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- MEG Experlment

T

e Startin 2006 at Paul Sherrer Institut (PSI)
Switzerland

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

°
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Collaboration of | | institutes from 5 countries.
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Physics

Standard model predicts unobservable branchlng ratio (~IO >0),
while SUSY predicts much larger ratio (10-'4~ 10-2)

Discovery of u*—e'Y is a clear evidence of new physics.
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« Background
— Radiative u decay

Photon Yield per Decay

e
— Accidental overlap

Vv

° EY = mM/2 = 52.8MeV
of E-= m /2= 52 SMeV
0 = 1809

® Time coincidence
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Spectrum of background gamma
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52.8 MeV

To reduce background, good resolution of detector is important.
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MEG Detector
L Xe calorimeter
Target

Drift chamber
e Positron detector

e COBRA magnet

® Drift chamber

® Plastic timing counter
e Photon detector

® Lliquid Xenon scintillation detector

Timing counters
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® COnstant Bending Radius (COBRA) magnet
e Gradient magnetic field, 1.27 T at z=0 COBRA %
® Sweep out positrons quickly

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

e Compensation coil to reduce fringe field from main

magnet around calorimeter CERN Courier 44 number 6 21-22 2004

Compensation coil

Constant ﬁelci Constant field

O O N
-~ COBRA|| " coBRrA

/&_ - ent
— \/\/\ ‘ \\/ - MMA\\ nter of magnet  Ceniral o
ﬁ/—\ —/—\ Position of calorimeter (< 50 Gaus)
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Drift chamber

o s

® Small amount of material in order to suppress muItlpIe scatterlng and
positron annihilation.

e C(Cathode with zigzag pattern as vernier to measure precise position along
wire.

® Resolution
® 300 Pm hit position resolution for both z and r direction.
e 0.5 % energy resolution.

® |.2 mm accuracy of vertex reconstruction

Target (CHz2):~280um

Helium /

~100um

Y chamber material
" (Kapton, Al, He, C,Hy)

~50um
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® Scintillator bars for Phi and time
measurement

e Scintillation fibers for Z measurement

® Fine mesh PMT and APD to be used in
magnetic field
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Resolution of one bar was measured in
magnetic field L
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PMTs are tilted for lower field gain
suppression.
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d Xenon scintillation detecto

® large amount of light. (comparable to Nal)
® Good for resolution

® Fast signal
® Good for time resolution.
® |ess pile up.

® Liquid unsegmented scintillator

® Possible to measure even r position of conversion

T T T T 7 T
()“:---e»wx1 o
2 +
S -0.4F .
2 = E
E—O.s v LXe 3
~ 12 V" Nal(TI) :
ST N B SR BN BRSNS
0 200 400 600

Time [nsec]

International Conference “Discoveries of Higgs and Supersymmetry

to Pioneer Particle Physics in the 2 [st Century”

£H Compressor
Pulse Tube = -
Refrigerator —

|~ Vacuum
for thermal insulation
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® Target

;» Epoxy—-Resin filler
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We will take waveforms to reject pileups.

® We developped waveform digitizer (Domino ring sampler).
® Variable sampling speed up to 4.5 GHz
® |[024 cells per channel. 12bit ADC.

e ~85 % per channel.
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| Drift chamber
Testing 800 PMTs
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R&D of Liquid Xe Calorimeter




Prototype

~|/10 fiducial volume of the final detector

(already the world’s biggest Xenon detector.) Final detector

800 | of Xenon

Same thickness as the final detector to 850 PMTs
observe 52.8 MeV gamma ray.

Tested with 10,20,40,55,83 and129 MeV
gamma ray.
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What was done wnth prototype

e 0.014]
|. Cooling technology 250 ppb _gouy
. . . & oo1f_
2. Xenon purification technique oo0sE
3. Improvement of PMT (Q.E. and rate dependence) 0005
0.004
4. Calibration method 40 ppb ——==-
0%
5. Measurement of optical property (attenuation.) -0,00233
6. Development of reconstruction algorithm. POMELL s
Elapsed time [hours]
/. Measurement of resolution of the detector. 3 2 T
'g 1.8 F 3
2 ] Expected current
i o E 1.6 : :
o 15 o 14 F -
¢ g 14 L e
Q 1.2 -— . .ri * ‘
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Two beam tests were done to test the detector response.

|. 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.

LCS beam test

TERAS
(electrons torager ing) R i
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Backward laser Compton scattering.
Measured resolution using Compton edge.
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CEX beam test

. Requiring 6 > 175°
FWHM = 0.3 MeV

np2n'n
m0(28MeV/c) 2 vy
54.9 MeV < E(y) < 82.9 MeV

83 Me\lE

}
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- OISeninné annge
monochromatic gamma rays from pion decay
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Energy resolutions were measured in both LCS and CEX test.

Good resolution of upper part of spectrum is important.
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® Position resolution was measured by using collimated

® Beam spot size is small enough to estimate resolution.

’rototype - Position Resolutic

LCS gamma beam.
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Timing resolution was measured at CEX beam test with
measuring two gammas from T° decay.
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Extrapolated result of prototype to 52.8 MeV gamma ray. 1%
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- Sensitivity

Detector

Gamma Energy (%) 5.0 Beam

e+ Timing (nsec) 0.1 Muon rate (108/sec) 0.35
Gamma Tming 019 Running Time (10’sec) 4.0
Gamma Position (mm) 9.0 3 :
Gamma acceptance 0.4

(FWHM) \ / 2 years

Sensitivity

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

—_ O W
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® Discovery of U—eY is a clear evidence of new physics beyond the
standard model.

® MEG experiment has sensitivity to observe J—eY 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




avalanche

/\

sense wire

N

anode readout

@
vernier pad

»rough estimation by charge division
method (~ Tcm)

»using the ratio of induced charge on
each 4 strips (~ 300 um)

»drop-off in readout channel and
electronics

induced positive charge

D—r
LI> N
|I.> JN

cathode readout

L g ST - e ey -
= e ““*‘ﬁ,, -/”\\ ///
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charge induced on the 4 strips
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trace back position (cm)

-4 |

_| | | | | 1 1 1 | | l 1 | | | | | | | 1 1 1 1
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muon decay position (cm)
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» trace back (initial muon decay vertex) , ~|.2 mm accuracy

¥ /ndf  26.13 / 21
- Congtant 59.54
MeoIlb —0.1086E-01
Sigrf 0.1214
L P N L Mlﬂ. ! b |
-2 =18 —1 =5 0.5 ] i y

reconstructed — true (cm)
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