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QOutline

MEG Experiment

MEG Calorimeter

e System

e (alibration

Other part of MEG experiment

Summary
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Lepton flavor violation is forbidden in the standard model (SM)

Physics beyond the SM predict observable B.R. (10-15 - 10-13)
J-l—'""""

Current limit is given by MEGA(1999). 1.2 x 10-1 L
9

Expected sensitivity of MEG is around 10-13. De

Michel decay

Backgrounds d °e+

Prompt : Michel decay with high energy e+ and y. I‘NV u
Accidental : High energy e+ and y (radiative muon decay, AlF...)

; y

Precise energy, time and opening angle measurement is important.
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The most intense DC muon
beam at PSI in Switzerland.
(1.8 mA proton current)

Liquid Xenon

COBRA Magnet v ! Scintillation Detector .
Thin Superconducting Coll im / s
= ;#F = ' | Liquid xenon

Stopping Target \ _T | gamma ray
opping Targe ) 1 .

- Timing Counter | | S _ detector

Muon Beam

Drift Chamber

Plastic scintillator to measure

precise time of positron Very thin drift chamber to measure
low energy positrons
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MEG Calorimeter € >

- ¢ Liquid xenon scintillation calorimeter.

> AmBe . ©  With 800 litter(~3 ton) xenon and 846
iy L PMTs surrounding the fiducial volume

= ¥ Unsegmented

¢ Optimized for ~50 MeV gamma ray
detection

& One detector measures energy, position
and time with high resolutions

& Pile up detection/separation by time and
D| 5 space pattern recognition



Principle of analysis

Shallow event

Energy : Weighted sum of all PMT outputs
Position : Peak of light distribution
Depth : Broadness of light distribution

Time : Weighted mean of time of PMTs

Correction of position/depth
dependence with using calibration
data (shown in later slides) or MC.

& Pileup detection
¢ Waveform

& Light distribution pattern

R. Sawada, JPS 62nd Annual méé___






Xenon Gas System

-

(-

Vacuum Pump o Reducer

Purifier

A

Circulation pump Detector

Purifier

LXe storage tank Purification system GXe storage tanks
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Xenon Gas System

Liquid phase transport

(o< || <

Vacuum Pump Reducer

Purifier

Circulation pump Detector

Purifier

LXe storage tank Purification system GXe storage tanks
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Xenon Gas System

250 | x 8 tanks

><]
Liquid phase purifier

Purifier

Purification system GXe storage tanks
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Xenon Gas System

Liquid phase purification

(-

Vacuum Pump o Reducer

Purifier

[AEFmaE]

Circulation pump

Purifier

Detector LXe storage tank Purification system GXe storage tanks
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Cryostat construction

Inner vessel e ~ - rESE e
Cryostat is made of low permeability stainless steel (<1.008)

= .,;:'_:;;:
L L B
P e {rrea

i




PMT Installation

Space around base circuit is filled with grass
beads to avoid xenon entering there.

Flat distribution of detection efficiency

¥ = _
ase circuit

vacuum

R. Sawada, JPS 62nd Annual meeting, 24/Sep/2007, Hokkaido University



Calibration Am,
LED, Optical fiber.
Level meter,
Temperature sensor

Inner face

R. Sawada, JPS 62nd Annual meeting, 24/Sep/200
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Calibration




Detector calibration 1

m+p—>m+n

0 — yy (55MeV, 83MeV) ‘
“+p Y +n(129MeV)
LH, target

Two beam tests with prototype in 2003, 2004.

o

=

X

2000 | § 11426406 = 1703
Transmon -3723 4 623.8 E
Vi ! g Herght..i...i...i...i..,i ............ ].23.5.... 5.0
15001 it pheziid Sigma 1408e+04x 1051 |

W R ,
1000} = L

- numerofptons Nal COUﬂteI’S and mover
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Detector Calibration 2

Li(p,y)Be Daily calibration is possible.

Muon run setup

11 '] CH2 target
5

_ _______ __________ 176 Me\/péak:

Calorimeter _______ __________ __________ __________ __________ __________ IR l ________

s .......... .......... b .......... : ..... Qn‘.}éuntséx.Zﬂé ......... ........ _

11 i"'illlilllilllilllill_
8 10 12 14 16 18 20

E(MeV)
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Detector Calibration 2

Li(p.y)Be Daily calibration is possible.

Calibration run setup

11 7] LiF2 target
=l Proton beam

_ _______ __________ 176 Me\/péak:

Calorimeter _______ __________ __________ __________ __________ __________ IR l ________

s .......... .......... b .......... : ..... Qn‘.}éuntséx.Zﬂé ......... ........ _

11 i"'illlilllilllilllill_
8 10 12 14 16 18 20

E(MeV)
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(p radiative decay A fLaser A KLED

. . ,
‘\M/‘ Lower beam intensity < 10 -

Is necessary to reduce pile-ups relative timing
calib.

Better o,, makes it possible to

take data with higher beam
intensity PMT Gain

< 2~3 nsec

fau},
5

o °
o N
T T

Light intensity

k3
[V -
T TT T

Attenuatic

A few days ~ 1 week to get . Higher V with
enough statistics % light att.
) @ <\

Can be
e \ repeated

frequently

0 — yy (55MeV, 83MeV)
T+ p Y +n (129MeV) (&
10 days to scan all volume precisely al pha

B
Z ¢

40 ; 50 55 60
7 Applled voltage [a.u.]

(faster scan possible with less Xenon
points) : : PMT QE & Att. L

et Calibration
LH, target W Cold GXe
it it \ LXe

Nickel y Generator

LiF target at COBRA
center
17.6MeV y quelle

~daily calib. llluminate Xe
4 from the back 3 cm 20 cm

Source (Cf) Polyethylene 0
transferred by I 0.25 cm Nickel 700 750 800 850 900Ch;5;:ne]:o
e comp air > e

e (P Y0) dt 17 OMeV ol
sew R e S doe e = ) on/off j

Can be used also for
i initial setup
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Time line

Cryostat delivered. 5/June

Leak test and fix. 6/June — 22/June
Alignment in the area. 25/June — 1/July
PMT installation, assembly. 2/July — 28/July

Vacuum pipes, cabling. 30/July — 11/Aug

Leak test, Evacuation, cooling test. 13/Aug — 9/Sep
Pre-cooling, PMT HV up, DAQ test. 10/Sep —
Transport of xenon from storage tank to the detector (middle/Sep)

System debugging and purification in parallel (End/Sep)

© © © © © © © © © ©

Calibration and physics data taking (Oct—)

R. Sawada, JPS 62nd Annual meeting, 24/S'e|'o/'20'b'7, Hokkaido University



Pictures from recent

real data




ecent data (on 22/Sep) LED Gain Calibrat:i?

¥2 /| ndf 80.88/51
Constant 111.3+ 25
Mean 0.3541+ 0.0003
Sigma 0.0169 + 0.0002

LED gain calibration : PMT489 (U057) ¥ / ndf 5972/5
o = 1.673e-05 + 1.052e-05
© p1 0.0007582 + 1.44e-05

n_III|III|III||II|III||II|I

Gain = 2.27 x 10°

n_IIIIIIIII|IIIIIIIIIlIIIIIIII
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Waveform and Charge distribution of a PMT

Pulse from calibration alpha source on wires.

25 wire alpha sources are installed.

I N T N T x10&
-0.1 -0
Charge [C]

HV =870V

i

100 nsec
T | I . wrar | | > .1

-0.06 -0.04 -0.02 0 002 004 0068 008 01 012
Time [sec]

<
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% Recent data (on 23/Sep) Waveform from CW

; EOUmV
: 1 Waveform
. —1.0(_]”1‘9" Display

Dots Only

Off

Persist
Time

set to Min  EASEAUYAY

Clear
Persistence

3331 00 nsec B
"M 40.0nS " A cm 1—35 omv-

II3EI 40%_

| Backhght
waveform Intensity Graticule XY Display

: Palette
Display High Full Off

Normal
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Other part of experiments

N e .

Magnets

v/ Separator |
¢/ Transport solenoid Oz O sam g
v/ COBRA magnet A gy | LT'ming counter
Beam tuning in Oct. # AN, G ¢ All counters are installed
o __ S Test and calibration by using
| SIS muon beam in October

Drift chamber and the target

| V' All chambers are installed
: 3 Testing using cosmic rays
Electronics | EESECE RERiNe s Test and calibration in October

v/ Trigger

v/ Digitizer

v’ DAQ

¢/ Online monitor
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Toward to the physics result

s = = e e

Data
©Sub-detector calibration mo—vyy, cosmic ray, CW, Michel....

£Sub-detector inter-calibration Radiative muon decay, m0—yy + converter...
&Sub-detector performance m0—yy, Michel positron...

“Muon decay
Physics analysis

¢ Blind analysis
© Maximum likelihood method

Signal : From calibration run (radiative decay, r-) and muon run (Michel)

Background : Experimental and MC data (Michel, radiative decay)
@

PDF

S4(Ev)

FWHM 0.96%
FWHM 4.9%

preli

T R PRI )
0.051 0.052 . 0.054 0.055 0.046 0.048 0.05 0.052 0054 0.056 0058 0.06
E, [GeV] Ey [GeV]

Example of PDF build with MC data and current reconstruction algorithms
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Summary

Cryostat of calorimeter arrived on June. Assemblies and testing was done until
September.

Many technical challenges. (Structure design of C-shaped detector, large honeycomb
window with light materials, liquid phase xenon handling, very small space behind
PMT, low out-gas materials in the detector including PMT, cooling system without
electric noise, Americium source wire, CW accelerator for calibration....)

Xenon was already filled. Currently it is debugging stage of the system.
Other parts of experiment are at the final stage of preparation too.
Beam commissioning in October.

Calibration and muon decay data taking from November.

Please look forward to the next JPS meeting.
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