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Current Status of The
Muon Source



Muon: Advancing Discovery
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CPV (Philipp’s Talk)Precision SM test (Yonghao’s Talk) CLFV (Siyuan’s Talk) DM (Qite’s Talk)

µSR (Vadim & Ziwen Talks) µCF (Tingting’s Talk) Muography (Zibo’s Talk)

MIXE

MIXE (Maxim & You Lyu Talks)



TRIUMF
ISIS

PSI
J-PARC

MuSIC 

Many Demands, Few Factories !
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Existing

Legend

RAON

SNS @ ORNL

Construction / Planned

MELODY

300MeV SC

500 kW

500 kW

9 more neutron
spectrometers

MELODY @ CSNS MuST @ CiADSHIRIBL @ HIAF



Proton-driven Muon Sources
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Continuous SourcesPulsed Sources

• Good statistics as many µ arrive at a 
time (large # of detectors)

• Time resolution limited by time 
between pulses (long)

• Good time resolution, only limited 
by electronics.

• Muon rate limited by pile-up, 
resulting in less statistics.



High-repetition Pulsed Beam
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Continuous SourcesPulsed Sources

Typical measurement dura3on : ~ 5 to 10 𝜏!

• Higher duty cycle with relatively low muon count per bunch
⇨ Fewer muons per bunch reduces pile-up
⇨ Rate is compensated by more frequent bunches

• Sufficient interval between bunches
⇨ Background can decay between pulses.



Attempts on Proton Machines
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Fixed Field Alternating Gradient
（FFAG）Synchrotron @ J-PARC

Research in progress

Resonant extraction 
Mu2e@FNAL

Effectively achieve 0.59 MHz!
(same idea for COMET@J-PARC)

Successfully demonstrated
30 ns/50 kHz proton pulses in 2019

Laser neutralization @ 
ORNL

NIM A 962 (2020) 163706

402.5 MHz Hydrogen Ion

30 ns/
50 kHz
laser



Laser Wakefield Acceleration
Muon Production

Alternative Drivers: Electron
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ELI & Many more...

Secondary Beams From 
Electron Accelerators

Shanghai Superintense Ultrafast 
Laser Facility (SULF) 

300 MeV, 10 µA
electron microtrton
→ 8 ⨉ 103 µ+/s

10 GeV, 100 pC electron
→ 8 ⨉ 103 µ± /s

CEBAF@JLAB
11 GeV, 50 µA
→ ~ 108 µ± /s

BeLLA



Advantage ?
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Muon EDM𝐌𝐮−𝐌𝐮μSR

Existing electron facilities
<20 m

LWFA-based machines

e- !±

Compact, portable, low-cost



How Do We Start ?
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Design Parameters
• 8 GeV CW SCRF 

electron linac 
• 1 MHz repetition rate
• 100 pC / bunch

Shanghai HIgh RepetitioN-rate XFEL and 
Extreme Light Facility
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Only 4 km From TDLI !

VHF
e-gun

Shaft #1 Shaft #2
FEL Ⅲ 10-25 keV

FEL Ⅱ 0.4-3 keV

FEL Ⅰ 3-15 keV

FEL Ⅳ 
XFEL

Experimental
Area

Superconducting linac

Undulators

8.0 GeV

BC1 BC2 BREAK 

Jointly Developed by
• Shanghai Advanced 

Research Institute, CAS
• Shanghai Tech. Univ.

Shanghai Tech. Univ.



Proton-on-target vs Electron-on-target
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electrons 

π+ 

π+ 

μ+ 

μ+ 

target 
μ+/μ- 



Proton-on-target vs Electron-on-target
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electrons 

π+ 

π+ 

μ+ 

μ+ 

target 
μ+/μ- 

IPAC'23 proceedings

https://proceedings.jacow.org/ipac2023/pdf/TUPA087.pdf


High-rep. Electron-driven 
Surface Muon Production Scheme
• Optimized the production target, and performed beamline simulation in g4beamline.
• Considering capture and transport, expect 3 ⨉ 106 surface µ+/s at beamline exit.
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So far no experimental validation on the production scheme and surface muon yield !
Phys. Rev. Accel. Beams, 28, 083401 (2025)



Beam Test 2026 @ FEL-II

• Injector commissioning finished @ 2024 & L1 
commissioning finished @ 2025

• FEL-II commissioning expected in Aug-Sep 
2026 (tight beam window)
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Kill two birds with one stone !

Muography with 
High-energy muons

trackers
trackers

object

Wall

3 GeV, 50 pC

electrons @ 50 Hz 

Muon yield 
measurement



Muon Yield Measurement

• As a first step towards beamline construction
• Synergy between beam, radiation and detector (We) !
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Al target

Scintillators

e

Cu

µ

Electron beam

π, e, p, n

Beam and Radiation shielding
(Wenzhen Xu, SHINE)

Mechanical Design
(Qisheng Tang, SHINE)

Detector Design & Feasibility Study
(Jia Cheng’s Poster)



Accelerator Muography
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FEL-II @ Shaft2

3-m 
wall22 m

Detector Design & Feasibility Study
(Jiangtao’s Poster)

<!!"#$ >



Summary
• The demand for muon beams is growing across a wide range of physics programmes .
• Electron-driven muon production offers a complementary and modular approach.
• SHINE provides a unique opportunity to demonstrate this concept at scale.
• Test beam at SHINE shaft #2 is expected in Aug-Sep 2026, with: muon yield 

measurement and muography.
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Let's discuss poten.al applica.ons and opportuni.es for collabora.on!

20 Jan 25: Shaft#2 Visit 28 Nov 25: The 1st SMS Workshop 23 Apr 26: SMS Team @ SSRF



Milestones
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2023

2025

2026

2030s

Experimental Validation of Surface Muon Production Scheme

Project approval, funding, construction...

End-to-end simulation studies
Target optimization
Beamline optimization

Demonstration of the Electron-driven 
Surface Muon Beamline

Poster @ IPAC23

Poster @ IPAC25
PRAB paper

Demonstration of the Electron-driven 
Surface Muon Production Scheme

Aug - 2026 : Test beam at SHINE shaft #2
• 3 GeV, 50 pC electron beam @ 50 Hz  preparation is ongoing

Nov 2026 
• Demonstration of the feasibility of electron-driven surface muon 

production (104 muons/s equivalent) based on beam test result.

Poster @ IPAC26
Publica?on
(planned)
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Ziwen Pan



Backup Slides
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Material selec+on
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8 GeV 
e- beam 
(100 pC)

Target

Simula'on Setup

z

x

E0: incident beam energy
Ec: cri0cal energy
X0: radia0on length

Along the beam (Z):
• Peak ⇨ slightly below zmax
• Depth of EM shower maximum

Pion distribu0ons

From the surface (X):
• The number of pions near surface contribu0ng to 

surface muon is important
• Medium-𝑍 materials (e.g., Fe, Cu) show highest 

number
• Copper is considered to be the op0mal choice 

⇨ good thermal conduc0vity (∼400 W/mK)

(g4beamline)



Cu target op+miza+on 
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8 GeV e- beam (100 pC)

Vi
rt

ua
l D

et
ec

to
r

Cu
Target

Beam Posi*on

Target Length

μ+

μ +

μ+

Simula3on Setup

z

x

Scan beam posi?on and target length

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

• > 2.5 mm:
The number of pions resul0ng in 
surface muons is reduced (too far 
from target surface)

200 mm

• No significant gain is expected in length 
over 200 mm.

• Consistent with the pion distribu0on

Results
• Op#mal beam posi#on: 

2.5 mm from target surface
• Op#mal target length: 200 mm



Par$cle yields from Cu target
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Full simula0on 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 opera0on

•Momentum distribu0on 
characteris0cs: 

• Two dis0nct peaks 
were observed: 
• Pion decay: ~30 

MeV/c
• Kaon decay: ~230 

MeV/c
• Broad energy 

distribu0on, 
decreasing at higher 
energies

25-30 MeV/c

Similar to those of exis0ng facili0es.

g4beamline



Surface muon beamline design
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@50 kHz repe00on rate
(1/20) of SHINE capability



Positron background
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Many positrons!
⇨ Conven<onal 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

Aeer 
3rd dipole

APernoon
session
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Gun Laser
Heater

3.9
GHz BC2 1.3 GHz CryomodulesBC1

FEL-II: 0.2~3 keV

FEL-I: 3~15 keV

Beam Switchyard

100 MeV 270 MeV 2.7 GeV 4.5 GeV 8.0 GeV

Dump

Dump

DumpLTU-1

LTU-2DCP

DCP
#2 ShaftBypass Line

L1 L2 L3 L4Inj Undulator Section

#1 Shaft #3 Shaft
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SHINE: 从注入器到XFEL

• 高性能甚高频VHF光阴极电子枪：
10~100 pC, 0.5 𝜇m-rad(norm., rms), 1 MHz(max)

• 1.3 GHz超导直线加速器@~2K，最高电子束流能量达~
8 GeV(max)

• 三阶束团长度压缩器(Bunch Compressor)，可用于产生
峰值流强~1.5 kA@100 pC

• BC3/L4之间引出分支线到FEL-II线 ~ 4.5 GeV(max)
• 束流分配系统实现最大三条波荡器线间逐束团分配，并兼

容分支线。
• 2条FEL波荡器线(FEL-I/FEL-II)用于产生不同光子能量范围

的XFEL，未来可以扩展更多

加速器及波荡器部分总长：1300 (INJ/LA) + 300 (BSY) + 300 (UND) m；地下~30m

注入器调试完成@2024 & 直线L1段调试完成@2025，束流能量达300MeV，归一化发射度达到0.5 𝜇m-rad

εx/εy
~

0.50 
mm·mrad

0.59 
mm·mrad

Bunch charge > 50pC



29

可能的安装位置

位置 直线加速器隧道末端 2号井隔离墙前LTU2 FODO段 2号井隔离墙后LTU2 FODO段

优势
距离波荡器较远
纵向空间较大

距离波荡器较远
横向空间较大

横纵向空间均较大

劣势
横向空间有限
辐射影响安装

元件相对较密集 距离波荡器较近

• 背景：SHINE装置首期调试将基于直线加速器分支线束流，经2号井束流分配段LTU-2线到FEL-II
• 参数：4.5GeV（最高），100pC（最大），重复频率1~50Hz（首期调试阶段）
• 目标：完成SHINE-MUON实验，同时不影响当前布局，且不影响后续FEL调试
• 位置：直线加速器隧道末端到FEL-II波荡器前，根据实际情况选择
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可能的安装位置

1 2 3
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束斑尺寸与结构设计

DCPH1 DCPV1 DCPH2 DCPV2 DCPH3 DCPV3

束流能量~4 GeV，归一化发射度~0.5mm-mrad，横向
包络函数~50 m，挡块束团横向尺寸~0.05-0.1 mm，

根据实际调试情况可能略有浮动

• 参考SHINE可移动挡块型准直器设计，挡块替换为铜
挡块，前半部分用于MUON实验，后半部分做渐变凸
台以降低尾场。挡块可全部移出，插入时可完全阻塞
下游真空管道。

• 可移动挡块到铝靶整体置于真空内，正电子探测器置
于真空外，中间采用膜窗隔离。真空部分要求与
SHINE真空管道一致，挡块真空室与铝靶真空室之间
有铜插板阀，用于抑制尾场。
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辐射防护设计目标及技术指标
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计算模型及主要参数
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感生放射性辐射剂量影响(1)
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感生放射性辐射剂量影响(2)



局部屏蔽探测背景粒子
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局部屏蔽探测背景粒子



局部屏蔽探测背景粒子
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