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Why are we interested in di-Higgs?
Studying the Higgs potential is one of our primary physics .!“’f'
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Di-Higgs in ATLAS

How do we measure the Higgs self-coupling in ATLAS?

Search for di-Higgs processes (2 Higgs bosons)
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Di-Higgs in ATLAS

Primary Di-Higgs decay modes

Golden channels:
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HH — bbyy

Using ATLAS Run 2 and Run 3 (2022-2024) data for the
first time (140fb-1 — 308fb-1)

© Reconstruct 2 photons and 2 b-jets
o Fit the invariant mass of the photons
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- m,,, to extract HH signal
ATLAS

EXPERIMENT

A HH — bbyy candidate event

Public result: ATLAS-CONF-2025-005
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-005/

HH — bbyy

What's new and how much did we gain?

© Inclusion of 2022-2024 Run 3 data! (~50%)

~ New b-jet tagging algorithm based on GNN (~20%)
o Category optimisation (~10%)

Kinematic fit to improve di-jet mass resolution (~5%)
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HH — bbyy: results
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455 ATLAS Preliminary ¢ Data
AE- Vs=13/13.6TeV, 140/168fb™" """ Cont. background
= HH Seey T Total background

Observed HH signal strength:

Hug = O.9J_r%:‘1l times the SM

= - Signal + background
3 log(1+Sg),/ B) weighted sum 14
— HHH = 0911

Sum of weights / 2.5 GeV
w
6]

HH SM discovery significance:

_Hmlh|||||||||||||||||||||||||||||||||_

RS TA- 1.00 expected, 0.80 observed

di-Higgs signal strength extracted from fit to m,,

Higgs self-coupling value:
K, €[-1.7, 6.6]
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Conclusion

This year we reached 2 milestones with HH — bbyy:
o First result with 308fb-1 of data

“ First time reaching 1o sensitivity for di-Higgs production

We are getting closer to seeing the first evidence and
measuring the self-coupling (Run 3, HL-LHC)

Nikhef involvement growing
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https://www.nature.com/articles/s41586-022-04893-w

Backup
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Categorisation

Category

Selection criteria

High Mass 1
High Mass 2
High Mass 3

*
mbE'y'y
*
mbEyy

m* -
byy

> 350 GeV, BDT score €
> 350 GeV, BDT score €
> 350 GeV, BDT score €

0.775, 0.925]
0.925, 0.960]
0.960, 1.000]

Low Mass 1
Low Mass 2
Low Mass 3
Low Mass 4

< 350 GeV, BDT score €
< 350 GeV, BDT score €
< 350 GeV, BDT score €
< 350 GeV, BDT score €

0.620, 0.895]
0.895, 0.960]
0.960, 0.980]

0.980, 1.000]
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Impact of systematics

Systematic uncertainty source

Relative impact [%o]
Expected Observed

Experimental
Photon energy scale <0.1 3.6
Photon energy resolution < 0.1 0.4
Photon efficiency 0.2 0.3
Jet 0.3 < 0.1
Theoretical
QCD Scale + myop, PDF+as 5.2 6.1
B(H — vy, bb) 0.2 0.3
Parton showering model 1.0 0.3
Heavy-flavour content 3.3 1.0
Background model (spurious signal) 0.2 < 0.1
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Detailled results

Run 2 Run 3 Combined
observed expected observed expected observed expected
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