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Dark Matter Searches
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• Indirect detection: look for the 
products of the annihilation of DM 
particles.
• Direct detection: look for the 

recoil produced when a DM 
particle scatters against a target.
• Collider approach: DM production 

by colliding SM particles at high 
energies
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Large Hadron Collider (LHC)
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• Most powerful accelerator ever built
• Collides protons, accelerating them at ~speed of light
• 27 km in circumference



Compact Muon Solenoid (CMS)
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• Very large and complex detector
- It takes a collaboration of ~3000 physicists all around the world to built it and to operate it



Compact Muon Solenoid (CMS)
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Compact Muon Solenoid (CMS)
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Dark Matter Manifests as Missing Transverse Momentum
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Dark Matter Manifests as Missing Transverse Momentum
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Imbalance in 
the transverse 

momentum 
(MET or )pmiss

T

Gives rise to a mono-jet signature
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Why at Colliders?
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• If DM interacts, it does through a mediator
• At colliders, unique possibility to produce the mediator and measure its 

properties
-  represents the mediator pT
• Every -based DM search is essentially a search for the mediator
pmiss

T
pmiss

T



Our analysis

• Dark Higgs Model
• SUS-23-013
• Using full Run-2 dataset 

(138 fb-1)
• Public on arXiv, submitted 

to EPJC
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https://arxiv.org/abs/1701.08780
https://arxiv.org/abs/2604.20999


Dark Higgs Model

• Dark Higgs ( ) is the lightest state in 
the dark sector
- Does not decay into DM
• Mixes with the SM Higgs
- Unstable, decays into “ ”

=> Relic density set primarily by the
 annihilation 

channel

HD

bb̄

DMDM − > HDHD
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https://arxiv.org/abs/1701.08780
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https://arxiv.org/abs/1701.08780Dark Higgs Model
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https://arxiv.org/abs/1701.08780

Majorana

Dark Higgs Model
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https://arxiv.org/abs/1701.08780

Majorana

gq(vector)=1

Dark Higgs Model
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https://arxiv.org/abs/1701.08780

gX(axial)=0.25

Dark Higgs Model

Majorana

gq(vector)=1
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https://arxiv.org/abs/1701.08780

mHD < mDM

Dark Higgs Model

gX(axial)=0.25

Majorana

gq(vector)=1
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https://arxiv.org/abs/1701.08780

Mixing angle = 0.01

Dark Higgs Model

mHD < mDM

gX(axial)=0.25

Majorana

gq(vector)=1



HD assumes SM Higgs Branching Ratio
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HD assumes SM Higgs Branching Ratio
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 dominates below 135 GeVHD − > bb̄



HD assumes SM Higgs Branching Ratio
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 significant up to 160 GeVHD − > bb̄

Focus of this analysis:

mHD < 160 GeV



Event Selection
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PFMET > 250 GeV
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HD

b

b

pT > 160 GeV 
 < 160 GeVmHD

dR < 1.5
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HD

b

b

pT > 160 GeV 
 < 160 GeVmHD

Large cone jet (AK15) 
dR < 1.5



Event Selection
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PFMET > 250 GeV

AK15  > 160 GeV

40 GeV < AK15  < 300 GeV

pT
mSD

• ∆φ(AK4 jets, PFMET) > 0.5
• ∆φ(AK15 jets, PFMET) > 1.5
• τ/e/mu/photon veto
• Zero b-tagged AK4 jets 

outside leading AK15 cone



Results

29

Hadronic Recoil ⃗U = ⃗pmiss
T + ⃗pl

T

Postfit mSD distributions in bins of U for 2016-2018 combined



Results
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Exclusion limits on the signal strength μ

μ =
σ

σtheo
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σtheo



Summary
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• No significant signal is observed above the expected background
• Used full Run-2 dataset at 138 fb-1

• Targeting HD < 160 GeV
-  dominates below 135 GeV, significant up to 160 GeV
• Values of Z’ mass up to 4.5 (2.5) TeV are excluded at 95% CL for HD mass of 

50 (150) GeV
- Best limits set to date
• Public on arXiv, submitted to EPJC

HD − > bb̄

https://arxiv.org/abs/2604.20999


Thank you!
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Backup: Standard Model (SM)
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Describes the fundamental 
forces  that regulate the 
interaction between 
elementary particles



Backup: Missing Transverse Momentum ( )pmiss
T
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ptot,t0
T = 0

t0: before collision



Backup: Missing Transverse Momentum ( )pmiss
T
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All visible 
particles

after collision ⃗pmiss
T

ptot,t1
T = ptot,t0

T = 0

=> pmiss
T = − |∑

→pT |

⃗ptot
T = ∑ ⃗pT + ⃗pmiss

T



Backup: Experimental Approach
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Initial state radiation of a 

gluon

q̄

q

DM

DMg

 pmiss
T

If produced together with a visible object, DM manifest itself as  pmiss
T



Backup: Event Selection
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pT(Z’)>250 GeV



Backup: Event Selection
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pT(Z’)>250 GeV



Backup: Event Selection
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Backup: Background Model
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Backup: Uncertainties
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Backup: Signal Region Yields
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