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We present the results of the one year monitoring of absorption and scattering lengths of light
with wavelength 375-532 nm within the effective volume of the deep underwater neutrino
telescope Baikal-GVD, which were measured by a device «BAIKAL-5D». The «BAIKAL-5D»
was installed during the 2020 winter expedition at a depth of 1250 m. To carry out the optical
measurements, we use a device with a shaded point-like isotropic light source having a spectral
resolution of about 3 nm. A wide angle light receiver is moved by a stepper motor so that the
distance between the receiver and the light source can vary from 0.9 m to 7.4 m. The absorption
and scattering lengths were measured every week in 6 spectral points. The short-time variation
of absorption length was estimated.
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1. Introduction

The underwater neutrino telescope Baikal-GVD uses the photomultiplier tubes (PMTs) for
collecting the Cherencov light emitted by the charged particles passing through effective volume
of the detector. The array PMTs are buried in the deep water of Baikal lake. Therefore,
knowledge of the optical properties of deep water of Baikal lake is essential for the operation of
the Baikal-GVD as well as for the analysis of collected data. The scattering of light is

quantitatively described by the so-called hydro-optical characteristics, absorption length L,(A)
and absorption coefficient (a=1/L,(4)), whereas for the scattering of light, the relevant
quantities are scattering length L, (1), scattering coefficient (b=1/L,(1)), and scattering
function y(y,A), with 1 as the wavelength and y as the scattering angle [1].

In this paper, we study the scattering and absorption of light with wavelenths in the range
of 375-532 nm at a depth of 1250 m in Baikal lake using the data collected in the period from
April 2020 to January 2021.

2. Device construction and measurement method

For in situ measurement of light scattering and absorption, the «BAIKAL-5D» instrument
was developed. «BAIKAL-5D» was installed in the deployment area of the underwater neutrino
telescope Baikal-GVD at a depth of 1250 m and provided the ability to monitor the absorption
and scattering of water in the period from April 2020 to January 2021.

absorption
a= 0.066478 (1/a= 15.0427Tm)
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Figure 1: Layout of the «<BAIKAL-5D» instrument with movable parts shown in three different positions
(b), algorithm of measurement of absorption length (a) and scattering length (c).



Monitoring of optical properties of deep lake water E. Ryabov

The device (Fig. 1, b) has a hermetically sealed main housing (marked with 1), containing
the electronics of the device and a monochromator inside, from the output slit of which the light
enters through a light guide into a point-like quasi-isotropic emitter (marked with 2) mounted on
the end cover of the housing. The spectral resolution of the light source is about 3 nm. On the
main housing, a light receiver displacement drive (marked with 3) and a direct light source
shading system (screen and stepper motor , marked with 4 and 5, respectively), providing an
angular shadow size of 0.5° and 1°, are installed on the outside. The wide-angle receiver
(marked with 6) in a separate housing is moved on thin cables so that the distance between the
source and the receiver can vary in increments of 0.65 mm within 0.9-7.4 m. The device is
controlled remotely from the shore computer, the program of which implements various
measurement algorithms. To monitor possible changes in the geometry of the device due to
underwater currents and string movements, a current sensor is installed above the device.

The methodological basis for measuring the absorption and scattering by such a device is
discussed in detail in [2, 3, 4]. The algorithm used in this study for measuring the dependencies
of absorption and scattering of light is as follows.

Measurement of absorption (Fig. 1, a). For a fixed wavelength, the dependence of the
average intensity value [/, on the R, (distance between the receiver and the source) is

measured:

m R —R._
1k=%21j(1e,(), Ry =Ryt == k ke =[05n], n=16+32,
j=1

where n - number of distance point, and m - number measurements in every point.
A linear approximation of the sequence of values {R;, In(/; R:)}:

In(I,R}) =—aR, +const, a=a(A)=1/L,(1)
is performed using the method of least squares over a distance range of 1.5+7.0 m.
Measurement of scattering (Fig. 1, b). For the fixed wavelength and maximum distance R

from the source to the receiver, the average intensity values from the open /,,,, and shaded
I

close

source are measured. The scattering length is calculated by the formula [3]:

b=1/L,(A)=-In(-1,/I, )/R.

open

2. Measurement results

The scattering length and absorption length were measured regularly once a week at six
wavelengths: 375nm, 395nm, 430nm, 460nm, 490nm, 532nm.

From Figures 2 and 3, the following important features of absorption and scattering of
lights are understood.

1. The trend for an increase in the absorption length was observed from April to the end of
September and the subsequent exit to the plateau (Fig. 2). It is also possible to distinguish the
minimum of absorption for all wavelengths on 21.10.2020.

2. The highest scattering of light was observed in the month of July (Fig. 3). It can be
especially noted on 22.07.2020, when for all wavelengths the scattering length Lj, (4) sharply
decreased by 15-20% compared to that on 15.07.2020 and 29.07.2020. This point is also
interesting because the count rate of the receiver with the source turned off-increased from
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64Hz to 127 Hz. This can be most likely due to the arrival of a water layer with a different
distribution of the suspension, which is also characterized by an increased glow, specific to this

depth and time [1], and is recorded by the optical modules of the neutrino telescope.
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Figure 2: The time dependence of the absorption length during 2020 for six different wavelengths.
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Figure 3: The time dependence of the scattering length during 2020 for six different wavelengths.

3. Minimum scattering occurring in mid-October.

The above measurements do not show short-time changes in absorption and scattering
coefficients. A series of 10 measurements carried out in April and October with an interval of 1
hour with a single wavelength of 460 nm showed a scatter of values of coefficients not
exceeding +3% (the difference between the maximum and minimum values of absorption
coefficients), which is comparable with the measurement error.
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Figure 4: Short-time variation of absorption.

However, the hourly measurements of the absorption from 08.01.2021 to 11.01.2021
showed a change in the absorption coefficient in the range of 0.049-0.058 m™ with a
characteristic period of about 16 hours as shown in Fig. 4.

The spread in the values of the absorption coefficient exceeds the measurement error by a
factor of 3 or more. In this case, the dependence of In(/;R,’) on R; is linear in each
measurement and differed only in the absorption coefficient. This fact greatly disfavors the
probability of a large instrumental error of measurements.

The short-time variation of absorption in January and its absence in April and October,
from our point of view, can be explained as follows. The existing measurements of currents and
temperatures at the location and at the depth of the installation of the «BAIKAL-5D» (from
2019) indicate the development of the processes of transfer of water volumes in the period from
November to January, which are especially clearly manifested during a storm. The period of
these changes is also 15 to 17 hours. Unfortunately, there are no current and temperature data
related to the time of the recorded changes in the absorption coefficient (the current sensor was
damaged by a thunderstorm in July 2020). However, stormy weather during the measurement
period suggests that currents and transfer of water volumes with different hydro-optical
characteristics near the instrument could take place both in the vertical and horizontal planes.
Under such conditions (currents and transfer of water volumes), the relative short-term change
in the absorption coefficient can be estimated to be within +£10% and can be associated with the
movement of water volumes with different hydro-optical characteristics.

3. Conclusion

In 2020, we managed to implement continuous monitoring in situ of absorption and
scattering lengths of light with wavelength 375+532nm within the effective volume of the deep
underwater neutrino telescope Baikal-GVD using the «BAIKAL-5D»  device without
performing maintenance and adjustment procedures for 9 months. The data obtained make it
possible to estimate long-term and short-term changes in absorption and scattering. The values
of the absorption and scattering coefficients coincide with good accuracy with the previously
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obtained data [5] and the 2021 measurements by «BAIKAL-5D» Neo2 - the improved version of
the device «BAIKAL-5D».
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