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Muon g-2
ÅMagnetic dipole moment
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ÅThe g factor is exactly 2 in tree level, but higher order terms 
make g larger

ÅaȊ= (g-2)/2 is called anomalous magnetic moment
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>3Űdiscrepancy
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ÅMuon g-2 is one of the most sensitive targets to explore new 
physics

- Precise experiment (BNL E821) : 0.5ppm

- Precise theoretical calculations : 0.4ppm (2011)  0.3ppm (2017)

ÅAccording to a recent theoretical calculation, the discrepancy 
between experiment and SM theory is 3.7Ű  New physics?
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Cx : Coupling strength

ǮX : NP energy scale

c.f. arXiv:1802.02995



New muon g-2 measurements

ÅNow experimentalistsõ turn to update the historical plot

- FNAL E989

- J-PARC E34
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ÅMeasurement principle

ðMeasure spin precession frequency ȓa under 

uniform magnetic field B

ÅMore generally, ȓa under B and E field is

B

g-2>0
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Elimination of E-field effect is necessary 
for precise measurements

Effect of E field EDMg-2



FNAL E989 / J-PARC E34
ÅTheir difference is the way to eliminate E-field effect.
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ɾ = 29.3(P = 3 GeV)
Ȱ-ÁÇÉÃ ÍÏÍÅÎÔÕÍȱ

E= 0 at any ɾ
Only veryweak

magnetic focusing

General form

EDMEffect of E fieldg-2

g-2 g-2EDM EDM

FNAL E989

Improvement of the BNL method

J-PARC E34

New method with different 

systematics

Super-low emittance muon beam (ultra slow muon beam ) 

is the key technique for the J-PARC E34 experiment
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Production 

target

3 GeV proton beam

(1MW, double pulses, 25Hz)

Surface muon

beam (4 MeV )
ů~1000 ɵ mmʾmrad

Muonium production target

(300 K ~ 25 meV)

Full tracking 

silicon tracker

66 cm

Compact storage magnet

(3T, ~1ppm local)Ultra slow Ȋ+ production by

Resonant Laser Ionization of 

Muonium (~10 6m+/s)

Target precision

ç(g-2) = 0.1 ppm
çEDM = 10-21 eʾcm

Re-acceleration LINAC

(~ 200 MeV )

ů~1 ɵ mmʾmrad !

J-PARC g-2 experiment (E34)

Ultra 

slow Ȋ+



Experimental sequence
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40 ms (25 Hz)

~1 Ȋs

Surface

muon beam

(4 MeV)

Thermal

muonium

(25 meV)

Ultra-slow muon

(25 meV)

Re-acceleration

(200 MeV)

Storage and detection

(200 MeV)

~1 ns

~3 ns

laser ionization

Ȋ+
Ąe+

Ȋ+

Ȋ+

Mu

Ȋ+

Spin precession

2ɵ/ȓa = 2 Ȋs(in B = 3T)

e+ tends to be emitted in Ȋ+õsspin direction



How to get aȊ
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Storage and detection

(200 MeV)
Ȋ+
Ąe+

2ɵ/ȓa = 2 Ȋs(in B = 3T)

ÅMagnetic field B is measured in the form 
of NMR frequency ȓp, and aȊis

ὥ
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ÅMuon-to-proton magnetic moment ratio is obtained from 
muonium HFS measurement

- ȊȊ/Ȋp = 3.18334524(37) : 0.12 ppm, LAMPF measurement

- will be measured with a precision of 0.01 ppm at the MuSEUM
experiment at J-PARC

Å ὥὄis extracted from 

the decay e+ time spectrum
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Muonium production target

(300 K ~ 25 meV)

Full tracking 

silicon tracker

66 cm

Compact storage magnet

(3T, ~1ppm local)Ultra slow Ȋ+ production by

Resonant Laser Ionization of 

Muonium (~10 6m+/s)

Target precision

ç(g-2) = 0.1 ppm
çEDM = 10-21 eʾcm

Re-acceleration LINAC

(~ 200 MeV )

ů~1 ɵ mmʾmrad !

J-PARC g-2 experiment (E34)
3 GeV proton beam

(1MW, double pulses, 25Hz)Production 

target

Surface muon

beam (4 MeV )
ů~1000 ɵ mmʾmrad

Ultra 

slow Ȋ+



J-PARC
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"ÉÒÄȭÓ ÅÙÅ ÐÈÏÔÏ ÉÎ &ÅÂȢ ΤΡΡΪ

LINAC

(400 MeV) Rapid Cycle Synchrotron

(RCS, 3 GeV)

Main Ring

(MR, 30 GeV)

Hadron hall

Neutrino beam 

to Kamioka

Material and Life 

science Facility (MLF)

@MLF

ÅBeam energy 3 GeV

ÅBeam power 1 MW
(~500 kW at present)

ÅRepetition rate 25 Hz

J-PARC = Japan Proton Accelerator Research Complex



J-PARC muon facility
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D-line
Å decay Ȋ+/Ȋ-, surface Ȋ+

Å D1 area for ȊSR

Å D2 for variety of science

U-line
Å ultra slow Ȋ+

Å U1A for nm-ȊSR

Å U1B for Ȋmicroscopy

Å under commissioning

S-line
Å surface Ȋ+

Å dedicated to ȊSR

Å S1 area is available

Å S2/S3/S4 will be 

constructed

3GeV proton from RCS

2e15 /s @1MW
Muon target

(graphite, t20mm)

H1

To H2
H-line
Å surface Ȋ+ (>10 8 Ȋ+/s) , 

decay Ȋ+/Ȋ-, e-

Å for high intensity & long 

beamtime experiments

Å H1 for DeeMe & MuSEUM

Å H2 for g-2/EDM & 

transmission muon 

microscopy

Å under construction

ÅMUSE (MUon Science Establishment) in the MLF



Proposed experimental site (H2)
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Parking lot

Muon 
target

g-2/EDM
storage magnetH1 area

USM 

production


