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Higgs self-interactions

φ

Higgs field value 
in our Universe

V(φ)

λ = SM

λ ≠SM

* sketch inspired by G. Salam

** all other couplings fixed to the SM

https://www.nature.com/articles/s41586-022-04899-4


Current 
experimental 
knowledge

φ

V(φ)
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-0.7 < λ/SM < 6.1 
from ATLAS+CMS Run-2  

combined results  
ATLAS-CONF-2025-012 

λ = SM

λ ≠SMHiggs self-interactions

* sketch inspired by G. Salam

** all other couplings fixed to the SM

https://cds.cern.ch/record/2947512
https://www.nature.com/articles/s41586-022-04899-4


How do we measure Higgs self-coupling at the LHC?
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Double-Higgs (HH) production: 
• σHH~31fb at 13TeV 
• sensitive to trilinear self-coupling 
• deep physics program in ATLAS and CMS to 

measure HH production: SM possibly in reach  
at the end of LHC Run-3

H

Hkλ = k3 = λHHH/λSM 
(λHHH = λv)

k4 = λHHHH/λSM  
(λHHHH = ¼ λ)

H

H

H

Triple Higgs (HHH) production: 
• σHHH~0.08fb at 13TeV: 

→O(10) events at LHC Run-2 

→O(2) events after HHH(→6b) decays 

→comparison: O(1300) events in HH(→4b)  
for an exclusion limit at ~5·SM 

• sensitive to quartic self-coupling
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Triple Higgs (HHH) production: 
• σHHH~0.08fb at 13TeV: 

→O(10) events at LHC Run-2 

→O(2) events after HHH(→6b) decays 

→comparison: O(1300) events in HH(→4b)  
for an exclusion limit at ~5·SM 

• sensitive to quartic self-coupling



Triple-Higgs production in the Standard Model
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HHH production at the LHC is sensitive to several Higgs coupling parameters 
(through interfering diagrams)

de Florian, Fabre, Mazzitelli

https://inspirehep.net/literature/1768679


Triple-Higgs production in the Standard Model

9

HHH production at the LHC is sensitive to several Higgs coupling parameters 
(through interfering diagrams)

de Florian, Fabre, Mazzitelli

https://inspirehep.net/literature/1768679


Triple-Higgs production in the Standard Model

10

HHH production at the LHC is sensitive to several Higgs coupling parameters 
(through interfering diagrams)

de Florian, Fabre, Mazzitelli

https://inspirehep.net/literature/1768679


11

HHH production at the LHC is sensitive to several Higgs coupling parameters 
(through interfering diagrams)

Triple-Higgs production in the Standard Model
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ATLAS 
Run-2  

Results



HHH experimental analysis

13

Very small σHHH (~0.08 fb) - BR’s important to determine viable experimental channels 

• HHH(→6b) ~ O(20%) 

• HHH(→4b2W) ~ O(20%) 
(+W decays) 

• HHH(→4b2τ) ~ O(6%) 

• HHH(→4b2y) ~ O(0.2%) 

In ATLAS focus on HHH(→6b) 
to maximise statistics. 

CMS already explored smaller 
channels (4b2y) as well.



HHH experimental analysis
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Very small σHHH (~0.08 fb)Challenges • large QCD background 
• 6 bottom-jets pairing

H(bb) decay  
for maximum statistics

6 bottom-quark jet final state

HH

H

Relatively simple analysis selection: 
• combination of b-jet triggers across full Run-2 

(2b2j, 3b1j) 
• at least 6-jets (40 GeV), at least 4 b-jets (DL1d 77%) 
• 4 b-jets: validation region 
• 5 b-jets: background extrapolation region 
• 6 b-jets: signal region 

… relatively busy final state !

Phys. Rev. D 111 (2025) 032006

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.032006
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Phys. Rev. D 111 (2025) 032006

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.032006


HHH experimental analysis
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Jet pairing: how often do we reconstruct the correct Higgs candidate from (bb) pairs?
reconstruct (bb) pair consistent with Higgs mass ~ 125GeV      [efficiency ~ 60% for SM]

Higgs pT spectrum non trivial dependence 
on self-coupling parameters

Phys. Rev. D 111 (2025) 032006

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.032006


HHH experimental analysis
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MVA: how do we distinguish the signal from the background?
DNN approach combining variables (with minimal correlation with b-tagging information)

Phys. Rev. D 111 (2025) 032006

Trained on 5b-data as background

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.032006


HHH experimental analysis
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Background modeling: QCD multi-jet multi-b background fully data-driven
extrapolation from low-DNN and low-#b-tag regions to fully control the bkg shape and yield

non-closure systematics
• [5b] data reweighted to  

[6b] data yield 

• shape correction  
from [4b/5b]

Binned DNN distribution fitted in the final fit: [5b] + [6b] regions in the profile likelihood

Phys. Rev. D 111 (2025) 032006

Key assumption: QCD modeling similar for 4b, 5b, 6b events

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.032006


HHH experimental analysis
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Extrapolating in #b-tags means that the figure of merit for good modeling is 
Low DNN-score region: non-closure in the double ratio D taken as systematics 
(accounted for 3 different uncorrelated variables)

Phys. Rev. D 111 (2025) 032006

The assumption is relaxed to: 
Deviations or the double-ratio D from ~1 
are similar in the low- and high-score regions 
 
(DNN decorrelated from b-tag information)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.032006


HHH experimental analysis

20

Extrapolating in #b-tags means that the figure of merit for good modeling is 

These shape uncertainties are 
profiled in the fit,  

essentially contributing to the 
data-driven background model 

in the 4-5-6b extrapolation

Phys. Rev. D 111 (2025) 032006

Low DNN-score region: non-closure in the double ratio D taken as systematics 
(accounted for 3 different uncorrelated variables)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.032006


20− 10− 0 10 20 30
3κ

600−

400−

200−

0

200

4004
κ Exp. 68% CL

Exp. 95% CL
Obs. 68% CL
Obs. 95% CL
Unitarity
SM

ATLAS
-1 = 13 TeV, 126 fbs

 6b→HHH 

HHH ATLAS Run-2 results
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μHHH < 750 
σHHH  < 59 fb [σHHHSM~0.08 fb]

-11 < k3 < 17 (k4=1)

-230 < k4 < 240 (k3=1)*fully* dominated by 

available data statistics

Phys. Rev. D 111 (2025) 032006

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.032006


HHH ATLAS Run-2 results: TRSM interpretation
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Results in the HHH(6b) final state can be translated to limits to TRSM and generic heavy resonance models: 
DNN approach re-optimised for different signal models

X
S

H

H

H

• TRSM Benchmark Point 3: mH ≤ mS < mX  
pert. bounds: 325< mX <575GeV; 200< mS <350GeV 

• Generic heavy resonance : only resonant diagram from TRSM BP3 
500< mX <1500GeV; 275< mS <1000GeV

Phys. Rev. D 111 (2025) 032006

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.032006
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HL-LHC 
Prospects



HL-LHC Projections
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SM HHH limited by small cross-section and low statistics: O(10 times) more data at HL-LHC

same systematics as in Run-2 analysis

halved b-tagging and theory systematics

+ data-driven bkg syst. scaling with luminosity

+ 5% extra b-tagging efficiency (fixed bkg rejection)

ATL-PHYS-PUB-2025-003

https://cds.cern.ch/record/2924772
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SM HHH limited by small cross-section and low statistics: O(10 times) more data at HL-LHC

same systematics as in Run-2 analysis

halved b-tagging and theory systematics

+ data-driven bkg syst. scaling with luminosity

+ 5% extra b-tagging efficiency (fixed bkg rejection)
k4 unitarity bounds for (k3=1) around (-65, 65)

“ATLAS + CMS” 
(3/ab + 3/ab)

O(30%) k3 expected precision from HH at HL-LHC

ATL-PHYS-PUB-2025-003

https://cds.cern.ch/record/2924772


CMS results & other channels
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Recent CMS results for the HHH(6b) final state: 
• including boosted and semi-boosted topologies, 

one or more H reconstructed as large-R jets 
→ O(20%) improvement 

• including events with <3 reconstructed Higgs 
(impact of limited b-tagging acceptance) 
→ O(18%) improvement

CMS PAS HIG-24-012

Constraints on the self-coupling plane: 
• HH processes included as background,  

with k3 dependency 
→ strong impact on k’s constraints ! 
(missing from ATLAS results) 

• Difficult to model HH(k3,k4) yet

O(25%) better limits 
than ATLAS

μHHH < 588

https://cds.cern.ch/record/2945361/files/HIG-24-012-pas.pdf


Conclusions & Outlook

28

First triple-Higgs experimental search from ATLAS in the 6 b-jets final state 
• Limits still very far from SM (~750xSM) 
• Sensitivity to trilinear and (uniquely) quartic self-coupling, 

some complementarity with HH 
• Probing TRSM / heavy scalar BSM models

Clearly this is a physics target yet far from Standard Model sensitivity, yet some interest 
growing in the experimental community. 
Refining analysis techniques (see CMS) and exploring other channels (4b2τ), possibly 
interesting results already at HL-LHC?

*Pas de Trois Grâces 
à Dubrovnik jusqu’à présent



φ
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Thank you for your attention !



Triple-Higgs production
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In this formula: 
c3 = k3-1 
c4 = k4-1

Standard Model → k3 = k4 = 1 
XSmin(k3, k4) → k3 ~2, k4 ~8 
XSmin(k3, k4=1) → k3 ~1.6 
XSmin(k3=1,k4) → k4 ~4.5

HHH cross-section dependency on Higgs self-coupling: the details



Triple-Higgs production
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Our signal scaling with a non-linear function of k3 and  k4 can create degeneracies if we only 
rely on the signal-yield and cross-section information: Higgs kinematics can help

σHHH(k3, k4=1)/σHHH(SM) σHHH(k3, k4=-100)/σHHH(SM)

This complex dependency makes measuring the k3 and  k4 parameters non trivial 

μHHH=100

4 different values of k3 
could fit this signal yield
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Impact of coupling variations on HHH kinematics:

Triple-Higgs production in the Standard Model



Slides from Maggie Chen



34Slides from Maggie Chen



35

HHH signal phenomenology back-up
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HHH signal phenomenology

P B T4 T3

back-up
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HHH signal phenomenology

P B T4 T3

quartic sensitivity when P and B 
are smallest: 
production threshold (low mHHH) 
and high tails (large mHHH)

trilinear sensitivity rather large  
thanks to spoiling of the 
cancellation effects

back-up
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HHH signal phenomenology
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Unitarity Bounds

https://arxiv.org/abs/2312.04646

https://arxiv.org/abs/2312.04646


The Higgs Potential
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The Higgs Potential
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The Higgs Potential in QFT textbooks of the future 
(might still be the Standard Model realisation)

φ

1907.02078

https://arxiv.org/pdf/1907.02078.pdf


The Higgs Potential
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ESU ATLAS & CMS 2025

https://indico.cern.ch/event/1439855/contributions/6461580/attachments/3045954/5381912/ESU2025_ATLAS_CMS.pdf
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HH signal phenomenology: HH Cross-Section
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Self-couplings through single-H corrections

• higher order EW diagrams make single-H 
boson processes also dependent on the 
Higgs boson self coupling lambda 

• combination of both H and HH (and HHH?) 
measurements allows to put stringent limits on 
lambda, while at the same time relaxing 
assumptions about other Higgs couplings (e.g. 
top-Higgs couplings in particular)

back-up
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slides from Giulia Zanderighi

https://indico.cern.ch/event/1387239/contributions/6709944/attachments/3145223/5583601/Dubrovnik2025.pdf
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slides from Gabriel Oliveira Corrêa

https://indico.cern.ch/event/1387239/contributions/6674700/attachments/3144752/5582604/4b2tau_hhh_workshop_2025_v4.pdf
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slides from Marko Stamenkovic

https://indico.cern.ch/event/1387239/contributions/6638168/attachments/3144623/5582378/20250929_HHH_workshop_2025.pdf
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