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China Spallation Neutron Source
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China Spallation Neutron Source (CSNS)
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Accelerator: 100kW 25Hz 1.6GeV proton beam
Neutron Spectrometers: 7 built and 3 under construction



CSNS Il Project (approved on Jan. 11, 2023)

300MeV SC Linac /_’
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CSNS I Project (Approved on Jan. 11, 2023)
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Architectural Design of MELODY




Overall of MELODY
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Muon Target

l proton

* Collect muons and pions on one
side of target

« Optimize the surface muon
production with semi-interaction

strategy 350mm
Semi-interaction Rotated 10 deg. ¢
,\(},c&

V4

V

Benefits from
from the tails 1 shape
é = > g
~ (muon rates) a5 (muon rates) =
‘;‘ i :J":
N
= 3
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Schematics
W:o W= 60

W (for 12 cm inter?ction) =2.08 cm



Target design (SNs

E: Steadly-State Thermal
Ternperature 2
Type: Ternperature
Unit: *C

Tirmne: 1

2023710724 847

. 182.61 Max
164.84
— 147.07
— 129.3

. 111.53
93.765

— 75.996

i I 58,227

e bellows

40458
22.69 Min

target and vacuum
chamber

* Fixed target, Cu,24cm*24cm*10mm, tilt by 7degree
« Edge water cooling , < 200°
« Inflatable bellows connection
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Radiation Shield

Two layers:
1. Mild steel
2. Concrete
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Muon Target Station

Shielding: Iron 5m*4m*4m
Concrete 5.5*5.5m*1m

Beam absorber: Copper



Target station (SNS

* Proton beam
* lIron shielding

» Concrete shielding
* Muon tunnels

LIl | » Delay tank
G RS Y . Used target storage
:ﬂP
Al
: o « Cooling device rooms
OOO (underground)
© « sampling room
Sampli Cooling
room device room



Gas and water Pipes/Cables (SNs

All connections are on top of the shielding, 2.2m above the beamline,
radiation dose below 1 mSv/h
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Positioning of magnets (SNS

Sockets on the floor

15



Removable shielding (SNS

NEED TO BE SEELED for air tight!



solution for gas tight (sws

* Use a gas tank to Wrap the radiated air up

* Problem: increasing the difficulty of maintenance




Remote maintenance (SNs

. 4 equipment to be maintained .

. All from the top of the shielding, cut connections from 2.2m above the beamline
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Surface Muon Beam
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* Energy: 4 MeV * Intensity: 10°~107p*/s

e Polarization: >95% Time Resolution: 120ns
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A P(t) ~ Muon Spin Polarization

Surface Muon application

Principle of MUuSR

“+

Muon i
counter Positron Sam6|e Bioc

(startsignal) counter

0.2

0.1

0.0
-0.1
-0.2
-0.3

(stop signal)

],L S R spectra

LT
“ m m

Time (microsec)

Positron
counter

(stop signal) MuSR: Magnetic material,
superconductivity, battery, semiconductor

Advantage: high magnetic sensitivity,
short range magnetic order, all element

contains the physics:
frequency: o = YuBma value of field at muon site

damping: width of field distribution, fluctuations

amplitude: magnetic/non-magnetic volume fraction, or Mu fraction

= [F(1) = B@]/ [F() + B(1)]



Surface Muon Beamline Design
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« Use all solenoids for focusing
. « Optics design
Solenoids ‘ Transport
« Simulation:
[ A *
, |

G4beamline with 10 POT
e Fringe field shielding:
L]

« Reduce the fringe field at
= sample position
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Simulated by G4beamline
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Optimization by ALl

Maximize the number of muons in the
®=30mm sample area

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

Start from a set of random parameters

250

Ap/p =7.6% (FWHM)

Number of u” per 0.2 MeV/c bin

25 26 27 28 29 30 3l 32
Moun momentum (MeV/c)
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1200

1000

800

nGeneration VS Q / average Q / sigma Q

—— bestQ

500 averageQ
sigmaQ
e T NumC
o3  E— B T
generatlon
Parameters G4bl simulation
X (FWHM) 1.64 cm
y (FWHM) 1.84 cm
Ap/p (FWHM) ~7.6%
u+ rate 18.2X10°% u'/s
+ rate on 30
! ¢ 15.7 X 108 p*/s
mm
Core ratio 91.24%
Polarization ~ 95%
et/u* <0.01




Technique design of the magnets
Dipole Kicker

23Mechanical design of the magnets



Beam measurement

Scint1  Scint2
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Electronics
Beam intensity
measurment _
« Measure muon beam intensity by double

scintillators
» Distinguish positron content

 Measure beam spot size with a MicroMegas
detector

« Challenge: high intensity in one pulse

> Need more online tests
24

Current (pC/ns)

Current (pC/ns)

200 400 600 800 1000
Time (ns)

e+ ionized signal

¥ u+ Decay signal

200 400 600 800 7000
Time (ns)



USR Spectrometer

Feature: High single-pulse
intensity

Detector unit: ~ 3000
detectors
(scintillator+SiPM) pointed
to sample

Electronics: ASIC based

FEE + multi-stop TDC
Fly-pass structure

25



Sample Environment

e Magnetic field:
 LF:5000G, TF:400G
 Homogeneity < 100ppm @ 40*40*10mm sample area

 Low temperature:
* Cryostat: 2 K ~ 300K (Start-up)

« CCR: 10K ~ 600K (Future)
« Upgrade to 300mK (Future)

88888888888

88888888888
BBBBBBBBBBB
11111111111
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Simulation

« |nvestigated the boundary
conditions:

« Use thick degrader to increase
the Asymmetry

« Simulated results:
« Counting rate: 80 Mevents/h

« Asymmetry: 0.31

Rate

TP B B |
6 7 8 9 10 11

1 1 1 1 1 1 "
5 6 7 8 9 10 11 - 27 1 2 3 4
degrader (mm)

degrader (mm)



Pros and cons

High single pulse intensity:
« Weak relaxing signal detection

« Small beam spot
« Beam slice to 10ns

High asymmetry:

* High precision

Low repetition rate:
* Low counting rate
» More detectors

Large pulse width:
* Low time resolution
» Beam slicing
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Test Beam Port
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* Energy: 4 MeV * Intensity: 10°~107p*/s
« Polarization: >95%

Time Resolution: 120ns
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Muon moderation technology

Gas cell
Iq jHV rﬂ
u* beam: 28 MeV/c, 22 = 8% (FHWM),
; E-field 106 4t P
| D
‘ 30 mm. «  Beam spot size: $10 mm
Muon beam 100 mbar He gas » Energy degrader: 0.78 mm-thick
I — carbon foil
k fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff R
800 mm « He gas: 100 mbar, 293 K
< Gas cell: $30 mm, length 800 mm
B-field
Electric field: ~ 0.11 kV/mm; HV
) applied at the center of the gas cell,
* Use helium gas to stop muons i.e., decelerating (accelerating) E—field
« Use electric field to steer muon out for the first {second) half
Of the gas Ce” * Magnetic field: 5 T

* Bring 0.1% muons to 300 eV

Key: use ESD material to remove the charge and to avoid
breakdown in helium gas

30



Events

Muon moderation technology

14

12

Simulation

r [mm]

u* stopped in He gas

No E—field - el b
R .'_J_-- .'.'-'."'E_":.+.':r.':--.' T
o P o R e A o Iy Ry =l B Y
b0 200300 400 500 G00 700 800
120 With E-field

100

r [mm]

80

60

40

Stopped u* “pusied”
away from the center
of the target by H-field

20
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00 100 200
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5004
Going to be tested at ISIS...
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Muon moderation technology

Frictional cooling demonstration experiment with proton

FCD Experiment W e /3N

Gas cell

Proton source:
Am-241 + Mylar foil

— 1.972 kV/cm
— 1.643 kV/cm
1.314 kV/cm

Mean energy [keV]
S
o

G4bl simulation 20f
He gas: 1 mbar, 293 K 15¢
Proton initial energy: 1 eV 5F
Proton initial z ~ -600 mm 8

o
o
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Muon moderation technology

Frictional cooling demonstration experiment with proton

FCD Experiment A\

3 e~
MOU FOR IS! ACNIC A ALIANR ﬂ

SIGNED for and on behalf of Science and Technology Facilities Council as part of
United Kingdom Research and Innovation by:

COLLA

DN PhIpKl g, G: EB D-STFCI
Philip Klng

D \ 20250711 21.0543101‘00

Philip King
Proton St Associate Director, Partnerships and Programmes, ISIS Neutron & Muon Source

AM=241" 11 5.1y 2023

O
oA
o

3
SIGNED for and on behalf of the China Spallation Neutron Source by: E
Professor Sheng Wang HO
Director, China Spallation Neutron Source 2]

18 July 2023



Muon acceleration/ Muonium/
PKMuon

Proton Driver Front End :Cooling Acceleration Collider Ring
[ T 1
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« Develop technologies for future muon experiments

10 FOM,,,=0.005 GeV
10° | OMpy=0.05 Gev

E [M,y,=0.1 GeV
= Mpy,=0.2 GeV
107 L OMpy=05 Gev

F OMpy=1GeV
M 100 GV ¢

DM= \

10° | QAir ]

Events/(0.02000)
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Cos6

PKMuon

Induction cavity for
phase rotation

Magnetic mirror fer muonium physics



Timeline of MELODY

Project has been approved and will be built in
oyears.

Civil Construction

Muon Beamline B Physics Design

B Technique

Target Station Development
u Installation

Spectrometer
M Trail Run

Beam test

2024.1 2025.1 2026.1 2027.1 2028.1 2029.1
35



Prospect with MELODY Il
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* Pion/Decay muon beam: 120MeV/c + More terminals:

Negative muon beam: 30MeV/c * Various spectrometers

: . _ 36 *  Muon imaging
Higher repetition rate: up to 5 Hz . Muonic X-ray
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Negative muon beam:

Momentum: 30MeV/c

* Various spectrometers
* Muon imaging
* Muonic X-ray
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Muon Induced X-ray Emission

negative muon nucleus(2)

\ Advantage of MIXE:

= * Un-destructive analysis for
A all elements
electrong

P oo  Sensitive to C, N, O, which
1~ induce the X-ray to the ground state @ are not easy to detector in

u~ capture in the atom (Muonic atom)

J other methods
Characteristic
muonic X-ray 1

-~

nucleus (Z-1)£y
. ; - £ o075
u~ decays or captured by the nuclei, and , \ 3
emits an gamma ray \ . & os
) 3
E 0.25 | !
v = —electronic X-ray
= muonic X-ray
0
0.0001 0.001 0.01 0.1 1 10
Thickness (mm)
Fluorescence of Li, C, Cu and Muonic X-ray Ka X ray absorption efficiency in Cu

Prompt Gamma Neutron Activation Analysis
JGE  Fluorescence Ka [keV] Muonic Ka [keV]

Element Molar mass A Peak energy (keV) Detectorrela- Partial gamma emission  Cps/mg
tive efficiency cross section (X 107*cm)

Li 0.052 18.7
C 12.0107 4945 0.2674 0.00261 5225E-03
C 03 75 H 1.00794 2223 0.5785 0.3326 J16 E+0
’ I N I 14.0067 10,828 0.0772 0.0113 5.603 E—03

Cl 35.453 786.3 1.1402 3.42 9.890 E+00
Cu 8 1500 cl 35.453 788.4 1.1383 5.42 1.565 E+01

v




X Weld between low C iron and high C steel

PSI MIXE on car bearing

MIXE Applications

Asteroid or Moon samples

*  Organic elements analysis (C. N. O)

* Key method for
Archaeology

* Ancient Rome coin (ISIS)

* Ancient Chinese Mirror (JPARC)
Batteries

e Li-ion battery (JPARC)
Carbon in car bearings

*  Welding of car bearing (PSI)

ISl
C content
inweld?

of carbon of carbon

IBARG G

Metors And St dYift

1 s ~
SC].ence Current Issue First release papers Archive About v | Submit manuscript

HOME > SCIENCE > VOL.379,NO. 6634 > FORMATION AND EVOLUTION OF CARBONACEOUS ASTEROID RYUGU: DIRECT EVIDENCE...

&  RESEARCH ARTICLE = COSMOCHEMISTRY

Formation and evolution of carbonaceous asteroid
Ryugu: Direct evidence from returned samples

T NAKAMURA M. MATSUMOTO (B, K. AMANO (®, Y. ENOKIDO (&, M. E. ZOLENSKY (&, T. MIKOUCHI {#, H. GENDA (&), S. TANAKA

M. Y. ZOLOTOV, [..], AND Y. TSUDA +211 authors  Authors Info & Affiliations

SCIENCE - 22 Sep 2022 - Vol 379, Issue 6634 - DOL: 10.1126/science.abn8671
RESULTS

‘We found carbon dioxide (CO,)-bearing water in an iron-nickel (Fe-Ni) sulfide
crystal, indicating that the parent body formed in the outer Solar System.
Remanent magnetization was detected, implying that the solar nebula might still

have been present when magnetite crystals formed on the parent body.

‘We used muon analysis to determine the abundances of light elements, including
carbon (C), nitrogen (N), sodium (Na), and magnesium (Mg), whose abundances
relative to silicon (Si) are similar to those in CI chondrites, whereas oxygen (O) is
deficient compared with that in CI chondrites. X-ray computed tomography analy-
sis shows that all our Ryugu samples consist of fine-grained material. There are

only rare objects of high-temperature origin, such as melted silicate-rich particles,
all being smaller than 100 v m.

ISIS MIXE on ancient ROME coin

Events / 20 keV




Decay Muon Beam
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« Momentum: 20 ~ 120 MeV/c * Penetration in Cu: 1 ~ 50 mm
* Charge: + or - * Polarization: 50% ~ 99%
 Intensity: 105~10” muon/s 40
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Decay Muon Applications

-
e Thick Samples

e Samples in
container

e High field

\_

r

® Thick samples

\

High-
energy
MuSR

Muon

Imaging

41

:

Single
Particle
Effect

e Depth scan for
archaeology

¢ Thick moon rock
e Batterries

- Large capture cross
section of w




Muon Beam Parameters

Proton Power (kW) Up to 100 Up to 100
Pulse width (ns) 130 to 10 500 130 to 10
Muon intensity (/s) 10°~ 106 Up to 5*10° Up to 5*10°
Polarization (%) >95 >95 50~95
Positron (%) <1% NA <1%
Repetition (Hz) 1 Upto5 Upto5
Terminals 2 1~2 2
Muon Momentum 30 30 10to 120
(MeV/c)
Full Beam Spot 10 ~ 30 10 ~ 30 10~30
(mm)

42
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First workshop of MELODY




Summary G

MELODY has officially started construction !
MELODY will be built in 6 years !

Surface muon beam will be built in phase | and a negative
muon beam and decay muon beam will be build in future

All collaborations are welcome!
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High rEpetition Muon Source (HEMS)
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eESIMEEFENMEAZMuMubar  (SNS

Muonium (Mu) Anti-muonium (Mu)

Standard Model of Elementary Particles

three generations ofmatter ~ interactions I force carriers

RSB0 LIRIGEY
FMRE 3255

SRS

GAUGE BOSONS

VECTOR BOSONS

19
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BB IMuMuBar

MuMuBariR =z i 52
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« DCA (Distance of Closest Approach) is calculated

= according to the rec tracks.

"/ o AT (bias to the expected TOF of track electron) 1S also
acquired from track rec.

« We have reconstructed the PSI experiment

« We are developing the data analysis software and detector system for
MuMuBar

* More detailed simulation is on going ... 50



