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Current Muon Sources
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Proton-Driven Muon Source
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Requires a high-intensity proton accelerator
⇨ limited facilities available

Two types of muon sources depend on p-accelerator
• Continuous (DC) muon sources
• Pulsed muon sources

Planned
• CSNS (China)
• HIAF/CiADS (China)
• RAON (Korea)
• SNS (USA)

In Operation
• TRIUMF
• PSI
• RCNP
• ISIS
• J-PARC

Previous 
talks



Two Types of Muon Sources
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• Muon counter required to measure arrival time
• Muon event rate is limited to avoid pile-up  
• Less muon (positron) at a once
 ⇨Only a few positron detector needed

DC muon source

• Can be synchronized with accelerator
 ⇨ No muon counter required 
• Long interval helps us to reduce background
• Large number of muons (positron) at a once
 ⇨ Large number of positron detector needed

Pulsed muon source



A Muon Source with Ideal Time Structure? 
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𝜏! ~ 2.2 μs à typical measurement duration :
10 μs ~ 20 μs (~ 5 to 10 muon lifetimes)

• Higher duty cycle can compensate relatively low muon number in bunch
 ⇨Less muon per bunch, less pileup (~ 103 µ+/bunch)
• Sufficiently long time interval to reduce background

Pulsed muon source with higher repetition rate is considered to be optimal

Certain type of experiment (e.g. μSR)



Calls for High-rep. Pulsed Beam
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Muon EDM

Mu-MuBar

μSR

Muon 
Lifetime

An O(10-100) kHz pulsed muon beam is highly desired!



Towards a High-rep. Muon Source
6

High-repetition-rate source
(~ 50-100 kHz,
~ 103 muons/pulse)

Pulsed
sources

Continuous
sources

Need some dedicated techniques

Some attempts with proton machines

Effectively achieve 0.59 MHz
Same idea for COMET @J-PARC

Successfully demonstrated 
30 ns/50 KHz proton pulses

NIM A 962 (2020) 163706



Alternative drivers: Electron
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Potential driver for muon sources?

More and more...



Electron Beam at SHINE

• Located in Zhangjiang, Shanghai
• To be commissioned in 2025
• Electron beam (design values):
• 8 GeV energy 
• 1 MHz repetition rate
• 100 pC charge (6.25 × 108 electrons) per bunch
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0 m 1400 m 1900 m 2300 m 3100 m

Shaft #1 Shaft #2 Shaft #3 Shaft #4 Shaft #5

Only 4 km from TDLI

785 m × 3 lines300 m × 3 lines400 m × 3 lines

Shanghai Synchrotron Radiation Facility (SSRF)

1285 m

Shaft: vertical hole to access the tunnels



Planned Locations
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Shaft #2:
a good location for a muon source
• Sufficient space

• Planned beamlines, cost efficient

Shaft #2 
(Beam 
Switchyard)

VHF
e-gun

Shaft #1 Shaft #2 Shaft #3

FEL Ⅲ 10-25 keV

FEL Ⅱ 0.4-3 keV

FEL Ⅰ 3-15 keV

FEL Ⅳ 

Shaft #4,5

XFEL
Experimental

Area

Superconducting linac

Undulators

8.0 GeV

BC1 BC2 BREAK

Shaft #2
Jan. 2025



Installation Plan
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Current Plan

• Current Plan: to insert the target upstream of FEL-II 
(Priority on early realization with existing beamline)

• There is also the idea of a 
dedicated line with a kicker

• Flexible planning based on 
development and budget 
conditions.

Dedicated Station



Target Design Concept
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Evaluation Criteria (SHINE: 8 GeV, 100 μA) 
• Shower maximum depth (Xmax)
• Heat load at maximum depth (dE/dz)
• 99% beam energy absorption depth (L99)

Current Design: Copper
• Moderate shower development length
• Lower heat load compared to W
• Superior thermal conductivity
• Established manufacturing processes
• Cost-effective solution

Conventional Proton-Based Sources (e.g. PSI) 
• Thin slab targets are standard
• Limited by downstream neutron source 

requirements
• Challenges: 

• Need for target tilting (~5°)
• Complex heat management
• Mechanical issues with rotating targets

Our Electron-Based Approach 
• Direct beam dump allows thick target design
• Box-shaped target with improved cooling

Materials Evaluated 
• Graphite (common for proton-drivers)
• Copper (Cu), Tungsten (W)



Target Optimization
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8 GeV e- beam (100 pC)

Vi
rt

ua
l D

et
ec

to
r

Cu 
target

Beam Position

Target Length

μ+

μ +

μ+

FLUKA simulation
Optimization Studies

• FLUKA code v4-4.0
• 8 GeV, 100 pC/bunch electron beam
• 2 mm RMS beam size
• Virtual detector: 100 cm × 100 cm at 35 mm

Scan with FLUKA for target dimension optimization

Results
• Optimal beam position: 2.5 mm from target surface
• Optimal target length: 200 mm



Stopped Pion Density
13

• < 2.5 mm:
Insufficient development of 
electron shower (too close 
to target surface)

• > 2.5 mm:
The number of pions resulting 
in surface muons is reduced 
(too far from target surface)

• Peak about 50 mm from the 
irradiated surface of the beam
⇨ Center the capture solenoid 

should be here
• No significant gain is expected in 

length over 200 mm.
These studies will be also 
done on other materials



Particle Yields from Cu Target
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Full simulation with g4beamline for beamline design

• Total muon yield: ~10⁴ per bunch (below 300 MeV/c)
• Surface muon yield: 2×10³ per bunch (25-30 MeV/c range)
• Expected intensity: 1×10⁸ μ⁺/s at 50 kHz operation

• Momentum distribution 
characteristics: 

• Two distinct 
peaks were 
observed: 
• Pion decay: 

~30 MeV/c
• Kaon decay: 

~230 MeV/c
• Broad energy 

distribution, 
decreasing at 
higher energies

25-30 MeV/c

Similar to those of existing facilities.

g4beamline



Surface Muon Beamline Design
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@50 kHz repetition rate
(1/20) of SHINE capability



Positron Management
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Lots of positrons!
⇨ Conventional way (Wien filter) may not be sufficient.

.

Dedicated fast kicker scheme could 
solve this (e.g. SHINE, Euro XFEL)

High-intensity positron beam?

ToF difference
~ 100 ns

@target
After 
3rd dipole



Test Beam at SHINE Shaft #2
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17

μ+
Cu

Target

Stepping motor

chamber

Kapton window

Top view

Al target

PMT+Scintillator

Shielding
Pb
Water

Muon + Background

Positron from muon decay

T0 detector

Goals:
• Examine muon generation and intensity
• Validate simulation framework

τ ~ 2.2 μs
Preliminary Simulation

2025

μ+
Cu

Target

Dipole

Capture 
solenoid

Solenoid

Stepping motor

Goals:
• Demonstration of the Extraction 
• More detailed properties

• µ- yield from muonic X-ray
• Momentum measurements
• Profile measurements

2026
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Summary

• A muon source with high-repetition rate (~50 kHz) could provide 
an ideal time structure for various experiments.
• This study focused on surface muon production with a copper 

box-shaped target.
• Important insights were obtained; this will be extended and further 

optimized in near future
• We have completed the baseline design studies:
• 3 × 106 (all muons) [surface μ /s]
• 5 × 105 (within φ30mm) [surface μ /s] are expected
• Need to finalize detailed design including positron removal
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Future plans

• In the next few years, beam tests at SHINE will establish the basis 
for our muon source, including evaluation of muon production, 
extraction, etc.
• Completion of SHINE Shaft #2 beam tests (2025-2026)
• Construction of full muon beamline at SHINE (~2030 target date)

• Initial science projects will be application-based: μSR, beam test
• Upgrades and further optimization needed for competitive 

fundamental physics
• muon lifetime, muon EDM, MACE, etc
• Your new ideas are highly welcome!

20



Backup
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