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Abstract—The SPR-N polarimeter onboard the CORONAS-F satellite allows the X-ray polarization degree to
be measured in energy ranges of 2040, 40-60, and 60-100 keV. To measure the polarization, the method based
on the Thompson scattering of solar X-ray photons in beryllium plates was used; the scattered photons were
detected with a system of six CsI(Na) scintillation sensors. During the observation period from August 2001 to
January 2005, the SPR-N instrument detected the hard X-rays of more than 90 solar flares. The October 29,
2003, event showed a significant polarization degree exceeding 70% in channels of E = 40-60 and 60—100 keV
and about 50% in the 20- to 40-keV channel. The time profile of the polarization degree and the projection of
the polarization plane onto the solar disk were determined. For 25 events, the upper limits of the part of polar-
ized X-rays were estimated at 8 to 40%. For all the flares detected, time profiles (with a resolution of uptods),
hard X-ray radiation fluxes, and spectral index estimates were obtained.

PACS numbers: 96.60 ge
DOI: 10.1134/S003809460602002X

INTRODUCTION

When flares occur on the Sun, an increase in the
hard X-rays is sometimes observed, which can be inter-
preted as a consequence of the particle acceleration in
the solar atmosphere (Stepanov, 1982; Dennis, 1985).
The study of parameters of flare-associated hard X-ray
bursts is of doubtless interest for understanding the pro-
cesses of particle acceleration in flares and for examining
the nonflare acceleration mechanisms which have been
under discussion lately (Kahler et al., 1988; 1994).

The polarization degree of solar flare hard X-rays
(~10-100 keV) is the most important parameter allow-
ing one to estimate the direction of accelerated electron
fluxes in the solar atmosphere (Skrinnikov, 1985;
Rausariya and Tindo, 1989). A very high polarization
degree may indicate a strongly anisotropic electron
beam moving inside the chromosphere along the mag-
netic field lines, which in turn requires extremely high
electric currents and strong magnetic fields. Theoretical
models predict the polarization degree of the solar flare
hard X-rays ranging in very wide limits: from several
percent in the thermal and nonthermal stationary mod-
els to tens of percent in the nonthermal models with the
impulsive injection of an electron beam (Skrinnikov,
1985; Guzman et al., 1996; Rausariya and Tindo, 1989).
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As for the experimental data, so far the polarization
degree has been measured only for several flares in a
relatively soft X-ray range (at a wavelength of about
0.8 A) (Zhitnik et al., 1989; Tindo et al., 1971; Tindo
etal,, 1972), and these measurements demonstrate a
considerable spread from 2-3% to 20-40%.

To measure the polarization of the solar flare hard
X-rays, the CORONAS-F satellite (the orbital parame-
ters are altitude, 507 £ 21 km; inclination, 82.5°; and
orbital period, 94.5 min) has the SPR-N instrument
onboard (Bogomolov et al.,, 2003a). This instrument
allows the polarization degree of X-ray radiation to be
determined in the following ranges of energy of the
detected photons E., = 20-40, 40-60, and 60~100 keV.
The method of measurements is based on the Thomp-
son scattering of solar photons in beryllium plates. Five
plates of metallic beryllium are mounted inside a hol-
low hexagonal prism. Six scintillation detectors are
symmetrically mounted on the prism faces around the
scatterer. A phoswich (a CsI(Na)/plastic scintillator
based on polystyrene) is used in the detectors to elimi-
nate the detection of charged particles. The geometric
area of each detector is about 8 cm?; with regard to the
absorption in protective materials and the efficiency of
scattering and registration in the detector, the effective
area varies from ~0.3 cm? to ~1.5 cm? at E, = 20 and
100 keV, respectively.
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Fig. 1. The diagrams characterizing the relative outputs of the polarization detectors (a) and the polarization degree derived from
these outputs. (b) They are shown in dependence on the orientation of the polarization plane for the case when the normally (to the

polarimetry surface) incident radiation is fully polarized (100%

100% polarization (the maximal count rate was assumed to

). The angular dependences of count rates of the detectors for the
be 1). The dependence of the polarization degree Q = (Ny,y —

Npin)/(Nmax + Nmin) 0n a polarization-plane angle for the fully polarized radiation; the first detector pair; the second detector pair;

the third detector pair.

Since, for nonpolarized radiation, the probabilities
of its scattering at different angles relative to the initial
direction of the photon motion are identical, it will be
scattered in an azimuthally symmetric way, and all the
detectors must detect the same intensity in this case.
For plane-polarized radiation, most photons are scat-
tered normally to the polarization plane. If the photons
are assumed to fall mostly normally to the scattering
plane when the instrument is directed to the Sun, the
plane-polarized radiation will evidently be scattered in
the beryllium plates mainly along their plane. In this
case, pairs of opposite detectors correspond to polariza-
tion planes turned by 120° relative to each other. Since
photon scattering is azimuthally anisotropic for plane-
polarized radiation, the counts must be different in dif-
ferent detector pairs: the maximum counts will be in the
detectors that are closest (within £60°) to the plane nor-
mal to the polarization plane. Thus, the difference in the
count rates of the detectors allows one to estimate the
polarization degree Py, of the detected radiation and,
in general, the angular displacement of the polarization
plane @ with respect to the detector pair.

To diminish the influence of systematic effects, it
was expected that the beryllium scatterer would be
turned together with the detectors by +60° relative to
the direction to the Sun during observations. In this
case, if the detected radiation is polarized, the differ-
ence in the detector outputs must be the same regardless
which detector pair is closer to the polarization plane.

To determine the part of the polarized radiation P,
and the polarization plane orientation from the count
rates N; in the polarization detectors, the contributions

of each detector to the total count rate of all detectors

(in percent) were previously calculated for all parts of
polarized radiation and all orientations of the polariza-
tion plane. In order to retrieve P,,.,, from the measured
N, values, the Thompson scattering in beryllium plates
was modeled for normally incident plane-polarized
radiation. For the assumed polarization of the incident
radiation P (which was chosen between 0 and 100%),

the quantities N/ > N, were calculated as functions
q i Lyi=1""i

of angle ¢. These quantities characterize the part of the
scattered polarized radiation coming to a given detector
pair relative to the total incident flux (see Fig. 1a). The
resulting functions allow us to solve the inverse prob-
lem, i.e., to find the polarization degree P, of the
incident radiation and the angle ¢ from the quantities
measured (see Fig. 1b). Thus, by solving the inverse
problem, the part of polarized radiation and the orienta-
tion of the polarization plane can be determined from
the given count rates of the polarization detectors.

The instrument is also provided with a special
“patrol” detector for measuring the time profile of the
X-ray intensity with a fine resolution in the 15-100 keV
energy range and, consequently, for estimating the flux
and the spectrum hardness in this energy range. It is a
pencil-beam phoswich detector: a CsI(Na)/plastic scin-
tillator (the thickness of the CsI(Na) crystal is 3 cm and
the effective area is ~1 cm? at the energy of the detected
photons E, = 40 keV).

The design of the SPR-N instrument and its operat-
ing principle are described in detail by Bogomolov
et al. (2003a).
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Fig. 2. The web page of the site http://www.coronas.ru displaying the data from the patrol detector of the SPR-N instrument.

THE DATABASE OF THE SPR-N EXPERIMENT

During the period of its operation from August 2001
to December 2005, the SPR-N instrument performed an
almost continuous monitoring of solar activity with the
usage of the patrol detector covering the energy ranges
from 15 to 40 and from 40 to 100 keV. The hard X-ray
radiation from more than 90 solar flares was recorded
during this period. For all the events, time profiles with
a resolution of less than 4 s were built. The results of

SOLAR SYSTEM RESEARCH Vol. 40 No.2 2006

solar-flare measurements with the SPR-N instrument in
2001-2002 are presented in the papers by Bogomolov
et al. (2003a, 2003b). .

The information from the patrol detector of the
SPR-N instrument is presented at the site
http://www.coronas.ru in the form of time profiles of
the X-ray fluxes (cm™ s7!) in the 15- to 40- and 40- to
100-keV energy channels. The appearance of one of the
web pages is shown in Fig. 2. A user can choose the
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time interval of interest by indicating the starting
moment and the interval duration (30 min, 1 h, 2 h, or
the whole session (approximately half a day)). The fig-
ure also displays the count rates (s™) from the protec-
tive cover of the plastic scintillator (mainly due to
charged particles). The intervals where the count rate
exceeds 1000 s™ (presumably, the regions of radiation
belts) and the shadow periods (the periods when the Sun
was screened by the Earth) are indicated with colors.
Figure 2 demonstrates the period when no shadow was
observed.

Figure 2 clearly shows that the background condi-
tions for flare observations are most favorable at the
equator (the background count rate is about 3.0 and
0.5 s7! in the 15- to 40- and 40- to 100-keV channels,
respectively). In the polar-cap regions (where the count
rates are an order of magnitude higher), relatively
strong flares (of M and X classes) can be observed as
well. A significant part of the observation period corre-
sponds to the time when the satellite passed through the
radiation-belt regions. However, for the strongest flares
of X class, the count rates of the flare radiation can be
an order of magnitude higher than the background
counting in the outer radiation belt. As an example, the
period when the X3.6 class flare (May 28, 2003; maxi-
mum at ~0"27™ UT) was observed is presented in
Fig. 2. The weakest flares, the hard X-ray radiation of
which was detected with the SPR-N patrol detector, fall
into the C2.5 class (for example, the flare of October 6,
2004, at ~18h30™ UT).

In addition to the SPR-N data, the description of the
instrument, its photos, and other useful information are
present at the web site http://www.coronas.ru. A place
is also reserved at the site for information from other
instruments onboard the CORONAS-F satellite (the left
part of Fig. 2). Among the data already available, there
are fluxes of charged particles from the MKL instru-
ment and a database of the solar flares recorded by the
SONG instrument.

The X-ray fluxes measured in the ranges 15-40 and
40-100 keV during the five most powerful flares (on
August 25, 2001; October 28, October 29, and Novem-
ber 4, 2003; and January 20, 2005) of the entire opera-
tion period of the SPR-N instrument are plotted in
Fig. 3. The same figure also displays the soft X-ra
fluxes measured at wavelengths of 1-8 A and 0.5-4 K
by the Geostationary Operational Environmental
Satellites (GOES). These data are available from the
web site of the Space Environment Center at
http://sec.noaa.gov.

RESULTS OF THE POLARIZATION
MEASUREMENTS

The polarization degree was estimated under the
assumption that the total hard radiation of the solar flare
is the sum of a certain portion of photons polarized in
the same plane and the remained portion of photons
polarized isotropically.

About 25 solar events that induced a signal in the
polarization detectors sufficient for the estimation of
the polarization degree have been observed by the SPR-N
instrument since August 2001. For most of these flares,
only the upper limits of the polarized radiation part
could be evaluated; they were found to range from ~8%
t0 ~40%.

The most interesting measurements of polarization of
the solar hard X-rays were obtained during the extreme
events in October—November 2003 (Veselovsky et al.,
2004). The last ten days of October and early Novem-
ber 2003 were marked by an increase in solar-flare
activity. Nine flares of X class occurred on the Sun dur-
ing this period. The SPR-N polarimeter recorded six of
them, including three of the four strongest ones. The
measured polarization of hard X-rays (HXR) from the
flares of October 28, 2003 (X17/4B), October 29, 2003
(X10/2B), and November 4, 2003 (X28/4B), is pre-
sented below. All these flares had the same source:
active region 0486, which was almost in the center of
the solar disk (S15W02) on October 28 and 29 and at
the western edge of the limb (S19W83) on November 4.
The CORONAS-F data on the gamma-ray radiation
(upto 100 MeV) of these flares are described by
Veselovsky et al. (2004). On October 29, 2003, the
CORONAS-F spacecraft was near the geomagnetic
equator, where the background conditions are the best.
The event of October 28, 2003, was observed when the
satellite was passing through the polar cap. For the
event of November 4, 2003, results were obtained only
for the early stage of the flux increase, because the sat-
ellite crossed the radiation belts during the main stage
of the flux increase.

During these three flares, the polarization detectors
recorded a notable increase in the count rate above the
background. The latter was determined from the data
obtained in the previous orbits at the points with geo-
magnetic coordinates closest to those corresponding to
the moments of the flare detection. To diminish the sta-
tistical error, the time profiles were smoothed with the
moving average method for five consequent exposures.
For each consequent 14-second interval, the data were
accumulated over 4 s; i.e., the exposure was 4 s with a
polling rate of 4/14 = 0.28. The polarization measure-
ments for the flare of October 29, 2003, processed in
such a way are shown in Fig. 4 together with the data
from the patrol detector.

Three detectors located 120° apart were operating
during the flares. To accurately estimate the polariza-
tion degree, the systematic spread in the polarization
detector outputs must be taken into account. The in-
flight calibration of the counters by light-emitting
diodes, as well as the invariable background in the geo-
magnetic equator region, show a stability of their
thresholds within several percent. Nevertheless, in the
same energy ranges, the count rates can differ in differ-
ent polarization detectors (see, for example, Fig. 4,
which displays the count rates of polarization detectors

SOLAR SYSTEM RESEARCH  Vol. 40 No.2 2006
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time dependence of the portion of polarized radiation.
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during the flare of October 29, 2003). This difference
can be caused by the different efficiency of polarization
detectors and different noise levels in their photomulti-
pliers, as well as by the fact that the detectors are actu-
ally exposed to different X-ray fluxes. As mentioned
above, in the case of solar radiation, this effect can be
caused by strong polarization. If the background is
measured near the geomagnetic equator and at low or
middle latitudes, this effect can be induced by the X-ray
radiation of the atmosphere, relative to which the polar-
ization detectors can be differently directed at different
moments and, correspondingly, detect atmospheric
photons with different effective areas. If the measure-
ments are fulfilled near the polar caps, in precipitation
regions, and in radiation-belt offsets (in the radiation
belts themselves, the detectors were, as a rule, over-
loaded, and their outputs were unreliable), this effect
can be explained by the fact that the detectors are turned
by different angles with respect to the constructive ele-
ments of the satellite devices, in which the secondary
bremsstrahlung radiation is most efficiently generated
by high-energy electrons.

Nevertheless, to determine the polarization degree
of the recorded solar-flare radiation more precisely, we
should eliminate the spread caused by different effi-
ciencies of the polarization detectors in their outputs.
To do this, we selected two groups of outputs. The first
group included the outputs during several solar events,
when the increase in the count rates of polarization
detectors was statistically most representative. The sec-
ond group contained the measurements at the geomag-
netic equator and in low- and middle-latitude regions,
that is, at parts of the orbit where the latitude variations
in the count rate are clearly pronounced. It was also
assumed that, during the quite magnetic epochs, the
atmospheric contribution to the latitude radiation varia-
tions is insignificant and caused mainly by the X- and
gamma-ray quanta locally formed in the material of the
satellite due to interactions of galactic cosmic rays. The
local gamma rays are isotropic and, consequently, the
most appropriate for testing the detectors in terms of
comparison of their efficiency.

Figure 5 shows diagrams displaying the ratios of the
count rates for different pairs of polarization detectors
versus their loading for the two groups of measure-
ments. The figure shows that the count rates in polariza-
tion detectors nos. 1 and 3 are usually higher than those
in detector no. 2 in all energy channels. This difference
in the count rate of detectors is likely to have an instru-
mental cause. It can be explained by the difference in
dispersion and, for the 20- to 40-keV channel, also by
different noise levels in individual photomultipliers.
During the preflight calibrations and the experiment
itself, the photomultiplier amplification factors were
adjusted by fine tuning of the supply voltage of the pho-
tomultipliers. As a result, the supply voltage differed
for different photomultipliers. Note that the supply
voltage mostly determines the photomultiplier noise
levels and their dispersion, which strongly affects the
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energy resolution of the detector and, consequently, its
response function and efficiency.

It is seen from Fig. 5 that the additional count rates
in detector nos. 1 and 3 relative to those in detector
no. 2 are independent of the total loading of the detec-
tors, if the points associated with the measurements
during the flare of October 29, 2003, are excluded. The
spread of the ratios of the corresponding count rates
Ny/N, and N3/N, has both statistical and systematic
(methodical) features. The statistical spread is mostly
observed for weak loadings; as a rule, these are the
background measurements, the so-called latitude trend.
The spread at relatively large loadings during the solar
flares can be caused by the dependence of the detector
efficiencies on the photon energy, which leads to the
dependence of the additional count rates on the hard-
ness of the radiation spectrum. However, the diagrams
analogous to those shown in Fig. 5, which were built for
the additional count rates versus spectral hardness, did
not reveal any correlation between the parameters
N,/N, and N3/N, and the spectral hardness (the latter
was described by the ratio of the count rate in the patrol
detector channels of 15-40 and 40-100 keV). More-
over, as Fig. 5 shows, a probable systematic spread of
the N,/N, and N3/N, values (except the measurements
during the flare of October 29, 2003) is within the limits
of their statistical spread. Thus, the statistical spread of
the N,/N, and N;/N, values in the diagrams of Fig. 5 can
be chosen as a measure of the error in normalizing coef-
ficients, which should be used in equalizing the outputs
of individual polarization detectors. The presence of the
polarization component can be considered to be reli-
able if the N,/N, and N;/N, ratios exceed the 36 spread
level, which is shown for all energy channels in Fig. 5.

As seen from Fig. 5, for the part of the measure-
ments related to the flare of October 29, 2003, the N,/N,
ratio exceeds the 3c level in all energy channels: it is
equal to ~40, ~100, and ~506 in the channels 2040 keV,
40-60 keV, and 60-100 keV, respectively. Moreover,
the points for which the N,/N, ratio is within the
30 level or exceeds it slightly (less than 56 in the 20- to
40-keV channel) correspond to the final—thermal—
stage of the flare, when the X-ray radiation is unlikely
to be polarized. At the same time, the points for which
the N}/N, ratio considerably exceeds the 36 level corre-
spond either to the onset of the flare or to the individual
maximums of intensity, i.e., to the stages when the
polarized radiation can, in principle, be observed in
(Tindo et al., 1971). The other reason for considering
the polarization of the recorded radiation as a cause of
the fact that a substantial part of the measurements dur-
ing the flare of October 29, 2003, falls out of the statis-
tical spread level is the behavior of the N,/N, ratio dur-
ing these measurements. As follows from the figure, for
the flare of October 29, 2003, this ratio is significantly
smaller than the N)/N, ratio, although it somewhat
exceeds the 3¢ level (~40 in the channels 20-40 and
40-60 keV). However, for other measurements (related
both to latitude variations and to other flares and a ther-
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Fig. 5. The diagrams displaying the spread in the ratio of the polarization detector readings (N/N, and N3/N,) versus the total load-

ing in channels 20-40 (a, b); 40-60 (c, d), and 60—100 keV (e, ).

mal phase of the flare of October 29, 2003), these ratios
are almost in the same range. The existence of polariza-
tion explains such behavior immediately, since the
polarization plane must be situated asymmetrically rel-
ative to detector nos. 1 and 3. It is clear that the influ-
ence of the systematic effects on the “anomalous” val-
ues of the N/N, ratio during the flare of October 29,
2003, cannot be eliminated completely. Specifically,
one may suppose that the increased count rate in detec-
tor no. 1 can be induced by the spectral peculiarities of
the recorded radiation and by the above-mentioned pos-
sible dependence of the detector efficiency on photon
energy. However, by its spectral characteristics in the

range 20-100 keV and the hardness of the radiation
recorded, the flare of October 29, 2003, does not differ
significantly from the other flares, including those asso-
ciated with the same active region and observed by the
SPR-N instrument on October 28 and November 4,
2003. That is why it seems improbable that such a high
deviation of the N/N, ratio can be explained by the
spectral dependence of the polarization detector effi-
ciency. Apparently, the behavior of the outputs of the
polarization detectors during this event can be consid-
ered as evidence for the presence of a polarized compo-
nent in the hard X-rays.
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Fig. 6. The location of the polarization plane of the hard X-ray radiation on the solar disk from the SPR-N data. The soft X-ray
image (175 A) of the Sun was used; it was obtained during the flare of October 29, 2003, at 20:50:21 UT with the SPIRIT instrument

onboard the CORONAS-F satellite.

To quantitatively estimate the polarization effect,
the outputs of individual polarization detectors were
normalized to the N,/N, and Ny/N; ratios corresponding
to measurements when the recorded radiation was
surely not polarized, i.e., when the N;/N, and N;/N, val-
ues were within the 36 limit. As an upper boundary of
the normalizing coefficient, the value corresponding
exactly to the 36 level was chosen; it determines the
lower boundary of the polarization degree error. The
upper boundary of the polarization degree error was
found from the detector outputs without normalization,
because, as seen from Fig. 5, the lower limit of the
spread in N;/N, and N,/N, corresponds to ~1.

The measurements of the part of polarized radiation
are also presented in Fig. 4 (lower curve). As is seen
from the plot, this part in the channel 40-60 keV is less
than 85% and 75% during the first (at 20:44 UT) and
second (at 20:51 UT) maximums in the hard radiation,
respectively. For the flare of October 28, 2003, and for
the initial stage of the event of November 4, 2003, the
ratios of the initial outputs did not differ noticeably
from the values measured at the equator, and the accu-
racy of determination of the normalizing coefficients
allows one to choose them in such a way that the count
rates of the detectors become equal. Consequently, only
upper limits of the polarization degree can be given for
these events: P < 25% and < 40% for the flares of Octo-
ber 28 and November 4, 2003, respectively. For the
flares of October 29 and October 28, 2003, the accuracy
in determining P is governed by the systematic error in
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the normalizing coefficients. For the flare of November 4,
2003, the error is significantly influenced by the statis-
tical spread of the count rate in the polarization detector
channels.

Figure 6 displays the position of the polarization
plane of the hard X-rays on the solar disk during the
flare of October 29, 2003, built from the SPR-N data.
The image of the Sun shown in this figure corresponds
to the moment of the flare and was obtained with the
X-ray SPIRIT telescopes onboard the CORONAS-F
satellite. As is seen from the figure, the polarization
plane is approximately parallel to the solar equator. The
measurement error is £30°,

During two time intervals of the flare of August 25,
2001 (approximately from 16:27 UT to 16:30 UT and
from 16:31 UT to 16:34 UT; see Fig. 2), the motor, pro-
viding the £60° turn of the polarization detector unit,
operated. During the first interval (at the initial stage of
the flare), the increase in the SPR-N X-ray channels
was accompanied by an increase in the electron chan-
nels of the SONG instrument also mounted onboard the
CORONAS-F satellite. This indicates that the satellite
was possibly passing the radiation-belt offsets at this
time and makes it difficult to allow for the background
in this interval. That is why only the second interval,
corresponding to the flare-radiation decay (starting
approximately from the intensity maximum), was cho-
sen for determining the polarization degree.
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If the radiation is polarized, the differences in the
count rates measured in two subsequent (odd and even)
exposures by the same detector pair must be observed
when the rotating platform is operating. In this case, the
outputs must show an increase for one of the counter
pairs and a decrease for the other one. However, the
petiodic change in the position of the assemblage of
detectors does not remove the effects connected with
the position of the detectors relative to the satellite mass
(due to this, the background fluxes can differ for differ-
ent detectors), although this smoothes the spread in read-
ings caused by different detector efficiencies in record-
ing the radiation not scattered in the Be-polarimeter.

To find the part of polarized radiation in the flare of
August 25, 2001, we used the differences in the detec-
tor outputs in odd and even exposures, which were less
than 10% in the 40- to 60- and 60- to 100-keV channels.
The calculations show that the part of polarized radia-
tion for the flare of August 25, 2001, was less than 8.5%
(at a 30 level) for the time period from 16:31 to 16:34 UT.

SOLAR FLARES IN JANUARY 2005
AS OBSERVED WITH THE SPR-N INSTRUMENT

A significant level of the solar-flare activity was
observed in January 2005. Figure 7 presents the data on
the soft X-rays (at wavelengths of 1-8 and 0.5-4 A) col-
lected by the GOES-12 satellite for the period from Jan-
uary 14 to January 22, 2005 (the information was taken
from the site http://sec.noaa.gov). All the strongest
events observed in this period had the same source,
region 10720, and, unlike the active period of October—
November 2003, no other active regions were practi-
cally observed. During the period from January 14 to
January 22, 2005, the region crossed the whole solar
disk; it was at 61° W when the strongest of the all
observed flares occurred (on January 20; X7.1 class).
A list of nine flares for which the SPR-N patrol detector
detected the hard X-rays with energies of 15-40 and
40-100 keV is given in the table. These flares are
marked with “+” in Fig. 7.

The parameters of the solar flares occurring in mid-J anuary 2005, for which the SPR-N instrument detected hard X-tays (the

data is from the site http://sec.noaa.gov)

Date Hlare time, UT GOES class (0.5—41%/1?1—8 A)|  Flare SPR-N
Onset Maximum End in maximum | coordinates (polar)
14.01.2005 | 21:08 21:26 21:39 M1.9 23E-02 NI4E10 No
1501.2005 |  00:22 00:43 01:02 X1.2 1.2E-01 N14E08 No
15.01.2005 |  05:54 06:38 07:17 M8.6 2.9E-01  N16E04 No
15012005 | 2225 23:02 23:31 X2.6 6.3E-01 N15W05 Yes
16.01.2005 |  21:55 22:03 2222 M2.4 24E-02 NI15W19 No
17.01.2005 | 06:59 09:52 10:07 X3.8 8 4E-01 N15W25 Yes
19.01.2005 |  08:03 08:22 08:40 X13 22E-01 NI15W51 No
20012005 |  06:36 07:01 07:26 X7.1 1.3E+00 N16W61 Yes
21012005 |  10:10 10:16 10:19 M1.7 4.5E-03 N19W31 No
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An increase in the polarization detector channels
was observed only for three of these flares (see table).
For the flare of January 15, 2005 (~23:02 UT), the
response in the polarization channels was insignificant
as compared to the background (the satellite was within
the polar cap). During most the flare of January 17,
2005, the Earth screened the Sun, and the increase in
the polarization channels was observed only at the very
end of the flare, when the radiation could not have been
polarized. In this connection, for this period, the polar-
ization degree was only estimated for the flare of Janu-
ary 20, 2005. During the flare, the polarized radiation
did not exceed 17%.

CONCLUSIONS

In the near future, the catalog of the solar flares of
class M1 and higher will be presented at the site
http://www.coronas.ru. For the flares detected in hard
X-rays by the SPR-N instrument, we will display the
time dependence of X-ray intensity. For the flares
which were not detected by SPR-N, we will either give
plots evidencing the absence of radiation or explain the
causes why the SPR-N instrument did not observe these
flares. The catalog will also contain the radiation polar-
ization levels or the causes why we failed to estimate
the polarization degree.

Now, we are also working on estimating the relative
contribution of the thermal and nonthermal inputs into
flare hard X-rays.
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