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Abstract—The paper describes the Sun-Terahertz space experiment planned for 2025—2027 onboard the Rus-
sian segment of the International Space Station (ISS). The main goals of the experiment are to obtain infor-
mation on the terahertz radiation of the Sun, as well as to study active regions and solar flares. The scientific
instrumentation of the Sun-Terahertz experiment contains eight channels (detectors) sensitive to radiation in
a frequency range of 0.4—12.0 THz. The purpose of this study is to estimate the voltage at the output of sci-
entific instrumentation detectors during the ISS onboard experiment from the ground-based measurement
data and to determine minimal increases in the radiation flux reliably registered by the scientific instrumen-

tation against the background of inherent noises.
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INTRODUCTION

The Sun is a strong source of electromagnetic radi-
ation in a wide range of frequencies and energies. Cur-
rently, ground-based and extra-atmospheric monitor-
ing of solar radiation is carried out in almost the entire
spectrum, from radio to gamma radiation (Kinnison
etal., 2020; Howard et al., 2013; Domingo et al., 1995;
Davila et al., 1996). However, the terahertz range
remains the least studied, since it is almost completely
absorbed by the terrestrial atmosphere. The exceptions
are, first, the THz—mid-IR range at a frequency of
about 15 THz (Giménez de Castro et al., 2020), within
which the atmosphere is not completely opaque, espe-
cially at high altitudes where the water vapor content is
substantially lower, and, second, the IR transparency
window with a central frequency of about 30 THz
(approximately 21—38 THz), through which the radi-
ation can be registered (Kaufmann et al., 2015).

The Sun-Terahertz space experiment is primarily
focused on a thorough study of solar radiation induced
by flare activity in the terahertz range (Kalinin et al.,
2021). The main goal of the experiment is to obtain
new observation data that are necessary to construct
and improve physical models of generating powerful
solar proton flares and to develop methods for their
operational forecasting (Kaufmann et al., 1985, 2001,

2003, 2004; Kaufmann, 1996; Krucker et al., 2013;
Luthi et al., 2004; Makhmutov et al., 2003, 2011).

Studying flare activity at different frequencies
allows us to investigate physical processes occurring at
different levels of the solar atmosphere.

In the IR and subterahertz ranges, the radiation of
both thermal (free—free emission) and nonthermal
nature, associated with electron acceleration, is
observed. Particularly, observations in the submilli-
meter range provide insight into the mechanisms of
acceleration and transfer of high-energy electron flows
in the lower layers of the atmosphere—from the tran-
sition region to the chromosphere (Wedemeyer et al.,
2016). In a number of observations, the subterahertz
radiation exhibits a spectral component that grows
with frequency, which sharply distinguishes it from the
classical synchrotron spectrum decreasing in the
microwave range (Kontar et al., 2018). In some cases,
the components, emitting exclusively in the subtera-
hertz range and having no pronounced association
with microwave bursts, are recorded, which indicates
possible localized sources of high density and tem-
perature (Kaufmann et al., 2004; Krucker et al., 2013).
These anomalous spectral features suggest that it is
necessary to study radiation in a range of higher tera-
hertz frequencies.
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Fig. 1. The scientific instrumentation of the Sun-Terahertz
experiment when measuring the solar radiation.

To obtain new experimental data in a range of 1—
10 THz is of high importance for determining the
physical nature of the additional spectral component
and for identifying the frequencies, at which the slope
of'the spectrum of solar flares changes. These data will
make it possible to refine the parameters of sources
and mechanisms generating radiation, as well as to
improve predictive models of solar activity, including
estimates of the probability and intensity of proton
flares.

INSTRUMENTATION FOR THE SUN-
TERAHERTZ EXPERIMENT

The Sun-Terahertz scientific instrumentation con-
tains an electronics module and a block of eight detec-
tors (channels) sensitive to radiation at frequencies of
0.4,0.7, 1.0, 3.0, 5.0, 7.0, 10.0, and 12.0 THz (Philip-
pov et al., 2024a). Each of the detectors consists of the
following components: an optical telescope contain-
ing a large and a small mirror (Kvashnin et al., 2021);
a system of filters (Kropotov et al., 2023) that includes
a cut-off low-pass filter (LPF 23.1; https://
www.tydexoptics.com/pdf/ru/THz_Low_Pass Fil-
ter.pdf) and a band-pass filter (BPF; http://
www.tydexoptics.com/ru/products/tgc-ustrojstva/
thz_band_pass_filter/); an optical chopper (Philippov
et al., 2023); a receiver, which is an optoacoustic con-
verter (OAC)—the Golay cell—with an entrance win-
dow made of high-density polyethylene (HDPE;

https://www.tydexoptics.com/ru/products/thz_op-
tics/thz_materials/) (Kaufmann et al., 2014; Kropo-
tov and Kaufmann, 2013; Philippov et al., 2024b); and
an amplifier board.

The onboard implementation of the Sun-Terahertz
space experiment is planned for 2026—2027.

MODEL OF ATMOSPHERIC ABSORPTION
OF SOLAR RADIATION

To verify the functionality of the scientific instru-
mentation, the latter was installed on a specially con-
structed platform (Fig. 1). The measurements of solar
radiation were carried out at the Dolgoprudny
research station (DRS) of the LPI RAS.

To analyze the results of ground tests of a flight
prototype of the scientific instrumentation, as well as
to evaluate signals from the detectors receiving the
quiet Sun radiation during the experiment onboard
the ISS, it is necessary to take into account the influ-
ence of the atmosphere on the data of ground tests—
the scattering and absorption, which is caused by a
combination of the following basic mechanisms.

(1) The gaseous component of absorption resulting
from absorption by molecules of atmospheric gases in
their characteristic lines and bands, which is described
by the HITRAN databases (Rothman, 2021).

(2) The Rayleigh scattering, which is the scattering
of radiation on molecules, resulting from interaction
of radiation with molecules of gases in the atmosphere
(Rayleigh, 1871). The intensity of scattered radiation is
inversely proportional to the fourth power of the wave-

length: 7 ~ 1/%4.

(3) The absorption and scattering by particles
(aerosols) (Bond and Bergstrom, 2006).

To calculate the gas component of atmospheric
transmission with taking into account the altitude pro-
files of pressure, temperature, and gas concentration,
one can use the HAPI library (Kochanov et al., 2016)
and the standard atmosphere model (U.S. Standard
Atmosphere, 1976).

The atmosphere was conditionally divided into lay-
ers corresponding to the heights 4;: 0, 500, 1000, 1500,
2000, 2500, 3000, 4000, 5000, 6000, 7000, 8000, 9000,
10000, 11000, 12000, 14000, 16000, 18000, 20000,
24000, 28000, 32000, 36000, 40000, 50000, 60000,
80000, and 100000 m. Hence, the thickness of the ith
layer is defined as: Ah; = h;,; — h;. In total, there are
28 layers.

For the altitude values specified, the values of the
atmospheric pressure and temperature were obtained
and the absorption spectra were calculated for mole-
cules O,, CO,, CO, H,0, N,, CH,, NO, NO,, O,,
SO,, N,0, and their isotopes according to the stan-
dard atmosphere tables.
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In the lower atmospheric layers, the mole fraction
of H,0, CO,, and O; varies greatly with altitude, so the
distribution of these gases in the atmosphere (an alti-
tude profile) is taken into account. The mole fraction
of the remaining molecules in the atmospheric gas
mixture is assumed to be constant.

For molecules (or small particles) at the wave-
lengths significantly exceeding the size of particles, the
scattering cross-section Oy (expressed in cm™?) can be
written by a modified formula for the Rayleigh scatter-
ing (Sneep and Ubachs, 2005):

24 (n 1)
AN (4 2)

where 7 is the refractive index of air (n = 1.0003); A is
the wavelength (expressed in centimeters); N, is the
standard molecular concentration of air under normal
conditions (N, = 2.54 x 10" molecules/cm?); and
F is the depolarization factor (F = 1, since the geom-
etry of molecules is ignored in these calculations).
For the ith layer, the concentration of air molecules

F, (1)

N, (molecules/cm?) can be written as

Ni =107, 2)
kT

where k is the Boltzmann constant (k = 1.38 X 1072 J/K);

P, is the atmospheric pressure (Pa) in the ith layer of

air; and 7; is the temperature (K) of the ith layer of air.

The optical thickness of the ith layer of air is
7, () = o (M) N, AR x 107, 3)

According to the Bouguer—Lambert—Beer law, the
resulting spectral coefficient of atmospheric transmis-
sion # (A) (relative units) is written as (Sivukhin,
2002)

o (1) = e{iw]. @)

‘When passing through a medium containing parti-
cles (e.g., dust, water droplets, and aerosols), the elec-
tromagnetic radiation interacts with these particles,
which results in scattering and absorption processes.
The Mie theory (Bohren and Huffman, 1983) is an
exact solution of Maxwell’s equations for spherical
particles with arbitrary sizes relative to the wavelength
and with a complex refractive index m = n + ik, where
n is the real part of the refractive index, which deter-
mines the speed of light propagation in a substance
and influences the refraction and reflection of waves
at the boundary between substances, and k is the
absorption coefficient.

The Rayleigh scattering theory can be considered
as a limiting case of the Mie theory for particles of
small sizes. However, these two models are tradition-
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ally analyzed and applied separately, since the differ-
ences in scales of particles and in interaction physics
are significant: the Rayleigh scattering is relevant for
molecules and small aerosol particles, while the Mie
theory is applied to particles comparable in size to the
wavelength or larger, which requires not only the scat-
tering but also the absorption to be accounted for.

To calculate the scattering and absorption with the
Mie theory, the PyMieScatt library was used (Sumlin
et al., 2017, 2018a, 2018b). The PyMieScatt package is
designed to numerically simulate the scattering of
electromagnetic waves on spherical particles and
allows the scattering #» and absorption k coefficients to
be calculated.

A multifractional model of aerosols in the atmo-
sphere, roughly corresponding to the conditions of a
moderately polluted suburb (Hussein et al., 2008), has
been developed. The model includes the following five
characteristic fractions of particles, differing in size,
molecular concentration in the near-surface layer, and
chemical composition presumed (Li et al., 2023;
Morakinyo et al., 2016).

— Ultrafine soot, which is particles with a radius of
0.005 um and a concentration of 800 particles/cm?.
This fraction corresponds to agglomerates of elemen-
tal carbon produced during fuel combustion.

— Fine dust, which is particles with a radius of
0.03 wm and a concentration of 1000 particles/cm?. Its
possible components include inorganic salts (e.g., sul-
fates and nitrates) and mineral dust (silicon oxides and
aluminum). These particles can be either primary
(from road dust) or secondary, formed from precursor
gases.

— Water droplets and secondary aerosols with a
radius of 0.1 um and a concentration of 600 parti-
cles/cm?. These are hygroscopic particles containing
ammonium salts and organic compounds, as well as
liquid water droplets at high humidity. The main
source is secondary organic aerosols (SOA) produced
due to atmospheric photochemistry.

— Large particles (pollen, spores, and organic mat-
ter) with a radius of 0.7 um and a concentration of
100 particles/cm?. This fraction includes biological
aerosols, as well as organic and mineral dust. It may
contain cellulose, proteins, plant fragments, etc.

— Very large particles (construction dust; e.g., cal-
cite CaCO;) with a radius of 2.0 um and a concentra-
tion of 2 particles/cm?. This fraction includes cement
dust, ash, abrasive materials, and heavy inorganic
compounds. Its source is construction and road-repair
work and mechanical destruction of materials.

The model takes into account dispersion (depen-
dence on a wavelength of incident radiation) of the
complex refractive index m(\) for each fraction
(https://refractiveindex.info; Sumlin et al., 2018b;
Malitson, 1965; Hale and Querry, 1973).
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Fig. 2. The resulting spectral transmission coefficient of the atmosphere in a frequency range of 0.01—50 THz with a step of 0.01 THz.

The altitude profile of the aerosol concentration is
accounted for by an exponential relationship that
describes the decrease in the concentration of aerosol
particles with increasing altitude. For each of the aero-
sol fractions, we specified a characteristic scale height
(he, = 2500, 2000, 1500, 1000, and 500 m, respec-
tively), which is a parameter that shows how high a
given fraction can rise in the atmosphere (Hayasaka
et al., 2007). This parameter makes it possible to take
into account the physical properties peculiar for dif-
ferent particles: small and light particles (such as ultra-
fine soot) remain suspended at high altitudes, while
heavy particles (such as construction dust) quickly set-
tle and concentrate near the surface.

Hence, for the ith particle, the altitude profile of
the aerosol concentration N; (h) (particles/cm?®) can
be written as

=h

N, (h) = Nie™, (5)

where N, is the concentration (particles/cm?)
assumed for the ith particle in the near-surface layer
and A4 is the altitude above sea level (expressed in
meters).

Figure 2 shows a diagram for the resulting spectral
coefficient of the atmospheric transmission #,,(v)
(relative units) in a frequency range of 0.01—50 THz.
It takes into account the molecular absorption (the
gaseous component) and the Rayleigh and aerosol
(the Mie theory) scattering components calculated
with the described model.

It should be noted that the result of applying the
Mie theory to large, biologically complex objects (e.g.,
pollen or spores) is approximate because of their het-
erogeneous structure and nonspherical shape.

It is also worth noting that, in the operating fre-
quency range of the scientific instrument detectors

(v <30 THz), the atmospheric transmission is mainly
defined by molecular absorption.

To account for changes in the path of solar radia-
tion through the atmosphere in dependence on the
angle of observation, a concept of air mass M (relative
units) is used; it is defined as a ratio of the path length
of light through the atmosphere to the minimal path
length corresponding to the Sun at its peak. In the
simplest approximation, the air mass is calculated
through the cosine of the zenith angle ©:
M(0) = 1/cos(0).

For large zenith angles, a more complex empirical
formula proposed by Kasten and Young (1989) is used:
M(6)
_ 1 (6)
cos(6) + 0.50572 x (96.07995—6)”****

This formula takes into account the Earth’s curva-
ture and changes in the atmospheric density with alti-
tude, which makes the result more accurate for angles
close to the horizon. With the air mass concept, it is
possible to correct for the transmission of light
through the atmosphere, which is important for calcu-
lating the solar radiation at different observation
angles. The air mass M(0) grows with increasing zenith
angle and reaches the maximum near the horizon (at
0 =90°).

To correct the spectral coefficient of the solar radi-
ation transmission through the atmosphere with
accounting for the angle of observation, when the air
mass M(0) has been calculated, the following correc-
tion is introduced:

tatm (V’ e) = tatm (V)M(e) . (7)

The zenith angle is determined using the Astropy
library (https://www.astropy.org/) from the observer’s
geographical location and observation time.

SOLAR SYSTEM RESEARCH  Vol. 59:95 2025
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THE LEVELS OF RECEIVER SIGNALS
IN EIGHT DETECTING CHANNELS
OF THE SCIENTIFIC INSTRUMENTATION
UNDER CONDITIONS OF THE ISS ONBOARD
EXPERIMENT: EVALUATION
FROM THE GROUND-BASED
MEASUREMENT DATA

A series of ground-based measurements of the
background solar radiation with a flight model of the
scientific instrumentation was carried out at the DRS
LPI RAS on May 1, 2024. Further, in the data analy-
sis, we use the measurements obtained between 14:17
and 14:32 Moscow time; consequently, to determine
the angle 0, 11:25 (UTC) was selected as a time
moment for the initial data. According to the calcula-
tions, 6 = 46.10° and M(0) = 1.44.

The transmission coefficient of the optical path

t,p (V) (relative units) of the scientific instrumentation
is presented by a general formula

fop (V) = ptzel (V) tuppe (V) ter (V) tgpr (V) diff (v), (8)

where p;,; (V) is the spectral reflection coefficient of

the telescope; 7 pr (V),fgpr (V), and #ppg (V) are the
spectral transmission coefficients of the band filter
LPF 23.1, the cut-off filter BPF, and the HDPE
entrance window, respectively; and diff (v) is the
spectral coefficient characterizing the diffraction
losses in the telescope (all of the listed quantities are
expressed in relative units).

The resulting transmission coefficient 7, (v,0)
(relative units) of the whole system is an aggregate
value that takes into account the losses at each step of
the light path—from the atmosphere to the detector—
including the influence of the zenith angle and the
properties of the optical tract elements of the scientific
instrumentation and the entrance window of the
receiver:

res (V,0) = (tym (V)" V1o, (V), 9)
where ¢

«m (V) (relative units) is the spectral transmis-
sion coefficient of the atmosphere that takes into
account the absorption by molecules of gases, the
Rayleigh scattering, and the absorption and scattering
by particles (aerosols).

Then, with accounting for the influence of the
atmosphere and the zenith angle, the spectral density
of solar radiation coming to receivers of the scientific
instrumentation is

Latm (V’ e) = Te490-22 (V) tres (Vv e) > (]0)

where F499_, (V) is the radiant emittance of the Sun
(expressed in W/(m?> Hz)) calculated with the
ASTM E 490-22 model (https://www.astm.org/
€0490-22.html).

SOLAR SYSTEM RESEARCH  Vol. 59:95 2025

Figure 3 shows a diagram for the spectral density of
solar radiation for channel 5 (5.0 THz) at 6 = 46.10°.
The red dashed line corresponds to the spectral den-
sity of radiation at the boundary of the atmosphere.
The blue line corresponds to the spectral density of
radiation with accounting for losses in the atmo-
sphere. As can be seen, in the ground-based measure-
ments, radiation from the non-target frequency range,
roughly of 14 to 19 THz, mostly reaches the receiver.
The cause of this is that molecules in the atmosphere
almost completely absorb a lower-frequency compo-
nent of the solar terahertz radiation, corresponding to
the range from terahertz to mid-IR (Giménez de Cas-
tro et al., 2020). Hence, it can preliminarily be con-
cluded that, under climatic conditions of Moscow, the
terahertz radiation can be registered in a range of
about 14—19 THz with the bandpass filters centered at
a frequency near 15 THz and with the detectors similar
to those used in the Sun-Terahertz scientific instru-
mentation. For the other channels, the diagrams are
almost identical.

A signal of the terahertz detector located on the
Earth and pointed towards the Sun contains the fol-
lowing components:

— the direct solar radiation, which is a target signal;

— the scattered solar radiation (re-radiated by the
atmosphere), which is induced by interaction of solar
radiation with molecules of air and water vapor and
may contribute to the registered signal, especially at
high humidity (Slocum et al., 2013);

— the thermal radiation of the Earth and atmo-
sphere, which is a source of the background signal in
the terahertz range; on average, the atmosphere (in the
near-surface layer) and the Earth’s surface emit as
bodies with a temperature of ~288 K in a range of
approximately 4—100 um and with the spectral density
maximum of radiation at about 15 um (20 THz)
(Petty, 2006).

To estimate the contribution of background radia-
tion, a single-channel model of the detector (Fig. 4)
was used. It was mounted on a rotating platform,
which also housed a sensor of clouds based on an IR
thermometer MLX90614  (https://www.melexis.
com/en/product/mix90614/digital-plug-play-infra-
red-thermometer-to-can). The measurements were
performed with a differential method: first, the signal
is registered when the detector is pointed at the Sun;
then, to record the background atmospheric radiation,
the detector is turned away from the Sun around a ver-
tical axis at an angle of approximately 90°. The mea-
surements were made sequentially for each of the
channels by replacing the BPF bandpass filters. The
duration of the experiment was about three hours.

Figure 5 shows a diagram for the receiver’s signal
measured in channel 6 (7.0 THz). The area, corre-
sponding to the detector pointed at the Sun, is shown
in orange. The blue area marks the plateau that corre-
sponds to the detector turned away from the Sun at the
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Fig. 3. The spectral density of solar radiation for channel 5 (5.0 THz) at 6 = 46.10° in a frequency range of 0.01—30 THz with a
step of 0.01 THz. The red dashed line shows the spectral density of radiation at the boundary of the atmosphere. The blue line
corresponds to the spectral density of radiation with accounting for losses in the atmosphere.

Fig. 4. The instruments to measure the background radiation of the atmosphere. They are mounted on a rotating platform: a sin-
gle-channel model of the detector (1) and the sensor of clouds (2).

initial time moment. The range between these areas
corresponds to the measurements during the platform
rotation. Since the OAC is extremely sensitive to vibra-
tions, signal spikes are observed in this range. Further,
the signal begins to decline gradually. This is probably
caused by cooling the detector’s components, which
are also a source of radiation. As a result of the turning,
the heat is redistributed to the other surfaces of the

detector; and after a while the signal will begin to
increase.

Thus, to estimate the relative magnitude of solar
radiation, the average values of the signal in the orange
and blue areas were used, as shown in Fig. 5.

In Table 1 we present the results of calculations of
the contribution of solar radiation to the signal regis-
tered by the scientific instrumentation at the edge of

SOLAR SYSTEM RESEARCH  Vol. 59:95 2025
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Fig. 5. The signal of the receiver within a detector of the single-channel model: the areas corresponding to the positions of the
detector pointed at the Sun and turned away from the Sun are shown in orange and blue, respectively.

the atmosphere and in the ground-based experiment.
The columns contain the following quantities: v,
(THz) is the central frequency of transmission of the
optical path in a given channel; U,; and U,, (W) are the
average signals of the receiver pointed at the Sun and
turned away from the Sun, respectively; o = 1 —
U,/ U,,is the estimate of the fraction of solar radiation
in the detectors (expressed in relative units); and 7,
(°C) is the effective brightness temperature of the sky
according to the data of the cloud sensor, which serves
as an inverse measure of the transparency of the atmo-
sphere in the IR range. This parameter is an integral
quantity that depends on many factors, including the
temperature profile of the atmosphere, water vapor
content, cloud cover, aerosols, etc. Consequently, the

effective brightness temperature of the sky is only an
approximate indicator.

Since there was no cloud cover during the mea-
surements, the increase in 7, is probably associated
with accumulation of water vapor in the lower atmo-
spheric layers and/or with the presence of a faint aero-
sol haze, which leads to a decrease in the atmospheric
transparency in the IR range.

It can be concluded that, during the experiment,
the weather conditions gradually deteriorated, which
could lead, in particular, to somewhat underestimated
results of the measurements in channels 7 and 8§ com-
pared to those in channel 1.

In Table 2 we show the results of calculations of the
solar radiation fluxes reaching the receivers of the sci-

Table 1. The estimates of the solar radiation contribution to the signal of the scientific instrumentation under conditions of

the ground-based experiment

ig?ﬁ;ﬁ Vinax> THZ Uy, W Uy, W o, rel. units Ty, °C
1 0.40 2348.080 2302.038 0.020 5.56 £2.50
2 0.68 1443.476 1428.382 0.010 7.00 £2.77
3 0.98 1965.141 1926.752 0.020 7.08 £ 1.09
4 2.90 2905.569 2871.915 0.012 7.05+0.63
5 4.84 3631.540 3548.684 0.023 9.93+3.16
6 6.61 3702.962 3656.995 0.022 9.21£ 3.00
7 9.69 2899.051 2886.985 0.004 10.80 + 3.34
8 11.16 3893.515 3867.572 0.007 12.49 £ 3.46

SOLAR SYSTEM RESEARCH  Vol. 59:95 2025
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Table 2. The results of calculations of the solar radiation fluxes reaching the scientific instrumentation receivers at the
boundary of the atmosphere and under conditions of the ground-based experiment

?ﬂ?g Vanao THZ | @oun (V), W | D (v,0), W rel‘%nits Unins MV | Ugosmms MV | Upgiser V' | 7 %
1 0.40 4.01 x 1077 4.74 x 1079 84.62 344.94 583.78 2.22 0.38
2 0.68 2.73 x 10~7 3.71 x 10~ 73.45 1144.85 840.89 2.15 0.26
3 0.98 3.57 x 10~ 5.70 x 1079 62.66 734.07 919.94 2.15 0.23
4 2.90 1.02 x 10-6 6.77 x 1072 151.21 940.85 1707.19 1.92 0.11
5 4.84 3.13 x 106 1.54 x 10-8 | 203.52 519.31 | 2430.87 2.22 0.09
6 6.61 3.61% 10~ 1.30 x 10-8 | 277.50 478.36 | 2920.39 2.15 0.07
7 9.69 3.13 x 106 1.49 x 10-8 210.23 819.32 | 1033.47 2.15 0.21
8 11.16 3.23 x 1076 2.46 x 1078 131.39 436.19 401.18 1.92 0.48

entific instrumentation at the edge of the atmosphere
and in the ground-based experiment. v,,,,, (THz) is the
central frequency of the optical path transmission in a
given channel. ®_, (v) (Watts) is the solar radiation
flux reaching the receiver of the scientific instrumen-
tation at the edge of the atmosphere during the orbital
flight; it was calculated for a frequency range from
v, =0.01 THz to v, =2000 THz with the following
formula

Vs

(Dcosm = Stel IrASTM E (V) top (V) dV.

Vi

1

D, (v,0) (W) is the solar radiation flux coming to
the receiver of the scientific instrumentation, which
includes the contribution of the effects of the atmo-
sphere and zenith angle. It was calculated for a range of
frequencies from v, = 0.01 THz to v, = 2000 THz with
formula (12). B = @ (V)/Pym (V,0) is the calcu-
lated ratio of the solar radiation fluxes coming to the
detectors at the edge of the atmosphere and in the
ground-based measurements. U, (mV) is the receiv-
ers’ signal during ground-based measurements of the
background signal from the Sun according to the data
for a period of 14:17—14:32 (Moscow time) on May 1,
2024. The measured values of the receivers’ signal
were corrected for the temperature effects (Philippov
et al., 2024b), while the resulting value of U, was
obtained by averaging the data over a time period spec-
ified. U o, = 0P U,,,, is the estimate (mV) of the sig-
nal of receivers in the flight model of the scientific
instrumentation.

vV

(Datm (V, e) = Slcl J.rASTM E (V) tres (V’ e) dv.

Vi

(12)

U, oise 18 the magnitude of inherent noises measured
at the receiver output (Philippov et al., 2025) and cor-
rected for the transfer characteristic of the electronics

board, which was selected for each of the channels of
the scientific instrumentation (Philippov et al.,

2024a). y = Unoise 5, 100% is a ratio of the inherent

cosm
noises of a receiver to the background signal from the
Sun. Since for reliable detection the contribution of

the flare component Uy, to the signal in the receiver
o . U
should exceed its inherent noises, —2 > |; conse-

noise
quently, y can be considered as an estimate of the min-
imal flare signal registered in a specified channel.

The paper by Kontar et al. (2018) examines anom-
alous spectra of solar flares in a subterahertz range of
0.2—0.4 THz on the basis of the data from the Solar
Submillimeter Telescope (SST), in which an increase
in the intensity is observed with increasing frequency
(Kaufmann et al., 2004). During solar flares of class X,
the radiation flux may grow up to (1—5) x 10* SFU
(1 SFU = 1072 W/(m? Hz)) at a frequency of 0.4 THz.
Such significant increases in the radiation flux cannot
be explained solely by braking radiation (Bremsstrah-
lung). In this regard, various nonthermal mechanisms
are considered. Fleishman and Kontar (2010) pro-
posed alternative sources of the subterahertz compo-
nent, including synchrotron radiation of relativistic
particles, as well as diffusion and Cherenkov radiation.
Silva et al. (2007) showed that, in some X-class flares,
the subterahertz component correlates with the high-
energy X-ray radiation, which argues in favor of syn-
chrotron radiation from nonthermal electrons. On the
other hand, Kontar et al. (2018) proposed a model of
thermal free-free emission from flare ribbons with
temperatures of 10°*—10° K, which can reproduce a
spectrum increasing with frequency. In the paper by
Trottet et al. (2015), with the example of a flare on
March 13, 2012, it was shown that the main part of
radiation at a frequency of 30 THz is thermal, but this
emission is a consequence of plasma heating by a
stream of nonthermal particles.
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According to the ASTM E 490-22 model, the radi-

ation flux from the quiet Sun is
(0.4 THz) = 208000 SFU, while the

@y, (0.4 THz)

D srve (0.4 THz)
case. With taking into account the estimate for v, the
minimal possible value of § reliably recorded by the
scientific instrumentation is 790 SFU. Since there are
no experimental data for a frequency range of 0.8—
12.0 THz, possible fluxes in the other channels of the
scientific instrumentation during flare activity cannot
be estimated.

(DASTM' E
ratio

x 100% reaches 24% in this

CONCLUSIONS

The data of ground-based calibrations of the Sun-
Terahertz scientific instrumentation were used to esti-
mate the signals of receivers during the orbital experi-
ment. The calculation of the atmospheric absorption
includes consideration of the molecular absorption
(the main contribution), the Rayleigh scattering, the
scattering described by the Mie theory, as well as the
zenith angle of the Sun. It should be noted that, when
the Sun-Terahertz experiment is carried out under the
Earth’s conditions, the detectors of the scientific
instrumentation are mainly calibrated by the radiation
in a range of about 14—19 THz, since the target radia-
tion in a frequency range of 0.4—12 THz contributes
virtually nothing to the receivers’ signal due to the
characteristics of the detectors and the transmission
spectrum of the atmosphere.

To estimate the contribution of solar radiation to
the signal of the scientific instrumentation during
ground-based calibrations against the background
radiation from the atmosphere, we used a single-chan-
nel model of the detector mounted on a rotating plat-
form. Measurements were performed with the differ-
ential method.

The minimal increases in the radiation fluxes from
the Sun, which were reliably registered by the scien-
tific instrumentation with taking into account inher-
ent noises of the receivers, were evaluated (they
exceeded the inherent noises at the output of scientific
instrumentation receivers). Under conditions of the
orbital experiment, the signal recorded due to a solar
flare or an active region must exceed a characteristic
magnitude of 0.07—0.48% of the quiet Sun radiation,
depending on the frequency of a detecting channel. It
is worth noting that, in the above calculations, the sen-
sitivity of the scientific instrumentation was evaluated
at a preliminary level, and its actual characteristics
may differ significantly from those calculated, since it
is impossible to take into account all influencing fac-
tors when interpreting the results of atmospheric mea-
surements in application to future extra-atmospheric
measurements.

SOLAR SYSTEM RESEARCH  Vol. 59:95 2025

The above results are of interest for future ground-
based terahertz observations, especially in the atmo-
spheric windows.
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