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Why Higgs boson pair (HH) production ?

After its discovery, understanding its potential and
properties is crucial.

HH provides a direct access to constrain the Higgs
bosontri -linear ¥

controls the shape of the Higgs potential.

Portal for BSM physics , manifest as deviations
Total production rate
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HH production at the LHC

At the LHC, mainly produced through ggF (dominant) and VEBF (subdominant)

modes.

ggF production mode  : 31 (34) fb at 13 (13.6) TeV for a =125 GeV.
~1000x smaller than single Higgs due to destructive interference

VBF production mode :1.7(1.9)fbat13(13.6) TeVfor & =125 GeV.
One order of magnitude smaller than ggF.
Unique access to the coupling between HH and a two-vector boson |

Many BSM predictsnew particles that can decay to a pair of Higgs bosons
2HDM, MSSM, CH, Narrowwidth ..
So-called, resonant processes, not covered in this talk.
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HH decay modes
bb ww TT ZZ YY
bb
WW 4.6%
TT 7.3% 2.7% 0.39%
ZZ 3.1% 1.1% 0.33%
YY 0.26%

Large «<—— Branching ratio —> Small

Low <—— Signal purity — High

Complementarity
Complementarity

analyses.

of search in defferent decay channels.
sensitivity to couplings variations.
Most decay modes are targeted with both ATLAS and CMS

do | s w
dmun :j> ______ %
WO

g “u

200 300 400 500 600 700 800
muH [GeV]

Different O, - ranges can be explored to
sensitive at different physics scenarios

@ 0 T ]
S - ATLAS Simulation
> 0.12? " -
N (s =13 TeV ]
'e 0.1_ EI: ..... K, = ]
< T v .
I — K= ]
008l i} ko5 :

006 ¢ -
ST ]
0.04] !

0.02} |




Results covered in this talk

bb ww TT 77z YY
bb
WWwW 25% 4.6%
TT 7.3% 2.7% 0.39%
Y4 3.1% 1.1% 0.33%
YY 0.26%

tHHHF : largest decay fraction, exploit data driven
technigues to estimate dominant multijet
background. Sensitive to crosssection limit.

HM WModerate decay fraction, good signal
purity.

s 2 lower decay rate, excellent invariant mass
resolution, (golden channel)



Results covered in this talk

bb ww TT 77z YY
bb
WW 25% 4.6%
TT 7.3% 2.7% 0.39%
44 3.1% 1.1% 0.33%
A 0.26% 0.10%

Adding new channels (4%)

tHHHE : largest decay fraction, exploit data driven
technigues to estimate dominant multijet
background. Sensitive to crosssection limit.

-H—H— WMWModerate decay fraction, good signal
purity.

H+ = mlower decay rate, excellent invariant mass
resolution, (golden channel)

. targeting multiple decay channels
(bbWW, bbZZ, bbtf)

multilepton  : Covering multiple decay modes,
where neither Higgs decay into bb
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Event selection

JHEP 01 (2024) 066

+ exactly two b -jets

. 2 tight-ID photons (cut-based)

JHEP 03 (2021) 257

Event selection
+ exactly two b -jets

Backgrounds : continuum [

Event Categorization
maximising sensitivity to HH
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Compact Muon Solenoid
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Recently published by ATLAS, including early Run-3 data

Run-2 + 2022, 2023 and 2024 data at 13.6 TeV
Total integrated luminosity of 308 /& (168 from Run -3)
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2 30 4H- 5 at 13.6 TeV (RwB dataset)

Recently published by ATLAS,

Run-2 + 2022, 2023 and 2024 data at 13.6 TeV

Total integrated luminosity of 308 /A&
Upper limit improved by 100% w.r.t to previous results

20% from GNZ2 tagger
5% from Kinematic fit

(168 from Run

10% from combination Run -2+Run -3
50% from Run -3 statistics
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Including early Run-3 data
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AT LAS Phys. Rev. Lett. 129 (2022) 081802
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Event selection : 4 DL1r 77% WP  b-tagged jets Event selection b-tagged
Backgrounds : multi -jet, tt (NN -based DataDriven) jets

CR to SR reweighting using NN Backgrounds : multi-jet, tt (DD based on BDT)
Event categorization : cut-based method CR to SR reweighting using BDT
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CMS Experiment at the LHC, CERN
Data recorded: 2018-Oct-21 11:22:36.732928 GMT

Run / Event / LS: 325001 / 246775231 / 137




Full Run-2 Combination CMS
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Combining results from different analysis is crucial for the observation!
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Full Run-2 Combination
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Combining results from different analysis is crucial for the observation!

Higgs boson selfcoupling
constraints
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Full Run-2 Combination
AT LAS Phys. Rev. Lett. 133 (2024) 101801

EXPERIMENT

Combining results from different analysis is crucial for the observation!

HHVV coupling observed (expected) constraints

—2InA

a4 o ad o
8 [ l T 17T I LI l L I T 1T 1771 l L I T 1 _l T l ]
. ATLAS — Con’!blned — btfy\f .
7 '_\/_ » Multilepton —— bbbb ]
B S = 13 TeV,1 26_140 fb bﬁtl + EPiSS b5T+T_ ]
- HH combination .
6 [ All other k fixed to SM —— Obs.: 95% CL[0.6,1.5]
C —=- Exp. (SM): 95% CL [0.4,1.6] ]
SEo =
- \ I 4
K ‘\ ’r 7
4B -
=_'\ ____ li"-'_'-_""_" _ T e e e T s e ey
C L ]
CoN i
3 n \‘\ \ ha
SR
2 N =
N .
1 :—_\_E=<: _________ RN VU VR S L 9}%
ob e e NN e 1]
-0.5 0 0.5 1 1.5 2 2.5

Ky

CMS-PAS-HIG-20-011

HHVV coupling observed (expected) constraints

8

A 8 8 4 _ 8
CMS Preliminary 138 fb” (13 TeV)
L UL UL "L R L R B R AL IR R AL
oK =K =Ky =1 — Observed Expected



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101801
https://cds.cern.ch/record/2917252/files/HIG-20-011-pas.pdf
https://cds.cern.ch/record/2917252/files/HIG-20-011-pas.pdf
https://cds.cern.ch/record/2917252/files/HIG-20-011-pas.pdf
https://cds.cern.ch/record/2917252/files/HIG-20-011-pas.pdf
https://cds.cern.ch/record/2917252/files/HIG-20-011-pas.pdf
https://cds.cern.ch/record/2917252/files/HIG-20-011-pas.pdf
https://cds.cern.ch/record/2917252/files/HIG-20-011-pas.pdf
https://cds.cern.ch/record/2917252/files/HIG-20-011-pas.pdf
https://cds.cern.ch/record/2917252/files/HIG-20-011-pas.pdf

Bonus: Combination with single H

Single Higgs boson production and decay rates, as well as their

kinematics properties, are sensitive to self-coupling through EW corrections

ATLAS + CMS uses a high granularity
STXS (1.2) framework to mesure tri-linear
coupling

Self-energy correction
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Single Higgs STXS measurement brings a ~57%
Improvement on self-coupling constraint
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Summary

Higgs pair production is
crucial to reconstruct
the Higgs potential

Significant effort by the
LHC experiment to
search for double Higgs
production

Latest results on the
HH cross-section, tri -
linear coupling and
quartic HHVV coupling
from non -resonant full
Run-2 analyses

Combination is key for
observation:

nBest sensitivity achieved by
combining all channels

n5-7% improvement from
HH+H combination

Significant
Improvement
with partial Run -3
data

More resul_t_s
JRANGRAY
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Thank you for
@ your attention!
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