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104.1pvs

Gain = ————— = 1.3 x 10°
Gain of the SiPM (SPE) 100-R-e
104.1pvs=1PE
Preamplifier 50Q for
oscilloscope
800 -
-|Peaks > |
Area Center Width Height
500 1 51192E-9 -435665E-11 3.35453E-11 12176157
2 1.80768E-8 5.99995E-11 3.66584E-11 303.44059
3 3.43895E-8 1.63793E-10 4.09352E-11 670.29865
4 447329E-8 2 6905E-10 4.45692E-11 800.81594
400 ~ | 5 446964E-8 374262E-10 465213E-11 766.58571
6 373398E-8 480139E-10 4.93503E-11  603.70067
7T 251729E-8 586088BE-10 486035E-11 413.24262
8 132165E-8  6.92427E-10 4.38572E-11 240.445
2004 9 481962E-9 7.98317E-10 366647E-11 104.88315
™
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1. Test of mirror painting

i Aluminum
i or Get the data of Npe
i Nothing WLSF SIPM+ Waveform sampling
i o Preamplifier oscilloscope
i Silver shine Y -
I
R — "\ Fibers were fixed
4’ on the light spot
Test in the dark box | Filter sheet |
i
spectroscope —_ laser intensity |
monitoring |
Laser | trigger
source |
For laser source:  For SIPM: For the fibers:
® 420 nm ® Gain:1.3x10° ® 50 cm
® 1 MHz ® 104.1pWb=1 pe ® Have been polished

® \/oltage=25.0V



WLSF (Y11) + Al

10148pVs
104.1pVs

Npe= 97.4

Increment

=7 sy

R

Decrement

Measure P1:area(C1)
value 13 5310 nWh

mean 10.148 nWb

50.0 mV, 500 #/div 500 #l 50.0 ns/div ({S1E

500 mV/div i
-500.0 mV,|  -100.00 mV 20.0 nWb 100 pWb 10 GS/s 378
400.000 k# | 399.962 k#




WLSF (Y11) (after polishing to remove Al)

Vi i
Measure P1:area(C1) P2:area(C3)
value 10.8643 nWb 548 038 Wb
8.911 nWb  555.53 pWb
min -195.43 pWb 4Y5.355 pWb
max 29.3346 nWb 606.709 pWb
sdev 3.623 nWb 12.06 pWb
num 423901e+3 423.901e+3
B EE v
G G BT )[F2 hist(P2)]F3 trend.. )
200 mV | 500 mV 50 mV 500 # 500 # nWb 50.0 pwj
-400... -500... -100... 20 nWb 100 p... 40 k# 40.0 k#/di
| 400 k# 400 k# 400 kS| 399.241 kS




WLSF (Y11) + silver shine 415001

555X12300pVs
592X104.1pVs

Npe= =110.7

Measure P1:area(C1) P2:area(C3)
value 7 13102 nWh 591 550 nWh
12.300 nWb  592.56 pWb

-1.0404 nWb 534.339 pWb

34.0017 nWb 651.798 pWb

sdev 4.846 nWb 12.71 pWb
num 416.704e+3  416.704e+3
status v v

0) G CH F2] F3 fr4t
200mV. 500mV. 50 mV 500 # 400 #/di  20nWb 50 pWb 50.0 ns/div {=
400 | 500 100 20 nWb 100 pWh| 40 k# 40 k# 5kS 10 GS/s B
400 k# | 399975k#|  400kS 399 kS




Compared results

No mirror painting 82.6
Al 97.4
(+13.8%) i
Silver shine 415001 L (A light eakage)
(+29.3%) So it is not the real proformance of this

method. It should be better than 13.8%.



For laser source:
® 420 nm
® 1 MHz

2. Test of clear fiber

Get the data of Npe

clear fiber SiPM+ Waveform sampling
Preamplifier oscilloscope
A A

I Filter sheet I

laser intensity |
monitoring |

trigger

source |

For SiPM:

® Gain: 1.8 x10°
® 143.6pWb=1 pe
® \/oltage=25.0V

For the fibers:
® Im, 2m, 3m,4m, 5m, 7m and 9m
® Have been polished



2.1 measure the light loss due to bending

Bending tool

1m of clear fiber




12419pVs
104.1pVs

No bending= =119.3

P1:area(C1) P2:area(C3)
3 0715 nWh 848 242 nWh
12419 nWb  877.12 pWb
-1.0J06/1 NWD 031.42Z DWD
29.9018 nWb  925.577 pWb
4929nWb  11.22 pWb
21.026e+3  21.026e+3

v
) BT @ 72 histPAJFS trend...[F4 trend -
500mV| 50 mV 0 #/di ; 20nWb 50 pWb Ons/div fE1E 220 mV
500..||  -100... ). 100p... 20ki| 20k 5 k¢ i
500... 500... ‘ kel 21k8l  21k8

_12122pVs

= =116.4
104.1pVs

P1:area(C1)
15 7890 nWh
12.122 nWb
=1.UU2Z NvwWo
31.0869 nWb
4.869 nWb
27.000e+3

|

P2:area(C3)
855 571 nWh
876.50 pWb
0J1.£10 PWD
920.252 pWb
11.28 pWb
27.000e+3

i

v
T @) P2 histP2)| T3 trend. JF4 trend
500mV,| 50 mV 0 #/di 0# 20nWb 50 pWb .
500..|  -100... ) ] 20 k# 20 ki 5kS 10 GS/s it

500...

500 | PmO00K#  27k#| 27kS|  2TkS




__12064pVs

= =115.9 P8cm =
104.1pVs

12156pVs
104.1pVs

=116.8

P1:area(C1) P2:area(C3) P1:area(C1)  P2:area(C3)
9 14095 nWh_R9A 096 nWh 4 44133 nWh_ 878 A01 nWh
12.064 nWb__ 878.58 pWb 12.156 nWb__ 877.85 pWb
-854.68 pWb 834.830 pWb -1.3654 nWb  830.795 pWb
31.8501 nWb 920.996 pWb 31.8165 nWb  934.620 pWb
4.903 nWb 11.39 pWb 4.938 Wb 12.03 pWb
22 517e+3 22 517e+3 20.763e+3 20.763e+3
v v

1 1
50 pWb

3| C e | F 1 ks | F2 histP2)] 3 trend...| G| CwEEn]F 1 kst F2 histP2)[F3 trend. |
500mV| 50 mV 20.0 #/di 200# 20nWb 50 pWb v 500mV| 50 mV 20.0 #/di 200# 20 nWb

500..|  -100... 20.0nWb|| 100 p... 20 k# 20 k# 5kS 10 GS/s it £ | 500...||  -100... 20.0nWH| 100p... 20 k# 20 k# 5kS 10 GS/s izt #
500 500... :  3k#|  23kS|  22kS 0./ 500 500 || wo0@e3kd  21k#|  21kS|  20kS




(p6cm __12392pVs _

__11907pVs

119 P4cm = =114.3

104.1pVs 104.1pVs

P1:area(C1) P2:area(C3) P1:area(C1) P2:area(C3)
23 2329 nWh_ 878 831 nWh 14 0958 nWh 880 878 nWh
12.392 nWb  878.84 pWb 11.907 nWb  876.26 pWb
=1.UJ50 NVWD 0J5J.040 DVWD -00J.5V PVWOU 0£0.03J PWD
32.7306 nWb  922.214 pWb 31.0303 nWb 925.198 pWb
5.041nWb  10.87 pWb 4.805nWb  11.24 pWb
32.503e+3  32.503e+3 39.037e+3  39.037e+3

i i

v v
) @) @ 72 hist(P2)[F3 trend...JF4 trend. TERT () To[0%0) G T) D) (@ F2 histP2)f 73 trend.. JF4 trend
500mV| 50 mV 0 #di 200# 20nWb 50 pWb 0 ns/div %] 500mV| 50 mV 0 #/di 500# 20nWb 50 pWb |5
500 -100... ). 100 p... 20k# 20Kk 5kS 10 GS/s it £ g 500..|  -100... 100 p... 20k#| 20 k# 5kS 10 GS/s it
500 500 | 32503k#  33k#|  33kS|  32kS 500... 500... i 30k#|  39ks|  39kS




11763pVs
104.1pVs

@p2.7cm = 13

Npe with different bending

130

20 eway e :
+3orl—44+5-9 1678 M_‘
113

110

100
90
80
70
60

50
no bending 20 11 8 6 4 2.7

The effect of bending on the clear fiber can be ignored

10 5475 nWh_Ra0 771 nWh
11.763nWb  885.09 pWb
=1.40J4 NIVWWD 020.71471 PpWD
31.5815 nWb  928.684 pWb
4793nWb  11.38 pWb
22.048e+3  22.048e+3
v i

| [EEFTEIDED hist(P2)[F3 trend
500 mV 50 mV 20.0 #Cg 20.0# 20 nWb

50 pWb 50.0 ns/div =1-
100p... 20 k#t 20 k# 5kS 10 GS/s 8
2Kk 2kl 2kS

-500.... -100... 20.0 n
500... 500... 2.0:




2.1 measure the light loss due to length End of the fiber




1133.9-52.6pVs
104.1pVs

=10.38

Background (9m)

P1:area(C1) P2:area(C3)
1 #1815 nWh 876 208 nWh
1.1339 nWb  876.85 pWb
=£. 1390 TIVWD  0£9.0071 pWD
5.56407 nWb  931.835 pWb
809.3pWb  11.61 pWb
125.527e+3  135.167e+3
v 1

P1:area(C1) P2:area(C3)
Q12 52 n\Ah 27N RQ7 n\A/h
52.6 pWb  880.37 pWb
24130 N\WD  822.029 pWb
2.91648 nWb  929.517 pWhb
6340 pWb  11.88 pWb
52.998e+3  52.998e+3

v i

a [CuBE]F | histP)]F2 histP2)]F3 trend...|F4 trend. . ) 5 [CaEEn]F 1 histP)]F2 histC2]F3 trend...]F4 trend.
500 mV| 50 mV| 100 # 100# 10nWb 50 pWb . | i 500 mV| 50 mV| 50.0# 50.0# 5nWb 50 pWb

500....| -100.. 5nWb/| 100p... 20 k# 20 k# 5kS. o 51 500...| -100..|| 2nWb/ 100 20 k# 20 ki 5kS  10GS/s ¥t
126k#|  135k#|  126kS|  135kS 53k#|  53k#|  53kS|  53kS




4986—90.4pVs

=47.03
104.1pVs

Npe(7m) =

P1:area(C1) P2:area(C3)
4 99184 nWh_ 877 055 nWh
4.986 nWb  880.85 pWb
=1./000 NVWD 0JJ5.714Z pWD
16.3006 nWb  928.682 pWb
2150 (Wb 11.73 pWb
101.275e+3  101.275e+3
i

v
) @) P histP2YF 3 trend. JF4 trend
500mV,| 50 mV i . 200Wb 50 pWb
500..|  -100... ( p.. 20 ki 20 k#
500... 500 || 404@75k#  101k#|  101kS|  101kS

Background

P1:area(C1) P2:area(C3)
824 554 nWh 855 A55 nWh
90.4 pWb  882.32 pWb
=£.4000 VWD 0J50.£371 PDWD
2.91559 nWb  925.745 pWb
636.9pWb  11.09 pWb
28.843e+3  28.843e+3

i

v
| [EFTETD50 ‘ hist(PA)|F2 hist(P2)]F3 trend...|F4 trend.
500 mV 50 mV 20.0# 20.0# 5nWb 50 pWb
-500... -100... 2nWb/| 100 p... 20 k# 20 k#
500  500..  29k#  29k#  29kS|  28kS




_ 17224-124.5pVs

= =164.26
104.1pVs

¥
Measure P1:area(C1)
valie 1A 9958 n\Wh
17.224 nWb
-1.£640 NWD
36.7529 nWb
5.863 nWb
130.933e+3

v 0
[ CaaEEkn [ F 1 hist(P1

P2:area(C3)
879 322 nWh
881.53 pWb
049014 DWD
931.006 pWb
11.42 pWb
131.496e+3

y (P1)JF2 hist(P2)[F3 trend.. [F4 trend. B 249 n 2
50 mV 100 # 100# 50nWb 50 pWb 50.0 ns/div {1
-100.... 20 nWb 100 p... 20 k# 20 k# 5kS 10 GS/s 376
500... 131k#| 131k#| 131kS 131kS

Background

i
Measure

valua

P1:area(C1)
R135 780 nWh
124.5 pWb
-£.6303 NWD
3.78587 nWb
740.5 pWb
67.391e+3

v L3
[ CRaEEn]F 1 histP)[F2!

P2:area(C3)
874 093 nWh
880.89 pWb
©631.405 DWD
928.542 pWb
11.44 pWb
67.391e+3

g ist(P2)[F3 trend.. [ F4 trend. B -249 n
50 mV 100#  500# 5nWb 50 pWb 50.0 ns/div (ELF
-100..| 5nWb| 100p... 20 k# 20 k# 5kS 10 GS/s 38
500... 67k#|  67k#|  67kS|  67kS




As the signal is too large, so when the length is less
than 4m, we removed the preamplifier.

347.1+1.538pVs
=334.91 That means 1.041pVs=1PE

1.041pVs

Npe(4m) =

Background (4m)

P1:area(C1)
201 553 nWh
347.1 pWb
-12.UZ1 pwWwo
1.18547 nWb
143.3 pWb
116.000e+3

500 mV|
-500....

500... |

P2:area(C3)
8R7 970 nWh
877.24 pWb
0£0.319 pwWwo
931.303 pWb
11.77 pWb
116.000e+3

7 "
| (SEFTE050) (RIGETGD) @

50 mvV/
-100...|
500

100#  1nWb 50 pWb 50.0 ns/div (EF 220 mV

P1:area(C1)
1 7942 nWh
-1.538 pWb
=20.211 PwWo
41.3992 pWb
9.478 pWb
36.809e+3

v
EF B[00 ‘ /DA \..//,

500 mV
-500...

500,

P2:area(C3)
872 727 nWh
879.02 pWb
0£0.041 PWD
928.253 pWb
11.90 pWb
36.809e+3

i

50 mV 50.0 # 50.0# 100p.. 50 pWb 50.0ns/div (FIE 220 mV

4100..| 50pWb| 100p... 20 k# 20 ki 5kS 10 GS/s 8
500 " 37k#|  37k#|  37ks|  36kS

bl




746+5.32pVs
1.041pVs

=721.73

Npe(3m) =

P1:area(C1) P2:area(C3)
720 598 nWh 880 854 nWh
746.0 pWb  871.57 pWb
-0J.450 PDVWD 01/.000 DWD
244428 n\Wb  921.792 pWb
306.1pWb  11.60 pWb
147.956e+3  148.636e+3
v 1

500 mV 50 mV. 100 # 100 # 2 nWb 50 pWb
500 100 1nWb| 100p.. 20 k# 20 k# 5kS
500 500 | 148k#| 149k#|  148KkS| 148kS

Background (3m)

P1:area(C1) P2:area(C3)
41712 pWh_ 878 384 nWh
-5.32 pWb  869.47 pWb
=0J.959 PWD 010.0937 pWD
47.8030 pWb  919.043 pWb
13.28pWb  11.11 pWb
46.427e+3  46.427e+3

v i

@] C W] F 1 histP1)]F2 histP2)] 3 trend...|F4 trend...
500mV 50mV|  500#  500# 100p. 50 pWh 1=
-100..| 50pWb| 100p... 20 ki 20 ki 5kS 10 GS/s i5h
46k# | 46k#|  46kS|  46kS




1273+4+3.59pVs
1.041pVs

=1226.31

Npe(2m) =

Background (2m)

P1:area(C1) P2:area(C3) P1:area(C1) P2:area(C3)
1 26502 nWh_ 831 220 nWh -6 9416 nWh_ 895 253 nWh
1.2730 Wb 873.42 pWb -3.59 pWb  877.18 pWb
=1UD. 1V DVWOD 0Z1.J0V pWD =21.00J PVWU 0J1.003 pWD
3.70754 nWb  929.995 pWb 61.5029 pWb 923.827 pWb
514.7 pWb 11.95 pWb 13.18 pWb 11.53 pWb
118.077e+3  118.379e+3 48.631e+3 48.631e+3
v i v 1
"0 | C aaeEn]F | nstPYF2 hstP2)[ 3 trend. I 74 trend X 249 nsfees ) (2w C e hse)fF2 hstP2fFS rend JF4 end

500 mV, 50 mvV/ 100 # 100# 2nWb 50 pWb 50.0 ns/div {Z1E 220 mV i 500 mV 50 mV/ 50.0# 50.0# 100p.. 50 pWb 50.0 ns/div| 15

-500...| -100...| 2nWb/| 100 p... 20 k# 20 k# 5kS 10 GS/s 13 bl 40.000 -500... -100...|| 50pWb| 100p.. 20 k# 20 k# 5kS 10 GS/s 130
500.... 50 118 k# 118k#| 118kS|  118kS g 50 50011  49k#|  49k#|  49kS|  48kS




2243.8—5.98pVs

=2149.68
1.041pVs

Npe(1m) =

Background (1m)

P1:area(C1) P2:area(C3) P1:area(C1)  P2:area(C3)
1 75653 nWh__ 856 205 nWh

895 3 filh _8A2 235 nWh
2.2438 nWb  871.69 pWb 5.98 pWb  872.94 pWb
=J0/.0J DVWD 010.44Z DWD -110.04 DWD 04U.750 DVWD
6.74089 nWb 921.028 pWb 106.327 pWb  926.487 pWb
9273pWb  11.37 pWb 2491pWb 1147 pWb
147.133e43  147.53%+3
v L

119.791e+43  119.791e+3
v [
500mV| 50 mV 100 # 100#  5nWb 50 pWb : (= 220 mV i T 50mv 100 100# 200p. 50 pWb 1
500..| -100.| 5nWb/| 100p.. 20 k# 20 k# 5kS 10 GS/s i5h i || 00| 100p.| 100p.. 20 k#t 20 k# 5kS 10 GS/s izt
500 50001 147k#| 148k#| 147kS|  147kS 0 120 k# | 120k#| 120kS|  119kS




Two kinds of exponential fitting with different function

2500 -+
1
2000 - , Model Asymptotic
‘ Equation y = a-b*c"x
Reduced 1241.5186
Chi-Sqr 8
1500 S . Sq
. Value Standard Err
© a -36.89481 29.41202
2 1000 - ‘
= B b -3839.6814 110.91904
0.57162 0.01477
500 - §
-
~— %
0 - ——a %
T T T T T T T T 1
0 2 4 6 8 10

length of clear fiber (m)

Npe

2500 -
| §
2000 - ! Model Exp2P
' Equation Yy=a'b*x
Reduced 1408.69
1500 Chi-Sqr 934
\ Adj. R-Squ 0.99771
-\. Value Standard
1000 ' a 3883.26 117.91515
\ \ 8 b 0.55735 0.01034
-
500 A _7
.
— i
0 - TR ——— i
| T T T 1
0 2 4 6 8 10

length of clear fiber (m)

y = —37 + 3840 x 0.57*

y = 3883 x 0.56%




