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We present the results of the two-year (2021-2022) monitoring of absorption and scattering lengths
of light with wavelength 400—620 nm within the effective volume of the deep underwater neutrino
telescope Baikal-GVD, which were measured by a device «BAIKAL-5D» Ne2. The «BAIKAL-
5D» Ne2 was installed during the 2021 winter expedition at a depth of 1180 m. The absorption and
scattering lengths were measured every week in 9 spectral points. The device «BAIKAL-5D» No2
also has the ability to measure detailed scattering and absorption spectra. The data obtained make
it possible to estimate the range of changes in the absorption and scattering lengths over a
sufficiently long period of time and to investigate the relationship between the processes of
changes in absorption and scattering. An analysis was made of changes in absorption and
scattering spectra for the period 2021-2022.
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1. Introduction

The underwater neutrino telescope Baikal-GVD uses photomultiplier tubes (PMTs) for
collecting the Cherenkov light emitted by the charged particles passing through the effective
volume of the detector. The array PMTs are installed in the deep water of lake Baikal. Therefore,
knowledge of the optical properties of the deep water of lake Baikal is essential for the operation
of Baikal-GVD as well as for the analysis of the collected data. The scattering and absorption of
light is quantitatively described by the so-called hydro-optical characteristics, i.e. absorption
length L, (1) or absorption coefficient a(1) = 1/L, (1), whereas for the scattering of light, the
relevant quantities are the scattering length Lj, (1), or scattering coefficient b(1) = 1/L, (1), and
scattering function y(y, 1), with A being the wavelength and y as the scattering angle [1].

For in situ long-term measurements of the scattering and absorption of light, the staff of the
Institute of Applied Physics ISU developed a series of devices «BAIKAL-5Dy. During the winter
expeditions of 2020 and 2021, two instruments, «BAIKAL-5D» Nel and «BAIKAL-5D» Ne2,
were installed in the deployment area of the underwater neutrino telescope Baikal-GVD at depths
of 1250 m and 1180 m, respectively.

2. Device structure and measurement method

The device (Fig. 1, b) has a hermetically sealed main housing (labeled “1” on the figure), a
point-like quasi-isotropic emitter (2), a light receiver displacement drive (3), a direct light source
shading system (a screen and a stepper motor , labeled 4 and 5, respectively) and the wide-angle
receiver (6) in a separate housing which is moved on thin cables so that the distance between the
source and the receiver can vary in increments of 0.64 mm within 1.5-7.5 m. In more detail, the
layout of the «BAIKAL-5D» instrument and the principle of operation are described in [2].

The methodological basis for measuring the absorption and scattering by a device like
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«BAIKAL-5D» is discussed in detail in [3, 4, 5]. It should be noted that the design of the
«BAIKAL-5D» instruments allows only the forward scattering component (excluding scattering

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).
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at an angle of less than 1°) to be measured. For deep lake Baikal water, the estimation of b
coinsides with forward scattering coefficient b4, within experemental error [4]. The algorithm
used in this study for measuring the dependencies of absorption and scattering of light is as
follows.

Measurement of absorption. Algorithm Al: for a fixed wavelength, the dependence of the

average intensity value Tt on the distance R between the receiver and the source is measured:
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where 7 is the total number of distance points, and m is the number of measurements in each point
(Fig. 1, a). A linear approximation of the sequence of values {Ry, In(/s Ri’)}:

In(/,R})=—-aR, +const a=1/L,
is performed using the method of least squares in the distance range of 1.5 to 7.0 meters.

Algorithm A2: For two distances, R, and R, , the spectra of the primary source, 1i(4) and

L) , are measured in the wavelength range of 390-620nm. The spectral dependence of the ab-

sorption coefficient is calculated by the formula:
a(2) = [In(1, (AR - In(1,(DRD)|(R, - R,).
Measurement of scattering. Algorithm S1: for the fixed wavelength and maximum distance

. . . . . 1
R=7.5 m from the source to the receiver, time-averaged intensity values ' and ~closeare

measured with an open and shaded source (Fig. 1, ¢). The scattering coefficient is calculated by
the formula:

b=1/L,=-In(1-1,,/1,,)/R
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Algorithm S2. This algorithm uses the measurement of the spectra of the primary source in

I (4
the range of 390-620 nm with an open open(2) and shaded Zctose ) source. The spectral de-
pendence of the scattering coefficient is calculated by the formula:

b(A)=1/L,(A)=—In(l= 1, (A)/1
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(A)/R.

Algorithms A1l and S1, due to data averaging and shorter measurement time, make it possi-
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ble to obtain the values of absorption and scattering coefficients with a smaller error than algo-
rithms A2 and S2, in which data averaging is problematic due to the factor of temporal instabil-
ity of the light source and the measuring channel.

3. Measurement results

During the period 2021-2022, the «BAIKAL-5D» Ne2 (depth 1180 m) device worked all the
time, excluding the winter expedition of 2022, and the «<BAIKAL-5D» Nel (depth 1250 m) device
- only from April 2022. Below we will present the results of the measurement with the « BAIKAL-
SD» Ne2, using the data from the «kBAIKAL-5D» Nel for comparison. The random component of
measurement error of the absorption coefficient, using the Al algorithm, was 2-4% and of the
forward scattering coefficient (excluding scattering at an angle of less than 1°), using the S1
algorithm, was 3-7%.
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