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Overview of nonresonant HH analysis status
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Probing trilinear Higgs self-coupling (λ3) via HH production

Run 2 published results have probed gluon fusion (ggF HH) and VBF HH production modes


VBF HH offers access to the HHVV quartic coupling (C2V)


Increasing use of machine learning techniques


Combination of H and HH: 

decouple λ3 from other SM couplings


use single Higgs boson production and Higgs boson decay to constrain λ3 through NLO EW corrections

yt Top Yukawa coupling
H

H

λ3

H
H

H

main production mode ggF ~31.05 fb @13 TeV NNLOFTapprox

sub-leading VBF ~1.73 fb @13 TeV N3LO QCD

https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG
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Nonresonant HH: presentation of results
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HIG-20-005, B2G-21-001, 
JHEP 03 (2021) 257 , HIG-20-004

Upper limit of σggF HH vs 𝜅λ=λ3/λSM  Upper limit of σVBF HH vs 𝜅2v 1D likelihood scan of 𝜅λ

2D likelihood scan: 𝜅v  vs 𝜅2v2D likelihood scan: 𝜅2v vs 𝜅λ
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-005/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-21-001/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-018/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-004/index.html
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Nonresonant HH: shape benchmarks
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BSM processes can modify HH cross section and kinematic 
properties. Use EFT approach to probe potential BSM physics: 


We currently use extension of SM Lagrangian with 
dimension 6 operators, contributing at tree-level to 
gg→HH, modeled by five parameters k𝜆, kt, c2, c2g, cg 


We have published result of 12 shape benchmarks

we will ALSO consider other shape benchmarks in 
future publications [Matteo Capozi, Gudrun Heinrich J. 
High Energ. Phys. 2020, 91 (2020)]


Shape benchmark result can be used to estimate the result 
in any other part of the parameter space by mapping shape 
similarity

JHEP 03 (2021) 257, LHC Higgs WG YR4
JHEP04(2016)126, JHEP02(2021)049
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Upper limit of ggF HH cross section

for the 12 shape benchmarks

https://arxiv.org/abs/1908.08923
https://arxiv.org/abs/1908.08923
https://arxiv.org/abs/1908.08923
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-018/
https://arxiv.org/abs/1610.07922
https://doi.org/10.1007/JHEP04(2016)126
https://link.springer.com/article/10.1007/JHEP02(2021)049


Nan Lu (Caltech) Higgs Pairs mini-workshop 2021

Nonresonant HH: Higgs anomalous couplings
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bbγγ →HH 

Upper limit of ggF HH cross sections with different C2 values

 We can do any scan that involves k𝜆, kt, C2 or combinations 


 We are open to suggestions on publishing other parameter scans that can allow 
a larger plethora of EFT reinterpretations

JHEP 03 (2021) 257, LHC Higgs WG YR4
JHEP04(2016)126, JHEP02(2021)049

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-018/
https://arxiv.org/abs/1610.07922
https://doi.org/10.1007/JHEP04(2016)126
https://link.springer.com/article/10.1007/JHEP02(2021)049
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Resonant searches X→HH
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Model independent exclusion limits placed on σ(gg→X)×B(X→HH) spin-0 and spin-2 

hypotheses with narrow width approximation (NWA):

NWA valid typically up to 10%width


 CMS Higgs summary plot
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EPJC 79 (2019) 421
h(125)

CMS-PAS-HIG-18-010
µµ →A/H/h 

JHEP 1808 (2018) 113
 bb→A/H 

JHEP 1809 (2018) 007
ττ →A/H/h 

JHEP 03 (2020) 034
 qq)ν and lν lν WW (l→H 

PLB 778 (2018) 101
)ττ hh (bb→H 

CMS-PAS-HIG-17-027
 tt→H 

arxiv:1910.11634
)ττ Zh (ll→A 

hMSSM

Results interpreted in benchmark models 

spin-2 graviton, spin-0 radion, 2HDMs, MSSM etc

https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG


Nan Lu (Caltech) Higgs Pairs mini-workshop 2021

HEPData
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Published results are submitted to HEPData


example: CMS HH combination using 2016 data https://www.hepdata.net/record/ins1704939
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Questions, challenges and future prospect (discussion)
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Continuing progress in the combination of single and double Higgs studies


Continue improving presentation of results to facilitate re-interpretation. 


Note: a lot of effort has already been made in this direction, ref: Forum on the Interpretation of 
the LHC Results for BSM studies report: “Reinterpretation of LHC Results for New Physics: 
Status and Recommendations after Run 2”


How to make experimental results employing machine learning techniques easier 
for re-interpretation by the theory community?


What BSM models is the HH channel the most sensitive to, among all channels?


Any uncovered BSM models and phase space to pay more attention to, using 
HH signatures?


Explore possibility to publish the simplified likelihood functions


How we can in practice make the differential mHH information available? 
simplified likelihood functions plus a statistical framework for re-interpretation 
might be a good approach 
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backup slides
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Nonresonant HH: shape benchmarks
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Resonant searches X→HH

12

Distributions of final observables (some analysis selection efficiencies at each 

step) are published
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D
Z/H!bb

� 0.8 0.07 0.81 0.84
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.

Example: bb+leptons B2G-20-007

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-007/index.html

