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Liquid Xenon Detector

- 846 2" PMTs immersed in 165K
Liquid xenon

- Reconstruct incident y-ray from
collected VUV scintillation photons.

Performance (for signal vy)

Efficiency 62.8 %

Energy resolution (w>2) 1.7 %

Position resolution (uv, w) |5, 6 mm

Time resolution 67 ps

at run2011, preliminary

Energy resolution is worse than
Monte-Carlo simulation.
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How to Get Energy

Calibration
waveform software an-
digitizer filtering integration

846 PMTs ‘ ‘ Gain, QE
000 | — (TR =
001
002
adjust absolute
weighted sum scale
by PMT area depth position u, v, w factor

s
solid-angle face-factor non-

correction correction uniformity
correction
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What is problem ?

Total collected photo-electron number is statistically enough.
50000 photo-electron — 0.45% in o

Actual resolution is 1.0% for Monte-Carlo, 1.7% for data.

Result of large prototype test : 1.2%
There must be un-understood event-by-event fluctuations !

V (em)

350}
sigma = 1.57 = 0.10 %

Z 300
FFWHM = 531 = 0.46 %

=20 -10 0 10 20

U (em)

response function Energy resolution mappin
fit function 9y PPING
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Studied items

- Systematic error of QE estimation

- Gain non-uniformity in a PMT so much (reported in 2012

} already known not to affect
spring JPS meeting)

A: PMT Gain stability
O gain instability effect to resolution.

B: Case of smaller PMT active area

O if sensitive area were smaller, photon collection would
fluctuate more

C: Reflection at PMT photo-cathode

O Dependence of light collection efficiency on the relative
position between PMT & conversion point could be enhanced

2012/9/12 BAYMEFEEMNFRXZQREBERKF



A: Stability of PMT gain

We are monitoring PMT gain in MEG physics run,

by flashing PMT every a few second.

In spring JPS meeting---

o

PMT charge

0 = j j j b " H
E Mean 1003
-u-l = Hiran WIS T
iy EMS x 8773 4
_u_z: EMS y. 0248710
0.3 =
045 =
0.5E i
0.6F i P =
07fe "0t Teetetstale s
08E e » Y = 1= I AN B
“E — VJIRIT/) E
-09€ >
TS0 1000 1500

/Charge from one PMT in LED event fluctuate about 3% in run.\

That time, I checked only
about 10 min of MEG run
and only some PMTs.

/

I checked more precisely.
For all PMT
Evaluate statistical fluctuation.
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Calculation of number of photoelectron

Average Np.e. for all PMT
Calculate mean & o of N p.e. =20F R :

. ] 1 B . . » — 2000
by fitting with Gaussian. = : : SEEEEEEE: =
Fr T | T T T T TPMTuphdooT H __ ) 'o.: ’ : : . .
= [ Entries 3554 1 . e ™ ™ |
500" | o / Soonst
400- —xample : b oo : : 3 .
- f PMT 000 - - ; g
300 - B ... .: .\: n : —
200- . :— - *. e .:'. .- Cee
S 1 N N - -
0 500 1000 1500 2000 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 1 1 T 1 1 O
=100 -50 0 50 100 150 200

pPe: Average for all PMTs  : 757.2

Subtract normal statistical fluctuation 2
assuming Np.e. is distributed in poisson  O34d = Up.e. — lup.e.
distribution
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Result : A

| | | | | | f ml e g f |-—

B Entries 846 | |
50 L L L T ] “Mean “‘nﬂ-?mz_._
B RMS  0.003097 ||

B led §'-

i i 846 { |
40— T Entries .. 84 ER
= Mean  0.006987 il

B RMS  0.003309 {]

B cex 1
30 - Entries 846 |
B Mean 0.009943 i

L RMS  0.003159
20 __ ............................................................................................. _,:
10 T R R o B __
| | | | | | |_|_|_|_| | I_F

0

0 0.01 0.0

=

remainder gain fluctuation o,y
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Average gain fluctuation is
0.78% in MEG run

Statistical error is
about 0.2-3 % —

In other data

60/

a0

Entries 846

20

o005

“hor T oes

0.70% in LED run (beam off),
0.99% in CEX run (pion beam).

This fluctuation hardly worsen

total energy resolution, because

gain fluctuation is random for

each PMT in a event.

0.02



B: How PMT area affect ?

It is already known that difference of
relative position to PMT causes
additional fluctuation in photon

collection. If PMT's cathode were smaller

than designed size, this
fluctuation would become larger.
A

B
u': - OKO OOO  for example from
u.3_i-/A OO OO - cathode deterioration
‘ PMT - effect of B field

0.25 Y incident
N._ o - etc.

0.2

0.15 \
0.1
B

0.05

Photon collection

% 10 20 30

depth [em]
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Generated MC

I studied the simple case

PMT cathode is concentrically smaller. Range : center 18PMT
not to see non-uniformity
2
. I ——
d < (PMTsize) ? 60"
a0
_ . E 0l
Event generation : signal y (52.8MeV) AR
Radius[cm] | Area (ratio) 2y O
Case 0 2.25 100% Wp :
Case 1 2.15 91% w0 used area
Case 2 2.00 79% o o
Data 2011 charge-exchange g0l
calibration (55MeV v) T 20 0 2 w0
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Result : B

4
—
4
=
=
=
—
-
=
=
—
4

(ad
:|#|:||.

4 Resolution of real data

Blue hormal Is worse than MC, in all

- | | Green : 21.5mm """""
T  |Red : 20.0mm |
I R | BlACK 1 data (-

:II:T: 1 It is hard to explain
L, ..................................... | [ ......... — discrepancy between

depth region.
(0.6 ~ 0.8 % in o)

g
tn
|

(g

MC & data with PMT's
smaller cathode size,
because no visible
effect is seen.

E resolution : o, [%]

[a—
L]
rn

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

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

=
th
[a—
=
[w—
th
]
=

depth [cm]
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C: Reflection on PMT cathode surface

Current MEG Monte-Carlo simulation only
consider reflection on quartz window.

J

introduce reflection on cathode surface

solid :cathode refl. black: detect
dashed :no cathode refl. red: reflect v
green: absorb

-
=
=

IT

ratio [percent]
[1a]
=

80

liquid xenon
n, 1.621 (@178nm)

70

60

%0 quartz window

ng 1.610, Lyps 21mm

40

30

photo-cathode
, (sensitive detector)
nHuJ““J....LLLLLLH“J“H.L.r-r'."ﬂ Lol Rn. 1.920, In. 1.690

70 80 a0
Incident Angle [degree]

20

10

(=]
—
=
]
=
w
o
s
=
en
fal
[+3]
&
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Result : C

—= | I I 1 I I 1 I 1 1 I I I I I 1 I 1 1 _
== — ]
‘P_.n. K R e ——._—_. P — —
b= E'H # cathode E
E 31 ................................................................................................ — _:
E N .
% 2.5 E_ .......................................................................................... .......................................... _:
-~ N -
g T S — .......................................... —
1_5:_ ................................................................................................. .......................................... _:
o B g ................................................. T ......................................... -
[]_5:_ ................................................................................................. e _:
— 1 | | | | | | | | | | | | | | | | | | | | -

0 5 10 15 20
Depth [cm]

Energy resolution become worse
in all depth by 0.2 ~ 0.5%.
This can’t explain all discrepancy between MC

& data, but is not ignorable part if this is true.
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Photon distribution got
little closer to data.
Parameters were not

good ?
£ 0.25F Blue : w/o reflection
oL Green : + reflection
z Red : MEG data
E 0.2_—
=]
£ .
2 0.15-
L=
o
=¥
B0
e
L
0.05-
.
N @
U IIII|IIII|IIII|IIII|II.II
1 2 3 4 5 6
distance from incident y
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Summary

I studied energy resolution of MEG y-ray detector.
Following results were obtained,
- PMT gain is stable enough in MEG data taking.
- PMT cathode size does not affect resolution.

- Reflection on cathode surface can cause a part of
discrepancy between MC & data.

Prospects

- Understand mechanism how reflection affects resolution.
- Optimize optical parameters of PMT material.
- Seek another cause of E-resolution discrepancy.

- Improve current energy analysis method.
- Use for upgraded detector.
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Calculate mean & o of

Np.e.
bv fittina histoaram.
S I e e e
o Example -
- f PMT .
300F
- 000
200
1005
O:‘““ ‘LJ‘ L MI“‘Z
0 500 1000 1500\ p . E000

Analyzed data

Black : MEG physics data
Red : Charge exchange

calibration run

20

15

7
ARNARRERAREN ERRRD AR

!

il

=

0

20Blae2 BxpEERRWRNEcatibEaticn run

| ] |
500

1 | 1 1 1 i 1
1000 1500

Average photo
electrons

MEG : 757.2
CEX : 749.1
LED : 759.5

2000
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0.1

Fluctuation by Positicn

100} sososses
: S
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201

[Fftwt of Magncuc h(.ldb on Anode Outpu—] |{ffﬁ?:> 3:{ |

__MC-PMT50X (R6041)

120 (0 ‘————J e % i

| i '

. 100 ml B R - e T —’L~~ - £E

® ‘ ‘;t "f ?.“\\ . 2 )

5 80 e S At —{-‘ T— L /NG

(s W ‘,A' / f | \ * -,.- ¥

; o = . ”’_ |\ A TOP VIEW

= AT TN TNl

= 0 | | [/ ! \“-\ ? \ | [

Eg 40 — f '{-+f" (J:}r—[ = $QF§:—T* ‘\;“—' e l e AXl;j

(75 A % f | A\ | P

= 20 f— —t N . [T XRAXES
- ‘L ,/I =, N | Y-AXIS |

() oxnswns — - :‘litw‘:;:. § e —

=250 =200 -150 -100 ")(.) 0 50

100 150 200 250

MAGNETIC FLUX DENSITY (GAUSS)

low
or 0?

hig
h
>< this is |mag|nary

gain (collection
efficiency) ?

K

B dependence of total
gain come from
position dependence of
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Photon collection (project to U

direction)

event
here vPMT

:'JL""" -

[—
<
[a

normal gem4
cathode gem4
sidetube gem4
meg data

average npho/nsum2
[
<=
[

(-
<
o

[—
<
=
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Notice

Data have lower
peak & longer tail.

Cathode reflection is
hidden due to small
statistics?

From where can I cut

summation for
energy calculation?
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Introduction of photo-cathode reflection

0.25

average (npho/nsum2)
1T

045} S— S— — — E

~ Black: normal MC -
02— ............. Red:cathodereflectlon ....................... —]

15 20

=
=
3
H

44.51% | | 3.28%

10!

1072

average (npho/nsum2)

1073

10-4 :_“| ------- || ------- L ------- L 1 | ------- L | | -------------------------- Y I L i ------------------- i

10.37% | |-0.004% |,

0
2012/9/12 BAYEZE

A
~

5
HERLOR

20
PMT row#

Average Nsum?2
normal : 3.365e5
reflection : 2.387e5

No obvious difference
except nearest 3 rows.

Is this affect to energy
resolution?

T checking:---
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Difference in photon distribution between data
& MC can be explained from this? —

2012/9/12 BAMBES LIRS QRMEL A

e
o
w

1]

=

—

th
|

Blue : normal MC

Green : data

=)

;

-
I

Rat

0 of PMT:

J)

e
=
th

NEc
COr

I O
Version-p
velo ~

int

=
LA

__is smaller in data.

ratio of photo electron

1

0 15 20
PMT row
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