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LEDOff signal distribution, HG02
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LEDOff signal distribution, HGO6
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LEDOff signal distribution, HG10
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LEDOff signal distribution, HG11
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LEDOff signal distribution, HG14
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LEDOff signal distribution, LG02
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LEDOff signal distribution, LGO6
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LEDOff signal distribution, LG10 LEDOff signal distribution, LG11
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LEDOff signal distribution, LG14 LEDOff signal distribution, LG15

10 100
ean = 2361.1 cnts [ LED Off ean = 2359.9 cnts 1 LED Off
ak position = 23610 cnts ~—— Interpolation ak position = 2360.0 cnts ~— Interpolation

2355 2360 2365 2370 235 2380 235 2390 239 2400 2355 2360 23s5 2370 2375 230 23es 2390 2395 2400
ADC counts ADC counts

(a) Pedestal for LG14 for CH00 (b) Pedestal for LG15 for CHOO

Peak identification in LEDON joint signal distribution, HGO1 Peak identification in LEDON joint signal distribution, HG02

p=3170

A

il

(a) Connecting Intensities between HG0O (b) Connecting Intensities between HGO01
and HGO1 and the pedestal of HGO1 for and HG02 and the pedestal of HGO02 for
CHO0 CHO00

172



Peak identification i
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and HGO5 and the pedestal of HG05 for and HG06 and the pedestal of HGO6 for
CHO00 CHO00

173



Peak identification in LEDON joint signal distribution, Peak identification in LEDON joint signal distribution, HG08
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Peak identification in LEDON joint si

Peak identification in LEDOR joint signal distribution, HG12
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Peak identification in LEDOR joint signal distribution, HG15
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Figure 6.24: Connecting Intensities between HG14 and HG15 and the pedestal
of HG15 for CHO0

The Low Gain plots are shown as below:
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Peak identification in LEDON joint signal distribution, LG02 Peak identification in LEDON joint signal distribution, LGO3

o [=prer = [T, = woon
LED On, 12150 LEDOn, =150

(a) Dark counts distribution and photo- (b) Dark counts distribution and photo-
electrons distribution for LG02 for CHOO electrons distribution for LG03 for CHOO

Peak identification in LEDON joint signal distribution, LGOA Peak identification in LEDON joint signal distribution, LGOS
w0 = AT e = wor
LeD o, 2250 LEpon, 1150
»oC counts i = AoC counts

(a) Dark counts distribution and photo- (b) Dark counts distribution and photo-
electrons distribution for LG04 for CHOO electrons distribution for LG05 for CHOO

177



Peak identification in LEDON joint signal distribution, LGOG Peak identification in LEDON joint signal distribution, LGO7
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Peak identification in LEDON joint signal distribution, LG10 Peak identification in LEDON joint signal distribution, LG11
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Peak identification in LEDON joint signal distribution, LG14
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(a) Dark counts distribution and photo- (b) Dark counts distribution and photo-
electrons distribution for LG14 for CHOO electrons distribution for LG15 for CHOO

6.6.2 Channel 01
The same procedure is applied to all the channels and their corresponding plots

are as follows:

Pedestal
The plots for all the gain values from HGO0 to HG15 are shown below:
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LEDOff signal distribution, HG02
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LEDOff signal distribution, HGO6
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LEDOff signal distribution, HG10
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LEDOff signal distribution, HG14
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The plots for all the gain values from LGO00 to LG15 are shown below:

LEDOff signal distribution, LGOO

Mean = 25
Peak posi
< 1
r N
A 5
[ L
J 1
" |
[

LED Off
Interpolation

)

2345

2350

2355

2350 2365 2370
ADC counts

2375

2380 2385

(a) Pedestal for LGO1 for CHO1

184

LEDOff signal distribution, LGO1

5

2350

2355

Mean = 23¢ — LED Off
_tpeak positic Interpolation
ri
4 )l
[ i
1
J L
[ 1
J }L
g
H TL
1
J L‘
1
0 2wz 25 w0 23
ADC counts

(b) Pedestal for LGO01 for CHO1




LEDOff signal distribution, LG02
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LEDOff signal distribution, LGO6
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LEDOff signal distribution, LG10
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LEDOff signal distribution, LG14 LEDOff signal distribution, LG15
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Interpolation

The interpolation plot is shown below
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Figure 6.49: Interpolation of the pedestal and the peaks for HG0O for CHO1

Absolute calibration factor
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Peak identification in LEDOn joint signal distribution, HGOO
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Figure 6.50: Photoelectron peaks at different intensities of light for HG00 and
the pedestal of HG0O for CHO1

Relative calibration factor

The connecting intensity plots for HGOO to HG15 are shown below:
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Peak identification in LEDO joint signal distribution, HG15

Figure 6.58: Connecting Intensities between HG14 and HG15 and the pedestal
of HG15 for CHO1

The Low Gain plots are shown as below:
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Peak identification in LEDON joint signal distribution, LGOS Peak identification in LEDO joint signal distribution, LGOS
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(a) Dark counts distribution and photo- (b) Dark counts distribution and photo-
electrons distribution for LG10 for CHO1 electrons distribution for LG11 for CHO1
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Peak identification in LEDON joint signal distribution, LG12 Peak identification in LEDON joint signal distribution, LG13
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(a) Dark counts distribution and photo- (b) Dark counts distribution and photo-
electrons distribution for LG12 for CHO1 electrons distribution for LG13 for CHO1

Peak identification in LEDON joint signal distribution, LG15

Peak identification in LEDON joint signal distribution, LG14
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(a) Dark counts distribution and photo- (b) Dark counts distribution and photo-
electrons distribution for LG14 for CHO1 electrons distribution for LG15 for CHO1

6.6.3 Channel 02

The same procedure is applied to all the channels and their corresponding plots

are as follows:

Pedestal
The plots for all the gain values from HGO0OO0 to HG15 are shown below:
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LEDOff signal distribution, HG04
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LEDOff signal distribution, HG0O8
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LEDOff signal distribution, HG12
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The plots for all the gain values from LGO0 to LG15 are shown below:
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LEDOff signal distribution, LG04
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LEDOff signal distribution, LGO8
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LEDOff signal distribution, LG12
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Interpolation

The interpolation plot is shown below
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Figure 6.83: Interpolation of the pedestal and the peaks for HG0O for CH02

Absolute calibration factor
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Figure 6.84: Photoelectron peaks at different intensities of light for HG0OO and
the pedestal of HGOO for CH02

Relative calibration factor

The connecting intensity plots for HGOO to HG15 are shown below:

Peak identification in LEDON joint signal distribution, HGOL Peak identification in LEDON joint signal distribution, HG02
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(a) Connecting Intensities between HGO1 (b) Connecting Intensities between HG02
and HGOO and the pedestal of HGO1 for and HGO1 and the pedestal of HGO02 for
CHO02 CHO02
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(a) Connecting Intensities between HG02 (b) Connecting Intensities between HG03
and HGO3 and the pedestal of HG03 for and HG04 and the pedestal of HGO04 for
CHO02 CHO02

Peak identification in LEDON joint signal distribution, HGOS Peak identification in
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(a) Connecting Intensities between HG04 (b) Connecting Intensities between HG05
and HGO5 and the pedestal of HG05 for and HG06 and the pedestal of HGO6 for
CHO02 CHO02
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Peak identification in LEDON joint signal distribution, HGO7 Peak identification
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in LEDOR joint signal distribution, HGOB

(a) Connecting Intensities between HG06 (b) Connecting Intensities between HG07
and HGO7 and the pedestal of HG07 for and HG08 and the pedestal of HGO8 for
CHO2 CHO2
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(a) Connecting Intensities between HGO08 (b) Connecting Intensities between HG09
and HGO9 and the pedestal of HG09 for and HG10 and the pedestal of HG10 for
CHO2 CHO02
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Peak identification in LEDON joint signal distribution. Peak identification in LEDON joint signal distribution, HG12
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(a) Connecting Intensities between HG10 (b) Connecting Intensities between HG11
and HG11 and the pedestal of HG11 for and HG12 and the pedestal of HG12 for
CHO2 CHO2

Peak identification in LEDON joint signal distribution, HG13 Peak identification in LEDON joint signal distribution, HG14
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(a) Connecting Intensities between HG12 (b) Connecting Intensities between HG13
and HG13 and the pedestal of HG13 for and HG14 and the pedestal of HG14 for
CHO02 CHO02
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Peak identification in LEDON joint signal distribution, HG15

AAAAAAAAAA

Figure 6.92: Connecting Intensities between HG14 and HG15 and the pedestal
of HG15 for CH02

The Low Gain plots are shown as below:

Peak identification in LEDON joint signal distribution, LGOO Peak identification in LEDON joint signal distribution, LGO1.
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(a) Dark counts distribution and photo- (b) Dark counts distribution and photo-
electrons distribution for LGO00 for CHO2 electrons distribution for LG01 for CH02
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Peak identification in LEDON joint signal distribution, LG02 Peak identification in LEDON joint signal distribution, LGO3
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(a) Dark counts distribution and photo- (b) Dark counts distribution and photo-
electrons distribution for LG02 for CHO02 electrons distribution for LG03 for CH02
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(a) Dark counts distribution and photo- (b) Dark counts distribution and photo-
electrons distribution for LG04 for CHO02 electrons distribution for LG05 for CH02
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Peak identification in LEDON joint signal distribution, LGO6
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(a) Dark counts distribution and photo- (b) Dark counts distribution and photo-

electrons distribution for LG06 for CH02 electrons distribution for LGO07 for CH02
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(a) Dark counts distribution and photo- (b) Dark counts distribution and photo-
electrons distribution for LGO8 for CHO02 electrons distribution for LG09 for CH02
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(a) Dark counts distribution and photo- (b) Dark counts distribution and photo-
electrons distribution for LG10 for CHO02 electrons distribution for LG11 for CH02
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electrons distribution for LG12 for CHO02 electrons distribution for LG13 for CH02
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Peak identification in LEDON joint signal distribution, LG14
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6.6.4 Channel 03

The same procedure is applied to all the channels and their corresponding plots

are as follows:

Pedestal

The plots for all the gain values from HGO0 to HG15 are shown below:
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(b) Pedestal for HGO1 for CH03
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LEDOff signal distribution, HG02
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(b) Pedestal for HG03 for CHO03
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LEDOff signal distribution, HG10
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LEDOff signal distribution, HG
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(b) Pedestal for HG15 for CHO03

The plots for all the gain values from LGO00 to LG15 are shown below:
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LEDOff signal distribution, LG02
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LEDOff signal distribution, LGO6
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LEDOff signal distribution, LG10
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Interpolation

The interpolation plot is shown below
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Figure 6.117: Interpolation of the pedestal and the peaks for HG0OO for CHO3

Absolute calibration factor
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Peak identification in LEDOn joint signal distribution, HG0O
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Figure 6.118: Photoelectron peaks at different intensities of light and the
pedestal of HGOO for CHO3

Relative calibration factor

The connecting intensity plots for HGOO to HG15 are shown below:

(a) Connecting Intensities between HGO1 (b) Connecting Intensities between HG02
and HGOO and the pedestal of HGO1 for and HGO1 and the pedestal of HGO02 for
CHO3 CHO03
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(a) Connecting Intensities between HG04 (b) Connecting Intensities between HG05
and HGO5 and the pedestal of HG05 for and HG06 and the pedestal of HGO6 for
CHO03 CHO03
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Peak identification in LEDON joint signal distribution, HGO7 Peak identification
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Peak identification in LEDON joint signal distribution, HG11 Peak identification in LEDOR joint signal distribution, HG1:
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(a) Connecting Intensities between HG10 (b) Connecting Intensities between HG11
and HG11 and the pedestal of HG11 for and HG12 and the pedestal of HG12 for
CHO3 CHO3
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and HG13 and the pedestal of HG13 for and HG14 and the pedestal of HG14 for
CHO03 CHO03

229



Peak identification in LEDON joint signal distribution, H

AAAAAAAAAA

Figure 6.126: Connecting Intensities between HG14 and HG15 and the pedestal
of HG15 for CHO3

The Low Gain plots are shown below:

Peak identification in LEDON joint signal distribution, LGOO Peak identification in LEDON jo

nnnnnnnnn

(a) Dark counts distribution and photo- (b) Dark counts distribution and photo-
electrons distribution for LGO00 for CH03 electrons distribution for LG01 for CHO3
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in LEDON joint signal distribution, LG02 jon in LEDON joint signal distribution, LG03
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(a) Dark counts distribution and photo- (b) Dark counts distribution and photo-
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(a) Dark counts distribution and photo- (b) Dark counts distribution and photo-
electrons distribution for LG04 for CHO3 electrons distribution for LG05 for CHO3
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Peak identification in LEDON joint signal distribution, LGO6 Peak identification in LEDON joint signal distribution, LGO7
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(a) Dark counts distribution and photo- (b) Dark counts distribution and photo-
electrons distribution for LGO8 for CHO3 electrons distribution for LG09 for CHO3
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Peak identification in LEDON joint signal distribution, LG10 Peak identification in LEDON joint signal distribution, LG11

= o o=
= e on. 1150

= eoon
= tEDOn. 1150

(a) Dark counts distribution and photo- (b) Dark counts distribution and photo-
electrons distribution for LG10 for CHO3 electrons distribution for LG11 for CHO3

Peak identification in LEDON joint signal distribution, LG12 Peak identification in LEDON joint signal distribution, LG13
= woon
= LD on, 1150

= woon
= D on.1-150

"AC counts - ADC counts

(a) Dark counts distribution and photo- (b) Dark counts distribution and photo-
electrons distribution for LG12 for CHO3 electrons distribution for LG13 for CHO3
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Peak identification in LEDON joint signal distribution, LG14 Peak identification in LEDON joint signal distribution, LG15
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Figure 6.135: Calibration factor for both gains for CH0O0
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Figure 6.136: Calibration factor for both gains for CHO1
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Figure 6.137: Calibration factor for both gains for CH02
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Figure 6.138: Calibration factor for both gains for CH03

6.7 Pipeline Plots

6.7.1 LowZ HGO0O0 6.3V Ch00
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Signal-to-Noise Ratio (SNR)
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HGO0O0_BETA03_Int6_3_Ch00[3]_Signal_to_Noise_Ratio_Linear_Fit

—— Fitted Parameters: y = (3.30 + 0.20)x + (-0.41 * 0.23)
¥ SNR per peak

chi-square = 0.48
i_square = 0.48
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6.7.2

HGO00_BETA03_Int6_3_Ch00[3]_Crosstalk_Vinogradov_Fit

—— Fitted Parameters: L = 1.39 + 0.06, p = 0.0083 + 0.0294
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Signal-to-Noise Ratio (SNR)
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HGO00_BETA03_Int6_3_Ch01[3]_Signal_to_Noise_Ratio_Linear_Fit

—— Fitted Parameters: y = (3.31 + 0.24)x + (-0.39 + 0.27)
¥ SNR per peak

chi-square = 0.41
i_square = 0.41
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6.7.3

HGO00_BETA03_Int6_3_Ch01[3]_Crosstalk_Vinogradov_Fit
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HGO0O0_BETA03_Int6_4_Ch00[3]_Signal_to_Noise_Ratio_Linear_Fit

—— Fitted Parameters: y = (3.29 + 0.12)x + (-0.28 + 0.17)
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6.7.4

HGO00_BETA03_Int6_4_Ch00[3]_Crosstalk_Vinogradov_Fit

—— Fitted Parameters: L = 2.27 + 0.06, p = 0.0446 + 0.0257
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HGO0O0_BETA03_Int6_4_Ch01[3]_Signal_to_Noise_Ratio_Linear_Fit

—— Fitted Parameters: y = (3.25 + 0.12)x + (-0.32 + 0.16)
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6.7.5

HGO00_BETA03_Int6_4_Ch01[3]_Crosstalk_Vinogradov_Fit

—— Fitted Parameters: L = 2.14 + 0.06, p = 0.0459 + 0.0246
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6.7.6

HGO00_BETA03_Int6_4_Ch03[3]_Crosstalk_Vinogradov_Fit

—— Fitted Parameters: L = 1.61 + 0.12, p = 0.0476 + 0.0535
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—— Fitted Parameters: y = (3.04 + 0.13)x + (-0.03 * 0.20)
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—— Fitted Parameters: y = (3.13 + 0.10)x + (-0.19 + 0.39)
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HGO00_BETA03_Int6_6_Ch01[3]_Signal_to_Noise_Ratio_Linear_Fit

—— Fitted Parameters: y = (3.14 + 0.09)x + (-0.11 * 0.31)
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—— Fitted Parameters: y = (2.96 = 0.12)x + (0.10 * 0.25)
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HGO0O0_BETA03_Int6_7_Ch00[3]_Signal_to_Noise_Ratio_Linear_Fit

—— Fitted Parameters: y = (3.09 + 0.14)x + (-0.25 + 0.78)
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—— Fitted Parameters: y = (3.06 + 0.12)x + (-0.04 * 0.62)
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6.7.20 LowZ HGO0O0 6.9V Ch03
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6.7.21 LowZ HGO00 7.0V Ch00
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6.7.22 LowZ HGO00 7.0V ChO01
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6.7.23 LowZ HGO00 7.0V Ch03
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6.7.24 LowZ HGO0O0 7.1V Ch00
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6.7.25 LowZ HGO0O0 7.1V ChO01
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6.7.26 LowZ HGO0O0 7.1V Ch03
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6.7.27 LowZ HGO0O0 7.2V ChO01
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6.7.28 LowZ HGO00 7.2V Ch03

HGOO_BETAO03_Int7_2_Ch03[3]_raw_histogram

104
[ histogram_ledoff

1 histogram_ledon

AV

10°

Number of Events
=
o
9

1000 1500 2000
ADC_Counts

370



HGO00_BETAO03_Int7_2_Ch03[3]_smoothed_histogram

104

10°

Number of Events
=
o
X

10!

1 histogram_ledoff
— smoothed SavGol flter ledoff
1 histogram_ledon

—— smoothed SavGol filter ledon

10°

500 1000 1500 2000
ADC_Counts

HGO00_BETAO03_Int7_2_Ch03[3]_smoothed_histogram_with_peaks

104

10°

Number of Events
=
o

10t

10°

7 histogram_ledoff

— smoothed SavGol flter ledoff

(1 histogram_ledon

—— smoothed SavGol filter ledon
% peaks after smoothing ledon

o

alibration Factor: 71.121.62 ADC counts
Avg_Beta_Temp: 26.90+0.22°C

Avg_SiPM_Temp: 24.740.50°C

500 1000 1500 2000
ADC_Counts

371



Number of Events

104

10

=
o
~

10!

10°

HGO00_BETAO03_Int7_2_Ch03[3]_multigaussian_fit_normal

1 histogram_ledoff
—— smoothed SavGol filter ledoff
[ histogram_ledon

% peaks after smoothening ledoff
— single_gaussian_fit_pedestal
pedestal_mean

—— smoothed SavGol filter ledon

% peaks after smoothing ledon
—— multigaussian_fit_normal_sigma

Avg_Beta_Temp: 26.90+0.22°C

\vg_SiPM_Temp: 24.740.59°C

1000
ADC_Counts

372

1500 2000




104

10°

10?2

Number of Events

10!

10°

HG00_BETAO03_Int7_2_Ch03[3]_multigaussian_fit_fixed

histogram_ledoff

smoothed SavGol filter ledoff
peaks after smoothening ledoff
single_gaussian_fit_pedestal
pedestal_mean
histogram_ledon

smoothed SavGol filter ledon
peaks after smoothing ledon
fixed-sigma fit

Calibration factor from fixed sigma fit: 71.96[-0.28

1000
ADC Counts

1500

2000

HGO00_BETA03_Int7_2_Ch03[3]_Signal_to_Noise_Ratio_Linear_Fit

—— Fitted Parameters: y = (2.88 + 0.29)x + (-3.03 + 3.33)
¥ SNR per peak

40

35

30

Signal-to-Noise Ratio (SNR)

25

20

10

12 13
Peak number

373

14

15 16



Percentage of Normalised Areas of each Photoelectron

12

11

10

HGO00_BETA03_Int7_2_Ch03[3]_Crosstalk_Vinogradov_Fit

chi-square = 0.62
i_square = 0.09

—— Fitted Parameters: L = 12.95 * 0.57, p = -0.0059 * 0.0448

KX

normalised_areas_for_each_peak

10

11

12
Peak number

374

13

14

15

16




6.7.29 LowZ HGO1 7.3V Ch00
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6.7.30 LowZ HGO1 7.3V ChO01
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6.7.31 LowZ HGO1 7.3V Ch03
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6.7.32 LowZ HGO1 7.4V Ch00
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6.7.33 LowZ HGO1 7.4V ChO01

HGO1_BETA03_Int7_4_Ch01[3]_raw_histogram

104
[ histogram_ledoff
[ histogram_ledon
10°
8
5 A
z W
"uo: 102 WN‘VM ’r"
3 W
£
=]
z
10t w
|

1000 1500 2000
ADC_Counts

383



Number of Events

Number of Events

HGO1_BETAO3_Int7_4_Ch01[3]_smoothed_histogram

104

10°

—
o
~

10!

1 histogram_ledoff
— smoothed SavGol flter ledoff
1 histogram_ledon

—— smoothed SavGol filter ledon

10°

500

HGO1_BETAO3_Int7_4_ChO1[3

1000
ADC_Counts

1500

2000

smoothed_histogram_with_peaks

104

10°

o
2

10t

10°

7 histogram_ledoff

— smoothed SavGol flter ledoff

(1 histogram_ledon

—— smoothed SavGol filter ledon
% peaks after smoothing ledon

libration Factor: 42.171.13 ADC counts
/g_Beta_Temp: 26.90+0.22°C

/9_SiPM_Temp: 24.74£0.59°C

500

1000
ADC_Counts

384

1500

2000




6.7.34 LowZ HGO1 7.4V Ch03
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6.7.35 LowZ HGO1 7.5V Ch00
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6.7.36 LowZ HGO1 7.5V ChO01
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6.7.37 LowZ HGO1 7.5V Ch03
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6.7.39 LowZ HGO1 7.6V ChO01
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6.7.40 LowZ HGO1 7.6V Ch03
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6.7.41 HighZ HGO00 6.8V Ch00
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6.7.42 HighZ HGO00 6.8V ChO01
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6.7.43 HighZ HGO00 6.8V Ch02
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6.7.46 HighZ HGO00 6.9V ChO01
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6.7.79 HighZ HGO00 7.7V Ch02
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6.7.83 HighZ HGO00 7.8V Ch02
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6.7.85 HighZ HGO00 7.9V Ch00
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6.7.86 HighZ HGO00 7.9V ChO01
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6.7.87 HighZ HGO00 7.9V Ch02
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6.7.88 HighZ HGO00 7.9V Ch03
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6.7.90 HighZ HGO00 8.0V ChO01
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