NPo4 PDS LED-calibration

NPO4 PDS operation meeting - 07 November 2024

JulioUrefAa



Introduction

e OnlJuly 9, the first standard calibration data was taken for all 4 APAs and 3 different overvoltages/PDEs

e Thedatawhose analysis results are presented in this presentation was acquired by Laura Pérez, Manuel
Arroyave and Anselmo Cervera

e Intotal, >7 different calibration batches have been taken [1]. Only the first three have been analyzed.

2024/07/09 2024/07/26 2024/07/29-30 2024/08/13 2024/08/28 2024/09/14 2024/09/25
4 APAs, 4 APAs, APAs 2-4, 4 APAs, 4 APAs, APAs 3 & 4, APAs 2-4,
PDE scan: PDE scan: PDE scan: nominal PDE, nominal PDE nominal PDE PDE scan:
(0.4,0.45,0.5) (0.4,0.45,0.5) (0.4,0.45,0.5) V_gain scan: (0.4,0.45,0.5)
0.9,1.0,11

e Asof2024/10/07 there are lots of LED runs acquired by Esteban C. including PDE- and Vgain-scans

e This analysis has been performed using Waffles [2, 3]
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From 2024/09/12 talk in Santa Fe CM see 4]

LED calibration

e dfof?’ /

}\

APA 1

;

;




LED configurations s

The LED configuration format is

(channel mask, ticks width, pulse bias percent 270nm) /

The third variable, which tunes the light intensity, is scanned
As of batch 2, we are taking:
e APAL: 4 different LED configurations per PDE
. APA 2: 6 [{3 [{3 [{3 [{3 [{3
. APAS 3&4: 5 [{3 [{3 [{3 [{3 [{3

It adds up to (4+6+5)x3 = 45 runs per calibration batch
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Data processing and analysis

e OneWaveformSet object per runis generated using
/src/waffles/np04 analysis/LED calibration/batch pickle generator.ipynb

e  Ultimately, this notebook calls the HDF5 reader
/src/waffles/input/raw_hdf5 reader.py>WaveformSet from hdf5 file()

e  Foreach batch,
o  runs are mapped to its LED-configurations via
/src/waffles/np04 analysis/LED calibration/calibration batches/run number to LED configuration.py
o LED-configurations are mapped to specific APA-channels via
/src/waffles/np04 analysis/LED calibration/calibration batches/LED configuration to channel.py
o  excluded channels are specified via
/src/waffles/np04 analysis/LED calibration/calibration batches/excluded channels.py

° For each waveform,
o Itsbaseline is computed as the median of the points for time ticks in [0, 100]U[200, 1000]
o  Thebaseline is subtracted from the waveform prior to integration from time tick 125 to 165
o  The code for these computations can be found in
/waffles/src/waffles/data classes/BasicWfAna.py>analyse ()

e  Theset of integrals is histogrammed
e  Eachone of the first two peaks of the histogram are fit to a gaussian function (one gaussian per peak)

e Automaticidentification and fit of the first two peaks is performed by
/src/waffles/utils/fit peaks/fit peaks.py>fit peaks of CalibrationHistogram/()



Analysis example - APA 3, Channel 111-13
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Analysis example - APA 4, Channel 112-0

Batch 1, PDE 0.4 Batch 2, PDE 0.4 Batch 3, PDE 0.4
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Results (APA 2)
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Results (APA 2)
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Results (APA 2)
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Results (APA 3)

Gain per channel in APA 3 - Batch 1 (2024/7/9)
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Results (APA 3)
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Results (APA 3)
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Results (APA 4)
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Results (APA 4)
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Results (APA 4)
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Results

e Foreach APA,

o Forea
]

ch PDE,

For each channel,

e compute the STD of the three gains (one per batch)
e that’s one sample within the given (APA, PDE)-histogram

Gain STD (over time)
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Inaccessible data

e Allof the datafor calibration batch 1 is accessible

e Inbatch 2, excluding runs for APA 1, there are 2 unavailable runs:

run batch number date pde ‘affected’ APAs cause
28149 2 2024/07/26 04 (2,) Rucio is not able to find data for this run
28177 2 2024/07/26 0.5 (3,4) Rucio is not able to find data for this run
e Inbatch 3, there are 4 unavailable runs:
28485 3 2024/07/29-30 04 (2,) Unable to open file[...] File has been truncated
28487 3 2024/07/29-30 0.4 (2,) Apparently the first datafile contains no waveform. Further
inspection is needed.
28362 3 2024/07/29-30 04 (3,4) Rucio is not able to find data for this run
28375 3 2024/07/29-30 0.5 (3,4) Unable to open file[...] File has been truncated
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Summary

e Conclusions:

@)
@)

Results for APA 2 in batch 3 suggest that the PDE may have not been effectively changed among runs
Otherwise, gain over time seems to distribute with an STD which is smaller than 300 (integral a.u.)

e Question:

@)
@)
@)

There is a number of Vgains (in [931, 3192]) for which there are (LED) PDE scans (40, 45 and 50%).
This data was acquired by Esteban C. from 2024/10/10 to 2024/10/18.
Among these, do we have a preference on which batches to analyse first for gain calibration?

e Next steps:

@)
@)

Analyse batches >3 for APAs 2,3 and 4
Analyse batches >=3 for APA 1
m  Analysing APA 1 data requires some more development in the HDF5 reader
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Results (APA 2, SNRs)

%*SNR per channel in APA 2 - Batch 1 (2024/7/9)
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Results (APA 2, SNRs)

%*SNR per channel in APA 2 - Batch 2 (2024/7/26)
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Results (APA 2, SNRs)

%*SNR per channel in APA 2 - Batch 3 (2024/7/29)
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Results (APA 3, SNRs)
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NR per channel in APA 3 - Batch 1 (2024/7/9)
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Results (APA 3, SNRs)

%*SNR per channel in APA 3 - Batch 2 (2024/7/26)
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Results (APA 3, SNRs)
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NR per channel in APA 3 - Batch 3 (2024/7/29)
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Results (APA 4, SNRs)
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Results (APA 4, SNRs)

%*SNR per channel in APA 4 - Batch 2 (2024/7/26)
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Results (APA 4, SNRs)
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NR per channel in APA 4 - Batch 3 (2024/7/29)
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Results

e Foreach APA,
o Foreach PDE,
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Results (APA 2, batch 1, PDE 40%

APA 2 - Runs [27921, 27898, 27899, 27900]
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Results (APA 2, batch 1, PDE 45%

APA 2 - Runs [27904, 27901, 27902, 27903]
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Results (APA 2, batch 1, PDE 50%
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APA 2 - Runs [28148, 28150, 28151, 28152, 28153]
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APA 2 - Runs [28148, 28150, 28151, 28152, 28153]

109-27 Run 28151 109-25 Run 28151 109-22 Run 28152
300 f 400 300
200 s 200
100 100 y 100
DAJ o—2 1t o4
0 20k 40k 0 K 40k 0 20k 40k
109-21 Run 28150 109-23 Run 28151 109-24 Run 28151
300 300
200 200 H 200 [
100 w0 [U¥l, w0 [T}
0—< A 0 La" o0—= e
0 k 40k 0 20k 40k 0 20k 40k
109-37 Run 28150 109-35 Run 28150 109-32 Run 28151
300 300
200 - a60 200
100 | {‘r wo (fia 100
0 P o e g
0 20k 40k 0 20k 40k 0 20k 40k
109-31 Run 28150 0 109-33 Run 28150 109-34 Run 28150
200 . L 300
100 JY‘\ 200 \ 20
y ‘J-V\J 100 N\ 100 |
0—~ M 0 ——— 0 B
0 20k 40k 0 20k 40k 20k 40k
109-7 Run 28148 109-5 Run 28150 Run 28150
300 150
J 1 4
200 gt &5 o JHTy,
100 | N 50 | W
o BN ot b SR
0 20k 40k 0 20k 40k 20k 40k
109-1 Run 28148 109-3 Run 28148 Run 28150
150 A‘\” ‘ 200
100 j\ W oo L
so ]| . |
0—? e 0
0 20k 40k 0 20k 40k 20k 40k
410917 109-15 Run 28148 Run 28150
3 200
No data 100 A1
0 i o
0 4 6 0 20k 40k
10011 4109-13
4 No data 4 No data & No data
0 0 0
0 4 6 0 4 6 0 4 6
109-47 Run 28148 109-45 Run 28148 109-42 Run 28148
300
300
200 001K 400
‘J‘ \f 200
109 4 100 | Y\
o T — o— /LY 0
0 20k 40k 0 20k 40k 0 20k 40k
109-41 Run 28148 109-43 Run 28150 109-44 Run 28150
150 |
100 LA
Ay
50 iy
Yia
0—= LSS
0 20k 40k 0 20k 40k

Run 28153

20k 40k
Run 28151

20k 40k
Run 28152

0 20k 40k
109-36 runs 28152,
400
200 |}
o—4
0 20k 40k
109-0 Run 28152
200 \
150 U
{
w0 (I},
sg e
0 20k 40k
109-6 Run 28151
200
100 W
0— A,
0 20k 40k
4109-10
No data
4 6
4 No data
0
0 4 6
109-40 Run 28150

——C.H.
C.H.
C.H.
——C.H.
C.H.
C.H.
—CH:
C.H.
C.H.

C.H.

C.H.

C.H.

C.H.

C.H.

C.H.

C.H.
C.H.

C.H.
C.H.

C.H.
C.H.

C.H.

C.H.

C.H.

C.H.
C.H.

C.H.

C.H.

C.H.
C.H.
C.H.

of channel
of channel
of channel
of channel
of channel
of channel
of channel
of channel
of channel

. of channel

of channel

. of channel
. of channel

of channel
of channel

. of channel

of channel
of channel

. of channel
. of channel

of channel

. of channel

of channel
of channel

. of channel

of channel
of channel

. of channel

of channel
of channel

. of channel

of channel

. of channel

of channel
of channel

. of channel
. of channel

of channel
of channel

. of channel
. of channel

of channel

. of channel
. of channel

of channel

. of channel

of channel
of channel
of channel

. of channel
. of channel
. of channel

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)



Results (APA 2, batch 2, PDE 45%

APA 2 - Runs [28160, 28161, 28162, 28163, 28164, 28159]
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Results (APA 2, batch 2, PDE 50%

APA 2 - Runs [28170, 28171, 28172, 28173, 28174, 28175]
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APA 2 - Runs [28170, 28171, 28172, 28173, 28174, 28175]
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Results (APA 2, batch 3, PDE 40%

APA 2 - Runs [28488, 28481, 28483, 28486]
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Results (APA 2, batch 3, PDE 45%

APA 2 - Runs [28489, 28491, 28492, 28493, 28494, 28495]
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100 100 5 —— C.H. of channel
& 50 50 J11\n C.H. of channel (Fit 0)
N 00— 0t X P L S SN

0 20k 40k




Results (APA 2, batch 3, PDE 50%

APA 2 - Runs [28496, 28497, 28498, 28499, 28500, 28501]

109-27 3004 WK()(0,1,...]
0|

40 150 160
3004 WI(S)(0,1,...]

1

140 150
2998 WF(s)!

1 150

40 160
3003 Wf(s)(0,1,...]

-40 No data
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13 140 150 160
109-11

0
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-40 No data
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= = e = =
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109-40 3007 W(s)(0,1,...]

APA 2 - Runs [28496, 28497, 28498, 28499, 28500, 28501]
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Run 28499 Run 28500
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k 40k
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20k 40k
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0
0 4 6
410911
4 No data
0
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. of channel
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(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
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(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)
(Fit 1)

(Fit 0)



Results (APA 3, batch 1, PDE 40%

APA 3 - Runs [27920, 27917, 27918, 27919]

111-1 Run 27920 1113 Run 27920 111-4 Run 27920 Run 27920
400 400 300 —— C.H. of channel 111-1
S - 200
APA 3 - Runs [27920, 27917, 27918, 27919] \ 100 —— C.H. of channel 111-3
e e T o=t R i C.H. of channel 111-3 (Fit 0)
111-1 5103 Wf(s): [0,1,...] 111-3 5089 Wf(s): [va 111-4 5057 Wf(s): [0,1,...] 111-6 5084 Wf(s): [0,1,...] 111-36 Run 27920 111-34 Run 27919 111-33 Run 27919 Run 27919 C.H. of channel 111-3 (Fit 1)
-~ o 200 i 400 —— C.H. of channel 111-4
~20) -20) ~20) 150 s 400 300 C.H. of channel 111-4 (Fit 0)
—a —a0) 100 »lb 200 C.H. of channel 111-4 (Fit 1)
130 140 150 160 130 140 150 160 140 150 160 50 } W, 100, —— C.H. of channel 111-6
111-36 5060 Wf(s) .. 5123 Wf(s): [0,1,...] 1]1 33 5037 WV[S) [0, l ] l]l 3] 5008 Wf(s): [U 1,...] 0—= [ e P ———
« - 0 20k 40k 0 20k 40k 0 20k 40k 0k 40k C.H. of channel 111-6 (Fit 0)
111-0 Run 27919 1112 Run 27919 1115 Run 27919 Run 27919 C.H. of channel 111-6 (Fit 1)
~20) 20 ~20) 400 300
400 ~ C.H. of channel 111-36
- 40| -40) a0 300 200
130 140 150 160 130 160 L0 o 150 140 150 200 200 A C:H. of channel 111:36 (AIEO)
111-0 5012 Wf(s): ok 2 5037 Wf(s): [0.1,...] 5099 Wf(s): [0, l 111- 5005 Wf(s): ‘\IK 100 :L’ 100 A C.H. of channel 111-36 (Fit 1)
o . . . o SN Mo 0 A —— C.H. of channel 111-34
0 20k 40k 0 20k 40k 0 20k 40k ok 40k :
=20) =20 =2 111-37 Run 27919 111- 35 Run 27919 111-32 Run 27918 Run 27918 CH. ofchiatined 11135 (CL.0)
—a0) i) —a0) S 300 C.H. of channel 111-34 (Fit 1)
1. 140 150 130 140 150 160 130 140 150 160 140 150 200 200 = —— C.H. of channel 111-33
111-37 5073 Wf(s) 5041 Wf(s): (0,1, 5124 Wf(s): [0,1,...] 5041 Wf(s): ]} 106 C.H. of channel 111-33 (Fit 0)
o A, C.H. of channel 111-33 (Fit 1)

-20]
20k 40k D 0 20k 40k 0k 40k C.H. of channel 111-31
Run 27918 1u 43 Run 27918 111-44 Run 27917 Run 27917
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S
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— 200 o C.H. of channel 111-0 (Fit 0)
20 20 220 100 200 : 00 | A C.H. of channel 111-0 (Fit 1)
» . bl 0 0 0— —— C.H. of channel 111-2
0 ok 40k 0 20k 40k 20k 40k :
130 140 150 160 30 140 150 160 140 150 160 111-16 Run 27918 111-13 Run 27917 Run 27917 . of channel111:2,(B0)
- 5079 Wf(s) .] 5056 Wf(s): [0,1,...] 5079 Wf(s): [0,1,...] 5015 Wf(S) 300 C.H. of channel 111-2 (Fit 1)
= - 200 300 —— C.H. of channel 111-5
20 -20 20 0 1 200 A C.H. of channel 111-5 (Fit 0)
ey 4 ot L, 108 A1 C.H. of channel 111-5 (Fit 1)
1 140 150 140 150 150 160 160 —— C.H. of channel 111-7
: 0 20k 40k 0 20k 40k 0 20k 40k ok 40k
5105 W = 5071 W . 5089 W 0,1,.... lll 17 5104 Wi 0,1,.
2 ! 2 ! — & 111-10 Run 27918 111-12 Run 27918 111-15 Run 27917 Run 27917 C.H. of channel 111-7 (Fit 0)
200 1 C.H. of channel 111-7 (Fit 1)
; 20 300 A 200 fip
. by b 200 5 r \ ~ C.H. of channel 111-37
100 \ 100 ) A C.H. of channel 111-37 (Fit 0)
130 140 150 160 140 150 160 130 150 140 150 160 | 1\w, | A y Vg
- 5045 Wi(s): 5] - 5085 WK(s): [0,1,...] 5075 Wi(s): [0, 1 5105 W(s): [0,1, 0 oo 0 e 0- — C.H. of channel 111-37 (Fit 1)
20k 40k 0 k 40k 0 20k 40k 0k 40k — CH. of channel 111~
N . h N 111-26 Run 27918 Run 27918 111-23 Run 27917 Run 27917 Z G °f (ha""e‘ Li ;z )
= = 2 H. of channel 111-35 (Fi
-4 40| —a0| 200 | 200 300 C.H. of channel 111-35 (Fit 1)
1 140 150 160 130 140 150 160 140 150 140 150 160 e [ 100 200 —— C.H. of channel 111-32
5092 WK(s): ] 5129 WK(s): [0,1,...] ot 5091 WH(s): 5137 WK(s): [0,1, | 100 | ’\{ C.H. of channel 111-32 (Fit 0)
o—~ 0 o o L H.
50} 3] <30} 0 20k 40k 0 20k 40k 0 20k 40k 0k 40k CH.ofchannel 111, 32,(FIEL)
111-40 Run 27918 111-42 Run 27918 111-45 Run 27917 Run 27917 —— C.H. of channel 111-30
i -4 400 600 H. of channel 111-30 (Fit O
140 150 140 150 160 130 140 150 160 300 | 200 400 & ofc anneJ om0
5111 Wi(s): - 5099 WF(s): [0,1,...] - 5049 WF(s): [0,1,...] 11530 10150 wisp: (0.4c] 200 200 400 550 C.H. of channel 111-30 (Fit 1)
s 100 200 —— C.H. of channel 111-41
~20] o 20 0 pldltiel | 0 \ C.H. of channel 111-41 (Fit 0)
. il 0 20k 40k 0 20k 40k 0 20k 40k 0 20k __ 40 C.H. of channel 111-41 (Fit 1)
111-27 Run 27920 111-25 Run 27920 111-22 Run 27920 111-20  Runs 27920, ..
130 140 150 160 - 300 —— C.H. of channel 111-43
20080 200 400 1 C.H. of channel 111-43 (Fit 0)
200 '
/ I C.H. of channel 111-43 (Fit 1)
100 ﬁ w0 [{V 100 200 [y, s :
W \ 11", C.H. of channel 111-44
0 e 0 o 0 o~ S S B
20k 40k 0 40k [ 20k 40k




APA 3 - Runs [27913, 27914, 27915, 27916]
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A
5
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I
N
S
I
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140 150
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160
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'~

40 150 160
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O'
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5147wv(s): [0,1,

40 15
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] 111- 0,1,..
130 140 150 160 140 150 160

5072 Wi(s):
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160
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OI
Ol

40 150 16
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=
g

0
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-20
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|
N

~40)

|
N
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|
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!
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Results (APA 3, batch 1, PDE 45%

5078 WH(s):

o
20
~40)

140 150
5090 Wi(s):

0
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-40)
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uiy s wf(s) [0,1,
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-20
~40)
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o
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0
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o
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0
-20)
~40|

130 140 150
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o
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0
-20)
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APA 3 - Runs [27913, 27914, 27915, 27916]

111-1 Run 27916 111-3 Run 27916
400 400
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0— o AT
0 20k 40k 0 0k 40k
111-36 Run 27916 111-34 Run 27915
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100 [ﬂ/‘\ 200
y W, '
0— 0—
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400 400
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300 |
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100 i
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f 100 f IL‘
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p e o W
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400 300
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00— Y20 o YW,
0 k 40k 0 0k 40k
111-27 Run 27915 111-25 Run 27915
550 300
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V
0 e 0.

0 20k 40k

111-4 Run 27916 111-6 Run 27916
300 e
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100 { A
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0 0k 40K ok 40k
111-33 Run 27915 Run 27915
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0~ i
0 0k 40k 20k 40k
111-5 Run 27915 Run 27915
300
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o LM o
0 0k 40K 0 0k 40k
111-32 Run 27914 111-30 Run 27914
100 u
\ W |
0k 40k 20k 40k
Run 27913 11146 Run 27913
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200 U\,
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20k 40k 0 ok 40k
Run 27913 111-11 Run 27913
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|
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200 1
too ¥ Pl
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0 0 Y
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200 150 f1
i
i 1 100 Hﬂ "
Y, 50 N
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——C.H.
C.H.

C.H

C.H.

C.H

C.H.

— C.H.
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C.H.
C.H.
C.H.
C.H.

. of channel 111-5

C.H.

. of channel 111-5 (Fit 1)

. of channel 111-7

C.H.

C.H
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C.H

C.H.

of channel 111-1
of channel 111-1 (Fit 0)

. of channel 111-1 (Fit 1)
. of channel 111-3
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of channel 111-3 (Fit 0)

. of channel 111-3 (Fit 1)
. of channel 111-4

C.H.
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. of channel 111-6

. of channel 111-6 (Fit 0)
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. of channel 111-36

. of channel 111-36 (Fit 0)
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C.H.
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. of channel 111-33
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. of channel 111-31

of channel 111-4 (Fit 0)
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of channel 111-36 (Fit 1)
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of channel 111-33 (Fit 0)
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of channel 111-2 (Fit 0)
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of channel 111-7 (Fit 0)
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C.H.
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C.H.
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C.H.
C.H.
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C.H.

of channel 111-37 (Fit 0)
of channel 111-37 (Fit 1)

of channel 111-35 (Fit 1)
of channel 111-32

of channel 111-32 (Fit 1)
of channel 111-30

of channel 111-30 (Fit 0)
of channel 111-30 (Fit 1)

of channel 111-41 (Fit 0)
of channel 111-41 (Fit 1)

of channel 111-43 (Fit 0)
of channel 111-43 (Fit 1)



Results (APA 3, batch 1, PDE 50%

APA 3 - Runs [27912, 27909, 27910, 27911]

111-1 10189 WK(s): [0,1
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~40|
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o
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APA 3 - Runs [27912, 27909, 27910, 27911]
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1000 rl ool
500 500 400 l]\
U\ 200 [¥ia
0—4 LN oo IS T - 0=~ A
0 k 40k 0 20k 40k 0 ok 40k
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Results (APA 3, batch 2, PDE 40%

APA 3 - Runs [28154, 28155, 28156, 28157, 28158]
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Results (APA 3, batch 2, PDE 45%

APA 3 - Runs [28165, 28166, 28167, 28168, 28169]
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Results (APA 3, batch 2, PDE 50%

APA 3 - Runs [28176, 28179, 28180, 28181]
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Results (APA 3, batch 3, PDE 40%

APA 3 - Runs [28361, 28364, 28365, 28366]
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Results (APA 3, batch 3, PDE 45%

APA 3 - Runs [28368, 28369, 28370, 28371, 28372]
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Results (APA 3, batch 3, PDE 50%

APA 3 - Runs [28376, 28377, 28373, 28374]
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Results (APA 4, batch 1, PDE 40%

APA 4 - Runs [27917, 27918, 27919]
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APA 4 - Runs [27913, 27914, 27915]
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APA 4 - Runs [27913, 27914, 27915]
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APA 4 - Runs [27909, 27910, 27911]
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Results (APA 4, batch 2, PDE 40%
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Results (APA 4, batch 2, PDE 45%

APA 4 - Runs [28165, 28166, 28167]
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Results (APA 4, batch 2, PDE 50%

APA 4 - Runs [28176, 28179]
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Results (APA 4, batch 3, PDE 40%

APA 4 - Runs [28361, 28364]
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Results (APA 4, batch 3, PDE 45%

APA 4 - Runs [28368, 28369, 28370]
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Results (APA 4, batch 3, PDE 50%

APA 4 - Runs [28373, 28374]
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