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Muon decay at rest

+
µ

+e γ

3

⇒Energy  (Ee , Eγ)

⇒direction (∆θ)

⇒ Time (∆t)γe

γe

2

µγe

     

 MeV8  522/

tt

pp

.cmEE

=
−=

===
rr



First experiment: B.Pontecorvo and E.P.Hincks, PR 73 (1948) 257
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The 
apparatus 
used by 
Pontecorvo
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Pontecorvo
and Hincks 
in 1948
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The following experiments were performed with  π+ beams

π+ ∼100 MeV/c
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Frankel et al., PRL 8(1962) 123
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? Thin target

Surface muon beams: monochromatic low momentum muons 
(Pµ ∼29 MeV/c) can be stopped in thin targets). 
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Multiple scattering limits the 
angular precision of the 
measurement



Upper limit vs year
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2 different kinds of ν’s: Lederman, Schwartz, Steinberger (driven 
by the absence of µ→eγ) G.Danby et al., PRL 9(1962) 36.



•The Standard Model (SM) of Particle Physics was 
built (also) on the basis of the absence of µ→eγ

• In the SM the difference between quarks and 
leptons (f.w.c the flavor conservation) is due to the 
zero mass of neutrinos
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• µ→eγ was however continued to be considered as “a 
natural theoretical possibility”: Bjorken, Lane and 
Weinberg PRD 16(1977) 1474.

• Recently: ν oscillations (CKM �� PMNS) ...



µ→eγ rate in the standard model
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The SM predicts an unobservable 
rate� very clean channel for new 

physics searches



GUTs: quarks and leptons are deeply connected

• SUSY SU(5) predictions

Lepton Flavour Violation (LFV) induced by finite slepton mixing through radiative
corrections

The mixing could be large due to the top-quark mass

in SU(5)  (larger by ~30 order of magnitudes than SM predictions)1315 1010 )eγµ( −− ÷≈→BR

⇒ clear evidence for physics beyond the SM
MEGA
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• SO(10) predicts even larger BR

R. Barbieri e L.J.Hall, PL B338(1994)212.

R. Barbieri et al.,Nucl. Phys. B445(1995) 215

J.Hisano et al., PL B391(1997) 341
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MEG goal

Analisi combinate degli esperimenti a LEP 
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CKMPMNS
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See-Saw model



Surface muon beams
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- from decay at rest of π+ on the target surface (the µ range is 
approx. .1 gr/cm3): are totally polarized

- It is then possible to focalize and stop an intense µ beam in a thin 
target
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Momentum scan of the πe5 beam at PSI
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- with a 10% e+ contamination which can be eliminated by means 

of an elctrostatic separator

- 3 orders of magnitude higher than  the previous muon stop rates + thin target
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Need of a DC muon beam
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• Liquid Xe e.m. detector

• Magnetic spectrometer

• Timing counter 
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COBRA spectrometer

Gradient field Uniform field

COnstant Bending RAdius (COBRA) spectrometer

• Constant bending radius independent of emission angles
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Gradient field Uniform field

• Low energy positrons quickly swept out 
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LXe vs NaI

π-- beam

AC TMod
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Target alignment
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∆t ∼ 130 ps
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MEG upgrade
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µ+→e+e+e- : SINDRUM I

• Present limit B(µ→3e ) < 1x10-12

U.Bellgardt et al. Nucl.Phys. B299(1988)1

• Proposal at PSI to reach 10-15 in a 

first phase and 10-16 in a later one

SINDRUM I parameters

– beam intensity 6x106 µ+/s
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– beam intensity 6x106 µ+/s

– µ+ momentum 25 MeV/c

– magnetic field 0.33T

– acceptance 24%

– momentum resolution 10% FWHM

– vertex resolution 2 mm2 FWHM

– timing resolution ∼ ns

– target length 220 mm

– target density 11 mg/cm2



µ+→e+e+e- : SINDRUM I
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Same beam as 

MEG for the first 
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MEG for the first 

phase 
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pixel detectors (HV-MAPS)
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Severe cooling 

problems
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D (Decay In Orbit)
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∼100 MeV !



DIO

∝(E-E )5 π suppressed by means 
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∝(E-E0)
5 π suppressed by means 

of a moderator



1010÷11muons/sec
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(8 GeV)
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µ→eγ vs µ→e and µ→3e  
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Effective lagrangian



• Precision really plays a major role in cLFV experiments !

• It may be that µ�eγ has met the current technological 

limits

• possible big improvements can be foreseen especially for 
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• possible big improvements can be foreseen especially for 

µ�e conversion

• we  hope to be more lucky in the near future


