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The Higgs self coupling
Higgs trilinear self coupling is 𝜆!"### = 𝑚#

$ /2𝑣 in the SM

Gives information about the shape of the Higgs potential and the stability of 
our universe but poorly constrained experimentally

Can be most effectively probed through di-Higgs (HH) production
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𝐻𝐻 production
Dominant contribution at the LHC is from ggF production

• At leading order, destructive interference between triangle and box diagram → 
small SM cross-section of 31 fb, 1000x smaller than single H

Modifications to 𝜅% changes the relative contribution of the two ggF diagrams

• we can already place constraints on 𝜿𝝀 even with Run 2/3 data!

VBF HH with 1.7 fb
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ggF
𝜎"#~ 31 fb 

VBF
𝜎"#~ 1.7 fb

𝜅$ = 𝜆!!!/𝜆"#!!!



𝐻𝐻 decays 𝐻𝐻 → 𝑏𝑏𝛾𝛾 branching ratio only 0.26%, but one of the top three channels

• Large branching ratio from 𝐻 → 𝑏𝑏

• Good photon resolution from 𝐻 → 𝛾𝛾

• Relatively clean final state signature, high signal vs background ratio

• Model signal and background with analytical functions; fit to 𝑚''
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Today: 140 fb%&	 in Run 2 and 168 fb%&	in Run 3



𝐻𝐻 → 𝑏𝑏𝛾𝛾 event selection
1. Select events with 2 photons and ≥	2 b-jets 
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105 < 	𝑚'' < 160 GeV (signal region: 120 < 	𝑚'' < 130 GeV) 

b-jets identified using a new GN2 tagger based on transformer 
architecture and further modified with: 

PtReco + muon-in-jet

• Recover energy from muons from semileptonic b-hadron 
decays, neutrinos, and out-of-cone effects

• Improves 𝒎𝒃𝒃 resolution by 17% 

Kinematic fit (new!)

• Balance the b-jet kinematics against the photons

• A second iteration which constrains the 𝑚)) mass to 125 GeV 
improves the 𝑚))'' resolution by 46% 

Total improvement on 𝒎𝒃𝒃 resolution of 27%
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𝐻𝐻 → 𝑏𝑏𝛾𝛾 event selection
1. Select events with 2 photons and ≥	2 b-jets 

2. 0 leptons, < 6 central jets for 𝑡𝑡𝐻 suppression

3. Define low mass and high mass regions based on the modified invariant mass 𝑚))''
∗

4. In each region: boosted decision tree to separate various 𝐻𝐻 signals from single 𝐻 and continuum 
background. Run 2 and Run 3 events categorized together 
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High mass region
• Focuses on SM-

like signals

Low mass region
• Additional 

sensitivity to 
various BSM signals

𝑚!!""
∗ = 𝑚!!"" − (𝑚!! − 125 GeV) 	− (𝑚""−	125 GeV)

Gives better resolution by cancelling out detector effects



𝐻𝐻 → 𝑏𝑏𝛾𝛾 event selection
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Sensitivity to 𝐻𝐻 vs backgrounds through BDT

Target different 
𝐻𝐻 hypotheses 
based on 𝑚''((

∗

Simultaneous fit to 𝒎𝜸𝜸 in all categories



Statistical results (𝜇!!)
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Main systematics uncertainties from single Higgs + b-jet 
production, signal cross-section, photon energy scale but are 
generally negligible compared to statistical uncertainties
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µ

O(1) expected signal event 
in 7 years of data taking

Observe slight deficit (𝜇## = 0.6) in Run 2, slight 
excess (𝜇## = 1.4) in Run 3 
Approaching total 1 𝝈 signal significance
So far Run 2 and Run 3 results are compatible with 
each other and SM



Statistical results (𝜇!!)
Double the sensitivity of the previous ATLAS 𝒃𝒃𝜸𝜸 result

• +50 % from Run 3 data

• +20 % from new GN 2 b-tagging algorithm

• +10 % from combined Run 2 and Run 3 optimization

• +5 % from kinematic fit

• The world’s current best (expected) single-channel constraint 
on 𝝁𝑯𝑯
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Phys. Rev. Lett. 133 (2024) 101801

The new result from just this channel alone is comparable to 
the sensitivity obtained from the previous ATLAS 
combination with all Run 2 HH channels 

This result

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-18/


Statistical results (𝜅", 𝜅#$)
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New Run 2 + Run 3

Old analysis, legacy Run 2
JHEP 01 (2024) 066

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-10/


Summary
Today I’ve shown you the very latest ATLAS results in the 
𝐻𝐻 → 𝑏𝑏𝛾𝛾 channel with > 300 𝐟𝒃,𝟏 of Run 2 and 3 data

𝐻𝐻 searches are the best way to probe the Higgs self-
coupling

Look forward to more results from ATLAS!

Read the preprint here: arXiv:2507.03495
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𝜇!! = 0.9%&.&,&.-

95% CLs upper limit on 𝜇!! of 2.6× SM

−1.7 < 𝜅$ < 6.6 @ 95% CL

Final motivational plot: we always beat simple luminosity scaling
Results shown today not yet included in HL-LHC projections

https://arxiv.org/abs/2507.03495


Backup
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Dashed lines are those which predict first order EWSB 
phase transition (needed for EW baryogenesis)


