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Higgs self-coupling (Physis Motivation)
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• The full expression of the Higgs potential is encoded with parameters μ and λ as:
𝑉 𝜙 = 𝜇! 𝜙"𝜙 + 𝜆 𝜙"𝜙
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• When linearising the Higgs field after the EWSB around the vacuum expected value 𝜈 one gets:
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≈ 0.13à SM prediction

• Investigating the HH production allows for direct probing of the Higgs self-coupling 
o One of the unknown property after the Higgs discovery still to be measure
o Prob the shape of the Higgs potential 

physics.aps.orgNature reviews physics

https://physics.aps.org/articles/v8/108
https://www.nature.com/articles/s42254-021-00341-2


Higgs self coupling measurments at the LHC

2

• Leading HH production mode at LHC is gluon-gluon Fusion (ggF):

o 𝜎**+,- = 31.05 𝑓𝑏 @ NNLO for 𝑠 = 13 TeV

𝜅! =
𝜆"""#$%&'($)
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• Second leading HH production mode is vector-boson-fusion (VBF):
o 𝜎**+,- = 1.73 𝑓𝑏 @ N3LO for 𝑠 = 13 TeV

HH production to prob the self coupling 𝝀𝑯𝑯𝑯:

SM

arxiv:1311.2931

https://arxiv.org/pdf/1311.2931.pdf


Higgs self-coupling measurment in ATLAS 
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bbbb
à B.R of 34 %  the Largest B.R
à Challenging background

bb𝝉𝝉
à B.R of 7.3 %  moderate
à Depends on 𝝉 decay modes

- Mixed leptonic/hadronic state

bb𝛄𝛄
à Clean m𝛄𝛄 peak
à Small B.R of (0.26 %)

bbℓℓ + 𝐸(/001

à ℓℓ𝜐𝜐 𝑓𝑟𝑜𝑚 𝜏𝜏 +𝑊𝑊 + 𝑍𝑍
à Clean ℓℓ + 𝐸(/001

Full run2 140 fb-1

Given that H→bb has the highest B.R is 
mostly exploited by the searches



Run2 non-resonant HH→bbbb Analysis strategy

• Due to large QCD the multi-jet background make it 
challenging to distinguish signal from the 
background

• Targeting ggF and VBF production modes with 
dedicated categories based on the presence of 
additional jets

• Signal regions are defined by the selections in the 
2D mH1:mH2 plane

Phys. Rev. D 108 (2023) 052003

• Major backgrounds 
à QCD multi-jets (~95 %) 
à ttbar (~5%) 

• Total background estimated from data using a neural network 
trained in control regions to re-weight 2b data to look like 4b data
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ggF VBF

https://link.aps.org/doi/10.1103/PhysRevD.108.052003


Run2 non-resonant HH→bbbb Analysis strategy

● Further splitting is performed for ggF and 
VBF categories to enhance sensitivity to SM 
signal and to the signals with BSM couplings

● ggF category splitting:
○ 3 × 2 categories in bins of

■ |ΔηHH | × XHH
● VBF category splitting:

○ 2 categories in bins of
■ |ΔηHH |

● Final discriminant variable:
○ mHH is used as final discriminant variable in 

8 signal regions
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Phys. Rev. D 108 (2023) 052003

https://link.aps.org/doi/10.1103/PhysRevD.108.052003


Run2 results non-resonant HH→bbbb Analysis 
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Dedicated boosted HH VBF analysis is performed
à To enhance K2V sensitivity

ATLAS-CONF-2024-003Cross-sectional limits

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-003/


Run2 non-resonant HH→bb𝜏𝜏 Analysis strategy

Given the τ decay two sub-channels 
are considered 

• Semi leptonic τlepτhad
• 1 Lepton (e/μ) and 1τ

• Fully hadronic τhad τhad
• 2 τ

Extended categorization to improve constraints on HHH and HHVV coupling

Ⓧ
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τlepτhad (SLT) τlepτhad (LTT)

τhadτhad

VBFSR ggFSR

Categorization cut chosen not to penalize kλ constraint 
and inclusive HH signal strength limit

ATLAS-CONF-2023-071/

SLT: Single lepton Trigger channel
LTT: Lepton+Tau Trigger channel

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-071/


Run2 non-resonant HH→bb𝜏𝜏 Analysis strategy
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Main backgrounds:

• ttbar
• Z + heavy flavour jets

• Single top
• Single Higgs
• Diboson

• ttbar with jet à 𝝉had fakes
• QCD multijet with jetà 𝝉hadfakes

Dedicated control region
[ee or μμ, 75 GeV < mℓℓ < 110 GeV
, mbb < 40 GeV or mbb > 210 GeV]

From simulation

data-driven
from anti-ID CR extrapolated 
into the SR with fake factors

Signal is extracted through a joint fit to all SRs and the CR

ATLAS-CONF-2023-071/

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-071/


Run2 non-resonant HH→bb𝜏𝜏 Analysis strategy
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low mHH SR high mHH SR VBFSR

à BDT outputs are used as final 
discriminant 

τlepτhad (SLT)

ATLAS-CONF-2023-071/

τhadτhad

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-071/


Run2 results non-resonant HH→bb𝜏𝜏 Analysis 
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ATLAS-CONF-2023-071

Cross-sectional limits 𝜅& limits 𝜅!2 limits

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-071/


Run2 non-resonant HH→bbγγ Analysis strategy
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Interesting events are selected if they fulfil the selection requirements targeting the bbγγ signature

JHEP 01 (2024) 066➕

Events in the signal region are then categorized, relying on the reduced 4-object 
invariant mass 𝒎𝒃𝒃𝜸𝜸

∗ = 𝑚6677 − 𝑚66 − 125 𝐺𝑒𝑉 − (𝑚77 − 125) and BDT output

Two bins defined in 𝐦𝐛𝐛𝛄𝛄
∗

- Low mass region 𝐦𝐛𝐛𝛄𝛄
∗ < 350 GeV

- High mass region 𝐦𝐛𝐛𝛄𝛄
∗ > 350 GeV

Final Fit discrimenant
In events with more than 4
jets, the candidate VBF-jets
are tagged via a dedicated
BDT-based classifierH→ƔƔ

https://link.springer.com/article/10.1007/JHEP01(2024)066


Run2 results non-resonant HH→bbγγ Analysis

12

Cross-sectional limits

𝜅& limits 𝜅!2 limits

JHEP 01 (2024) 066 JHEP 01 (2024) 066

https://link.springer.com/article/10.1007/JHEP01(2024)066
https://link.springer.com/article/10.1007/JHEP01(2024)066


Run2 non-resonant bbℓℓ + 𝑬𝒎𝒊𝒔𝒔𝑻
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The analysis focuses on the 𝐻𝐻 → 𝑏I𝑏 +𝑊𝑊∗/𝑍𝑍∗/𝜏8𝜏9 → 𝑏I𝑏 + ℓ8ℓ9 + 𝑛𝑒𝑢𝑡𝑟𝑖𝑛𝑜𝑠

DNN (BDT) bins numbered 1-7(5) by decreasing 
signal purity

arXiv:2310.11286

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-02/


Run2 results non-resonant bbℓℓ + 𝑬𝒎𝒊𝒔𝒔𝑻
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arXiv:2310.11286

Cross-sectional limits 𝜅& limits 𝜅!2 limits

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-02/


Combine Cross-section limits
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bbℓℓ + 𝑬𝒎𝒊𝒔𝒔𝑻

Updated bb𝝉𝝉 Obs 5.9, Exp 3.2

Phys. Lett. B 843 (2023) 137745

arXiv:2310.11286

JHEP 01 (2024) 066

ATLAS-CONF-2023-071

https://www.sciencedirect.com/science/article/pii/S0370269323000795?via=ihub
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-02/
https://link.springer.com/article/10.1007/JHEP01(2024)066
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-071/


Combine Coupling limits
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Phys. Lett. B 843 (2023) 137745

bb𝛄𝛄 constrains large |𝝹𝝺 |

Phys. Lett. B 843 (2023) 137745

The combined results will be 
computed again for the new 
re-optimised analysis (bb𝜏𝜏

and bbγγ)  

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2022-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2022-03/


Cross-section limits H and HH combination
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Constraints in the κλ–κt plane from single-Higgs (blue) and 
double-Higgs (red) analyses, and their combination (black)

Phys. Lett. B 843 (2023) 137745

κt

Single Higgs

HH channels

Values outside −0.4 < κλ=(λHHH/λSMHHH) < 6.3 are excluded at 95% CL

https://www.sciencedirect.com/science/article/pii/S0370269323000795?via=ihub


Towards Run3
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• Trigger improvements in bbbb, bb𝝉𝝉: 50% more efficient than Run 2 
• Tracking for hadronic signatures à Particle Flow jets 
• Deep/Graph Neural Net b-taggers 
• Optimised event selections, increased bandwidth

Public results Publuc results

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BJetTriggerPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TauTriggerPublicResults


Prospects High Luminosity LHC (HL-LHC)

19

Extrapolations of new ATLAS full run2 non-resonant HH searches in the bbττ and bbγγ channels to HL-LHC with 3000 fb−1

Baseline: 
The systematic uncertainties
are adjusted following the
latest recommendations from
HL-LHC [Link]

ATL-PHYS-PUB-2022-005ATL-PHYS-PUB-2022-053

https://cds.cern.ch/record/2651134?ln=en
https://cds.cern.ch/record/2802127
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-053/


Conclusion
● HH searches allows to probe directly the Higgs self-coupling

● Active ATLAS searches are ongoing covering most of the channels
○ Measures many possible decay channels of the HH

● In combination of the HH decay channels ATLAS has achieved most stringent limits on 

non-resonant HH production and most stringent constraints on κλ until now

● New HL-LHC extrapolations based on latest results improved compared to the ones 

based on the 36 fb-1 analysis
○ Expected more than 3.0 σ evidence and 50 % uncertainty on κλ for SM HH from ATLAS
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The Observed upper limit 2.4 at 95 % CL -0.6 < κλ < 6.6 at 95% CL

Potential for major gains with a large Run 3 dataset — keep pushing!



Backup slides

21



BSM Physics in Higgs pair production
● Higgs pair production in SM is a rare process 

○ The production cross-section is 1000 smaller than the single Higgs production 
● But still very interesting to study beyond the SM physics (BSM)
● Large variations of non-resonant cross section with modifications of κλ for ggF and 

VBF 
○ More than a factor of 2 increase at κλ = 0 
○ More than a factor of 4 increase at κλ = -1 

● Modifications of the kinematics of the process with variations of 
○ due to different contributions and interference of the Feynman diagrams

● Production of BSM resonances X → HH
○ Enhances the production rate
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JHEP04(2013)151

Phys. Lett. B 800 (2020) 135103

https://link.springer.com/content/pdf/10.1007/JHEP04(2013)151.pdf
https://www.sciencedirect.com/science/article/pii/S0370269319308251?via=ihub


4b analysis selections
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The values of 124 GeV and 117 GeV in 
the XHH definition are chosen in accord 
with the centers of the mH1 and mH2
distributions for correctly paired signal 
events from simulation.

CR1, are used to derive the reweighting function for the nominal background estimate CR2 is used to define a 
systematic uncertainty related to the reweighting function interpolation into the SR



4b analysis background estimations
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bb𝝉𝝉 kinematic variables
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bb𝝉𝝉 BDT
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Single lepton trigger Channel

Lepton + 𝝉had trigger



bbℓℓ + 𝑬𝒎𝒊𝒔𝒔𝑻 pre-selections

27



bbℓℓ + 𝑬𝒎𝒊𝒔𝒔𝑻 MVA inputs
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DNN (ggF)
BDT (VBF)



Resonant HH combination with full Run 2 data
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• Searches are performed for BSM resonant HH 
production: resonance mass point ∈ [0.25, 5] TeV

• X→ HH → bbbb, bbττ, bbγγ
• Similar baseline event selections and background 

estimations to the non-resonant searches in the same 
final states 

• Optimised signal region selections and discriminants 
specifically for the resonant signals

Complementarity of searches in different decay channels:
• bb𝛄𝛄 [Phys. Rev. D 106 (2022) 052001] 
• bb𝝉𝝉 [JHEP 07 (2023) 040] 
• bbbb [Phys. Rev. D 105 (2022) 092002]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-34/
https://link.springer.com/article/10.1007/jhep07(2023)040
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-41/

