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Why search for non-resonant HH? 

• Higgs potential: 
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1
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HH2

Higgs mass term

+ λvH3
⏟

Trilinear self-coupling
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⏟
Quartic self-coupling

κλ =
λHHH

λSM
HHH

mH = 125.13 ± 0.11 GeV
PDG 2026

• Higgs self-interaction:

1. Indirect constraints: higher-order effects in single-Higgs production. 

2. Direct constraints: Higgs boson pair (HH) production.
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https://pdg.lbl.gov/2026/listings/rpp2026-list-higgs-boson.pdf


Non-resonant HH production

• ggF HH— dominant production mode:      ,   σggF
HH (13 TeV) ≈ 31 fb σggF

HH (13.6 TeV) ≈ 34 fb

• VBF HH— subleading production mode:    ,     σVBF
HH (13 TeV) ≈ 1.7 fb σVBF

HH (13.6 TeV) ≈ 1.9 fb
κt

- Sensitive to the Higgs self-coupling .

- Sensitive to top-Yukawa coupling .

κλ

κt

- Characterised by two energetic forward jets.

- Sensitive to ,  and κ2V κλ κV

• BSM: Modified couplings can significantly enhance the non-resonant HH production rate.
κλ ≠ 1, κt ≠ 1, κ2V ≠ 1
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HH Decay Branching Fractions

Why ?bb̄τ+τ−

Complementary HH final states

• Large branching fraction ↔ clean experimental signature

• Different channels provide complementary sensitivity

HH →  

• Sizeable branching fraction: ~7.3%

• Good balance between signal yield and background rejection 

• Combines H →  high BR with H → ⁻ clean signature 

bb̄τ+τ−

bb̄ τ+τ−

    — Excellent mass resolution and purity, analyses provide strong sensitivity to .bb̄γγ κλ

   — Highest branching fraction, analyses provide strong sensitivity to  .bb̄bb̄ κ2V

  — Balance of branching fraction and sensitivity, best for bb̄τ+τ− μHH
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 : Where We StoodHH → bb̄ τ+τ−

 Run-2 Legacy [PhysRevLett.133.101801]: HH → bb̄ τ+τ−
Latest ATLAS combination of HH searches

• One of the leading channels for non-resonant HH searches.

• Expected Run2 limit:  < 3.3  at 95% CL.

• Targeted two complementary final states:    and 

μHH

τhadτhad τlepτhad

 Most sensitive individual Run-2 analysis to  .HH → bb̄ τ+τ− μHH

PhysRevLett.133.101801
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101801


 : What Is New? HH → bb̄ τ+τ−

CERN-EP-2026-227

Improve sensitivity to non-resonant HH production and Higgs-coupling interpretations
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https://arxiv.org/abs/2607.26879


HH  bb� τ⁺τ⁻: Event Selection→

τhadτhad selection τlepτhad selection

• Exactly 2 hadronic τ; no identified e/μ

• Exactly 2 b-tagged jets (GN2, 85% WP)

• Dedicated mbb and mττ cuts for each SR / CR

• Exactly 1 e/μ and 1 τhad

• Exactly 2 b-tagged jets (GN2, 85% WP)

• Dedicated mbb and mττ cuts for each SR / CR

Common object requirements

Jets: ≥ 2 central jets; leading jet pT > 45 

GeV

b-tagging: exactly 2 b-tagged jets (GN2, 

85% WP)

Lepton / τ identification and isolation 

requirements

Ingredients

GN2 b-tagging

85% WP

MMC reconstruction

of mττ

Channel-specific

trigger selection

Preselected events

Before the Signal and Control Region definitions
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*
* Detailed trigger selections are provided in the backup slides
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Signal and Control regions definition

Main backgrounds: 
1. ttbar, Z+HF. 

2. Hadronic jets faking  
• From MJ 
• From ttbar+tW or W 
• (Data driven methods)

τhad
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How we discriminate 
 signal from 

background in the SR?
HH → bb̄ τ+τ−



Multivariate Strategy: Multiclass categorisation  S

1. Multiclass output used to identify the HH production topology:

• The multiclass outputs are pB, pggF, pVBF, pBSM .
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1. Multiclass output used to identify the HH production topolog:

• The multiclass outputs are 

• From the ggF and VBF probabilities we construct the categorisation score  :

pB, pggF, pVBF, pBSM .

Scat

Improve , and reduce  -  correlation. κ2V κ2V κλ

VBF SR ggF SR

Scat =
pggF

pggF + pVBF

Multivariate Strategy: Signal-region assignment
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Rev.Phys. 5 (2020) 100045

Triangle BOX
2. Dedicated binary classifier in the most SM-sensitive region:

• It is trained for  Background vs Signal,

• with main-stream-trigger events and output 

mHH > 350 GeV,
pHH,Hi, pB,Hi

Multivariate Strategy: Dedicated high-  classifiermHH

This additional binary task improves the expected sensitivity by about 10% in both channels.
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https://www.sciencedirect.com/science/article/pii/S2405428320300083?via=ihub


3. Multi-task Transformer:

• All four tasks are trained jointly, [Multiclass, Binary, Aux Top, Aux Higgs].

• Three final SR observable are defined:

Multivariate Strategy: Final SR observables

• The Higgs-parentage task teaches the network which 

objects look compatible with a Higgs decay. Improves 

sensitivity by roughly 2–10%

• The top-parentage task helps reject 2-8 % of  and 

single-top backgrounds.

tt̄

SVBF =
2pVBF

pVBF + pB
− 1, SLo =

2pBSM

pBSM + pB
− 1, SHi =

2pHH,Hi

pHH,Hi + pB,Hi
− 1

These three scores are the final fit observables: their binned distributions are fitted simultaneously  
across all signal regions to extract the HH signal strength and coupling constraints
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Statistical Interpretation

SR shapes provide the signal sensitivity, while CR shapes constrain the 
dominant backgrounds in one simultaneous fit.
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RESULTS
Limits · coupling interpretation · sensitivity



Auxiliary  measurementsZH/ZZ → bb̄ τ+τ−

• , measurements are used to validate the HH analysis chain.

• Keeping the same analysis strategy and MVA setup.

• Both measurements are compatible with SM prediction:

ZH/ZZ → bb̄ τ+τ−

First evidence for at .ZH → bb̄τ+τ− 3.5σ
16

More details in Leonardo’s talk 
— Friday, 18 September



• The combined fit yields the inclusive HH signal strength:

• Compatible with the SM HH prediction at 1.65  ( ).

• Observed (Expected) significance against the background-only 

hypothesis is 2.6   (1.2 ), with the expected value assuming SM HH.

• Production-mode limits:  at 95% CL.

σ pSM ≈ 10 %

σ σ

μggF < 5.5 (2.5), μVBF < 41 (39)

HH signal strength 

μHH = 2.6+1.4
−1.0 = 2.6+1.0

−0.9 (stat.)+1.0
−0.5 (syst.) . • Measurement is statistically dominated 

• Leading systematic uncertainties: 

1.  ggF HH theory modelling. 

2.  ggH+HF modelling. 

3.   interference modelling. 

4.  Limited statistics in background templates. 

tt̄ − tW
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 and  reinterpretation κλ κ2V

• Observed 95% CL constraints:  

• The shifted likelihood minima are mainly driven by the observed HH excess .

• The likelihood shape reflects the coupling dependence of the HH cross section, acceptance and kinematics.
• Results remain compatible with the SM.

κλ ∈ [−3.4, 1.6] ∪ [5.5, 10.1], κ2V ∈ [−0.2, 2.4] .
(μHH = 2.6)
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• Most sensitive ATLAS non-resonant  search to date using full Run 2 + 2022–2023 Run 3 data.

• Combined inclusive signal strength:   with an observed (expected) significance of 2.6   (1.2 ).

• The result is compatible with the SM HH prediction at 1.65  .

• The expected significance improves by 65% compared with the previous  analysis.

HH → bb̄ τ+τ−

μHH = 2.6+1.4
−1.0 σ σ

σ
HH → bb̄ τ+τ−

Conclusion:
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• The largest sensitivity gain comes from:
1. New Transformer-based MVA, about 15–20% 

improvement.
2. Inclusion of Run 3 data (~15%).
3. Improved flavour tagging (~10%),
4. New  trigger strategy raises the   

to ~6.3%.
5. Removal of the eVeto in the  channel (~5%).

• Dedicated ZZ and ZH validation measurements are 
compatible with the SM.

• First evidence for  at 3.5 .

τhadτhad τhadτhad , A × ϵ

τhadτhad

ZH → bb̄ τ+τ− σ



τhadτhad



τlepτhad



Backup
BACKUP SLIDES
Additional material & supporting details

Trigger strategy  ·  Selection details  ·  Supporting results

HH → bb̄τ⁺τ⁻ |  ATLAS



Probing the Higgs Self-Coupling with HH Production 

κλ =
λHHH

λSM
HHH

•  is a key observable for probing mHH κλ

• Coupling variations modify the interference between HH amplitudes. 

• This affects both the production rate and the shape of the  spectrum. 

• Different couplings therefore lead to distinct kinematic signatures.

mHH
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MC samples
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Event Selections

Event selection is mainly driven by triggers
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 trigger strategyτhadτhad

τhadτhad
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 resolution improvementmbb
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 resolution improvementmττ
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Background modelling 
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Fakes in  SR τlepτhad
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Multijet fakes in   SRτhadτhad
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Fakes from Top + W in  SF method τhadτhad
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MVA transformer model
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Transformer input features
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Overtraining Avoidance

train ensemble of networks with different seeds, take the one closest to mean 
performance
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Statistical interpretation
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Control regions post-fit plots and NF values
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SR Lo post-fit plots
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ZZ and ZH postfit GNN score plots
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log(S/B) plots
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 postfitmHH
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 postfitmbb
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 postfitmmmc
ττ
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 postfit yieldsτlepτhad
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 postfit yieldsτhadτhad
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  2D plots: HH eventsmbb − mττ
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  2D plots: ZH eventsmbb − mττ
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  2D plots: ZZ eventsmbb − mττ
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ZH-HH correlation

RUN2 RUN3
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ZZ-HH correlation

RUN2 RUN3
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HH acceptance x efficiency
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HH POI decorrelation and upper limit
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ZH/ZZ POI decorrelation
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VBF Results

Observed (expected  = 0)  < 43 (39) @95% CLμVBF μVBF 54



Upper limit
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Auxiliary  measurementsZH/ZZ → bb̄ τ+τ−

• , measurements are used to validate the HH analysis chain.

• In High-SR, the HH classifier is replaced by dedicated ZZ/ZH discriminants.

• Keeping the same analysis strategy and MVA setup.

• Both measurements are compatible with SM prediction:

ZH/ZZ → bb̄ τ+τ−

μZZ = 0.64+0.39
−0.36 = 0.64 ± 0.28 (stat.)+0.25

−0.28 (syst.)

μZH = 1.52+0.52
−0.48 = 1.52 ± 0.40 (stat.)+0.33

−0.28 (syst.)

ZZ : 1.8 (2.7)σ, ZH : 3.5 (2.4)σ

•Observed (expected) significance:

First evidence for at .ZH → bb̄τ+τ− 3.5σ
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 uncertainty breakdownμHH, μZH, μZZ

57



 uncertainty breakdownμVBF,
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 sensitivityHH → bb̄ τ+τ−
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 Run 2 + partial Run 3 resultsHH → bb̄ γγ

Phys. Lett. B 876 (2026) 140280
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https://www.sciencedirect.com/science/article/pii/S0370269326001346?via=ihub


expected/observed scansκλ, κ2V
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 luminosity projectionsHH → bb̄ τ+τ−

ATL-PHYS-PUB-2024-016
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https://cds.cern.ch/record/2910850/


New Results vs Others

• The expected  limit of 2.4 reaches approximately the sensitivity of the full ATLAS Run-2 HH combination.

• 50% higher expected significance than CMS , with ~37% less luminosity.

• 19% higher expected significance than ATLAS , with ~36% less luminosity.

• Sensitivity equivalent to   of additional Run-2 data — about 164% of the Run-2 luminosity.

μHH

HH → bb̄ τ+τ−

HH → bb̄ γγ
∼ 230 fb−1
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