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Motivation

2

• Higgs boson (125 GeV — scalar sector):

• Discovery in 2012 completed the Standard Model (SM) theory

• Measurements of Higgs coupling to SM particles consistent with predictions for the moment

• Beyond Standard Model decays (BSM) not completely excluded by current physics limits 

• Branching ratio of H—> BSM less than 34% with LHC RunI results

• Deviations from the SM predictions might give a hint of BSM
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Exotic & rare decays of Higgs boson
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• Class 1: Decays to SM particles: 
• Very small branching ratio increases difficulty of observation (eg: H—> µµ)
• Invisible decays with neutrinos in the final states
• An excess on SM prediction (decay rates & cross section) might be a sign of BSM

• Class 2: Decays in BSM modes:
• Decays to light pseudo-scalar bosons (eg: H—> aa)
• Invisible decays with large missing transverse energy (eg: H—> dark photon)
• Decays with lepton favor violation (LFV) (eg: H—> µτ)
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Process SM Branching ratio Class

H —> µµ ~ 2 × 10-4 1

H—> J/ψ J/ψ ~ 1.5 × 10-10 1

H—> YY ~ 2 × 10-9 1

H—> aa —> µµττ - 2

H —> aa —> 4τ - 2

H —> invisible ~ 1 × 10-3 1/2

LFV - 2

LFV results in backup page & Dermot’s talk 
This talk presents two recent examples of many H —> aa searches at CMS



Higgs decays to µ+µ- pair
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Phys. Rev. Lett. 122, 021801

• Generated Next-to-leading order (NLO) for mass ranges: 120, 125, 130 GeV
• Background estimated from data
• Boost decision tree (BDT) method applied for distinguishing signal & background shapes
• Dimuon mass resolution is incorporated for optimizing the signal sensitivity 
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Higgs decays to µ+µ- pair
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Phys. Rev. Lett. 122, 021801

• Expected upper limits: 2.2 σ
• Observed upper limits: 2.9 σ

• SM branching ratio: 2.17 × 10-4

• Observed branching ratio upper limits: 6.4 × 10-4

• To measure the signal strength:

• Maximum likelihood fit to dimuon invariant mass 
spectrum: 

• Main experimental uncertainties:

• Jet energy scale & resolution: 6%

• Main theoretical uncertainty:

• Factorization & renormalization scales: 6%

Combined RunI and RunII data

• Expected signal significance: 0.9
• Observed signal strength: 1.0 ± 1.0 (stat.) ± 0.1 (syst.)



H —> J/ψ J/ψ - YY
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• Rare exclusive decays of Higgs to mesons
• Promising lab to study Yukawa couplings & BSM

• 4µ final state offers a clean signature
Observed upper limits set for H—> unpolarized mesons

H—> J/ψ J/ψ H—>YY

arXiv:1905.10408

Channel Branching ratio

H —> J/ψ J/ψ 1.5 × 10-10 

H —> YY 2 × 10-9

Exclusion limits 
95% C.L. Observed Expected

H —> J/ψ J/ψ 1.8 × 10-3 1.8 (+0.2/-0.1) × 10-3 

H —> YY 1.4 × 10-3 1.4 (± 0.1) × 10-3

http://arxiv.org/abs/1905.10408


Exotic decays in 2HDM + S
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• Two-Higgs-Doublet Model (2HDM): two doublets of scalar fields (ϕ1,ϕ2) in the SM Lagrangian

• Type-2 : minimal supersymmetry model (MSSM)
• Further extension: a scalar singlet (2HDM + S)

• Type-2 : Next-to-minimal-supersymmetry-model (NMSSM)
• Symmetry breaking —> five physical states are predicted:

• Neutral scalars: h1, h2, h3

• Neutral pseudo-scalars: a1, a2

• Charged scalars: H±

• Four types of 2HDM (doublets couplings to fermions):

• Type-2: MSSM-like
• Type-3: enhanced couplings to leptons at large tanβ



H —> aa —> µµττ
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JHEP11 (2018) 018 
• Scan the reconstructed dimuon mass spectrum:


• For a characteristic resonance structure

• Invariant mass of four objects in the final state is below 100-130 GeV: 


• Compatibility with a Higgs boson decay

• Parametrized signal & background distribution:


• Perform an unbinned maximum likelihood fit


• Final states with different tau decay modes:

• µµ + eµ 
• µµ + eτh 
• µµ + µτh 
• µµ + τhτh

Pseudo-scalar boson mass range: [15, 60] GeV

Isolated muons and taus

• In the scenario of type-3:
• Results provide the tightest 

constraints in this mass range 



H —> aa —> 4τ
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CMS-HIG-18-006
• Pseudo-scalar boson mass range: [4, 15] GeV


• Lorentz-boosted taus with overlapping decay products


• Objects in the final states: 3τµ + τh (one prong)

2D pseudo-scalar boson mass [GeV]

• Signal event signature:
• Two same sign muons with large angular separation
• Each muon accompanied by a nearby opposite-sign 

particle (track)
• Compared to RunI, significantly improved upper limits: 

• 30% for low masses 
• ~ 80% for intermediate masses



2HDM + S type II Summary
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG

Boosted topology

Isolated decay products



H —> invisible (association with top-quark pair)

11

• Allow to significantly suppress and constrain SM backgrounds

• Provide higher sensitivity for BSM with enhanced top quark 
Yukawa coupling than other Higgs production modes

• Constraint:

• Weaker than limits using VBF topology

• Comparable with limits from VH

• Stronger than limits from ggH

CMS-HIG-18-008

First constraints on the branching fraction of this channel

Reinterpretation of an analysis designed for: 

top squarks—> top quarks + neutrinos



H —> invisible (VBF & VH & ggH )
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arXiv:1809.05937

Run I + RunII combination:

Channel combination:

• Consistent with backgrounds from SM prediction

• Most sensitive channel in the combination: VBF
• Strongest constraints on fermion (scalar) dark-matter particles with 

masses smaller than 18 (7) GeV

http://arxiv.org/abs/1809.05937


Search for dark photons in ZH decays
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CMS-EXO-19-007

• γD: a massless dark photon coupling to Higgs boson through a dark 
charged sector

• No significant excess of events is found

• First time to set upper limits based on the full RunII data

Reference: Phys. Rev. D. 93. 093011

Also see Varun’s talk



Summary & Conclusion
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• CMS collaboration has made many progresses in Higgs rare & exotic decays

• No significant excess above SM prediction has been found

• In general, more stringent constraints were set using partial RunII data than RunI

• More data are needed for some decay channels to reach the sensitivity

First limit setting based on full RunII data analysis:

H —> photon + dark photon (in association with a Z boson)

• More interesting results are coming out

Stay tuned!



Backup
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Higgs decays to µ+µ- pair
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Phys. Rev. Lett. 122, 021801

FWHM: Full Width at Half Maximum of the expected signal distribution



H —> aa —> 2µ2τ/4τ
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Pseudo-scalar boson mass range: [15, 60] GeVJHEP11 (2018) 018 



H —> aa —> 2µ2τ/4τ
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Pseudo-scalar boson mass range: [15, 60] GeV

JHEP11 (2018) 018 



H —> aa —> 4τ
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CMS-HIG-18-006 Pseudo-scalar boson mass range: [4, 15] GeV



H —> invisible (association with top-quark pair)
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CMS-HIG-18-008



H —> invisible (association with top-quark pair)
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CMS-HIG-18-008



H —> invisible (VBF & VH & ggH )
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arXiv:1809.05937



H —> invisible (VBF & VH & ggH )
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arXiv:1809.05937



Search for dark photons in ZH decays
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CMS-EXO-19-007

Reference: Phys. Rev. D. 93. 093011



Lepton flavor violation of Higgs decaying to µτ and eτ

25

JHEP 06 (2018) 001

• Presence of LFV Higgs boson couplings would allow τ —> µ or τ —> e through a virtual Higgs boson
• LFV Higgs boson decay to µe is strongly constrained by the µ—> eγ limit

• Use boost decision tree approach to distinguish signal and background

• Misidentified lepton background estimated from data

• Final states with different Higgs decay modes:


• µτh

• µτe

• eτh

• eτµ

http://dx.doi.org/10.1007/JHEP06(2018)001


Lepton flavor violation of Higgs decaying to µτ and eτ
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JHEP 06 (2018) 001

• Upper limits on the off-diagonal µτ 
and eτ Yukawa couplings at 95% 
confidence level

http://dx.doi.org/10.1007/JHEP06(2018)001

