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Birth of muon

Science & Tochnelbogy

Who Ordered the Muon?
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Who ordered
THAT!?!?

Carl Anderson
Nobel Price 1936

l. 1. Rabi
Nobel Price 1944




Muon ( SNs

Standard Model of Elementary Particles

three generations of matter interactions / force carriers

(fermions) (bosons)
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Production of Muons (SNs

Energy Carbon or

Proton Befy"lum
:}\ Nuclei
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Muon
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26ns)

Two-body decay » muon has always the energy 4.1 MeV in the
reference frame of the pion (assuming m, = 0)

Spin pion=0 P Muon has a spin 1/2 and is 100% polarized
(as only left-handed neutrinos are produced)




Muon facilities ( SNs

* Particle physics
MSR platform
* Pulsed
- CW

25Hz

.. COMET/g-2...

MuZ2e/g-2...



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 II Project

300MeV SC Linac /'
—

9 more neutron
spectrometers

500 kW
Target
High Energy Proton | | Surface
Application Area ] ipuon beam
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Architectural Design of MELODY
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Protons: 1.6GeV, 1 Hz (up to 5Hz), 130ns double pulses
Muon beamlines: one surface muon and one decay muon beam
Spectrometers: 1 SR spectrometer and more...
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Muon Target Station

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

Beam absorber: Copper



Muon Target Optimization

« Use Copper/Graphite as target
* Optimize the surface muon
production with rotation of 11°
* Optimum: 240*240*11 mm for Cu
240*240*14 mm for C

Semi-interaction Rotated 10 deg.

&

N
\)
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(muon rates)

12 cm

(muon rates)

H=12cm

u yc=H
H

Schematics

W (for 12 cm interaction) =2.08 cm



Maintenance

Target flask Beam dump First solenoid

* Remote maintain from the top
« Target/magnets/absorber/flange

« Water cooling system 5



Surface Muon Beam
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* Energy : 4 MeV * Intensity : 10°5~107pn*/s
 Polarization: >95% * Time Resolution: 120ns
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Surface Muon application

A P(t) ~ Muon Spin Polarization

Principle of MuSR

u+

Muon
counter Positron Samf)le

(startsignal) counter

0.2

0.1

0.0
-0.1
-0.2
-0.3

(stop signal)

Positron
counter

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

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

ISR spectra
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contains the physics:
frequency: o = YuBIoc' value of field at muon site

damping: width of field distribution, fluctuations

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

= [F(H) = B@O1/ [F(1) + B)]



Surface Muon Beamline Design
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Optimization by AL

nGeneration VS Q / average Q/ sigma Q

« Maximize the number of muons inthe  J*F
®=30mm sample area 1000
- Set the strength and positions of the 6 iy ik
solenoids as tune parameters soof- T mveragea
- Start from a set of random parameters | . f . [ Moo
o e
s genorton
£ Ap/p =7.6% (FWHM) Parameters G4bl simulation
= 2 x (FWHM) 1.64 cm
> y (FWHM) 1.84 cm
E Ap/p (FWHM) ~7.6%
"= 100 u+ rate 18.2x105 pt/s
o
ié ol wr mtlfn‘;“ P30 157 %105 us
- 0 o R N — Core ratio 91.24%

25 26 27 28 29 30 31 3
Moun momentum (MeV/c) Polarization ~95%

e/pt <0.01 18




Technique design of the magnets

Mechanical design of the magnets
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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

Current (pC/ns)

Current (pC/ns)

200 400 600 800 1000
Time (ns)

*——— e+ ionized signal.

*=——— p+ Decay signal

500 400 600 800 1000
Time (ns)
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MSR 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

21



Sample Environment

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

 Low temperature
+ CCR: 10 K ~ 600K (Start-up)

* Cryostat: 2 K~ 300K (Future)
« Upgrade to 300mK (Future)

22



Simulation

* Investigated the boundary
conditions:

» Use thick degrader to increase
the Asymmetry

e Simulated results:

« Counting rate: 80 Mevents/h
* Asymmetry: 0.31

Rate

0.30 |

 EPUEE EEPUR P ——— | RN U NS R S R R |
o 1 2 3 4 5 6 7 8 9 10 11 o 1 2 3 4 5 6 7 8 9 10 11

degrader (mm) degrader (mm) 23



Pros and cons
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« Weak relaxing signal detection § ot s
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Test Beam Port

* Energy : 4 MeV

 Polarization: >95%
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Intensity : 10°5~107pu*/s

Time Resolution: 120ns
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Muon moderation technology

Gas cell

s —
) 30 mm —

Muon beam ? 100 mbar He gas

A

B-field

« Use helium gas to stop muons

» Use electric field to steer muon out
of the gas cell

* Bring 0.1% muons to 300 eV

u* beam: 28 MeV/c, %’” = 8% (FHWM),

106 ﬂ+
Beam spot size: ¢10 mm

Energy degrader: 0.78 mm-thick
carbon foil

He gas: 100 mbar, 293 K
Gas cell: 30 mm, length 800 mm

Electric field: ~ 0.11 kV/mm; HV
applied at the center of the gas cell,

i.e., decelerating (accelerating) E-field

for the first (second) half

Magnetic field: 5 T

Key: use ESD material to remove the charge and to avoid

breakdown in helium gas
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Muon moderation technology

Events

Simulation £
12f
ut stopped in He gas [ e e e e e

No E—field
o -~ _q“_‘
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120 With E—field
100
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40

Stopped u* “pushed”

o == N W » O O N 00 ©

20 away from the center
of the target by B-field
1 1 1 I 1 L 1 1 l 1 1 1 1 1 1 1 1 I 1 1 1 L I 1 1 1 1 l 1 1 1 1
00 100 200 300 400 500 600 700 800

z [mm]

Going to be tested at ISIS...
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Muon moderation technology

Frictional cooling demonstration experiment with proton

FCD Experiment - 7

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 20
He gas: 1 mbar, 293 K 15
Proton initial energy: 1 eV 5
Proton initial z ~ =600 mm 8
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Muon de/acceleration/cooling

Proton Driver

Front End

éCooHng

’

Acceleration

Collider Ring
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Develop technologies for Muon Collider/Neutrino fact

* Muon cooling
 Phase rotation
* Muon acceleration

Induction cavity for phase rotation

Magnetic mirror for muonium physics
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Timeline of MELODY

Project has been approved and will be built in
oyears.

Civil Construction

Muon Beamline m Physics Design

m Technique
Target Station Development

m Installation
Spectrometer

® Trail Run

Beam test

2024.1 2025.1 2026.1 2027.1 2028.1 2029.1
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First Geosurvey

First Geosurvey has been carried out at the muon hall

SEgER
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@O REDMIK30i 5G
QO AlIQUAD CAMERA

31



h MELODY II

Prospect wit
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* Pion/Decay muon beam : 120MeV/c  « More terminals :
« Negative muon beam: 30MeV/c » Various spectrometers
« Higher repetition rate: up to 5 Hz * Muon imaging 32

Muonic X-ray



Muon Beam Parameters

_ Surface Muon Negative Muon Decay Muon

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 ( % ) >05 >05 50~95
Positron ( % ) <1% NA <1%
Repetition ( Hz ) 1 Upto5 Upto5
Terminals 2 1~2 2
Muon Momentum 30 30 Up to 120
(MeVic)
Full Beam Spot 10 ~ 30 10 ~ 30 10~30

(mm)
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High rEpetition Muon Source (HEMS)

; YA
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Summary

« MELODY has been approved by the government, and will
start construction soon.

* Phase I of MELODY will build a target station with one
surface muon beam and one muSR spectrometer.

* A negative muon beam and a decay muon beam will be built
in the future.

* A high repetition muon source 1s under consideration.

All collaboration is welcome!

THANK YOU |
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backups
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rotential muon pnysics -
MuMuBar?

Muonium (Mu) Anti-muonium (Mu)

o

MuMuBar®z=[5

100
10
1

0.1

Gum/Ge

0.01

0.001

0.0001

0.00001

1982 1987 1992 1997 2002 2007 2012 2017 2022 2027 3
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MuMuBar in history

decay electron

track rec.

MCPHitZ+InitX {nMCPHit==1}

MU decay Hit position 7 htemp
position on MCP 600F- Entries 8741
y + (Znyn) s sas R
(x0.0) Y ;
Beam]ine 400— Constant 61118.1
. £ i 0600 S
’ Transportation ‘ w00 Sigma 322000 ] |
o dx = zp — xg
Track electron = ~ 3 "
track rec. o
/—/W 1 cm track electron rec. uncerta -
\ 25—
- 20;
BT ] : E Mubar
ICE| © . |OD| = > at Ce Tk
=,7 glo b tof- decays ar
N e £
|Dca PN g
shxE | EARELFEE S L) expected 1
2 Athis region

/ns

!
i\

s

!
(I

o SR

R

SR

RS

S
s

« DCA (Distance of Closest Approach) is calculated
according to the rec tracks.

o AT (bias to the expected TOF of track electron) is also
acquired from track rec.

We have reconstructed the PSI experiment
We are developing the data analysis software and detector system for

MuMuBar

However...
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MuMuBar requires High Repetition Muons

Muonium (Mu)

Total intensity : > 2*108 u*/s
Repetition>40H
Single Pulse intensity : < 5*10° > PEHl “
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High rEpetition Muon Soure - HEMS
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High rEpetition Muon Soure - HEMS

1. B£5300MeV*5HZiE
E-/HI‘]?SﬂE/ 2. INRHIMEZR500MeV
PFEME] T 3. S|HBNINAFTEE

4. [ELFRVINSAMFHE
5

i1 Autodesk BRI i M1

25| HITH20X.




7

2
-,
H E M S =) zgéz!
MUE. QF3 MUE, QF
— MUE. B
MUE. QD3
MUE. B2
MUE. QD2
MUE. QFT
MUE. GF1
& WUE. QD6
Ed MUE. QD1 '
o S N
§ & § & o
s §F & Z 8
MUFE. K1 D N & \,\.“\\\ ' MUE. QD7
a, a, &\'L
MUFE. BAH2 R & N & o o ' :
RAMEOL W & & & o \ o MUE. B3
PL B &
R4QD03 &
- S —— A Y
TR/ : § =R ER 7S
IE/NE1F IR 2
RAMBOZ RIMBO2 =] - I /)N
PLL B3 S
500MeV N FHPIE
RAGFO4 Q0
MUE. QF10
RINBO3 RINBO3
20 m .
R1QDOS
R1GDO5 0% Q;a EE\L& o
Z | Vi .
} -=
L(,v RFCO2 13 m T
R3MBO3 R2MBO3 ‘ g -
MUL QF10
UL QD9
R20F01 .
MUL QF9
UL BHL
WUL QD8
R2MBO2
S N MUT. GF8
= R
4 [=] =
R20D03 e 7.
UL B2
I :' % UL B3
. R2MBA
R3QFO2 RFCO1 R3QDOL R2QFO2 famot “ S \_\L
R = MUT. QD7
W0
o S
& UL QD1
UL QD6
WL QF1 WUT. GFT
UL Q2 WL b2
UL QF2 —_— UL QD3
UL GF3 UL QF4 42

R3MBO2

R3MBO1

MUT. BMH4

MUL. BH3

B EAN300MeV



HEMS parameters

S HEMS PSI ISIS | JPARC
USRRZFAH
BEEYR[Hz] 100 CW 40 25
U+3RE[u+/s] 5E6 1.5E7~4E8 5E5 3E6
HESEE[MeV/c] 20-200 10-350 20-200 20-300
THEERMEvent/h] Up to 800 ~20 20-200 180
M FYPIESLIS
MuMuBar 3E8 p*ls 8E6 p*/s NA NA
u-EDM 5*106 p*/s <5*10% u*/s NA

in the far future, but who knows...
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Summa ry yubao@ihep.ac.cn

MELODY has been approved!

Now: We are going to build a surface muon beam and a
MuUSR spectrometer.

Future: We reserve the space for more applications in the
future.

Far future: We expect muon physics and HEMS

We welcome all kinds of suggestions and collaborations.

Thank youl!
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CSNS II Project
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