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Physics Motivation
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J. Hisano et al., Phys. Lett. B391 (1997) 341
MEGA, Phys. Rev. Lett. 83 (1999) 1521

O®MEGA (~1999)

Br <1.2x 101
®SINDRUM I

(1 e conversion search)
®SK (neutral LFV)
® Anomalous Muon (g-2)

The MEG experiment is aiming to verify a new physics
beyond the SM by searching the ey decay.
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Signal and Backgrounds

® (.~ ey decay
- E.=E,=52.8 MeV
- Back to back, in time
» Sensitivity
Single Event: 0.94x10-14 €

N.,=1x108/sec, 2.2x107 sec running

/47=0.09, € =0.95,€ ,=0.7, and € ,=0.8

sel™
® Two Major background sources
- Radiative u* decay y Y
- Accidental overlap v
NOT back to back, NOT in time e
= Reduced down to 101> level e
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MEG Detector

P ® COBRA Magnet makes the positrons
swept away quickly,
and the bending
radius is independent
the emission angle.

i l==

e

Compensation Coil
diminishes the
residual B field by
the COBRA magnet
for the PMTs in LXe
detector.

-
LXe scintillation

detector
measures time,
energy, and
position of ¥ rays
with a great
accuracy.

Drift Chamber | @

measures the energy and
emission angle of the
positrons from the tracking
points.

Surface . beam
can be supplied

at the rate of

108 sec.

Timing Counter
measures the
arrival time of
the positrons.
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LXe scintillation detector for the MEG experiment

— H.V.

— Signals
T

Refrigerate :

Detector concepts

Observing as many photoelectrons Cooling pipe
as possible with a great accuracy.

1 Vacuum
for thermal insulation

¥ Many PMTs are directly immersed in LXe.

Kamiokande-like detector.
€ Thin material on the incident face.

Al honeycomb, compact PMT...

Al Honeyconb
window

- Target

Incident y-ray reconstruction

Energy: total number of photoelectrons(N)
1.4~2.0 % (FWHM)

Time:  Average time in PMTs observing many
photons.
~100 psec (FWHM)

Position: evaluated from the distribution of N_,
observed by PMTs in front and back face. |
4 mm in x and y,16 mm in z (FWHM) T

_— Plastic filler

wn

0 50 100 cm
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Position reconstruction

To estimate the 15t conversion points is the most
important for reconstruction of the incident  rays .

52.8 MeV|
v

Lig. Xe

52.8 MeV|
¥

Lig. Xe

@ Using the weighted
mean of the distribution,
the incident 7 ray

position is determined.

@ Using the broadness of
the distribution, the
depth of the v ray
conversion point is
determined.
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Liquid Xe scintillator for the MEG experiment

® High density and High light yield
1st conversion depth: 2 cm ~ 10 cm

Wph: 21.7 eV (Nal: 17 eV) Y
T.Doke and K.Masuda, Nucl. Instr. And Meth.A420 (1999) 62._ 0 “ : '
- 0.2 - . -]
204 | 1 i e s
® Fast Decay reduces pile-ups. 2, | T ¥ Liquid xe [
N 2 L B E
T (recombi.) = 45 nsec z T W oNaIT) |
PP SN SRS SRS SN i e SR S
v Low temperature: 165 K Time [usecl

requires refrigerator and special PMT.

v" Wavelength: ~175 nm
requires special PMT.
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PMT (HAMAMATSU R6041Q)

Features 32:mi0)
2.5-mmt quartz window i’;ﬁ?
Q.E.: 6% in LXe (TYP) OR
[CISTS
(includes collection eff.) 2000

Collection eff.: 79% (TYP) iz croup
3-atm pressure proof

Gain: 10 (900V supplied TYP)
Metal Channel Dynode s==p thin and compact

TTS: 750 psec (TYP)
Works stably within a fluctuation of 0.5 % at 165K
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10-liter (small) prototype

Purpose
® First “Kamiokande”-like LXe detector

® Test for R6041Q in LXe and cryostat for LXe.
® Estimate of the performance for low energy 7 rays

Energy, time, and position resolutions with < 1.8-MeV v sources.

;l.. p..f

- ‘ Liquid NitrogenN %Gas xe

Cooling
Pipe

vacuum for
thermal insuration

Gas )felatm _ (7]
i — Liquid Xe  mm mm wom - 2de
| Y
@  sources ('3Cs, >'Cr, >*Mn, 83Y) { t ft j
Resolution evaluation N5 e
@® o source (24'Am) =

PMT calibration, stability check B 2.34-liter active volﬁne

® LED B 32 PMTs
PMT calibration
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Energy Resolution

Fully-contained events in each 0 |

energy distributions are fitted with __
L] L Q
an asymmetric Gaussian. < \ |+ measurement
16
— [ Hindf 3178 4 18 —_ Sndf 4645 [ 47 c ‘ - M.C. SimUIation
g 600 P T amos < gwn - =
2 r Pzﬂ 2077 2 300 P2 "H 5124 =]
& 500 ¢ P2 33.54 E Pz S0.92 — 1_4 f— |
E :51 P4 27.56 ua MHa7 Fd 42.87 c
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—_ F Findt 3087 ;7 45 ) w0 E -’S:/"df ST fzg gg; p: \\ n
% 130 E P 162.8 a E . 1563 I N
P T A | G
E 140 56N 835 keV | ' E i3 3 Al ]
< 3 57% < E 4263 I N |
S 00F & 2FE 3 i ~N ]
80 &1 g 3 \
60 E 2
40 [ 10 : 3 i |
20 [ 3 E
| ] S EE ET R | W e g B I T N1 O = 0 1
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Total number of p.e. Total number of p.e. Energy (MeV)
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Position Resolution

® PMTs are divided into two groups.

® 7 int. positions are g
calculated in each %
group and then t
compared with &
each other.  L: | :

® Events in the central “ G
2cmX2cm area are selected. \K\

® Position resolution 2 N
is estimated as 0,1_,/V 2 | et

y Erlloergy (M eV)52
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Time Resolution

« PMTs are divided again into two groups.

e In each group the average of the time measured by
TDC is calculated after slewing correction for each
PMT.

e The time resolution a00
is estimated by .
taking the difference - \‘\"\
between two groups. &

e Resolution improves
as ~1/4 Npe

e FWHM<120 psec

for 52.8 MeV . % 200 500 1000 2000

Number of photoelectrons

200

Timing Resolution [psec]
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Summary on Small Prototype

& Constructed the first LXe scintillation detector.
€ The resolutions are evaluated for low energy .

Energy: 4.2~9.4%, Position: 6.3 ~ 19 mm,
Time: ~380 psec (FWHM)

If extrapolated to 52.8-MeV, resolutions are be expected:
energy; ~1%, position; a few mm, time;~100 psec (FWHM)

& Stable operation for the cryostat.
PMT output fluctuation: ~ 0.5 %.
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Purpose of 100-liter (large) prototype

® Construction of a larger prototype of LXe
scintillation detector
Never constructed such a large detector.

® Test for detector components
PMTs, feed-through connectors, Cryostat, PMT holder,

DAQ, Slow-control system, Purification system,...

® long-term stable operation
GM pulse tube Refrigerator,
monitoring of temperature and pressure

® Performance Test for higher energy gamma rays

Resolutions of energy, time, and position
Large proto: ~ 40 MeV

As expected in simulation ?
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Large prototype

sus

TC"j: TC2 TC3uem Upper Trigger Counters for cosmic rays
Signal Gables || _

[ _Vacuum Pump

| for Inner Chamber

Xenon
I # Liquid Nitrogen

Pulse Tube
Refrigerator

| f3as Xenon

Honeycomb
|
r:t‘:_ . |
e /Y beam i .l
Aluminum & >
Window | |}

o source (*'Am)

blue LEDs ©

id Xenon

Outer vessel

Vacuum Layer
for Thermal Insulation

Inner Vessel

Lower Trigger Counters for cosmic rays

B 68.6-liter active volume
B 228 PMTs

Xenon Level Meter | 40s.

@® o source (24'Am)

PMT calibration (QE measurement)
Stability monitor

® LED

PMT calibration (gain adjustment)
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Thickness of incidence face

B <

W ¢

Materials thickness

1. Aluminum Window 0.1 mm
2. Vacuum _—

3. SUS Honeycomb 20 mm
4. Acrylic Cover 5+11 mm
5. PMT Tip Tube(Pyrex glass) 0.916 mm
6. G10-base PCB 2 mm
7. SUS Tube 30 mm
8. Quartz Window 3 mm

9. Liquid Xenon —
10. Metal Channel Dynodes 12x 0.0126 mm
11. G10 front face 29 mm

rad.-L
8.9cm

34.7 cm
12.6 cm
18.5¢cm
1.75¢cm
12.3cm
2.87 cm
1.76 cm
18.5cm

Xo
0.001

0.039

0.014+0.032

0.074
0.011
1.714
0.024
0.086
0.157

PATH A:

PATH B:

The Most of y-rays transmit to the
LXe volume through the incident face.

0.24 X,
0.24 X,

Symposium "LXe detectors and new applications" in JPS meeting @Tohoku Gakuin Univ. Tsuchitoi Campus, Sendai, Japan

30/Mar/2003 K. Ozone



LXe liquefaction process

€ Evacuating: ~10 days
downs to an order of 103 Pa.

regulator_ @ Pre-cooling: 1 day
- 5 The 0.2 MPa GXe in the inner
5 * L 711 vesselis cooled to 165 K in advance.

@ Liquefaction: 2 days

Liquefied with LN, cooling pipe.

GXe is purified before entering
the vessel.

The pressure is kept <0.13 MPa.
& LXe-keeping: 2000 hours max.

7 | Mainly by refrigerator.
flow meter By LN, if over 0.13 MPa.
®Recovery: 2 days

Cool Xe tank storage with LN,.
& Warming-up: 3 days

Xenon Tank

|

chamber
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Gain adjustment with LEDs

€ By changing the intensity of the
LED, the PMT output varies as
below figure.

€ The gain can be adjusted to
1x10¢ at 165K and 1.3atm with an
accuracy of ~3%.

« 3500/ | - 7l . .
£ (a) © 10000] (b) .~ o :deviation of LED spectrum,
= 3000/ :
| 8000 o, : deviation of pedestal spectrum,
2500} y
-- M : Mean of LED spectrum
2000 - 6000 0-2 :gg(M-_MO)_i_O-g p >
" c v M , : Mean of LED spectrum
1500} ) 0 b
| 4000 / )
1000 H g . gain,
50| s e g : elementary electron charge,
06 500 1000 1500 2000 2|500 06 500 1000 1500 2000 2I500 c :: 200fC/Ch
ADC channel ADC Mean

Symposium "LXe detectors and new applications" in JPS meeting @Tohoku Gakuin Univ. Tsuchitoi Campus, Sendai, Japan

30/Mar/2003 K. Ozone



Stability of PMT outputs

+0.5%

80 100 120 140

Time [hrs]

The data by o particle is useful for monitoring the stability of
PMTs because it is regarded to be a point-like source.

After the completion of the liquefaction, the PMT output is
stabilized within 0.5 % in 50 hours.
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Q.E. estimation by « data in GXe

Compared with the simulated data, the o data in GXe

can estimate Q.E.s, which include collection
efficiencies, of the PMTs.

14 |

Number of PMTs
[+]

-
N
—TTr—T

-l
o
—

L

IJ—I L T, NI
0 2 6 8 10
Quantum Efficiency (%)

The « data in GXe can more easily
compare with the simulated data
than those in LXe because the
effects of absorption and Rayleigh
scattering in GXe is negligible and
the simulation for the GXe has
fewer parameters.
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Light yield monitor by cosmic-ray muons
TC3uses Upper Trigger Counters for cos@

: :,Vacuu Pump
for Inner Chamber

pronan Data from cosmic-ray muons is
Humanwosn sefyl for monitoring higher light
remgormor  Yield.

Outer vessel

Vacuum Layer
for Thermal Insulation

Inner Vessel

id Xenon —— Xenon Level Meter

. _-______.___..f.: The cosmic-ray events

g ~femerterare triggered with three
e | e e =  pairs of counters (7cm x
Alu‘r:;il::?‘:t-" | 0,‘ e. ... | Vacuum Pump

| rerouerchamber  /CM) @above and below
e @ the vessel.

o source (1A
blue LED:

Aluminum Filler

Alumlnum Durm'rlylI PMTs

COPP‘-‘ Heal
o Tcz Lower Trigger Counters for c@
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Water contamination

35 2/ ndf 27.81/30
% 305— f;::fwu 2059:5;: i;iﬁ fi= DE—]OH Bt
£ v+ mass spectrometer data
= 25—
2 Light yield from | %
: cosmic-ray was
" lower than e
10 expected. f
F . . 1 g SEI 33 a0 45 a0 55 al 70
0 10000 - 20000 30000 40000 50000 60000 70000 Mass [amu]
Number of photoelectrons
i Absorptwn in HzO doped Xe 102
i T U 3 I I I T T
= Simulated data % o G
P M S 10 L corresponds to |
: 100 ppb ; 3
L 7 10ppm of water
| 200 ppb x
or T T g 1 - -
L N
10 :°;. e ppm ] -
%Do .......................... : L *+11T* '
Op, Trry -1 { N
0o, vy, 4 10 F I | | ]
GDODODU """" ? "F')pvr-n. ] +‘ H{ t.
000, 10 ppM T " t .
DOODGOO
o L A e A A Al TR YL . 10'2 N R PP B I P Lo
0 10 20 30 40 50 60 0 10 20 30 40 50 60

Distance [cm]

alpha-PMT distance [cm]
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Purification system

| __— Heat Exchanger

X

) &
58 ﬁ ~———— Purification
Teflon\, |8 =
erion\ = - ~
Tube | [2 5 N § € -1200 hours
N n .
@ -
" gL L8 o € 10cc/min (LXe)
Diaphragm
— Pump

Gas Xe flow

After gas xenon evaporated in the inner vessel is sent to a
circulating pump, it is purified by gas purifier and filter to

return to the inner vessel.
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Growth of scintillation photons

h 120000_ JI : : : 'ﬁ 3.5
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) i i o e o e e e =
- E i fic o mis mmlnid o om oW a0aglg E
- i i e e e e R e P e e ]
= : g i e w il s | i o e el o L
&% 80000~ R ) gigf8niszzan
L - ! e mmEEE B ! i 2.5
=] | = i i
' E | =AW - Epe i
@ - BT Ae i i
= B W af B P SR
3 aim® | | | 2
z i = | | g
= i == E : g E
S 40000 =-R/E= e ke
= E o | 1
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o ! ! ! 38! Ly !
g . 2 ;
- sl s () B
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0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
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After 600-hour purification, the light yield was settled down to a
constant level.In particular it is found that the rates of the light
yield growth are different in the two cases: the far PMTs and the
near PMTs from the light source. It follows that low light yield was
caused by contaminations in LXe.
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How much water contamination?

Absorption in H2O-doped Xe

< L EST, PR, N P L SR FEEL SO S [, O, U Coe Yo SR, SIS v D) L L R U, S FREL AR P 102 TR TR L PR LI P T o (PR R e T T L R T L O L ) P L B
e . 2 ]
o Simulated data % Measured/MC |
Pizeee.., = g

EA '-l.-.: ............... (-55. 10 | =
L 100 ppb 1 2 :

E Il....... .-lllll.....p..p.... \ :

e . 200 ppb : _.g : ]

o o 1 | J( ‘; qi

i N 5. ,,,mr‘&iﬂ J;‘,. iﬁ‘ﬁ«&
oO AAAAAAAAAAAA 1 m | [ : | cwd T | I

ST W N ¢ t+ *“““" g .

%, Tree, -1 il

i S L 5 ppm el 7 1'” MT" +L' i E

Coq, o Tl + I I T E

9000, 10 PPM t| Chldl ]

10‘2....|....|....|....OTO?°?°9.|.... 10_2|||I.IIIII |....
0 10 20 80 4o 50 60 0 10 20 30 40 50 60
Distance [em] a—PMT distance (cm)

Before purification: ~10 ppm

After purification: ~10 ppb
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Absorption length estimation

2r 2
-~ - 1 /ndf 8.891 /7 ~ [ .
g 1.8 | | = simulated data
T - Constant 0.02623 + 0.04897 i -
w 1.6~ ' ' :8 1.6/
= . f Siope 1.828¢-05 + 0.0001725 I A=5m
~ 14__ ................................................................................................................................................. N 14 -
; 5 CED . A=1m
1.2 =
~ ~ r ;\4 — 0.5 m
o o e it R e R ~
o Ee 11*"[’ P; h:‘"f: f’.ﬁ' Rkt L L I
> - e l-:-i 1 = =
= TR B IR o 3= -
3 EXrE L S T
= - < L '+ 4]
- > o | e
0_4__ .................................................................................................................................................. CE) 9_4_
0_2__ ................................................................................... SNSRI NI ST 9_2:
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Comparing the two results,

the absorption length is estimated to be

over 3m (97.8% C.L.).
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Other efforts for pure LXe

€ Replacement
PMT cover: acrylic o Teflon
Filler in incident face:
Silicon rubber to stycast with glass
Filler at the side of PMT holder:
acrylic plate to SUS hollow box
€ Working environment
open-air to clean-room
@ Circulating pump (is planned to be)
gaseous pump to fluid pump
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beam test with e @ Kyoto Univ.

Electron Strage Fing

Cptical Bean Cowrse

Flectron Linac ‘fﬂ '

Bending g

Buncher  Aceekrator Ho.l duee ke rator Ho 2 Aecekrator Ho 3

uad o le Cuadrupale Cuadrupale Owadiypole
Iagmet Ho.l Flagmet Ho 2 Magmet Ho 3 Irlagmet Ho 4

This test was performed in 12, 2002.
O Purpose
Time resolution estimation
Verification of the MC simulation.

Detailed results are talked by R. Sawada: 31aSP-6
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TERAS Beam Test @ AIST

Purpose: Estimation of the detector performance such as energy,
position, time resolutions. (fq* T

| | [ - T A
300mA 800Mev Concreta wall Kj "‘;.:'...:' gy
TERAS / Pb collimator 1 Pb collimator 2 } % | 5B ;
Mirror (2.8mm¢) (2mm¢) ( y 1
m [ I y beam B e = JUAR 1

| - - Detector )|\ | TV
‘ 256nm | i | i \ A o S,

Goliding Point Storage R]ng, TERAS @ AIST

5205 ! 4720 ! 520

212 ‘

%19 Energy resolution is Incident v-rays

208 evaluated with a
. convolution of this € 10-MeV, 20-MeV, and 40-MeV
o4 spectrum and Compton edge.
oz Gaussian. @ Focused with a2 mm ¢
e s collimator.

Incident Energy [MeV]

The topics about v-ray beam tests are talked
by H. Nishiguchi: 31aSp-7 (TERAS, mp— 7mn—2v @ PSI,...)
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Energy resolution and absorption length

: MCSlmulatlon

-] = (= - T = - = =]

Lo Abs. Length Energy resolution
5m 15 % (FWHM)

o]

Energy Resolution (%) in G

[N
nom N -

S
=

Symposium "LXe detectors and new applications" in JPS meeting @Tohoku Gakuin Univ. Tsuchitoi Campus, Sendai, Japan

30/Mar/2003 K. Ozone



Summary

€ We proposed a novel LXe scintillation detector for
the MEG experiment.

€ A 100-liter detector was constructed to design the
final detector.

€ The components such as monitoring system, PMTs,
and, especially the cryostat, worked as expected.

€ We developed a purification technique and
absorption length reached ~3m corresponding to
energy resolution of ~2% for 40 MeV.

€ We have a plan to perform beam tests at TERAS and
PSI this year to evaluate the detector performance.

€ Also the final detector was already designed, and is
ready for construction.
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PMT calibration
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Events
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The o is evaluated to be ~1% from the extrapolation to 52.8 MeV.
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beam tests @ AIST
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__ How about crystals? .
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Nal: long decay time
Csl, BGO: low light yield
B Inhomogeneous to cover large area.
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