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The main purpose of the Baikal-GVD Data Quality Monitoring (DQM) system is to monitor the
status of the detector and collected data. The system estimates quality of the recorded signals
and performs the data validation. The DQM system is integrated with the Baikal-GVD’s unified
software framework ("BARS") and operates in quasi-online manner. This allows us to react

promptly and effectively to the changes in the telescope conditions.
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1. Introduction

Baikal-GVD is a km3-scale neutrino telescope currently under construction in Lake Baikal [1,
2]. It produces about 100GB of data every day, and verification of large amount of data is necessary.
The main purpose of the Baikal-GVD Data Quality Monitoring (DQM) system is to monitor the
status of the detector and collected data. The system estimates quality of the recorded signals
and performs the data validation. The DQM system is integrated with the Baikal-GVD’s unified
software framework "BARS" [3] and operates in quasi-online manner. The characteristics of data
records under monitoring form two groups of parameters related to the distributions described the
Poissonian character of events flow, and also the signal charge measurements. The first group
consists of the exponential distribution, uniform distribution and Poissonian one. The second group
comprises the single photoelectron (p.e) distribution, channel noise rate, and trigger thresholds.
We fit the distributions with expected functions by means of the minimum chi square method, and
x?/NDF parameter is used to obtain quality estimations.

2. Estimation of the Poissonian character of events flow

The signals generated by atmospheric muons and lake random noise are dominated in the total
data flow of the telescope. Detection of this type of events is Poissonian-like process and recorded
telescope data obey the next three distribution — exponential, Poissonian, and uniform. These
distributions are checked for all levels of the telescope — for channel (single optical module (OM)),
for section (section is a minimal structure unit of the detector, twelve linked optical modules), and
for the whole cluster. The calibration systems used for PMT calibration, such as LED matrices
or laser sources, operate with fixed frequency and emit the light that should worsen the shape of
distributions, and therefore the fit quality decreases. On the other hand, unstable environmental
conditions of the telescope [4], namely, a possible dynamical changing of the count rate during the
seance of data taken (so-called "run") also lead to deterioration of distributions.

2.1 Exponential distribution test

The time difference between two consecutive events is described by the exponential function.
Figure 1 presents distributions for such time differences obtained for some selected channels. We
take into account dynamical changing of the count rate during run, as it is shown in left panel.
For such cases we fit the distribution by a set of exponential functions with different slopes, that
correspond to different stable values of the count rate. There are clearly effect of laser source applied
during calibration run, consequently the exponential distribution worsens and y?/NDF parameter
is rather high (Figure 1 (right)).

2.2 Uniform distribution test

Uniform distribution is described the count rate of the recorded events during a run. It is
expected that the distribution of the rate of atmospheric muons and lake random noise in stable
environmental condition is linear with certain slope and should be described by the first order
polynomial function as it is shown in Figure 2 (left), where uniform distribution for some selected
channel is shown. On the other hand, when environment during the run becomes unstable and the
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Figure 1: Exponential distributions for some selected channels:
laser source (right).
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Figure 2: Uniform distributions for some selected channels: stable (left), and unstable (right) environmental
condition.

count rate quickly changes, we describe uniform distribution by a set of harmonic functions (see
right panel in Figure 2).

2.3 Poissonian distribution test

The expected number of the recorded events should follow the Poissonian distribution for any
fixed time interval (Figure 3). In order to decrease an impact of the unstable environment, we
divide the whole run to parts with stable count rate. For each of run parts the fixed time interval
is chosen to have approximately 20 recorded events on average. As one can see in right panel of
Figure 3, there is clear effect of the calibration run with the laser source switched on, when the
distribution differs from poissonian shape, and the bin content in statistically suppressed regions of
the distribution is high due to laser events, as well as the mean value of distribution differs from
expected number of recorded events.

3. Charge distributions test

The second group of parameters which monitors the charge characteristics of signals from
every PMTs is referred to charge distributions. The quality of the charge related data is estimated
only for channel level. The trigger condition of the detector is fulfilled if neighbor pair of channels
produces signals exceeding low charge threshold (~ 1.5 p.e.) and high one (~ 4 p.e.). In order to
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Figure 3: Poissonian distributions for some selected channels: standard run (left), calibration run with laser
source (right).

analyze trigger signals separately from non-trigger signals, a special algorithm is applied to raw
data waveforms which reconstructs the trigger implementation for each individual event.

3.1 Non-trigger signals

Any PMT signal exceeding the so-called "filter threshold" (~ 0.5 p.e.) is recorded. Using
information from channels that did not fire the trigger for a given event we obtain the combined
charge distribution of non-trigger signals (Figure 4). Combined distribution consists of dominated
single p.e. gaussian distribution and unessential contributions from dark currents of PMT (to the
left of 1 p.e. peak), and 2 p.e. distribution (to the right). After fitting the combined distribution by
a sum of one exponential function and two gaussian functions we can determine the position of the
single p.e. peak for given channel in the current run, produced mainly by random noise. This value
is used as calibration factor for recorded charge from FADC counts to p.e. values.

AI AQ-G QP‘rngminary

o
o
o
o

chan084_QCalib_1

Entries a7as96

Number of signals
(2] (o]
o o
o o
o o

sigma 4520 £ 6958

07212 207278

4000

Exponent fraction 0,200 05715

2000

(IS e R N P
150 200 250 300
Charge [FADC]

Ll
0 50 100

Figure 4: The charge distribution of non-trigger signals for a some selected channel.

Non-trigger signals also give the opportunity to estimate the noise count rate. Figure 5 shows
background noise characteristics of the collected data. It is expected that noise rate values should
increase towards the higher vertical position of the channel on the string due to chemi luminescence
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(left panel) [4]. We found that at every depth the channel noise rate is quite stable and practically
do not depend on individual PMT, as it can be seen from the right panel of Figure 5, where the
distribution of the mean noise rate deviations of each channel from depth-averaged rate obtained
within over a half of season is shown.
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Figure 5: The noise rates for channels in some selected run (left). Channels noise deviation from the
depth-averaged value (expressed in standard deviation counts) during over a half of season (right).

3.2 Trigger signals

By using data on trigger signals, the DQM system performs monitoring of the measurements of
the trigger charge thresholds. Low and high threshold values are set (or initialized) in the telescope
configuration and are equal to ~ 1.5 p.e. and ~ 4 p.e., respectively. Initialized thresholds are set
in 4 consecutive FADC counts, and it leads to an increase of the thresholds. We calculate the
correction factor (that is equal to ~ 1.25) and then obtain a precise initialized threshold values in
photoelectrons. Figure 6 (left panel) shows the trigger thresholds that are measured in every run.
The stability of these values is permanently monitored by the system for all channels during the run
as well as the season.
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Figure 6: The signal charge values for some selected channel participating in the trigger (left). Low and
high thresholds within over a half of year for some channel (right). Blue color stands for low threshold, and
red color stands for high threshold.

We found that the low and high thresholds expressed in terms of p.e. are quite stable for
channels within season as it is shown in Figure 6 (right), where threshold measurements over half of
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a year for some selected channel are plotted. Also, DQM system controls a deviation of measured
thresholds from initialized values. Figure 7 shows the ratios of initialized to measured thresholds
for some selected channel, which were collected during half of a year. We found a good agreement
between initialized and measured thresholds within large data sample. As expected, these values

are close to 1 and maximal deviations are smaller than 10%.
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Figure 7: Ratios of the initialized to measured trigger thresholds collected within over half of a year for
some selected channel. Left panel stands for low threshold, and right one stands for high threshold.

4. Quality estimation algorithm

The purpose of the quality estimation algorithm is to obtain the quality status of the recorded
data for each telescope unit. Channel, section and cluster levels are considered independently. Fit
quality is estimated via y?/NDF parameter with threshold values for good (<2), normal (<4), and
bad (>4) data. Fit quality estimations for each distribution are summed up as logical and. There
are eleven ranking markers for data quality status (codes):

0 — excluded by configuration (defined by detector performance experts)
1 — empty data (<100 events in channel)

2 — good data

3 —normal data

4 — bad data

5 — good data but periodic light source is detected

6 — normal data but periodic light source is detected

7 — bad data but periodic light source is detected

8 — good data but unstable environmental conditions are detected

9 — normal data but unstable environmental conditions are detected

10 — bad data but unstable environmental conditions are detected
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5. Graphical user interface

The DQM system is integrated within our unified software framework "BARS" and operates
automatically. The results obtained by system are placed into the central database, and are showed
on the dashboard web service. Also, the DQM system has a graphical user interface, that allows use
the DQM outputs in off-line mode (see Figure 8). There is opportunity to check quality estimations
for selected parameters (for example for exponential distribution, or for exponential distribution with
poissonian one and so on), as well as use combined result obtained by using all distributions. An
explicit view of the distributions with fit function can be shown along with graphs which represent
the deviation of distribution from the obtained fit-function for all bins. Also, by hovering the mouse
one can see short statistic box with fit quality results. Any level of the telescope can be seen
independently and supporting information like timestamps of start and stop run, total number of
events in run, and so on is presented.
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Figure 8: Graphical user interface of the DQM system.

6. Summary

We present the system which using to provide the quality estimations of recorded data of the
Baikal-GVD. Data quality monitoring system operates automatically within Baikal-GVD’s unified
software framework "BARS" and it’s graphical user interface allows to analyze the data quality
in an off-line mode. DQM system takes into account a possible quick change of the telescope’s
background environment. By means of some examples of the data recorded during the 2020 season
it was shown that applying various parameters for data quality analysis allows to estimate the quality
of obtained data efficiently.
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