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J-PARC muon g-2/EDM experiment

J-PARC MLF H-line
Constructed FY2024

Prog. Theor. Exp. Phys.

Studies on physics 2019, 053C02 (2019)

beyond the standard
model in quantum loops
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New features:

B
2 Toviolati * Low emittance muon beam (1/1000)
P& T-vio at”_]g * No strong focusing (1/1000) & good injection eff. (x10)
s * Compact storage ring (1/20)

The only experiment to test FNAL/BNL g-2 results.
g-2 : 450 ppb
EDM: 1.5 E-19 ecm
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The muon storage ring 4

Calculated average field uniformity
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Expected data

Spin precession w.r.t. momentum
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Conventional muon beam 7
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Muon beam at J-PARC 8
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Acceleration of thermal muons 9

surface muon thermal muon
E 4 MeV 30 meV
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Efficient Muonium production demonstrated
in TRIUMF 10

h<

Silica aerogel with
laser-ablated holes
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Implementation at J-PARC (2023) 11
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Demonstration of acceleration to 100 keV (2024)

Cooling Acceleration Diagnosis
30 meV 100 keV 5
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Results: time of flight
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Results: transverse emittance at 100 keV 14

rms, squared [mm?]
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Acceleration of positive muons 15

Muon acceleration to 100 keV

(so3ed 1210} Opp) STOT 2uUnf OT ‘1066

PHYSICAL
EVIEW
[LETTERS

Published week ending 20 J UNE 2025

Published by

American Physical Society %Ps Volume 134, Number 24

https://doi.org/10.1103/PhysRevlett.134.245001

PHYSICAL REVIEW LETTERS 134, 245001 (2025)

Acceleration of Positive Muons by a Radio-Frequency Cavity

S. Aritome,' K. Futatsukawa,” H. Hara®,® K. Hayasaka®," Y. Ibaraki,’ T. Ichikawa,’ T. lijima®,> H. linuma®,’ Y. Ikedo,?
Y. Imai,’ K. Inami,*® K. Ishida®,” S. Kamal,® S. Kamioka®,>" N. Kawamura®,” M. Kimura®,> A. Koda,” S. Koji,’
K. Kojima®,** A. Kondo,” Y. Kondo,” M. Kuzuba,” R. Matsushita,' T. Mibe®,? Y. Miyamoto®,’ J. G. Nakamura®,”
Y. Nakazawa®,™* S. Ogawa,'"" Y. Okazaki®” A. Olin®,'"'"> M. Otani®,> S. Oyama,' N. Saito®,” H. Sato,” T. Sato,'

Y. Sato,” K. Shimomura,” Z. Shioya," P. Strasser®,” S. Sugiyama,” K. Sumi,”’ K. Suzuki®,® Y. Takeuchi®,"**
M. Tanida," J. Tojo®,'*!° K. Ueda,” S. Uetake,’ X. H. Xie®,'*'> M. Yamada,” S. Yamamoto,” T. Yamazaki®,’
K. Yamura, M. Yoshida,” T. Yoshioka®,'*"* and M. Yotsuzuka®
'Graduate School of Science, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
lHigh Energy Accelerator Research Organization, Ibaraki 319-1106, Japan
*Research Institute for Interdisciplinary Science, Okayama University, Okayama 700-8530, Japan
Institute of Science and Technology, Niigata University, Niigata 950-2181, Japan
Graduate School of Science, Nagoya University, Nagoya, Aichi 464-8602, Japan
®Kobayashi-Maskawa Institute for the Origin of Particles and the Universe, Nagoya University, Nagoya, Aichi 464-8602, Japan
"Graduate School of Science and Engineering, Ibaraki University, Mito, Ibaraki 310-8512, Japan
Department of Chemistry, Laboratory for Advanced Spectroscopy and Imaging Research (LASIR), University of British Columbia,
Vancouver, British Columbia V6T 1Z1, Canada
®Japan Atomic Energy Agency (JAEA), Tokai, Naka, Ibaraki 319-1195, Japan
"%Research Center of Advanced Particle Physics, Kyushu University, Fukuoka, Fukuoka 819-0395, Japan
""Department of Physics and Astronomy, University of Victoria, Victoria, British Columbia V8P 5C2, Canada
TRIUMF, Vancouver, British Columbia V6T 2A3, Canada
BFaculty of Science, Kyushu University, Fukuoka, Fukuoka 819-0395, Japan
"School of Physics, Peking University, Beijing 100871, China
SState Key Laboratory of Nuclear Physics and Technology, Peking University, Beijing 100871, China

M (Received 16 October 2024; accepted 21 April 2025; published 16 June 2025)

“Editor’s suggestion”
“Featured in Physics”
“Cover image”


https://doi.org/10.1103/PhysRevLett.134.245001

Acceleration of posmve muons 16

https://doi.org/10.1103/PhysRevlett.134.245001

Muon acceleration to 100 keV
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History of accelerator technology

100,000

10,000

1,000

[y
(=]
(=]

Collision energy (GeV)
S

0.1

0.01

LHC-II
Hadron-Colliders
Tevatr
i e e Colliders 'S =
9
£ A
) LC500 @'
LEPII ’DQI
SLC
= LEP & —
Tri TS
ristan Q &
PETRA ©'PETRAIL &S &
PEP K éz\,
. NS
FSkisu SACLA © —
SPEARII O [ ]
SPEAR s
ADONE
uTx@ BN
LBNL "{AL
. ACO ® —
MPQ@ LINL SACLAEUY
vich o 0 202
GSI(PHELI
- RAL sLBNL . Proton A
@ @] I ]
@RAL o |
® UCLA o CoRels]
N CG-
3 I
= IS | o
@ ;9
NS |
«Q &
N |
9 @
T © |
llllllllllllllllll(lbllllllllllllllllll

1970 1980 1990 2000 2010 2020 :2030

Commissioning year "
I
I
I

J-PARC

100,000

10,000

1,000

100

1

8

0.1

0.01

(A99) AS10Ud Wedq U0.IIIY

(n/A39) AS19ud noapey

Muon acceleration

O h 2024

17



New beamline : MLF H2 area 18

Dedicated beamline for the muon cooling and acceleration
Surface muon rate : 1 x 108/sec

. Muon |
3 GeV % production ||
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solenoid K . muon % 7
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muon cooling
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New beamline : MLF H2 area
2025.4.7 13:15 = T

t | t
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Successful delivery of the beam
on April 7, 2025




Group photo on top of
the new experimenta
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Next step: Acceleration to 4 MeV 21
H2 area_ __FY2025-2027

. ‘ | ...L ] | ‘ b'“ e . i S . .. L \: _b b.. -—.hq ...- R . .,b .‘ ’v | N e
b“ - ICooling Acceleration by RFQ Acceleration by IH-DTL '..v";_ N ’.'v.;
~ (30 meV) (5 keVv > 0.34 MeV) (0.34>4.3 MeV) x ¥
Muon \ v.'..;... ~
(4 MeV) 4 R
2(m)
Mu production chamber J-PARC LINAC IH-DTL Scale
(available) RFQ (avallable) (fabncated and evaluated in FY2022)

Currently, the cavity is Iocated at J- PARC LINAC




Disk And Washer (DAW)
(from 4 MeV to 40 MeV)

Evolution of emittance
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Muon g-2/EDM : intended schedule 23

:Ll+(4 MGV)

M+ (2 5
Cﬁﬂf:ng

Beamline First beam

Bldg. &

facility Construction

Source % lonization testat H2 area
’ ——

LINAC, * 4.3 Me@H2 210 MeV %
storage

History
Detector positron tracker ' 2009 pr0p058|
magnetic field monitors nstafiation 2015 TDR
2016 IPNS focused review

Strong supports from the community is 2016 SAC (priority #3)

3P 2019 KEK-IPNS stage-2, KEK-IMSS stage-2
MR to ComPIEte e king 2024 MEXT funding (partial construction)

construction. 2025 MEXT funding (partial construction)




Thank you very much for coming to 24
Japan last year

The seventh plenary workshop at KEK (Sep 9-13, 2024) htips://conference-indico.kek.jp/event/257/
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Simon Eidelman school on muon dipole moments and hadronic effects (Sep 2-6, 2024)
supported by Wilhelm and Else Heraeus Foundation https://indico.kmi.nagoya-u.ac.ip/event/8/

Simon Eidelman School on TQ’

Muon Dipole [

Moments

and &
Hadronic X
Effects T3

supported by Wilhelm and Else Heraeus Foundation

Sep 2nd-6th 2024 <
KMI, Nagoya University, Japan I‘

1
-
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g Web = https://indico kmi.nagoya-u.ac jp/event/8/
=3 contact ® muonschool24_contact@hepl.phys.nagoya-u.ac.jp
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Towards higher experimental precision 25

Aw, 1 2

W, w,YyTP \ NA?

6B current precision

Wa = Q= 450 ppb

valuable definition value
Wy anomalous spin precession frequency, a,, - (eB/m) 2/2 us
B magnetic field strength 3T
Y Lorentz gamma factor, E/m 3
p momentum of muon 300 MeV/c
T muon lifetime at rest 2.2 us
P muon polarization 50%
N number of detected decay positron 6 x 10'!
A average analyzing power of positron 0.42




Possibilities of higher precision

Aw, 1 \/ 2
w, WyyTP Y NA2
eB
m

Wq = Ay

1. Higher polarization (P)
2. Higher energy (y)
3. Stronger magnetic field (B)

Being studied by the collaboration
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Applications of accelerated muon beam 27

Drive-thru cargo scanning K. Shimomura Transmission muon
Funded by JST K-program (2024-2029) microscope
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Reconstructed 3D image

slide by Y. Miyake et al.

Imaging of large infrastructure

cosmic muon accelerated muon (3 GeV)

Side view i Top view 5 EI 500
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M. Otani, H. Miyadera, T. Shiba,OSA Imaging and Applied Optics Congress 2021 (3D, COSI, DH, ISA, pcAOP)




Summary 28

* J-PARC is the only experiment to test the FNAL results.
* Significant achievements in 2024 and 2025

* Demonstration of the room temperature positive muon source

* First-ever demonstration of positive muon acceleration to 100 keV
*  Completion of the surface muon beamline and first beam delivery

* Coming up
* Acceleration to 4 MeV
* Studies on higher precision

* (Not a central topic of this WS, but) we are open to new ideas to use the unique
muon beam from the first-ever muon LINAC.

: storage
/\-.\ e a acceleration

& measurement
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