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Resolution
• Energy   : 

• Timing   : 

• (Position :

using Monochromatic gamma from π 
decay.

detect pair gamma with Timing 
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Event type
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Event type
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Energy Resolution



Calibration & Reconstruction
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Depth Reconstruction
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Figure 32: (a) A display of event where the γ ray converted at zγ = 3 cm. The right plot shows
the distribution of the PMT outputs. (b) An event with zγ = 14 cm.
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Figure 33: An obtained resolution of γ conversion point zγ .
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Position selections and corrections
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Event Selection with NaI Energy
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Resolution after cut/correction

0 10000 20000 30000 40000 50000 60000 70000

htemp
Entries  267283

Mean   2.133e+04

RMS    1.665e+04

 / ndf 2!   48.5 / 4

Peak      25± 3.387e+04 

Transition  17.2± -335.2 

Height    75± 1.05e+04 

Sigma     21.9±  1048 

0 10000 20000 30000 40000 50000 60000 70000
0

2000

4000

6000

8000

10000

12000

htemp
Entries  267283

Mean   2.133e+04

RMS    1.665e+04

 / ndf 2!   48.5 / 4

Peak      25± 3.387e+04 

Transition  17.2± -335.2 

Height    75± 1.05e+04 

Sigma     21.9±  1048 

FWHM = 10.8 %
w/o cut/correction

number of photoelectrons
0 5000 1000015000200002500030000350004000045000

hist

Entries  82050

Mean   1.892e+04

RMS    1.247e+04

 / ndf 2!  384.9 / 96

Peak      20± 3.385e+04 

Transition  12.5± -295.1 

Height    7.6± 863.4 

Sigma     13.2± 858.4 

number of photoelectrons
0 5000 1000015000200002500030000350004000045000

0

100

200

300

400

500

600

700

800

900
hist

Entries  82050

Mean   1.892e+04

RMS    1.247e+04

 / ndf 2!  384.9 / 96

Peak      20± 3.385e+04 

Transition  12.5± -295.1 

Height    7.6± 863.4 

Sigma     13.2± 858.4 

+ NaI Selection
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+ position cut
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+ depth correction

FWHM = 4.5 ± 0.3%
σ(right) = 1.6 ± 0.1%



Position dependence of resolution
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Resolution

FWHM rightσ

52.8MeV

Important to reduce 
background

Important for efficiency
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Resolution of 83,129 MeV gamma
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Now we see 55,83,129 MeV together, (also TERAS)
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Timing Resolution



Timing Counter
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Timing Reconstruction
• Time walk correction

• Weighted mean

• Correction with position
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Intrinsic time resolution
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Timing resolution (Xe - TC)
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Summary

• A beam test of calorimeter prototype was 
carried out at PSI using 55, 83, 129 MeV 
monochromatic gamma rays.

• Energy resolution was estimated for each 
energy. FWHM and right σ for 55 MeV gamma 
are 4.5±0.3% and 1.6±0.1 % respectively.

• Estimated timing resolution is 102psec (including 
z resolution) for 55MeV gamma. Better z 
reconstruction can improve it. 



Background rate at MEG experiment

Energy resolution 4.5-5.0 [%]

Timing resolution < 0.23 [nsec]

Position resolution 4.5-9.0 [mm]

Muon rate 0.2-0.3×108 [muon/sec]

Background rate 2.3-3.5×10-14 [event/sec]

4 Sensitivity and Background

4.1 Sensitivity

The detector acceptance defined by the positron spectrometer and the Xe detector is 0.08 <
| cos θ| < 0.35 and −60◦ < φ < 60◦, amounting to Ω/4π = 0.09. The detection efficiency for
the photon (εγ) is 67–75 %, depending on the Eγ cut value, while that for the positron (εe) is
95 %.

Assuming the muon stop rate of Nµ = 1 × 108 /sec and the total running time of the
experiment T = 2.2 × 107 sec, the single event sensitivity for this experiment is calculated as

B(µ+ → e+ γ) =
1

Nµ · T · (Ω/4π)
× 1

εe · εγ · εsel
(1)

=
1

(1 × 108) · (2.2 × 107) · 0.09
× 1

0.95 · 0.7 · 0.8
(2)

= 0.94 × 10−14. (3)

Here εsel is the efficiency of the event selection.

4.2 Background

There are two major backgrounds to the µ+ → e+ γ experiment: (1) Prompt or physics back-
ground from radiative muon decays, µ+ → e+ νeνµγ , and (2) accidental background. The
backgrounds crucially depend on detector performance. With the expected performance of
our detectors, summarized in Table 5, the accidental background poses more threat than the
prompt one.

It is noted that the accidental background Bacc is approximately given by the following
formula (Appendix A):

Bacc ∝ δEe · δteγ · (δEγ)2 · (δθeγ)2 (4)

Our detector design is aimed at best possible improvements on δEγ and δθeγ over the previous
experiments (See Table 7 in Appendix B). An ultimate timing resolution δteγ is also pursued
to fight against any type of accidental coincidences.

In evaluating the backgrounds, it is crucial to estimate pile-up of γ rays from various sources.
In the following sections pile-up photon yields are evaluated and their effects are taken into
account in the background calculations. As in Appendix A, the normalized photon and e+

energies, x = 2Ee+ /mµ and y = 2Eγ/mµ, are used.

4.2.1 Inclusive Photon Yield

To properly incorporate the effect of photon pile-up in the background estimate, inclusive
photon yield per muon decay gγ(y) is evaluated, where fγ(ε) ≡ ∫ 1

ε dygγ(y) is the number of
photons with Eγ ≥ mµ

2 ε per muon decay.
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