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MEG Experiment
• Start in 2006 at Paul Sherrer Institut (PSI) 

Switzerland

• The world’s most intense DC muon beam. 
(>1.8mA ~ 1×108 muons/sec)

• Collaboration of 11 institutes from 5 countries.
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Physics
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μ➝eγ decay in SYSY

Experimental bound

10-11

10-14

Standard model predicts unobservable branching ratio (~10-50),
while SUSY predicts much larger ratio (10-14 ~ 10-12 )

Our goal

Discovery of μ+➝e+γ is a clear evidence of new physics.
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• Background
– Radiative µ decay

– Accidental overlap

Signal and background
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• Signal

• Eγ = mµ/2 = 52.8MeV

• Ee = mµ/2 = 52.8MeV

•  θ = 180o

• Time coincidence
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To reduce background, good resolution of detector is important.

Thus the total photon yield becomes gγ(y) = grad(y) + gaif (y) + gmat(y). The integrated
yield fγ(y) =

∫ 1
y dy′gγ(y′) is plotted in Fig. 45. With a δy cut of 1 %, the annihilations in flight

give a largest contribution.
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Figure 45: Integrated photon yield per muon decay fγ(y).

4.2.2 Photon Pile-up

Given the single photon yield gγ(y), the rate of two photon pile-up can be expressed as

gγγ(y) =
∫ y

0
dy′gγ(y

′)gγ(y − y′)η(y′, y − y′), (6)

where η(y1, y2) is the pile-up rejection factor for two photons with energy fractions y1 and y2.
It can be expressed as

η = Nµ
∆Ωγγ

4π
∆tγγ (7)

where ∆Ωγγ and ∆tγγ define two-photon separation power in solid angle and in time respec-
tively, and are dependent on the energies of the photons. They are evaluated by Monte Carlo
simulations (See Sec. 3.3.1).

The resulting integrated pile-up photon yield fγγ(y) =
∫ 2−y
y dy′gγγ(y′) is shown in Fig. 46.

With a δy cut of 1 %, fγγ is well below the single rate1 fγ.

1Double pile-up events where three photons are in coincidence are also calculated. With a δy cut of 1 %,
they are much smaller and are ignored in the following discussions.
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52.8 MeV

Spectrum of background gamma
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Detector
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• Positron detector

• COBRA magnet

• Drift chamber

• Plastic timing counter

• Photon detector

• Liquid Xenon scintillation detector

1m

LXe calorimeter

Timing counters

Drift chamber

Target

MEG Detector
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COBRA Magnet

6

COBRA COBRA

Constant field Constant field

CERN Courier 44 number 6 21-22 2004

• COnstant Bending Radius (COBRA) magnet

• Gradient magnetic field, 1.27 T at z=0

• Sweep out positrons quickly

• Bending radius is constant for the same energy of 
positrons. (independent of emission angle)

• Compensation coil to reduce fringe field from main 
magnet around calorimeter

COBRA

Compensation coil

Position of calorimeter (< 50 Gaus)
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Drift chamber
• Small amount of material in order to suppress multiple scattering and 

positron annihilation.

• Cathode with zigzag pattern as vernier to measure precise position along 
wire.

• Resolution

• 300 μm hit position resolution for both z and r direction.

• 0.5 % energy resolution.

• 1.2 mm accuracy of vertex reconstruction
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Timing counters

• Scintillator bars for Phi and time 
measurement

• Scintillation fibers for Z measurement

• Fine mesh PMT and APD to be used in 
magnetic field

8

43 psec

Resolution of one bar was measured in 
magnetic field

19º 22º

From 
COBRA
 center

B
B0.75 T

1.05 T

PMTs are tilted for lower field gain 
suppression.

σ
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Liquid Xenon scintillation detector

• Large amount of light. (comparable to NaI)

• Good for resolution

• Fast signal

• Good for time resolution. 

• Less pile up.

• Liquid unsegmented scintillator

• Possible to measure even r position of conversion
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CHAPTER 3. LIQUID XENON SCINTILLATION DETECTOR 33

Fig. 3.3 shows a typical LXe scintillation signal from γ-ray of 320 keV. In this figure
a typical NaI(Tl) signal is also shown for comparison. It is clearly seen that the rise and
decay time of LXe signal are much shorter than NaI(Tl) signal. LXe signal has the rise
time of less than 10 nsec and the pulse settles down to ground level typically in 200 nsec.
The short rise time and decay time of the signal are quite important features of the
LXe scintillator for precise timing measurements and minimizing pile-up under high rate
background, respectively.

Fig. 3.4 shows signals of the LXe scintillator from various kinds of particles. It can be
seen that the decay time strongly depends on the particle type. This indicates that it is
possible to discriminate particle type using pulse shape.
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Figure 3.3: Typical LXe scintillation signal from 320 keV γ. A NaI(Tl) scintillation signal
is also shown. The unit of PMT output is arbitrary. The pulses are normalized in the
pulse height for comparison.

3.2 Strategy of Development of LXe Detector

We constructed two prototypes for demonstrating the performance of the planned LXe
γ-ray detector in the MEG experiment. For comparison the specifications of the two
prototypes and the planned final detector are summarized in Table 3.4.

Table 3.4: Three versions of LXe scintillation detectors.

Prototype Final design
Type 10-liter 100-liter 1000-liter

Fiducial volume 2.34 liter 68.6 liter ∼800 liter
Shape rectangular rectangular C-shape
PMT 32 228 ∼800
Cooling method LN2 refrigerator+LN2 refrigerator+LN2

γ-ray energy for testing up to 1.8 MeV up to 128 MeV up to 128 MeV
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Read out

• We developped waveform digitizer (Domino ring sampler).

• Variable sampling speed up to 4.5 GHz

• 1024 cells per channel. 12bit ADC.

• ~85 $ per channel.
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We will take waveforms to reject pileups.
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Under construction.
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Making of MEG DC (8)
- cathode hood mount -

18

Beam elements

Drift chamber

Calorimeter

Testing 800 PMTs



R&D of Liquid Xe Calorimeter
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Prototype
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• ~1/10 fiducial volume of the final detector  
(already the world’s biggest Xenon detector.)

• Same thickness as the final detector to 
observe 52.8 MeV gamma ray.

• Tested with 10,20,40,55,83 and129 MeV 
gamma ray.

γ γ

Final detector
800 l of Xenon

850 PMTs

Prototype
100 l of Xenon

238 PMTs
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PMT current

Expected current

old type
new type

Prototype cont’d

1. Cooling technology

2. Xenon purification technique

3. Improvement of PMT (Q.E. and rate dependence)

4. Calibration method

5. Measurement of optical property (attenuation.)

6. Development of reconstruction algorithm.

7. Measurement of resolution of the detector.
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Two beam tests

1.  Gamma rays with 10, 20 and 40 MeV Compton edge from laser Compton scattering.

2.  55, 83 and 129 MeV gamma rays from pion decay.
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• Requiring θ  > 175o

FWHM = 0.3 MeV

170o

 π-pπ0n
 π0(28MeV/c)  γ γ
54.9 MeV < Ε(γ) < 82.9 ΜeV

Backward laser Compton scattering.
Measured resolution using Compton edge. monochromatic gamma rays from pion decay

Two beam tests were done to test the detector response.
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Prototype - Energy Resolution
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Energy resolutions were measured in both LCS and CEX test.

Good resolution of upper part of spectrum is important.

number of photons
0 200 400 600 800 1000 1200 1400

310×

nphe
Entries  3018
Mean   9.183e+05
RMS    3.221e+05

 / ndf 2χ  708.6 / 169
Peak      1703± 1.142e+06 
Transition  623.8± -3723 
Height    5.0± 123.5 
Sigma     1051± 1.408e+04 
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μ➝eγ signal

1.3%

sigma of the upper side.

LCS

CEX
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2 mm3.7 mm

Prototype - Position Resolution

• Position resolution was measured by using collimated 
LCS gamma beam.

• Beam spot size is small enough to estimate resolution.
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impinging points of measurement

x

y z

372 mm

372 mm

496 mm

124 mm

σ σ
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Prototype - Timing Resolution
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Timing resolution was measured at CEX beam test with 
measuring two gammas from π0 decay.

LXe detector NaI+ LYSOLH2 target

56 psec
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Result of prototype tests

19

-ray energy [MeV]γ10 210-ray energy [MeV]γ10 210

En
er

gy
 R

es
ol

ut
io

n 
[%

]

1

10

μ➝eγ signal
sigma of the upper side.

LCS

CEX

 [sec]LYSO-TXeT
-1 -0.8 -0.6 -0.4 -0.2 -0 0.2 0.4 0.6 0.8 1

-910×

hist
Entries  1591
Mean   -2.846e-12
RMS    1.294e-10

 / ndf 2χ  14.39 / 19
Constant  4.7± 138.9 
Mean      2.96e-12± -3.19e-12 
Sigma     2.571e-12± 1.096e-10 

 [sec]LYSO-TXeT
-1 -0.8 -0.6 -0.4 -0.2 -0 0.2 0.4 0.6 0.8 1

-910×0

20

40

60

80

100

120

140

160

hist
Entries  1591
Mean   -2.846e-12
RMS    1.294e-10

 / ndf 2χ  14.39 / 19
Constant  4.7± 138.9 
Mean      2.96e-12± -3.19e-12 
Sigma     2.571e-12± 1.096e-10 

Energy ~ 5%

Position < 9mm

Time ~150 psec

Extrapolated result of prototype to 52.8 MeV gamma ray.
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Sensitivity
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Gamma Energy (%)  5.0 
e+ Timing (nsec)  0.1
Gamma Timing  0.15
Gamma Position (mm) 9.0
Gamma acceptance  0.4

Muon rate (108/sec) 0.35
Running Time (107sec) 4.0

Accidental Rate (10-14)   3.0
Number of Accidental Events  0.6
90% CL Limit (10-13)    1.4

Detector
Beam

Sensitivity

2 years(FWHM)
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Summary

• Discovery of μ➝eγ is a clear evidence of new physics beyond the 
standard model.

• MEG experiment has sensitivity to observe μ➝eγ predicted by SUSY.

• The first run of MEG will start in the next year. Currently, the detector is 
under construction.

• MEG will pioneer the particle physics in 21st Century.
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End of talk
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Vernier System
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cathode pads with vernier 
pattern 

rough estimation by charge division 
method ( ~ 1cm )
using the ratio of induced charge on 
each 4 strips ( ~ 300 μm )
drop-off in readout channel and 
electronics

MC results
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Vertex reconstruction
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Trace back performance

trace back (initial muon decay vertex) , ~1.2 mm accuracy


