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Motivation

• Weakly Interacting Massive Particles (WIMP) are natural cold 

DM candidates

• Muon Colliders offer great potential in discovering new physics, 

particularly in probing WIMP dark matter

• With a large event sample, the monophoton channel of 

production offers good prospects
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Theory

• Theory from “WIMPs at High Energy Muon Colliders” *

• Results in paper produced from signal and background events 

generated through MadGraph

• Events generated with COM energy = 14 TeV and two DM masses = 1 

TeV, 3 TeV

* https://arxiv.org/abs/2009.11287
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Monophoton Channel - Signal
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1 2 3 4

1 𝝁+𝝁− → 𝜸𝝌𝝌

2 𝜸𝜸 → 𝜸𝝌𝝌

3 𝜸𝝁± → 𝜸𝒗𝝌𝝌

4 𝝁+𝝁− → 𝜸𝒗𝒗𝝌𝝌
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Monophoton Channel - Background
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Most significant background:

𝝁+𝝁− → 𝜸𝒗ഥ𝒗
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Current progress

• Studying the primary signal process: 𝝁+𝝁− → 𝜸𝝌𝝌

• Using the major SM background: 𝝁+𝝁− → 𝜸𝒗ഥ𝒗

• Generating 500,000 events with MadGraph, hadronizing with Pythia 

and simulating detector response with DELPHES

• Currently working with COM energy = 3 TeV and DM mass = 0.8 TeV
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MET
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Photon 𝒑𝑻
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Energy of photon
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COM energy = 14 TeV
COM energy = 3 TeV

𝒎𝝌= 0.8 TeV



𝒄𝒐𝒔𝜽 of photon
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𝛾

𝒔 = 𝟏𝟒 𝑻𝒆𝑽

𝒎𝝌= 0.8 TeV

[deg]



Missing mass
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COM energy = 14 TeV COM energy = 3 TeV

𝒎𝝌= 0.8 TeV



Conclusions and next steps:

• Comparing produced and theoretical distributions verifies the private 

production

• Increase number of events

• Use different DM masses

• Use higher COM energies

• Include additional signal processes

• Apply selections to improve signal sensitivity (Selections on energy of 

photon, missing mass and photon 𝜃 applied in the paper)
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Timeline

• 1 million events at 𝑠 = 14 TeV with DM mass = 0.8 TeV → 0.5 weeks

• 1 million events at 𝑠 = 3 TeV with DM mass = 3 TeV → 0.5 weeks

• 1 million events 𝑠 = 14 TeV with DM mass = 3 TeV → 0.5 weeks

• Selections and additional processes →1.5 weeks

• Signal sensitivity analyses (Figure of merit = 𝑆𝑖𝑔𝑛𝑎𝑙/ 𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑)→ 1.5 weeks
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