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• Can be used to directly study the Higgs boson self-coupling 
• At CERN LHC is mainly produced through gluon fusion via fermion loop  
• In Standard Model destructive interference of box and triangle contributions  

tiny cross section (33.49 fb *) 
• BSM processes can modify the cross-section and kinematic properties  EFT 

approach  results in 5 parameters controlling tree-level interactions ( , , , 

, )
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Non Resonant HH production
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 𝒌𝝀 = 𝝀𝑯𝑯𝑯 /𝝀𝑺𝑴
𝒌𝒕 = 𝒚𝒕/𝒚𝑺𝑴

12 benchmarks chosen to 
study different possible 
modification of SM HH 
signal (JHEP 04 (2016) 126)

*old value used in the presented analyses, the most recent prediction is 31.05fb 
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HH Decays 
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• Rich phenomenology with many 
final states accessible at LHC  

• Run 1: CMS performed searches 
in bb  and bb  final states  
combined upper limit on HH 
cross section: 43 times SM 
expectation 

• Run 2: opportunity for HH 
because of increase in the cross 
section 

• 4 final states explored by CMS at 
13 TeV with  (2016 data)  

 Combination performed 

𝜸𝜸 𝝉𝝉 →

35.9fb−1

→



Bilal Kiani Higgs Couplings 2019

hh → 4b 

4

•Final state with 4 identified b-jets, paired 
into Higgs boson candidate. 

•Dominant bkg: QCD multi-jet events 
•Background model created with 

hemisphere mixing technique applied to 
signal region events and validated in data 
control regions 

•BDT trained on HH-decay kinematics to 
enhance the sensitivity

LINK of the TALK

JHEP04(2019)112

https://indico.cern.ch/event/353906/contributions/2219990/attachments/1330723/1999738/bkg_modelling_CONF12_Sep2016.pdf
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hh → 4b 
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SM 
• Observed (Exp.) 95% CL upper limit: 

 

• Corresponds to 75 (37)  SM expectation  

𝝈(𝒑𝒑 → 𝑯𝑯 → 𝒃𝒃̄𝒃𝒃̄) = 𝟖𝟒𝟕 (𝟒𝟏𝟗) 𝐟𝐛
×

• BDT discriminant values > 0.2 for extracting 
the limits 

• Two component likelihood fit performed on 
the binned BDT output distribution 

BSM 
• HH production with  values in range 

[-20,20] ( =1)  no  values excluded
𝑘𝜆

𝑘𝑡 → 𝒌𝝀

JHEP04(2019)112
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hh → bbττ 
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•Stranverse mass mT2 provide best 
separation between HH signal and 
background 

•Observed (Expected) 95% CL upper 
limit σHH/σSM HH = 30(25).

•Select events with 1 isolated τhad with a 
second lepton of opposite charge. 

•Categorise according to number of b-jets. 
•BDT discriminant trained on kinematic 

variables used to reduce the tt background.

PLB 778(2018)101
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hh →bbγγ
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• Events with 2 identified photons and 2 b-jets 
• Main background γ+jet (estimated from the 

mass sidebands) 
• Event Categories: HH reduced mass 

( ) 

and purity of the event (applied using BDT 
discriminants).

𝑀𝑥 = 𝑚𝑗𝑗𝛾𝛾 − (𝑚𝑗𝑗 − 𝑚𝐻) − (𝑚𝛾𝛾 − 𝑚𝐻)

• 2D fit of the diphoton and di(b) jet invariant 
mass distributions. 

• Observed (expected) 95% CL upper limit 
σ(pp→HH→ γγbb) = 2.0 fb (1.6 fb 

• 24 (19)x σ SM expectations. 
• 95% CL limits on coupling: −11 < κλ < 17

Phys. Lett. B 788 (2018) 7
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hh →bblνlν
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•Events selected if 2 opposite charge 

leptons ( ) and 2 b-jets 

•Large irreducible background from ttbar 
processes 

•Deep Neural Network used to aid 
discrimination of signal against 

background. 

𝑒+𝑒−, 𝜇+𝜇−, 𝑒±𝜇±

JHEP01(2018)054
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hh →bblνlν
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SM 
• Observed (Exp.) 95% CL upper limit   

 

• Corresponds to 79 (89)  SM expectation  

𝝈(𝒑𝒑 → 𝑯𝑯 → 𝒃𝒃̄ℓ𝝂ℓ𝝂) = 𝟕𝟐 (𝟖𝟏+𝟒𝟐
−𝟐𝟓) 𝐟𝐛

×

• Binned Maximum Likelihood fit performed over the 
DNN output distributions in 3 different  regions 

and 3 channels ( )

𝒎𝒋𝒋
𝑒+𝑒−, 𝜇+𝜇−, 𝑒±𝜇±

BSM 
• Upper limits set as a function of / 𝑘𝜆 𝑘𝑡

JHEP01(2018)054
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Combination 
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Limits on Signal Strength 

Observed 22.2  

Expected 12.8  

CMS-HIG-17-030

Limits on k
λ  

Observed -11.8 < k
λ < 18.8  

Expected -7.1 < k
λ < 13.6  
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Combination - Benchmark
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http://link.aps.org/supplemental/10.1103/PhysRevLett.122.121803
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Summary 
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•Various Di-Higgs searches for Run-II. 

•Not sensitive to SM production yet. 

•Apart from this, various BSM scenarios are being tested.  

•Limits from the combination increasing. 

•New search channels are being investigated (bbZZ—>bb4l) 

•Much to come in the future, Run-3 and HL-LHC  

•ATLAS and CMS now have ∼ 150 fb-1 of data recorded from LHC Run-2. 

•Many powerful 13 TeV results to come!
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BackUp
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Hemisphere mixing
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• Similarity condition ~ multi-dimentional 
distance.  

• Destroys any correlation in the jet distribution  
• Decay of a heavy object into jet pairs, is 

washed out in the artificial samples  
• Unaffected by the presence of a small signal 

contamination in the original data 
• Verified by signal injection tests 
• Signal fraction  0.1%, — 0.0001% 
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hh → 4b (Results)
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Benchmark points 
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hh →4b
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hh →bbγγ
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hh → bbττ 
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hh →bblνlν
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