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WG4 session summary

• WG4 (5 sessions, 14 talks)

• WG3-4 Joint (3 sessions, 5 talks)

– large contributions from FNAL (8)

• Thanks to participants

• Physics with intense muon beams were discussed

– CLFV (Charged Lepton Flavor Violation)

– Precision Physics (g-2, Muon decay, Muon Capture)

– New facilities and applications



• Strong motivations for muon physics

– see Marciano’s Plenary Talk

• We now know charged lepton flavor violation is allowed
– However, at ~10-50 level

• Several New Physics models predict CLFV at accessible rate

• g-2 to probe indication of new physics 
– consistency with others? 

• Muon applications   

– mSR probing materials, etc



Mu-to-e conversion
Searches for single event

• High rate of muon stopping
– Intense proton beam and pion capture solenoid

• single event sensitivity
– proton extinction ratio

• Mu2e at Fermilab
– Mu2e : D. Glenzinski
– Mu2e muon beamline:  R. Coleman
– Mu2e proton beamline:  M. Syphers
– proton extinction: E. Prebys

• COMMET/PRISM at J-PARC
– COMMET: A. Sato
– proton extinction: N. Nakadozono
– PRISM Development: A. Sato
– SC Magnet for Mu2e-COMMET: T. Ogitsu
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M. Syphers, E. Prebys

Proton beam extinctions:  Proton beamline for mu2e



N. Nakadozono

Proton extinction monitor for COMMET

gated PMT



Al stabilizer

Insulator

Superconductorr

T. Ogitsu



High precision muon physics

• muon g-2

– g-2 at Fermilab
C. Polly

– g-2 at J-PARC

• g-2: N. Saito

• ultra slow muon source: K. Ishida



muon g-2: Current Precision

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

• 3.4 sigma deviation 
from the SM
– SM prediction OK?
– New Physics?

• Need to explore 
further



 m  m - m    -

N. Saito



BNL g-2 ended with 3.3s discrepancy am(exp-thy)

– statistics limited

moving g-2 ring to FNAL ->  x20 muon luminosity

reduce dam(exp) from 0.56 ppm to 0.14ppm

C. Polly

g-2 at FNAL



New Generation of Muon g-2@J-PARC
Proposal in preparation

Proton beam
(3 GeV, 1MW )

Laser 

Muon Linac (300 MeV/c)
Surface Muon

(~30 MeV, 4x108/s)

Ultra Cold 
Muon Beam
(m+  106/sec)

Muonium

• New generation of muon g-2 experiment is being explored at J-PARC
• With completely new technique

– Off magic momentum with 
ultra-cold muon beam at 300 MeV/c

– Stored in ultra-precision B field 
without E-field so that the b x E term 
drops

H. Okada

N. Saito



BNL, FNAL, and J-PARC
• complimentary

19

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 m+ decays 5.0E9 1.8E11 1.5E12

# of detected m- decays 3.6E9 - -

Precision (stat) 0.46 ppm 0.1 ppm 0.11 ppm

N. Saito



122.09 nm (Mu)

121.57 nm (H)

121.53 nm (D)

Isat=2.3 W/cm2

monochromatic<100MHz 

1S-2P saturation intensity

Isat=4.6 kW/cm2

(Doppler 200GHz) 

• two laser beams necessary for resonant ionization

• required very broad laser bandwidth due to 

thermal movement of atoms  

Main challenge: to generate VUV @ 122 nm 

and with 200 GHz ( + 1 ns jitter rel. to ext. trig.)

0.2 eV thermal Mu 0.2 eV m+2%
4 MeV muons 

K. Ishida

generating ultra-cold muons at high density for g-2

good cooling required!



1

212.55 nm

2

815

~ 850 nm

Ly-
121.5

~ 122.2 nm

Lyman 

Kr 4p55p

Kr 4p6

Pump laser 1：2-photon resonance at 212.55 nm

DFB-LD Fiber amp
LD pump Nd:GdVO4

Multi-amp 5th HG
100 mJ

@212.55 nm

Pump laser 2： tunable from 815-850 nm

DFB-LD
LD pump Cr:LiSAF

Multistage-amp. system

100 mJ

@815-850 nm

   

1

212.55 nm

100 µJ

@122 nm

Kr, Ar mixing cell

K. Ishida

To improve present intensity ~20/s by 2 orders

ionizing Lyman-alpha laser

another 2 orders by RIKEN -> J-PARC Dedicated muon channel

To achieve g-2 muon storage requirement



Exciting recent progress
- understanding muons

• MEG (Muon to eg) another CLFV

– D. Nicolo

• TWIST (Precision measurement of Michel parameters)

– G. Marshall

• MuCAP (Muon nuclear capture to hydrogen)

– S. Clayton



MEG (m->eg)
The detector

• Liquid Xenon calorimeter for g

detection (scintillation)

- fast (τ ~ 20÷40 ns)

- high light yield (70% NaI)

• Thin wall quasi-solenoidal 

spectrometer & drift chambers 

(X0=2∙10-3) for e+ momentum 

• Scintillation counters for e+ timing

The PSI beam

The worldwide most intense DC beam (>108m/s)

of surface muons (28 MeV/c) 

 stopped on a thin target

Matter effects must be

minimized in order not to 

spoil the resolution

26 July 2009 23The MEG experiment ...

D. Nicolo

back to back decay signal of mono-energetic e+ and g



LXe-alone energy spectrum exhibits no difference with 

expectations both in absolute rate and spectral shape

 detection efficiency and background are under control

D. Nicolo



D. Nicolo

Run 2008 analysis about to finish
Results to appear in middle August



TWIST at TRIUMF

G. Marshall



TWIST

Precision measurement of Michel parameters

G. Marshall



Data taking ended

Analysis in progress

Further improvement (x2-4)  by NuFact10

G. Marshall



S. Clayton

MuCap



S. Clayton



Updated gP vs. op

• MuCap 2007 result (with gP to 15%) is consistent with theory.

• This is the first precise, unambiguous experimental determination of gP

• Further factor of 2.5 improvement in gP expected with final MuCap result

(contributes 3% uncertainty to gp
MuCap)

S. Clayton



Facilities for the Future

• MUSIC at RCNP

– M. Yoshida (Osaka)

• J-PARC/MLF/MUSE and Super Omega 

– K. Nakahara (Maryland)



The MUSIC project 
at RCNP

• MUon Science Innovative 
Commission

• Muon channel at RCNP, Osaka 
Univ.

• Science using muons
– Material science
– Muon physics
– R&D on muon accelerator

• Cyclotron proton beam produce 
pions in graphite target
– Target size: 40mm dia. x 200mm 

len.

• Large pion-capture solenoid 
surrounding target can collect 
pions in large solid angle

• Long bent transport solenoid All 
the superconducting solenoid 
magnets are cooled by cyocooler

MUSIC pion-capture system

 Inject proton beam from the 
gap of coils into solenoid 
magnet

 Capture backward-emitted 
pions in 3.5T solenoid field

M. Yoshida



Muon beam at MUSIC

• 8x108 m+/sec with By=0.04T
• 2x108 m+/sec with By=0

• 2x108 m-/sec with By=0.04T
• 5x107 m-/sec with By=0

• Pion Capture System for MUSIC with a 
few meter transport solenoid is about 
to be constructed at RCNP in FY2009

• Commissioning will start with proton 
beam next year

1.2x10-4 m+/p

8x108 m+/sec

3.1x10-5 m-/p

2x108 m-/sec

By=0.04T

By=0.04T

M. Yoshida



J-PARC/MLF

MLF

3 GeV 

Synchrotron

Linac

MLF:

3GeV proton beam

25 Hz repetition rate

333mA

1MW (currently @20kW)

Muons and Neutrons

MLF/MUSE

MUon Source Extension
K. Nakahara
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K. Nakahara



The Super Omega Muon Beamline

Build the highest intensity 
pulsed muon beamline in the 
world 

Capture m+ and m- simultaneously

Conventional 

beamlines

Super-Omega

30-40 msr 400 msr

Quadrupole triplets 

(capture)

Large acceptance 

solenoid

Bending magnet Curved solenoid

K. Nakahara



Summary
Progress on new measurement – design and R&D 

me conversion, g-2, …

Several experiments produce new results of high quality

Synergy of neutrino factory and muon physics?

Common Facilities

high intensity proton driver
some requires severe proton  time structure

solenoid capture of pions and muons
most new experiments need such beam

most muons physics requires low energy muons 
- backward pion collection

Good future for muon and neutrino physics!


