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HH Introduction

• Searches for new physics are important topics in LHC.

• Higgs pair production could be the sensitive benchmark for new 

physics.

• BSM models, like 2HDM (two-Higgs-doublet models) , hMSSM, 

can effectively enhance Higgs pair production.

2019/10/26 2

Heavy-quark loop Higgs self-coupling

(a) and (b): existing non-resonance 
production. (in SM ~33 fb @13 TeV) 

(c): BSM scenario
Intermediate heavy resonance 

8 TeV results for HH combination,
including 𝑊𝑊∗𝛾𝛾:

Phys. Rev. D 92, 092004 (2015)
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𝜆ℎℎℎ: Self 
coupling

https://arxiv.org/abs/1509.04670


Why 𝑊𝑊∗𝛾𝛾
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𝐵𝑟 𝐻𝐻 → 𝑊𝑊∗𝛾𝛾 ≈ 10−4. Limited yields while 

• Clean signature diphoton: smooth spectrum provides good 

background estimation and mass resolution (~1.6GeV).

• Large fraction WW; Higgs boson coupling could be sensitive for BSM.

• Good background rejection from semi-leptonic decay.

Final state: 𝛾𝛾 + 𝑙𝜈 + 𝑗𝑗 selected

• 𝜏 from W would be too soft to catch. So for lepton only e/𝜇.

• Considering large dijet background, 

• Only considering low mass resonance <500GeV  

• Considering 𝜅𝜆 and spin-2 sensitivity

• which needs high statistics. They are studied in the b-related channels.

Phenomenal study on WWyy potential:
Phys.Lett. B755 (2016) 509—522
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𝑊𝑊∗𝛾𝛾

https://arxiv.org/abs/1507.02644


Data Sample

• In this report, 

• Data: 36.1fb−1 data collected in 2015 + 2016 used;

• Signal: Resonant use 4 mass point: m260, m300, m400, m500;

• Background:

• Major background could be 𝛾𝛾+jets(Sherpa), then Single Higgs background;

• Also the continuum 𝑙𝜈𝑗𝑗𝛾𝛾 sample used to test the shape.
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Event selection

• Event requirement

• Diphoton Trigger, data quality, Good Run List, Primary vertex;

• Photon: 2 PID Tight, isolated photons;

• 𝐸𝑇 > 25𝐺𝑒𝑉, 𝜂 ∈ 0, 1.37 ∪ 1.52, 2.47 ;
𝐸𝑇
𝑦1

𝑚𝑦𝑦
> 0.35,

𝐸𝑇
𝑦2

𝑚𝑦𝑦
> 0.25; 𝑚𝑦𝑦 ∈ 105,160 GeV.

• Lepton: At least 1 e/𝜇, PID:Medium

• 𝐸𝑇 > 10𝐺𝑒𝑉, 𝜂e ∈ 0, 1.37 ∪ 1.52,2.47 ; 𝜂𝜇 < 2.47

• Jet: At least 2. Anti-kt algorithm, R=0.4

• B veto: WP70, keep orthogonal with other HH.

• 𝑝𝑇 > 25𝐺𝑒𝑉, 𝜂 < 2.5; JVT<0.59.
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Signal Optimization

2019/10/26 6

MET related variables seem no separation power so 

we drop it.

𝑝𝑇
𝑦𝑦

would help for the higher mass points(m400, 

m500 and non-resonance), since SM higgs is more 

boosted.

Final efficiencies turned to ~6-10% for resonance and 
8.5% for non-resonance.

Signal shape modeled by Double-Sided Crystal Ball.
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Working in progress



Background estimation

• Background shape: Fitted by 2nd-order exponential polynomial with Minimal 𝜒2.

• Uncertainty for background modelling is estimated by Spurious Signal.

• Fitting a S+B model to a B-only sample.
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Linear 2rd polynomial Exponential

ExpPoly2

Working in progress

Sideband excluded the Higgs mass region 
𝑚𝑦𝑦 ∈ 121.5, 128.5 GeV, i.e.𝑚𝐻 ± 2𝜎𝑚yy .

Working in progress Working in progress



Background estimation in signal region

2019/10/26 8

• Background yields determined from the fit to data.
• Extending the continuum background shape over the signal 

mass range.

• Error here includes both stats and systematic.
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Systematic uncertainty

2019/10/26 9

The large parton shower uncertainty 29.6% occurs at m=260GeV, where the 
jet spectrum at low-pT is more susceptible to variations.  
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Spurious signal uncertainty
• To scan the largest value of the 

fitted signal yields as 𝑛𝑠𝑠.
• In 120, 130 , step 0.5GeV

Dominant systematics for non-
resonant are:
• Spurious signal 
• e/γ energy scale and resolution.



Results

• No significant excess observed. 

• Expected upper limit on 𝑝𝑝 → 𝐻𝐻 is 7.7pb for non-

resonant; 230(160) times of SM prediction.

• 17.6pb(m260) to 4.4pb(m500) for resonant.

• Statistical uncertainty dominates.
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Left/Right: without/with 𝑝𝑇
𝑦𝑦

> 100GeV cut.

Results published on Eur. Phys. J. C (2018) 78: 1007 arXiv:1807.08567.

Kaili@CLHCP

https://doi.org/10.1140/epjc/s10052-018-6457-x
https://doi.org/10.1140/epjc/s10052-018-6457-x


Dihiggs Combination

• 𝑊𝑊∗𝛾𝛾 becomes one part of HH combination in 36.1ifb.

• Latest published on arXiv:1906.02025.

2019/10/26 11

Total: ~7 times of SM prediction.
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For 4W study, see Shuiting’s Poster;

Current constrain for 𝜅𝜆: −5.0 < 𝜅𝜆 < 12.0
Expected: −5.8 < 𝜅𝜆 < 12.0

https://arxiv.org/abs/1906.02025


CMS results

• CMS dihiggs contains bbyy, bbττ, bbbb, and bbVV.

• -> VVVV and VV𝑦𝑦 not included.

• Phys. Rev. Lett. 122, 121803 (2019), arXiv:1811.09689

• ~22 times of SM while ATLAS 7 times. CMS shows worse performance on b-

related channels.

2019/10/26 12

Observed: −11.8 < 𝜅𝜆 < 18.8
Expected: −7.1 < 𝜅𝜆 < 13.6
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.121803
https://arxiv.org/abs/1811.09689


Undergoing

• Now(2019, October), 𝑊𝑊∗𝛾𝛾 is one part of 

dihiggs multi-lepton analyses.

• Full run2 data allows inclusive study for all possible 

multilepton channels.

• For 𝛾𝛾 + 𝑀𝐿 events, still 𝑊𝑊∗𝛾𝛾 is dominant.

• Analysis with full run2 data undergoing, not shown 

here. Aiming for one note next year.

• 𝑆(→ 𝑊𝑊/𝑍𝑍)𝐻(→ 𝛾𝛾) Model also in plan.

2019/10/26 13Kaili@CLHCP

Multilepton



Summary

• Eur. Phys. J. C (2018) 78: 1007 , ATLAS non-resonant and resonant Higgs boson 

pair production with a semi-leptonic 𝑊𝑊∗𝛾𝛾 final state using 36.1ifb presented. 

• No significant excesses found.

• 95% CL upper limit of 7.7pb is set on the cross section for non-resonant production.

• Lastest ATLAS dihiggs combination results 1906.02025 are also shown.

• for the 95% CL upper limit, 7 times of the SM prediction value can be obtained.

• The multi-lepton analyses with full Run2 data are ongoing.
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https://doi.org/10.1140/epjc/s10052-018-6457-x
https://arxiv.org/abs/1906.02025


Backups
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Stability check for background model
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For different purity and lepton number, on second-order 
exponential polynomial. 

Linear 2rd polynomial Linear 2rd polynomial 

Exp ExpPoly2 Exp ExpPoly2

ExpPoly2 ExpPoly2ExpPoly2 ExpPoly2
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