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INntroduction

The Standard Model Lagrangian

« gauge sector tested through Electroweak Precision measurement at LEP/LHC

+ Higgs sector testable only at LHC: strong constraints from the requirement to have a spontaneously broken
gauge theory (therefore re-normalisable): particle masses and Higgs boson couplings strongly related

- Measuring the Higgs couplings is a test of the SM in the Higgs boson sector
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HIgQgs boson couplings overview

VH ) ttH tH
w/iz t/b production
Higgs boson i g
couplings studied N "
in many production . N, .

and decay modes
-” decay

h
Y b/c
t/b/z
-- % H ==eeee < H ==eee= <
t/b/t
YA b/c

- define couplings at vertices for tree-level diagrams
- k = g/gsm parametrise deviation from SM of production and decay modes
gt, b, Jc Propagate couplings to branching fraction through:

I'H — XX)=rT(H = XX)sm

Fg=>)» I'i=) rThy

all couplings affect branching fraction
through the Higgs boson total width

k framework

In this talks combination results for all channels published
in nature 2022 will be shown plus last year updates
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Production mode and branching fractions

Nature 607 (2022) 60

CMS

Nature 607, pages 52-59 (2022)
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Coupling measurements

ATLAS Run 2 I Data (Total uncertainty) [ Syst. uncertainty || SM prediction
I I — I I — T @L T * analyses are typically grouped per decay mode,
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(c) 3¢ channel

(d) 4¢ channel

« ATLAS and CMS target the same final states
for WH

- CMS add the ZH 3 lepton final state to exploit
the H - WW — Ilvqq decay

« CMS combines results with the ggF and VBF
production modes

ZH

VH

HzH T

HwH

HveF

HggH

ATLAS-CONF-2022-067
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H— Zy

Sensitive to loop induced
BSM physics:

ATLAS analysis

« 6 categories
« 1 VBF + 5 lepton flavour and Zy

kinematic

Phys. Lett. B 809 (2020) 135754
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Figure 1: Feynman diagrams for H — Zv decay.
CMS analysis <
« 8 categories o
* 1 lepton (VH + ttH), 3 VBF, 4

BDT based kinematic

JHEP 05 (2023) 233
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VBF H-

olo

CMS PAS HIG-22-009

+ VBF topology difficultin H — bb,
main Higgs measurement mode
in bb is WH, ZH

+ 4 jets in the final state, multi-jet,
Z->bb and t t-bar background

- BDT based analysis discriminating
VBF, ggF, EW Z signal against
background

« orthogonal SRs optimised for
different signals

| Event category | BDT score boundaries

| Targeted process |

2016
TIGHT 1 0.25 < D < 0.50 VBE
TIGHT 2 0.50 < D <0.75 VBF
TIGHT 3 0.75<D VBF
LOOSE G1 0.50 < DggF < 0.55 ggF
LOOSE G2 0.55 < DggF ggF
LOOSE V1 DggF < 0.50, 0.80 < Dypr < 0.85 VBF
LOOSE V2 DggF < 0.50, 0.85 < Dygpp VBF
LOOSE Z1 DggF < 0.50, Dygr < 0.80, 0.60 < D5 < 0.75 Z +jets
LOOSE Z2 DggF < 0.50, Dygg < 0.80, 0.75 < Dy Z +jets
2018
TIGHT 1 0.25 < D < 0.50 VBF
TIGHT 2 050 <D <0.75 VBF
TIGHT 3 0.75<D VBEF
LOOSE G1 0.55 < DggF < 0.60 ggF
LOOSE G2 0.60 < Dgor ggl
LOOSE V1 DggF < 0.55, 0.50 < Dypg < 0.55 VBF
LOOSE V2 Dgor < 0.55, 0.55 < Dyge VBEF
LOOSE Z1 DggF < 0.55, Dypr < 0.50, 0.60 < D, < 0.70 Z +jets
LOOSE Z2 DggF < 0.55, Dypp < 0.50, 0.70 < D, Z +jets

91 o (13 TeV)
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100
® loH = 0.97 032 (stat.) 33 (syst.),
® 1, = 0.96 £ 0.20(stat.)£0.21(syst.).
H — bb 2.4 0o0bserved, 2.7 o expected

ATLAS Eur. Phys. J. C. 81 (2021) 537

Heqr = 0.95703% 2.6 0 observed, 2.8 o expected
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Oft-shell coupling

9

ATLAS: Phys. Lett. B 842 (2023) 137963
S CMS: Nature Physics 18 (2022) 1329

CMS simulation

13 Te

W ZZ(—4/) + qq production (¢ = e, u)

- HR+ICP

ZZ threshold

—— SM H signal (|H|?)
SM contin. (|CJ?)
—— SMtotal (|[H + CJ?)

g 7 on-shell (Mzz ~ my)
gQ 10! lér
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H* S
-+--C EgHZZ o' b
I off-shell (mzz-mHn) >> IN'H = M2zz - M2y >> mulH ~ 2
2 9 E o
1 O_off—shell gHgggHZZ A:-
8 X —3 5 . 7 gg—H—ZZ 5 9 -
Mzz My tmla Mzz ~"H  onshell productions 10
« Measuring both the on-shell and off-shell production gives directly access to 'H 107
ATLAS and CMS 107
- measurement performed in 4l and 2] 2v 10-200

+ probed both ggF production and EWK production process:
(VBF, associate production with Z—qq)
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-T-BSM interpretation of off-shell couplings

ATL-PHYS-PUB-2023-012

dim-6 . .
Lsmerr O Lsm + L™ « use different behaviour
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CMS search for H— ete-  csmcans

Br(H— ete’) =5 x 109in the SM
Impossible to access at LHC or HL-LHC

look for BSM effects that enhance the branching fraction

search for ggF and VBF production modes, BDT based

analysis categorised according to the BDT score
BDT validated in a Z— ete- enriched region

CMS 138 b (13 TeV)
> _I 1T I LI I LI I LI I LI I LI I LI I LI I_
[0) I H . ate — _
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*UE) o B component _:
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W 3 —
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- [ =20 i
20 — ]

10
0 C | ) IAI ) | ] |;| L1 | L ]
15 :—o T T T T L L L L '—:
10E B component subtracted 3
m - =

' 5H-

(O]
© O g
o } =
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110 115 120 125 130 135 140 145 150

Mg (GeV)

B. Di Micco

CMS 138 b (13 TeV)
To) L I E L A ) EL L A A R
Q
o [ VBF(H—efe )x107 [ DY (Z —ete)
; 1 ggH (H — ete™)x107 Simulation stat. unc.
g 150000 | O ¢ Data .
>
L
| Tag 3 | Tag 2 | Tag 1 | Tag0 |
| I I I
| I I I
100000 - , : : : -
| I I I
I I I I
I I I
I I
I I
I
50000 I -
I
I
I
I
0 ! T 1 fll | 1 1
0.0 0.2 0.4 0.6 0.8 1.0
ggH BDT score
-1
CMS 138 fo' (13 TeV)
<°\ 01 [ T T TT | LI LI LI LI LI | LI | LI | LI | T T T T_]
3 — _
: 0.09 f_ —— Observed - - - Median expected _f
‘O - -
o 0.08 — . 68% expected 95% expected T
T 0.07— —
3 E :
) 0.06 :— —:
£ 005 —
1 .
O 0.04
32
& 0.03
0.02
0.01

120 121 122 123 124 125 126 127 128 129 130
m,, (GeV)

Higgs couplings - Quy Nhon 6 - 12 August 2023



12

HIggs couplings to invisible particles

CMS-HIG-21-007 Phys. Lett. B 842 (2023) 137963

« The Higgs boson could act as a portal between SM and a dark sector

+ Look for H=X X decay Br(H — inv)gy = Br(H — Z7° — 4v) = 0.1%
« Constraints on Higgs portal models

- searched in several production modes in ATLAS
« CMS focuses on 2 main production modes:
Z/W + H with Z/W — jj, ttH

any higher value would indicate DM presence

W + H (CMS only)
(b) Z + H topology

(d) VBF + photon topology (e) H+jet topology
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HIgQgs to Invisible results

138 b (13 TeV)

I N

~ 2
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Upper Iimit and DM-nucleon constraints

« Using a specific model is possible to translate the upper limit on the branching fraction to a DM -

nucleon cross section

* results competitive with direct searches and outperforming at low masses

4.9 7 (7 TeV), 19.7 fb (8 TeV), 140 fb™' (13 TeV)
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HIggs boson self-coupling
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The Higgs boson self-coupling affects HH pair production at leading order and the single nggs boson production and

decay at NLO.

9

(a) (b)

Analysis cha(r‘fl)lel Intég%ated luminosity [fb~1] © Ref.
HH — bbyy 139 [17]
HH — bbttt~ 139 [18]
HH — bbbb 126 [19]
H— V4 139 [58]
H—Z7* - 4¢ 139 [59]
H—ttr™ 139 [60]
H—> WW* — evuv (ggF,VBF) 139 [61]
H — bb (VH) 139 [62]
H — bb (VBF) 126 [63]
H — bb (ttH) 139 [64]

- production cross sections divided by STXS bins

+ single Higgs boson production add a bit with
respect to HH, but it mainly reduces model
dependence from ki

see more details in the talk by V. Senthilkumar

in HEP parallel session W2 on Wednesday

morning
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k2V and CMS reSUH:S Nature 607 (2022) 60

—_—— CMS-PAS-HIG-21-005
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Conclusions

- LHC is continuing to deliver data, the run will continue to Run-Ill and HL-LHC
« Higgs boson couplings are measured with 5% level accuracy

- Rare Higgs boson decays start to become accessible with the increasing of the collected
data samples

- the high collected luminosity starts to make feasible testing of the Higgs sector in differential
distributions (STXS)

* no deviation observed so far, but we are still far from high precision (~ 1%) Higgs coupling
measurements

+ Higgs boson self-coupling constraints start to reach a region of order 1, exclusion of null-
self coupling could become accessible in the next dew years
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