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Muon Facility in MLF, MUSE
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o All beamlme magnets are axial focusing
® The world strongest pulsed muon: 2x108 u*/s, 1x107 u/s




Ultra Slow Muon beam

Ultra Slow Muon (USM) beam has a small emittance

» Controllable low energy (50 eV ~ 30 keV) with a small energy spread (~50 eV)

»Small beam size ~
> Pulse beam with a short time width of ~ 2 ns

1 mm
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COMET in J-PARC Hadron Facility

Phase-I

on Transport

Proton Beam

Target Sensitivity <1014 with 3.2kW beam

. Proton beam line construction in progress to be
completed in FY2021
*  Graphite as a pion production target
*  Pion Capture Solenoid construction is in the 2"d year
of multi-year construction contract (FY2020-2022)
*  Physics Detector
* CDC and hodoscope in a solenoid
*  Muon stopping target (Al) at the center of the
solenoid
Beam engineering run in FY2022 and physics in FY2023.

Target Sensitivity <1016 with 56 kW beam

* Extension of muon transport solenoid to cope with
higher proton beam power
*  More efficient beam background suppression
* Pions decay to muons in longer transport
* Tungsten alloy as a pion production target
* Electron spectrometer solenoid to suppress the
detector counting rate

e Physics detector

e Straw-tube tracker and LYSO calorimeter

* Muon stopping target (Al + others) in a
gradient magnetic field for the purpose of
signal electron collection with a magnetic lens
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Design concept of H line

* High muon intensity = capture solenoid
and axial focusing elements

* Momentum tunability, install-ability of kicker and
wien filter = long focus
X high field axial focusing elements

* Fusion of these two conflict(?) concept:
high field capture solenoid - bend - pair of
opposite field solenoids

High intensity, good characteristic beam



3GeV proto

Capture solenoid (HS1)

Bending magnet (HB1) /.

Gate valve (HGV1

Transport solenoid
(HS2 and HS3)

Septum or bending magnet (HB2)

Exp. area #2 and #3

Optics design jisigizRials

30 MeV/c mono-
chromatic beam calc.

performed by a MC-code
(G4beamline)

Large aperture short
solenoids do not allow us
to use transfer matrix —
calculation which use

near axis assumption i

—
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Merit of opposite field solenoid
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EXperimental area #3
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Yield evaluation - Pion production

Pion Production by 3.GéV p + C (HARPvs generator)
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Pion Production Cross Section (ub/sr MeV)
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Pion Energy [MeV]

muon production target: '2cm graphite (~2014: fixed, 2014~: rotating)

Empirical formula of pion production by 3GeV proton

do?/dE dQ =

80X40aE

[33+1200a+40aE][1+exp(40aE/60-2)[1+exp((E—1000)/200)]]

a = 0.001 + 0.02tan 0,

0, =0/1.5 (6 <90°),=0.32(6 —90) + 60 (6 > 90°)
Consistent with Geant/GHEISHA, Geant/FLUKA



Yield evaluation - Beam transmission

H2 area
Mu'target \A (straight leg) Typical Transmission efficiency in Final

| focusing part: > 80%
\‘\ Ii:i
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e 1 Transmission efficiency from the entrance
exp. Hal /Héz’c of HS1 to the exit of HB2
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d?c/dpd8 [mb/{GeV/c rad)]

Beam intensity evaluation
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Muong are fed

. Muans are into a unifonm,
liny magnets doughnut-shaped
spinning en magnetic figkd ) b :
axis like tops. and travelin a circle,  After sach circle,
h muon's spin axis : e
J ﬁ (J .l’)I changes by 127, e
> D - Ji s * 5 - =% . yet it keaps on traveling b

e 02 ({E-ﬁi

Target.

' the same direction. y
. ".'-' &
3

Pratons Pions, weighing  Pions decay Y
from AGS. 1B protan, o muons. ilj.#
ara croated. i H

One of 24 detectors : “ o
see an electron, giving Ahar cireling the ring

the muon spin direction; many times, muons

g-2 is this angle, divided spontanaously decay to -

by the magnetic field the alactron, (plus neutrinos,} ;
muen is traveling through in the diraction of the muen spin. =
in the ring.
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Counts per 150 ns

Standard Model Experiment 100
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Fermi lab E989EER
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Beam loss
] D wwow ~Beam envelope
* The 2-cm graphite target causes AT

a 5% (50 kW of 1MW) beam loss
mainly at target and scrapers.

* The effect of the scattered particles v |

and secondary particles reaches 7 107 y

whole M2 tunnel and its N«g . E

surroundings. 2

2 10° = =

- Targ

* The effect of radiation and the e — r
related things are serious - Neutron target

problem for MLF, J-PARC.

0.000021 L

5% loss

Flux [1/cm?MeV/source]

- Transport efficiency

0.000020



Fvaluation of radiation dose

e Several MC (MCNPX,
NMTC/JAM, PHITS) were used.

* Beam loss around the muon
target:
3-GeV proton beam with an
emittance of 81wt mm=mrad is
injected into the muon target.

Ml
i,

i,

Evaluation is performed with
some margin due to miss-
alignment and so on.

I

e




Simulation

result

e map in area 4 Fllerareas Dose map in area 4 Fllerareas Dose map in area 4 i
no.=1,ie=1,iy= 1, mset= 1 no.=1,ie=1,iy= 1, mset= 1 no.=1,ie=1,iy= 1, mset= 1 :,;";2:2;8338&:3
10° ymin = -1.6000E+0
ymax = 2.4000E+0
part. = neutron
mset = 1
3000 3000 3000 102
4 2000 £ 2000 4 2000 o &
> > 8
[=]
1000 1000 1000 100
0 0 0 107
i 3 Dose map in area 5 il i Dose map in area 5 il i Dose map in area 5 Kiotoirit
H L]
Dose from M-target # | Dose from BT line = total
no.= 1, ie= 1, iy= 1, mset= 1 no.= 1, ie= 1, iy= 1, mset= 1 no.= 1, ie= 1, iy= 1, mset= 1 :,,T;:: 3;8888§IE
in = -1.6000E+(
0 0 0 107 )yrrnne;:]( Z 24000Ea¢
part. = neutron
mset = 1
10?
-1000 -1000 -1000
= = = ‘ E
S, Rz 9 10
x x| x|
-2000 —2000 —2000 3
10°
-3000 —3000 —3000 o
—2000 0 2000 40C —2000 0 2000 40C —2000 0 2000 4000
z [cm] z [cm] z [cm]
Pplotted by AxGi:L 4.35 Pplotted by AxGi:L 4.35 calcule




Fvaluation model

Evaluation of:

‘Coolant water Decay-TURTLE
» ) activity production PHITS and/or MCNP
its DCHAIN-SP and MCNP

Copper frame

| mm sussie

Graphite target

= BTlne
3 >

BT line




Fvaluated results

Heat Generation Map heat
f LI B L T B T ] i
50 ’\7;/ / 7\ ; ]
—_ _Il_
g 0 I*_ 117 6 o (R e Bt e i
ry L [ﬂl'ﬂ i i ]
é \ e — | |
- KQ;{ SN\
=50 \ 4 —
?&VI L I | |
0 50 100 150 200
z [cm]

Heat generation = Temperature distribution

(PHITS) (ANSYS)

©O 00000000000 a 0
= 2 2 b e u s b A S N 2T

Heal [W/cr

Heat Generation [kW]

Target 3.3
Scraper #1 5.7
Scraper #2 5.0
Scraper #3 1.8

Dose [MGy/40y]

QM1 2.0
QM2 11.8
BT line QN1 905.0
QN2 3490.4
QN3 805.4
QN4 174.8
DQ1 4270.0
M Line DB1 2.0
SQ1 427.4
SB1 0.8

QM1, QM2, QN4, DB1, SB1: polyimide
QN1, QN2, QN3, DQ1, SQ1: MIC




Effect of residual activity

: X Gask Dose on the cask surface

s Y H C . . . .

R e s, 0 10-year irradiation and 1-day cooling

; L 10% C——— TR T—T— ——— _—— ——
| | | |

a00.
g y 4
total

Target assembly
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Target plug shield lst seg. —100 0 100 200 500

1014
Position [em]

1012

Activity [Bq]
<
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Reality of the maintenance
scenario is examined.
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108 i R MR ] (NPT ST T o o
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Residual activity in the 1%t segment of the target plug
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Dose during target maintenance

cask
N

* |n principle, target FL+6M |
maintenance can be *
controlled remotely.

* Accumulated dose is negligible.

. R SUS316
pppppp
S e rVI e_ B graphite

iron

sheath dévce

Dose from residugl activity in Target

L L | I
03:0)

* |n trouble, one can work
e for several hours at FL+6m
e for a few minutes at FL+4m

A

At

[
104 =%

£

se [uSv/h]

* A sheath device has to be el
prepared in several years. |




Basic design of M2-tunnel magnets

utilities at FL+4m level E

i
IFLH4000 |4 Jgt% Sﬂ i
1+ 11+ KN T
: : plug radiation shield
phthalic paint RNy
or Ni-plate ™ a7
P N+
i . _seamless piping
- at beam line level

halo monitors
—

;\radiation-hard coil

I@V@fdjust spacer
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Materia

determination

no.= 1, iy = 1, total heat

1 9 9 =
= density [Gyiy = gicc]

MGy/40y Yoke Coil Pole/Duct Cable mat.
QM2 0.1 0.7 10.1 Polyimide
QN2 21.3 65.7 2574.9 MIC
X22 202.5 414.7 349.3 MIC
X23 4.4 15.1 19.5 Polyimide
SQ1 75.8 207.8 114.2 MIC
DQ1 271.1 900.4 559.8 MIC
DB1 0.4 2.2 2.0 Polyimide
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Material determination

i ymin = -5.0000E-01 [cm]
1, iy =1, total heat ymax = 5.0000E-01 [om]

ymin = -5.0000E-01 [cm]

ymin = -1.0000E400 [cm]
ymax = 5.0000E-01 [cm]

ymax = 1.0000E+00 [cm]

10° 10°
10 o 10°
10’ 107
g g g
wx o <
2 > 2
g g g
108 0wg z
c c s
() @ 2
% X X
g
a] s]
10°
50
10

-50 0 10 150 . . 0 = 50 100 150 200 250
z[cm] p0|y|m|de z[cm] MIC z[cm] MIC

ymin = -1.0000E+00 [cm]
ymax = 1.0000E+00 [cm]

ymin = -1.0000E+00 [cm]
ymax = 1.0000E+00 [cm]

ymin = -5.0000E-01 [cm]

no.= 1, iy= 1, total heat ymax = 5.0000E-01 [on]

g 8 g

% 2 H

2 {102 2
g 8 g

2

108 0wg 2
c c s

() @ 2

T o o

X X X
10° § 10¢ § %
8 8 8

=50 -50 -
10 i |

v

4 A 4 . ‘; 1 i {2l L
100 -50 0 50 100 -100  -50 0 50

-50 0 50 00 ‘ 150 . . 100 . .
z[cm] MIC z[cm] p0|y|m|de z[cm] p0|y|m|de

Detailed evaluation: polyimide (average) = MIC (hottest point)



M2 tunnel construction status

A

base plates

HHE L <
argetichamber

BT-line

,‘;

FY2004 FY2005 FY2006 FY2007
buriedliron block base plate Blilmagnet M magnet.] [CWipipe, cabling
alignment plate [Taif circulator l-(:-a%-
guideshield Bilshield  [froofishield hatch
target[chamber vacu@'p&arts system commﬁﬁn-gi
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HSR(muon spin Rotation, Relaxation, Resonance)

a) Almost 100% spin—polarized muon beam

is transported from the muon production
target to the samnle throuoh the heamline

Observing the muon’s precession frequency ~— =twsse
and changes in amplitude gives information

on the internal magnetic field of the specimen.
This technique is mainly used for material

science.
emitted to the u W
—The time dist *] W Lsec

(forward—backw Channe! No. 70 60 50 40 30 20 10 0

: . F16. 7. Muon precession in boron carbide after decay
magetlc Field. ! and background correction.
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Muonic X-ray measurements

nucleus (Z)
electron

=)

muon nucleus (Z) nucleus (Z)

muon
\ electron

\ / electron
\ = " y4
w> &
Muonic atom g
/>

The chrematistic X-ray muonic X-ray

energy is 200 time higher. A negative muon captured by an atom
loses its energy down to the ground state

by emitting X-rays.

/

A muon is 200 times heavier
than an electron
J
The orbital of a muonic atom
is 200 times smaller
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— Fundamental Physics us

Timing counter |
Drift chamber

PSI/MEG: BR( > e y) < 1023

© Capture Solenoid
HS1A,B.C

Spectrometer Magnet
(PACMAN)
|
Transport Solenoid Tracker
- (4 HWPC)

=,

FNAL U g- 2<0 1ppm
BNL: ng-2 < 0.5 ppm 7
>3-0 off from SM

LS

Detector Solenoid

Electromagnetic

b Transport Solenoid
alorimeter

Production Solenoid
Collimators

Proton

Beam Production

Target

WA

J-PARC: BR(p- N <> e- N) < 104, 10-%6 ~—— ¢ FNAL:

BR(u- N = e- N) < 106
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=24 AR (MC) < u
um+ (A2 > v, + (4,2 -1) A

=24 HRi%E (MDO) /

U —e +v,+vy,
MC:MDO=1:1000(H), 2:1(Si), 13:1(Cu)
Free decay: 7, = 2.2 [us] /@§(:(§QE> FBESHELNDT
“in Si: eff = 0.76 L —

ML Teft [s] FMiBRIE S 2 (rare decay event)

E:LT‘/'EE?EZ_:?@LE (u-e Conversion)
+(4,Z) > e +(4,2)
RMELILEREIZESTAER
i+ (A4,2) — e~ + (4, 2)]
F[,u‘ +A,Z)»v, +(4,Z - 1)]

BRIu=+(4,Z2) e +(4,2)] =
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8 High Power

Turgetry Workshop

Nov 6-10,2023

SCOPE :

The HPT Workshop brings together scientists and engineers from

the international community for particle accelerator targetry.

Applications include neutrino facilities, neutron facilities, radioactive
ion beam facilities, material irradiation facilities, accelerator driven

systems and precision experiments for rare processes.

Themes for the workshop include :

. R&D to support concepts

. Radiation damage in target material and related simulations
. Post-irradiation examination

Target design, analysis and validation of concepts

. Target facility challenges

. Construction, fabrication, inspection, quality assurance

. Operation of targets and beam dumps

. Multipurpose use of targets and beam dumps

@ NN

@ hitp://indico2.riken.jp/event/3102/ P} hptw2023-loc@ml j-parc.jp

Scientific Program Committee

C. Boehlert (MSU/CHEMS)
M. Calviani (CERN)
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C. Densham (STFC/RAL)
A. Gottberg (TRIUMF)

P. Hurh (FNAL)

D. Kim (BNL)

Y. Lee (ORNL)

T. Naoe (JAEA/J-PARC)
H. Okuno (RIKEN)

F. Pellemoine (FNAL)

D, Winder (ORNL)

C. Stodel (GANIL)

T. Stora (CERN)

H. Weick (GSI)

M. Wohlmuther (ESS)

Local Organizing Committee

H. Okuno (Chair, RIKEN)

S. Makimura (Co-chair, KEK/J-PARC)
T. Adachi (RIKEN)

M. Futakawa (JAEA/J-PARC)
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H. Takahashi (KEK/J-PARC)
A. Uchiyama (RIKEN)
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