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Anomalous magnetic moments (PDG)

Particle Experiment a; =(g-2)/2 SM
e 0.001 159 652 180 91 (26) 0.001 159 652 181 64 (76)
0.001 159 652 180 62 (12) (PDG24) Limited by o precision
1l 0.001 165 920 89 (64) (2020)  0.001 165918 23 (43) (2020)
0.001 165920 71.5 (14.5) (2024) 0.001 165 920 33 (62) (2024)
T >-0.052 and <0.013 (95%) 0.001 177 21(5)

a. tests QED to the precision of the fine
structure constant a.

a, is more sensitive to heavy particle exchanges
by a factor of (m,/m.)*> ~42,000.
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Muon anomaly, a ,=(g-2),/2: SM calculations and experiment

Two approaches for estimating the HVP contribution:
a theory(SM) = a QEDy a Lweak_l_ a had Dispersion relations (w/ inputs from ee — hadrons data)

" " l " Lattice QCD
altd = — | ds K(S)
U 37-[2

R(s)

4m2
o(ete™ = y — hadrons)
R(s) = = =

o(ete” - putu”)
QED 116 584 718.931(104) e
Electroweak 153.6(1.0) DR,

{297
HVP (efe”, LO + NLO + NNLO)  6845(40) T~ T3 | ,_.‘:,’
HLbL (pheno + lattice + NLO) ~ 92(18) %, mrrn® | —— e
Total SM Value Section 116 591 810(43) 79/, e s _ N
Exp. (E821) - SM 279(76) e
. FNAL 0.001 165 920 71.5 (14.5) (2025) e

The table is from: L A

18 2
“The anomalous magnetic moment of the muon in the Standard Model” White Pajer,(drxiy,2505.21476)
T. Aoyamasetal., Physics Reports 887 (2020 121660+ “onference Og%‘“ﬂ“w “PRB09 112002 (2024)
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J-PARC muon g-2/EDM experiment

The only experiment

to check FNAL/BNL g-2 results Features:
Low emittance muon beam
Excellent sensitivity to muon EDM No strong focusing & good injection eff.
about 100 times better than the Compact storage ring
previous limit (sensitivity : 1.5x10-2! e
X ¢m)

Collaboration:

146 members from Canada, China,

Czech, France, India, Japan, Korea,
Netherlands, Russia, USA, UK

Non-zero EDM indicates T-violation.
(It 1s equivalent to CP-violation in CPT
theorem.)

Upper limit : d < 1.8 x 10-%¢e - cm 95%
C.L.by BNL E821.
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Muon g-2 and EDM measurements

Viomentum —

In uniform magnetic field, muon spin rotates
ahead of momentum due to g-2 # 0

general form of spin precession vector:

. . BxE ~ . F
a)z—E aﬂB—(aﬂ— 1 jﬂx +g[ﬁxB+—j
c

m y' -1 c
BNL E821 J -PARCh
approach approac
y=30 (P=3 Ge_V/c) FNAL E989 J-PARC E34 E =0 at any

—

o=—°C aﬂl§+77 ,éxl§+E c?):—e a, B+* (ﬁxB)
m 2 c m

21.08.2025 22th Lomonqsov Conference on Elementary
Particle Physics, Moscow



W i LINAC
(KEKLUARA) __ "I 181 MeV - 400 MeV
B —

B D . Rapld Cycle Synchmlron ‘

Neutrino Beam I Energy : 3 GeV
S Ropetition : 25 Hz

To Kamioka o | Design Power : 1 MW

Materialand [Uife Science!

Main Ring o
Max Energy : 30 GeV ~ g X Hadrgn
Design Power for FX : 0.75 MW 3 m

- Expected Power for SX : > 0.1 MW

21.08.2=s Particle Physics, Moscow




Proton beam 3 GeV, 1 MW
2x10% p/s, 5% interact in
graphite target — 2x10°
surface muons/s

21.08.2025

ANNRI iBIX
Accurate Neutron-Nucleus Reaction IBARAKI Biological Crystal Diffractometer
Measurement Instrument Observation of Hydragen and hydration structure of
Grasping Nuclear Reactions at a Moment macremalecules and organic compounds with high POLANO
measurement efficiency and high resolution Polarized Neutron Spectrometer

SuperHRPD
Super High Resolution Powder Neutron Optics and Fundamental Physics
Diffractometer Particle physics and cosmology with low
\ Observation of slight structure distortion energy neutrons
- with high precision

NOP

- i
- = POLANO enables polarization analysis of
- SPICA s o VVIIIN R'ONSE . ot — DNA inelastic scattering in the dynamics of
- illage of Neutron Resonance Spin Echo Biomelecular Dynamics Spectrometer multiple degrees of freedom

Special Environment Powder ~ <
Diffractometer ~ =
Real-time ebservation of structure and its
change of functional materials and
nen-equilibrium reaction in practical devices

Spectrometers
Dynamical behaviors from ps ta sub-pis

Dynamics of atoms, melecules, and spins ranged from
picoseconds Lo nanoseconds in polymers, biomatters,
magnets, and functional materials

RADEN

Energy Resolved Neutron Imaging

4SEASONS 20430 visualization of hidden siructures

o 4D-Space Access Neutron Spectrometer crystallographic, elemental and magneti
information of abjects by energy-resolve

imaging.

Observation of attice and spin dynamics in condensed
matter over a wide range of four-dimensional
momentum-energy space with high efficiency

NOBORU

NeutrOn Beam-line for Observation and
Research Use

Serving a versatile neutron field for
characterizing the neutron source as well as
for R&D on various devices, inadiation and
analysis of materials, ete

High Intensity Total Diffractometer
Investigation of origin of hydrogen-indud
physical properties by analysis of atomic
position, and hydrogen correlations, and
approgch from pair correlation in disorde
system

iMATERIA

IBARAKI Materials Design Diffractom

High efficiency and high resolution crysk
structure refinements for wide d region

Low momentum muan beam line

High-Pressure Neutron Diffractometer

Structure analysis of crystals and liquids
under high pressure

Investigation of hydrogen and water in the
deep Earth

- f
HRC -
e
High{ésnl ution Chopper Spectrometer
HRG enables us to access the wide
amentum (Q) and energy (E} for conducting
forefront researches on dynamical properties
in material with the best resolution ever!

SHARAKU

Polarized Neutron Reflectometer

Explore micrescopic structures of
surfacefinterface using spin-polarized neutrons

Muon S1 ARTEMIS

General purpose i SR spectrometer.

Muon irradiation experimag@01 Wiaterials
and L Sciegcagmmse musons 1) 3 SOFIA TAKUMI
asafive probe in the atomic scale. Soft Interface Analyzer Engineering Materials Diffractomete

Shed light on "nana-interface” structure with
reflection of neutrons stresses and microstructures

TAIKAN SENJU

Small and Wide Angle Neutron Scattering Extreme Environment Single Crystal
Instrument Neutron Diffractometer

Analyzes the structure of various materials from Determine precise positions of light aton
sub-nano to micron scale as well as complicated magnetic structur
by highly efficient measurements under
multiple extreme environments.

Solving various problems related to inter

Cold-Neutron Disk-Chopper Spectrometer
Study on dynamical properties in atomic,
molecular and magnetic systems in the energy
range from cold to sub-thermal neutron regions
with high efficlency and fine resolution

Muon D2

Muon Sp for Basic Sci

Portable apparati for variety of studies from subatomic

physics to non-destructive element analysis using

positive and/or negative muons (L, 17

Muon D1

Muon Spectrometer for Materials and Life Science ;e g
Experiments s rrarc

of near-surface/interface areas for heterostructured Muon irradiation experiments for Materials and Life
thin films, nano- and bio-materials using muen as a Sclence using positive or negative muon (Lt or ) asa

sensilive magentic probe. i sensitive probe in the atomic scale, &l—ﬁﬂ E . Eﬁj‘*ﬂ—? %J%ﬁﬁﬁ DQ

USMM Ultra-5los

Py

Muon U1A

Ultra Slow Muon Microscope Apparatus

Microscopic information on the electronic properties

22th Lomonosov Conference on Elementary Particle Physics,
Moscow



(1) Muon Beam Line

and experimental area

(2) Thermal muon

(3) Muon linac

(4) Injection

(5) Storage

(6) Detector

® Construction of facility
has been started in 2022.

® Aiming for data taking
from 2030.

21.08.2025

J-PARC MLF H-line

EDM~ 102le * cm

(5)Storage
Initial goal Final goal
g-2 ~ 0.46 ppm - 0.1 ppm

22th Lomonosov Conference on Elementary Particle Physics,
Moscow



Expected time spectrum of e in u* — e*vvm decay

Requirement for zero E-field: Muons
should be kept stored without E-focusing
Beam with ultra-small transverse dispersion,

i.e. Ap/p ~103

number of e+, p>200 MeV/c

g P, =50% N, =5.7x10"
0 10°
= 200 MeV < E_. < 275 MeV
E
8
+d.) 108
<
®
0

107

Time [us]
21.08.2025

4

5=%la“§+

Up-down asymmetry

-0.02
-0.04

—0.06

2 (Fx5))

\ Up-down asymmetry

107

o
T T

- P.=50% N,.=57x10"
~ 200 MeV < E,. < 275 MeV
L d, =1 x10%° ecm

L | 11 1 I 11 1 1 1 11 1 | L1 1 11 | | 111 I 11 1 1
0 02 04 06 08 1 12 14 16 18 2
Time (modulo T ) [us]
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Comparison of experiments

22th Lomonosov Conference on Elementary
Particle Physics, Moscow
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Muon source . ,
Muonium source: laser

§ oo | ablated silica ger@ogel
/ASs3sstss
stop ’ 12200 b &S
O @J\/\Aq@ ................ >® (Lyman-c) o ol 5
u+ beam e Muonium | M ~ at-rest t_extljacted 1S | 13.6 eV c .
(surface muon) 9-: ~25meV by electric field W o s 500 pm pItCh surface dlp
~ 4 MeV ‘g @ 300K — well-focused & none-
— 7 di ive beam b
L e Thermal muons has been successfully observed
A e Mltiein SeulEe with real muon source chamber (Mar. 2024).
“plate(MCP) chamber
J' ~mcsahhermal [t =
| B —_— e e 35
o =
S0E- : :
3 25 Penetrate p*: USM
2 fg = (degraded) signals
I.E 10 E_ : : :
SE- : L] s
;I'II'I n i n.nnn nnrll_iJ'IITII'I i I'Il'lil'rll
400 3000 3500 4000
Time of flight [ns]
22th Lomonosov Conference on Elementary Particle Physics, 1
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* Thermal muons are reaccelerated up to p=300 MeV/c by muon LINAC.

= — Fast acceleration to avoid muon decay loss, No emittance growth.

= Different types of acceleration cavity to realize fast re-acceleration through wide 3
region.

thermalnuons — RFQ IH-DTL DAW-CCL DLS

mﬁmznq Quadrupaole) {intardigital H-mode deilt tube linas) (Disk and Washer CCL) INisk Loaded TW structure)
z 1296
A

- wf | ®
212 MeV
: _ : . : 0.9
P =32m 0% 1 Am__ %7 16 m 4modues) 71 ! 10 m @ structure) o'
Ready Ready: Acceleration Ready for production Ready for production except
test in 2026/2027 except for bridge coupler  for pulse compressor

22th Lomonosov Conference on Elementary Particle Physics,
Moscow
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oa lens Deflectors RFQ
1973 mm

Acc. u

er (0-100 keV)
Y
s REFQ Oni/ On-Resonance
ar EE RFQ On/ Off-Resonance
] = - = RFQ Off/ On-Resonance
Acceleration of thermal muon to 90 keV 2 3F ]
was demonstrated using prototype RFQ 3
. = |
in Apr. 2024. =
Phys. Rev. Lett. 134, 245001 T {’
Acceleration up to 4 MeV 1s in planned o ' | . ju
0 500 1000 1500 2000 2500 3000
for 2026. Time [ns]
22th Lomonosov Conference on Elementary Particle Physics, 13
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Muon storage magnet and detector

Table 1.2: Specification of the storage field.

specifications
80 e AR
%
= Gnud fleld reglﬁfr’fi?@\k( field strength 3T
‘ _hﬁ,fg_ kk kai field uniformity  locally < 1 ppm
Ko :;_‘; i integral < 0.1 ppm
uniform region radius 33.3+ 1.5 cm

height + 5.0 cm

% B=3T,d=66cm

A ofine @High uniformity of the magnetic
* wm field is achieved by shimming.

® Local uniformity of 1 ppm was
demonstrated with the magnet

used in the MuSEUM experiment.

200 310 330

22th Lomonosov Conference on Elementary Particle Physics,

Moscow 14
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Muon beam injection and storage

For injection of muon beam into compact

storage ring,3D-spiral injection scheme has 3D spiral injection + kicker
been invented. (J-PARC E34)
Demonstration of the 3D-spiral injection

schemeis ongoing with electron beam.

First signal from stored electron beam

' full . v ..
1SSUCCESSILLY observed Injection efficiency : ~85%

H. linuma et al., Nucl. Instr.
th;:j;;:ri:;;;e “"ﬁ And MethOdS. A 832, 51
/4t|p(pure1ron) (201 6)

Return yoke u

(pure iron,
cylindrical sha

Main coil

21.08.2025 15



Positron tracking detector Event display with 25 muons
Positron tracks are measured by Silicon-strip detector.Positrons with a
momentum of 100-300 MeV/c

High hit rate capability (6 tracks/ns)and stability over early to late rate
changes (1.4 MHz — 10 kHz)

Design optimized for pulsed beam.

> g 4 Quarter vane module
A ° e o =
Reconstruction efficiency
> -
o b+ H O | =eoo0etackshs | | |
ﬂ? ?.'.1.- E - } E i —=— 0.6 tracks/ns *ﬁt”*w
E = ey v o | | —*— 6 tracks/ns
EVR= = i N
A J = < | Simulation . M
S osl-
oY c re-
w S T o
B O o4l -
N E < - 9 e used for
< = = 0-2__ . o g-2 analysis
208 mm B s shiagl P *
O_A llllllll l-I-L‘m I 11 m"l 1 | - I | I 1 1 IAIIJ 11
0 50 100 150 200 250 300 350
Positron energy [MeV]
21.08.2025 22th Lomonosov Conference on Elementary Particle Physics, 16
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Positron tracking detector . .
Silicon-strip sensor

Vanes: 48 p+-on-n, single-sided Made by Hamamatsu

Sensor Area : 8.46 m? Thickness: 320 p Photonics K.K., S$13804

Strips : 811k strips Bias Register: 10 MQ (avg.) Strip pitch : 190 um

Maximum Rate : 1.2 GHz AC coupling: 100 pF Mass-production :
ongoing

Prototype module “quarter-vane” is
assembled.

@®\Various operation test are also
performed using the prototype

module.
Readout ASIC (SIiT)

Silterral80-nm CMOS process
Binary output with sampling interval of 5 ns
Mass-production and QA : done

21.08.2025
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Magnet shimming test

Superconducting magnet (1.7 T)
b N " -

- r

e BTy

e

=

4 shim tray

Plots by K. Sasaki

Before shimming o 400_ppm

200

600

! 77 -
B{WT) 281 euizis b
; o 7 -800
00 . am -600 ppm
-1000
\
: u:’ée’
axigl .
posft]On (m ) Jal\({\\)
s 0.4 ppm

. Loyt
o o AR
03 L7 A """Wé\vd‘\‘ﬁ e
B(WT), ¢ A RS SN S S
04 | oy s/ '
e W iy 0.8 -0-5 ppm

Field uniformity: 0.454 ppm (peak—-to—peak)

on the surface of sphere r=15 cm
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Expected uncertainties

21.08.2025

Total number of muons in the storage magnet: 5.2x1012

Total number of positrons:
Effective analyzing power:
Statistical uncertainty on wa [ppb]:
Statistical uncertainty on wp [ppb]:
Uuncertainties on au [ppDb]

Uncertainties on EDM [10-%7e-cm]

0.57x1012
0.42

450

100

460 (stat.)
<70 (syst.)
1.4 (stat.)
0.36 (syst.)

19



Proposed experimental site (H-line)
Material and Life science Facility in J-PARC

= BT
< )
e :
- L
F‘; }' E; , _ 1 = New Electric
& Power substation
: |
=, ]
= | —— 1 L
L *3
4
| _
ool 7 = If
m
pr
S~
targe
/ =
‘ ratlat f
== :
S
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Schedule and milestones

21.08.2025

JFY | 2024 2025 2026 2027 2028 2029 2030
KEK
Budget
Surface * Beam at HZ area
muon bo
c
Bld_g_' and Design refinement complete # * =
facility (T
. . e
Muon * lonization test at H2 L
source * o
LINAC v 100keV acceleration@52 4.3 MeV@ H2 * (-
0.3 MeV@ H2 * #* Design revision complete * 025
Injection and v Completion of % specifications identified * oo
storage electron injection test * kicker ready * .E
c
Storage #* Construction start L 9
magnet * $
Detector pre-mass production % Mass production % - 'é
Assembly completion % E
DAQ and * small DAQ system operation test * Ready (@)
computing * common computing resource usage start O
Analysis VBO effects % * Track reconstruction improvements
Track based alignment * * Analysis software ready

Moscow

22th Lomonosov Conference on Elementary Particle Physics,
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Towards higher sensitivities

—e— [e+e-] WP2020 (average)
—O0— [Lattice] BMW(2020)
—e—i [e+e-] SND (2021)
—e— [e+e-] CMD-3 {2023)
—— [Lattice] Mainz({2024)
. O i [Lattice] RBC/UKQCD(2024
—C— [Lattice] WP2025(average)
—a— BNL(2006)
—a— FNAL(2021)
= FNAL(2023)
HIH FNAL(2025)
H World Average
------ & J-PARC (projection)
H systematic uncertainties
1 | 1 | | 1 1 | | | | | | I | 1
18 20 22 24 26
9
a, x 10" - 1165900
J-PARC 450 ppb 70 ppb
21.08.2025

with 300 MeV/c g \ — pol = 50%
3T R L1 pol = 90%
g F
g 400 SRR R it R R EEE
350 E._ ................................................................
300 E,_ ........................................................... e o
25,0E .................................... SenSItiVity at
N 600 MeV/c
200 ;... \\ ...............................
World average 1505_ ...... \\ ..... S L N Y A W S
95% FNAL) 124 ppb E
( ) op O AR SRR S UL SN Statistical
B L | e L L LR !
- uncertainty only
0 - 70 ppb systematic
S - -{ uncertainty not
:I L 11 I Ll 1l I 1111 I 1111 I L1l II 111 II Ll I L1l I L1l I L1l InCIUdEd

800 350 400 450 500 550 600 650 700 750
momentum (MeV)

Higher polarization (P)
Higher energy (E)
Stronger magnetic field (B)
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Summary

* E34 project at J-PARC is intended to measure the muon (g-2) and EDM by a method that is
completely different from previous experiments

 Re-accelerated thermal muon beam with no strong focusing.

* Compact MRI-type storage ring with a good injection efficiency and high uniformity
of local B-field.

* Full-tracking detector with large acceptance
* Development of all components of E34 project is ongoing.
* First Muon acceleration test has been successfully done
* Next task in coming years is the construction of muon beamline (H-line)
* First beam to H2 was delivered and acceleration up to 4 MeV is in preparation.

 Expecting data taking from FY2030. Intending to reach the BNL precision in ~2 year
running.

*  The monochromatic low-emittance polarized muon beam can be used in other applications
and studies like uSR and development of the pe and p p collider.

22th Lomonosov Conference on Elementary Particle Physics,

21.08.2025 Moscow
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Back up

21.08.2025 22th Lomonosov Conference on Elementary Particle Physics, Moscow
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Experimental sequence

) 40ms (25 Hz) X
Surface W
muon beam =
128 MeV/c) - NS

laser ionization

Mu
Thermal
muonium ~Tps =\
(3keV/c) N

+
U ~1ns
Ultra-slow muon -~ -~
(3keV/c) R \C
M ~3ns

Acceleration + injection _:' '_ =
(300 MeV/c) 40 s -
Storage and detection m -~
(300 MeV/q) e \w
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Transverse phase-space distribution of the beam was measured
by “Q-scan”. Strength of quadrupole field (=focal length) v.s.

beam spot sizes
Normalized emittance was reduced with more than two order.

50

40

30

20

rms, squared [mm?)

10

01\

before cooling
€x =170 7 mm mrad
x 1/200

of

0.2

P
0.4

guadrupole current [, [A]

P
0.6

P IR
0.8

after cooling + acceleration
£x = 0.85 £0.25'%22_¢ 13 ™ mm mrad
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rms, squared [mn"]

50f
40f
302
20f

10F

L o b b by by 1y
-1 -0.9 -08 07 -0.6 -0.5
quadrupole current [, [A]

before cooling
gy = 130 T mm mrad

x 1/400

after cooling + acceleration
gy = 0.23 £0.03*9%_5 02 1 mm mrad
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