
中国物理学会Jialin Guo 14 Aug. 2024           1

Higgs and HH combinations at the CMS 
experiment 

14th Aug 2024 

Jialin Guo 
On behalf  of  the CMS Collaboration 

PAPER LINK

https://arxiv.org/pdf/2407.13554


中国物理学会Jialin Guo 14 Aug. 2024           

Outline
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‣Combination of single-H and double-Higgs measurements
• Test compatibility with SM
‣Signal strength of single-H combination
‣Signal strength of HH combination

• Measurement of H coupling to fermions and vector bosons
‣HHVV coupling  from VBF HH production

• Constrain on the Higgs boson self-coupling 
(κ2V)

λ
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Why a H+HH Combination
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•Measurement of Higgs trilinear self-coupling lambda is a 
fundamental test of SM( )

•  accessible from both HH and single-H XS measurements 

•First exclusion of  at  from HH combination with 
other single-H coupling fixed to SM

‣With H+HH constraints on  with more general 
assumptions on single-H coupling

•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 

κλ = κ/κSM

κλ

κ2V = 0 6.6σ

κ2V

κλ

κλ

•  is 
excluded 
with other 
couplings 
fixed to SM

κ2V = 0

HIG-22-001

https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-22-001&tp=an&id=2535&ancode=HIG-22-001
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Input Analysis
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Single-Higgs
Process

Paper HIG-19-001 HIG-19-003 HIG-18-016 HIG-17-026 HIG-19-008 HIG-19-006 HIG-19-015/
HIG-19-018

HIG-19-010 HIG-20-013

Lumi 138 138 77 36 138 138 138 138 138

Phase-space STXS 1.2 Inclusicve Inclusicve Inclusicve Inclusicve Inclusicve STXS 1.2/Inclusive STSX 1.2 STSX 1.2

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

All the main H production and decay modes covered
Analyses for HH production targeting GGF, VBF and V-associated production
Differences with respect to single-H and HH combinations of HIG-22-001

• Do not consider in this combination
•  (does not constrain on )
•

‣ Sensitivity to  is negligible because of the large Stat. Uncertainties
• :  low sensitivity and high overlap with HZZ(4l). 

Removal of overlapping categories between single-H and HH. Optimized to provide maximum sensitivity to 

H → invisible κλ
H → Zγ

κλ
HH → bbZZ(4l)

kλ, kV, kF

Double-Higgs

Process

Paper HIG-19-018 HIG-20-010 HIG-20-005 B2G-22-003 HIG-22-006 HIG-21-002 HIG-21-005

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

HH → bbγγ HH → bbττ HH → bbbb(resolved) HH → bbbb(boosted) VHH → bbbb HH → 4V/2V2τ/4τ HH → bbWW

http://arxiv.org/abs/2103.04956
http://arxiv.org/abs/2006.13251
http://arxiv.org/abs/1808.08242
http://arxiv.org/abs/1804.03682
http://arxiv.org/abs/2011.03652
http://arxiv.org/abs/2103.06956
http://arxiv.org/abs/2103.06956
http://arxiv.org/abs/2011.12373
http://arxiv.org/abs/2011.12373
http://arxiv.org/abs/2011.12373
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-22-001&tp=an&id=2535&ancode=HIG-22-001
http://arxiv.org/abs/2011.12373
http://arxiv.org/abs/2206.09401
http://arxiv.org/abs/2206.09401
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=B2G-22-003&tp=an&id=2551&ancode=B2G-22-003
http://arxiv.org/abs/2404.08462
http://arxiv.org/abs/2404.08462
http://arxiv.org/abs/2404.08462
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Signal strength( ) from single-H combinationμH
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•Best fit shifted of  ~4% with respect to HIG-22-001, but still within  uncertainty
• Probably driven by switch of  from inclusive(obs. ) to STXS(obs. )

•Small reduction of uncertainty with respect to HIG-22-001
• Probably driven by switch of  from inclusive(obs. ) to STXS(obs. )

•Good compatibility of impact between this combination

1σ
H → ττ μH = 0.81 ± −0.10 μH = 0.95 ± −0.13

H → WW μH = 0.93 + 0.10/ − 0.09 μH = 0.95 ± −0.08

CMS Private
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Signal strength( ) from HH combinationμHH
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•Good compatibility of  and impact are found between expected and observedμHH

CMS Private
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Likelihood Scans of  kλ
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•Results compatible with SM within  in [-1.2 , 7.5]
•Best fit  from single-H combination shifted to higher value

2σ
kλ
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Likelihood Scan of   under more general assumptionskλ
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•Fits with additional floating POIs seem to slightly favor  around 4.5Kλ

Similar to ATLAS: 
 PLB 843, 10 August 2023, 137745

https://www.sciencedirect.com/science/article/pii/S0370269323000795?via=ihub#fg0060


中国物理学会Jialin Guo 14 Aug. 2024            

2D likelihood scan of  (Kλ, kt)
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• A large degeneracy of  the ggF HH cross section with respect to  and   limits the  sensitivity of  the 
HH channels 

•  arise mostly from the contamination of  single-H events in the HH enrich categories and from  
dependence of  the H branching fractions 

• The single-H combination provides a stringent constraint on 

κλ κt κλ

κt κt

κt
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2D likelihood scan of  (KV, k2V)
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• The constraint on  is driven by the HH categories enriched in VBF HH events 

• The single-H channels have no sensitivity on the  but provide a stringent constraint on   

• Exclusion of   for any value of   observed at  significance. 
✓Same conclusion as HIG-22-001. But we don’t fixed coupling in single-H

k2V
k2V kV

k2V = 0 kV 5σ
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Summary
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•H and HH combination provide fundamental extensive tests of  SM 

•All  measurements compatible with SM within , depending on the input 
channels 

•Observed result constraints  at  with  floating in interval 

  

‣With other POIs fixed:  

•Exclusion of   for any value of   observed at  significance

kλ 1 or 2σ

kλ 95 % CL kV, k2V, kt, kb, kτ, kμ
−1.4 < kλ < 7.8

−1.2 < kλ < 7.5

k2V = 0 kV 5σ
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Thanks !
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Backup
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PAS
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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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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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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
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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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