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4ÈÅ ×ÏÒÌÄȭÓ ÆÉÒÓÔ ÍÕÏÎ linac
towards the muon g-2/EDM experiment at J-PARC
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Dipole Moments
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ÅContains plenty of physics 
including beyond SM 

ÅT violated and highly 
suppressed in SM 
(d ~ 10 -38 e cm)

ÅCurrent direct limit is 
< 1.9 10-19 e cm

Beyond SM can be surveyed via dipole moments.

QED tree level

SM, and 
beyond
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Measurement and SM Prediction

Needs more precise meas. for g-2 and search for EDM  < 10-19

Muon g-2, SM prediction and measurement contour at d & g-2

+++= ȣ

QED EW Hadronic lbl

Nucl. Phys. B613, 366 (2001)D. Nomura, tau2012

3/48



general form of spin precession vector:

Measurement Method

BNL & FNAL J-PARC (new method)

Magic 
momentum 

(p=3.1GeV/c)

Å In uniform magnetic field, muon spin 
rotes ahead of momentum due to g-2 0

ïAnd spin direction is reconstructed 
by decay-e

Ὁ=0
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B. L.  Roberts,  Fermilab , 3 September 2008 - p. 5/68

Inflector

Kicker 

Modules
Storage

ring

Central  orbit

Injection orbit

Pions

-
ˊ

p=3.1GeV/c

Experimental Technique

B
G

ÅMuon polarization

ÅMuon storage ring

Åinjection & kicking

Åfocus with  Electric Quadrupoles

Å24 electron calorimeters
R=711.2cm

d=9cm

(1.45T)

Electric Quadrupoles

xcå 77 mm

bå 10 mrad

B·dl å 0.1 Tm

xc

R

R b

Target

narrow bunch of 

protons

Slide by Lee Roberts

BNL & FNAL
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Uncertainties

Error ppb

Gain changes 120

Pileup 80

Lost muons 90

CBO 70

E and pitch 50

B field 170

Large 
emittance 

beam

Strong 
E focus

Less 
ʀinjection

Magic p

Large 
storage

Low emittance muon beam offers better precision 

Cited from Fermilab-FN-0992-E
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Experiment @ J-PARC (E34)
ÅMeasurement of  g-2 and EDM with low emittance muon beam

#ÏÎÖÅÎÔÉÏÎÁÌ ʈ ÂÅÁÍ 
(large emittance)

3GeV proton beam

storage ring

detector

Goal 

ÅπȢρÐÐÍ ÆÏÒ ɝ Ç-2)

Å10-21e cm < EDM 

Cooling & Acceleration
LOow emittance muon beam 

w/o E focusing at storage
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"ÉÒÄȭÓ ÅÙÅ ÐÈÏÔÏ ÉÎ &ÅÂȢ ςππψ
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MLF building 

3 GeV proton beam
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Low Emittance Muon Beam

1S

2P 355nm

Muonium

e-ʈ+

122 nm 
,ÙÍÁÎ ɻ

[PTEP 2014, 091C01]

NIMB266 (2008) 335
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Summary of Introduction
Å4ÈÅ ×ÏÒÌÄȭÓ ÆÉÒÓÔ ÍÕÏÎ linac cast light on beyond SM via 

precise measurement of g-2/EDM
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Summary of Introduction
ÅThe muon linac will promote other science fields.  

Ultra slow muon 
microscope

DOI 10.1007/s10751-012-0759-4

Mobile TeVmuon 
source for muon 

tomography

Proc. Of New Initiative on 
Lepton Flavor Violation and 
Neutrino Oscillation  (2002)

ʉ ÆÁÃÔÏÒÙ
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Thomas P. Wanglerȟ Ȱ2& ,ÉÎÅÁÒ !ÃÃÅÌÅÒÁÔÏÒÓȱȟ 7),%9-VCH
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Velocity Evolution
ÅMuon LINAC is first case in the world O  need design 

ÅVelocity is a guide for the design (b/c cell length = ɼʇ ÏÒ ɼʇȾς

Å%ÍÐÌÏÙ Á ÈÙÂÒÉÄ ÄÅÓÉÇÎ ÂÅÔ×ÅÅÎ ÐÒÏÔÏÎȭÓ ÁÎÄ ÅÌÅÃÔÒÏÎȭÓȢ 
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Configuration

mS RFQ IH-
DTL

0.34MeV
b=0.08

4.5MeV
b=0.3

43MeV
b=0.7

DAW
212MeV
b=0.94

16m3.2m 15m1.4m

5keV
b=0.01

35m

324 MHz 1296 MHz

DLS

mlinac

ÅSimilar configuration to J-PARC except 
ïDisk Loaded Structure (travelling-wave) ᵾ SCL

ïShorter length

ïZero current (~104ʈ+ /pulse)

SCL

IS RFQ DTL SDTL

3MeV
b=0.08

50MeV
b=0.3

191MeV
b=0.6

ACS

400MeV
b=0.7

91m3.6m 109m27m

50keV
b=0.01

250m

324 MHz 972 MHz

*not yet installed

J-PARC

600MeV
b=0.8
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Radio Frequency Quadrupole (RFQ)

Schematic view

ÚȾɼɾ
0 0.5

Electrode modulation for 
longitudinal field

+V0

-V0
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Simulation Results
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ÅTransverse (x,y  ÁÎÄ ÌÏÎÇÉÔÕÄÉÎÁÌ ɮȟ %  ÄÙÎÁÍÉÃÓ ÁÒÅ 
evaluated by PERMTEQM

Good transmission (95%)
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Alvarez and IH DTL

Ὁ

ɼʇ ɝɮ ςʌ

Alvarez DTL IH DTL

Ὁ

ɼʇȾς ɝɮ ʌ
beam
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Longitudinal & Transverse Motion

Ὁ

E ɮ π ɮ π

Late particle

Early particle Late particle

Early particle

ɮ π
longitudinal: focus
transverse: defocus 

ɮ π
longitudinal: defocus

transverse: focus 

beam
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Alternative Phase Focusing (APF)
Cf. J-PARC LINAC SDTL

OHO 2001, Ikegami
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APF IH-DTL Design

ÅTo solve it, procedures are divided into three steps: 

1. {ɮÎ} optimization with the analytical calculation of the 
beam dynamics

2. IH cavity design

3. Numerical calculation of the beam dynamics

Entangled problem: 
Dynamics O  {ɮÎ} ᴼ cavity O  RF field O  
$ÙÎÁÍÉÃÓȣ 
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BeamDynamics & ɮÎoptimization

Ўὡ ήὠὝÃÏÓ•

Ў‎‍ὶ ὶ ρ
Ў ϳ

ϳ

ὧὪȢЎὡ ήὠ ÉÎ$#ÆÉÅÌÄ

ὝḊTransit Time Factor, represents time variation of the field. 

Optimized ɮÎ

ɮ π ÔÒÁÎÓÖÅÒÓÅ ÆÏÃÕÓ

ɮ π ÌÏÎÇÉÔÕÄÉÎÁÌ ÆÏÃÕÓ
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Cavity Design
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Before/After Optimization

500 100
0

Z[m]0

0.5

1

N
o

rm
a

liz
e

d
 |E

z| Before After
Frequency 323.1 *

Length 1.44m

Q0 1.07x104

ZTT [MW/m] 92

Power [kW] 250

Emax 1.9 Kilpatrick

Optimized well

* For room by tuners
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Tracking Result

ɮ π

Succeeded to focus transversely by APF

ɮ π
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Phase Spaces & Emittance

Emittance growth is sufficiently small

6~16%
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