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Outline
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‣Combination of single H and double -Higgs measurements
• Test compatibility with SM
‣Precise measurements of main H production XS and decay BR
‣Search for double-Higgs production

• Measurement of H coupling to fermions and vector bosons
‣Probe anomalies from BSM contributions

‣HHVV coupling  from VBF HH production

• Probe properties of the H potential from H self-coupling 

‣Perspectives for HL-LHC
‣Upcoming H+HH combination

(c2V)
λ
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Input Analysis
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Single-Higgs

Analyses

Lumi 138 138 77 36 138 138 138 138 138 138 138

H → ZZ → 4l H → bb VH(H → bb) ttH(H → bb) ttH(multilepton) H → μμ H → γγ H → ττ H → WW

Double-Higgs

Process

Production ggHH/qqHH ggHH/qqHH ggHH/qqHH ggHH/qqHH ggHH/qqHH ggHH

HH → bbγγ HH → bbττ HH → bbbb(resolved) HH → bbbb(boosted) multilepton

H → Zγ H → invisible

HH → bbZZ(4l)

Main H production and decay channels covers with up to full Run 2 Dataset(2016-2018)

All channels use the full Run 2 data set 
Additional publication with more channels( )  are not included in this combinationbbWW, WWγγ

http://dx.doi.org/10.1007/JHEP07(2021)027
http://dx.doi.org/10.1007/JHEP12(2020)085
http://dx.doi.org/10.1103/PhysRevLett.121.121801
http://dx.doi.org/10.1007/JHEP03(2019)026
http://dx.doi.org/10.1140/epjc/s10052-021-09014-x
http://dx.doi.org/10.1007/JHEP01(2021)148
http://dx.doi.org/10.1007/JHEP07(2021)027
https://doi.org/10.48550/arXiv.2204.12957
https://doi.org/10.48550/arXiv.2206.09466
https://doi.org/10.48550/arXiv.2204.12945
http://dx.doi.org/10.1103/PhysRevD.105.092007
http://arxiv.org/abs/2011.12373
http://arxiv.org/abs/2206.09401
http://arxiv.org/abs/2202.09617
http://cms.cern.ch/iCMS/analysisadmin/get?analysis=B2G-21-001-pas-v5.pdf
http://arxiv.org/abs/2206.10268
http://arxiv.org/abs/2206.10657
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Test XS and BR compatibility with the SM
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μ = 1.002 ± 0.057[±0.036(theory) ± 0.033(exp.) ± +0.029(stat.)]

➡Overall good compatibility 

with SM


➡Small excesses in  and in 




➡Systematics uncertainties 

crucial for H measurements


• Reduce exp. Uncertainties with 

new or improved approaches


• Need of  more precise theory 

predictions

μtH

μZγ

Observed with  
significance 

5σ
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H couplings to fermions and vector bosons
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Coupling modifiers  to quantify couplings deviations from SM predictions  κ (κf =
κ

κSM
)

Likelihood scan of  (κf , κV)
H couplings VS particle mass

➡ Agreement with SM for masses 
within 0,1- 200GeV

➡Compatibility with SM within 10%

➡Around 5 times improvement w.r.t 

discovery
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Upper limit on HH signal strength
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➡Obs(exp) upper limit on 


➡No deviations from SM observed


➡2.5 time better than 2016 result scaled 

by Lumi


•Extensive usage of  ML tools + boosted 

topologies


➡HH will be one of  the most exciting 

results of  Run3 


•Scaling by end of  Run3 and combing 

with ALTAS vary to 1!

μHH = 3.4(2.5)

Exp limit of  2016 
HHcomb



CLHCP 2023Jialin Guo 17 Nov. 2023            

Constraints on  κλ
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•Observed results compatible to SM predictions
Limit on HH XS vs  κλ   measurement from HH vs from single-Hκλ

Obs.  


Exp.  

κλ ∈ [−1.3,6.9]
κλ ∈ [−0.9,7.0]

➡Close to exclusion of  

• Possible with Run3 data or with 

Run2 HHcomb of  CMS+ATLAS 

κλ = 0
➡First CMS measurement of   from 
signle-H


• Ultimate  results with Run 2 dataset will 
be updated soon by combining H+HH

κλ

κλ
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Constrains on κ2V
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•Observed results compatible to SM predictions
Limit on VBF HH XS vs  κ2V

Likelihood scan of    with 
considering only boosted HH(4b) 

(κλ, κ2V)

Obs.  


Exp.  

κ2V ∈ [0.61,1.42]
κ2V ∈ [0.6,1.37]

➡  excluded at  assuming  


➡  excluded at  for any value of     

κ2V = 0 > 5σ κλ = κt = κV = 1
κ2V = 0 > 3σ κλ
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Evolution from the H discovery towards HL-LHC
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➡At HL-LHC high precision tests of  the SM 


•Precision below 5% for all the considered 

couplings 


➡Projection to  on  


•Evidence of  SM HH expected with  for CERN 

YR


•Further improvement possible through new 

techniques and ideas (observation?)


➡Potential for more extensive test SM, e.g. 

EFT

3000fb−1 μHH < 1
4σ

https://doi.org/10.23731/CYRM-2019-007.221
https://doi.org/10.23731/CYRM-2019-007.221
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Upcoming H+HH Combination
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•Measurement of Higgs trilinear self-coupling lambda is a fundamental test of SM( )

•Get ultimate Run2 results With H+HH combination in CMS

•Include new HH channels (e.g HH(bbWW)), update single-H to STXS in some channels (e.g H(WW))

•Status: Approval talk, will be public soon  HIG-23-006

κλ = κ/κSM

→

https://indico.cern.ch/event/1344769/#14-approval-of-hig-23-006-hhh
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Summary

11

•H and HH combination provide fundamental extensive tests of  SM


•Good compatibility of  observations with SM predictions


•Statistical uncertainties comparable to systematics ones for main H production and 

decay channels


•Exclusion of   for any value of   observed at  significance assuming 


•At HL-LHC high-precision tests of  the SM and potential for HH observation


•Upcoming H+HH combination will be public soon

k2V = 0 kV 5σ
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Thanks !
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Backup
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Why a H and HH Combination
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•  of CMS Run 2 dataset offers great potential of Higgs physics

•Measurement of Higgs trilinear self-coupling lambda is a fundamental test of SM( )

•  accessible from both HH and single-H XS measurements 

•BSM expected to introduce changes in more than one coupling, HH has better  sensitivity but single-H 
provides constrain other Higgs couplings
‣More general statements about 

138fb−1

κλ = κ/κSM

κλ

κλ

κλ
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