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Introduction
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M—eY search I R
d IS ch d lepton fl d > D
e u—ev decay 1s charged lepton flavour AL IS
violation (CLEV). s
. . MEG  B-factory
e Almost forbidden in Standard Model
. “a—KNU/ g ==L
(Br (]/tee'Y) ~ 10 54). _

e However, it 1s predicted to occur 1n some
theories (Br (u—ev) 10~ 10714,

e MEG experiment gives the current upper
limit of Br (z—ev)

Br (u—ey) <42x1071° (90% C.L.)  p—>eydecayis
1 .Simultaneously emitted

2.Back to back (180°)
3.e+ and vy are emitted at same energy (52.8MeV) :



MEG Il experiment

Overview

MEG II experiment aims to detect y—evy,

Liquid xenon photon detector

which 1s CLFV. COBRA r— ro

superc?ucting magnet Seae o SHIEIIEE
Conducted at Paul Scherrer Institute Z !‘
(Switzerland). R

Upgraded detectors compared to that ot |
MEG experiment. §

Using 7x10’/s continuous y beam, MEG II
will reach Br (u—ev) ~ 6x1071%.

Pixelated timing counter
(pTC)

Muon stopping target

Cylindrical drift chamber

Radiative decay counter (CDCH)
(RDQO)
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MEG Il experiment

Liguid xenon photon detecter(LXe)
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e In LXe,energy, position and timing of vy
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e Detect the scintillation light (A~175nm).
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o Use 4092 VUV-sensitive MPPCs (newly

installed) and 668 PMTs. £

MPPC S | Ofartz windo.w(O.S rrrj'f
e Energy and position resolution will be J l L
improved compared to MEG. uf

'\

15mm

« >
12 mm Sensor chip
(~6x6mm? each)

s, : o
J S——

Ceramic base 3

2.5mm




PDE decrease of VUV-MPPC



PDE decrease of VUV-sensitive MPPC

Photon Detection Efficiency

MPPC Response under muon beam !

®  Response to LED light
® Response to YUV light

1.4
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e PDE (photon detection efficiency) decrease

Normalized Response

of VUV (vacuum ultra violet)-MPPC 1s Visible "th SenS'tMtii

quite fast (~ 0.06% /h in MEG II beam Ee "3“‘-#::“0 so moun —

intensity). 3 Soee """‘;‘-‘.'-..' “
e VUV Ilght sensitivity °

s

o MEG II DAQ time: 120 days/year, 3years
=> PDE decrease 1s crucial problem.

Expodure to muon beam !
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e Annealing (heating) 1s effective to recover
the decrease.
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PDE history 1n 2019

Accumulated Exposure
[hours at MEG II intensity]

e But cause of the decrease 1s unknown.
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Suspecting cause

DS

e The speed of PDE decrease has dependence of

VUV-MPPC’s position.

=> Cause of the decrease may come from target.

e Possible causes : VUV, v
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Results we have researched until now

e Researched on some causes at
different temperature.

e PDE decrease was not
observed 1n these experiment.

=> Researched on vy ray at low
temperature (165K) this time.

Irradiated condition

Result

at room temperature

observed but too slow

at low temperature (165K)

not observed

at room temperature

not observed

at low temperature (165K)




Suspecting process of the decrease

Surface damage

e v deposits energy in S1 layer and produce e- and e+.
e ¢- and e+ damage Si-passivation layer interface and make holes.

e The electric field near the boundary of two surface 1s reduced and collection efficiency
of photon reduces.

e Annealing 1s effective to recover PDE (may remove holes).

e- e+

e_

Passivation laver




Experiment



Preparation

Setup of irradiation

e Used [5 ray source to reach the vy dose
in MEG II DAQ 1n Laboratory.

B source (Sr90)

e Temperature of irradiated MPPC was = Temp. Contro
kept at 165K (equals to that of LXe). -

® Setup was screened from light.

Heater

e Distance between irradiated MPPC
and [3> source was 7.6cm.
=> Dose 1n Sh irradiation 1s 6mGy

~ Dose of some MPPC in MEG 11
3 years’ DAQ.

Copper

e MPPCHV =0V



Preparation

Setup of PDE measurement

e PDE was measured by UV

(~ 190nm) and LED (~ 460nm). o MI
e Relative positions of lamps and
MPPC are fixed.
e ‘Temperature at the Reference M
measurement: 22°C (constant).

Thermostatic chamber



Result

e PDE decrease was not observed 1n
this experiment

® Dose of 5h is equivalent to MEG 11
3 years’ DAQ

e [f PDE decrease occurs at the
same speed observed in LXe, PDE

will decrease 100% 1n 1h
1rradiation.

Relative charge

ek
ek

1.08

1.06

1.04

1.02

0.98

0.96

0.94

0.92

0.9

Relative charges(UV:wavelength~190nm)

-----------------------------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------------------------

Irradiated time(h)
Error : considered the standard deviation

10



Results

Slower irradiation

 The previous 1rradiation was too fast compared

to the situation in MEG 11.

e So irradiated {3 rays to MPPC slower than the
previous experiment (1.e. irradiation distance

7.6cm => 40cm).

e Dose of 9h 1rradiation 1s equivalent to that 1n

3 week MEG 11 DAQ.

e PDE decrease was not observed 1n this
experiment.

e PDE will decrease 30% 1n 9h irradiation 1if it

decrease at the same speed 1n LXe.

Relative charge

ok
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1.08

1.06

1.04

1.02

0.98

0.96

0.94

0.92

Relative charges(UV:wavelength~190nm)
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Irradiated time(h)

Error : considered instability of
the UV lamp and the MPPC
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Summary

MEG II experiment aims to detect y—ey decay.

PDE decrease of VUV-MPPC in LXe 1s crucial problem.

We have researched many causes as the PDE decrease.

Researched v this time as the cause of it, and the decrease was not observed.

We don’t have other candidates for PDE decrease now, but continue to research the
cause.
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Backups



VUV-MPPC

Normal SIPM VUV-MPPC

Quartz window
-]

e quartz window to protect its surface instead of

e insensitive to VUV lights because the |
the protection layer

protection layer and thick p+ layer
absorb VUV lights before they reach p- e thinner p+ layer
layer

13



HV on/off and u dependence
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Relative charge
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Results (LED)

Relative charges(LED:wavelength~460nm)
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PDE decrease(2019,room temp)

Relative Charge during Irradiation e Intensity:5.2e13/mm”"2/h@A~190nm

e Total dose:3.1e16/mm*"2/

e Decrease of VUV-MPPC saturated at 35%.

relative charge
-III

| | o Speed of decrease is 1000 times slower
NP R WS D b than that of observed in LXe.

+

N

R
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+

.

- .

111?111['11_

oal My, T 3y, | e Thatofstandard MPPC saturated at 70%.

irradiated VUV- I\/IPPC = ' :
5 . . . O .
0.2[_non-irradiated VUV-MPPC 4 o day lnterm|55|on— e annealing in room temp.: 11% in

! non-irradiated standard MPPC 12dayS=>382%/100h

— . —

| | | | | | | I | | | I
00 200 400 600

irradiation time (h)

16



ANWwiCGili Y W \.'.ucus\.;

PDE decrease(2020.,low)

1.2
145
" - - UV PDE decrease at low temp was larger
1.05;— B S than at room temp
1 2 e - Low : 14.8%
= i 3 . . o
095k s N Room : 10.4%
- s ® :
O . -4 - At low temp, UV PDE decrease was
0.85[- o X :J":""“ - larger than visible
0.35_ A | ® Visible , - UV :14.8%
0 755_ | ‘Uv - Visible : 5.2% - Nphe,vuv = 6013 .e./mm? - PUISC
T F = Nypovuy = 400photon/mm? - pulse  if PDE =15%
- - | | L
Low temp LowRef Room temp RoomRef

Wind atio Distance rati
4chip Filters Lamp freq incow rafto Fistance rato

3 2 s42cm 2
’ Imm 3cm
= 2.1 x 10"?photon/ch - sec
1 GECREEE 4.6e16 photon 4.4e12 photon P
PDE decrease 14.8%(UV) 9% (VUV)
* Noo2o1o = 1.0 X 10" — 2.5 % 10" photon/ch
17

It will take ~10sec to reach 2019 run at low-temp



PDE decrease(2020.,room)

100%

98%
3‘ 96% ® VUV-MPPCOVUVITE i D 7- . BZEANK(175nm) D25 06 515058 % S JE,
2 94% o EEHM S © $13370-6050CN  (VUV4, CI6mm, 50ump)
e 92% o (EENE 1 D25 7 + HZ NI
3 90% (A=175nm, X v b YA ZXp1 mm, 85 L-— F:2.8 x 10"° photons/sec)
0o 0
° 88% o EREMEH D%, MPPCILTEELNE L L Photodiode ®— F & L 7.
< |
>  86%
>
- 84%
L
o 82%

80% .

1E+12 1E+13 1E+14 1E+15 1E+16

irradiated photons (photons/mm2)
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Charge[nVs]

PDE decrease(2020.,low)

- Observed VUV charge by using N2 gas

- Absorption cross section of 175 nm is
largely different b/w O2 and N2

a0
Charge (Reference)
70— ) ] .
B g i i Charge (Irradiated)
60— i ¢
50 - i
_TE . , VUV charge
40 : 160 ~ 185 nm
O -
- i
30— ! i
20*'5“. ‘,.. '.._
10— O
0 [ 1 T £ i A | l ) 1 L y e l
0 50 100 160 200 250
T Time[min] 1
N2 start N2 stop

PDEaftcr/ l)DEbcforc
chipl <chip2 chip3 chip4
Reference 1.06 1.07 1.11 1.08
Irradiated 1.16 1.17 1.17 1.15

* Nyyy : Dose level in this measurement
- Nyo19, yyy : Dose level in LXe detector in 2019

- Doselevel (in21 h): 160 nm £ 4 < 185 nm

. ‘NVUV — 17 X 1011 phOtOD/InIIl2
= Nyp19,yuy X 3.3

—Corresponds to ~ 30% decrease
- VUV-PDE decrease was not observed
Mean free path
160 nm 165 nm 175 nm 178 nm

0, =209 % 0.04 cm 0.24 cm 0.64 cm 48 cm
0,=10% 0.08 cm 0.5 cm 1.34 cm 100 cm
0,=01% 0.8 cm 5cm 13.4cm 1000 cm
0, =0.04 % 20 cm 12.5cm 34 cm

2500 cm A -l 9



Xe-lamp, Bandpass filter

O3 EiEEE (URKIE)

TLSZB0OD34JB
0.5
BTERM
0.45 T HEEE: 600 V »
IRBIFHRE: 0.22 uF
- 4 5L 7RNEV)E UEEE: 126 Hz —
- BITEEERE: 50 cm
£ 035
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£ 03
Q
< 025
=
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o
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a |
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o ] | | | |
200 300 400 500 600 700 800 900 1000

K (nm)

Hamamatsu 5W Xe-lamp(L9456-01)
window material: UV glass
wave length:185nm~2500nm

1100

% Transmission

25

20

15

160 170 180 190 200 210 220 230 240 250 260 270 280 290
Wavelength (nm)

Pelham Research Optical L.L.C. Narrowband Filter
P/N:172-NB Filter

Typical Filter Specifications

Peak Wavelength: 172nm

Peak Transmission: 15% Minimum
FWHM: 20nm +/-7.5nm

Out of Band Rejection: 10-4

eSource Optics VUV Bandpass

filter(25172FNB)

300



Result of MPPC stability

UV MPPC 1

e | estimated error of irradiation experiment
by result of MPPC stability experiment
because that 1s same situation to irradiation

experiment. D

MPPC2

e Experimet : MPPC1 was moved out when
the charge was not measured, and the  Relative charges(UViwarelength~190mm)
another(MPPC?2) was not moved out. : ’ ’ ’

1.25 __ .............................. ........................... ........................... e __

Relative charge

e Evaluated error as the (deviation of relative _ ........................... B ! L _
charge MPPC1/MPPC2)/(V! sample size=4). 5_ ........................... SR _

] S T S T S .

) R S SR SO T— SO T— ]

Monitored time(h)



