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Dark Matter search at Collider
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Collider signal of DM: Visible +  (Mono- )

DM interact with SM particles via EFT operator:

When the NP particles are produced on-shell 
decay to SM particles

/ET X     :1002.4137, 1108.1196, 1408.3583, 1502.01518…  

     : 1303.6638, 1410.4031, 1503.00691 …… 

         : 1109.4398, 1410.8812, 1411.1559 …… 

   : 1309.4017, 1408.2745, 1404.005…… 

         : 1312.2592, 1402.7074 ……

g/q + /ET

t /b + /ET

γ + /ET

W/Z + /ET

h + /ET

 : similar interaction with the SM  boson:
Resonant production
Stringent Limits

W′ W

   :  1504.01386 

  :  This Work: 

Z′ + /ET

W′ + /ET W′ → tb

A large  makes 
the DM-SM 
coupling weak 

M

Standard  searchW′ 
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Resonant production of  with a dark Higgs bosonW′ 
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Stringent trigger requirement

Mass region smaller than  are not probed

pT > 500 GeV

1 TeV

2308.08521

 :  focus on 

A dark Higgs is emitted from 

In additional to the DM search, this 
channel opens up the possibility to 
push  searches to lower masses

mW′ 250 ∼ 1750 GeV

W′ 

/ET > 200 GeV

W′ 

   The channel we are using:W′ + DM
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UV models with  commonly have a dark Higgs bosonW′ 
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(nearly) model-independent

•  comes from a new gauge symmetry that is broken 
before EWSB.

• There is new scalar responsible for the breaking: 

• The scalar gives  mass, and couples to : 

W′ 

ϕ = hD + vϕ

W′ W′ 

∝ gnewW′ 
2(hD + vϕ)2

Relavent Parameters
• masses: 

• :        new gauge coupling strength  
• :   new gauge coupling strength and  mass ( )

mhD
, mW′ 

W′ - t - b gnew
W′ - W′ - hD W′ mW′ ∝ vϕ
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Benchmark Model: Left-Right Symmetric Model (LRSM)
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Kinetic terms of fermions

Kinetic terms of scalars

mW′ 

Potential parametersmhD

gR

≈ gRvR/ 2
> e/cW(0.35)
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 Candidate ReconstructionW′ 
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Production cross section
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The  can be on-shell before or after emitting a dark Higgs, and this two channel have 
comparable contribution

W′ 

   2-body:      then   

                  

   3-body:      then   

                            

pp → W′ hD W′ → tb

∝ (gRgW′ W′ h)2 ∝ constant

pp → W′ W′ → tbhD

∝ g2
R ∝ g2

W′ W′ h

We always have contribution from both channel. 

Which cross section is larger? Only depends on the mass of  and 

∝ g4
R

W′ hD
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Results and Discussion
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We studied the   with hadronically-decaying ,  which:
• Describes a new search mode of DM
• Expand the  boson searches to small mass region

pmiss
T W′ 

W′ 

13 TeV LHC, 300 fb−1

Current LHC data is sensitive to  
production in the range of 20 fb to 30 pb. 
The corresponding limit on  can be as 
low as 0.6

W′ + hD

gR
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Backup
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Backup: backgrounds
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