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2History of accelerator technology

Muon acceleration

J-PARC
2024

2028



Experimental particle physics with muon

Muons first accelerated in 2024 
ˮ  ˃ᴥ ᾕ ˯



4
The most precisely calculated physical quantity to date
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Anomalous magnetic moment : g-2

m

Strength of the magnet (g-2)  is 
determined by ALL  particles and 

interactions

EM force Strong
force

Weak
force

New force
New particles

+ +

+

?
uncertainty 4 parts in 107
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Theoretical prediction



5Breakdown of g-2 contributions

Quantum electro dynamics(QED)

Quantum Chromo Dynamics
(QCD)

Weak interaction (EW)

ʾʾʾ

ʾʾʾ
ʾʾʾ

muon g-2
̏/9wbόмфтлΩǎϤύ

muon g-2
̏.b[ όмффлΩǎϤύ

electron g-2, atomic spectroscopy 
όмфслΩǎϤύ



6Muon g-2 theory initiative
An initiative formed in 2017 by a group of experts on muon g -2 theory 
towards the precision prediction of muon g -2

Seventh workshop at KEK 
(Sep 9-13, 2024)

https://conference-indico.kek.jp/event/257/

Thank you very much for many participants from
Liverpool!

https://conference-indico.kek.jp/event/257/


7Standard model theory prediction 
is work in progress

BMW-DMZ ô24 vs g ī2 measurement
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White paper

BMW ô20

This work

Experimental avg.

FNAL 2023

BNL 2006
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Indicates standard model conýrmed to 0.37 ppm !

(Fine print: result should be conýrmed by others. . . )

Laurent Lellouch g ī 2 @ KEK, 7th TI workshop, September 11, 2024

BMWc + DHMZ, arXiv:2407.10913 

See review slides by Martin Hoferichter in Exploring BSM physics with muons (Sep. 30, 2024)

https://conference-indico.kek.jp/event/268/contributions/5572/attachments/3771/5189/Talk_hoferichter%20Martin%20Hoferichter.pdf


8Status of muon g-2

muon g-2

Phys. Rev. Lett. 126, 
141801 (2021).

J-PARC will independently test BNL+FNAL results.

Currently, under scrutiny
by new e+e- data and lattice QCD

?

?

Phys. Rev. Lett.131, 
161802 (2023)

There will be lots of inputs to come on SM predictions.
Check out slides : https://conference-indico.kek.jp/event/257/

White paper will be updated before the FNAL final result (early 2025)

https://conference-indico.kek.jp/event/257/


9School on muon dipole moments
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Experimental steps

1. Prepare a polarized muon 
beam.

2. Store in a magnetic field           
όƳǳƻƴΩǎ ǎǇƛƴ ǇǊŜŎŜǎǎŜǎύ

3. Measure decay positron

+̄ +˃˄˃

spin 0

neutrinoʿ  left handed
helicityʿ ҍ͍ helicityʿ ҍ͍

+˃

e+

spin

+˃

B

spin



12muon g-2 and EDM measurements
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In uniform magnetic field, muon spin rotates ahead of momentum 
due to g-2 = 0
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BNL/FNAL approach

ɾ=30 (P=3 GeV/c)
J-PARC approach

 E = 0 at any ɾ

J-PARC E34

Spin precession vector w.r.t momentum :

BNL & FNAL E989

g-2 precession 
in B-field

g-2 precession in 
motional B-field

EDM precession



13FNAL g-2 experiment

Science TV show cosmic front (NHK, Nov. 23, 2023)
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FNAL E989 experiment (2018- 2023)

Photo courtesy of Fermilab E989

B= 1.45 T

m+ (3 GeV)

Completed data taking in 2023
Final results expected in 2025

1   2   3   4   5  6   7   8  9
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66 cm
1/20

Smaller than 
BNL/FNAL 
magnet

Independent test of muon g -2 :
New experiment at J -PARC



16Conventional muon beam

proton +̄ +˃

pion
production

decay

emittance
Ϥмлллˉ ƳƳmrad

Strong focusing
Muon loss
.D ˉ ŎƻƴǘŀƳƛƴŀǘƛƻƴ

Source of systematic
uncertainties



17Muon beam at J-PARC

Reaccelerated
thermal muon

proton +̄ +˃

pion
production

decay

c
o
o

lin
g +˃

emittance
Ϥмлллˉ ƳƳmrad

emittance
мˉ ƳƳmrad

Strong focusing
Muon loss
.D ˉ ŎƻƴǘŀƳƛƴŀǘƛƻƴ

Free from any of these

Source of systematic
uncertainties
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Constructed in 2021

J-PARC muon g-2/EDM experiment
J-PARC MLF

The only experiment to check FNAL/BNL g-2 results

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:
ÅLow emittance muon beam (1/1000)
ÅNo strong focusing (1/1000) & good injection eff. (x10)
ÅCompact storage ring (1/20) 



19Very weak magnetic focusing

Weak focusing B-field 

B
ra

d
ia

l

Vertical position

ÅFNAL/BNL g-2 exps use electric weak 
focusing (n ~0.1)

ÅWe adopt Very weak magnetic focusing
ÅBill Morse, Yannis Semertizdis (2010)
ÅField index n = 1E-4 (1ppm/cm)

ÅVertical position of muon beam will be self-
adjusted to find Br = 0

Ҧ no systematics associated with Bradial

ÅAlso very powerful to ǎǳǇǇǊŜǎǎ ǘƘŜ άǇƛǘŎƘ 
ŜŦŦŜŎǘέ ƻƴ Ǝ-2 (~10 ppb).
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surface muon thermal muon
4 MeV

   30 MeV/c
  0.05

30 meV
2.3 keV/c
0.4

E
p

чp/p

Ionization Laser 

Mu production
target

Electrodes( Soa) LINAC

accelerated muon
212  MeV
300  MeV/c
4x10-4

Mu
(m+e-)

m+ m+

H-line

Acceleration of thermal muons

Muonium : a bound state of m+ and e-



21

Comparison of two similarly patterned 68 mm targets, one-side vs 
two-sides ablated

Warped Not warped

U-line Target 3 produced in May 2019 New target

23

Muon
Beam
4 MeV
ṕbefore cooling Ṗ

8 mm 21

Muonium ( m+ e-)
30 meVṕafter cooling)

m+

Silica aerogel with 
laser -ablated holes
ṕSiO 2, 30 mg/cc Ṗ

 
 

Muon cooling

Experiments at TRIUMF
ˢ2011, 2013, 2018xColdmuonHot muon

Electron will be removed by
Laser resonant ionization by irradiating
Laser beam (122nm+355nm)
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Collaboration board (CB)

Chair: Seonho Choi

Executi ve board (EB)

Spokesperson: T. Mibe

Subgroups Interface coo rdinators Committees

Speakers com mit tee

 chair: K.Ishida

Publicatio n com mit tee
 chair: B. Shwartz

Y. Kondo

Surface muon beam

  leader: T. Yamazaki, N. Kawamura

K. Ishida

Ultra-slo w muon

  leader: K. Ishida

M. Otani

LINAC

  leader: M. Otani

DAQ and compu ting

  leader: Y. Sato

T. Suehara T. Yamanaka

Analysis

  leader: T. Yamanaka

Injection and storage

  leader: H. Iinuma

H. Iinuma

Storage magnet, field measurements

  leader: K. Sasaki

T. Kume

Detector

  leader: T. Yoshioka

Y. Sato

114 members from Canada, China, Czech, France, 
India, Japan, Korea, Netherlands, Russia, USA

The collaboration

Domestic institutesʿ
Kyushu, Nagoya, Tohoku, Niigata, Toyama 
C, Tokyo, Ibaraki, RIKEN, JAEA, etc.

KEK: IPNS, IMSS, ACC, CRY, MEC, CRC

physics analysis
 T. Yamanaka, S. Ogawa

Working groups

Tamaki Yoshioka
(Kyushu)

, Y. Sato

2024.3 Shanghai Jiao Tong 
University
2024.6 Iwate University

The 28th collaboration meeting at J-PARC, June 26-28, 2024
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J-PARC

proton
muon
neutron

LINAC
(400 MeV)

Rapid Cycle
Synchrotron
(3 GeV)

Main Ring
(30 GeV)

Hadron exp. Hall

Materials and Life science
experimental Facility 

(MLF)

neutrino

Beam power 1MW
Rep. Rate 25 Hz

Neutrino exp. facility

kaon

g-2/EDM

COMET

Muonium



Experimental 
area (S2)

Surface muon
beam

Demonstration of muon cooling and acceleration
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Demonstration of this part at S2 area

Demonstration of  cooling and acceleration



26Muon cooling demonstration
J-PARC S2 area

Laser ablated silica aerogel

4 MeV 30 meV

244 nm



27Muon cooling demonstration

Signal of
Cold muon

Laser injection
time

M
C

P

Electrostatic 
acceleration 

(10 kV)

Electric bend
(energy filter)

Magnetic 
bend

(momentum filter)

MCP

Time (including an arbitrary offset) (ns)

4 x 10-3 / pulse

244 nm

Surface
muon arrival

4 MeV 30 meV



Experimental setup

ůx = 24 mm
ůy = 13 mm

Incoming muon
beam profile (data)

Cooling
30 meV

Acceleration
100 keV

Diagnosis

RF frequency: 324 MHz
RF power:         2.6 kW
RF pulse width: 40 ms
Acceleration energy: 100 keV

RFQ acceptance
(simulation)

Ů = 1 ˊ mm mrad

Incoming
muon
4 MeV

224 ns


