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How to Detect Dark matter?

Colliders: Collision of SM particles 

(p-p at LHC) DM may produced, 

appear as Missing Transverse 

Momentum

Dark Matter:

Electrically Neutral

Interact only through gravity

Weakly Interacting Massive Particles (WIMPs)

Introduction
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Why Mono-Higgs Search?

Canonical mono-jet/photon/W/Z from initial state 

radiation (ISR)

Mono-Higgs (Mono-h)

-“h” produced in ISR is highly suppressed

-The FSR of DM particles or the Beyond SM 

(BSM) interaction of DM particles with “h”, typically via a 

mediator particle

Signature:

-Reconstruct Higgs and search for excess of 

events with high MET
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Which decay mode is best in Mono-Higgs Search?

The SM Higgs branching ratios as 

a function of Higgs mass

bb: High BR but large in  

background 

ZZ: clean but low BR
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Mono- Higgs searches

Publication

Eur. Phys. J. C79 (2019) 280

JHEP09(2018)046

JHEP09(2018)046

JHEP03(2020)025

JHEP03(2020)025

Table: Mono-Higgs analysis in different decay modes

https://link.springer.com/article/10.1140/epjc/s10052-019-6730-7
http://dx.doi.org/10.1007/JHEP09(2018)046
http://dx.doi.org/10.1007/JHEP09(2018)046
https://link.springer.com/article/10.1007/JHEP03(2020)025
https://link.springer.com/article/10.1007/JHEP03(2020)025
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Mono- Higgs searches

Experimental signature: Higgs (h) + Missing Transverse Momentum(MET)

Baryonic Z’ Z’ 2HDM

JHEP03(2020)025

https://link.springer.com/article/10.1007/JHEP03(2020)025
https://link.springer.com/article/10.1007/JHEP03(2020)025
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Mono- Higgs searches:1. h→ bb (1/2)

Most sensitive channel for most z’ masses 

Analysis strategy:

-Uses double b-tagger and jet substructure 

variables to isolate h to bb decays

-Simultaneous fit is performed to MET in signal 

region and dedicated control regions (CR)

2HDM+a Baryonic Z’

Backgrounds:

-Dominant background: Z+jets, W+jets, ttbar

Eur. Phys. J. C79 (2019) 280

Experimental signature: Higgs (h) + MET

MET 

Distribution

https://link.springer.com/article/10.1140/epjc/s10052-019-6730-7
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Mono- Higgs searches:1. h→ bb (2/2)

Exclusion region:

Baryonic Z’: ~ 1600 GeV, mass of DM: ~ 1 GeV

~ 960 GeV, mass of DM: ~ 430 GeVEur. Phys. J. C79 (2019) 280

1d scan of tanβ 2d scan of Mz’ and mchi

Exclusion region:

2HDM+a tanβ: ~ 0.5-2, ma 100 GeV

https://link.springer.com/article/10.1140/epjc/s10052-019-6730-7
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Mono- Higgs searches:2. h→ γγ

- Improved resolution on the 

reconstructed Higgs invariant mass

- Fit is performed to the diphoton 

invariant mass distribution.

JHEP09(2018)046

MET Distribution: 

http://dx.doi.org/10.1007/JHEP09(2018)046
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Mono- Higgs searches:3. h→ ττ

- Improved sensitivity for low 

values of mZ’

- Combination of τhτh, eτh, and μτh.

- Simultaneous fit in control and 

signal regions to the transverse 

mass

Transverse mass  Distribution: 

JHEP09(2018)046

http://dx.doi.org/10.1007/JHEP09(2018)046
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Mono- Higgs searches:4. h→ WW

- Use eμ final state to avoid 

backgrounds from Z 

boson

- Major backgrounds: ttbar, 

non-resonant WW, 

nonprompt leptons

- Different MVA 

discriminant used for each 

of the signal models

JHEP03(2020)025

Baryonic Z’ Z’ 2HDM

https://link.springer.com/article/10.1007/JHEP03(2020)025
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Mono- Higgs searches:5. h→ ZZ

- Use 4l final state to reconstruct 

Higgs invariant mass

- Major backgrounds: SM Higgs 

boson, nonresonant ZZ production, 

“Z+X” backgrounds from non-

prompt leptons inside jets  

- Misidentification rate estimated from 

data CRs.

JHEP03(2020)025

MET Distribution: 

https://link.springer.com/article/10.1007/JHEP03(2020)025
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Combination of H→ bb, ττ, γγ, WW, ZZ

JHEP03(2020)025

Exclusion region:

Baryonic Z’: mZ’ ~ 100- 1600 GeV, mass of 

DM: ~ 1 GeV

Exclusion region:

Z’-2HMD: mZ’ ~ 500-3200 GeV, mass A: 300 GeV 

1d scan of Mz’ in Z’ 2HDM model 1d scan of Mz’ in Baryonic Z’ model

https://link.springer.com/article/10.1007/JHEP03(2020)025
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CMS-PAS-EXO-20-013

Dark Higgs

Experimental signature: s → WW → (ℓ+ℓ) + Missing Transverse Momentum (MET) 

Event selections:

-Final state: leptons (e/μ) with opposite charge and different flavor

-MET  > 20 GeV 

Dark Higgs Model

coupling constant gq = 0.25, gχ = 1, mDM = 150

Exclusion region: 

ms ~ 300 GeV, mZ’ ~ 480-1200 GeV

ms ~ 160 GeV, mZ’ ~ 2000 GeV

2d scan of Mz’ and Ms

Full RunII result

https://cds.cern.ch/record/2776774/files/EXO-20-013-pas.pdf
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Summary

● Interesting results for the search of dark matter performed with Mono-higgs with CMS 

detector are discussed

● No signal is observed yet

● With large RunII dataset and good improvement on analysis techniques, more complete

signal & background modeling and estimation led to more stringent exclusions

● Stay tuned for the new results with Run3…

For more results on DM searches visit CMS

Thank you for your attention…

https://cms-results.web.cern.ch/cms-results/public-results/publications/
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Backup
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Combination Limits, in the mZ' - tanβ

JHEP03(2020)025

Z’-2HDM: mDM = 100 GeV, gχ = 1 and gZ' = 0.8

- tan(β) runs from 0.5 to 10

- The area enclosed by the 

contours are for a given value 

of the pseudoscalar mass “A” 

and are excluded at 95% CL

2d scan of Mz’ and tanβ

https://link.springer.com/article/10.1007/JHEP03(2020)025
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Mono- Higgs searches:2. h→ γγ Event selection 
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Mono- Higgs searches:2. h→ tautau
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Mono- Higgs searches:4. h→ WW
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Mono- Higgs searches: combination systematics
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Mono- Higgs searches:2. h→ γγ
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