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Evidence for Dark Matter
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Portals to Dark Sector
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Portal

Mediator

Non-gravitational interaction 
with  

ordinary matter

• Dark matter  
• Dark forces 
• Other dark particles

Standard  
Model

Dark 
Sector

The new mediator governs the non-gravitational 
interactions between dark matter and ordinary 

matter
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List of DM searches
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Other mono-X searches are covered in talk by D. Kumar

Dark Matter

By Danyer Pérez Adán

VBF

mono-Higgs

WW� → 2l2ν

�  
VBF

H → γDγ

EXO-20-013 

HIG-20-003 

EXO-18-011 

EXO-20-005 

https://moriond.in2p3.fr/2022/EW/slides/3/2/6_DPerezAdan.pdf
http://arxiv.org/abs/2201.11585
http://arxiv.org/abs/1908.01713
http://cds.cern.ch/record/2776774?ln=en
http://arxiv.org/abs/2009.14009
http://cds.cern.ch/record/2776774?ln=en
http://arxiv.org/abs/2201.11585
http://arxiv.org/abs/1908.01713
http://arxiv.org/abs/2009.14009
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�Outline
• Focus here is on the scenarios where Higgs boson is involved in probing 

the dark sector. 

�5

mono-Higgs

Invisible Higgs boson Dark photons

Dark Higgs boson

�  : missing transverse momentum; negative vector sum of all the visible particles in the detector. pmiss
T
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Performance of �pmiss
T

• All DM search analysis use �   as the main observable. 


• �  reconstruction highly affected by instrumental effects. 

• A set of noise filters are used to reject the events with mis-measured   

�  from various instrumental and reconstruction effects. 


• Filters clean up the tails of �  significantly at a cost of <1% of signal. 

pmiss
T

pmiss
T

pmiss
T

pmiss
T

�6

CMS �  performancepmiss
T

http://performance%20paper
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mono-Higgs
• After the discovery of the Higgs 

boson (125 GeV) it is possible to 
probe the DM using this new 
handle. 


• New massive particle mediates 
the Higgs-DM interaction. 


• Search performed in 5 decay 
channels and statistically 
combined. 

• � 


• Results interpreted using three 
simplified models. 

• Z’-2HDM

• Baryonic-Z’

• 2HDM+a

bb̄, γγ, WW, ZZ and ττ

�7

Z’-2HDM

Baryonic-Z’
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mono-Higgs

�8

2HDM+a CA15 jets

Baryonic-Z’ CA15 jets

Z’-2HDM AK8 jets

H➞bb most 
sensitive

Final states orthogonal to each other
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Dark Higgs boson (WW) + MET
•Dark Higgs boson model: Dark Matter particle acquire mass through 

their interaction with  a dark Higgs boson (paper). 

�9

•WW decay mode dominates for ms>160 GeV. 


• s➞WW search performed for the first time in fully leptonic final state. 


•Major backgrounds: 


•  Non-prompt leptons: estimated using data. 


•  WW, Top and Z➞ττ rate estimated from dedicated control regions,

https://arxiv.org/abs/1701.08780
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Dark Higgs boson (WW) + MET
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—No significant excess of events observed.

—most stringent limit for mχ=100 GeV in 
dark Higgs framework. 

�mχ = 100 GeV

�mχ = 300 GeV

3-dimensional fit performed using ΔR, mll and mT
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Higgs ➞ invisible

�11

New trigger strategy: using jet properties from 
VBF production in addition to �  trigger. 


Using V+jets and �  CRs to constrain 
major backgrounds (Z(νν)+jet and W(lν)+jets). 

pmiss
T

γ + jets

MET triggered region VBF triggered region
� >250 GeVpmiss

T 160 <� <250 GeVpmiss
T



ICHEP 2022, Bologna, Italy Raman Khurana

Higgs ➞ invisible
• Combination of Run 1 and Run2

• 95% CL upper limit on the  in BR (H➞invisible ) < 0.18 (0.10)

�12

Constraints on spin independent 
DM-neucleon cross-section

Constraints are compatible with 
SM H ➞ invisible branching ratio. 



ICHEP 2022, Bologna, Italy Raman Khurana

Dark photon in VBF Higgs

�13

Search for dark photon in 
VBF Higgs boson events. Year Triggering object

2016 VBF photon

2017/2018 MET

Photon

Dedicated CRs for major 
background: W+jets, Wγ, Zγ, γ+jets

discriminating variable, mT, 

�

h(125 GeV) is of particular interest 
but higher masses are also 

considered. 

Simultaneous fit of SR and CRs
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Dark photon in VBF Higgs
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} } }

mjj < 1500 GeV
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Summary 
• Showcasing the selected dark matter searches 

using Higgs boson.  
• Higgs boson to Invisible and MET based signatures 

are key to DM search at CMS. 

• A big phase space has been excluded using Run 2 

dataset for the Dark Higgs model. 

• Results for Dark Higgs WW (semi-leptonic) and mono-

Higgs bb using the Run-2 dataset are expected to be 
public soon 


• For more details

�16

http://cms-results.web.cern.ch/cms-results/public-results/publications/
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Backup
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mono-Higgs: Interpretations   
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Z’-2HDM

Baryonic-Z’

2HDM+a

• There are three simplified models available 
which predicts the mono-H signal.  
• Z’-2HDM:  

➡ Heavy vector mediator is produced resonantly 
and decays into a SM-like Higgs boson and 
an intermediate pseudoscalar particle A. 


• Baryonic-Z’:  
➡ A “baryonic-Higgs” boson mixes with the SM 

Higgs boson. A vector mediator Z’ is 
produced in s-channel and decays into a pair 
of DM particles after radiating a Higgs boson. 


• 2HDM+a: 
➡  Two-Higgs-doublet model extended by an 

additional pseudoscaler a which mixes with 
the scalar and pseudoscalar partner of the 
new Higgs boson and decays into a pair of 
DM particles. 
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Major backgrounds 

• There are three SM processes which can mimic the signal 
like detector signature. 

�19

!  Small contribution from diboson, single top, ZH  

!  Negligible contribution from QCD.   

(νν)
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mono-Higgs Combination 
• The search is extended by a statistical combination of 5 analyses. 


• bb, γγ,ττ,WW and ZZ

• The analyses the required to be orthogonal to each other to avoid double counting.  

�

�20

 

Third mono-H publication 
10.1007/JHEP03(2020)025 

https://arxiv.org/pdf/1402.7074.pdf
http://dx.doi.org/10.1007/JHEP03(2020)025
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Dark Photon
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Dark Higgs
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Dark Higgs comparison 
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VBF Higgs Invisible ATLAS 
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�  95% upper limit at 15%H → invisible


