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Probing Higgs potential

❖ The Higgs potential is introduced in SM. It has the 

following form when expanding the field around the 

ground state: 

𝑉 𝜙 = −
𝜇4

4𝜆
− 𝜇2𝐻2 + 𝜆𝜈𝐻3 +⋯

 the 2nd term is the mass term, indicating a physical particle, the 

Higgs boson, which has been discovered 10 years ago

 the 3rd term is the Higgs self-interaction terms

❖ HH production allows direct probing of the Higgs boson 

self-interaction thus probing the shape of Higgs potential

❖ The deviation from the SM predicted self-interaction could 

indicate new physics
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Higgs boson pair production at the LHC

❖ Di-Higgs production processes at the LHC are predicted by the SM 

 Gluon-gluon fusion

 𝜎𝑔𝑔𝐹
𝑆𝑀 ≃ 31 𝑓𝑏 [13 𝑇𝑒𝑉]

 the dominant mode

 two diagrams interferes destructively

 Vector-boson fusion

 𝜎𝑉𝐵𝐹
𝑆𝑀 ≃ 1.7 𝑓𝑏 13 𝑇𝑒𝑉

 the second dominant mode

 Associated productions, HHV, HHtt

 with much smaller production cross-sections
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SM HH mass distribution

❖ Particles from the HH production in the self-interaction process are soft 

 Challenging for hadronic triggers and detector object reconstruction/identification!

❖ 𝜅𝜆 ≠ 1 modifies the cross-section and kinematical properties of HH events
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Physics Briefing: Twice the Higgs, twice the 

challenge

Combination of searches for Higgs boson pairs in 

pp collisions at s=13TeV with the ATLAS detector

𝜅𝜆 =1

https://cds.cern.ch/record/2759320
https://www.sciencedirect.com/science/article/pii/S0370269319308251?via%3Dihub


Higgs boson pair decay channels

❖ Each Higgs boson decays to one of 

the bb/WW/gg/𝜏𝜏/ZZ/𝛾𝛾 final states

❖ Different channels have different 

detection opportunities/challenges

 results from bbbb, bb𝜏𝜏, bb𝛾𝛾 are 

presented today, which providing the best 

sensitivity to HH production
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by Katharine Leney



𝐇𝐇 → 𝒃𝒃𝒃𝒃

❖ highest branching ratio

❖ sensitive to HH events with large transverse momentum 𝑝𝑇
𝐻

❖ large multi-jet background 
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ATLAS-CONF-2022-035

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-035/


𝐇𝐇 → 𝒃𝒃𝒃𝒃

❖ Events considered are selected online with the “2b2j” and “2b1j” trigger signature

❖ Selection & reconstruction of 4b system starts from the requirement to have at least 4 jets 

with 𝑝𝑇 > 40 𝐺𝑒𝑉, at least 2 of which are b-jets

❖ Signal region (SR) is set to have two b-jets pairs with good compatibility with a Higgs boson

❖ Data-driven background model based on 2 b-tags CR event re-weighting

 Re-weighting function derived with machine-learning techniques in CRs around the SR
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𝐇𝐇 → 𝒃𝒃𝒃𝒃: Results in SM HH production search

❖ 𝑚𝐻𝐻 used as the discriminating variable for fitting
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one of the six ggF categories one of the two VBF categories



𝐇𝐇 → 𝒃𝒃𝝉𝝉

❖ Intermediate branching fraction

❖ Relatively clean final states

❖ Moderate backgrounds

Higgs Hunting - 13/09/2022 - HH results in the ATLAS experiment 9

ATLAS-CONF-2021-030

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-030/


𝐇𝐇 → 𝒃𝒃𝝉𝝉

❖ Signal regions recorded with different trigger strategies

❖ Background modeling

 combination of simulation-based and data-driven techniques

❖ The analysis is dominated by statistical uncertainties
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Category 𝜏had𝜏had 𝜏lep𝜏had

Trigger
single 𝜏had triggers 

(STTs) 

di-𝜏had triggers 

(DTTs)

single-lepton 

triggers (SLTs)

lepton-plus-𝜏had
triggers (LTTs)

Region 𝜏had𝜏had 𝜏lep𝜏had - SLT 𝜏lep𝜏had - LTT



𝐇𝐇 → 𝒃𝒃𝝉𝝉: Results in SM HH production search 

❖ MVA scores used as discriminating variable for fitting
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MVA features

• No significant data excess over predicted background

• Cross-section limits are set as listed in the table
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𝐇𝐇 → 𝒃𝒃𝜸𝜸

 Small branching fraction

 Very clean signature → excellent 𝑚𝛾𝛾 resolution with small backgrounds

 Enhanced sensitivity at low 𝑚𝐻𝐻 → enhanced sensitivity to the Higgs boson self-interaction

HDBS-2018-34

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-34/


𝐇𝐇 → 𝒃𝒃𝜸𝜸

❖ Event selection

 events considered use a di-photon trigger and exactly 2 b-

jets

 after common preselection, extra different selections are 

applied for resonant/non-resonant studies

❖ Events category based on 𝑚𝑏𝑏𝛾𝛾
∗ and MVA scores

 𝑚𝑏𝑏𝛾𝛾
∗ = 𝑚𝑏𝑏𝛾𝛾 −𝑚𝑏𝑏 −𝑚𝛾𝛾 + 250 GeV(~2mH)

❖ Signal/background modeling

 H / HH shape from simulation

 continuum background shape from data

❖ The analysis is dominated by statistical 

uncertainties
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𝐇𝐇 → 𝒃𝒃𝜸𝜸:  Results in SM HH production search

 𝑚𝛾𝛾 used as discriminating variable for fitting

observed (expected) upper limit at 95% CL on the signal strength

➢ 4.2 (5.7) times the SM prediction
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HH combination results (95% CL) 

limits on 𝜎𝑔𝑔𝐹+𝑉𝐵𝐹
𝐻𝐻

limits on 𝜅𝜆

limits on 𝜅2𝑉

ATLAS-CONF-2022-050

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-050/


HH resonant results (95% CL) 
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ATLAS-CONF-2021-052

significance

• local: 3.2 𝜎
• global: 2.1 𝜎

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-052/


HH+H: constraints on 𝜿𝝀

❖ Constraints on 𝜅𝜆 via a scan of the negative-logarithm of the profile likelihood, 

for various fit configurations:

 HH searches only, single-H measurements only, or their combinations
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❖ Results

 Profile 𝜅𝜆 only: −0.4 < 𝜅𝜆 < 6.3 (95% CL)

 Profile 𝜅𝜆 , 𝜅𝑡 , 𝜅𝑉 , 𝜅𝑏 , 𝜅𝜏: −1.3 < 𝜅𝜆 < 6.1 (95% CL)

ATLAS-CONF-2022-050

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-050/


Summary

❖ Observation and measurement of the HH production is crucial to probe the 

shape of the SM Higgs potential and search for new physics BSM

❖ The combined searching results from the 𝑏𝑏𝑏𝑏, 𝑏𝑏𝜏𝜏, 𝑏𝑏𝛾𝛾 channels set the 

observed (expected) limits of the 𝜎𝐻𝐻 of 2.4 (2.9) times the SM prediction at 

95% CL based on 139 fb-1 data collected by the ATLAS experiment in Run2.

 The Higgs self-interaction allowed 𝜅𝜆 range is also set at 95% CL

 𝜅𝜆 ∈ [−0.6, +6.6] (HH combination)

 𝜅𝜆 ∈ [−0.4, +6.3] (HH + H combination)

❖ Looking forward to Run3 and future HL-LHC programs to increase the data 

sets to probe the Higgs potential structure with much better sensitivity

 Run 3: factor of ~3

 HL-LHC: factor of ~20
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Back-up
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HH resonant (95% CL) : p0-value
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HL-LHC studies: 𝒃𝒃𝜸𝜸 + 𝒃𝒃𝝉𝝉
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ATL-PHYS-PUB-2022-005

http://cdsweb.cern.ch/record/2802127

