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New file organization

Acquired IV curves (now taken weekly) in:

/eos/experiment/neutplatform/protodune/experiments/ProtoDUNE-II/PDS_Commissioning/ivcurves

» All scripts regarding IV curves moved to:
https://github.com/DUNE/PDS/tree/main/scripts/iv_analysis

» Results of IV analysis are in:
https://github.com/DUNE/PDS/tree/main/data/iv_analysis

« Json maps for IV curve acquisition (with/without dead channels) are in:
https://github.com/DUNE/PDS/tree/main/maps
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https://github.com/DUNE/PDS/tree/main/scripts
https://github.com/DUNE/PDS/tree/main/scripts
https://github.com/DUNE/PDS/tree/main/scripts

IV curve algorithm

The program for IV analysis is called: IV_analysis.py + IV_analysis_utils.py (useful libraries and functions).

It determines the breakdown voltage and estimates the operation voltage.

It requires the following input parameters:

input_dir : /eos/experiment/neutplatform/protodune/experiments/ProtoDUNE-II/PDS_Commissioning/ivcurves/YYYYYY (related to a given run)
- output_dir : https://github.com/DUNE/PDS/tree/main/data/iv_analysis (default)

- endpoint: 104, 105, 107, 109, 111, 112, 113 or ALL

- trimfit : poly (default) , pulse or both

- map_path : /afs/cern.ch/user/a/anbalbon/IV_curve/PDS/maps/original_channel_map.json (default)

It produces four output files (for each endpoint, of a given run):
- XXXXXXXXXX_plots.pdf
- XX XX XXX XXX _output.txt
- XX XX XXX.XXX_Bias_IVplots_AFE.pdf

- XX XX XXX XXX_dic.json
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https://github.com/DUNE/PDS/tree/main/scripts

XX XX XXX XXX _plots.pdf

ENDPOINT:109 APA:2 AFE:0 Config_CH:6 DAQ_CH:6 SiPM:FBK

Bias REV IV curve Bias DAC-VOLT conversion
: - 0.008 e Acquired data
0.200 A I et Linear fit
: 28 y=0.039x+0.746
0.175 A 1
I +0.006 o
1 >
0.150 A ! b=
| g 2
- ] ol :]-.)
5 0.125 e Acquired Bias IV curve 1 100040 o
g — — Bias Vpg* = 720 (DAC) : S g
3 0.100 i N T 244
1 ©
0.075 - * 4 ooz E
: 2
0.050 | 22 4
00251 14 o ed.tael, .l i-o.ooo
. . ; ' — 20 1 . . . .
500 550 600 650 700 500 550 600 650 700
Bias (DAC) Volt
Bias + Trim REV IV curve Trim REV IV curve
0.30 4 0.30 A erivative of filtered data E
o . ¥ . ::lllere:deri:a’t‘itvefzrdP:lyﬂtSGFtw:ZO.d=Z) 0.005
; ) s igl(;’::xﬂ\l/ww 1251 +/- 154 (DAC)
0.25 - . 0251 5 Al - 0.004
% . ’ -0.003 ¢
0.20 1 g 0201 . k, 2
. . 3 -0.002 2
= : = —-";\f g
@ (0,15 *© AcquiredBias IV curve o015 ° % . o Acquired Tim IV curve L 0.001 2
‘5 e Acquired Trim IV curve \5 () 2 © Filtered IV curve SGF(w=10, d=1) . 8
° y © % : 0.000 %
0.10 1 ‘ 0.10 1 : ; — g
¢ O oL . ~° {uxd
s o, - ol ™ - —0.001
LA -
0.05 - 7 0.05 - e, - L 0.002
...'.'......"N‘.. 4 & ... '
0.00 A L 0.00 4 O - —0.003
20 22 24 26 28 0 1000 2000 3000
Volt Trim (DAC)
. W"’a Universita LI | 2
5 30/05/2024 Anna Balboni | IV curves update INEN {35, degistua MI"F
st o < | N




XX XX XXX XXX _Bias_|Vplots_AFE.pdf
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XX XX XXX XXX _output.txt

IP File_ name APA AFE Config CH DAQ_CH SIPM_type Run Endpoint_timestamp Start_time  End_time Bias_data_quality Bias_min_lI
Bias_max_| Vbd_bias(DAC) Vbd_bias(V) Vbd_bias_error(V) Bias_conversion_slope  Bias_conversion_intercept Trim_data_quality Trim_min_| Trim_max_|
Fit_status  Poly_Vbd_trim(DAC) Poly_Vbd_trim_error(DAC)Pulse_Vbd_trim(DAC) Pulse_Vbd_trim_error(DAC) Vbd(V) Vbd_error(V)
10.73.137.113 apa_4 _afe 0 _ch O.root 4 0 0 0 FBK May-09-2024-run00 May-09-2024 2153 May-09-2024 2154 May-09-2024 2157 Good
0.004 0.235 720 28.666 0.038 0.03916 0.469 Good -0.0970.239 Only polyfit 1078 129 nan nan 27.508 0.144

10.73.137.113 apa_4 afe 0_ch_2.root 4 0 2 2 FBK May-09-2024-run00 May-09-2024 2153 May-09-2024 2157 May-09-2024 2201 Good
0.010 0.274 720 28.667 0.039 0.03916 0.471 Good -0.0930.246 Only polyfit 1229 128 nan nan 27.346 0.143

10.73.137.113 apa_4 afe 0 _ch 5.root 4 0 5 5 FBK May-09-2024-run00 May-09-2024 2153 May-09-2024 2201 May-09-2024 2205 Good
0.009 0.217 720 28.656 0.028 0.03915 0.470 Good -0.0940.243 Only polyfit 1093 87 nan nan 27.481 0.098

10.73.137.113 apa_4 afe 0_ch_7.root 4 0 7 7 FBK May-09-2024-run00 May-09-2024 2153 May-09-2024 2205 May-09-2024 2208 Good
0.006 0.233 720 28.663 0.031 0.03915 0.472 Good -0.0950.233 Only polyfit 1198 163 nan nan 27.375 0.178
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XX XX XXX XXX __dic.json

v root v FBK_op_trim [] 8items
T 0 267
v fbk [ 8items LB
00 2 286
11 3 163
2 2 4 227
33 5 167
a4 6 220
55 7 228
v HPK_op_bias [] 7item
86 0 1136
Sk v HPK_op_trim [] 8items
v hpk [] 8items 0 140
08 1167
19 2 170
2 10 3 239
- Sk 4 101
4 12 5 93
5 13 6 55
6 14 7 141
715 timestamp "May-09-2024_2153"
v FBK_op_bias [] 7item run "May-09-2024-run00"
0 782 ip "10.73.137.104"
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New scripts for Vbd monitoring

Vbd_plot_single_run.py + Vbd_plot_utils.py (useful libraries and functions) which allows to

monitor the Vbd of a single run and produces two different plots:

- VB_HIST_X_RUN — an histogram with all endpoints (divided in FBK and HPK)
- CH_VBD_X_RUN — a plot where on the y axis there is the Vb of each channel and on the

X axis the name of the corresponding dag channel (all CH in the same plot)

Vbd_plot_all_run.py + Vbd_plot_utils.py (useful libraries and functions) which allows to see

how Vbd varies in time and produces two different plots:

- CH_VBD_VS_RUN — a plot for each AFE with the channel Vbd as a function of time
- AFE_VBD_VS_RUN — a plot for each endpoint with mean AFE Vbd as a function of time
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Vbd (V)

Example: CH_VBD_VS_RUN for endpoint 104
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Example: CH_VBD_VS_RUN for endpoint 105
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Vbd (V)

Example: CH_VBD_VS_RUN for endpoint 107
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Example: CH_VBD_VS_RUN for endpoint 109
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Example: CH_VBD_VS_RUN for endpoint 111
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Example: CH_VBD_VS_RUN for endpoint 112
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Example: CH_VBD_VS_RUN for endpoint 113
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Channel Vbd
May-17-2024_run00

RUN

CH_VBD_X_RUN for May-17-2024 run
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We noticed some strange Vbd values

(A) PAA

LOHD ETTdI
SOHDETTdI
ZOHD ETTdl
00HDETTdI
LYHD ZTdI
SPHD ZTTdI
ZPHI ZIdI
0PHD ZTTdl
LEHDZTdI
9EHD ZT1dI
SEHD ZTTdI
PEHDZTLdI
€EHD ZTTdI
ZEHD ZTTdI
1EHD ZLLdl
O0EHD ZTTdI
LZHDZTTdI
9ZHY Z11dI
SZTHY ZT1dI
PZHIZTLdI
€ZHD ZT1dI
2ZHDZTLdI
1ZHY ZTLdI
0ZHD ZTTdI
LTHDZTLdI
9THD ZT1dI
STHD ZT1dI
PIHD ZILdI
€THD ZTTdI
ZIHD ZTLdl
I ZTLdl
OTHD ZT1dI
LOHDZTLd!
90HD ZT1dI
SOHD ZTLdI
POHD ZT1LdI
€0HD ZTTdI
ZOHD ZTTdl
T0HI ZT1dl
00HD Z11dI
LYHDTTLdI
9YH TTLdI
SYHD LT LdI
PPHD TTTdI
EPHD TTTdI
ZyHD TTLdl
TYHD TTLdI
OPHD TTTdI
LEHO TTTd
9EHD TT1dI
SEHDTTLdI
PEHD TTLdI
€EHD TTTdI
ZEW T
TEHD TTLdI
OEHD_IT1dI
LZHOTTLLA
9ZH TTLdI
SZTHO TTLd
PZHD TTTdI
€ZHD TTTdI
ZzHd Tl
TZH TTTdI
OZHO T 1dI
LTHO T
9TH TT1dI
STHO TTLdI
PIHD TTIdI
€THD TTLdI
ZIHD TTLdl
TIHO TTIdI
OTHO T 1dI
LOHD TTTdI
90HD TTLdI
SOHD TT1dI
YOHD TTTdI
€0HD TTLdI
Z0HD TTTdl
T0HD_TTTdI
00HD T 1LdI
LYHD 60TdI
9YHI 601LdI
SPHD 60TdI
$PHD 60TdI
€¥HD 601dI
ZyHD 601dI
TYHD_60TdI
OYHO601dI
LEHD 60T
9EHD 601dI
SEHD 60TdI
$EHD 60TdI
€EHD 601
ZEHD 60TdI
TEHD 60TdI
0EHD 601TdI
LZHY 60TdI
9ZH) 601dI
SZHD 60TdI
$ZHD 60TdI
€2 601dI
ZZHD _601d1
1ZHO 601l
0ZHD 601dI
LTHD 60TdI
9THI 60TdI
STHD 60TdI
$THO 60TdI
£THD 601dI
ZIHD 601dI
TIHD 601dI
0THD 60TdI
LOHD 60TdI
90HI 601dI
SOHD 60Tdl
$OHD 60TdI
€0HD 601l
2Z0HD 601dI
T0HD 601dI
00HD 60TdI
LTHD LOTdI
STHD LOTdI
ZIHD_LOTdI
OTHD £0TdI
LOHI"LOTdl
SOHI_L0TdI
Z0HO“LOTd!
00HD LOTdI
9ZH) S0LdI
PZHI SOTdI
€2HD_S0TdI
1ZHI7S0Tdl
LTHD SOTdI
STHD S0TdI
ZIHO SOTdl
OTHD S0TdI
LOHDSOLdI
90HD S0TdI
SOHD_S0TdI
$OHD SO
£0HI SOTdI
20HI S0TdI
T0HO SOTd!
00HD S0TdI
LIHY S0TdI
9THD ¥OTdI
STHD ¥0TdI
PTHI V0TI
£THI YOTdI
ZIHD POLdI
TIHD bOTdI
0THD +0TdI
LOHI S0TdI
90HD ¥OTdI
SOHD ¥0TdI
$OHD YOTdI
€0HI ¥OTdI
Z0HO P01l
TOHD BOTdI
00HD vOTLdI

DAQ channel

ta

niversi

.m
78
o
=0
ow
Q0.

V]
d
d

s os,

%,

e um
P
RS

e

FERRARA

sttt Naziorale di Fsica Nacleare

INFN

‘Sedon i ferara

Anna Balboni | IV curves update

30/05/2024

18



-2024_run00

Channel Vbd
May-17

RUN

LOHD ETTdI
SOHDETTdI
ZOHD ETTdl
00HDETTdI
LYHD ZTdI
SPHD ZTTdI
ZPHI ZIdI
0PHD ZTTdl
LEHDZTdI
9EHD ZT1dI
SEHD ZTTdI
PEHDZTLdI
€EHD ZTTdI
ZEHD ZTTdI
1EHD ZLLdl
O0EHD ZTTdI
LZHDZTTdI
9ZHY Z11dI
SZTHY ZT1dI
PZHIZTLdI
€ZHD ZT1dI
2ZHDZTLdI
1ZHY ZTLdI
0ZHD ZTTdI
LTHDZTLdI
9THD ZT1dI
STHD ZT1dI
PIHD ZILdI
€THD ZTTdI
ZIHD ZTLdl
I ZTLdl
OTHD ZT1dI
LOHDZTLd!
90HD ZT1dI
SOHD ZTLdI
POHD ZT1LdI
€0HD ZTTdI
ZOHD ZTTdl
T0HI ZT1dl
00HD Z11dI
LYHDTTLdI
9YH TTLdI
SYHD LT LdI
PPHD TTTdI
EPHD TTTdI
ZyHD TTLdl
TYHD TTLdI
OPHD TTTdI
LEHO TTTd
9EHD TT1dI
SEHDTTLdI
PEHD TTLdI
€EHD TTTdI
ZEW T
TEHD TTLdI
OEHD_IT1dI
LZHOTTLLA
9ZH TTLdI
SZTHO TTLd
PZHD TTTdI
€ZHD TTTdI
ZzHd Tl
TZH TTTdI
OZHO T 1dI
LTHO T
9TH TT1dI
STHO TTLdI
PIHD TTIdI
€THD TTLdI
ZIHD TTLdl
TIHO TTIdI
OTHO T 1dI
LOHD TTTdI
90HD TTLdI
SOHD TT1dI
YOHD TTTdI
€0HD TTLdI
Z0HD TTTdl
T0HD_TTTdI
00HD T 1LdI
LYHD 60TdI
9YHI 601LdI
SPHD 60TdI
$PHD 60TdI
€¥HD 601dI
ZyHD 601dI
TYHD_60TdI
OYHO601dI
LEHD 60T
9EHD 601dI
SEHD 60TdI
$EHD 60TdI
€EHD 601
ZEHD 60TdI
TEHD 60TdI
0EHD 601TdI
LZHY 60TdI
9ZH) 601dI
SZHD 60TdI
$ZHD 60TdI
€2 601dI
ZZHD _601d1
1ZHO 601l
0ZHD 601dI
LTHD 60TdI
9THI 60TdI
STHD 60TdI
$THO 60TdI
£THD 601dI
ZIHD 601dI
TIHD 601dI
0THD 60TdI
LOHD 60TdI
90HI 601dI
SOHD 60Tdl
$OHD 60TdI
€0HD 601l
2Z0HD 601dI
T0HD 601dI
00HD 60TdI
LTHD LOTdI
STHD LOTdI
ZIHD_LOTdI
OTHD £0TdI
LOHI"LOTdl
SOHI_L0TdI
Z0HO“LOTd!
00HD LOTdI
9ZH) S0LdI
PZHI SOTdI
€2HD_S0TdI
1ZHI7S0Tdl
LTHD SOTdI
STHD S0TdI
ZIHO SOTdl
OTHD S0TdI
LOHDSOLdI
90HD S0TdI
SOHD_S0TdI
$OHD SO
£0HI SOTdI
20HI S0TdI
T0HO SOTd!
00HD S0TdI
LIHY S0TdI
9THD ¥OTdI
STHD ¥0TdI
PTHI V0TI
£THI YOTdI
ZIHD POLdI
TIHD bOTdI
0THD +0TdI
LOHI S0TdI
90HD ¥OTdI
SOHD ¥0TdI
$OHD YOTdI
€0HI ¥OTdI
Z0HO P01l
TOHD BOTdI
00HD vOTLdI

Savy

L P P 0 B
ita

niversi

.m
78
o
=0
ow
Q0.

V]
d
d

s os,

%,

e um
P
RS

e

FERRARA

sttt Naziorale di Fsica Nacleare

INFN

‘Sedon i ferara

{58 7 Y J T B S S B L GFL S R B RS RY N P T G R B AP RO Sl B R P W R P P R B S RN (P 9 O B FY3 e

&
-
&
L3
@
k2l

| JEL 7 SR K5, I B

$8g400%000,

o
o
=
®
-

DAQ channel

L LLT PR DO N BAE |
Y1 LA MY PR LT M
T T T T T T

0 o0 oo
TTTTTTTT

Anna Balboni | IV curves update

R R B I |

Sesgsete
10.73.137.104
10.73.137.105
10.73.137.107
10.73.137.109
10.73.137.111
10.73.137.112
10.73.137.113

% 7 P R

sugegns?

Endpoint
Endpoint
Endpoint
Endpoint
Endpoint

Endpoint
Endpoint
30/05/2024

)
.
.
.
.

Regarding channels with low Vbd...

40 A
30 A
0
10 A
0

19

(A) PAA



We noticed that these channels have a “steep IV curve”:
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We noticed that:

DAQ_CH 1
DAQ_CH 1

0 - endpoint 109
7/ - endpoint 109

have a bad bias IV curve

Bias REV IV curve

0.024

| Fo0.0004
0.023 :
® |
. l
D22 i - 0.0002
. 0.021 4 :
c
(0] e Acquired Bias IV curve ® ! |
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o v !
Bias scan error :
0.019 N
| I —0.0002
0.018 A :
|
0.017 1 | -0.0004
1
500 600 700 800 900
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- DAQ_CH 11 - endpoint 109
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- DAQ_CH 14 - endpoint 109
- DAQ_CH 16 - endpoint 109
- DAQ_CH 14 - endpoint 112

I\V_curve file.root is missing

Information about dead and strangly-behaving
channels is stored in the mapping spreadsheet
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https://docs.google.com/spreadsheets/d/1zzlUnk-Bd3HPtZjVei6dwMzZfJfmq4GauykcVqXREKw/edit#gid=695481482

Next steps

Add all scripts / data on GitHub (PDS)

Produce documentation in GitHub (the scripts are already documented in the experts documentation)

Improve the algorithm for analyzing IV curves to handle noisy channels

Produce an update json map with only “good channels” (not-dead / only connected ones) and use it to acquire IV curves

Produce a new json map that will be used to set the operation bias, with the following organization:

'10.73.137.104": {'apa’: 1, 'Vop_bias": [ , , ,

'10.73.137.105'
'10.73.137.107'
'10.73.137.109'
'10.73.137.111°
'10.73.137.112'
'10.73.137.113'

: {'apa": 1,
: {'apa":
: {'apa":
: {'apa':
: {'apa":
: {'apa":

—i

N

w

N

N

, ], 'Vop_trim'
‘Vop_bias': [ , , , , ], 'Vop_trim'
‘Vop_bias': [ , , , , ], 'Vop_trim'
‘Vop_bias': [ , , , , ], 'Vop_trim'
'‘Vop_bias': [ , , , , ], 'Vop_trim'
'‘Vop_bias': [ , , , , ], 'Vop_trim'
'‘Vop_bias': [ , , , , ], 'Vop_trim'

[
[
[
[
[
[
3l

) ) ) H ) ) H J H ) b H ) H ) ) H ) H J ) H ) H ) ) H ) H ) ) H ) ) H

SR | ¢
e 1h
e b
SRR | #
SRR | #
s s 1h
S|

where Vop_bias is an array of 5 elements (one for each AFE) and Vop_trim is an array of 40 elements (one for each CH)

23

30/05/2024

Anna Balboni | IV curves update

o W"a Universita
> degli Studi
S '@’" di Ferrara




Next steps

« Take data with updated maps as input
« Equalize the gains for self-trigger channels and cross check with the IV

» Equalize the full stream channels (less trivial)
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Thank you for the attention!
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