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https://indico.ihep.ac.cn/event/28588/
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Gemini

Muons can be everywhere and interesting
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《Nature》  Muon Tomography
Muon g-2 Experiments

Muon Spin Rotation and 
Relaxation Spectroscopy 

Muonic x-ray 
spectroscopy

However, let‘s focus on our Earth
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https://www.physics.utoronto.ca/news-and-events/events/colloquium/talk-on-jan-18-2024/ 

~km 
size

A journey to the TeV future: “Our Muon Shot"

https://www.physics.utoronto.ca/news-and-events/events/colloquium/talk-on-jan-18-2024/
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    However, let’s focus on the present,  1-100 GeV      



● 150 GeV Muon Beam @CERN:  NA64, 
AMBER, MUonE, NA64
○ Nuclear Properties,
○ New Physics Searches

● US JLab has a similar plan
● Many Possible Muon beams 

to appear in China soon 

 

Muon Scattering  Worldwide

PRAB 28 (2025) 053401
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Upgraded HIAF (HIAF-U) can reach 20+ GeV 
with 100 more intense muon beam 

CIADS,
MELODY
……

https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.28.053401


     Search for Dark Sectors at NA64µ PRL132, 211803 (2024)

百米长度，多种探测器，磁场测量缪子动量，电磁量能器作为靶，后端HCAL作veto
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.211803


Muon Source In China
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https://indico.itp.ac.cn/event/384/contributions/2338/attachments/1435/2
311/Liangwen_CHEN_muon_sources_at_HIAF-0425.pdf 

https://indico.itp.ac.cn/event/384/contributions/2338/attachments/1435/2311/Liangwen_CHEN_muon_sources_at_HIAF-0425.pdf
https://indico.itp.ac.cn/event/384/contributions/2338/attachments/1435/2311/Liangwen_CHEN_muon_sources_at_HIAF-0425.pdf


HIAF:  GeV Muon beam in 2026?
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https://indico.itp.ac.cn/event/384/contributions/2338/attachments/1435/2
311/Liangwen_CHEN_muon_sources_at_HIAF-0425.pdf 

https://indico.itp.ac.cn/event/384/contributions/2338/attachments/1435/2311/Liangwen_CHEN_muon_sources_at_HIAF-0425.pdf
https://indico.itp.ac.cn/event/384/contributions/2338/attachments/1435/2311/Liangwen_CHEN_muon_sources_at_HIAF-0425.pdf
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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

PeKing Univ. Muon group (PKMu) 



  PKMu (R&D)                   MUonE (ongoing)
PKMu：Muon on target experiment proposed by 
PKU for multi-purpose including cosmic ray, 
dark boson, and quantum entanglement.
HIRIBL：1-10GeV 106−107/s muon beam line 
from the HIAF facility from the imp, cas, China.

MUonE：a Muon Electron scattering exp at 
CERN exploiting a 150-160 GeV 107−108/s 
beam, aims at an independent and precise 
determination of the leading hadronic 
contribution to the muon g-2.

HIAF,
Hui
Zhou

MUonE
CERN
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https://arxiv.org/abs/2503.22956
https://arxiv.org/abs/2504.21050
https://web.infn.it/MUonE/


GeV Muon Scattering

Muon 
Tomography

  Quantum        
  Entanglement

Muon Electron Collision:  
orbital acceleration

Surrounding DM BSM Particles
Cosmic 
or
Muon beams
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Nucl./Hadron Physics



 

 

Dark 
Matter

Rich Physics via Probing and Knocking with Muons
Cosmic muons (Local lab) or muon beams (HIAF, CERN…)

 

  

Dark 
Boson
(flavor changing 
or not)

       

 

  

Atom 
Electron
Motion

Cosmic Ray 
Precision

 

 

Detector 
Legos

Tracking:
RPC, GEM,
SStrip, LGAD

PID, veto:
Scintillator 
Absorber

Readouts:
delay line,  2D,
multi-leptons

Quantum
Corre-
lations
       

arXiv: 2507.23458;  arXiv:2507.03914, PRD 110, 016017 (2024); JPG52 (2025) 075002; 
PRD 111, 116018 (2025), arXiv:2507.23458,  MPLA 40 (2025) 24, 2530008

 

1
5

https://arxiv.org/abs/2507.23458
https://arxiv.org/abs/2507.03914
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.016017
https://iopscience.iop.org/article/10.1088/1361-6471/ade733
https://journals.aps.org/prd/abstract/10.1103/m9z9-1jpd
https://arxiv.org/abs/2507.23458
https://www.worldscientific.com/doi/10.1142/S0217732325300083
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Detector 
Legos

Tracking:
RPC, GEM,
SStrip, LGAD

PID, veto:
Scintillator 
Absorber

Readouts:
delay line,  2D,
multi-leptons

Flexibility, 
multi-purpose

Mimicking one-station MUonE

Economical RPC/GEM 
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  PμMA: Millimeter-Resolution cosmic muon Imaging
2512.19747

Projection-shifted Muon 
Transmission Tomography:
● reconstructs tracks 

by linking  upstream 
and downstream hits,

● projecting scattering 
induced deflection as 
a measurable shift on 
an imaging plane ,

● enables millimeter 
scale resolution 
requiring  only two 
detectors .
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https://arxiv.org/abs/2512.19747


  PμMA: Millimeter-Resolution cosmic muon Imaging
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Muon Tomography
缪子成像

Muon Tomography and Muon-Philic DM Search

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
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A small lab exp costing ~50000 RMB 

4-station 28 cm*28 cm RPC for the moment
A spatial Resolution of 0.7 mm
Petiroc 2A is a 32-channel front-end ASIC

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

PRL136 (2026) 15, 
151001

https://journals.aps.org/prl/abstract/10.1103/5jh7-fxf4
https://journals.aps.org/prl/abstract/10.1103/5jh7-fxf4
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• Simulated the scattering angle 
distribution of cosmic-ray muons

• Significant discrepancy observed 
between experimental results and 
simulations at large scattering 
angles.

• What is the origin of these 
large-angle scattering events?

Initial Comparison Between Experiment and Simulation
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• Analyzed height(z-coordinate) distribution of large-angle scattering 
vertices

• Multiple events clustered at RPC detector positions

Spatial Distribution of Large-Angle Scattering Events
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• Analyzed angular distribution within detector’s sensitive volume
(-200 mm<z<200 mm)

• Large-angle scattering events persist after selection

Scattering Angle Distribution in ROI Area
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Air data

Simulation of CRs at Sea-level (All-Particle Composition)
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• Performed combined fitting of 
lead block data using Roofit

• Simultaneously fitted all particle 
component distributions to 
experimental measurements

• Validation showed excellent 
agreement

• Successfully applied the same 
methodology to air data: scaling 
factor of e=0.610±0.158
(fitted ratio/unfitted ratio)

Unfitted Fitted

Joint-Fitting Method(0.1-1.5 rad)



Precision Measurement of Secondary Cosmic Rays
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During a 63-day campaign from February 12, 2025, 1.18 million cosmic ray 
scattering events were recorded and analyzed. The scattering angle 
observable is sensitive to the cosmic ray component fractions!



Muon Philic DM Search
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Bullet ↔ Prey
子弹↔猎物



Int.J.Mod.Phys.A 38 (2023) 29n30, 2350154 Phys.Rev.D 110 (2024) 1, 016017

Phys.Rev.Lett. 136 (2026) 15, 151001

APS promotion
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https://doi.org/10.1142/S0217751X23501543
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.016017
https://journals.aps.org/prl/abstract/10.1103/5jh7-fxf4
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PKMu@HIAF-HIRIBL:  exp-v0  (1-10 days) ?

   2512.19747

PRL 131 (2023) 241802 

1. Beam properties
2. Muon Tomography
3. mu > e X0
      Esp: 
      mX0~105 MeV

https://arxiv.org/abs/2512.19747
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.052020
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Detectors Requirement (PID)  Jinning Li@MIP2025

A prototype detection system@HIRIBL for muon 
beam condition monitoring, detector testing, and 
preliminary experiments (scattering, tomography)
    - Beam profile and divergence
    - Beam particle identification

-  Mass difference: ToF, dE
        -  Different physical processes: dE

PID based on the product of likelihoods of 3 variables: 
(ToF / energy deposition / square residual of linear track)
Over 70% muon\pion efficiency in this preliminary version. 
Upgrade: detailed simulation, delicate detectors (ECal/RICH…)

10cm-thick Pb
Plastic scintillators

3 GeV/c muons and pions (simplified simulation: 4% 
momentum spread; equal numbers of muons and pions) 

https://indico.ihep.ac.cn/event/24109/timetable/?view=standard#51-rpc-scintillator-hybrid-det
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μe→Ф   resonant production
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Light Dark Matter → larger Dark Sector
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In the context of light-mass (sub-GeV) dark matter minimal models that obtain their relic 
density through the freeze-out mechanism, it is necessary to introduce a new light mediator. 
In particular, the scenario of introducing a new "dark" massive vector gauge boson as the 
mediator is very well-motivated theoretically.  JHEP03(2018)084  Granada19  LDMX2024

https://link.springer.com/article/10.1007/JHEP03(2018)084
https://indico.cern.ch/event/808335/contributions/3365089/attachments/1845345/3027396/Summary-DM-DS-Granada.pdf
https://indico.global/event/805/contributions/23755/attachments/11142/16481/Pascadlo_DPF_Pheno_2024.pdf


     Searching for Dark Boson at HIAF (>months) 
PRD 113 (2026) 7, 072008

Using the 1–10 GeV muon beam at HIAF to 
study the minimal L_mu - L_tau model,  via 
mu e →mu e Z', where Z' decay invisibly.   

Compared to NA64/MUonE, the lower 
center-of-mass energy allows for higher 
detection sensitivity to light-mass Z', 
particularly in 10 MeV mass region.
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https://doi.org/10.1103/9srh-sw94
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μe→μeZ′   (>months) 

Provides enhanced 
sensitivity to the 
light-mass regime



Horizontal 10 TeV CR
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水平方向，cos~0,  能量压低效应小

无需百吨强磁铁
小型实验：验证 mu-e散射作为能量比例尺
大型实验： 100 TeV 大气缪子？

Phys. Rev. D 29 (1984) 1

ref

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.29.1
https://www.frontiersin.org/journals/energy-research/articles/10.3389/fenrg.2021.750159/full
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GeV scale Muon-Electron Collider 
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Atom 
Electron
Motion

arXiv:2504.00100, 
PRL134(2025)6, 061802, 
PRL132(2024)26, 261801

● Heisenberg Uncertainty Principle → Electron localization near the 
nucleus → High momentum.

● In high-Z targets, atomic electrons reach relativistic momenta 
(O(10) MeV).  

● C.O.M. Energy Elevation: A 10 GeV Muon beam hitting these 
"moving" electrons can reach a effective C.O.M. energy of ~GeV.

https://arxiv.org/abs/2504.00100
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.061802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.261801


Muon,  Thorium229, X-ray
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https://indico.ihep.ac.cn/event/29103 

https://www.mdpi.com/2079-4991/10/7/1260 

https://indico.ihep.ac.cn/event/29103
https://www.mdpi.com/2079-4991/10/7/1260
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附
录
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    欧洲核子研究中心高能缪子实验arXiv:1911.01498 

~160GeV高
能缪子束
线
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与质子、核子、电子散射

CERN:   The European Organization for Nuclear Research

https://arxiv.org/abs/1911.01498


HIAF-HIRIBL高能缪子束流
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Phys.Rev.Accel.Beams 28 (2025) 5, 053401

PID among muon, pion and 
electron are important for muon 
beam experiment.

https://doi.org/10.1103/PhysRevAccelBeams.28.053401


CERN NA64μ 的实验结果

48

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.211803


       缪子与质子散射: AMBER测量质子半径等 amber  talk

AMBER 是 CERN SPS 
固定靶实验计划中
的新一代强子物理
实验。主要束流：
高能 π、K、p 以
及 μ 子束流（动
量最高可达 ~190 
GeV/c）

继承并升级了COMPASS的成熟探测器系统(磁谱仪、跟踪、PID 等)

Apparatus for Meson and Baryon Experimental Research 
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https://home.cern/science/experiments/amber
https://agenda.infn.it/event/33473/contributions/214230/attachments/112479/160747/quintans_EINN2023.pdf


缪子与电子散射: MUonE 精密测量SM
https://web.infn.it/MUonE/  

轻靶，无磁场，良好的径迹探测器，电磁量能器及末端缪
子探测器提供PID。模块化，每模块约1米长。
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https://web.infn.it/MUonE/


                缪子与核散射 : MMM 寻找新物理  JHEP 09 (2018) 153
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https://doi.org/10.1007/JHEP09(2018)153

