anastasia Kotsokechagia _
ISEC Room 102 14:00 - 14:18
ttH+tH Production (CMS) Matteo Marchegiani EYETS 13.6 - 14 TeV
— —— energy
ISEC Room 102 14:18 - 14:36
. . : : . HL-LHC
tt+HF measurements including ttbb (ATLAS+CMS) Luisa Carvalho inner triplet . .
radiation limit installation

ISEC Room 102 14:36 - 14:54
Top-Bottom Interference Contribution to Higgs Production Mr Marco Niggetiedt

15:00 2025 2026 2027 2028 2029 IIIIIII

ISEC Room 102 14:54 - 15:12 5to 7.5 x nominal Lumi ,
1
4top searches including constraints on Top Yukawa (ATLAS+CMS) Nick Manganelli ATLAS - CMS /
HL upgrade
ISEC Room 102 15:12 - 15:30
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https://indico.cern.ch/event/1253590/timetable/?view=standard#50-dihiggs-production-at-lhc-s
https://indico.cern.ch/event/1253590/timetable/?view=standard#59-search-for-rare-higgs-boson

