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Why Muon?

Image: The Particle Zoo®

Electron Muon Proton
Light & Point-like Heavy & Heavy &
Point-like Composit

@ _ proton

v Extreme penetration
v Higher energy reach
with compact accelerator

--:but lives fast, dies young (2 us)---
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Physics Potential

Flavor physics

MeV

Material Science

o g & High energy frontier
u-e, u, p collider...
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Key Challenge
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Novel Cooling Method

ionization laser

electro -static lens
9 ¢ to
muon Accelerator
) ay '
Uh‘ra Slow Muon
Emittance

~1,000 7 mm mrad =————————) | 77 mm mrad

1986-1988 Observation of Mu in vacuum,
Mu ionization (1 s-2S) [prLs6(1986) 1464, 60 (1988)101]

1995-2008 ionization (1s-2p), application to wSR

[RRL 74 (1995) 4811, NIMB 266 (2008)335 ]
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Key Challenge

Rapid acceleration = RF linac
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Design
Designed by evolving proven technologies from

protons and electrons.
A A

| I |
RFQ 1296 i, DAW=CCL ;595 iy, DLS
0

324 MHz

5.6 keV 40 MeV 212 MeV

L=3.2m 16 m (14 modules) 10 m @ structure)
Energy [MeV] 212 ¢ . X
E  04%
Intensity [/s 106 | € ¢
y [/s] I S S
Repetition [Hz] 25 ,
- 02 ‘If‘qfnn-.*-,‘,-ﬂ:‘.-ﬁ___*
Pulse length [nsec] 10 | {hﬁm DAW CCL LS
. ~ ~ RFQ requirement
Normalized & t [Tt mm mrad] 1.5 t'u:ﬂ:I.ﬁnmm mrad
Ap [%] ~0. | % | llU ‘ ’.’IU ' 3|n -
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History of Developments

High eff. target I- Target optimize \- real machine

High-stability laser

40— + RF on

20—

b Lk

500 1000 1500 2000

First Cooling &
Acceleration

Events/50 ns/4x10"" u* incident

0

Time of flight [ns]

| nvited talk in IPAC’'18, Y. Kondo Linac'22 Poster Aa-d, Y. Nakazawa

. Design = PoP . real machine £
W 0o
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H-Line,
High Momentum
Muon Beam Line

H2

Muon target , &
1 = /17 MIC HiSolenoid Magnet

M1 tunnel 7 M2 turinel
— A Bt < =——>>Neutron Source

" Beam from RCS MIC U-Solenoid Magne
1 (3NBT Line)

M1,M2 air circulation systems

Superconducting =
Curved Transport [
SolenoidMagnet l Superconducting

Decay Solenoid Magnet




\ Experimeh USM measurement

o R

\ Experiment-for the USM measureme

e 7 J %
JSM produc‘ehon was d'emons’rral’red beforeJacceleration

=
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Experiment for the USM measurement

USM production was demonstrated before acceleration

MB\/E Ny 1
N
Q5 CP

1000 mm
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Hits [pulse™! ns~1]

Result

On Target USM USM

X 10-& Lajer (Expectedexpefted)
1 oL ™ 10 keV |
- 5.7 keV
0.8
0.6 H
0.4
0.2
o ol csisas b ddesoblaly @A b de. o Db bl s s
: 0 500 1000 1500 2000 2500 3000
Time [ns]

Suceesstully cdemensiraree USM precduction

1 3/26



- 1 . =
v i £ .
¥ b, - - .
&
ad i s
o g # J F
o, & A N
¥ =
Ay a0 | 3
A S
il o
e :

“Post-acceleration ToF and
beam profiles measured via

Q-B transport line
SN



rms, squared [mm?]

Result

Emittance evaluated via Q-scan

1<

50

40

30

20

10

8
0y
\
.
.
.
S
S
\
.
.
.
.
.
.
.
.
.
N ,
O .
. .
.
* .
. .
.
N
.
.
N
N
.,

O

0.2

1 | 1 Il 1 | 1 1 Il | 1 1 1
0.4 0.6 0.8
quadrupole current [, [A]

] C T T

= 50 S

I ISR X :

<1 B - ]

ST 4 8 8o -

) . g = .

_ > - -

_ O - _

] © 20 —

— [75] - —

. S B .

- 10 -]

| _: 0:_ | | | | | | _:
1 1.2 -1.1 -1 -0.9 0.8 0.7 0.6 -0.5

quadrupole current [, [A]

PRL 134 (2025) 24500

15/26



Result

« Emittance evaluated via Q-scan
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Radio-Frequency Quadrupole linac (_>O?) MCV)

Inter-digital H-mode - f] —e -
Drift Tube Linac S—’4 M%) I. ‘ _'
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Acceleration to 4 MeV

RFQ IH-DTL
Ultra- 4 MeV
Slow o
Muon

2015 2020 2025 2030

‘- Design Complete
PoP with Mu-( uee)

Phys. Rev. AB 19 (2016) 040101 .

J.Phys.:Conf. 874(2017)012055 comp leted
J.Phys.:Conf. 874(2017)012054 hys.:Conf, 1350(2019)012054

J.Phys.:Conf. 874(2017)012038  J-Phys.:Cont. 135 5 ]

Phys. Rev. AB 21 (2018) 050101  NIM A 943 (2019) 162475 0' | MeV
NIM A 899(2018) 22-27 NIM A 946 (2019) 162693

J.Phys.:Conf. 1067(2018)052018  Phys. Rev. AB 23 (2020) 022804
J.Phys.:Conf. 1067(2018)052012  Phys. Rev. AB 23 (2021) 033403, o "0 1 oot 7134 025 245001

NIM A 908 (2018) 313-317 JPS Conf.:33 (2021) 011040

NIMA037 2019 164-167 IS St S\ Py realized in FY2027 25,

Phys. Rev. AB 25 (2022 110101



IH-DTL (—4 MeV)

Disk And Washer



Disk And Washer
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Before tuning Af’rer Slmula’rlon
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DLS

Novel structure with cell length varying
according to velocity (8=0.6-0.9)
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DLS

Novel structure with cell length varying

according to velocity (
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Beam Monitors

 Cherenkov monitors are being developed
— Measured with MCP-PMT using a fast readout circuit

Sapphire % MCP-PMT (

Beam —

VA
il

. \ Yy ‘als
—— 'l  J“OKElGRE-ARSFest BL

®

— detected by camera via mirrors for beam imaging.

.

1S, X

Cherenkoy,

(aerogel
/glass)

B

profotyping”in progress/ i YLy



Acceleration to relativistic velocities

IH-DTL DAW-CCL Beam Monn‘ors

=l @E}JHU[[HHIU

>200 MeV
(B >0.9)
®

LA,
ARMMININININNY

2025 2030
- [ 0. 1, MeV

‘- PoP with prototyping

Will be realized in FY’ 30~

J.Phys.:Conf. 1350(2019)012097

JPS Conf.:33 (2021) 011129

J.Phys.:Conf. 2420 (2023)012038

J.Phys.:Conf. 3094 (2025) 012024

J.Phys.:Conf. 3094 (2025) 012025

NIMA 1083 (2026) 171150 33/26






Summary

We have achieved the first demonstration of the
positive muon cooling and acceleration to 0.1 MeV.

Acceleration to 4 MeV with RFQ and IH-DTL will be
demonstrated in the coming years.

Development toward high-energy muon linac (=200-
500 MeV) is ongoing, enabling future applications.

This work establishes a key technology for compact
high-energy muon accelerators.
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