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 Why Muon g-2 and EDM? 

 Current status of Muon g-2 (BNL-E821) 

 New Experiment at J-PARC 

 EDM 

 Summary
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 Magnetic and Electric DMs: both related to Spin 
of the Particle 
 Fundamental physics observable for elementary 

particles 

 ex. Electron g-2 (measured down to 0.28 ppt) provides 
the best determination of fine st. const. (0.37 ppb)   

 Play important role in the test of fundamental 
symmetries
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If EDM nonzero, T is violated



 Magnetic moment and spin can be related as 

 Dirac equation predicts g=2  

 Radiative corrections (including NEW 
PHYSICS) would make g≠2 
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g = 2.00± 0.10
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 Any particle which couples to muon/photon 
would contribute : QED >> Hadron > Weak

a≠0 

From Lee Roberts

~1.2 x 10-3 (σ~1ppb)

~6.9 x10-8(σ~0.41ppm)

~1.5 x 10-9(σ~0.02ppm)



 E821 at BNL-AGS 
measured down to 
0.7 ppm for both µ
+ and µ-

 3.4 sigma 
deviation from the 
SM 
 SM prediction 

OK? 
 New Physics? 

 Need to explore 
further 

 Preferably  
    NEW METHOD! 
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Δaµ
( today) = aµ

(Exp) − aµ
(SM) = (295 ± 88) ×10−11



 Even the first 
SUSY discovery 
was made at LHC, 
the muon g-2 
measurement 
remains unique to 
determine SUSY 
parameters:  

   µ and tan β
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aµ (SUSY) ≈ (sgnµ)13×10−10 tanβ 100 GeV
˜ m 
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J-PARC ~

Form Fermilab proposal “New g-2”
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γmagic = 29.3
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pmagic = 3.09 GeV/c
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  Electric Dipole Moment

€ 

de = (6.9 ± 7.4) ×10−28e ⋅ cm

€ 

dµ < (1.5 ±1.4) ×10−25e ⋅ cm

€ 

dµ = (3.7 ± 3.4) ×10−19e ⋅ cm
Measured to be 

Expected to be 
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 Precession frequency (ωa) of muon spin 
in the storage ring is measured; 
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e
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Inflector 

Kicker  
Modules 

Storag
e 

ring 

Central  orbit 
Injection orbit 

Pions 

p=3.1GeV/c 

Experimental Technique: fill ring, count until 
all muons are gone; do it again 

•  Muon polarization 
•  Muon storage ring 
•  injection & kicking 
•  focus with  Electric Quadrupoles 
•  24 electron calorimeters  

R=711.2cm 
d=9cm 

(1.45T) 

Electric Quadrupoles 
(thanks to Q. Peng) 

xc ≈ 77 mm 
β ≈ 10 mrad 
B·dl ≈ 0.1 Tm 

xc 

R

R β

Target 

25ns bunch of       
5 X 1012 protons 
from AGS 



 Major Sources 
  Pileup 

  Lost Muons 

  CBO 

  Gain Changes 

 Pion dominates 
to create 
“flash” 

 “Pure” Muon 
Beam w/ Better 
Quality
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Bird’s eye photo in Feb. 2008 
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60 m



 Estimated to be 
$2.5M 

 Need to be 
refined 



 Why at magic gamma? 

 What if no E-field? 
⇒requires ultra cooled muon beam Δp/p << 1e-5 

Ultra-Slow Muon Source at J-PARC MLF? 

Muon collider technique? Cooling, FFAG etc. 
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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 



 Hi-momentum port? 
 Large acceptance preferred 

 LINAC ~30 m  

 Magnetically Shielded Room : 5x5x5 m3
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Service Lines (Power, 
Cryo etc) should be 
also considered…



 Laser Ionization of Muonium
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~20 µ+/ sec



Intense Ultra Slow Muon Source @J-PARC
At J-PARC, Aiming at; 

1)   Repetition Rate                                                                          
25 Hz (At RIKEN-RAL  50 Hz)               factor 2 times 

2)  Surface Muon Yield by Super Omega Channel                                                                                 

4.0 x 108 /s  / 1.2 x 106 /s (RIKEN-RAL) = 333 times 

3)  Lyman-α Intensity by Laser Development

     100 µJ/p   /   1 µJ/p (RIKEN-RAL) = 100 times 

Our Goal of Ultra Slow Muon Yield is  

20 /s x  2 x 333 x 100 = 1.3 x 106/s (104/s without Laser Developments) 

Riken-RAL Slow 
Muon Intensity 

Maximum            
J-PARC Slow Muon Intensity 

From Miyake-san



 Optimize Mu production for Muon g-2 Exp. 
 Spokespersons: K. Ishida and T. Mibe 

 Find the best target material 

 Measure Space-time distribution of Muonium 

 Received “high-priority approval”  

 Run in this summer  
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S1249

approved !
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Base technology is  
demonstrated at  
Subaru Observatory’s 
Artificial “Guide-Star”.　 

100 uJ @ 122 nm is 
possible

 Laser is setup at RIKEN 

 To be tested at RAL in coming JFY 



  Low-beta (proton like) LINAC   

  Hi-beta (electron like) LINAC 

  Connected at beta = 0.7  



  BNL-E821 achieved 
precision such a large 
magnet (14 m – 
diameter) 
  Local uniformity ~ 100 

ppm  0.1 ppm 
integrated field 

  Smaller Ring with Hi 
Field just matches 
with MRI technology 
  Active shimming – 1 

ppm local uniformity 

  High field (~ 7 T) with 
large gap (~ 40 cm) is 
possible

27 日立ホームページより



28 H. Iinuma

 Inject muon beam with vertical 
angle to avoid interference in the 
injection region 

 Deflect PT into PL by 

   radial field 

 Stabilize beam by kicker 

  to “good filed region” 
 Double-kicker or 

 Weak kicker ? 

 Better monitoring/ 

    shimming necessary! 



 “Active” shimming with current 
adjustment for separate coils 
 Employed in many MRI 
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From GE Website : 



30 OPERA 3-D

3-D Modeling Started !



  Conceptual Design developed 

  Vibration measurement is ongoing
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  Tracking device with hi-rate capability 
  5 K tracks in 33 micro seconds,  

  ~10 tracks in the first 7.5 nsec period  

  Silicon detector would work  Collaboration with ILC started 



  About 12 tracks in the first 7.4 nsec 

  ~40 hits/track  500 hits/7.4 ns = 70 GHz 

  Over ~100 K channels  0.7 MHz 

  Data size = 4,000 tracks x 40 hits / 40 ms 
  If address 18 bits (256 Kch ), time stamp 18 bits + etc ~ 40 

bits / hit  160 Mb /sec = Back-end DAQ rate  
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 Simple reconstruction 
 Transform into (r,φ) coordinate  

 Hi-momentum track can be identified as 
consecutive hits in φ-z plane  
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 P=300 MeV/c, B=3T
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 Submitted to Fermilab PAC 
 Contact persons: Lee Roberts (Boston U) 

             Dave Hertzog (UIUC)  

 Cost Estimate: ~$20 M (w/ contingency)  

 Discussed at  

   the last PAC  

   (March 4,5) 

 Encouraging  

   message from  

   the lab 
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 complimentary
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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 None

# 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



 Submitted to 
the PAC 

 Discussed in 
the PAC (15-17, 
Jan., 2010) 

 Received 
strong 
encouragement 
and support for 
further R&D
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63 members
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6 countries
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- p. 4054 

E.M. Purcell and N.F. Ramsey,  Phys. Rev. 78 (1950) 



 4th order contributions
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F. Hoogeveen, NPB341 (1990) 332

 New Physics contributions?
~2E-38 e cm 



 Electron – Penning trap / Atom 
 T-violation search in heavy paramagnetic 

atoms (EDM) 

 Electron and positron in Penning traps 
(MDM) 

 Muon – Storage ring 
 Decay in flight  storage ring with B and E 

 Tau lepton – colliders  
 Pair production kinematic dependence to 

search for T-odd contribution
42 
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e+e− → τ+τ−
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  Electron EDM from Atomic EDM Pure lepton contribution 
can be measured with Muon
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 Anyway to enhance EDM signal?
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Spin Frozen mode Non-Frozen but E=0, s//B



B-Field

Rotation of g-2

Rotation of EDM

Momentum

 Rotation axis is orthogonal to g－２ case
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 A nice experimental proposal using 
“spin frozen” technique!
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From http://amas.web.psi.ch/projects/muonedm/index.html



 Direct CPV in 
Lepton Sector 
 CPV Required 

beyond KM 

 Current Exp. 
Limit ~ 1e-19 

 Potential 
Sensitivity of J-
PARC Exp. 
 ~5e-22 @ MLF  

48 
Courtesy PSI EDM collaboration

With proposed  
Experiment at  

J-PARC
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  We propose New Generation of Muon g-2/EDM 
Experiment at J-PARC with Novel Technique! 

  Intend to start the experiment in 5 years! 

  There are many challenges on the way 
  Muon flux 

  High power Lyman-alpha Laser 
  Maximize the muon polarization 

  Muon LINAC 

  Beam monitor of low intensity muon beam 

  Ultra-precision field !  

  High-rate tracking system … and many more  

  We have STRONG SUPPORT from the Lab to explore 
these exciting challenges! 

  We would like to invite young scientists to join this 
challenge! 

Of course, including 
young at heart!
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backup



 Being developed with MRI precision 
magnet + NMR probes + Hall probes
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  Conceptual Design developed 

  Vibration measurement is ongoing
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 Driven by 25 Hz proton beam 

 Time-zero defined by Laser Ionization
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µ 

γ 

γ 

hadron 

γ 

 Largest cont. among hadronic correction
e+e- - based

e+e- - based 

tau - based 

 Tau-based analysis or 
isospin test? 

 e+e- - based analysis 
is more straight fwd
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 Machine commissioning since 2007 

 Detector installed 

 Fully integrated commissioning is 
ongoing 

 Physics run is expected this spring! 



 4E9 electrons; E > 1.8 GeV

€ 

f (t) ≈ N0e
−λt 1+ Acosωat + φ( )



 Submitted to Fermilab PAC 
 Contact persons: Lee Roberts (Boston U) 

             Dave Hertzog (UIUC)  

 Cost Estimate: ~$20 M (w/ contingency)  

 Discussed at  

   the last PAC  

   (March 4,5) 

 Encouraging  

   message from  

   the lab 
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 Intend to start the experiment in 5 years 
 Similar time scale to the Fermilab proposal
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 Very preliminary…
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  Smallness of the magnet : advantageous 

  Absolute calibration is a common issue
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 Mostly eliminated… pileup may be still 
issue due to hi-rate

61



62 

Precision 
Magnetic Field 
（KEK Cryogenic 

Center / Progress in 
MRI technologies）

R&D of Muon 
LINAC 

（KEK Accelerator 
Team） 

Ultra Cold Muon 
Source 

（Laser technologies 
and High Intensity 

Proton Beam : RIKEN 
and KEK）

Ultra-Precision 
Theoretical 
Calculation 
（KEK Theory 

Group & Belle, 
VEPP, Babar…）
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60 m



 Estimated to be 
$2.5M 

 Need to be 
refined 



⇒Origin of Matter 
 Sakharov’s necessary conditions  

 violation of matter number: 0νββ, pdecay 

 CP violation 

 out of equilibrium  

 J-PARC aims to provide answers for 
 How matters (hadrons) are formed? 

 Confinement is understood? 

 How hadron properties are emerged? 

 How matter-dominant universe is emerged? 
 CP violation in quark sector 

 CP violation in lepton sector 


