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Why?
• In SM, Higgs boson self-coupling strength related 

to quartic term in energy potential of Higgs field, 
responsible for EW symmetry breaking…
ü Last missing piece of SM!
ü Understanding connect to multiple 

phenomena (e.g. nature of early universe 
phase transition, vacuum meta-stability, …)
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Measuring Higgs self coupling at LHC
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Gluon fusion σggF(ppàHH) = 31.05 fb @ 13 TeV

VBF σVBF(ppàHH) = 1.726 fb @ 13 TeV

Many channels, different sensitivities…

H

H

q q

q q

V

V

V

V

H

H

q q

q q

V

V

2VH

H

q q

q q

H

V

V

�V

g

g H

H

H
κt

(ctth)
κλ

(chhh) g

g

H

H
κt(ctth)

κt(ctth)

𝑏"𝑏 𝑊𝑊∗ 𝜏"𝜏# 𝑍𝑍∗ 𝛾𝛾

𝑏"𝑏 34%

𝑊𝑊∗ 25% 4.6%
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𝑍𝑍∗ 3.1% 1.1% 0.33% 0.069%
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σ HH) / →(pp σ95% CL limit on 

Obs. (Exp.): 95 (54)
γγ

-W+W

Obs. (Exp.): 33 (41)
ZZ, 4lbb

Obs. (Exp.): 31 (26)

-τ+τγγ

Obs. (Exp.): 22 (20)
Multilepton

Obs. (Exp.): 16 (18)

-W+Wbb

Obs. (Exp.): 8.4 (5.6)
γγbb

Obs. (Exp.): 3.4 (5.3)

-τ+τbb

Obs. (Exp.): 7.5 (4.3)
bbbb

Obs. (Exp.): 3.5 (2.5)
Combined

Observed          68% expected   
Median expected 95% expected   
                                              

CMS Preliminary
 = 12Vκ = Vκ = tκ = λκ

 (13 TeV)-1138 fb

Current experimental limits on inclusive HH cross section
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CMS PAS HIG-20-011Phys. Rev. Lett. 133 (2024) 101801

Limits calculated 
for assumption 

of no HH 
production 
(μHH = 0)

ATLAS: 2.9 xSM (exp 2.4 xSM) CMS: 3.5 xSM (exp 2.5 xSM)

Run 2 “legacy” expected significance of μHH  ~1.0 standard deviations for each experiments

https://cds.cern.ch/record/2917252
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-18/


The TYL HEP_17 project
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Japan France

Nakahama, Yu (KEK) Marco Delmastro (LAPP)

Masubuchi, Tatsuya (Osaka University) Nicolas Berger (LAPP)

Kugo Rina (Osaka University, PhD) Zhibo Wu (LAPP, postdoc)

Kita Sayuka (Tsukuba University, PhD) Oleksii Kurdysh (LAPP, postdoc)

Kazuki Kojima (KEK, postdoc) Gianna  Loeschcke Centeno (LAPP, postdoc)

1 postdoc at Osaka from October 2025 1 PhD at LAPP from October 2025

Djamel Boumediene (LPC)

Louis D’Eramo (LPC)

Arthur Lafarge (LPC, PhD)

• Launched in 2024
• Aiming to exploit the potentiality of the LHC Run 3
• Several younger collaborators (post-doc, PhD students)

ü Excellent opportunity for ECR training

A path toward the 
discovery of the 
Higgs-pair production in 
ATLAS 

2023 2024 2025 2026 2027 2028 2029 2030

Conversing              Result           PhDTanaka, hàbb
Lakmin, hàcc Conversing              Result           PhD

ICHEP2024

End of Run 3

Ramp up, Partial Result?              R&D        Conversing   Full Result    PhD?             Wada D1, hàmumu
R&D        Conversing   Full Result            Ramp up, Partial Result?              Izumiyama PD, hàmumu

During ramp up 
Almost integrated to ATLAS analysis

best kc & VHbb 
STXS, BSM 

HH evidence & best kl constraintUse of GN2 f-tag & 
had/delayed triggers

Use of boosts 
& regression

Start of Run 4
µµ evidence
best µHH UL

Analysis
milestones

Analyses

Timeline
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R&D     Conversing        Partial Result         PhDKita D2, bbyy

Higgs pairs 2025 May

Kojima PD, bbyy Conversing        Partial Result              R&D         Conversing      Full Result              

R&D                  Conversing        Partial Result   PhDJang D3, bbtautau

Kugo D1, bbbb Ramp up Partial Result?              R&D     Conversing     Full Result  PhD?             

HL-LHC preparation Prospects, performance        Upgrade software, physics
Ramp up?              
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(*) Partial Result: 
Run 2 (140 fb-1) + partial Run 3 
(2022-2023 60 fb-1 or 2022-2024 160 fb-1)

(**) Full Result:
Run 2 + Run 3 400-500 fb-1

Partial Result (*) Full Result (**) Combination Result

The team in ATLAS Japan has been evolving sustainably, anticipating coutinuous achivements.
à We meet every week to realise these  

Analysis list in the ATLAS Japan Higgs group
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We are here
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From the FJPPN 2024 proposal…
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First project workshop in 
LAPP in February 2025

First result this week!

Official ATLAS+CMS 
Run 2 HH combination 
ongoing…



What have we already done? What do we plan to do?
• Network active in designing ATLAS di-Higgs measurements exploiting Run2 + partial Run 3 LHC data:

ü HH→ bbyy channel (KEK, Tsukuba, LAPP), HH→bbbb (Osaka)
ü HH→bbττ (Tokyo)
ü Development of relevant improvement in the reconstruction and calibration of objects relevant to these 

analyses (i.e. b-jet tagging, photon identification)
• 2024 dedicated to ramp-up and consolidate individual analyses, prepare harmonized analysis 

framework, study trigger usage, and establish reconstructions of boosted or soft objects
• 2025 will see the release of first results (HH→ bbyy Run 2 + partial Run 3 measurement +EFT 

interpretation, Run2 ATLAS +  CMS diHiggs combination). 

• Specific goals for 2025
ü Improved Photon ID development and calibration (Tsukuba + LAPP);
ü b-tagging for GN3, baseline for Run 3 (LAPP + Tokyo);
ü EFT interpretation for HH→yybb, to be possibly extended to bbbb and bbττ on a longer timescale using the same 

parameterization (LAPP);
ü General work on combinations (H+HH) and global EFT interpretation (LAPP + Osaka)

• Request of TYL support: 2 travels/stays to KEK and/or Osaka & 2 travels/stays to LAPP and/or LPC
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In-person interactions
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Fresh from the oven: Run 2 + partial Run 3 HH→bbγγ

• First ATLAS result using 308 fb-1 data!

ü140 fb-1 Run 2 data (2015—2018, 13 TeV)
ü168 fb-1 Run 3 data (2022—2024, 13.6 TeV)
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ATLAS-CONF-2025-005



Run 2 + partial Run 3 HH→bbγγ: new b-tagging
• Major improvements to b-tagging algorithms…

ü … and a significant effort to calibrate them!

Marco Delmastro A path toward the discovery of the Higgs-pair production in ATLAS 11



Run 2 + partial Run 3 HH→bbγγ: analysis overview
• Separate BDTs trained in low and high mass regions.

ü Input variables : kinematics of photons, b-jets, bb-system, missing ET, HT, `single-topness’…
ü Fit mγγ distribution in 7 signal regions based on BDT score

Marco Delmastro A path toward the discovery of the Higgs-pair production in ATLAS 12

110 120 130 140 150 160
 [GeV]γγm

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5

Su
m

 o
f w

ei
gh

ts
 / 

2.
5 

G
eV Data

Cont. background
Total background
Signal + background

Preliminary ATLAS
-1 = 13 / 13.6 TeV, 140 / 168 fbs

γγb b→HH 

SM
log(1+Slog(1+S    / B) weighted sum

-1.1
+1.4 = 0.9

HH
µ



Run 2 + partial Run 3 HH→bbγγ: results!
• Observed significance of SM HH: 0.8σ

ü Expected significance: 1.0σ

• Observed signal strength: μHH = 0.9 +1.4/-1.1
ü Expected upper limit on μHH (assuming μHH = 0): 

2.6 x SM
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Run:	456118

Event:	301264610

2023-07-08	06:59:42	CEST



Toward Full Run 3 HH→bbγγ analysis: new Photon ID
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Toward Full Run 3 HH→bbγγ analysis: new Photon ID
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Conclusions
• FJPPN project HEP_17 “A path toward the discovery of the Higgs-pair production in 

ATLAS” well underway!
ü 2024 dedicated to ramp-up and consolidate individual analyses

ü First results published in 2025: HH→ bbyy Run 2 + partial Run 3 measurement!
ü More to come shortly (HH→ bbyy EFT interpretation, Run2 ATLAS+CMS diHiggs 

combination, …)

• Network well connected both with analysis and performance work (e.g. b-tagging, photon 
identification), crucial to sensitive results!

• A significant part of the network is composed by ECR (post-docs, students), we want to 
reinforce their opportunity to collaborate (e.g. short stays in France and Japan)
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