
Probing and Knocking with Muons
Qiang Li  

Qite Li,  Chen Zhou
On behalf of 

the PKMu Group

Peking University  
2024/09

Phys.Rev.D 110 (2024) 1, 016017
https://lyazj.github.io/pkmuon-site/categories/activities/  
 

1

https://indico.ihep.ac.cn/event/21331/timetable/?view=standard#422-a-proposed-pku-muon-experi
https://indico.fnal.gov/event/63406/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.016017
https://lyazj.github.io/pkmuon-site/categories/activities/
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➔ CMS Muon Trigger RPC:  
assembled and tested at PKU 
at around 2002

➔ RPC R&D for nuclear physics
➔ CMS GEM upgrade program

PKU Muon Detector Development 
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Muon:   a bridge connecting applied and
 fundamental particle physics



4

MIP2024

Several possible 
Chinese Muon beams 

in the near future:
  Melody, 

CIADS, HIAF 

https://indico.cern.ch/event/1356341/
https://indico.ihep.ac.cn/event/20601/
https://indico.ihep.ac.cn/event/20601/timetable/?view=standard#29-ciads-and-its-plan-of-muon
https://indico-tdli.sjtu.edu.cn/event/1465/timetable/?view=standard#51-toward-a-muon-source-in-hia


Muon Philic Dark matter
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● Muon Philic Dark Matter may be possible or necessary!
● Electron/Muons on Target Experiments
● DarkShine is ~ LDMX based on Shanghai Synchrotron Radiation Facility
● MMM (M3) is a US proposed muon-LDMX experiment

○ Intrigued by a proposal based on CERN NA64   
○ “a lower-energy, e.g. 15 GeV, muon beam allows for greater muon track 

curvature and, therefore, a more compact experimental design...”

NA64mu 

https://arxiv.org/abs/1804.03144
https://indico.ihep.ac.cn/event/17768/
https://confluence.slac.stanford.edu/display/MME/Light+Dark+Matter+Experiment
https://lssf.cas.cn/en/facilities-view.jsp?id=ff8080814ff56599014ff599b8550033
https://arxiv.org/abs/1804.03144
https://arxiv.org/abs/1412.1400
https://arxiv.org/pdf/2401.01708.pdf


Exotic Dark Matter concentrated near the Earth
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● A large amount of dark matter is 
concentrated near the Earth, and 
their speed is very low, making it 
difficult to cause recoil signals in 
experiments. (大量暗物质集中在
地球附近，它们的速度很低，很难
在实验中引起足够的反冲信号)

● As we will see,  muon DM 
scattering experiment 
(PKMuon) depends minorly on 
DM velocity

https://doi.org/10.1103/PhysRevLett.131.011005


Muon Tomography
缪子成像

Muon Tomography and Muon-DM scattering 

Dark Matter Search
暗物质寻找
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Phys.Rev.D 110 (2024) 1, 016017

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.016017


Muon DM Box experiment:  qualitative estimation 
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Notice for high speed muons, it is 
appropriate to treat DM as frozen in 
the detector volume (V ), and the 
estimated rate per second could be: 

One year 

In the exotic DM scenario as 
mentioned previously, the 
limit can approach μb 
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Muon DM Box experiment: Geant4 Simulation 

Cosmic Muon

Different from XENON1T/PandaX: 
Relativistic muon hit quasi-static DM



10

Cosθ distribution in air has no obvious 
difference between that in a vacuum. 
Considering cost and technical difficulty, 
vacuuming of the boxes is not necessary 
in Phase I of the project.

Cosθ distributions in Maxwell-Boltzmann 
velocity distribution and a constant velocity 
distribution are similar. Therefore, our 
signal distribution and detection is not 
sensitive to the DM velocity model.

As the DM mass increases, a larger fraction 
occupies the region of large scattering 
angles, resulting a more pronounced 
discrepancy between the signal and 
background.

Muon DM Box experiment: Geant4 Simulation 
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Muon DM Box experiment: expected results 



Muon DM Beam experiment: qualitative estimation
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The estimated rate per second: 

Notice the surrounding area can 
be as small as 100 cm^2.

One year 
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Simulating 1 GeV muon beam hit 
lead plate passing through GEM 
detector:  the inner diameter of our 
CGEM detector is designed to be 
50 mm, which is 5 times the
beam spot.

Orange surfaces are drift 
cathodes. The blue surfaces are 
GEM foils. The green surfaces are 
PCBs. The yellow lines are muons 
tracks. The red curves are 
electron tracks. The green lines 
are photons.

Muon DM Beam experiment: Geant4 Simulation 

Cylindrical GEM (CGEM) detector structure for BESIII inner tracker system upgrade 
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Muon DM Beam experiment: Geant4 Simulation 
If the scattering angle is large enough, muons 
may hit the surrounding detector. 
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Muon DM Beam experiment: Geant4 Simulation 
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Current Box Exp. Status
4-station 20cm*20cm RPC for the moment

Petiroc 2A is a 32-channel front-end ASIC

Timing and X-Y position 
with delay-line readout 
method

http://indico-cdex.ep.tsinghua.edu.cn/event/162/timetable/?view=standard#34-rpc


Accumulated Data
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● 3+ months data taking since Jan. 
2024

● Effective volume as 50cm*20cm*20cm
● Total effective events as 330548, 

with mean scattering angle as 
0.0252 rad

● The fraction of large angle scatter 
events (θ>0.2rad) is around 1.6%

● There are several events with 
cosθ<0.4

● Data Analysis is ongoing

More results in a recent report 
from Cheng-en Liu and Qite Li 17

https://indico.ihep.ac.cn/event/22017/contributions/159414/


0

Z
Large angle events
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Future

More physics program:
CLFV,  Muon-Nuclei scattering …

Interfacing Cosmic Muon or Muon beam

Larger area 
RPC or GEM
being produced
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Interfacing with a muon beam at HIAF 
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Backup



22Cosmic µ
Tomography
DM

µ e/N Scattering
CLFV…

µ N Trident
NA64 visible Z’
Muon Bundle

Geo µ  

Probing and Knocking with Muons



  Melody, CIADS, HIAF Muon beams
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Melody:   approved and the first Chinese Muon beam will be built in 5 years. 

~30 MeV,  ~100 MeV,              ~1GeV

https://indico.ihep.ac.cn/event/20601/
https://indico.ihep.ac.cn/event/20601/timetable/?view=standard#29-ciads-and-its-plan-of-muon
https://indico-tdli.sjtu.edu.cn/event/1465/timetable/?view=standard#51-toward-a-muon-source-in-hia
http://csns.ihep.cas.cn/ywdt/202311/t20231116_763353.html




25MIP2024-1

https://indico.cern.ch/event/1356341/contributions/5821031/attachments/2841489/4967027/20240421_yuxd_MIP_PKMUON.pdf


26MIP2024-1

l

l

https://indico.cern.ch/event/1356341/contributions/5821031/attachments/2841489/4967027/20240421_yuxd_MIP_PKMUON.pdf
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Ref:  MMM Ref:  NA64mu VS

https://arxiv.org/abs/1804.03144
https://arxiv.org/pdf/2401.01708.pdf


 Muon-Electron Threshold Scan
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Muon-electron collider                                        Muon-on-target   
  CLFV

● μ+  e- → Z’→ e+ e-,   μ+ μ-   Charged Lepton Flavor Violation

● μ+  e- → Z’→ X X     Lepton Flavor Violation DM
● Resonant production Enhancement
● X=16.7 MeV Anomaly
● Connecting e-mu collider and muon beam experiments

specific beam energy
Leads to
specific phase space 

https://arxiv.org/abs/2302.02203
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.042501
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Shields 
(Momentum 
Selector) +
Muon Detectors

Shields 
(Momentum 
Selector) +
Muon Detectors

Cosmic
Muon 
Collider

μ

Optional:  timing detector,  magnet…

Lower rates →
Coarse requirement on detector


