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muon g-2 and EDM 

µ = gµ (e/2mµ) s 
aµ = (gµ -2)/2 : anomalous magnetic moment 
Dirac equation predicts g=2. 
Radiative corrections deviates g from 2. 
a = a(QED) + a(Hadronic) +a(Weak) + ... 
 
                               ...+ ....+ ...+ 
 
 
Contributions from all particles, even undiscovered 
 
d = η (e/2mc) s 
If EDM is nonzero -> T reversal is violated.  
=> Indication of CP violation in the lepton sector.  
 
 

unknown 

X 



muon g-2  

BNL E821 measured aµ to 0.7 ppm for µ+ and µ- (sum 0.5 ppm) 
Deviation of experiment and theory by 3~3.5 σ was observed.  
  ∆aµ = aµ (Exp) - aµ(SM) = (295+-88) x 10-11  
New physics? 
Experiment and theory to better precision is waited for. 

π+ 

π- 

Hadronic contribution (experimental input) 
study by several groups and methods  
(“e+e- γ* hadrons” and tau-decay). 
=> Some variations but not large enough  
to explain the discrepancy. 
 

+... 

M. Passera, WG1/WG 
P. Paradisi, WG1/WG4 



muon g-2: method 

Measure ωa and under well controlled B. 
Previous measurement BNL E821 
 use of magic momentum (p=3.09 GeV/c) 
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Muon g-2/EDM@J-PARC 

We plan an independent measurement at J-PARC 
based on ultra-cold muon beam and MRI-type storage ring. 
 
with different scheme - in systematic errors. 
 
 
 
 
 
Make E=0 by making focusing needs low.  
- no high "magic" momentum requirement. 
Need of well controlled muon beam 
- start with ultra cold muon beam.  
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g-2 measurement                            EDM 

Out-of plane oscillation is 
an indication of EDM. 



7 

Resonant Laser Ionization of 
Muonium (~106 µ+/s) 

Graphite target 
 (20 mm) 

3 GeV proton beam 
 ( 333 uA) 

Surface muon beam  
(28 MeV/c, 4x108/s) 

Muonium Production  
(300 K ~ 25 meV) 

Muon LINAC  
(300 MeV/c) 

Super Precision Magnetic Field 
(3T, ~1ppm local precision) 

Silicon Tracker 

66 cm diameter 



BNL-E821 Fermilab J-PARC 

Muon momentum 3.09 GeV/c 0.3 GeV/c 

gamma 29.3 3 

Storage field B=1.45 T 3.0 T 

Focusing field Electric quad Very weak 
magnetic 

# of detected µ+ 
decays  5.0E9 1.8E11 1.5E12 

# of detected µ- 
decays  3.6E9 - - 

Precision (stat) 0.46 ppm 0.1 ppm 0.1 ppm* 

Our goal: comparison 

* Based on 1 x 106/s stored muons  
   x 1 year data taking (107 s).  



Muon g-2/EDM@J-PARC 

High intensity Japan Proton Accelerator Research Complex  
1 MW at 3 GeV (0.3 MW at present), 0.75 MW at 30 GeV 



proposed experimental site 

Parking lot 

cold muon 
source 

spallation neutron 
source 

g-2/EDM 
storage magnet 

DeMee,  
MUSEUM(MuHFS) 

H-line 

J-PARC MLF (Materials and Life Science Facility) 

H-line will provide 108/s surface muons. 
Installation in the proton beam tunnel completed  
  (Y. MIyake, this workshop) 
 



Ultra-slow muon from Thermal Muonium 

 
 
 
 
 
 
 

Silica powder has been known to be a good 
Mu emitter at room temperature 
Mu diffuse out through network of SiO2 grains 
(large surface area) 

Silica aerogels with similar network structure 
can be more easily handled and may fit better  
our system 
 

Stop muons in a material,  
some diffuse out at thermal energy. 
Good muonium emitter and  
an intense laser to remove the electron  
are essential.  
 

Starting from surface muon beam (4 MeV, ∆p~2%, 4cmφ, 50 mr) 

(efficiency>1% required) 



Measurement S1249@TRIUMF 

text 

µ+ 

e- 

e+ 

Decay in vacuum 

Muonium 
Target 

Mu velocity in vacuum ~5 mm/µs 
MWDC intrinsic  resolution ~0.1 mm 
Track back resolution ~2mm 
(from 0.1mm silica-plate data) 



First results S1249@TRIUMF 2010-2011 
Mu excess over reference target was observed 
Yield was "not" satisfactory (~1% emission per stopped µ) 

Aerogel 

Thin plate 



More muoniums wanted 
Muon should stop near surface (<0.1mm)  
to come out! 
Simulation with structured surface by M. Iwasaki  
(Ultra Slow Muon Microscope Meeting, Sapporo, 
2012) 

How to make it? 
  Ion beam, dust-gun, mold, push-pin, ... 
  Laser ablation was successfully applied.  

x6 



New measurement (S1249@TRIUMF 2013) 

(to be published in PETP soon!) 

x10 

aerogel 
vacuum 

e+ 



Muon source 

Huge increase (x10) of Mu yield in measurement last October. 
We now have about 10% of muons coming out in vacuum.  
 (from 23 MeV/c, σp=2% beam) 
Expected ultra-cold muon yield is only factors away from requirement.  
(present estimate is 0.2 x 105/s assuming other conditions are fulfilled) 
 
=> Further optimization of target condition (density, hole size/pitch, ...) 
(we initially tested only four samples)  
is now ongoing at J-PARC 
 
=> Demonstration of ionization from silica aerogel  
is planned at RIKEN-RAL. 
 



Mu Ionization Laser 

Remove e- for g-2 measurement (and acceleration) 
with lasers 

OMEGA 1： High energy 212.556 nm source 
Distributed 
feedback laser 

Fiber amplifier 
All-solid-state 

amplifier 

0.1 mJ 

ω1 

1062.78 nm (ω1/5) 
Δν = 1 GHz 
2 ns 

OMEGA 2： 820.649 nm source 
Optical parametric 

generator and amplifier 

ω1 

ωLy-α 

Kr 4p55p 

Kr 4p6 

Lyman-α Shifter: Krypton gas cell 

ω1 

ω2 

Diode 
laser 

2ω1/5 4ω1/5 

Nonlinear  
frequency conversion 

820.649 nm (ω2) 
Δν2 = 230 GHz 

Lyman-α 
 
 
Mu:122.09 nm 
H: 121.57 nm 
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Improved Coherent Lyman-α 
System Configuration 

100 mJ 

Mu H 

Diode 
laser 

CLBO CLBO 



Lyman-α  laser progress 

New Lyman-α laser developed by RIKEN laser group 
for ultra-slow-muon-microscope project (USMM by Grant-in-Aid) 
aimed for use of ultra-cold-muons for materials study 
  => Laser intensity goal is 100 µJ (x100 improvement over record) 
 
Lyman-α was introduced to the USMM beamline this year. 
Laser tuning and calibration progressing 
=> Good R&D for muon g-2/EDM laser 
Ionization test (with Mu source from hot-W) this autumn 

laser fluorescence in the source chamber laser system installed  in J-PARC (for USMM) 



Ultra-cold muon from silica aerogel 

Muonium to ultra-cold muon beam by ionization and acceleration 
So far all the ultra-cold muon beam at KEK and RIKEN-RAL Muon Facility 
was based on Mu from hot-W (~2000K) and with static field (~10 keV). 
 
Ultra-cold muon beam from silica-aerogel source need to be demonstrated. 
 
Silica aerogel will be evaluated for 
1) long term stability of Mu yield 
2) brittleness and vacuum 
3) electrical field stability  
(use of meshed metal container) 
and also we try good things  
1) colder beam spread 
2) multiple-pass laser mirror 
3) other functions (spin control, ...) 
 
A new Muon Source chamber will be constructed for evaluation study.  
 



Baseline for muon g-2 accelerator 

Baseline scheme 
42.3 MeV 
β≈0.7 

0.34 MeV 
β≈0.08 

CDS or DAW 
(1300MHz) 

Interdigita-H 
(324 MHz) μe-  

5.1 MeV 
β≈0.3 

RFQ 
(324 MHz) 

Middle-β Low-β 

200 MeV 
β≈0.94 

Disk loaded structure 
(1300MHz) 

High-β 

5.6 keV 
β≈0.01 

Bunching Section 

Initial acceleration simulation 
for ex. RFQ capture loss~30%, muon decay x 0.7 



2900 m
m

 

Muon storage orbit 
Super conducting coils 

Magnetic field： B=3T 
   local uniformity 1ppm 
   +very weak magnetic focusing (n~10-5, 1ppm/cm) 

e+ tracking 
detector 

Muon storage magnet and detector 



Beam Injection 

Design of injection-matching transport beamline. 
Spiral injection test with mini-solenoid and electron gun soon 

Injection scheme 
  Spiral injection + weak magnetic kick (8 mr) to storage-orbit 

z 
r 

Br Br 

kick 

injection through  
guided tunnel 

Main coil 

iron 



Muon storage magnet and field monitor 
Good synergy with MUSEUM (P. Strasser, MuHFS talk) 
 
in physics (λ=µµ/µp needed for g-2) 
 
ultra-precision magnet (3T vs 1.7 T) 
 shimming method of MuHFS magnet 
 
 
 
 
 
 
 
 
and field measurement 
  monitoring system, NMR probe 

MuHFS magnet 1.7T 



Detector 
measure muon decay positron tracks with Silicon-strip detectors 
forward/backward decay gives different positron momentum 

beam test with test sensor  
muon beam at J-PARC 
and electron at Tohoku-U 
in progress 



Collaboration 



Muon g-2/EDM@J-PARC : Status 

J-PARC PAC 
Conceptual Design Report at J-PARC PAC (13 Jan 2012) 
Stage 1 approval as E34  (21 Sep 2012) 
Most recent PAC report highly recognized  
our progress in muon source.  

 
Collaboration Meeting held every half year.  
9th C.M. will be in 6-8 Nov at KAIST in Daejon, Korea 
 
Technical Design Report to be made this year  
Expect to start running in 3~4 years (dep. on budget) 
 
Several small grants obtained for development.  
Overall budget is still a issue.  
 



Summary 

New muon g-2/EDM measurement is under preparation at J-PARC. 
Since last year, there has been significant progresses.  
 
Muon Source (x 10 Mu emission)  
Practical Mu ionization study will follow 
 
New Lyman-α Laser progressing in collaboration with USMM group 
 
Also progress in accelerator, storage magnet, injection, detection.  
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