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Table 1. Comparison of BNL-E821, FNAL-E989, and our experiment.

BNL-E821 Fermilab-E989 Our experiment

Muon momentum 3.09 GeV/c 300 MeV/c
Lorentz γ 29.3 3
Polarization 100% 50%
Storage field B = 1.45 T B = 3.0 T
Focusing field Electric quadrupole Very weak magnetic
Cyclotron period 149 ns 7.4 ns
Spin precession period 4.37 µs 2.11 µs
Number of detected e+ 5.0×109 1.6×1011 5.7 × 1011

Number of detected e− 3.6×109 – –
aµ precision (stat.) 460 ppb 100 ppb 450 ppb

(syst.) 280 ppb 100 ppb <70 ppb
EDM precision (stat.) 0.2 × 10−19 e · cm – 1.5 × 10−21 e · cm

(syst.) 0.9 × 10−19 e · cm – 0.36 × 10−21 e · cm

2. Overview of the experiment
The experiment measures aµ and η. They are defined by the relations

aµ = g − 2
2

with #µµ = g
( e

2m

)
#s, #dµ = η

( e
2mc

)
#s, (4)

where e, m, and #s are the electric charge, mass, and spin vector of the muon, respectively. Here, g is
the Landé g-factor and η is a corresponding factor for the EDM. The experiment stores spin-polarized
µ+ in a magnet and the muons orbit in the uniform magnetic field. The spin of the muon precesses
in the magnetic field. With the non-zero and positive value for g − 2, the muon spin direction rotates
faster than the momentum.

The spin precession vector with respect to its momentum in a static magnetic field #B and electric
field #E is given as [16–21]

#ω = #ωa + #ωη (5)

= − e
m

[

aµ#B −
(

aµ − 1
γ 2 − 1

) #β × #E
c

+ η

2

(
#β × #B +

#E
c

)]

. (6)

Here #ωa and #ωη are precession vectors due to g − 2 and EDM. #β and γ are the velocity and Lorentz
factor of the muon, respectively.

In the previous g − 2 measurements, the energy of the muon was chosen to cancel the term of
#β × #E, which allowed for electrostatic focusing in the storage ring without affecting the muon spin
precession to first order. A focusing field index of n = 0.12–0.14 was used, which was necessary
to contain the muons captured from pion decay. In this proposed experiment, we greatly reduce the
focusing requirement in the storage ring by using a reaccelerated thermal muon beam with a factor
of 1000 smaller beam emittance. Very weak magnetic focusing with a field index of n ∼ 10−4 is
enough to store the muon beam, using no electric field for focusing. Under this condition, Eq. (6)
reduces to

#ω = − e
m

[
aµ#B + η

2

(
#β × #B

)]
. (7)
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• Muon storage in a uniform magnetic field 
− Horizontal “beat” frequency (aμ), 
− Vertical oscillation amplitude (dμ), 
− Using decay positron tracking and B-field meas.

In a uniform B field (top 
view in lab. frame)

cyclotron 
motion (ωc), 

spin 
precession (ωs)

ωa (= ωs ‒ ωc) ωη

PTEP 2019, 053C02 M. Abe et al.

Table 4. Breakdown of estimated efficiency.

Subsystem Efficiency Subsystem Efficiency

H-line acceptance and transmission 0.16 DAW decay 0.96
Mu emission 0.0034 DLS transmission 1.00
Laser ionization 0.73 DLS decay 0.99
Metal mesh 0.78 Injection transmission 0.85
Initial acceleration transmission and decay 0.72 Injection decay 0.99
RFQ transmission 0.95 Kicker decay 0.93
RFQ decay 0.81 e+ energy window 0.12
IH transmission 0.99 Detector acceptance of e+ 1.00
IH decay 0.99 Reconstruction efficiency 0.90
DAW transmission 1.00

data on surface muon yield at the existing beamline and measurements of the muonium space-time
distribution [30], respectively. The total efficiency is 1.3 × 10−5 per initial muon at production. At a
proton beam power of 1 MW, the expected number of positrons is 5.7 × 1011 for 2.2 × 107 seconds
of data taking.

9. Extraction of aµ and EDM
The values of ωa and η are obtained from the muon decay time distribution. The muon decay time is
reconstructed from the positron track as described in Sect. 7. A simulated time spectrum for detected
positrons in the energy range between 200 MeV and 275 MeV is shown in Fig. 14 (left). The
anomalous precession frequency ωa is extracted by fitting to the data. Alternatively, one can make
a ratio of data taken with opposite initial spin orientations. This will be useful to study early-to-late
changes in the detector performance.

The value of ωp, from which we determine the average magnetic field seen by the muons in the
storage ring, is measured by independent measurements of the magnetic field map in the storage
ring provided from the proton NMR data and the muon beam distribution deduced from tracing back
the positron track to the muon beam. A blind analysis will be done as was done in the previous
BNL experiment, separating the results for magnetic field and spin precession until all systematic
uncertainties are finalized.

Fig. 14. Simulated time distribution of reconstructed positrons (left) and the up–down asymmetry as a function
of time modulo of the g − 2 period (right). The solid curve is the fit to simulated data.
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φ66 cm
B= 3 T − Existing MRI technology with  

an excellent local uniformity, 
−High injection efficiency, 
− Full-tracking capability with 

large acceptance, 
− aμ and dμ simultaneous meas.

φ14 m

B= 1.5 T

• Small-emittance muon beam• Conventional muon beam
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BNL/Fermilab experiments J-PARC experiment

→ Strong E-focusing & “magic γ” → Weak B-focusing & any γ

→ Large storage ring → Compact storage magnet

The 6th KMI International Symposium (KMI2025), 
KMI, Nagoya University2025/3/5



J-PARC Muon g-2/EDM Experiment

25 meV

Constructed in 2021

4 MeV

Muon beam

210 MeV

µ+(4 MeV)

J-PARC MLF

Excellent sensitivity to muon EDM about 100 times better than the 
previous limit (sensitivity : 1.5 E-21 ecm )

Prog. Theor. Exp. Phys. 2019, 053C02

Features:
• Low emittance muon beam (1/1000)
• No strong focusing (1/1000) & good injection eff. (x10)
• Compact storage ring (1/20) 

SM theory prediction is work in progress, and the only experiment to check 
FNAL/BNL g-2 results. à Importance of our experiment remains unchanged.

H-line Experimental Building 
(To be constructed)H2 area

MLF H-line

25 meV
4 MeV

 ωs
 ωc

B-field

6

J-PARC muon g-2/EDM experiment

8

The 6th KMI International Symposium (KMI2025), 
KMI, Nagoya University2025/3/5

Aims to launch the 
experiment in JFY2030.



Experimental Area (H-line)

J-PARC PN PAC39 102025/Jan/09

H1 area
MuSEUM
DeeMe

S2 area

Laser
room

H2 area
Ultra slow μ 
production
Reacceleration 
up to 4 MeV

H-line

Future extension to accelerate up to 212 MeV
For muon g-2/EDM and transmission muon microscope

As of 10 Dec. 2024

Platform 
for RF 
power 

supplies
+

Laser room

Dec. 2024

100ns 
(FWHM)

Muon beam line & experimental area
•MLF H2 area 
−Double-pulsed surface muons (25 Hz), 
−Design intensity: ~108 μ+/s.

7The 6th KMI International Symposium (KMI2025), 
KMI, Nagoya University2025/3/5

Future extension to accelerate up to 212 MeV.

Mu 1S-2S spectroscopy 
g-2/EDM R&D

To be in operation 
in JFY2025.



• Generation of the “ultra-slow muons” (USMs) 
−Cooling the surface muons to the thermal energy at room temperature, 
−Using thermal muonium (μ+e-, Mu) and laser-resonant ionization.

Ultra-slow muons (USMs)

To linac

Extraction electrodes 
(“Soa lens”)Ionization laser

Cooling: ultra-slow muon source

PTEP 2013, 103C01; 
PTEP 2014, 091C01; 
PTEP 2020, 123C01. Laser-ablated silica aerogel

Silica aerogel target production: laser ablation update

Progressing on laser ablation technique on silica aerogel (by S. Kamal, UBC)
Successfully reduced warp by simultaneous ablation on both faces

New: Shorten ablation time (15 hours -> 8 hours) 
making 54,000 holes on 80 mm diameter surface
by using continuous rather than stop-and-go ablation

New: Production of narrow width aerogel for double layer target

80 mm

laser cut to exact dimension
80 long x 10,14,25 width x 8.5 thick

Silica aerogel target production: laser ablation update

Progressing on laser ablation technique on silica aerogel (by S. Kamal, UBC)
Successfully reduced warp by simultaneous ablation on both faces

New: Shorten ablation time (15 hours -> 8 hours) 
making 54,000 holes on 80 mm diameter surface
by using continuous rather than stop-and-go ablation

New: Production of narrow width aerogel for double layer target

80 mm

laser cut to exact dimension
80 long x 10,14,25 width x 8.5 thick
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4 MeV μ+

Ultra-slow μ+ 
(USM)

Micro-channel 
plate (MCP)

Muon source 
chamber

time (ns): cpk_r1176
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USM 
signals

Penetrate μ+  
(degraded)

USM generation in Mu 1S-2S laser spectroscopy

μ+ + e-

Mu 1S

Mu 2S

244 nm 
pulse

Ionization 
laser

• Successfully generated the USMs. 
- Ready to use for the acceleration. 

• Further developments for stable 
operation and higher yield.

The 6th KMI International Symposium (KMI2025), 
KMI, Nagoya University2025/3/5

Developed by 
Okayama Univ.



Introduction
Jun. 3, 2021, Yusuke Takeuchi, The 22nd muon g-2/EDM collaboration meeting | DAW                                                2

Tank (11 cells) × 14

Q doublet × 13
(4.5βλ)

16.15 m

DAW parameters

Frequency [MHz] 1296

Length [m] 16.15

Input energy [MeV] 4.26

Output energy [MeV] 41.4

Gradient [MV/m] 5.6

# of tanks 14

Power [MW] 4.5

Covers the widest velocity region in muon linear accelerators

DAW tank (11 cells)

co-axial 
bridge
coupler

Q-doublet

E = 5.6 keV                   0.34 MeV              4.3 MeV                              40 MeV                                     212 MeV

Soa

β = 0.01                        0.08                        0.3                                       0.7                                              0.94

High-βMid-βLow-β

Muon linac ~40 m

3.2 m 1.4 m 16 m (15 modules) 10 m (4 structures)

ε 
[π

 m
m

 m
ra

d]

Simulation
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Acceleration: muon linac
• Acceleration of the USMs suppressing the emittance growth 
−4-stage linac, from the p-like acceleration to the e-like one. 
−Leading to the small-emittance muon beam.

Ready for acceleration

Cavity is ready 
for acceleration.

DAW-tank and DLS-cell 
prototypes were tested. 
→ Production.

Designing and prototyping of 
remaining components are on-going.The 6th KMI International Symposium (KMI2025), 

KMI, Nagoya University2025/3/5

See A. Kondo’s poster.



−MRI-type superconducting 
solenoid (B= 3 T), 
−Local B-field uniformity < 0.1 ppm, 
−Weak B-focusing: n-index∼ 

(1.5±0.5)x10-4. 
−Developments of the shimming 

technique and field monitoring 
system are in progress.

23Injection and storage

Very preliminary

Upper monitor

Lower monitor

First ever observation of 297 keV/c electron  beam storage !
More data is being taken for quantitative understanding.

Upper monitor (w/out kick)

Storage monitor (w/ kick)

Lower monitor (w/ kick)

Storage
monitor PM

T 
Si

gn
al

  (
V)

H. Iinuma et al., PASJ2022 FROB05 

− To inject into the small 
orbit with high efficiency. 

− Extensive studies are on-
going for 
‣ Injection parameters, 

‣ Kicker bench tests.

NIM A832 (2016), 51-62.

J-PARC PN PAC38

Storage Magnet

252024/Jul/31

• A compact MRI-type 
superconducting solenoid magnet 
is used to store a muon beam.     
(B = 3 T, φ = 66 cm)

• Local uniformity of 1 ppm was 
already confirmed with the magnet 
used in the MuSEUM experiment.

66 cm

2.9 m

M. Abe et. Al., Nuclear Inst. and Methods in Physics Research A890, 51 (2018)

25 ppb/line

Good field region

100 m
m

30 
mm

• Shim pockets design is being optimized 
using recently proposed new method.

• Field calculation w/ two methods in 
injection region is being compared. 
(IPNS review comment.)

• Muon storage 
chamber: vacuum 
test of candidate 
material meet the 
requirement.

Ceramic cylinder

B= 3 T

m

10

Storage: magnet & injection scheme
• A compact storage magnet • 3D spiral injection with vertical kicks

− The injection scheme has been successfully 
demonstrated using e- beam (80 keV).

The 6th KMI International Symposium (KMI2025), 
KMI, Nagoya University2025/3/5



1.4 MHz

14 kHz

11

Storage: positron tracking detector
• Radially arranged silicon strip sensors

−Most of the components are in or 
completed the mass production. 
−Quarter vane prototypes are being tested 

under the experimental conditions. 
‣Static B-field, pulsed kicker B-field, cooling test.

−Reconstruct the e+ momentum vector 
from tracking.

−Performance stability over the rate 
change is required.

Positron Tracking Detector

Static magnetic field

Kicker magnetic field

Cooling test (in preparation)

66 cm

Quarter vane module

4 sensors
32 ASICs

208 mm

49
0.

5 
m

m

• Positron tracking detector using silicon strip sensor is 
being developed.

• Most of components are in or completed mass production.
• Quarter vane prototype is assembled and currently being 

tested in the various conditions.

2024/Jul/31 J-PARC PN PAC38 2640 vanes

The 6th KMI International Symposium (KMI2025), 
KMI, Nagoya University2025/3/5



Stat. Syst.

δaμ [ppb] 450 < 70

δEDM 
[10-21 e・cm]

1.5 0.36

• ~2-year running will reach the 
BNL precision of aμ assuming 
− 2.2x107 s data taking time, 
− 1 MW proton beam, 
‣5.7x1011 e+’s for analysis, 

− 50% μ+-polarization.

M
uo

n 
ef

fic
ie

nc
y 

[a
.u

.]

0

0.25

0.5

0.75

1
Su

rfa
ce

 μ
+

Tr
an

sp
or

t

Th
er

m
al

 M
u

Th
er

m
al

 μ
+

M
es

h 
el

ec
.

So
a 

le
ns

R
FQ

IH
-D

TL

D
AW

-C
C

L

D
LS

In
je

ct
io

n

Ki
ck

er

E(
e+

) w
in

.

D
et

. a
cc

.

R
ec

on
.

Transmission + decay loss
Transmision only
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Simulation

Expected uncertainties

Expected sensitivities
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•Overall μ+ efficiency: 1.3x10-5.

Systematic uncertainties will be much smaller than the statistical ones.
The 6th KMI International Symposium (KMI2025), 

KMI, Nagoya University2025/3/5
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The ultra-slow muons were accelerated to 5.7 keV and
focused at the entrance of the RFQ by an electrostatic
lens system, a Soa lens [23]. The extraction energy and
focal length were determined to match the acceptance of
the following acceleration using the musrSim [24], which
is based on Geant4. Three pairs of Helmholtz coils were
introduced to compensate for the ambient magnetic field
around the muonium target in three directions. Four sets
of electrostatic deflectors were used to correct the muon
trajectory deflected by the ambient magnetic field. 20%
of the muons were lost by the muon decay during the
transport based on a simulation.
The intensity of the 5.7 keV muon before the rf-

acceleration was (4.0 ± 0.4) × 10−3 µ+/pulse. For this
measurement, a slow muon beam line (SMBL) [14] was
installed after the Soa lens instead of the deflector
and downstream components. The laser frequency was
scanned and tuned to excite the 1S-2S transition of muo-
nium in the F = 1 state. The laser irradiation timing
was also scanned to maximize the intensity of the muon
signal and fixed to 1.25 µs after the arrival time of the
surface muons to the target.
A prototype RFQ of the J-PARC linac [25] was used

for the acceleration of the ultra-slow muon. The RFQ
was designed to accelerate negative hydrogen ions up to
0.8 MeV. This RFQ also accelerated negative muonium
atoms up to 89 keV [26, 27]. The forward rf frequency,
peak power, and pulse width were set to 324.03 MHz,
2.6 kW, and 40 µs, respectively. For the beam dynamics
simulation of the RFQ, PARMTEQM [28] was used. The
transmittance of the RFQ was 81% based on a simula-
tion, mostly due to decay losses.
The beam properties of accelerated muons were mea-

sured using a beam diagnostics line after the RFQ [29].
The beam was transferred using two quadrupole magnets
(QM1 and QM2) with field gradients of 2.25× Ii [T/m],
where Ii=1,2 [A] is the current supplied to each QM.
The charge and momentum of the particle were se-
lected using a horizontal bending magnet (BM). The
beam transportation was simulated using General Par-
ticle Tracer [30]. The beam loss due to the muon decay
was 3%.
A single-anode microchannel plate (MCP) located at

the downstream end of the beam diagnostics line was
used to measure the arrival time of the particles. The ef-
fective area of the MCP corresponded to a circle 42 mm
in diameter, with an aperture ratio of 60%. The output
signal of the MCP was digitized with a 250 MS/s wave-
form digitizer. For the profile measurement of muons, an
MCP-based beam profile monitor (BPM) was used [31].
The effective area of the BPM was 40 mm in diameter.
The exposure time of the profile monitor was 500 ns for
each muon pulse.
Figure 2 shows the time distributions of the MCP

pulses where the time origin is the arrival of the sur-
face muon at the muonium target. A clear peak was

FIG. 2. The TOF distributions of the MCP signal pulse
under three conditions: without rf power, with rf power on
but the laser frequency tuned to the off-resonance, and with rf
power and the laser on-resonance. The clear peak at 2280 ns
corresponds to the accelerated muon, while the peak at 275 ns
corresponds to the surface muon penetrating the aerogel tar-
get. The vertical dashed lines, from left to right, represent the
time for the surface muon arriving at the aerogel target, the
expected time for the muon penetrating the target to arrive
at the MCP, the laser irradiation time, and the expected time
for the accelerated muon to arrive at the MCP.

observed at 2280 ns when both the rf power was turned
on, and the laser frequency was tuned to the resonance
of the 1S-2S transition, corresponding to the accelerated
muons. The time of flight (TOF), defined as the time dif-
ference between the laser irradiation and the muon arrival
at the MCP, was 1032 ± 4 ± 18 ns, where the first un-
certainty was statistical and the second was systematic,
mainly coming from the uncertainty of the laser irradia-
tion time. The TOF agrees with the simulated value of
1009± 5 ns, where the uncertainty came from the muon
transportation inside the Soa lens. The muon intensity
was 2 × 10−3 µ+/pulse during this measurement, with
10% – 40% smaller pulse energy of the laser compared to
the pulse energy during the measurement of the 5.7 keV
muon intensity.
The measurement of εnorm,rms for the accelerated

muon beam was conducted using the quadrupole scan
method [32]. The rms beam sizes of the muon beam
after the BM were measured for different quadrupole
strengths of QM2. Figure 3 shows an example of the
measured muon beam profile when I1 = 0.9 A and
I2 = −0.75 A, measured during the quadrupole scan for
εnorm,rms in the vertical plane. The rms of the beam pro-
file along the horizontal (x) and vertical (y) axis were
calculated from the signal distribution. The signal-to-
noise ratio, approximately 50 based on the measurements
taken under the laser off-resonance condition, was ac-
counted for in the rms calculation. In the case of the
profile shown in Fig. 3, the rms beam size along the y-axis
was 0.87± 0.05+0.06

−0.10 mm, where the first uncertainty was
statistical and second systematic. The systematic uncer-
tainty, originating from the uncertainty in the number of

Accelerated μ+

Penetrate μ+

MLF S2 area (April 2024)
USM source 

chamber

Surface μ+

Ionization laser 
(λ: 244 nm)

Ultra-slow μ+

4 MeV30 meV5.7 keV

Muon Cooling

RFQ

Diagnostic beam line 
(Quad. and bending magnets)

Accelerated μ+

MCP 
(Not shown)

5.7 keV100 keV

Muon acceleration
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• Muon RF-acceleration 
− For the first time in the world, 
− From 5.7 keV to 100 keV.

Achievement in JFY2024

4
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FIG. 3. Beam profile measured using a beam profile monitor
at the end of the diagnostics line. The circle drawn with
a dashed line is the BPM’s sensitive area, φ40 mm. The
current of the quadrupole magnets were I1 = 0.90 A and
I2 = −0.75 A.

background events, was evaluated using a Monte Carlo
simulation.

Figure 4 shows the results of the quadruple scan. The
normalized rms emittance, εnorm,rms, was estimated by
fitting them using the transfer matrix, which included
QM1, QM2, BM, and the drift space. Data points corre-
sponding to beam sizes larger than 5 mm were excluded
from the fit, as larger beam sizes could introduce bias
in the rms calculation due to detector size limitations.
The momentum spread of the muon beam, evaluated to
be dp/p = (1.10+0.02

−0.11) × 10−2 from PARMTEQM, was
included in the fitting function to account for the dis-
persion. The uncertainty of the momentum spread orig-
inated from the rf-power evaluation.

Systematic uncertainties on εnorm,rms are shown in Ta-
ble I. The uncertainty from the momentum spread was
assessed by varying its value in the fitting function. The
uncertainty from beam loss in the diagnostic line was
evaluated through a simulation.

Finally, the measured εnorm,rms of the accelerated
muon beam in the horizontal and vertical planes
were (0.85 ± 0.25+0.22

−0.13) π mm·mrad and (0.32 ±

0.03+0.05
−0.02) π mm·mrad, respectively. The simulated

εnorm,rms in the horizontal and vertical plane were (0.27±
0.04) π mm·mrad and (0.154±0.008) π mm·mrad, respec-
tively. The origin of the discrepancies between measured
and simulated emittance was inferred as an unaccounted-
for mismatch factor in the simulation.

In summary, muons were cooled and accelerated by an
rf accelerator for the first time. The ultra-slow muons
were generated by the resonant multi-photon ionization
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FIG. 4. Top: The result of the quadrupole scan measurement
along the horizontal direction. Black circles show the square
of the rms beam size of muon beam. The vertical error bars
show total uncertainty, with the horizontal lines indicating
the statistical uncertainty. The red solid line shows the fitting
result using a transfer function for the region where rmsx <
5 mm, while the red dashed line represents the extrapolation
of the fitting result to the entire range. Bottom: The result
of the quadrupole scan measurement in the vertical plane.

TABLE I. Systematic uncertainties on εnorm,rms.

Source
Contribution [π mm·mrad]
Horizontal Vertical

Rms beam size ±0.13 ±0.02
Momentum spread +0.12

−0.02 –
Beam loss +0.14 +0.05

Total +0.22
−0.13

+0.05
−0.02

of muonium atoms emitted from a laser-ablated aerogel
target using an all-solid-state laser at 244 nm, and accel-
erated to 100 keV. Compared to the initial normalized
transverse rms emittance of the surface muon beam, the
amounts of the phase-space reductions were by a factor
of 2.0×102 (horizontal) and 4.1×102 (vertical), showing
the realization of a low emittance muon beam accelerated
by an rf-cavity.

The results presented in this paper show the phase
space reduction of a muon beam by more than two or-
ders of magnitude. This enables broad applications of an
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FIG. 3. Beam profile measured using a beam profile monitor
at the end of the diagnostics line. The circle drawn with
a dashed line is the BPM’s sensitive area, φ40 mm. The
current of the quadrupole magnets were I1 = 0.90 A and
I2 = −0.75 A.

background events, was evaluated using a Monte Carlo
simulation.

Figure 4 shows the results of the quadruple scan. The
normalized rms emittance, εnorm,rms, was estimated by
fitting them using the transfer matrix, which included
QM1, QM2, BM, and the drift space. Data points corre-
sponding to beam sizes larger than 5 mm were excluded
from the fit, as larger beam sizes could introduce bias
in the rms calculation due to detector size limitations.
The momentum spread of the muon beam, evaluated to
be dp/p = (1.10+0.02

−0.11) × 10−2 from PARMTEQM, was
included in the fitting function to account for the dis-
persion. The uncertainty of the momentum spread orig-
inated from the rf-power evaluation.

Systematic uncertainties on εnorm,rms are shown in Ta-
ble I. The uncertainty from the momentum spread was
assessed by varying its value in the fitting function. The
uncertainty from beam loss in the diagnostic line was
evaluated through a simulation.

Finally, the measured εnorm,rms of the accelerated
muon beam in the horizontal and vertical planes
were (0.85 ± 0.25+0.22

−0.13) π mm·mrad and (0.32 ±

0.03+0.05
−0.02) π mm·mrad, respectively. The simulated

εnorm,rms in the horizontal and vertical plane were (0.27±
0.04) π mm·mrad and (0.154±0.008) π mm·mrad, respec-
tively. The origin of the discrepancies between measured
and simulated emittance was inferred as an unaccounted-
for mismatch factor in the simulation.

In summary, muons were cooled and accelerated by an
rf accelerator for the first time. The ultra-slow muons
were generated by the resonant multi-photon ionization
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FIG. 4. Top: The result of the quadrupole scan measurement
along the horizontal direction. Black circles show the square
of the rms beam size of muon beam. The vertical error bars
show total uncertainty, with the horizontal lines indicating
the statistical uncertainty. The red solid line shows the fitting
result using a transfer function for the region where rmsx <
5 mm, while the red dashed line represents the extrapolation
of the fitting result to the entire range. Bottom: The result
of the quadrupole scan measurement in the vertical plane.

TABLE I. Systematic uncertainties on εnorm,rms.

Source
Contribution [π mm·mrad]
Horizontal Vertical

Rms beam size ±0.13 ±0.02
Momentum spread +0.12

−0.02 –
Beam loss +0.14 +0.05

Total +0.22
−0.13

+0.05
−0.02

of muonium atoms emitted from a laser-ablated aerogel
target using an all-solid-state laser at 244 nm, and accel-
erated to 100 keV. Compared to the initial normalized
transverse rms emittance of the surface muon beam, the
amounts of the phase-space reductions were by a factor
of 2.0×102 (horizontal) and 4.1×102 (vertical), showing
the realization of a low emittance muon beam accelerated
by an rf-cavity.

The results presented in this paper show the phase
space reduction of a muon beam by more than two or-
ders of magnitude. This enables broad applications of an

εx [π mm・mrad] 
      = 0.85 ± 0.25 (stat.) +0.22-0.13 (syst.)  

εy [π mm・mrad] 
      = 0.32 ± 0.03 (stat.) +0.05-0.02 (syst.)  

Transverse emittance (ε) measurements with “Q-scan” method

arXiv: 2410.11367
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Time-of-flight at MCP

 was 170 (before cooling, simulason).  was 130 (before cooling, simulason).
x 1/200 x 1/400
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Schedule and milestones
2024 2025 2026 2027 2028 2029 2030

KEK
Budget

Surface 
muon

Bldg. and 
facility

Muon 
source
LINAC

Injection and 
storage

Storage 
magnet

Detector

DAQ and 
computing

Analysis

JFY

Design refinement complete ★

★ common computing resource usage start Co
m

m
iss

io
ni

ng
 &

 D
at

a 
ta

ki
ng

4.3 MeV@ H2 ★

muon injec9on ★

★ Ioniza'on test at H2

210 MeV ★

★ B-field probe ready
★ Install

Shimming done ★

Comple9on ★

Installa9on ★

★ Tracking soHware ready ★ Analysis soHware ready

★ Ready★ small DAQ system operation test

Funding
Secured!

★Mass production ready

★ Beam at H2 area

✓ Comple7on of
electron injec7on test

✓ 100keV accelera7on@S2

Opera9on at 
design intensity ★

★ kicker ready
transport line ready ★

Updated, Feb 19, 2025Intended schedule & collaboration
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• Various milestones are set 
in each JFY. 
− Developments and 

implementations, 
− Demonstrations for the 

upstream sections, 
− Overall commissioning is 

planned to begin in JFY2030. 
• > 100 collaborators push 

forward the experiment. 
− From 10 countries, 
− Still growing.

The 6th KMI International Symposium (KMI2025), 
KMI, Nagoya University2025/3/5



KMI contributions in 2023-2024 (1)

DLS development
Bunch width monitor 

development

15
The 6th KMI International Symposium (KMI2025), 

KMI, Nagoya University2025/3/5

Staff: T. Iijima, K. Inami, KS 
Students: K. Sumi, A. Kondo, K. Ueda, 
Graduated: Y. Sue, M. Yotsuzuka, S. Sugiyama, Y. Ibaraki.

USM source development

USM acceleration

12/17

Beam Monitor for high-β

muon beam

Cherenkov mediator
Cherenkov light

mirror

Optical sensor

• Completed conceptual design of a beam position monitor 
using Cherenkov light

Aim to develop and test prototype in FY2025

• Develop the Cherenkov beam bunch monitor and the 
prototype has been tested using electron beam. 

Performance evaluation and design for implementation in beamlines

Cherenkov mediator (sapphire) 
+ MCP PMT (R3809U-50)

PR-AR test beamline, Nov. 30th

F. Miyahara
K. Ueda

Schematic by KMI promotion

IH-DTL high-power test

Introduction
Jun. 3, 2021, Yusuke Takeuchi, The 22nd muon g-2/EDM collaboration meeting | DAW                                                2

Tank (11 cells) × 14

Q doublet × 13
(4.5βλ)

16.15 m

DAW parameters

Frequency [MHz] 1296

Length [m] 16.15

Input energy [MeV] 4.26

Output energy [MeV] 41.4

Gradient [MV/m] 5.6

# of tanks 14

Power [MW] 4.5

Covers the widest velocity region in muon linear accelerators

DAW tank (11 cells)

co-axial 
bridge
coupler

Q-doublet

DAW-CCL Bridge-Coupler design



KMI contributions in 2023-2024 (2)
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Simon Eidelman School onSimon Eidelman School on

supported by Wilhelm and Else Heraeus Foundation

Muon Dipole 
Moments
and
Hadronic
Effects
Sep 2nd-6th 2024 
KMI, Nagoya University, Japan

Web ■ https://indico.kmi.nagoya-u.ac.jp/event/8/
contact ■ muonschool24_contact@hepl.phys.nagoya-u.ac.jp

Muon magnetic moment: Experiment
Anna Driutti (Pisa)

Muon magnetic moment: Theory
Martin Hoferichter (Bern)

Data input to hadronic vacuum polarization
Zhiqing Zhang (IJCLab)

Lattice QCD: Hadronic vacuum polarization
Aida El-Khadra (UIUC)

Lattice QCD: Light-by-light
Harvey Meyer (Mainz)

Hadronic light-by-light: Phenomenology
Franziska Hagelstein (Mainz)

Hadronic light-by-light: Data input
Andrzej Kupsc (NCBJ/Uppsala)

New physics contributions
Kei Yamamoto (Hiroshima Tech)

Detector technology
Paula Collins (CERN)

Accelerator technology
Mika Masuzawa (KEK)

Precision measurements
Fan Xin (Northwestern)

Monte Carlo generators
Yannick Ulrich (Bern)

Topics & Lecturer

Gilberto Colangelo (Bern), Achim Denig (Maintz), Toru Iijima (Nagoya, Chair), 
Kenji Inami (Nagoya), Jim Libby (Indian Inst. Tech. Madras),
Tsutomu Mibe (KEK), Boris Shwartz (BINP)

Scientific organizers

Seiso Fukumura (Niigata), Toru Iijima (Nagoya), Kenji Inami (Nagoya),
Masato Kimura (KEK), Tsutomu Mibe (KEK), Yuki Sue (Nagoya),
Kazumichi Sumi (Nagoya), Kazuhito Suzuki (Nagoya)

Local organizers

22K21347, 22K21347, 22K21350

Xing Fan (Northwestern)

The 6th KMI International Symposium (KMI2025), 
KMI, Nagoya University2025/3/5

• Hosted an international school and a collaboration meeting.

14 lecturers & 63 on-site participants from 20 countries.

47 on-site participants.



Summary
• The J-PARC muon g-2/EDM experiment aims to measure aμ 

and search for dμ with high sensitivities using the small-
emittance muon beam. 
−Very different from the BNL/Fermilab approach, 
−Will enhance our experimental understanding of aμ. 

• The experiment is progressing well to launch the 
experiment in JFY2030.  
− Cooling and world’s first acceleration of muons have been 

demonstrated successfully. 
− The development and implementation of the experimental 

instruments and facility construction are progressing well. 

• KMI significantly contributes to the experiment as well as 
to the community. 
− Young researchers are the driving force.

17The 6th KMI International Symposium (KMI2025), 
KMI, Nagoya University2025/3/5


