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« target studies (in terms of rates and polarization)

* layout

Target Station

« muon and pion collection with 4-coils/3-steps Superconducting Adiabatic Solenoid
 Graphite conical target, 159 tilt angle

* rates and polarizations in terms of adiabatic magnetic fields

Aim

 produce a competitive number of muons for uSR applications

 arate of 10° - 107 for surface muons per second and higher rates for decay
muons under certain emittance selection criteria



1S facility as today

THEP Dongguan Branch

The site for CSNS is in Dongguan, Guangdong Province

CSNS is the first large scientific facility in southeastern Chinag, jointly invested by the central
government and local government. It will promote advanced researches in the economic
developed zone of Guangdong-Hong Kong. Total budget: ~2.3B CNY (or 350M USD)



CSNS and EMuS

CSNS is the only large-scale proton accelerator in China foday
« Strong needs from other fields than neutron scattering

« Excellent capability to support multiple platforms

* Phased development from 100 kW (I) -> 500 KW (II)

Schematics for CSNS
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Target and experiment hall
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« Sideway uSR collection at 90° with respect to the primary proton beam direction
* Quadrupole system, low acceptance collector

-\

9"/ \
/ \ ", \\ Main line
e X % '+ Itconsists of 4 groups of triplets. Using

"% \ ® '\ symmetric achromatic design.
.
+ muon beam line - \
\ \
\ \

- \

Green: quadnupole P Electrostatic deflection separator

Red: Wien FiMer.. - T — ~ + The beam is divided into 2 parts here
ES line r~ qj""\
« Half of the beam passes through the MR

deflector / ~,"\‘ \  Straight line

* Total angle (ES separator + dipole): 41° R # \ * Half of the beam is unaffected and
* No positron, so both quadrupole-scheme S \\‘ \  Straight ahead

and solenoid-scheme are under =
development v Z



proton beam and target semi interaction is best target case (from last year)
« proton's Gaussian peak is displaced by 0.5 cm from side (collection) surface

+ best target Width = 3 or 2 cm with 4500 m mm mrad selection

g Thickness (z) = 12 cm

proton beam spot
ox = oy = 5 mm

Height (y) =12 ¢

Width (x) = 4, 3,2 cm

-

= x-axis 60 cm

11'+ p+
—__*

representation as discussed in H.T. Jing, C. Meng, J.Y. Tang, B.J. Ye, J.L. Sun,
Production target and muon collection studies for an experimental muon source
at CSNS, Nucl.Instrum.Meth. A684 (2012) 109-116

collection surface
(zy), r=16cm

Target

Gr slab - sides : 12x12 cm?2

emittance (T mm mrad)

4500

momentum HSR - p* 25 <P < 29.8 MeV/c
Target's Width (cm) 4 3 2
intensity (x10°) u/sec 16 175 17

polarization -0.96 -0.96 -0.96
surface muon purity (%) 97 97 97

stat. error ~ 3% for intensity, < 1% for polarization

25 kW

less mass, less radiation

best target-proton configuration compared to singlet-turn, also to doublet and triplet




possibility for a smaller target asked from International Review Committee

« smaller target size for smaller surface muon beam size at sample
* less cloud muons
* less radiation



6 cm

Height (y)

Thickness (z) = 12 cm

y (mm)
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» vertices of collected surface muons

« 4500 ™ mm mrad selection

~4 cm

| | 111 | | I — l | | ] 111 | | I | | l | | | 11 | | |

o
o

-80 -60 -40 -20 0 20 40 60 80
z (mm)

for the given emittance selection target side surface could be reduced

100



4 cm

Height (y)

tests of smaller configurations than 12x12 cm2: 12->8 x 4 cm2, 25 kW

singlet slab best case
» proton’'s Gaussian peak is displaced by 0.5 cm = 1 g, from side (collection) surface

collection surface
(zy), r= 16cm

Thickness (z) = 12,10,8,6 cm  Width (x) = 3 cm

x-axis, 60 cm =»

proton beam spot
ox = gy =5 mm

also 8x4 cm2 could be chosen if not matter the -10% in rates



"baseline” Scheme: surface and decay muons

%Super'conducﬁng Capture Solenoid

’/,;ghar'ge/ momentum selection for surface muons/pions

25 m superconducting transport solenoids protons 100% W3l

p+
ion decay section -> muons \. _ b MS1 aperture:

9 €51 shield
q 2nd SeleCTlon, Thic:n:s:

"surface” muon section .
decay muons -

Decay muon section

Tungsten
protons ~52%

eld thickness: 50 em

muon imaging

detectors musk "




« Forward spent-proton extraction, proton beam & target tilted in respect to magnetic axis, 6p = 15°
* 4-coils/3-steps design, NbTi-Al coils, adiabatic taper

5 kW shielding

e
]

protons 100%

T T T el T~ _
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protons ~52%

159 tilt of protons/target with respect to magnetic field lines:

« facilitate the extraction of spent-protons with a moderate length of 2.5 m of the CS
through the Matching Solenoid and capture coils

« lower ftilts as 10° make the length of CS excessive and costly



primary protons and conical target

use only one target for surface muon and m+ collection

for surface muons

r1=5-45cm{ » r2 = 0.25 cm - better surface muon collection than cylindrical shape

. * lower power deposition on the SC
Graphite for 1+ collection at MS1

« similar collection to cylindrical shape
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* 1or25->0.5T for surface muon mode and high polarization
« 5 ->3 T for decay muon mode and high rates

T+ (decay muon) collection

surface muons collection -
L EIDT 5 slower taper
— <
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 surface muons: best polarizationat 1 T
* tilt benefits surface muons & m+ rates

surface muons polarization
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uSR: surface muon collection at MS1 from 110 5 T, 5 kW shielding

SC1
I

protons 100%

T+
€51 shield { M- -

surface muon sources:
* target
« shielding

thickness:
25 em

shielding of MS1 act as collimator

MS1-shield thickness: 50 em




field tuning for m+ collection at MS1 for decay muons, 5 kW shielding

final 5 T and 4.5 T used for m+ collection:

5T,4.5 T taper variations T+ entering MS1 as function for different taper
5 " x10°
- ~ 1600— | | :
S > [ 100 M¢V/c 26q MeV/c 1450 MeV/c
0 45h = 1400 o>+ 45 MeV/c -> p+ 150 MeW/c ! b+ 450 MeV/c
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@ ~ 1200} : : ' 100000 T mm mrad
B 1000_— | I
- - I
35— 800 : ! |
L n |
- —— ; ! :
3 600 — I [ I
- I 1 !
- 400 : |
2.5 - | I :
B 200 ! ! ,
2_ . L . | . L L | L L | . L | L L : | | | ! | | | | | | | !I | | | | | | | | | :I | | | | | |
1 0.5 0 05 1 15 % 01 0.2 0.3 0.4 0.5 0.6

Zinm P GeV/c




™/ 2MeV/s

« e.g. i+ collection at 260 MeV/c at MS1
entrance/exit

Entrance of MS1

x10° :
1200 __ 260 MCV/C !
1000[—Best 4.5->2.5 T fast 100000 ™ mm mrad
_ coil design :
- 44524 ,
800 ,
Z I
& I
600 — :
_ I
. I
400\— !
W I
_ I
200 :
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Exit of MS1
x10° i
1200 L 260 MeV/c :
B |
- } 100000 ™ mm mrad
1000~ Best 45->2.5 T fast l
- coil design 0.*'.
800/ 445247 2
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z=0cm
1
Shldi_da | Tungsfen SRR
{6KW)= 25 cm
125KW) = 4550 cm

Shldl_1la
/ \ Shldi_1#

. IIHARSHOSHERROONAR

aim of the shielding design
 protect the coils at 25 kW

« produce x 5 the rates of surface muons and pions
* keep the field shape as smooth as possible due to

under study, 6. Zhao, N. Yadav posters

z=179.8 ->219.8 cm

VAC

Shld_TS

t

I qpertur‘e(5, 25KW) = 25 cm I aper"rur'e(f" 25KW)= 30 cm

Shld_TS

+(5kW) = K

<

«

-

1@5%W) = up to 90 cm

the MS1's displacement downstream

VAC3

3. Preliminary study for the 25-kW beam

* Radiation is a big challenge for the 25-kW/30-year operation
* By enlarging the aperture of the solenoids and using more shields, we are
possible to satisfy the dose limit on epoxy

Special alloy (W 90%, B+ C + H 10%)

-

Peak dose < 0.23 MGy/y
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uSR: surface muon collection at MS1,1 T, 25 kW studies, preliminary

surface muons collection
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MS1 shielding
aperture 25 cm
t =90 cm from 50 cm

 rates are increased with same factor of 5 as primary proton beam power

 faster fields increase polarization but decrease rates




T+ (decay muon) collection

pd
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~ =
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Q =
5->3T = 4000 , :
o - 25 kW, MS1's shielding:
4.5 _ ~ 3500 « aperture 25 cm
- baseline E 3000:_ / e t =80cm from 50 cm
4__ 25002—
- RSTGHTGRER ) 2000 — 5 kW, MS's shielding:
o 1500 o,  aperture 25 cm
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MS1's shielding is being optimized with hybrid solutions for shielding
in order have the 5x m+ rates per second than 5 kW rates



Width

Length = 12 cm "

Height = 12 cm

tilt = 20°

protons @ z-axis

tilt = 300

| schematics, not to scale ‘

tilt = 60°
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———
+
—

M+
—_—— -

-.______Fi+

r=16 cm
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interaction length

1cm

beam size

o, = 6 mm, g, = 12 mm

Beam core Emittance: 105

80 m mm-mrad :
Beam spot at thin target
Beam spot at ce

ox = 6 mm .
oy = 12 mm of main target
ox = oy = ~5 mm

emittance (m mm mrad) 4500
momentum HSR -y 25 <P < 29.8 MeV/c
tilt (degree) 45
length x height (cm2) | 12x12 | 10x10 | 8x8 6x6 5x5
intensity (x10°) y/sec 3.55 3.6 3.55 3.4 3.05
polarization -096 | -095 | -097 | -094 | -0.94
surface muon purity (%) | 97 97 98 96 96
~ 5% / 2% on intensity / polarization

statistical error




« The neutrino beam is an option under investigation. Motivation of the neutrino beam
is the lack of recent cross sections measurements at lower energies

Proton beam (5kW, 1.6GeV) ém FIUX VU ‘ <E"> ~ 200 Mev §‘102 3 cc Vu ! <EV> ~ 300 MCV
Plon target %1015 § ;
SN r; E F § 10
Pion collection section ' \ .‘ﬂf i §1014 i 8 ; i
Dump _.'s SIGIND » Yoy, = B -
Surface p section: “ '”)‘ 23, §1013 | "2{ vV, 12_ J_I::fl_l_-__l'LI’‘::|:-L—L - 1 M
" - 'igii_ ") Detector a [] B - 1
decay p section (~15m) : “"A“ PPPPP _L_ | [] 1 1 10" ; J- V“ _.-L [
i 0l
(quads) 1 B
10" 102 -
0o 0‘1 = ‘o.‘z‘ = 'o.‘s 024 05 06 %TI(GQ\%—S 107 'o.‘1 = o‘z = ‘o.‘s‘ - ‘o.|4' - 'o.lsl - Io.ls‘ - IOI.ET ;GeC\JI.)B
1-8% N, (x10%) / m2 / 200 days CC / ton / 200 days 9 kW
stat. error, . o
FLUKA >53 MeV /o - /o
- CCv, at <E,> = 300 MeV at EMuS
u v
Vi 3.78 94.5 929 2lo2 « ~ 1000 CC events / ton / year at 5 kW
v, 0.13 3.2 10 1 « ~ 5000 CC events / ton / year at 25 kW
v, 0.09 2.3 25 2.5
v, i ] 0.004 i




«  EMuS could act as a high power targetry and accelerator R&D platform for MOMENT, a

future muon-decay medium-baseline neutrino beam facility in China

MOMENT

Proton driver (15SMW, 1.5GeV)

Pion target  pump + Baseline design: super conductive solenoid from~ 14 T->3 T

i - » 2 first Nbs5Sn coils, 3 last NbTi coils

CW superconducting linac (~300m)
Pion collection section

Detector

« 80 -> 60 cm thick W-shielding <-> 15 MW proton beam

7
p
norm decay section (~50m) Y \501],) L) 2 W
n' and p selection section(~2m)
Vi OF vy,
QAROAA0 /N UYWL
ooooooo i

B
\j Vu/Veor v, /¥,
To detector (~150km)

Novel waterfall granular target

Beam Incidence

Shielding

4

p decay channel (~600m)
(SC solenoids or quads)

Zm) Rim)
From  To  Inner  Outer
o7 099 108 123
104 208 16 L1
213 433 108 113
438 658 L8 11
663 763 LS 114

Grains Waterfall

Proton Beam

Solenoid Axis

eam Dump &
econd Target

Grains Waterfall

Y (cm)

FIG. 6. Medium density (relative factor) distributions (in x-y

FIG. 15. “The beam-target geometry for the, waterfall mrget. plane) for the grain waterfalls with 2, 3, and 4 cm target width.

s

WC granules of 0.9 cm diameter
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The high intensity muon source project EMuS is foreseen at CSNS and is being
optimized for both muon and neutrino experiments

It is primarily intended for muon science related to uSR techniques in matter physics and chemistry concerning pSR muons:
— surface muons: g+ from m+ decaying at rest inside target or at its surface, P < 29.8 MeV/c, 100% polarization
— cloud muons that are background by causing beam depolarization: any pu+ with P < 29.8 MeV/c produced from m+ decaying

in flight in the target station

— decay muons that are also signal, p+ from m+ decaying in flight, which can be used also for material science

Tt o u+v,
T M+,
High
Energy Carbon or

Proton Beryllium
Nuclei

&
y

Muon

Neutrino

HSR muons from DAR, produced only at target

100 % polarisation
due to DAR pions

NG & :“'O‘----_vé) —

Parity-viclating cellinear decay of a pion & at rest
inte a muen p” and a musnic neutrine v,.

Asymmetrical decay
due to week interaction

Angular distribution of the pesitrens frem the
muon decay: W{EB) = 1 + a(Elcos(8). When all
positron energiez E are zampled with equal
probability the azymmetry parameter haz the
value a=1/3 (red curve).
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CSNS is the only large-scale proton accelerator in China foday
« Strong needs from other fields than neutron scattering

« Excellent capability to support multiple platforms

« Phased development from 100 kW (I) -> 500 KW (II)

Schematics for CSNS
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First beam on target: Aug.28, 2017

Accelerator-target-instruments joint commissioning: November 1-9, 2017
Accelerator reached the acceptance beam power of 10 kW: Nov. 9, 2017
Instrument tuning and Day-one experiments: from January to March, 2018
Initial operation: Since April 2018

First physics paper including CSNS neutron scattering experiment published:
April 17,2018

Open to general users: from September 2018
Present beam power: ~50 kW
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CHINESE ACADEMY OF SCIENCES China Spallation Neutron Source

Thermal analysis of Baby target
1.5crr[

material:C

Heat deposition

Given for Gaussian distribution in phase space Proton beam
(Max 0.32W/cm3,integral 126W for t-100mm,0,=5mm,o,=5mm)  +6ceV:0x=0y=smm

5cm

1 10cm

31888

280. —

240, —

[°c

[s]

\1/1 2 L
0.000 0.050 (m)
||

0.025 Temperature rise curve

Max temperature 318°C Page



CHINESE ACADEMY OF SCIENCES

E ] N

target vacuum vessel

water inlet  water outlet  Water jacket

32.793 Min

Max temperature 407°C

X

N Max temperature 44.5°C
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Conceptual Design of Gr target

Capture and Matching solenoids Layout of CS
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Aluminum || Rutherford cable Cross section of

Rutherford cable

Rutherford cable

Vacuum Cryostat

Superconducting Capture Adiabatic Solenoid:
Forward spent-proton extraction, proton beam & target tilted in respect to magnetic axis, 6p = 15°

1.

2.
3.
4,

4-coils/3-steps design, NbTi-Al coils, adiabatic taper
Graphite target with conical shape
Adiabatic 1->0.5 T for surface muon capture, 5 -> 3 T for pions




different adiabatic tapers <-> different momentum selection

« polynomial representation of tapers
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different momentum selection
« 45 4 T cases
* polynomial representation of tapers

4.5T taper variations
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conical target

better surface muon collection than cylinder

lower power deposition on the SC
p+ with 25 < P (MeV/c) < 29.8
similar polarization

rl=45cm T» r2 =0.25 cm

rate and polarization as function of radius rl (in o, = 0.5 cm)
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conical target m+ collection at MS1, 5 kW shielding
« similar collection to cylindrical best

1= 45 cm T> "2 = 0.25 cm

!

rates as function of radius rl (in o, = 0.5 cm) and momentum distributions
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Systematics from monte-carlos: y+ and py- with FLUKA and G4 (BERTINI) at MS1,1 T

protons 100

Same baseline 1T taper used on both

0.9

For surface muons

*  FLUKA -25%

*  FLUKA predicts again a ratio p+/p- =2

*  Momenta distribution similar

« Both codex could be used keeping in mind the difference
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Systematics from monte-carlos: m+ and m- with FLUKA and G4 (BERTINI, INCL) at MS1,5 T
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The distribution at the high momentum peak is similar
FLUKA predicts a ratio m+/m- = 2
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Decay muon beam parameters

) Muon
uSR X-ray analysis imaging
Ref. mom. | 45MeV/c | 150MeV/c | 45MeV/c | 150MeV/c | 450MeV/c
Intensity 0.6 11 0.44 25 13000
(1E6/5s) ) )
PolZ 0.82 0.81 - - -
SPOteypn 27x30 20x30 30%30 35x37 20x51
(mm)
dp/Pryiim 6.7% 8.0% 4.4% 9.2% 5%

1. All datais based on the proton beam power of 25kW.

2. The momentum spread for imaging beam is done manually, the intensity usually
One order of magnitude higher than done by collimators.




Vertical Beamline of Baseline-scheme

Layout of vertical beamline

11541mm

P ————
®
2

Limited by space, the vertical beamline use a 60°+30° asymmetric
achromatic design. The aperture of first triplet is limited (30cm).
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- A EN . BBEE BEER | |schema‘rics,no* to scale
‘N & » .
& - Length = 12 em P”O:'UHS © zoaxis collection surface (xz
/.( : | : : = 16 cm
Iq:? z ﬂtfr:s-@._z:ams ;TTIH i “jIH T \({: v k\‘\:\_itg‘_ - y-axis, 60 cm = ® "-_-___‘ : p+
r Red: Wien Filter Widt B Width = IO,‘35 em  Width= 05em  Width= 0.7 em  Width= 0.87 em —
. MGQ@HTGI Drift ilt = 200 tilt = 300 filt = 450 tilt = 600
N\
A
279}1121 2800mm
\ . .
. interaction length 1cm
N
S beam size o, = 6 mm, g, = 12 mm
.\A\ 3.9 mo — emittance (m mm mrad) 4500
om
AN momentum SR -+ 25 <P < 29.8 MeV/c
tilt (degree) 45
length x height (cm2) | 12x12 | 10x10 | 8x8 6x6 5x5
intensity (x10°) u/sec 0.71 0.72 0.71 0.68 0.61
Bearm col STEN— polarization 096 | -095 | -097 | -094 | -0.94
' 1.05 e (0
80 m mm-mrad Beam spot at thin target surface muon purity (%) 97 97 98 96 96
g;‘_: ?memm E?crlr\n;isnp?;rrag’;fe statistical error ~ 5% / 2% on intensity / polarization

ox = gy = ~b mm




