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Muon g-2/EDM Experiments

The spin precession vector with respect to cyclotron motion in EM field
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Reaccelerated thermal muon beam is a key 
of this method.

BNL/FNAL approach
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J-PARC approach

𝐸 = 0

Magic momentum of 3.094 GeV/c is used.

Spin precession in 
cyclotron motion



Reaccelerated Thermal Muon Beam

Reaccelerated thermal muon beam

• Strong beam focusing by an electric field is not needed.
→ Gradient magnetic field for beam focusing

• Free from magic momentum of 3.094 GeV/c
→ Lower momentum beam of 300 MeV/c

• Compact storage region with highly uniform magnetic field

• Full tracking detector for decay positrons
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Conventional muon beam
Emittance ~1000π mm・mrad

Reaccelerated thermal muon beam
Emittance ~1π mm・mrad

Strong focusing with electric field
Muon loss
Pion background

Free from any of the above
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Comparison of Experiment Parameters
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J-PARC E34

PTEP 2019 (2019), 053C02

Radius of cyclotron 
motion: 333 mm

Radius of cyclotron 
motion: 7.1 m

https://academic.oup.com/ptep/article/2019/5/053C02/5506729


J-PARC E34 Experiment
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Features
• Low emittance muon beam 
• No strong focusing
• Compact storage ring
• Full tracking detector
Different from BNL/FNAL experiments

Δ(𝑎𝜇) ~ 0.46 ppm → 0.1 ppm

EDM ~ 10-21 e・cm
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Initial goal Final goal

Positron 
detector



H-line Construction Status
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Extension Building

H2 area

After the completion of H1 area construction, construction of H2 
area has been conducted and it was recently completed.

H2 area

H1 area

The experiment will be performed at 
J-PARC MLF H-line, which is newly 
constructed.

Engineering design of extension 
building is also ongoing. 



Thermal Muon Beam
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• Surface muon beam from the H-line will be used as a source.

• Muon beam is stopped at an aerogel target, and muonium (bound state of e- and μ+) is 
produced.
• Laser-ablated silica aerogel is used for muonium production target.

• An electron is stripped from a muonium by laser and thermal muon beam is produced.
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Double-sided laser ablation can reduce aerogel warping. 



Muonium Ionization

• In the original plan, an intense 
Lyman-αlaser is used to ionize 
muonium via 1S-2P transition.
• New amplifier 

module improved 
pulse energy.

• As an alternative method, ionization scheme with 
244 nm laser is being developed collaborating with 
the muonium 1S-2S spectroscopy measurement 
experiment.
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Slow muon beam line constructed for 
Mu 1S-2S experiment in S-line



Muon Source Chamber

• Assembly of the muon source chamber to 
be used at the actual experiment was tested.

• Beam profile of ultra-slow muon from the 
chamber is being measured at J-PARC MLF.

• Acceleration test of ultra-slow muon with 
RFQ is planed. 

September 4, 2023 The Sixth Plenary Workshop of the Muon g-2 Theory Initiative 9



Muon Acceleration

10September 4, 2023 The Sixth Plenary Workshop of the Muon g-2 Theory Initiative

…

10 m (4 structure)

…

1.4 mL= 3.2 m

324 MHz 1296 MHz

5.6 keV
β=0.01

40 MeV
0.7

thermal muons
→Soa lens RFQ

(Radio Frequency Quadrupole)

DAW-CCL
(Disk and Washer CCL)

DLS
(Disk Loaded TW structure)

16 m (14 modules)

212 MeV
0.9

IH-DTL
(Interdigital H-mode drift tube linac)

4 MeV
0.3

0.3 MeV
0.08

~40 m

• Thermal muon beam is accelerated to p=300 MeV/c.

• Different types of acceleration cavities are used optimized for each stage. 

Ready Fabrication completed. 
Prepared for high 
power test.

1st module was 
fabricated.

1st tube prototype 
was fabricated.

Beam parameter calculation



Acceleration Cavities

• Fabrication of acceleration cavities progresses well.
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1st DAW module 1st DLS tube prototypeHigh power test of IH-DTL



3D Spiral Injection
• To inject the 300 MeV/c muon beam into 66 cm-diameter storage ring,  

3D spiral injection scheme is being developed. 

• Prototypes of kicker were fabricated, and the injection scheme is 
validated using low momentum electron beam.
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3D spiral Injection orbit

Beam storage was confirmed at the 
spiral beam injection test using low 
momentum electron.

66 cm



Storage Magnet
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Positron tracking
detector

66 cm

Storage Magnet

Muon storage orbit

• 3 T MRI-type superconducting solenoid magnet is used to store a muon beam.

• Engineering design of the magnet is ongoing.

• Field monitoring system is also developed.

Moving stages for field monitoring

Azimuthal stage

Vertical stage

Probe

Ultra sonic 
motor



Positron Tracking Detector

• Positrons from decay of stored muon 
beam are detected by the detector 
consisting of silicon strip sensors. 
• Positron tracks are reconstructed from hits 

in radially arranged detector modules
(vanes).

• Sensors with orthogonal strip direction in 
both sides of a vane

• The detector is required to operate in 
the highest muon decay rate of 
6 tracks/ns.
• 190 μm pitch silicon strip sensor

• 5 ns sampling rate in readout ASIC
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¼ Vane

Φ580 mm
208 mm

Positron tracking detector



Prototype Detector
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¼ vane prototype
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• Prototype of a ¼ vane is assembled and electrical 
performance is being evaluated. 

• Various operation tests are also performed using 
prototype electronics.

Frontend electronics

Backend electronics

Timing control board

AMANEQ
(Backend board)

FPGA board

DAQ test between frontend and backend electronics

ASIC board

Operation test in strong magnetic field Operation test in kicker magnetic field

Test kicker coil

Frontend electronics

Frontend electronics

MRI magnet for 
MuSEUM experiment



Software and Computing

• Software framework (g2esoft) was developed to manage detector simulation and track 
reconstruction.

• End-to-end simulation which starts from the muon beam from H-line to the detection in 
the storage magnet has been conducted.

• To support computing requirements at the actual experiment, Grid and CernVM File 
System (CVMFS) servers are set up.
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Surface muon Thermal muon Acceleration
Transport & 

Injection
Storage Detection Reconstruction



Experiment Status
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26th Collaboration Meeting in June 2023
@J-PARC

We started preparation for the funding request to start 
construction for FY2024.

Year Funding

2020 Grant-in-Aid “Specially Promoted Research” (2020-2025)

2022 Funding to prepare for construction

2023 Funding to prepare for construction

Year Events

2018 Stage-2 status granted by the KEK IPNS director

2019 Stage-2 status granted by the KEK IMSS director
KEK-SAC endorsed the E34 for the near-term priority
TDR summary paper publication

2023 KEK IPNS Progress Review



• Construction of 
experimental apparatus 
is ongoing aiming at the 
start of the experiment 
in 2028 JFY.
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Schedule



Summary

• In the J-PARC E34 experiment, measurement of muon g-2 
and EDM is planned with a method different from BNL/FNAL 
experiments.

• Construction of the beam line was completed up to H2 area.

• Preparation of the experiment is ongoing aiming at the start 
of the data taking in 2028 JFY.
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Backup
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D-line
• decay μ+/μ-, surface μ+

• D1 area for μSR
• D2 for variety of science

U-line
• ultra slow μ+

• U1A for nm-μSR
• U1B for μ microscopy
• under commissioning

S-line
• surface μ+

• dedicated to μSR
• S1 area is available
• S2 is under construction
• S3/S4 are planned

3 GeV proton from RCS

2×1015 /s @1MW

Muon target
(graphite, t20mm)

H1
To H2 H-line

• surface μ+ (>108 μ+/s), decay 
μ+/μ-, e-

• for high intensity & long 
beamtime experiments

• H1 for DeeMe & MuSEUM
• H2 for g-2/EDM & transmission 

muon microscopy
• under construction

Muon Facility at J-PARC



Statistics Estimation

• The expected initial muon rate at 1 MW proton beam is ~2×109/sec.

• Cumulative efficiency from the initial muon production target to the detected 
positrons is 1.3×10-5.

• Then, the total number of the detected positrons at 2×107 sec run (~230 days) 
is 5.7×1011.
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PTEP 2019 (2019), 053C02

https://academic.oup.com/ptep/article/2019/5/053C02/5506729


Systematic Uncertainties of 𝑎𝜇
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• Major sources of systematic uncertainties of ωa and ωp which consist 
𝑎𝜇 are estimated to be the following.

PTEP 2019 (2019), 053C02

https://academic.oup.com/ptep/article/2019/5/053C02/5506729


Statistical Uncertainty of 𝑎𝜇

• The momentum range of the decay positions is 
determined to be [200,275] MeV/c from the detector 
acceptance and to maximize the analyzing power.

• The statistical uncertainty on 𝑎𝜇 (or 𝜔𝑎, to be precise) is 
estimated to be 0.45 ppm from the following five-
parameter-function fit to a toy wiggle plot

𝑁(𝑡) = 𝑁0𝑒
−𝑡/𝛾𝜏 1 + 𝐴cos 𝜔𝑎𝑡 + 𝜑 .

• The toy MC fit result is consistent with the analytical 
estimation of the statistical uncertainty on 𝜔𝑎 of  

Δ𝜔𝑎 =
2

𝛾𝜏𝐴 𝑁
where, 𝑁 is the total number of detected 

positrons.
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Toy simulation of a time spectrum of 
the number of decay positrons 

Analyzing power as a function of 
the momentum threshold


