Optical Coupling Material Study

Scintillator & Photomultiplier

= EJ-200 (ELJEN TECHNOLOGY) H7195 (HAMAMATSU)

PROPERTIES EJ-200 EJ-204 EJ-208 EJ-212 Assembly Size Dia.50 mm
Light Output (% Anthracene) b4 68 60 65
Scintillation Efficiency (photons/1 MeV &) | 10,000 | 10,400 | 9,200 | 10,000 Lz asies 51 (2) mm
Wavelength of Maximum Emission (nm) I 425 I 408 435 423 Built-in PMT Type No. R329-02
Light Attenuation Length (cm) 380 160 400 250
. Photocathode Area Shape Round
Rise Time (ns) 0.9 0.7 1.0 0.9
Decay Time (ns) 21 1.8 3.3 2.4 Photocathode Area Size Dia.46 mm
Pulse Width, FWHM (ns) 2.5 2.2 4.2 2.7
Wavelength (Short) 300 nm
H Atoms per cm? (=10°%) 5.17 5.15 5.17 5.17
C Atoms per cm? [x10%) 4.69 4.68 4.69 4.69 Wavelength (Long) 650 nm
3 3
Electrons per cm? (x10%) 3.33 3.33 3.33 3.33 Wavelength (Peak) e
Density (g/cm?) 1.023 1.023 1.023 1.023
Polymer Base IP‘D|1|"'|TiI'I'I,|'|tD|UEnEI Spectral Response Curve Code 400K
Refractive Index I 158 I Photocathode Material Bialkali
EJ'Z{}D EMISSIONSPECTRUM Window Material IBarosiIicate glassl
1.0
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Optical Coupling Material Study

Optical Coupling Materials

Material Type Manufacturer Refractive Index Linear Shrinkage Viscosity [cP]
(0;22156325632A) Silicone Optical Grease Momentive, Japan 1.453
BC-600 . . . 1.56
(EJ-500) Optical Cement Saint-Gobain, France (1.57) 800 cps
BC-630 . . . . 1.465
(EJ-550) Silicone Optical Grease Saint-Gobain, France (1.46)
BC-634A Optical Interface Pad Saint-Gobain. France 1.42 i i
(EJ-560) (Silicone Rubber Optical Interface) ! (1.43)
UV-glue .
3094 o S Plestie Ber der] Dymax, USA 1.5 0.2% Liquid-Gel (1,000 cP)
OP-4-20632 * o ASL;Z;EL‘:;E Adhesivel Dymax, USA 1.55 0.39% Liquid (480 cP)
UV-glue
OR-4-20632-GEL (Optical Assenfbly Adhesive) Dymax, USA 1.55 119 Gel (57,500 cP)
UV-glue -
OR-24-REV-B (Optical Assenfbly Adhesive) Dymax, USA 1.50 0.39% Liquid (800 cP)
oP-29 * JUrglue Dymax, USA 1.50 0.79% Liquid (2,500 cP)
(Optical Assembly Adhesive) YhresS ’ IR q !
OP-29-GEL * UV-glue D USA 1.50 0.79% Gel (20,000 cP
(Optical Assembly Adhesive) LS ’ IR cP; E!

Scintillator EJ-200 (Polyvinyltoluene)

= Wavelength of Maximum Emission =

= Refractive Index = 1.58

AJ| dymax HSES 25 PVT % borosilicate I =

St

425 nm = Refractive Index

HEZ=E

Optical glass (Borosilicate)

1.52

* resist yellowing




Optical Coupling Material Study

Dymax A=

chel: 8l
=H/E e 2 cHot = =4
3094 10 ml 29,000 10 290,000
4-20418 10 mi 39,000 10 390,000
0OP-4-20632 10 ml 74,000 10 740,000
OP-4-20632-Gel 10 ml 74,000 10 740,000
OP-24-REV-B 10 ml 31,000 10 310,000
OP-29 10 ml 31,000 10 310,000
1405-M-T-UR-SC 10 ml 41,000 10 410,000
41571/a1550 X4 LED Spot Cure System with set 2,400,000 1 2,400,000
365nm Redicure
BlueWave LED Prime UVA Spot
40322/5720 Cure System with set 4,700,000 1 4,700,000
Lightguide(1pxSmmx1m)
el #
s/ he g2 ct 7} ENET: 2o}
3094 10 ml 29,000 10 290,000
4-20418 10 mi 39,000 10 390,000
OP-4-20632 10 ml 74,000 10 740,000
OP-4-20632-Gel 10 ml 74,000 10 740,000
OP-24-REV-B 10 mi 31,000 10 310,000
OP-29 10 mi 31,000 10 310,000
1405-M-T-UR-5C 10 ml 41,000 10 410,000
BlueWave 200 UV Spot Cure

38903/5720 System with Lightguide set 7,900,000 1 7,900,000




Optical Coupling Material Study

Dymax Curing System

= Dymax BlueWave QX4 LED Spot-Curing System
= Output Frequency : 365 nm
= Intensity Output : 7,430 mW/cm2 @ 5 mm
1,191 mW/cm2 @ 25 mm
= Price : 2,400,000 & (1 channel)
= EIOHX BE £ 28 0l 8 (scintillatorE Sall LEDE

ZAboli OF ot 22 B 3tAIZt SE Hidtoll 21 0HE)

= BlueWave 200 (2 &< 22)
= Output Frequency : 280 - 450 nm
= Intensity Output : > 17,000 mW/cm2
= Price : 7,900,000 &

lueWave® QX4™ LED Spectral Outputs

= BlueWave LED Prime (52t22)
= Output Frequency : 380 nm
= |ntensity Output : > 15,000 mW/cm2
= Price : 4,700,000 &

Normalized Intens|
° °
e

2 — - — - = output frequency, intensity 2| 0= cooling system S92

Wavelength (nm) _
XHO|CF U S.
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Transmission Curve

EJ-200 light emission spectrum
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Transmission Curve

EJ-200 light emission spectrum
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Reference: Test 1

Work with 3 types of Optical grease

OKEN is the best.
The light collection efficiency was also obtained from the
simulation (6*6*30 cm?® Csl +1 cm? APD )

simulation of light collection efficiency

We can calculate transparency
from our measurement.

5 = 2 ndi 2.157/4
3 = Prob 0.707
g 00195 po -0.0196 + 0,00229
= pi 0.02561 + 0.001581
0.019—
0.0185—
0.018—
0.0175;— refractive in
o.m?;— light collect
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Reference: Test 2

1.0 T T T [ [T T [T T[T T[T r T[T T TrrT [____Moaltmount coupling, 1 layer Tyvec wrapping | :Jm.:mn
Z i =3 e
- = “E Meltmount ogarnilc glue
— 25—
o - B wof-
- b 153—
g : : 10;—
c 0.8 — sk
o - = -
) o i I
= - = 100 200 300 400 500
E B = | UV 8-20318-LV glue coupling, 1 layer Tyvec wrapping | R -
o r B sof= i
= B . s :
i i 28— Dymax 9-20318-LV UV glue
o - 202—
@z r - 155—
i - of
0.0 -i|||-|i||||4l~l- -||||||||i||-||||s|if|i|-r|-||||1||- sg_ |
100 150 200 250 300 350 400 450 500 550 &00 ¢ 100 I 200 300 400 500
Wavelength (nm)
[ UV OP-19 glue coupling, 1 layer Tyvec wrappin, | spectral
Dymax OP-19 UV glue (optical glue) bl 3 RuS < 7ess
Dymax 9-20318-LV UV glue (plastic bonding glue) F glue
18—
Meltmount ogarnic glue -
10;—/
broader Landau distribution (no explanation ‘,//?;
found) but larger mean in Dymax OP-19 UV T 400 500

glue (optical glue)

Figure 3: ADC spectra for different glue couplings of the PMT-block combination.
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Reference

several tests, excellent gluing quality without any buble and with good reproductibility
has been obtained with the Stycast glue and 300x300 cm? scintillator plates with a 2 mm
thickness. However the gluing has proven to be more difficult with thicker 3 mm scintillators
plates which are less flexible, resulting in little bubles. Araldite was slightly more difficult to
use. Bicron is an expensive glue without obvious advantage. The quality and reproductibility
of the optical contact using the UV Dymax glue was excellent due to the simplicity of using
this glue with a UV lamp. However an ageing of the scintillator yield has been observed
when using this Dymax glue. It is probably due to the fact that we must flash the glue, and
consequently the scintillator with a UV lamp in order to polymerize the UV glue. This flash
might deteriorate the scintillator properties. In conclusion, the Stycast has been selected

for BiPo-3.
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Saint-Gobain BC-600 21&! 2t&

Hardener = <4—— Resin

= Expiration Date
= Optical Cement Resin 20171219
= Optical Cement Hardener 20180208

» 2 SI|8 claim0il CHEt Saint-Gobain it 2| &

Hardener £ 57|38t (20180208) 0| & 0l mixinai Al L EISI A8 R0l 2 25H3 6JHR DK AFR Jbs (~ 201808)

= wWEolX F=0H USF E 2L (20171023) NS0 S 2SS 0 / n& 2=0H4~6F 42 HE



