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µ → e γ search experiment
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 µ → e γ decay ?
 ‘µ → e νν’ ~ 100% ( in SM )
 ‘µ → e γ’ violates Lepton Flavor Conservation !
 SUSY-GUT models predict Br(µ → e γ )=10-11~10-14

•Sensitive to physics
  beyond the SM !

•New experiment with a
  sensitivity of BR~10-14

  planned at PSIJ. Hisano et al., 
Phys.Lett.B391,341



Our plan
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• Sensitivity down to BR~10-14

• Most intense DC muon beam
   at PSI
• Liquid xenon photon detector
• Positron spectrometer with
   gradient magnetic field
• Thin superconducting magnet
• Positron tracker and timing
   counter

• Engineering/physics run
   will start in 2003
Collaboration



Requirement on the γ detector
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 Good Energy Resolution (<1%)
 Good Position Resolution (~2mm)
 Good Timing Resolution (~50psec)

Very Small Branching Ratio 



Why Xenon ?
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175 nmScintillation light
wave length

4.2 nsec (fast)
22 nsec (slow)
45 nsec
(recombi.)

Decay time

131.29Mass number

2.77 cmRadiation length

24 eVEnergy per
scintillation photon

165 K, 161 KBoiling and melting
points

1.57Refractive index

3.0 g/cm3Density

Properties of Liquid Xenon• High light yield (75% of NaI(Tl))
 Good Resolutions

• Fast Signal
 Reduce pileups

• Spatial uniform response
 No need for segmentation



Final detector plan
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Detector design
Active volume of Liquid Xe :
  800 liter

Scintillation light is collected
  by ~ 800 PMTs immersed in
  Liquid Xenon .

Effective coverage (front)
    ~ 43.2 %

 Design work is running now .



Prototype detectors
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Has to be verified with larger
detector for higher energy γ rays

•Small prototype detector
•32 PMTs & 2.3 Liter Liquid Xe

•Study performed with RI source
  0.3 ~ 2 MeV , and extrapolations from
  the results implied excellent resolutions
  for 52.8MeV γ from µe γ



Large prototype detector
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•228 PMTs
•125 Liter Liquid Xenon
•Beam test for 40 MeV γ



Overview
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 γ beam test has been
 performed @ AIST 
 ( 08/Feb – 01/Mar )

40 MeV γ beam obtained from
 Laser Compton Scattering  

National Institute of
Advanced Industrial Science & Technology

 Related topic
  26pWK-2 (大垣英明 @ AIST, et al.）



Purpose
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• Performance test with high energy γ

  (Energy-, position-, time resolutions)
• Check of cryogenics
   and other detector components
• Check of stability of detector operation



Beam test outline

III. γ beam test III. III. γγ beam test  beam test 
JPS meeting Mar.‘02
@ Ritsumeikan Univ.

Beam

ON

Purification
and

Liquefaction

Pre-
coolingevacuating

Set

Up

KEK
to

AIST

2120191817161514131211100908

February

AIST
to

KEK

Wait for

temp. rising

Xenon

recovery
Beam ON

Accelerator trouble,

DAQ using

Cosmic ray

0706050403020128272625242322

MarchFebruary

All detector components have been working successfully
 during full term of this beam test !!
( Refrigerator , LN2 system , DAQ system , HV supply … )



III. γ beam test III. III. γγ beam test  beam test 
JPS meeting Mar.‘02
@ Ritsumeikan Univ. DAQ

Position scan of the detector ,
   vertically & horizontally

40 MeV γ

Detector
arrangement

Photon beam is collimated by 2
collimators , and incident center
of detector window .



Typical event
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40 MeV γ incident
@ center of detector front



Analysis for position measurement
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Rough event selection by total energy

Select PMT region by the light
distribution @ front wall

Position reconstruct by weighted mean
using PMTs in the region decided previous

Fit the distribution by Gaussian and
deduct the beam spread

Offline calibration
Light distribution @ front wall



Position resolution
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Results (preliminary!)

Position resolution ; 2.3 ~ 2.7 mm !!



JPS meeting Mar.‘02
@ Ritsumeikan Univ.

IV. SummaryIV. SummaryIV. Summary

 We plan the new µ → e γ search experiment @ PSI

       and R&Ds are progressing now .

 We performed the γ beam test using prototype

       liquid xenon calorimeter @ AIST (08/Feb.~07/Mar.) .
 We could check the all components , Very good !!
 Analyzing now !
 Position resolution estimation (preliminary) : 2-3mm


