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The physics channel
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• N1: lightest neutralino
• nd: dark neutralino
• ad: dark photon

Interesting for the study of: 
1. Dark SUSY models
2. Muon reconstruction
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Previous analysis of the channel performed by 
the CMS experiment arXiv:1812.00380 [hep-ex]

MadGraph
𝑠 = 3 TeV

no BIB



Dark SUSY
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THEORY PARAMETERS

Dark photon decay width (Γ):



Parameters choice
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100 GeV < N1 mass < 700 GeV
arXiv:2005.10289v2 [hep-ph]

25 GeV < ad mass < 200 GeV

arXiv:2005.01515 [hep-ph]

CMS analysis 
arXiv:1812.00380

- 0.25 GeV< ad mass < 8.5 GeV
- N1 mass = 10 GeV

m78



Parameters choice
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𝛤 ad  = 10-5 GeV
arXiv:2005.01515 [hep-ph]

𝜀~10-3 

Thanks to B. Mele and F. Piccinini
for the helpful discussions m78



Muon system at Muon Collider
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Iron yoke plates instrumented with:
• 7 layers of detectors in the barrel
• 6 layers in the endcap

Detector technology:
Glass RPC cells (30x30 mm2)

Further information: C. Aimè in Poster Session KP01
Based on CLIC detector: arXiv:1202.5940[physics.ins-det]

http://meetings.aps.org/Meeting/APR21/Session/KP01.55


Muon reconstruction
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• Simulation: ILCSoft (N. Bartosik in Muon Collider Symposium I)
• Muon reconstruction: PANDORA PFA framework

CLUSTER: combination of hits (one hit per 
layer) inside a cone and on neighbouring 
layers

Beam Induced Background hits in the 
muon system easily rejectable 

new strategy

Single muon tracks well reconstructed

https://github.com/iLCSoft
http://meetings.aps.org/Meeting/APR21/Session/B08.3
https://github.com/PandoraPFA/LCPandoraAnalysis


Signature: dimuon pairs
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Dimuon = muon pairs from 
dark photon decay

Event display 
(N1 = 100 GeV ad = 25 GeV) Event display  (N1 = 500 GeV ad = 50 GeV)



Analysis strategy
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1. Dark photons decay in the same way Dimuon masses similar
m ?? @ − m ?? 6 <5 GeV
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2. Dark photon kinematics quite peculiar
ΔR µµ 1 µµ 2 > 1 ΔR = Δη + Δϕ 6
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Efficiency: 77.8 % 

m ?? @ − m ?? 6 <5 GeV      &     ΔR µµ 1 µµ 2 > 1
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Efficiency: 51.6 % 
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m ?? @ − m ?? 6 <5 GeV      &     ΔR µµ 1 µµ 2 > 1



Results: reconstruction efficiency
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m ?? @ − m ?? 6 <5 GeV   &  ΔR µµ 1 µµ 2 > 1 m ?? @ − m ?? 6 <5 GeV   &  ΔR µµ 1 µµ 2 > 1
&  invariant mass distribution fit



Conclusions and plans
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This preliminary analysis shows that:
• a Muon Collider has a great potential for probing dark SUSY channels in 

parameters regions not yet studied
• the muon reconstruction algorithm has a good efficiency 

The work is in progress. Plans are to  
• extend the parameter regions
• try to develop a new reconstruction strategy
• … 



Backup slides



CMS analysis
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PARAMETERS
• 0.25 GeV< ad mass < 8.5 GeV
• N1 mass = 10 GeV
• nd mass = 1 GeV

Reference: arXiv:1812.00380 [hep-ex]



Kinematics
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