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Why Higgs boson pair (HH) production ?

ƀ After its discovery, understanding its potential and 

properties is crucial.

ƀ HH provides a direct access to constrain the Higgs 

boson tri - linear ⱦ .

controls the shape of the Higgs potential.

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

ƀ At the LHC, mainly produced through ggF (dominant) and VBF (subdominant) modes.

ƀ ggF production mode : 31 (34) fb at 13 (13.6) TeV for ά = 125 GeV.

~1000x smaller than single Higgs due to destructive interference .

ƀ VBF production mode : 1.7 (1.9) fb at 13 (13.6) TeV for ά = 125 GeV.

One order of magnitude smaller than ggF.

Unique access to the coupling between HH and a two-vector boson ‖ .

ƀ Many BSM predicts new particles that can decay to a pair of Higgs bosons 

2HDM, MSSM, CH, Narrow-width ..

So-called, resonant processes, not covered in this talk.
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HH decay modes

ƀ Complementarity of search in defferent decay channels. 

ƀ Complementarity sensitivity to couplings variations.

ƀ Most decay modes are targeted with both ATLAS and CMS 

analyses.

Different □╗╗ranges can be explored to 

sensitive at different physics scenarios
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Results covered in this talk

╫╫╫╫: largest decay fraction, exploit data driven 

techniques to estimate dominant multijet 

background. Sensitive to cross-section limit. 

╫╫ⱲⱲ: Moderate decay fraction, good signal 

purity.

╫╫♬♬: lower decay rate, excellent invariant mass 

resolution, (golden channel)
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Results covered in this talk

╫╫╫╫: largest decay fraction, exploit data driven 

techniques to estimate dominant multijet 

background. Sensitive to cross-section limit. 

╫╫ⱲⱲ: Moderate decay fraction, good signal 

purity.

╫╫♬♬: lower decay rate, excellent invariant mass 

resolution, (golden channel)

╫╫■■╜╔╣: targeting multiple decay channels 

(bbWW, bbZZ, bb Ӷ††)

multilepton : Covering multiple decay modes, 

where neither Higgs decay into bb

Adding new channels (4%)
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╗╗ᴼ╫╫♬♬

ƀ Event selection : 2 tight -ID photons (cut-based)

+ exactly two b -jets 

ƀ Backgrounds : continuum ‎‎+ single Ὄᴼ‎‎

ƀ Event Categorization : 7 BDT categories 

maximising sensitivity to HH

High mass region (άᶻ συπ'Å6): target SM signal

Low mass region (άᶻ συπ'Å6): target ‖ variations

ƀ ά is used as final discriminanting variable 

ƀ Event selection : 2 well ID photons (BDT)

+ exactly two b -jets 

ƀ Backgrounds : continuum ‎‎+ single Ὄᴼ‎‎

Dedicated BDT to reduce the ttH contamination

ƀ Event Categorization : 14 (BDT + ά ) categories

ƀ 2D unbinned likelihood fit on (ά ȟÍ ) 

JHEP 01 (2024) 066 JHEP 03 (2021) 257
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╗╗ᴼ╫╫♬♬

ƀ Observed (expected) upper limit at 95% CL

Ⱨ▌▌╕╥║╕ ⱭȾⱭ╢╜: 4.0 (5.0)

Ȣ ⱥⱦ Ȣ Ȣ ⱥⱦ Ȣ

Ȣ ⱥ ╥ Ȣ Ȣ ⱥ ╥ Ȣ

ƀ Observed (expected) upper limit at 95% CL

Ⱨ▌▌╕╥║╕ ⱭȾⱭ╢╜: 7.7 (5.2) 

Ȣ ⱥⱦ Ȣ Ȣ ⱥⱦ Ȣ

Ȣ ⱥ ╥ Ȣ Ȣ ⱥ ╥ Ȣ
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╗╗ᴼ╫╫♬♬

ƀ Observed (expected) upper limit at 95% CL

Ⱨ▌▌╕╥║╕ ⱭȾⱭ╢╜: 4.0 (5.0)

Ȣ ⱥⱦ Ȣ Ȣ ⱥⱦ Ȣ

Ȣ ⱥ ╥ Ȣ Ȣ ⱥ ╥ Ȣ

ƀ Observed (expected) upper limit at 95% CL

Ⱨ▌▌╕╥║╕ ⱭȾⱭ╢╜: 7.7 (5.2) 

Ȣ ⱥⱦ Ȣ Ȣ ⱥⱦ Ȣ

Ȣ ⱥ ╥ Ȣ Ȣ ⱥ ╥ Ȣ
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╗╗ᴼ╫╫♬♬at 13.6 TeV (Run-3 dataset)

ƀ 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 ÆÂ (168 from Run -3)

ƀ Whatôs new w.r.t to previous analysis: 

New b-tagging algorithm based on Graph Neural Networks

GN2 (relax b-tag from 77% Ą 85%)

Kinematic fit to improve □╫╫resolution 

(imp. by almost 27%)

arXiv:2507.03495
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╗╗ᴼ╫╫♬♬at 13.6 TeV (Run-3 dataset)

ƀ 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 ÆÂ (168 from Run -3)

ƀ Upper limit improved by 100% w.r.t to previous results

20% from GN2 tagger

5% from Kinematic fit 

10% from combination Run -2+Run -3

50% from Run -3 statistics 

Results are compatible between Run -2 

and Run -3 (Statistically limited) 

arXiv:2507.03495
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╗╗ᴼ╫╫♬♬at 13.6 TeV (Run-3 dataset)

ƀ ⱥⱦexpected 95% CL improved by 20% w.r.t old results

ƀ ⱥ ╥expected 95% CL improved by 30% w.r.t old results

Old results: 

Ȣ ⱥⱦ Ȣ Ȣ ⱥⱦ Ȣ

Ȣ ⱥ ╥ Ȣ Ȣ ⱥ ╥ Ȣ

arXiv:2507.03495
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╗╗ᴼ╫╫╫╫

ƀ Event selection : 4 DL1r 77% WP b-tagged jets

ƀ Backgrounds : multi -jet, tt (NN -based DataDriven)

CR to SR reweighting using NN

ƀ Event categorization : cut-based method 

Dedicated ggF and VBF categories

ƀ Higgs boson reconstructed by pairing highest ὴ with 

smaller ɝὙ(90% matching efficiency )

ƀ Event selection : 4 DeepJet 75% WP b-tagged 

jets

ƀ Backgrounds : multi -jet, tt (DD based on BDT)

CR to SR reweighting using BDT

ƀ Event categorization : BDT method for ggF (VBF 

uses ά for fit)

ƀ Higgs boson pairing defined by minimizing Ὠ

ά Ὧά ρ Ὧ (96% matching efficiency )

Phys. Rev. D 108 (2023) 052003 Phys. Rev. Lett. 129 (2022) 081802
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╗╗ᴼ╫╫╫╫

ƀ Observed (expected) upper limit and CL

Ⱨ▌▌╕╥║╕ ⱭȾⱭ
╢╜: 5.4 (8.1)

Ȣ ⱥⱦ Ȣ Ȣ ⱥⱦ Ȣ

Ȣ ⱥ ╥ Ȣ Ȣ ⱥ ╥ Ȣ

ƀ Observed (expected) upper limit and CL

Ⱨ▌▌╕╥║╕ ⱭȾⱭ
╢╜: 3.9 (7.8)

Ȣ ⱥⱦ Ȣ Ȣ ⱥⱦ Ȣ

Ȣ ⱥ ╥ Ȣ Ȣ ⱥ ╥ Ȣ

Phys. Rev. D 108 (2023) 052003 Phys. Rev. Lett. 129 (2022) 081802
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Boosted ╗╗ᴼ╫╫╫╫

ƀ Consider only boosted VBF topology

ƀ Require 2 large-R jets b-tagged with Xbb at 60% WP

ƀ BDT based selection

ƀ Combined with resolve analysis:

Ȣ ⱥ ╥ Ȣ Ȣ ⱥ ╥ Ȣ

Excluded ⱥ ╥ at 3.8 Ɑ

ƀ Consider boosted VBF + ggF topology

ƀ Binned likelihood fit on mHH

ƀ Require 2 large-R jets b-tagged with ParticleNet 

GNN

Ȣ ⱥ ╥ Ȣ Ȣ ⱥ ╥ Ȣ

Excluded ⱥ ╥ at 6 Ɑ

Phys. Lett .B 858 (2024) 139007 Phys. Rev. Lett. 131 (2023) 041803
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╗╗ᴼ╫╫ⱲⱲ

ƀ Event selection : 3 SR based on † and †

decay modes

Ⱳ ╘╓based on MVA

ƀ Backgrounds : Ӷ◄◄, single top , W/Z+jets , multi -

jets

ƀ Event categorization : BDT w/ 2 ggF + 1 VBF

ƀ Event selection : 3 SR based on † and †

decay modes

Ⱳ ╘╓based on CNN (DeepTau algorithm)

ƀ Backgrounds : Ӷ◄◄, single top , W/Z+jets , multi -

jets

ƀ Event categorization : DNN w/ 3 ggF + 5 VBF

Phys. Rev. D 110 (2024) 3 Phys. Rev. B 842 (2023) 137531
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╗╗ᴼ╫╫ⱲⱲ

ƀ Observed (expected) upper limit and CL

Ⱨ▌▌╕╥║╕ ⱭȾⱭ
╢╜: 5.9 (3.3)

Ȣ ⱥⱦ Ȣ Ȣ ⱥⱦ Ȣ

Ȣ ⱥ ╥ Ȣ Ȣ ⱥ ╥ Ȣ

ƀ Observed (expected) upper limit and CL

Ⱨ▌▌╕╥║╕ ⱭȾⱭ
╢╜: 3.3 (5.2)

Ȣ ⱥⱦ Ȣ Ȣ ⱥⱦ Ȣ

Ȣ ⱥ ╥ Ȣ Ȣ ⱥ ╥ Ȣ

Phys. Rev. D 110 (2024) 3 Phys. Rev. B 842 (2023) 137531
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Full Run-2 Combination

ƀ Combining results from:

ὦὦ‎‎ȟὦὦὦὦȟὦὦ††ȟάόὰὸὭὰὩὴὸέὲȟὦὦὰὰὓὉὝ

ƀ Combining results from: 

ὦὦ‎‎ȟὦὦὦὦȟὦὦ††ȟὦὦὤὤȟὦὦὡὡȟὡὡ‎‎ȟ‎‎††ȟ

Combining results from different analysis is crucial for the observation!

Adding new channels (4%)

Phys. Rev. Lett. 133 (2024) 101801 CMS-PAS-HIG-20-011
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Full Run-2 Combination

ƀ Higgs boson self-coupling observed (expected) 

constraints

Ȣ ⱥⱦ Ȣ Ȣ ⱥⱦ Ȣ

ƀ Higgs boson self-coupling observed (expected) 

constraints

Ȣ ⱥⱦ Ȣ Ȣ ⱥⱦ Ȣ

Combining results from different analysis is crucial for the observation!

Phys. Rev. Lett. 133 (2024) 101801 CMS-PAS-HIG-20-011
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Full Run-2 Combination

ƀ HHVV coupling observed (expected) constraints

Ȣ ⱥ ╥ Ȣ Ȣ ⱥ ╥ Ȣ

ƀ HHVV coupling observed (expected) constraints

Ȣ ⱥ ╥ Ȣ Ȣ ⱥ ╥ Ȣ

Combining results from different analysis is crucial for the observation!

Phys. Rev. Lett. 133 (2024) 101801 CMS-PAS-HIG-20-011
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Bonus: Combination with single-H

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

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

ggF
VBF

VH

ttH

Self-energy correction

ATLAS + CMS uses a high granularity 

STXS (1.2) framework to mesure tri-linear 

coupling
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Bonus: Combination with single-H

ƀ Single Higgs STXS measurement brings a ~5-7% 

improvement on self-coupling constraint

ATLAS: Physics Letters B 843 (2023) 137745

CMS: Phys. Lett. B 861 (2025) 139210
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Bonus: Combination with single-H

ƀ Single Higgs STXS measurement brings a ~5-7% 

improvement on self-coupling constraint

ƀ HH+H combination allow for data -driven constrain

‖ coupling

ATLAS: Physics Letters B 843 (2023) 137745

CMS: Phys. Lett. B 861 (2025) 139210
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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:
иBest sensitivity achieved by 

combining all channels 
и5-7% improvement from 

HH+H combination

Significant 
improvement 

with partial Run -3 
data

More results 
ƣŸШĦŸůĲШв

33



Thank you for 
your attention!
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╗╗ᴼ╫╫♬♬
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