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Three steps of g-2 measurement
1. Prepare a polarized 

muon beam.

2. Store in a magnetic field           
(muon’s spin precesses)

3. Measure decay positron
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Re-accelerated thermal muon



4

Thermal muonium
production,
Ionization laser

Muon storage
magnet(3 T)

MLF muon experimental
facility (H-line)

Positron tracking
detector

Proton beam (3 GeV)

Surface muon (4 MeV)

Ultra-slow muon (25 meV)

Reaccelerated muon(212 MeV)

3D spiral injection
Muon LINAC

Muon g-2/EDM
experiment
at J-PARC

Features:
• Low emittance muon beam (1/1000)
• No strong focusing (1/1000) & good injection eff. (x10)
• Compact storage ring (1/20) 
• Tracking detector with large acceptance
• Completely different from BNL/FNAL method



muon g-2 and EDM measurements

5

ú
ú
û

ù

ê
ê
ë

é
÷÷
ø

ö
çç
è

æ
+´+

´
÷÷
ø

ö
çç
è

æ
-

---=
c
EB

c
EaBa

m
e

!
!!

!!
!!

bhb
g

w µµ 21
1
2

( )úû
ù

êë
é ´+-= BBa

m
e !!!!

bhw µ 2

In uniform magnetic field, muon spin rotates ahead of 
momentum due to g-2 = 0
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BNL E821 approach
γ=30 (P=3 GeV/c)

J-PARC approach
E = 0 at any γ

J-PARC E34

general form of spin precession vector:

FNAL E989
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Expected results
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The first collaboration paper
on experimental design
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Comparison of g-2 experiments
Prog. Theor. Exp. Phys. 2019, 053C02 (2019)

Completed                Running In preparation
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The J-PARC g-2/EDM collaboration

Collaboration meeting at J-PARC, May 2018

Seoul National University, June 24-27, 2019

116 members (Canada , China, Czech,
France, Japan, Korea, Russia, USA)



History
Date Events
July, 2009 LOI submitted to PAC8

Jan, 2010 Proposal submitted to PAC9

Jan, 2012 CDR submitted to PAC13, Milestones defined.

July, 2012 Stage-1 status recommended by PAC15
Stage-1 status granted by the IPNS director

May, 2015 TDR submitted to PAC 

Oct, 2016 Revised TDR submitted to PAC and FRC

June, 2016 Selected as a KEK-PIP priority project
Nov, 2016 Focused review on technical design

Dec, 2017 Responses and Revised TDR submitted to PAC

July, 2018
Nov, 2018

Stage-2 status recommended by IPNS-PAC
Stage-2 status granted by the IPNS director

Jan, 2019
Mar, 2019

Stage-2 status recommended by IMSS-PAC
Stage-2 status granted by the IMSS director
KEK-SAC endorsed the E34 for the near-term priority 10



KEK Science Advisory Committee
(Mar 23-24, 2019)
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1. Executive Summary 
 
The first meeting of the KEK Science Advisory Committee took place at KKR Hotel Tokyo on March 23 
and 24, 2019. The program of presentations can be found in Appendix A. The membership of the SAC is 
provided in Appendix B. The presentations to the SAC were well-focused and informative, highlighting 
notable history, recent activities and plans for the future. KEK performs a diverse research program 
covering particle physics, nuclear physics, cosmology, materials science, and life science. KEK’s 
achievements are very impressive on all fronts. 
 
KEK holds a forefront scientific position with strong efforts in education, dissemination and outreach. 
KEK runs and develops world-leading electron-based and proton-based accelerator facilities at Tsukuba 
Campus and Tokai Campus, respectively. Using beams of photons, electrons, positrons, neutrinos, muons, 
neutrons, pions, kaons, and protons from these facilities, KEK pursues fundamental laws of nature and the 
origin of function of materials. More than seven thousand scientists from all over the world use KEK’s 
cutting-edge accelerator-based facilities each year. KEK develops the next generation of accelerator 
technologies for a wide range of science and technology and collaborates with industry on research aimed 
at developing useful products. KEK also strengthens its portfolio by partnering in high-priority facilities 
hosted elsewhere, including LHC/ATLAS experiment at CERN, KISS at RIKEN, UCN at TRIUMF, and 
POLABEAR-2 at Atacama. 
 
At this meeting, the SAC was asked to focus on the followings: 

• Review the Updated KEK Roadmap, and give your comments and suggestions. Do you endorse 
it? 

• In the KEK-PIP, our next priority is muon g-2/EDM experiment and upgrade of the J-PARC 
Hadron Hall, and we will begin funding discussion with the MEXT. Give your comments and 
suggestions. 

• It is urgent for us to further activate discussions on the future light source replacing the PF/PF-
AR. Review the plan given by the IMSS. 

• Any remarks/suggestions/warnings/criticism on the four major research projects and research 
program in the four institutes will be highly appreciated. 

 
The SAC strongly endorses KEK’s decision on near-term priorities (the muon g-2/EDM experiment, the 
upgrade of the J-PARC Hadron Hall, and the upgrade of the Photon Factory), and the updated KEK 
roadmap. The KEK leadership should be congratulated for establishing outstanding near- and longer-term 
strategies and for producing the implementation plan. Specific comments and/or recommendations are 
discussed in Chapters 3 and 4.  
 
The KEK leadership team recognizes a big gender gap in scientific and technical staff. This gap is 
significantly larger than that in other countries. The SAC encourages the KEK team to develop programs 
that could help to reduce this gap. The SAC hopes that KEK becomes an exemplary institution in this 
aspect. 
 
2. Major research projects and research program in the four institutions  
 
2.1 J-PARC 
 
J-PARC is a unique facility supporting many fields of science research and technological projects by 
providing different types of particle beams produced via a primary high intensity proton beam. The 
facility is undergoing several upgrades and it will be crucial to balance between providing sufficient beam 



Intended global schedule
Year 2018

H30
2019
R1

2020
R2

2021
R3

2022
R4

2023
R5

2024
R6

2025
R7

Clean up 
and 
transfer

Allowance 
of land 
usage

Building 
and 
infrastruct
ure

Radiation
safety

Experimen
tal 
apparatus

tran
sfer

Local 
gover
nment

Concept 
design Construction

prep Application

Construction/Installation Run

J-PARC MR
Long shutdown

List up 
tasks

Prep.

List up 
tasks

List up
tasks

negoti
ation

negoti
ation

negoti
ation

run
until
2026

“Task Force” formed
under J-PARC center

commis
sioning

Funding
request

Funding
request

approval

approval

basic
design

detail
design

Start taking data



Bird’s eye photo in Feb. 2008 13

Beam energy: 3 GeV
Beam power : 1 MW (500 kW as of Jun 2018)
Intensity: 2E15 protons/sec
Repetition rate: 25 Hz (double bunches)
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Beam Power History at MLF

The 28th J-PARC PAC

We did it again!

1 hour
10.5 hour



Proposed experimental site (H-line)
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Parking lot

muon
production
target

spallation neutron
source

g-2/EDM
storage magnet

muon linac

H-Line

MuSEUM
DeeMe

Material and Life science Facility in J-PARC

New Electric
Power substation

N. Kawamura et al., PTEP 2018, 113G01 (2018)
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MuSEUM (Mu-HFS, μμ/μp)
DeeMe (mu-e conv.)



New electric power station for H-line
under construction

17
Mar 21, 2019

Bedding for new power station

MLF bldg.

Parking lot
(location of the H-line extension bldg. for the g-2/EDM)



Conceptual design of 
the H-line extension building
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Re-accelerated thermal muon
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surface 
muon beam

Muonium
(µ+e-)

Silica aerogel
�SiO2, 30 mg/cc�

8 mm

� no hole
� w/ holes

P. Bakule et al., PTEP 103C0 (2013)
G. Beer et al., PTEP 091C01 (2014)

Efficiency (measured) 

3 x10-3/µ
(laser region 5mm x 50mm)

Production of thermal energy 
muonium

Laser-ablated holes

Data taken at TRIUMF



Demonstration of Mu ionization
• Laser-ablated silica aerogel for 

the Mu production were 

prepared. Ablation patterns are 

same as those studied at TRIUMF 

in 2017.

• The sample was installed at U-

line in May for demonstration of 

ionizing Mu from silica aerogel.

• Initial tests successfully 

confirmed ionization of Mu. 

Detail tuning and systematic 

studies are planned in 

forthcoming beamtime at U-line. 

21

proton

beam

H-line
(under construction)

U-line
(under commissioning)

D-line

S-line

UBC, RIKEN, KEK, Peking U



Laser ionization of muonium
J-PARC MLF U-line laser system �RIKEN+KEK�1Sà2Pàunbound

efficiency (calculated) 73% @100uJ



Muon LINAC
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First step
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RF acceleration of Mu- for the first time!

24

J-PARC MLF D2 area, October 2017 Slide by M. Otani
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J-PARC MLF D2 area, October 2017 Slide by M. Otani

S. Bae et al.,Phys. Rev. AB 21, 050101 (2018).

RF acceleration of Mu- for the first time!



Muon LINAC and beam diagnostics
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test coupler

tuner

tuner

cavity
RF
from VNA

Experimental setup

18th Muon g-2/EDM Collaboration Meeting 10/21

Development of RF input coupler for IH-
type cavity (low b)

Ibaraki U, KEK, JAEA

DAW

The 18th muon g-2/EDM collaboration meeting                               June 26, 201910

Studies on effects on beam dynamics
due to manufacturing/alignment errors (middle b)

Kyushu U, KEK, JAEA

Prototype BPM with 4 striplines

Prototype was fabricated last winter with 4 stripline instead 8

The purpose is to test a feasibility of measuring low current signal

using conducting wires

Chang-Kyu Sung (UNIST & IBS/CAPP) CM18. Muon g-2/EDM exp. June 26, 2019 10 / 17

Non-destructive beam profile monitor

UNIST, KAIST



Muon storage magnet and detector

27

Cryogenics

e+ tracking
detector

2900 m
m

Muon storage orbit

Iron yoke

Super conducting coils

666 mm

M. Abe et. al., Nuclear Inst. and Methods in Physics Research A 890, 51 (2018)



Average magnetic field

good field region

25 ppb/line
30 mm

100 m
m

Calculation



Beam injection and storage magnet

Kicker design and parameters

Tuesday, June 25, 2019 CM18, M. A. Rehman, SOKENDAI 20

• Two kinds of kicker has been consider for the SITE. 
• In the first design an axial symmetric kicker was assumed. The low kicker field and high inductance of coils makes this 

design less favorable. And required kick field is too low. 
• In the second design a low inductance localized kicker has been assumed. Reasonable kick field and low inductance 

makes localized kicker more favorable. 

Symmetric
al kicker
Localized 
kicker

Kick start 
Pos. (mm)

Pitch ang.
at -100 
mm
(Radian)

n T_kick(ns) Br (Guass)

Axial Symmetric kicker

-100 0.104 1.38×10-3 41/2 0.37

-100 0.0523 2.35×10-2 51.3/2 0.623

Localized kicker

-100 0.104 1.38×10-3 41/2 4.40

-100 0.0523 2.35×10-2 51.3/2 7.68

Kicker parameters Kicker Coil designs

29

Results of Gas Monitor

Tuesday, June 25, 2019 CM18, M. A. Rehman, SOKENDAI 7

Injection point

First turn

Second turn

Third turn

• We confirmed the beam 
injection with the gas 
monitor. 

• The gas monitor is an
efficient and quick way to
confirm the beam inside
the storage magnet, but it
cannot provide the beam
size and other important
information of the beam
inside the magnet.

Spiral Injection Test Experiment 
(SITE) with low energy electron 
beam

Ibaraki U,
KEK

Updates of Magnet Design (1)
2019/06/25

3

} Modifying 3D model
} Reflecting recent design work

Muon chamber Shim tray Main coil Iron yoke

Example of Vibration Mode 2019/06/25

6

} Coil
} at 14.169 Hz

} Detector
} at 25.445 Hz

Refined design of the storage 
magnet

Studies on seismic ground vibration

KEK



Positron tracking detector

The Latest Beamtime in Mar & June 2019
▶︎ Used mixture gas Kr-He to suppress the extrapolation uncertainty 

■ with various pressure and Kr rate to know the ideal mixing rate 

▶︎ Observed MuHFS resonance, and confirmed Mu formation in Kr-He gas 
■ We couldn’t see the difference in Mu formation rate depending on Kr mixing rate 

▶︎ Improved our system, and obtaind statistics more efficiently 

▶︎ Analysis is ongoing

�21resonance with Kr 20% gas at 1.0 atm
frequency - 4,463,302 (kHz)

S
ig

na
l [

(N
on

-N
of

f)/
N

of
f]

400− 200− 0 200 400
Frequency - 4463302 (kHz)

0

0.002

0.004

0.006

0.008

0.01

N
on

/N
of

f -
 1

 / ndf 2
χ  42.87 / 31
scale     0.07005± 3.775 
gamma     4.116± 136.3 
center    1.731± 7.475 
Kr20                         MeV,-2dbm,1.0atm      0±     0 

 / ndf 2
χ  42.87 / 31
scale     0.07005± 3.775 
gamma     4.116± 136.3 
center    1.731± 7.475 
Kr20                         MeV,-2dbm,1.0atm      0±     0 

mg20Kr20%, 26.5MeV, -2dbm, 1.0atm

0-200-400 4002000

0.004

0.008

0.002

0.006

0.010

Very prilim
inary

2018/7/18 30

2019/6/26 The 18th g-2/EDM collaboration 
meeting

Components of Quarter Vane

5

Specification

2024 ch/piece

Line/space ~ 30/50 µm

Design fixed
Mass production 

Requirement

> 4MIP range

1600e ENC@30 pF

128 ch/chip

5 nsec sampling

Production version has been 
delivered. Evaluation is on-
going.

Quarter Vane

Specification

98.77 mm� 98.77 mm

190 µm pitch

512 ch� 2 block

Design fixed. 
Mass production.

動作確認

• センサー接続後マルチボードNo.9も含めて動
作確認

–センサー電流は120 Vで、<0.4 μA (数時間)

2018年12月3日 g-2検出器（全体）ミーティング 3

Test modules production/operation

àMechanical moc. this JFY.

Particles to be Measured
• Target particles : positrons from muon decay in 3T solenoidal B-field

– Muon beam momentum : 300 MeV/c
– The positron with higher momentum has better sensitivity on the muon 

g-2.
• Silicon strip detectors are radially placed to efficiently detect circular tracks.

13

66 cm

3T

𝝁+

𝒆+

Population

Sensitivity per e+

Total sensitivity

Development of components

Used as a working detector in MuSEUM experiment 
(Mu-HFS)

Data collected in
Mar and June 2019
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Cross calibration between J-PARC and 
US NMR probes at ANL (Jan 14- 2019)

J-PARC
probe

US
probe

MRI magnet

Movable stage

Initial results reported in 
H. Yamaguchi et al.,  IEEE Trans. on Appl. Sup., 29 9000904 (2019)



US-Japan collaboration on B-field cross calibration

32

Collaboration meeting at J-PARC
(Sep 2-4, 2019)

Ken’ichi Sasaki (PI)

Peter Winter (PI)



Summary
• The J-PARC muon g-2/EDM experiment will 

independently measure g-2 and EDM with 
completely different method.

• Construction was partially started.

• Requesting funding for full construction.

• In coming years,
– Construction of muon beamline (H-line)

– Demonstration of “muon cooling” by ionization of Mu

– Re-acceleration to 1 MeV
33



Conventional muon beam
proton π+ μ+

pion
production

decay

emittance
~1000π mm�mrad

Strong collimation
Strong focusing
Muon loss
BG π contamination

34



Muon beam at J-PARC

Reaccelerated
thermal muon

proton π+ μ+

pion
production

decay

cooling μ+

emittance
~1000π mm�mrad

emittance
1π mm�mrad

Strong collimation
Strong focusing
Muon loss
BG π contamination

Free from any of these

35



Experimental sequence

36

40ms (25 Hz)

~1μs

40 μs

Surface
muon beam
(28 MeV/c)

Thermal
muonium
(3keV/c)

Ultra-slow muon
(3keV/c)

Acceleration + injection
(300 MeV/c)

Storage and detection
(300 MeV/c)

~1ns

~3ns

laser ionization

μ+àe+

μ+

μ+

Mu

μ+



Breakdown of efficiencies

37

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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Table 5. Summary of statistics and uncertainties.

Estimation

Total number of muons in the storage magnet 5.2 × 1012

Total number of reconstructed e+ in the energy window [200, 275 MeV] 5.7 × 1011

Effective analyzing power 0.42
Statistical uncertainty on ωa [ppb] 450
Uncertainties on aµ [ppb] 450 (stat.)

< 70 (syst.)
Uncertainties on EDM [10−21 e·cm] 1.5 (stat.)

0.36 (syst.)

Table 6. Estimated systmatic uncertainties on aµ.

Anomalous spin precession (ωa) Magnetic field (ωp)

Source Estimation (ppb) Source Estimation (ppb)

Timing shift < 36 Absolute calibration 25
Pitch effect 13 Calibration of mapping probe 20
Electric field 10 Position of mapping probe 45
Delayed positrons 0.8 Field decay < 10
Diffential decay 1.5 Eddy current from kicker 0.1
Quadratic sum < 40 Quadratic sum 56

After the ωa and ωp are extracted from the experimental data, aµ is obtained from Eq. (8). Table 5
summarizes statistics and uncertainties for 2.2×107 seconds of data taking. The estimated statistical
uncertainty on ωa is 450 ppb, while the statistical uncertainty on ωp will be negligibly small. Thus,
the statistical uncertainty of aµ would be 450 ppb.

Systematic uncertainties on ωa are estimated as follows. A timing shift due to pile-up of hits in the
tracking detector is estimated as less than 36 ppb in the detector simulation by taking into account
time responses of readout electronics. A correction for a pitch angle is not necessary in the case
of muon storage in a perfect weak magnetic focusing field [58]. A difference in the actual field
distribution from the perfect case leads to a systematic uncertainty of 13 ppb, which is estimated
from a precision spin-tracking simulation of muon beam storage. Residual electric fields modify
ωa through the β⃗ × E⃗ term. With 1 mV/cm monitoring resolution for an E-field, the error on ωa is
10 ppb. Other effects, such as distortion of the time distribution due to high-energy positrons hitting
the detector at delayed timing and differential decay due to the momentum spread of the muon beam,
are of the order of 1 ppb. In the ωp measurement, absolute calibration of the standard probe has an
uncertainty of 25 ppb. The positioning resolution of the field mapping probe at the calibration point
and the muon storage region leads to 20 ppb and 45 ppb uncertainties, respectively. Other effects,
such as field decay and eddy currents from the kicker, are less than 10 ppb. Table 6 summarizes
systematic uncertainties on aµ. We estimate that the combined systematic uncertainty on aµ is less
than 70 ppb.

A muon EDM will produce muon spin precession out of the horizontal plane that is defined by
the ideal muon orbit. This can be seen from Eq. (7) where the second term is the EDM term, which
is perpendicular to the aµ term. Due to the fact that the EDM term generates vertical motion of the
spin, one can extract the EDM term from the oscillation of the up and down asymmetry AUD(t) in
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