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Abstract

» About MEG Experiment

» PMT for MEG photon detector
» Works on Final Design of PMT
»PMT test at Univ. of Tokyo

» Summary
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MEG Experiment

52.8|\/|evo wt —rety
A7 e
A\PN W »beyond SM
Y 52.8 MeV »SUSY-GUT promising

» Approved by Paul Scherrer Institut
» Using intense muon beam @PSI
1*108/sec

MEGA(~1999)
Br 1.2%10-1!
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MEG Liq. Xe y detector

~ Detect scintillation light with 800 Liter lig.Xe and
%in soas with 830 PMTs

I PMT for lig.Xe detector needs to be/have...

» Short

» Able to operate under magnetic field
m) Metal Channel Dynode

» Do not contaminate Xe
» Able to stand high pressure; up to 0.3MPa

m) Metal Cover — Positive HV
=) Parts on Bleeder Circuit

»Sensitive to VUV (Lig.Xe scintillation light)
1 »Good performance at 165K (Liq.Xe temperature)
» Stable under high rate background

b“”1““1“"1“"1““55“‘1““‘1”“1“”1””1‘00 o 2004




PMT performance @ 165K

Temperature 1

§ surface resistance of photocathode t
B
e Quantum Efficiency 1
g w .
E T = m—_ — --:,'_',,_',,T =i~ NaKCsSh
E === (Multialkali)
i 1
B e e

fumcion of tsmsyelure

First Ver. Second Ver.
Photocathode Rb-Cs-Sb K-Cs-Sb
Material to reduce surface R Mn ]ayer Al Strip
Q.E. @ 165K ~6% ?
Gain control Difficult Easy
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Major Background for PMT

e+
»muon radiative decay v/
@ = T

»Gamma from positron annihilation =, g . ;
»Neutrons from proton beam : WO p— 1'n
T.Iwamoto, 27aSB-6 " —YY

T~p —»nYy

»neutrons from pion’s CEX reaction \

(@calibration run) | /
o
c.f. muegamma event il 52.8 MeV | —
uw 55 83 129[MeV]
52.8 MeV

n——>> BG level ~ 2pA @10°%gain (~107p.e./sec)

Y energy spectrum
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PMT performance under high rate B.G.

DYR D¥9 DYio DY1l oOviz , ©

. Y1 OY3 DS AYE OYE I3
{{}CJEFCJCSTCFE
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W
W

At | A2 | re | Ra | s | e | rR7 | ma | ma | mio| A1) miz

- - - W-EM-T MW —MWe—t
B B

Rl ¢ 2 MOLEL R 18 W] LE-3 - 0,022 oFI500 Y |
ME-R1Z & 1 MEIE R/ H) b5 E O WF(Z &Y l

M3 . 1.2 PR G LAE W

3GIG T

Rl . 10 k@it 5140 W

> Base Circuit for MEG PMT 20 |,

- - 1.05 _, ,, ' 1. .........
Gain fluctuation due to S e

1

.{
high rate background 085 prmmm
wt o1t 1wt w0 1e?
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PMT performance under high rate B.G.

e Output from some First version PMTs
deteriorates under high rate background.

signal output

T~6min

Related to the characteristics of
photocathode in the low temperature

R | £ 14
o by
. e TR ' | -
2 1 e Ay B
TL = 1 -4
- SELORE =

»Rb-Cs-Sb + Mn Layer @ First version PMT Fegik s e
»To obtain “higher” gain, added more alkali : X

» Larger fraction of alkali changed the characteristics Event :
of photocathode B.G. ON
PMT outputs deterioration from two reasons: B.G. OFF
/—due to photocathode
Gain Variation due to '(I ’\
base circuit 3
A.Yamaguchi 29aSB-4 B G._ON




PM1 1or MEG

First Ver. Second Ver. Final Ver.

"~ Photocathode | Rb-Cs-Sb K-Cs-Sb K-Cs-Sb
Material to Mn layer Al Strip Al Strip (doubled)
reduce surface R
Gain controll Difficult Easy Easy
Q.E. @ 165K ~6% ? 2?
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PMT Test (@ Univ. of Tokyo

» How much has Q.E. improved?

» Will PMT survive the high background environment?
low temperature effect on photocathode
bleeder circuit current A. Yamaguchi

PMT Test facility @Univ. of Tokyo

=

T | # == Py ||

Purification

Liq.Xe
system

chamber

Xe tank
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PMT Test Setup Q.E. measurement

Pulse tube refrigerator

| Observe 5.5MeV alpha event

v : o :
B Gain calibration using LED
co 2
g= oM
_ Reference PMT
I 241Am 0’=g- (M M,)+0;
55m | / (alpha source) o' gain
4 «— | * <+——VLED c: ADC least count
O : standard deviation
M: mean of ADC spectrum
S5mm e: elementary electric charge
— . . 6
PMT Gain :10
Liq. Xe




e - = = e
h o - % o h o 4%
|

Q.E. (hormalized by Reference PMT)
o
b

Q.E. measurement

n PMT Fmal ‘u"er

.........................................................................

4 45 &
PMT

5 1 15 2




PMT Test Set up Rate dependence test

Puilse tube refrigerator LED
« simulate the high rate background
41Am * pulse height:4000~7200 p.e./event
(j}’ha source) pulse shape: ~10nsec
| AP ‘FLED » rate: S00Hz ~ 10KHz

Background Level Upper limit :

* K

Liq. Xe¢
% IL “ 2uA, 1*#107 p.e./sec
| PMT
“\_I\'/—‘ alpha
. : Observe 5.5MeV alpha event,
‘ res
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PM'1 1or MEG T1nal version Rate Dependence @Lig. Xe

signal | Background Level Upper limit :
output i M
e 2uA, 1*107 p.e./sec
/ ks c.f. First Version PMT
B.G. ON*o
signal output g —
Background 0 34HA - “"1 Ei:l.A o erlK EVGﬁ'ti
2.0*%10%p.e./sec 7.2*10%p.e./sec 1.3*107p.e./sec
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Summary

» Works on Final Design of PMT have finished,
Adopting new photocathode material: K-Cs-Sb
Adding Al Strip Pattern : reduction of surface resistance
» Final Version of PMT is tested @ liq.Xe.
» New photocathode mentioned above works quite well;
» Q.E. is expected to be ~4 times bigger than that of R6041Q.
» Stable output under the estimated background level in MEG
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DAQ started after all chamber

PMT stability, DAQ Procedure

components become low temperature

rumber of photoglectron,
[ [ | I | = [ [h
4 =3 L n o

o
L

1075
1050

IEFE N

B

i
ETTUTTUTTTE T
-

100

200 300 40C
alapsed time min

Trigger : alpha self trigger
DAQ Procedure :
Pedestal Run
— > Gain Calibration
— alpha run
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Condition and Procedure

e Gain 1*10°
* Trigger: alpha self trigger (veto by LED driver pulse)

* Procedure
Pedestal Run & Gain calibration using LED

Alpha Run @ LED OFF 20>min * g

Alpha Run @ LED ON 20 min " 4 :

-Change LED Pulse height, rate
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¥ Beam Test at PSI

n (at rest) + p -> ¥ + n,
n%(28MeV/c) -> v +vy

(54.9MeV<Ey<82.9MeV) /
Almost monochromatic y Opening angle

0

© + p ->n(8.9MeV) 170°
+v (129MeV)
i - g ¥ od '
linearity check 2| 54.9MeV
55, 83 and 129MeV "
neutron response | 85 oMy
| s .
/'>\ i ] :
Q | a0
3 |
(@)} {
g'-* i 1
155 - ""‘""""115'0 55 80 iy (RBEV

Opening angle(deg) Energy (MeV)



Radiative Capture events in Xe

Capture Events in Xe

Cenll W 1307 o
1“ S S .................. ............... ..... ....... .......... Xe .................. ........

...................
...................

...................

...................

...................

Al 3 — 1l
19 RETERY BN N iill; 01111 TR R 1 R SR

0 2 4 6 8 10 1 14
Energy (MeV)

129Xe + n -> 130Xe + y etc...

Many vy’s are emitted, not one.




v from radiative muon decay

e 10%u/s->10%uevvy/s

e acceptance 10%

« Mean deposit energy SMeV
* Iphoton = 24eV

» Xe detector front face 200PMTs, QE 10%, coverage 50%, photon
collection 50%

e 10%uyx0.1x5x10°MeVx0.1x10%x1.6x10-1°Cx0.5x0.5/24eV/200PMTs
= 0.4uA



Inelastic reaction of different nuclei1 in Xe

[z M:-nm =128REprocess==1 | l‘_ﬁ""‘rﬂ' [ra M:-nm =126EE process==1 | l‘_ﬁ":‘__"_ [ra M:-nm =12BRE procass==1 |
: : : : : : : : : : : T |Rus ssae : : : '

.............................................

...................

]
[EeAtom==136EEprocess==1 | Im
1 B [RIT]
. . . . . Ll S48

There are edges for different Xe nuclei around 9MeV.



CRYOGENIC OPERATION FOR LARGE-PROTO DETECTOR

Phase LXe | PMT Heat Load Total
(L) W@w165K (W)
Static| PMT Cable
L.Proto| 120 | 250 | 24 16 10 50
Final 800 | 800 | 20 52 50 122

*Static heat load depends on manufacturers design
*PMT power dissipation 65SmW/PMT

*Due to number and length of cables




PMT gain calibration 1

How to gain calibration?

PMT
Poisson

e =+ NPE (Npe: )
G PMT Ich C ADC

_ CxM
ex Npe

G M : ADC

S B [T 1
L 03195 0.003731

200 i

sigma*2
£n
S
|
3

150 ........... ........... ........... ........... ...........
Do\ N WO V7% RO AN NS S

2 U WSO N NN WOON NN S I

100 200 300 400 500 600 700 800
ADCpeak

gain calibration(sample)

M v.s sigma”2 plot gain




