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Muon station for sciEnce technoLOgy and inDustrY
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CSNS

Dongguan

Hongkong

China Spallation Neutron Source



LINAC 300 MeV

RCS
1.6 GeV
500 kW
25 Hz

20 kW
1 Hz
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CSNS II Project (Approved on Jan. 11, 2023)

CSNS II: Beam power upgrade to 500 kW, 9 more neutron spectrometers, one high-energy proton 
terminal, and a muon source: MELODY
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Target Station

• Stand-alone target: more freedom 
to design

• Shielding and cooling service areas

Muon Beamlines

• Surface Muon: Solenoid focusing; 
ML optimized; Large acceptance

• Negative Muon: by-product, low 
cost, dedicated μ- beam

• Decay Muon: Large acceptance; 
wide applications

Terminals

SMT1 for μSR spectrometer

• High Asymmetry: 0.3

• Large number of detectors: 3024 
units

Overview of MELODY

Surface Muon

SMT1

μSR

SMT2

NMT

DMT1 DMT2
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• Copper target: high production, better heat conductivity
• Optimize the target with multiple parameters

• 24cm*24cm*10mm, tilted by 7degree

• Edge water cooling ，< 200°

350mm

Surface muon
& negative 
muon

Pions for 
decay muon

proton

Muon Production Target
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Prompt dose 

Two layers:
1. Mild steel
2. Concrete

Radiation Shielding

Residual dose after 30 y running
1 week after shutting down
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• Removable steel shielding for target access

• Sealed gas tank to confine activated air

• Service connections arranged in relatively low-dose region

Maintenance and Air-tight Design



9

• Engineering Design reviewed in July 2025

• Foundation of the target station constructed

• Several key parts under manufacturing 

Status of the Target Station
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• Energy：4 MeV

• Polarization: >95%

• Intensity：105~107μ+/s

• Time Resolution: 120 ns

Surface Muon Beamline

Surface Muon

SMT1

μSR

SMT2

NMT

DMT1 DMT2
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Use all solenoids for focusing
• Optics design ：

• Transport
• Simulation:

• G4beamline with 1011 POT
• Fringe field shielding:

• Reduce the fringe field at sample 
position

Designed by Transport

Simulated by G4beamline

Solenoids

Design of the Surface Muon Beamline
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generation

Q• Maximize the number of muons in the 
𝛷=30mm sample area

• Set the strength and positions of the 6 
solenoids as tune parameters

• Start from a set of random parameters

Parameters G4bl simulation

x (FWHM) 1.64 cm

y (FWHM) 1.84 cm

Δp/p (FWHM) ~ 7.6%

μ+ rate 18.2×105 μ+/s

μ+ rate on 𝝓𝟑𝟎 

mm
15.7 ×105 μ+/s 

Core  ratio 91.24%

Polarization ~ 95%

e+/μ+ <0.01

Machine Learning Based Optimization



Designed model of SOLX

MIC cable：

Using steel to tighten

Tested the insulation: 
1500V，1 min, no 
breakdown

Water leakage test:
6 kg, no leakage

Key prototypes: SOLX with MIC



A Wien filter prototype have been developed and tested at CSNS campus.

• Vacuum : 1.7E-6Pa。
• It works 5 hours with a voltage of 120 kV.

SMWF prototype 
model

Prototype picture

Key prototypes: Wien Filter
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Beam spot monitor
Beam intensity measurement

• Measure muon beam intensity by double 
scintillators
➢ Distinguish positron content

• Measure beam spot size with a MicroMegas 
detector

• Tested with ISIS muon beam

Beam Measurement



16

Inorganic 
Magnetism

29%

Inorganic 
Superconductivity

19%Organic Magnetism
10%

Battery 
materials/Solar 

Cells
10%

Elemental 
analysis

7%

Light Induced 
effects

7%

Physical Chemistry
5%

Semiconductors
4%

Electronic 
Irradiation

3%

Quantum 
effects

3%

Organic 
Superconductivity

1%

Carbon
1%

Biosystems
1%Principle of μSR

μSR：Magnetic material, 

superconductivity, battery, semiconductor

Advantage：high magnetic sensitivity, 

short range magnetic order, all element

Surface Muon Application: μSR
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⚫ Feature: High single-pulse 
intensity 

⚫ Detector unit: ~ 3000 
scintillator-SiPM units 
pointing to the sample

⚫ Electronics: ASIC based 
font-end electronics + 
multi-stop TDC

⚫ Fly-pass structure

μSR Spectrometer
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• Magnetic field：
• LF: up to 5000 G，TF: up to 400 G
• Field Homogeneity: < 100ppm over 40*40*10 mm sample volume

• Temperature range：
• 2 K ~ 300K Cryostat at Start-up
• Future options: 10 K ~ 600K CCR and 300 mK low temperature insert

Sample Environment
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High single pulse intensity：
• Sensitive to Weak relaxing signal detection
• Enables small beam spot measurements
• Enables beam slicing to 10 ns for better time 

resolution

High asymmetry：
• Supports high-precision μSR measurements

Spin Liquid

Phys. Rev. B 103, (2021) 94427

Batteries

Phys. Rev. B 103 (2021) 125202

Organic SC

Low repetition rate：
• Low counting rate
➢ More detector units

Large pulse width：
• Low time resolution

➢ Beam slicing

Energy Environ. Sci. 12,

(2019) 2264

Pros and Cons
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• Energy：4 MeV

• Polarization: >95%

• Intensity：105~107μ+/s

• Time Resolution: 120 ns

Surface Muon Test Beam Port

Surface Muon

SMT1

μSR

SMT2

NMT

DMT1 DMT2
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• Use helium gas to stop muons 
• Use electric field to steer muon 

out of the gas cell
• Simulated efficiency: ~0.1% to 

~300 eV

Muon Moderation R&D

Surface 

Muon

Decay 

Muon

Slow 

Muon

Slow muon, 1–30 keV 
tunable
Depth: 1–300 nm
Depth sensitive μSR: 
magnetic
spin microprobe for thin 
films,
multilayers, 
nanomaterials …

Demonstrated with proton at CSNS

Planning to test at ISIS
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Muon
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Planning to test at ISIS



Future Muon Technologies
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Develop technologies for future muon experiments

Induction cavity for 
phase rotation

Magnetic mirror for muonium physics

Muon acceleration by 
plasma wakefield (PKU)



Surface Muon

SMT1

μSR

SMT2

NMT

DMT1 DMT2
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Near Future: Negative Muon Beam

NMBT: Dedicated μ- beam
• 5 focusing solenoids
• 1 dipole magnet
• 1 Wien filter

• Momentum：20~60 MeV/c 

• Beam size： Φ20~Φ100 mm

• Beam intensity：4.4×105 Hz (Φ100 ratio>90%)
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Negative Muon Applications - MIXE

• Non-destructive elemental analysis:

• Sensitive for almost all elements 

(including C, N, O)

• No activation for samples

• Archeology:

• Palace Museum

• National Museum

• Xi’an Heritage Conservation
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• Palace Museum

• Xi’an 

Heritage 

Conservation

Proposals accepted by PSI beam time

 

𝜇− capture in the atom（
Muonic atom）

𝜇− induce the X-ray to the 
ground state

𝜇− decays or captured by 
the nuclei, and emits an 

gamma ray



MIXE Spectrometer Construction

MIXE Spectrometer construction:

• CZT detector array for counting rate

• HPGe for high resolution

Recently Funded by Chinese Academy of Sciences !
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• Momentum: 20 ~ 120 MeV/c
• Charge: + or -

• Intensity: 105~107 muon/s

• Penetration in Cu: 1 ~ 50 mm

• Polarization: 50% ~ 99%

Future: Decay Muon Beamline

Surface 

Muon

Decay 

Muon

Surface Muon

SMT1

μSR

SMT2

NMT

DMT1 DMT2
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• Large capture 
cross section of 
μ-

• Thick samples

• Depth scan for 
archaeology

• Thick moon rock

• Batteries

• Thick Samples

• Samples in
container

• High field

High-energy 
μSR

Depth scan 
MIXE

Single 
Particle Effect

Muon

Imaging

Decay Muon Applications

Extending MELODY from surface studies to bulk-sensitive applications



Surface Muon

SMT1

μSR

SMT2

NMT

DMT1 DMT2
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Future: True Muonium Production ?

True muonium μ+μ- bound state has not yet been 
observed experimentally!

Possible route: overlap high-intensity μ⁺ and μ⁻ beams
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First Step: Beam compression

• Increase the luminosity

• First test: compressed 
to r<1mm with 10% 
efficiency under 10 T

ML optimization
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Surface Muon Negative Muon Decay Muon

Proton Power（kW） 20 Up to 100 Up to 100

Pulse width (ns) 130 to 10 500 130 to 10

Muon intensity（/s） 105 ~ 106 Up to 5*106 Up to 5*106

Polarization（%） >95 >95 50~95

Positron（%） <1% NA <1%

Repetition（Hz） 1 Up to 5 Up to 5

Terminals 2 1~2 2

Muon Momentum
（MeV/c）

30 30 10 to 120

Full Beam Spot
（mm）

10 ~ 30 10 ~ 30 10~30

Parameters of Muon Beamlines
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2024.1 2025.1 2026.1 2027.1 2028.1 2029.1 2030.1

Beam test

Spectrometer

Target Station

Muon Beamline

Civil Construction

Technique
Design

Engineering
Development

Installation

Trial Run

We are strictly on time!

Hall Constructed First Beam

MELODY Timeline
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Civil Construction

Will be completed this August



• MELODY2026 is coming in October!

Welcome to CSNS !

MELODY Workshop
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