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Background of this study

* Photon detection efficiency (PDE) for Nphoton = 2 — 2.5% 10 photon/mm?
VUV rapidly decreases during physics _
run. MPPC PDE vs Irradiation time
 Found that PDE can recover by E"‘“SS P — —
annealing (70 °C, 30h) %o.osf—%’
->not crucial for experiment ;50.0755_
e But we still want to understand 3
cause 07
* Most likely to be caused by radiation 0.065 | :
from muon target (radiation damage) e D W =
» Radiation from target: VUV light, T SRS [ U .
gamma-ray 0 200 400 600

Irradiation time[hours @ 7x 107 p/s]
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* Previous studies in laboratory

« VUV light irradiated to MPPCs at room
temperature, low temperature (~165 K),
In liquid xenon.

» Gamma-ray irradiated to MPPCs at lonizing particle VUV light visible light
room temperature, low temperature 5 : : % e
1 1 1 ectron
(N 1 65 K). d® : : | Passivation layer|

- PDE degradation not reproduced in Ca) @G | ) i) Flectiofie

laboratory.
(PDE degradation actually observed by
VUV irradiation, but 10* slower.)

fanch Avalanche
amplification amplificatior]
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Motivation of this study

e It's known that VUV sensitivity
worsened by absorbing moisture.

* Hypothesis to test in this study

* MPPC of LXe detecter in MEG Il may be a
humidified during long period of storage = 10%

and installation.

 Moisture inside MPPCs accelerate

radiation damage.

25%

Condition: temp=60 °C , humidity=90%

Measured by HPK

20% |
L, 15% |

5% |

0%

—Q0hours —100hours

—250hours =—500hours

100

 Measure PDE for humidified MPPC

after VUV irradiation

125

150 175 200 225
Wavelength[nm]

250

R. Yamada, et al., "Development of MPPC with high
sensitivity in NUV or VUV,” 2022 IEEE NSS/MIC/RTSD
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» Samples (provided by

. _ A 20 dB
Hamamatsu Photonics KK):  Function v e aspr 0 6B
0h humidified MPPC — e /L
I
 125h humidified MPPC 20 Wmodule L ondenser
250h humidified MPPC pulse, 50 Hiz forire - S Irra. MPPC |
® VUV light (peak: 172 nm) rra.
. . /
« Condition: temp=60 °C, J — I
humidity=90% IIRef- MPPC
*All sample annealed before _— i
humidification under following _ > W module Bandpass filter
condition: 150 °C x 16 hours ~ ">"¢"*°"® (for meas) (1 pes)
) Bandpass filter Movable cover
4 pcs)
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L12745-03-3, MgF2 window

Xenon flash lamp

Hamamatsu Photonics KK "

e 20 W module

» Used for irradiation

e 2 W module

* Used for measurement

* Pulse operation . 20w xenon flash lamp

120 T T
— UV glass
< 100" — MgF:
g 80
i
R Wiy,
th
T A "\

0
100 120 140 160 180 200 220 240 260 280 300
Wavelength (nm)
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40 cm

20 W moduie

VUV light (peak: 172 nm)
/

\

Bandpass filter

 Measured transmission effect: 66%

* Transmission effect from manufacturer: ~10%
. . in Nitrogen
 This discrepancy not understood yet.

Bandpass filter (4 or 5 pcs)

charge hist (run7731) charge hist (run7729)

eSource Optics 172FNB VUV Narrowband Optical Filter

o ist1 T " H )1 L A PO 0 £ IO = 25
160 - PO e 5.20;7_j r 4OC m 5 CS : : 5192 [
: 7236 i 80:_ ................... ’ ......... p. ....................... ean 4444444 4.805_5
1] ) EERE S—— AL e (IFT5S S 0:03603—H = i £ 0.03425 [ Typical Filter Specifications
: 7714788 [ | - e Ty 20 Back: Wervalowaiie 17 v
T20 i S | Ppoy o 0.7894-H 40C 001149 H Peak Transmission: 15% Minimum
stant 149 :26 || E 181 =32 [ FWHM: 20nm +/-7.5nm
TOO il Mo 72362 0,001 1 R SN SN SRS 5.9 00~ | ¢ S— 4805+ 0.000 ] § 15 Out of Band Rejection: 10-4
| 003571 = 000037 [ 00333 + 0.0004 1 2
1 S O Y S E— 1] ) S PN Sy W S = %
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Estimation of radiation dose

Assumed initial PDE ~20 %
Area of 1 chip in MPPC 36 mm? < 27 ¢cm >
Trigger frequency 50 pulse/sec 20 W module MPPC
Irradiation time 5 hour VUV light (peak: 172 nm)

/
Number of seeds / Number | 2.1 S—
of pixels fired L

in Nitrogen

Radiation dose considering |3.0x10'! photon/mm?
pixel saturation )
Radiation dose in LXe 2.5%10! photon/mm? Bandpass filter (1 pcs)
detector in 2021
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charge of chip
charge of ref. chip Npro~2.98x10"" photon/mm?

Normarized charge = Temp. is stable: 24 + 1 °C

Normarized Charge during Irradiation Normarized Charge during Irradiation Normarized Charge during Irradiation

CT T T T T T T T e 1st chip humidified for Oh i - T T T T T e 1st chip humidified for 125h [ ST T e st chip humidified for 250h

- . .................. - 2nd chip humidiﬁed for Oh i 1.4 ,_. .................. - 2nd chip humidiﬁed for 125h i 1.4 —. .................. ond chip humidiﬁed for 250h

I R E— — s — ] ] e —— s e ] ] —— R -

=
B
|

S S — e B s M B — S -

Normarized charge

0.8 rrrrrrrrrrrrrrrrrrrrrrrrrrr rrrrrrrrrrrrrrrrrrrrrrrrrrrr »1 08; rrrrrrrrrrrr rrrrrrrrrrrrrrrrrrrrrrrrrrrr »« 0.8;,
N s %
T T T e :
oof PDE decrease measured 3§ F — R SR IR R R F S S E
Fin MEG 11 2021 : : : : :

- PR R R R i 1 T L1 Lo 1 L1 1 I L1 i [ L1 1 i L1 i L1 1 I 1 [ i
00 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25

Irradiation time [h] Irradiation time [h] Irradiation time [h]

* PDE decrease by VUV irradiation not observed for humidified MPPC.

« PDE decrease by moisture itself is confirmed as measured by HPK.
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Sammaries & Prospects

* Summary
 Rapid decrease of VUV PDE for VUV-MPPC of MEG Il LXe detector

« Studied effect of absorption of moisture inside VUV-MPPC for VUV
irradiation.

» PDE decrease not reproduced.

* Next step
« Test effect of moisture inside VUV-MPPC at low temperature or in LXe.
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Setup (photo)

o !v-: ) H‘
b . A Wy
-
- - e \ o

| 3 f Xe flash Iamp AL

‘Oxygen monitor

v"'
7T

Sep. 19, 2023 JPS 2023 Autumn / Ryusei Umakoshi



Annealing

* Remove accumulated hole In
surface by heating MPPCs

—— Before annealing

* PDE can be returned to original >

: =R | STeraEeR O —— Aft li
value by annealing. 300E | er amnealing

00 S ) N e
o Sample = 5 5 in 2021 run 4

200F o — e

+ Baking condition: 150°Cx 16 hours & | 0 Lol

= average : 0.154
100 :_ ...................... ........................... .......................

S0

1IIII|IIII|IIII|IIII|I

1 1 : : L | 1 1 1 1 i 1
0 0.05 0.1 0.15 0.2 0.25
Photon Detection Efficiency
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Calculation for VUV PDE degradation by moisture inside VUV-MPPC

25%
175 nm PDE for MPPC 18 % 20% |
humidified for Oh
w15% |

175 nm PDE for MPPC 23 % 8
humidified for 250h 10%

- —0hours —100hours
Charge for MPPC humidified | 1.2 a.u. 5% I
for Oh —250hours =—500hours

— 0% | | | | 1
Charge for MPPC humidified | 0.95 a.u. 100 125 150 175 200 225 250
for 250h Wavelength[nm]
Estimated charge for MPPC | 0.94 a.u. _ .
humidified for 250h R. Yamada, et al., “Development of MPPC with high

sensitivity in NUV or VUV," 2022 IEEE NSS/MIC/RTSD
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Effect of bandpass filter

» Bandpass effect: 4.805/7.236 = 0.6640

« When x=4, charge=6.877x(0.6640)"*=35.38 -> radiation rate=1.70738x10° photon/
mm? /sec

« Irradiation for 25 hours -> radiation dose = 1.53664x10** photon/mm?*
« Consider saturation of MPPC pixels -> radiation dose = 2.97668x 10! photon/mm?*
« Radiation dose in LXe detector in 2021 = 2.5x10*! photon/mm?
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Radiation rate of VUV light

* Gain of PSl-amp : 30 db (used for measurement of 1pe charge)
 Attenuator: 20 db (used for measurement of VUV light charge)
* Tp.e. charge of VUV-MPPC (510943-4372, Serial Number:BA00794) = 0.0455057

 Charge of VUV light (20W module, L12745-03-3) = 35.38 <— distance between Xe lamp and MPPC: 27 cm
35.38x103%/20%x1020/20  p.e. p. €.
= 2.45862x10°

0.0455057 chip - pulse chip - pulse
» Estimated PDE of VUV-MPPC (510943-4372) = 20 %

->2.335X105X —>=— X ! _ 1.22931x106 —Rhoton
chip-pulse 0.2 p.e./photon chip-pulse
« Radiation rate
N = 1167x106 222N 1 50PWC 707380100 P00
phoVUV = chip - pulse 36 mm? /chip sec mm2 - sec

* Necessitated irradiation time: 1.69472 day
(c.f. Radiation dose of LXe detector in 2021: about 2.5 x1011 P22ton

e Consider saturation of MPPC pixels -> Necessitated irradiation time becomes0.8749 da
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Saturation of MPPC ™" """ £

Run :
Event :
Event step
Update period
Date :
Time :

120

2023-5ep-02
02:42:40

charge hist (run7687), Bandpass filter: 4 pcs

||II I|I|I|I|III|III|III|

...................
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-{i-----0:1331: +0:0013 -]
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23 """"""""""""""""""" charge hist (run7687), Bandpass filter: 4 pcs
e 180 |—rrrrrrrmirsrsitimsecbss L L histl- ]
5135
160 7]
5 0.01769 [
140 P g6 1 T3]
— 4.13e-26 ]
Charge around peak for 100 ns = 1.874 120 e as
i 1.874 =0.000 [
100 00694 + 000018 ]

charge around peak for 100 ns 40
20
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-
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Saturation of MPPC

30 20
1.874-1020.1020 _ pe. _ _
“omsas = 11215 chippulse < 14400 pixel/chip
N da
Nfired = Ntotar (1 — exp (_ Nsee l))
tota
N¢:
fired
= Nseeq = —Niotqr In (1 - )
total

Nfireq: Number of pixels fired
N¢otar: TOtal number of pixels
Neeq: Number of seeds

* Substituting Nyprq; = 13685, Nyjpeq = 11215,

Ngpoq = 23430
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Saturation of MPPC

« Considering saturation of MPPC pixels

11215

* Necessitated irradiation time:1.69472 day X ~3a30 — 0-8112 day
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1 p.e. charge

charge hist (run7784), Voltage of Pulse = 1.4990 V charge hist (run7784), Voltage of Pulse = 1.4990 V

T A A—— histl ;- - 600

600

Entries : 15301 Entries 15301 ]

: Mean 0.0611 Mean 0.0611 []

| S e e o e Sl Dy 006934 | S B o e Std Dey- oo -0.06934
: +2 / ndf . 1.855/2 +2 / ndf L 2722/2 [

Probg 03955 Prob 02565 []

N o 0:05233 % 0.00071

pl 5714 =169
p2 0 01572 0.00185 |

0 6'606828"1"0'00039'1” 400
pl 1593.6 = 17.7
' 0 01127 = 0.00071 |

S e _____________________________ 7 oot 300

300

200 5. 23334e 02

............................ ................................................................................ _ 200

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

100 ............................ ............................ ............................ ........................ _ 100

| | | | | | | | | | | | | | | | | | ol | | | | | | | | | | | | | | | | | |
%1 0 0.1 0.2 0.3 0 %1 0 0.1 0.2 0.3

5.23334%107% — 6.82774%x1073 = 0.0455057

Qi
=
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Relationship between over-voltage and PDE

= 0'3: . ,§.800: | ]
sk : S 7001 3
0.25— — & n .
B i & 600 - e
0.2 g ] = :
= ® i - 500 — ]
B o ] 2 u ]
0.151 w e '§ 400} E
0.1 i _ 300— -
' ] 2000 =
0.05— = - .
B 7 100 -
0 _ : : : I : : : I : : I I : [ I | : : I _ E 1 1 1 1 | 1 1 1 1 1 | l | 1 1 I 1 1 I 1 | 1 E

0 2 4 6 8 10 0% " S05 51 515 52 525 53

Over-voltage [V] Breakdown voltage [V]

Vpias = 56.5 - PDE = 20 %
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Light output window

* The spectral emission range of xenon flash lamps differs
according to the window material

B Table 1: Spectral transmission range of window materials B Figure 3: Transmittance of window materials (Typ.)
. o o f : - - 100 _/IL Window material
/indoy ateria vectral transmission range (nm) 00 /| e = \ —— Borosilicate glass (1)
/A — = Borosilicate glass (2)
Uvglass | 185 to 2500 80 ] — WV glass
___________ aoif [ S
Sapphire glass 190 to 5000 ._ g ©0 (( \ e
MgF2 160 to 7500 £ 50 ) \
@ 40 1
£ \
20 ) \
https://www.hamamatsu.com/content/dam/hamamatsu- 10 ( \
photonics/sites/documents/99 SALES_LIBRARY/etd/Xe-F_TLS1023E.pdf . ) \ \

200 300 400 500(/ 4000 8000 12000
Wavelength (nm)
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2W module (L13651-03-3 , MgF2 window)

m Spectral distribution (typ.)

0.14

©
—_
N

=
—

o
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©

o
o
o

o
o
g

Irradiance (UW-cm?2-nm™)

o
o
R

0
200 300 400 500 600 700 800 900 10001100

Wavelength (nm)

Window material

— UV glass (L13651-01)
—— MgF, (L13651-01-3)
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20W module (L12745-03-3, MgF2 window)

B Figure 16: Spectral distribution (Typ.)

-UV region
of 20 W xenon flash lamp

120

100

(o)) (o)
o o

N
o

Relative irradiance (%)

20

Sep. 19, 2023

m Spectral distribution (typ.)

1.4

1.2

1

0.8l i

0.6

0.4

Irradiance (UW-cm?-nm™)

( \ AL
LA "

0
100 120 140 160 180 200 220 240 260 280 300

0

Wavelength (nm) 200 300 400 500 600 700 800 900 1000 1100
— UV glass Wavelength (nm)
- MgF2
Window material
Measurement conditions — UV glass (L12745-01)
Under nitrogen atmosphere —— MgF, (L12745-01-3)
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Bandpass Filter (25172FNB)

Vacuum UV Optical Bandpass Filters

eSource Optics Vacuum Ultraviolet (VUV) Optical Bandpass Filters are available at specific peak Vacuum UV (VUV) wavelengths as short as the
VUV Optical Filters ) 122nm Lyman Alpha line up to 214nm, within the UV-C Short-Wave Ultraviolet spectrum.

/ Narrow Bandwidth VUV Optical Bandpass Filter designs are available designated as "FNB" having a ~20nm FWHM. Extra Narrow Bandwidth 121.6nm

Lyman Alpha VUV Optical Bandpass Filter designs are available designated as "FXB" having either a ~10nm or ~15nm FWHM. Popular Vacuum

Ultraviolet (VUV) Analytical and Laser Lines are available including 122nm Lyman Alpha line, 155nm Carbon IV (C IV) line, 158nm Fluorine (F) Laser line,
121.6nm to 2140m  172nm Xenon (Xe) Laser line, 184.9nm Mercury (Hg) Lamp line, 193nm Argon Fluoride (ArF) Laser line & 214nm Zinc (Zn) line. Other Vacuum Ultraviolet

(VUV) wavelengths are available upon request. All VUV Optical Bandpass Filters are available in standard 12.7mm, 25.4mm, and 50.8mm Diameters.

Very Narrow Bandwidth VUV Optical Bandpass Filter designs are available at select 214nm and longer VUV to UV wavelengths designated as "FVN"

having a ~10nm - 15nm FWHM in both a 25.0mm & 50.0mm Diameter size. "FVN" type Optical Filters are available at other wavelengths from 214nm to

313nm upon request.

Broad Bandwidth VUV Optical Bandpass Filter designs are also available designated as "FBB" having a ~35-50nm FWHM .

VUV NARROWBAND FILTER SPECIFICATIONS
eSource Optics 122FNB VUV Narrowband Filter

Substrate Material : VUV Grade MgF2 & =
VUV Grade CaF2 crystals, Crystal Quartz & 1| |
UV Grade Fused S|I|Ca Typical Filter Specifications ‘
Diameter (@) Tolerance: + 0.80mm (FNB ’ gef’: :Vuve'f"?'hj :52‘/6M"‘ ‘
Filters); + 0.0/-0.25mm (FVN Filters) e i s
Thickness: ~ 2.0 - 3.0mm (FNB Filters) Out of Band Rejection: 10-4

1.5 +/- 0.25mm (FVN Filters)

Surface Quality:~20-10 to 40-20 scratch-dig
(FNB Filters);<80-50 scratch-dig (FVN Filters)
Parallelism: ~ 5 arc minutes

Clear Aperture: central 80%

Edge Chamfer: ~0.5mm x 45 degrees >

Filter Blocking: Approx ~10-3 range to 10
range ~350nm to Vis through NIR typical
Construction: Unmounted and Open-Faced;
>170nm FNB's can be covered (contact us)

% Transmission

L 120 130 140 150 160 170 180 190 200 210 220 230 240

Wavelength (nm)

Typical 122nm Filter VUV % Transmission P/N 122FNB
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Bandpass Filter (25172FNB)

25172FNB
eSource Optics 172FNB VUV Narrowband Optical Filter
; Price: $995.00 25
- - o .
L - Availability: Contact eSource Optics
, ™~ Prod. Code: VUV Optical Bandpass Filters Tvoi g ———
‘ - ‘ ypical Filter Specifications
20 Peak Wavelength: 172nm
. Peak Transmission: 15% Minimum
FWHM: 20nm +/-7.5nm
4 View Images § 15 Out of Band Rejection: 10-4
|~
S
—_
~ 10
eSource Optics P/N 25172FNB
Peak WL: 172 +/- 2.5nm
FWHM: 20 +/- 7.5 5
Peak Transmission: 15% Minimum
Diameter: 25.4mm * 0.25mm
Thickness: ~1.5 - 5.0mm 0
Filter B|ocking: Approx ~10'3 uv through FIR typlca| 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300

Construction: Unmounted and Open-Faced
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Absorption cross section of oxigen
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1e-20 T T T T T T T T : ! y 100 110 120 130 140 150 160 170 180 190
0 10 20 30 40 a0 60 70 80 90 100 110 120
Wavelength [nm] Wavelength [nm]
VUV and extreme UV absorption cross sections of oxygen O, at room temperature (2-111 nm) YUV absorption cross sections of oxygen O, at room temperature (104-180 nm})

https://uv-vis-spectral-atlas-mainz.org/uvvis/cross_sections/Oxygen/02.spc
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Absorption cross section of nitrogen

«—— Not logarithm coordinate

1e-14 T T
1815 4
1esb 4817
T 1817 B —— Fig. 5 digitized
3 2 4 Table 2: listed absorption cross sections
% Clark (1952 %
S 1e18 - ——&—- Curtis(1954) = 3617
o~ ® Wainfan et al. (1955) £
g -@——  Huffman et al. (1963) =X
= 1e18 70 * Huffman et al. (1963) =
o
2 o =] Cook et al. (1964) g
a @ Cook and Metzger (1964) Q
o 1820 + [ Samson and Cairns (1964) o e
o Samson and Cairns {1965) o &l
5 @ Huffman (1969) = %
_g 1821 A & Bennett et al. {1971) 2 7S =
g_ @ Starr and Loewenstein (1972) g
2 v Brolley et al. {1973) 3
2 1e22 4 Lee etal.(1973) . <
@  Bertrand etal. (1975) 1817 4
—e— ‘Wight et al. (1976)
1e-23 A ——BF—- Reilhac and Damany {(1977)
A Samson et al. (1977) ek Al
©  Cole and Dexter (1978) - kb Al &
1824 4 Chan et al. (1993) A
Stark et al. (1992) 0 A A A
Shaw et al. (1992) f | | . | | | i ] |
1e-25 T . . T T T T T T . . T 20 40 60 80 100 120 140 160 180 200 220 240
0 10 20 30 40 50 60 70 30 90 100 110 120 130

Wavelength [nm)
Wavelength [nm]

Absorption cross sections of nitrogen N, at room temperature,

VUV absomption cross sections of nitrogen N, at room temperature (1-123 nm) SoUzalangHvasaal.Rvaz. Siem:Sas-Sila4)iod

Why are there gap? (This is not main problem...)

https://uv-vis-spectral-atlas-mainz.org/uvvis/cross_sections/Nitrogen+compounds(N,H,0)/N2.spc
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