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Muon Physics Programs in China
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• Emerging and fast-growing program

• China’s muon efforts are transitioning from participation abroad to building 

domestic initiatives.

• Early milestones in beams, detectors, and analysis show strong momentum. 

International collaboration and participation is warmly welcomed.

• Intensity Frontier: Next-gen particle/muon sources and experiments

• High-Intensity heavy-ion Accelerator Facility (HIAF)

• China-initiative Accelerator-Driven Subcritical system (CiADS)

• China Spallation Neutron Source (CSNS): Muon Station for Science, 

Technology, and Industry (MELODY), SHINE Muon Source

• Broader impact beyond HEP (not covered in this talk)

• Applied science: muon tomography (critical infrastructure, archaeology), non-

destructive assay of dense cargo/containers.

• Nuclear & condensed-matter: μSR for magnetic/quantum materials; isotope 

production and nuclear-structure probes.

• Abundant Collaboration Opportunities



L. Li, The Muon Physics Program in China @ Anacapri, Italy, FCCP 2025 September 30, 2025

HIAF and CiADS

3

CiADSHIAF

Two Major National Science and 

Technology Infrastructure Projects, 

approved by central government in 

December 2015.

Total investment: ~ 6.8 billion CNY

Construction periods:

HIAF: Dec. 2018 – Dec. 2025

CiADS: July 2021 – July 2027

Location: Huizhou city, 

Guangdong (Canton) province

HIAF/CiADS

Courtesy Y. He
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HIAF and CiADS
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High-Intensity heavy-ion Accelerator Facility 

(HIAF): World’s most advanced heavy-ion 

accelerator with the highest pulsed beam intensity

Location: Huizhou city, 

Guangdong (Canton) province

China-initiative Accelerator-Driven 

Subcritical system (CiADS): World’s first 

megawatt-level ADS research facility

Scientific goals:
1. Nuclear force
2. Origin of heavy elements
3. High-energy/intensity physics
4. Space radiation simulation

Scientific goals: 
1. Stable, reliable, and long-term operation of 

accelerator, spallation target, and reactor systems
2. Foundation for future industrial-scale ADS facility
3. Fundamental physics and applied physics research

Courtesy Y. He

HIAF beam: 0.5 – 7.5 GeV, 4-8*106 /s (Baseline Max Intensity)

CiADS beam: 0.5 – 0.6 GeV, 5*108 /s (Phase-I)
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HIAF
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iLinac BRing SRing

Length / circumference (m) 114 569 277

Final energy of U (MeV/u) 17 (U35+)/150 835 (U35+) 9300 (p) 800 (U92+) 3500 (p)

Max. magnetic rigidity (Tm) --- 34 15

Max. beam intensity of U (ppp) 28 pμA 21011 (1-3)1013 (0.5-1)1012 (1-3)1013

Operation mode CW or pulse Fast ramping (12T/s, 3Hz) DC, deceleration

Emittance or Acceptance (H/V, 

·mm·mrad, dp/p)
5 / 5 200/100, 0.5% 40/40, 1.5% (normal mode)

Accelerator components 

and experiment terminals 

Courtesy Y. He
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HIAF
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Fast extraction: High-intensity pulsed pion

Slow extraction: Quasi-continuous pion

1/3 s 1/3 s

3 s
1/3 s

BRing

Muon Cooling

Muon Application, 

Muon ExperimentLow energy 
surface muon

Courtesy H. Zhao

Muon production

• High-intensity proton/ion to drive the surface/decay muon source

• Fast or slow extraction mode of BRing provides pulse or continuous beam

Muon Terminal 

• Decay muon: muon application (tomography) and experiment

• Surface muon: SR



L. Li, The Muon Physics Program in China @ Anacapri, Italy, FCCP 2025 September 30, 2025

GeV Muon Beam with HIAF

7

Pion production at target Muon yield with HIAF

Length

[m]

Max.angular
acceptance
[mrad]

Max.
momentum
acceptance
[%]

Bρmax 

[T·m]

191.38
±30 (X) 
±25 (Y)

±2.0 25

• High-rigidity Radioactive Ion Beam Line (HIRIBL): world’s longest and highest rigidity 

beamline

• HIRIBL is long enough for GeV energy pion/muon production, decay and transportation 

• Intensity of muon with momentum of 3 GeV can reach 4*106/s

NIM.B 547(2024),165214



L. Li, The Muon Physics Program in China @ Anacapri, Italy, FCCP 2025 September 30, 2025

Searching for New Physics with HIAF

X→ν ν̄, 

X→e+ e-

Dark 
Boson

PKMu Experiment:

GeV Muon beam complementary to higher 

energy experiments like NA64 and MUonE
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NA64 Results

Phys. Rev. Lett. 132, 211803

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.211803
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Dark Boson Z’ Search with HIAF

MuonE: Phys.Rev.D 106 (2022) 5, L051702

PKMu: More sensitive to 

dark boson at MeV region

PKMu simulation result

Courtesy Q. LI

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.L051702
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Flavor Changing Z’ Search with HIAF
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DREAMuS: Dark matter REsearch with Advanced Muon Source

• Dark matter (𝜒) from a heavy, flavor-violating Z′

• 3 GeV muon interaction with 350 µm tungsten target
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Flavor Changing Z’ Search with HIAF
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Particle (veto) detector
• Muon veto : TOF > 11 ns 

• Remove muon beam remnant

• Proton veto : TOF < 14 ns

Single track with Tracker/TOF
• Number of track = 1

• Tracking efficiency: 99%

Geometry acceptance:
• Electron  acceptance: |  | < 120

Electron pT selection:
• pT > 20 MeV

Electron  selection:
• |  | > 0.75 radian (43 )
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Flavor Changing Z’ Search 
Sensitivity with HIAF
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Stringent limit on flavor violating Z’ model 
• 6*1012 MOT with background free assumption, mz′ = 3𝑚𝜒

• 90% C.L. limit on gZ’: ~10-5

• In comparison with Lμ − L “vanila” model



L. Li, The Muon Physics Program in China @ Anacapri, Italy, FCCP 2025 September 30, 2025

Other Physics Potentials with HIAF
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Direct 

Dark 

Matter

Search

Quantum

Corre-

lations

PRD 110 (2024) 1, 016017 arXiv:2502.07597

Proton charge radius

Elastic 

scattering

Deep inelastic 

scattering

Proton Structure

LUNE: Low-energy mUon-Nucleon scattering Experiment

https://doi.org/10.1103/PhysRevD.110.016017
https://arxiv.org/abs/2502.07597
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Other Physics Potentials with HIAF
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Direct 

Dark 
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lations
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scattering
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scattering
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CiADS Design
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Courtesy R. Wang
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CiADS Muon Source: MuST
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Courtesy Y. He
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CiADS Physics Potential
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◼ High-precision tests of rare processes of muon and muonium

✓ (μ+e−) → μ−e+,  (μ+e−) → e+e−,  (μ+e−) → γγ

✓ (μ+e−) → invisible

✓ Experiments like Mu2e, COMET, MEG, Mu3e…

✓ MACE: Muonium-to-Antimuonium Conversion Experiment

Searching for charged lepton flavor violation, 

new physics beyond the standard model, CPT test

◼ High-precision X-ray measurement of muonic atom

Muon orbits with 

a much smaller 

distance to charge center

Precision test of strong filed QED, and looking for the 

fifth interaction in muonic atom!

Courtesy J. Tang
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China Spallation Neutron Source
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Accelerator: 170kW 25Hz 1.6GeV proton beam

Neutron Spectrometers: 9 built and 2 under construction
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China Spallation Neutron Source II
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300MeV SC

500 kW

500 kW

9 more neutron

spectrometers

MELODY

Courtesy Y. Bao
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MELODY: Muon station for sciEnce technoLOgy
and inDustrY
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Courtesy Y. Bao



L. Li, The Muon Physics Program in China @ Anacapri, Italy, FCCP 2025 September 30, 2025

Muon Source at SHINE
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SHINE is high-repetition X-FEL facility under construction at Shanghai 
(2019-2027) 

• Electron beam: 8 GeV, 1 MHz, 100 pC per bunch

• Possible to drive a muon facility

Muon facility

• Available space 

(underground)

• Shared beam time, 

50 kHz

• 2.5*107 +/s (surface 

), 500 /bunch, for 

SR applications

• Under design and 

testing
Courtesy J.Y. Tang,

K.S. Khaw
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Laser-driven Muon Sources 
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Several groups in China studying laser-
driven muon sources and muon 
acceleration by laser-plasma wake-field

• Experiment at SULF (10PW/1PW-0.1Hz): 
conversion eff. 0.01μ/e

• TeV muon acceleration driven by laser 
plasma at PKU (slowing down plasma 
wave)

Shanghai Super-intense 

Ultrafast Laser Facility (SULF)

Courtesy J.Y. Tang
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Conclusion and Outlook
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• Young and accelerating muon physics program in China

• Several muon facilities under construction: HIAF, CiADS, 

MELODAY, SHINE etc.

• Wide participation in international experiments and projects (not 

covered in this talk)

• Fermilab g-2, J-PARC g-2/EDM, COMET, Mu2e, MUonE, IMCC etc.

• High leverage for international collaboration.

• Detector R&D, manpower and resources, data and computing 

strategy

• Joint efforts are hightly encouraged

• Unique particle physics potential with HIAF/CiADS muon source

• HIAF will operate by end of 2025, CiADS by end of 2027


