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Liquid xenon photon detector
ntroduction

supercTucting magnet :;m LIV
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* MEG Il experiment

« Searching for u* — e*y as a probe for new physics

Pixelated timing counter
(pTO)

Muon stopping target

 with the world'’s highest intensity muon beam
(3-5x107 y/s)

Cylindrical drift chamber
Radiative decay counter (CDCH)
(RDQ)

* For gamma-ray measurement

e Liquid Xenon (LXe) detector
* Measure the position, energy,
timing of gamma-ray
» Using VUV-MPPCs

N\

Vacuum UltraViolet (VUV) light
sensitive MPPCs (Today’s topic)

inside of LXe detector
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Background of this study

* Photon detection efficiency (PDE) for
VUV light rapidly decreases during

physics run. Nphoton = 1.1x10** photon/mm?
* Found that PDE can recover by e
annealing (70 °C, 28h) E I S 82%->6% | in 2021 run_ |
« Annealing was performed in MEG |l §‘° 0.08 ' ]
every shutdown period after 2021 run | g -
->not crucial for experiment < oerE
« But we still want to understand 0081
cause 0.05E E
7 SR R 77 R Y1771 i

K. Afanaciey, et al., Eur. Phys. J. C 84 (2024), 190
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downstream upstream

Background of this study

e

=% & % .2 §

« Radiation environment =

 Radiation from the muon stopping target: ~ e I
Gamma-ray

 Radiation from LXe:
VUV light (scintillation light from gamma-ray)

bottom outer

« Radiation from the accelerator:

Neutron 2 |attheend of the 202T run [T 3
» PDE decrease at the center is larger T ETT ' '
\0:0@:
* Muon stopping target is centred with reference to LXe osE-

detector ood

Most likely to be caused by radiation | est-
from muon stopping target and LXe

upstream +———— center ———— downstream

Radiation candidates: gamma-ray, VUV light
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Radiation damage of VUV-MPPCs

S picture of VUV-MPPC
e (S10943 4372)

 Candidate for radiation damage:
Surface damage

 Caused by ionizing radiation (gamma-ray or VUV light)

* Previous lab tests
* VUV-MPPCs were irradiated with VUV light at room

temperature, low temperature (~165 K), in liquid xenon b
« Humidified VUV-MPPC was irradiated with VUV light ,on,,ng o VOV Tght ebie ot
In room temperature : 5 : (3) Hole
» VUV-MPPCs were irradiated with gamma-ray at room H : e O
temperature, low temperature (~165 K) O ON o @ ® 0ok Electic fold
 PDE degradation was not reproduced in @@1;0“;;%“0”
laboratory o oo
v -
(PDE degradation was actually observed by VUV irradiation, st | | l e
but 10* slower) |

K. leki, et al., Nucl. Inst. and Meth. A 1053
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Motivation of this study

1. It's known that VUV sensitivity of Condition: 60°C, 90% rh.
VU\/:[M PPC is worsened by absorblng (89 times faster than 25°C, 60% r.h.) Measured by HPK
moisture 25%
« Coming from VUV-MPPC has no moisture 0% |
resistance layer on the surface ’
2. VUV-MPPCs in MEG Il were exposed w 157 1
at ambient humidity during storage T10%
and installation sop | —0Ohours  ——100hours
) —250hours =—500hours
Combine the above two results 0% l - ﬂ - 1
Hypothesis o | 100 125 150 175 200 225 250
- Humidity duffused into the MPPCs Miaveicngthinm]

m|g ht accelerate the radiation damage R. Yamada, et al., “Development of MPPC with high

sensitivity in NUV or VUV 2022 IEEE NSS/MIC/RTSD
Measure PDE of humidified VUV-MPPC
during VUV irradiation
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* Irradiate VUV-MPPC with scintillation light (VUV light, 4 =
175 nm) from LXe
* To test the humidified VUV-MPPC is damaged by VUV light or not

* Irradiate enough to reproduce the speed of PDE decrease of the LXe
detector
 Continuous irradiation for 300 hours

* Install the VUV-MPPC, alpha-ray source (Am241) and LED in LXe
 Alpha-ray is used for exciting LXe
 LED is for the measurement of the gain
» Sustain the temperature in LXe (168 K) during data taking
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| |ch0,1,4,5 (VUV-MPPC’s chips for irradiation)

e PR o
L) e, K Fa

not annealed

not humidified

for reference of LXe stability

Annealing 150 °C x 16 hours baked
(done before humidification) (Assume humidity inside VUV-MPPC were removed)
Humidity 60 °C x 250 hours, 90 % r.h.
(89 times faster than 25°C, 60% r.h.)
Note for test of radiation damege
LED : ch6 ch7
(for calibration) -_TVUV-MPPC for reference wire ®

VUV-MPPC for reference

che, 7

most far from Am241
"

view from bottom

ch2 ch3

Putting on the center of
2 chips

>40 mm

alpha-ray source
(Am241)

view from top

Am241 /—G—f ch5 | ch4

wire

VUV-MPPC for irradiation

@ A ) .
cho, 1 .y, 7> mm | ch4 was used as trigger
— VUV-MPPC for irradiation .
ch4,5 wire ch1 ch0
\ - 7,—most near to Am241
humidified MPPC —
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Result - Charge of alpha-ray and MPPC gain

alpha-ray emitted from the

LED

alpha-ray / shadow of wire
charge hist (run5972, channel0) charge hi/st/(run5972, channel2)
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£ _ : : ; L 03976 | g KA1} =t L EEERRIIEEE £ IRRRLLRERLRR o Proby---vcieeeee 95619

2 C 2519 = 6.1 [ : 3 p0 L6054 =159
S 1s0b e 262 = 0.01]] SH300Eceeeereeff iy ) C 09834 002167
- ' 02256 = 0.0058 | £ E B2 505994 00135 H
N 5 2 2’50: : : | p3 D 4394 =110 [
- : - &) E el 4 00164 .2.0.0026 _H
L o e IRRREREE LR R ] 2005 : Les © 0.1045 =+ 0.0021 F
- : 1o . ] S RRT LEITERIRPPPRoS e
C : 1Bin width 'k E
]| ok B RARRREEE | EXEPS | CEORE-CRTETLRIEES: PETTCRRTEE Do — 100+ S | A A et =
: ] SOE-+ |- i .
- i 5 = L0 : N =

0 0 4 5 Ql 0 1 2 3
Charge [10%¢] Charge [10%/20.47

Counts/0.012/10°¢/70.15

180
160

140F
120F
100
80
60

charge hist (run5967, channel0)

1 . - )
: T g T T T g‘ T P. c ‘ T T T g \his\to T g T T T H
- : : [ [~ Entries oo 5205
- {02867 [
| 71 § S SRR S 020131
73.62/41 [

2 p.e, 10.001324
: 1197 =57 [
...0.03977 = 0.00182 1

1839 + 69 [

]..0.188 = 0.001_f

i

L I T .
0.4 0.6 0.8
Charge [10°¢/70.15]

* Charge peak of alpha-ray

 Calculated by gaussian peak

* MPPC gain

FEGain

* Calculated from dividing the difference between 0 p.e. and 2 p.e. peak by 2
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Result - Stability of the gain

Charge [106e]

22 o Lo ] —
- 3.488e-05x + 2.064 ]
2_15__ ...................................................................................................................................... _:
2l | } ] -4k 5
} ' h""u 1 :'.u |' 'nu"' |u" i Sil .,' .!!!", '-::I 1, "" . o I\' 'nu"
205 iﬁ.ﬁ..'" R A s i "'” R RN "" ",ﬂ' i
3 } | [H " ]L + TR
2 IS N .............................................. _:
1.95:_ ...................................................................................................................................... _:
L | | —

gain of ch0

1 . 1 1 1 1 | 1 1 1
100 200 300
Irradiation time [h]

* Gain is stable during VUV light irradiation
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Result — Calculation of radiation dose

* The number of irradiated VUV light is calculated below

VUV light irradiation dose
_ Charge ofalpha —ray 1 1

Gain PDE ECF,

- trigger rate [Hz] - irradiation time [sec]
|

1

Surface area of 1 chip [mm?]

f

Impinging photon per event
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Trigger rate and charge of alpha-ray signal

* Trigger rate
* Calculated by the mean of the first 10
data takings
» Because the trigger rate was expected to
decrease by VUV photon irradiation

 Average charge of alpha-ray
* Calculated by the mean of first 10 data
takings

 Because the charge of alpha-ray was
expected to decrease by VUV photon
irradiation

18 Mar. 2024

alpha-ray

Counts/0.038/10%¢

180

e S S
[ \® B "G = N - B —2 \° B ~N
R N I — L — R —— R
TTT

-wfresult.charge[0]

160

—)

Charge [107¢]
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Result — Estimation of initial PDE

Over voltage [V]

o 0.30 -
chO 3.51 SE ]
chl 3.53 0250 -

~ e .

B i o | 5

ch2 3.66 0.2 5 y oe ~

N . i

ch3 3.57 0.150 . 2 ]

0.1 —

0.05— =

Humidity inside VUV-MPPC : -

« Expected PDE: ~15+ 2 %  decrease PDE | % 81
Over-voltage [V]
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0

K. leki, et al., Nucl. Inst. and Meth. A 925 (2019), 148-155
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Result — ECF Transition

ECF of ch0

1 :_ ......................................... ..............................................

b f=1234e05x+1.273 -

0.6 :_ ......................................... .............................................. _:

| I T —— .............................................. _

| Yo S .............................................. _

1 1 1 1 . 1 1 1 | 1 1 1 1
0 100 200 300
Irradiation time [h]

* Irradiation dose was calibrated by ECF (Excess Charge Factor)
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Expected PDE decrease

The PDEs in 2017-2021 are measured from
the VUV-MPPCs at the center of the LXe

Stopped muons in 2017-2021: 410x 1012

ratio of radiation dose of this 0.015 0.017 02— datt 00b0*455/129:

i £017.2018 2019.-.2020..... Prob........ 101
experiment to that of 2017-2021 015 Lo i 2 |0 0.06941 +0.002365 [

. 0.16_ | ; ! | 9267.2'}'4.895 :

Expected Initial PDE ~15% ~15% 0445 b 007071000255 I
Expected PDE Decrease (in relative) ~ ~ 1.4-5.0 % ~1.6-5.6 % 042\ b B— E
0.1' :.':E..E,E ,,,,,,,,,,,,,,,, .......................... ....................... -]

R O S — S—

PDE

0.06 i E : : R ............................ ........................ -
1) 7 | S O S SN S S S— T

Estimated from the blue function 0025 AAAAAAAAAAAA AAAAAAAAAAAAAAAAA o A

|3 e

Estimated from the red function L
Partially modified from S. Kobayashi, PhD thesis (2022)
(https://www.icepp.s.u-
tokyo.ac.jp/download/doctor/phD2022_kobayashi.pdf)
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Result — PDE decrease in this study

Ch 0 charge history Ch 1 charge history

Normalized Charge Ratio
Normalized Charge Ratio

0 100 200 300 0 100 200 300
Irradition time [h] Irradition time [h]

The PDE decrease expected within the green region

The normalized charge ratio seems decreased by irradiation as a whole
 But the fluctuation of each point is too large comparing with the expected band

Currently, we cannot conclude if the VUV light is the cause of the PDE decrease or not

Systematic error can be reduced by further detailed analysis
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Sammary & Outlook

* Summary
 Rapid PDE decrease for VUV light was observed in the MEG Il LXe detector

 Studied effect of absorption of moisture inside the VUV-MPPC with VUV light

irradiation
* The charge signal of far chips makes large systematic error for the normalized
charge ratio

* Next step
 Analysis
 to reduce the systematic error of PDE transition
* to estimate PDE decrease speed in this test with smaller uncertainty

* Experiment
« Using a PMT for reference to reduce the systematic error

* Irradiate VUV-MPPC with gamma-ray

* In LXe
e to test the effect of moisture inside the VUV-MPPC
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Tz

4 chips in one VUV-MPPC

_ ch0,1,4,5 (VUV-MPPC’s chips for irradiation) ch2,3,6,7 (VUV-MPPC’s chips for reference)

Annealing 150 °C x 16 hours baked before accelerated test not annealed
(done before humidification) (Assume humidity inside VUV-MPPC were removed)
Humidity 89 times accelarated not accelerated
(60 °C x 250 hours, humidity 90 %)
Note for test of radiation damege for reference of LXe stability
LED : - f
(for calibration) M VUV-MPPC for reference wire ch6 ® ch7 VUVEMBRCiforireterence
I\ <h23 [ \ most far from Am241
.7 4//4//<
view from bottom ch2 ch3

alpha-ray source
>40 mm (Am241)

Putting on the center of
2 chips

view from top

\ — VUV-MPPC for irradiation
Am241 /—G—f chs | cha

wire ® ¥ <
cho, 1 L.y, 7o mm - ch4 was used as trigger
— VUV-MPPC for irradiation .
ch4, 5 wire ch1 chO
\ b —_———most near to Am241
humidified MPPC —
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Control of cooling system and DAQ

Cooling System

« SCS2000 was used for control of the
pressure and temperature inside the small
chamber "automatically”

» Control LN2 flow by setting upper and lower
limit of the pressure

« Took the data of pressure and temperature
inside small chamber

« DAQ
. square wave
e Used WaveDREAM Board (WDB) as a __ Inside small chamber ____ J
Waveform dlgltlzer i E trigger pulse for VUV-MPPC gain
° Has HV and ampllfler |nS|de ! VUV-MPPC 1 E signal measurement (synchronizes square
| (for reference) | wave for LED)

. Galn for alpha-ray run: | LED |
ChO 1) (Ch4 ) 25 (Ch2'3'6'7) i Am241 E Waveform Digitizer

wire

. Galn for LED run: 70.1 5 (ch0,1,2,3) | g | (WDB, has HV and

VUV-MPPC ] amplifier inside)

 Took the data of VUV-MPPC signal from ' (ormadiaton) T i signa
alpha-ray and LED light every T hour | |

Function Generator

S
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Result - Number of photon entering near chips

o

trigger rate 37.7 event/sec 37.7 event/sec
mean charge 1.98 10°% 2.19 10%

gain 2.064 10%e 2.064 10%e
expected PDE ~15% ~15%

ECF 1.273 1.263

Surface area of 1 chip 5.95x5.85 mm? 5.95%5.85 mm?
Irradiation time 300 hours 300 hours

VUV light irradiation dose in 2017-2021.:

VUV light irradiation in this experiment ~ 5.9x10° photon - mm 2 6.6x10° photon - mm ™2

ratio of radiation dose of this 0.015 0.017

m experiment to that of 2017-2021 m



Normalized Charge Ratio

m=0 orl
i

Q;m=0 orl

1
) 2im=2367 Q1"

Normalized Charge Ratio (at pointiforchm =0or1) = (

10
5.
(5
=1

Zm=2,3,6,7 ern

S| =

\

i

|

Relative Charge
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Result — Expected PDE decrease

* The one component (blue) of fitting function has similar time
constant to that of 2022 physi

« But the PDE decrease in 2022 physics run is
the average PDE of all VUV-MPPCs.

« The VUV photon irradiation dose has position dependence to
each VUV-MPPC (see page 4)

0.0694076 exp[-x/67.1953] + 0.0707143 exp[-%x/926.011]
= 0'2_' ST T T e T 00b0i4s‘7/129;

E 0.18520.1.7,..2.201#..201.9%......2.020..... LProb 1]
r H i i 1| p0 006941 +0.002365 [

* In 2022 run, the VUV-MPPCs were annealed. PSS N VUL DO I
S . . 0 100 200 300 400 500
 This is similar to the VUV-MPPC in this study NP (x107)
* It is better using the PDE history calculated from the Average smoothed PDE history
. 2 OIS Fmsestrngiasrsizpmiisunsivoviisaessonss b g sstasnsn mosssaniat st mays o e cagivbessassigigghasie
VUV-MPPCs at the center of the LXe detector in 2021 p ‘”“_N
physiscs run N
. _I_O Compaire With the PDE transition in this Study 3.14605,2;_e ...........................................................................................................................
* Now analysing. It will be done soon e I =
. ) . ) ) 012+ black: before. smoothmg ......................................... 3 e, YO .=
* In this presentation, including the effects of annealing oats ) 1S MSTSMOONING oo 3 I T
and position dependence as expected PDE decrease e owm i

https://indico.psi.ch/event/15204/contributions/47074/attachments/2651
18 Mar. 2024 XA /19397 /matsushita20231123.pdf



https://indico.psi.ch/event/15204/contributions/47074/attachments/26518/49397/matsushita20231123.pdf
https://indico.psi.ch/event/15204/contributions/47074/attachments/26518/49397/matsushita20231123.pdf

Alpha-ray charge history

Charge of alpha-ray (for ch0) Charge of alpha-ray (for ch1) Charge of alpha-ray (for ch4) Charge of alpha-ray (for ch5)

Charge [10%]
>
= e
~

e
&

Charge [10%]
Charge [10%]

Charge [10%]

0.67%

0.66 :

0.65
P N N I N N N P N N N N il P4 N P N I N N N P N N N N 1
100 200 300 064 0.665 100 200 300
Irradiation time [h] Irradiation time [h] Irradiation time [h] Irradiation time [h]

Charge of alpha-ray (for ch2) Charge of alpha-ray (for ch3) Charge of alpha-ray (for ch6) Charge of alpha-ray (for ch7)
50 046——— 11— T] ?0.048_ T T T T T T T T T ] 50.058———— [ S B S S R ?0.062_ L L e e e e
> ] > L : : ] > - : : : ] > L : : i
= E = 3 = o e 8 [T 1 = 3 : : E
g)‘) X %0'046 %0.056_ """""""""" R } : gn 0'06__ ................... ..................... e __
g 3 3 L i g L : i y
= = L B | ERATTRTFE: (RRTERRERTRE RS . = : ]
o, S0.044 Shaatt S 5 So.058] } * Ml e
C 1 [ | | i g Ol LT
0.052 i ; gl [[ 1hiy 1 ' el 1 R0 B L

i 0.042]3 H i i |-||'rl' i!;!,F'r. ‘.,-.U'LI' '1"||' i ii|vu|i F'-'!" H
; _ ; 0.05H, Pttt i Iif' i Ih” it '|] i h i| iililllds
: 0.04 _ , ! : ] 0.054[ [IRAL B TR S 1L [, ez R AL NI R UA
: : : 0.048 g & § AEEET SR B 1 ) R R — t ]
. 0.038 : . 0086 oo e : 0,052 boret { ----------------------------------------- .
0'0340 100 200 300 0'0'"’0 100 200 300 0'0440 200 300 0.05 100 200 300
Irradiation time [h] Irradiation time [h] Irradiation time [h] Irradiation time [h]
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Signal of DAQ

Counts/0.042/10°¢/d.44 Counts/0.042/10°/20.47 Counts/0.052/10°¢

Counts/0.042/10°¢/20.47

charge hist (run5720, channel0)

“runs720 Tistol H

e

charge hist (run5720, channel2)

Charge [10%¢]

0
* G036 2 Dod
01082+ 00033

charge hist (run5720, channeld)

ntries

T runsT20, hastal

0, channel6)

TSI

Entrics

3
Charge [10°e/20.47]

Counts/0.042/10°¢/d.44 Counts/0.042/10°¢/20.47 Counts/0.052/10°¢

Counts/0.042/10°¢/20.47

charge hist (run5720, channel1)

charge hist (run5720, channel3)

Charge [10°¢]

[ NS

05922 +
........ i 76
0.0932" = 0.0043

Counts/0.012/10%¢/70.15

Counts/0.012/10%¢/70.15

charge hist (run5967, channel0)

T hist0”

M T .
04 0.6 0.8
Charge [10%¢/70.15]

charge hist (run5969, channel2)

- 0.3223 = 0.0021
4717 = 0.00283

P IR R T N
04 0.6 0.8
Charge [10%¢/70.15]

Counts/0.012/10%¢/70.15

Counts/0.012/10%¢/70.15

charge hist (run5967, channel1)

T hist1”

180F
160F
140F s FProby--ieeeeenns 9:0002757

1259 =57
" 0.041957 0:00149 7]

275 = 0.0020

211 0.00281
[N

M R .
0.4 0.6 0.8
Charge [10°¢/70.15]

charge hist (run5969, channel3)

220_ R e e R h 1 EE J..!..lhislﬁ\...!...'...'..J__

“1--- 2 0:03659- 0:00140—H
2026 +74

- P il
-04 0.6 0.8
Charge [10%/70.15]

3
Charge [10°¢/20.47]
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Result - Stability of LXe

Vover ~ 35V

Charge [10%]

gain of ch0

P A R
0 100 200 300
Irradiation time [h]

gain of ch2

202 2 --9-4-7-e"'06 'X +2.03 1‘
O ot i S ou et A vt
2.08 ------------------------------------------ -{ """" _i

..Ji'l"lq i|| ,' || |.“||,| '||

1 .98 ! ...................... | T A ) - A ..................... —]
1 .96 ........................................... -. ..................... ]
L4 - eremeees s B =

0 100 200 300

Irradiation time [h]

gain of ch1

O o T T T T T T T T
= -1 O47e 06 X + 2 064
:I)IJ DS
5 | 5
2_1 ] | —]
!I | ;fl lil ; ||lI *} :||i.| ||,.‘ i |Illlll]
2o PR '1:|| W
Ritiad &
2 {{ ................ ..................... ._:
L ERRE R -------------------------------------------- ~
0 0T T 00 300
Irradiation time [h]
gain of ch3
F 206 T T T T T T

l-n

-:
Q

2 204 _-_1 816e 06 X + 1 95&

2.02

25
198
196

192 {85 X | N b A O SO -

1.94F] i J'iT"Ii | l Il Irl !

{ by "'w
'li' ] 'l I|

i
.d._._._.'_"
[

BT T T — T
Irradiation time [h]

* Gain is stable during VUV light irradiation

Temp: 168 + 0.5K
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Result — ECF (Excess Charge Factor) Transition

Vover ~ 3.5V

18 Mar. 2024

ECF

ECF

ECF of ch0

Irradiation time [h]

ECF of ch2

. T R
100 200 300
Irradiation time [h]

ECF

ECF

ECF of ch1

Irradiation time [h]

ECF of ch3

T R T RS
0 100 200 300

Irradiation time [h]
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Expected PDE decrease

Stopped muons in 2017-2021: 410x1012

ratio of radiation dose of this 0.015 0.017
experiment to that of 2017-2021

Stopped Muons (N:t"p) 6.2x1012 7.0x10%?
corresponding to this experiment

Expected Initial PDE ~15% ~15%
Expected PDE Decrease ~0.21-0.75 %pt ~0.24-0.85 %pt
Expected PDE Decrease (in relative) ~ 1.4-5.0 % ~ 1.6-5.6 %

The PDEs in 2017-2021 are measured from
the VUV-MPPCs at the center of the LXe

Expected PDE Decrease in relative (Lower Limit)
0.074 exp(—N,; °P - (15/14)/67) + 0.076 exp(—N,; P - (15/14)/926)

=1- 0.15

Expected PDE Decrease in relative (Upper Limit)
=1—exp(—N; °P - (15/7.1)/926.011)

0.0694076 exp[-x/67.1953] + 0.0707143 exp[-x/926.011]
EJ 0’2;' S P 00b0')45’7/129;
& 0.18 520,1.7..1',2013..201.9:..,...2.020.....;, ...Pmb. ............................ s 1.0
- N 006941 +0.002365 ||
e 007071000255
0.14 926+864

D S S S s e — E
N T 2021 ]
0.1 L I,.I,I ................. ............................ ........................ —
7 S S M— S—
0.06:‘ E : : R ............................ ........................ -
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Partially modified from S. Kobayashi, PhD thesis (2022)
(https://www.icepp.s.u-
tokyo.ac.jp/download/doctor/phD2022_kobayashi.pdf)
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Temperature history
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Temperature history

18 Mar. 2024

Xenon/All temperatures
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Result - Waveform of alpha-ray

* Mostly, the waveform of chO, 1 were got as data.

i <> mp S e Waveform | ClockMonitor | ' [ >| .‘»” o‘c‘ Waveform | ClockMonitor
Run: W:{% o Baridibminiiiiitn [ Waveform : 000 | = Run: 73 a ﬂE . M veform : g
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Result - Waveform of alpha-ray

» Sometimes small pulse came in chO,
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Alpha-ray charge history

Charge of alpha-ray (for ch0) Charge of alpha-ray (for ch1) Charge of alpha-ray (for ch4) Charge of alpha-ray (for ch5)
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15.00+0. 20

Calculation of the probability of photon

entering a chip in VUV-MPPC

16.000. 20

\7.\(?:0‘ 20
S IS

This solid angle is given by _ [ | wpor [
alpha-ray source \ | \
photo-sensitive area \ (Am241) 0 *i— X -
4x MPPC_ (4 X[16. 15. E;Fiﬁl 95x5. 85)
dead zone Q = 4 arcsin(sin asin ) sensor chip
(5.95x5.85 mm?)
alpha-ray source 7 2.975 mm m 0,3
(Am241) \ 5 M \ ' 5m ‘\ >‘ - 5/77/77
<< 6:2’77 - - —’\
\ v
-5 5 M Avoid
* The probability of photon entering a chip with including the dead zone: e The probability of photon entering the dead zone:
Py chip,void Pyoid
* @1 chipvoid = 0.892 rad *  Qyoig = 0.0699 rad
e B chip,void = 0.537 rad * Byoid = P1 chip,void = 0.537 rad
-> -Ql chip,void — 2 arcsin(sin @1 chip,void sin 181 chip VOid) = 0.819 ->QVOidQ= 2 aZCSIH(ZIEgggig S 'BVOid) = 0.0714
r_ . ’ ’ ° P . e . = U.
P1 chipvoid = 11 chip,void/47T = 0.0652 void void/4T

The probability of photon entering a chip without the dead zone:
Py chip = P1 chip,void — Pvoia = 0.0652 — 0.00568 =I 0.0595

18 Mar. 2024 JPS 2024 Spring / Ryusei Umakoshi



Estimation of PDE

Over voltage
~5V PDE to 175 nm ~A% ———F o | =—Ohaurs = ===100hours
(0 hour humifidification) / ——250hours —500hours
ya 0% 1 1 1 1 1
PDEto1/5Aam ~19% 100 125 150 175 200 225 250
(250 hour humifidification) Wavelength[nm]
~3.5V PDE to 175 nm ~18 % . o
(0 hour humifidification) \ 2 0 i
n_' L .
Estimated PDE to 175 nm ~15% . 0.25- —
(250 hour humifidification) i P - o @, ]
- e o © .
Uncertainty of PDE to 175 nm ~/ 2%« 0‘2: i o ‘D' i .
B . .
/ 0.15:— @. » —:
3.5V 0.1 -
18%—W'(24—19)%:14.5%~15% B i
0.05— -
- [ P P I R R 1
0 2 4 6 10
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Number of photon entering a chip in VUV-MPPC

. _Eayp  _ 478Mev
pho = , 2 1chip = ygo5ay

(1.52 + 0.7)x10* photon
. E, =478 MeV
e W=179eVor19.6 eV -> (18.75 + 0.85) eV
+ Py cnip = 0.0595

« Becquerel of Am241: 100 Bq??
->|rradiation dose:
1.52x10* photonx100 Hz - (5.95 - 5.85 mm?)~1
= 4.4x10* photon - Hz - mm™2
= 5.5%108% photon - h™!- mm™2

x0.0595 =

* The reasons of mismatch of expected and
measured radiation rate
Reflection of the surface of VUV-MPPC
* The alpha-ray emitted from the shadow of wire
« The real solid angle is larger than expected one

EX N

expected impinging photon (1.52 + 0.7)x10%* photon (1.52 £ 0.7)x10* photon

per alpha-ray

expected radiation rate 5.5x108 photon - h™*- mm~2  5.5x108 photon - h™!- mm™2

measured radiation rate 2.0x107 photon - h™- mm™2  2.2x107 photon - h™1- mm™2
Ratio of measured radiation

rate to expected radiation rate

0.036 0.04

Shimada’s measured radiation rate (including ECF):
9.7x10”photon - h™1- mm™2

18 Mar. 2024
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Number of photon entering ch0

1.98 1

hoton -
2.064-10-3-0.15 P 00" 1273
- 37.7Hz - 300 - 3600 sec

. (5.95 - 5.85 mm?) 1
= 5.9%10° photon - mm™*

!

ratio of radiation dose to 2017-2021 run:

0.053

trigger rate 37.7 event/sec
mean charge 1.98 10"9*e
gain 2.064 10"6*e
expected PDE ~15%

ECF 1.273

Surface area of 1 chip | 5.95x5.85 mm?
Irradiation time 300 hours

.

Radiation dose in Shimada’s 9.7%107 photon/h/mm?2

thesis (including ECF (~30 %), ri?,z,/a/r/,j\;%:\zr?ré;u/_master/

VUV light irradiation in this
experiment

5.9*10"9 photon*mm"-2

maybe overestimated) m2020 shimada.pdf
Radiation dose in this 2.0x107 photon/h/mm?2
experiment

18 Mar. 2024

VUV light irradiation in 2021
run

4.0*10711 photon*mm~-2

¥ 2021 run

ratio of radiation dose to

0.015



https://www.icepp.s.u-tokyo.ac.jp/download/master/m2020_shimada.pdf
https://www.icepp.s.u-tokyo.ac.jp/download/master/m2020_shimada.pdf
https://www.icepp.s.u-tokyo.ac.jp/download/master/m2020_shimada.pdf

Expected irradiation dose in 2021 MEG Ii

18 Mar. 2024

expected dose in 2021 (with ~700h MEG Il intensity)

iIrradiation source dose/fluence

14 0.04375 Gy

VUV photon 2.0-25x 10" /mm?
neutron 1.27 x 107 n/cm?
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Result - Breakdown Voltage

gain of ch0 gain of ch1

.5 0’4: T/ maf ™ 7 " 2099711 [ .5 0'4: IR " 1225 ;/
&} E Prob 0.03; H &} E Prob 0.4258" H
Brea kd own VOlta ge [V] 0.35¢ p0 0.04152 zwzs H 0351 po 0.04104 :st H
- pl -19 %0.02881 [ - pl 1,875 #0.02509
0.3 / - 0.3 / a
chO 45.76 025 / g 0.25F /*/ :
0.2F o . 0.2F / i
chl 45.68 0.15} // g 0.15} // ]
0.1F - 0.1F -
ch2 45.66 - i - - i E
0.05F . 0.05F =

ch3 45.71 =% 4 as 50 52 84 =4 a6 as 50 52 84
Bias Voltage [V] Bias Voltage [V]

gain of ch2 gain of ch3
.5 0’4: Tx/maf ™7 " T11a1v10 H -5 0'4: IR " Toa75V10 [
&} E Prob 0.3263 H &} E Prob 05156 [
035F po 0.03896 = 00006662 [1 0351 p0 003865 = 0.0006199 ]
0.3f pl <1779 003344 7 0.3f pl 11767 =0,03114 7
E ; : E A
0.25 - / ] 0.25F ]
02 va : 02F // -
0.15F // : 0.15F // :
0.1F - 0.1F -
0.05F e - 0.05F e -
0 C ‘ L L L L L ‘ . 0 C ‘ L L L L L ‘ .
44 46 48 50 52 54 44 46 48 50 52 54

Bias Voltage [V] Bias Voltage [V]
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PDE degrease in 2017-2021
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Phase diagram of xenon

Pressure [atm. absolute]

120 140 160 180 200 220 240 260
Temperature [K]
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Result — Expected PDE decrease

stopped muons in 2022 run (during 3x107 p/s beam

— intensity): 170x 1012 N
g 0'2_ T 50094-06/46 ]
Ay 0.18:_ .................................... ................................... P—rob ..................................... 1_5

- : p0 0.1465 = 9745e 05 [
0.16__ ....................................................................... p2 ................................ 1151 ...... 9143 E
0.14 == ST SO S -
0.12_ ........................................................................................................................................ —

0 1__ ___________________________________________________ 0.14652 exp[-x/1150.52] 1
0.08__ ...................................................................................................................................... _:
0.06_— ........................................................................................................................................ _:
0.04 C 2.0.2.2...r.u.n ....................................................................................................... _f
0.02F-. .(..d_u_r.l_ng._%_?s_1_9_7____9/_5___hﬁa_m_l_n_te_.nﬁ_l_ty) __________________ ]
0: ] ] ] ] | ] ] ] : ] ] ] | ] |:

0 50 100 150
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Gain vs Over voltage
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Small chamber construction

* Inside small chamber,
separeted into GXe and LXe

By cooling, LXe accumulated
In the bottom of small
chamber

* Small chamber is covered
by a outer chamber

 Between the small and outer
chamber is vacuumd

* This works like "magic bottle”

cold head

tube of LN2 \

LN2

connected to refrigerator

LN2

P —

flange

feedthrough for VUV-MPPC
signal and LED cables

PR

=F i

N

L

feedthrough for temperatures
and pressures cables

flange |
N YV super insulation
7 - 7
NN\
LED % §§ P small chamber
%
| 7 GXe
VUV-MPPC \% —
% YU
(for reference) f& \\é e
N Y
alpha-ray source ;i\ \g vacuuming layer
N N
~_ §§ §§ (/ (0(1) Pa)
VUV-MPPC — I\ \
. . = N
(for irradiation) A,y outer chamber
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Turbomolecular Drag Pump TMH 071 P/TMU 071 P

igh vacuum flange

Vacuuming and leak check

8  Electronic Drive Unit TC 600
8d Remote plug

* Turbo pump (Pfeiffer Vacuum, TMH 071P)

 Used for vacuuming inside the small chamber
« Reach 0(107%) Pa in this experiment

* Scroll pump
 Used for vacuuming of the outer chamber
« Reach 0(1) Pa in this experiment

* Helium leak detector (Alcatel, ASM 122 D)

* Detects the leak of a flange using helium

* There were no leak even high-sensitivity
(0(10719) mbar - 1/s)
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Pulification of GXe and cooling of small chamber

» After vacuuming, entering GXe inside the small
chamber
* Purify GXe throught the getter (impurity < 1 ppb)

* Cooling of inside the small chamber
* Refrigerator (lwatani, PDCO08)

» Cooling cold head inside small chamber &“ ®’ o
e | N2 "\M,_ “\

 Helped cooling of the small chamber -

« Emergency Used (because the refrigerator didn't work

IIII

et 10
L TR
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Tips

* Superinsulation
« Multiple layer film made from alminum

* LN temperature: 77 K (196 "C)
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Annealing

« Heating the VUV-MPPCs (at 70 'C)

o Annealing each MPPC for 28 hours (at 70 °C)
* to remove the accumulated positive

charges S .
.1 | e —— —— Before annealing
¢ PDE Can be retu rned tO Orlglnal 300;—— ----------------------------- a Verage:0060 """"" — After annealing

value by annealing. 2500 P i 2022 run

o Sample 2005_ """""""""""" _;
» Baking condition: 150 °C x 16 hours I e ¢ 01547
100/~ e =
. ? I8 W M I M R E

O Lo.;)s 0.:1 o 0z 0.25

Photon Detection Efficiency
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Calculation of LXe height filling inside small chamber

e small chamber® &2 DN E (EE) :101 mm
->[H1&: 8008 mm~2 =80.1cmA2
SHEEDEN 520636cmE T, ZiEFE/ VITED
1.65L=1650 cm”3
1L=1000cm”3

» GXe inside high pressure tank: 750 L, 0.23 MPa
« when the pressure is 0.12 MPa, the volume is 750x0.23/0.12 = 1438 L

e LXe volume is 500 times smaller than GXe volume
e 1438 L in GXe -> 1438/500 = 2.88 L in LXe

e Inner diameter of small chamber: 101 mm
e Bottom area of small chamber: 8.01x103 mm?

* the height of LXe inside small chamber is 2.88x10°/ 8.01x10° = 360 mm = 36 cm
1 litre = 1x10° mm?
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Getter (PS3-MT3-R-2)

Nitrogen Rare Gas

Outlet Purity  Outlet Purity
(ppb) ((Jele))

Impurities
Removed

O, <1 <1
CO <1 <1
CO, <1 <1
CH, <1 <1
(H);Zercr)carbons < <
H, <1 <1
N N/A <1
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