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MHOT'OTEMIIEPATYPHEBIN AHAJIN3 XKECTKUX PEHTTEHOBCKUX CITEKTPOB
M3MEPEHHBIX HA CIIVTHHKE ITPOTHO3 5

Voorpebisis METOL MHOTOTEMIEPATYPHOIO aHAIHM3a XKECTKOIO PEHTI€HOBCKOYO H3JIyYEHUS, MPEIIOKESHHBIA
B pabotre B. CmmbBectep um np. (1981), B cTaThe aHATM3HPYIOTCS PEHTTEHOBCKHME CHOEKTPHI IIOJIYYEHHEIE IO
IAHHBIM 9eX0cioBauKkoro ¢oromMerpa Ha 60pry cuyTHuka Ilporros 5. IlpumMep moapo6HOro aHamw3a mpem-
CTaBJieH Ha OCHOBaHWH perucrpammy Bcobsimkd 11. deBpans 1977 r. Micxonss M3 HOTOKOB PEHTTEHOBCKOTO
WM3JIy4YeHUs], H3MEPEHHBIX B 4 SHEPTeTHYECKAX OUana3oHax, a KMeHHO 6-10-19-39-58 k3B, MBI paccyuTamd pac-
npenenenne qaddepeHIanbHON MEPhI SMUCCHHE 11 BHIOPAHHBIX MOMEHTOB BPEMEHH HA da3e pocra, B Mak-
cuMyMe, B Ha 3aTyxaroiei dasze pa3sBaTHA BCOBIMKA. Pe3y bTaThl aHAIHA3a IIOKA3bIBAIOT, YTO B CIyYae H3y-
JaeMOM BCIBIIKH XKECTKOE PEHTIEHOBCKOE H3ITyIeHHE C 6 O 60 K3B MOXKHO OOBSICHATH TOPMO3HBIM H3JTy4eHAEM
TEPMHAYECKOM, MHOTOTEMIIEPATYPHOH IIa3MBI.

Following the method of multi-temperature analysis of hard X-ray spectra presented in the paper by B.
Sylwester et al. (1981), in the present paper we analyse the hard X-ray radiation measured aboard the
Prognoz 5 satellite by means of a Czechoslovak photometer. The analysis concerns the Feb. 11, 1977 flare
event. Using the fluxes measured in 4 energy bands, i.e. 6-10-19-39-58 keV, we have calculated the differential
emission measure distributions for selected moments during the rise, maximum and decay phases of the flare
development. The results of the analysis show that, in the case of the flare in question, the hard X-ray
radiation from 6 to 60 keV could have been produced by purely thermal, multi-temperature plasma.

1. Introduction analysis we have interpreted the measured hard X-rays
as if resulting from thermal bremsstrahlung in a hot
flare plasma. For the first time the model of the multi-
temperature plasma in the analysis of the hard X-ray
spectra has been used. Recently a number of papers
were published indicating renewed interest in the idea
of thermal interpretation of flare hard X-rays:

Kahler (1971), Smith and Lilliequits (1979), Matzler
et al. (1978), Crannell et al. (1978), Brown et al
(1979), Smith and Auer (1980), Brown et al. (1980),
Brown and Hayward (1981).

We will adopt the assumption of the thermal
character of the hard X-ray flare radiation in the
present paper, bearing in mind that in some flare
events this assumption may be inadequate.

Since 1976, four Prognoz satellites (No. 5, 6, 7, 8)
have been successfully launched into a highly eccentric
orbit (apogee 200000 km, perigee 500 km). The
main purpose of the scientific package placed aboard
each satellite was to monitor the solar activity and
solar-terrestrial relationships. As a standard instru-
ment for measurements of solar X-ray radiation,
a hard X-ray photometer of the OndfejovObservatory,
Czechoslovakia, was placed aboard each of the satel-
lites. The main advantage of the highly-eccentric satellite
orbit for monitoring solar X-rays is that the data gaps
due to the Earth radiation belts and the satellites
nights constitute only 5% of the total life-time of the
photometer.

A detailed description of the hard X-ray photometer
placed aboard Prognoz 5 (P-5) satellite was published
by ValniGek et al. (1979). The photometer was similar
to the earlier types designed for the Interkosmos
satellites. The analysis of IK-4 hard X-ray spectra
were published by B. Sylwester et al. (1981). In the

2. Observations

The P-5 satellite was launched on 25" Nov. 1976,
thus practically operating during the minimum
of solair activity. However, at the beginning of 1977
the Sun’s activity was somewhat higher but strong
flares were still very seldom. We have chosen for the
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analysis the relatively strong solar flare, which took
place on February 11, 1977 (start-time at 2127 UT,
max. at 2132 UT, end at 2152 UT), near the end
of P-5’s operation. It was a class 1 B flare in the
H-alpha classification and it was connected with
McMath plage region 14637 (S40 WO01), (Solar
Geophysical Data, 1977). The recorded fluxes in four
energy bands of the P-5 scintillation detector at the
time of the analysed flare were above the sensitiv-
ity thresholds, namely in the 6-10-19-39-58 keV bands.
They were reduced by a computational technique
(Férnik, 1978) at the Ond¥ejov Observatory and their
time profiles (in photons cm™?sec™!keV~™') are
shown in Fig. 1. According to this figure the flare was
long-drawn and was preceded by small precursors at
about 2100 UT and 2120 UT in the lowest energy
channels. The time variations of the fluxes measured
in various channels are different. In the first two
channels one can see the fast rise and smooth, long
decaying, while in the two higher energy channels,
the times of the rise and the decay are comparable.

3. General Formalism

In the thermal interpretation of X-ray radiation
the plasma properties are very often described in
term of the temperature distribution of the emitting
plasma. Ususally the distribution of the differential
emission measure vs the temperature is calculated
and this is called the model of the emitting plasma
o(T),

0) o(T) = N2(aV}dT),
where N, is the plasma density, T is the temperature
and Vs the emitting volume.
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Withbroe (1975) proposed an iterative procedure to
calculate the model of the transition region between
the chromosphere and corona based on the measured
line fluxes in UV lines. The applicability of this method
to soft X-ray emitting flare plasma has been proved
by J. Sylwester (1977) and to the hard X-ray emitting
regions by B. Sylwester (1979). This method has been
successfully used to interpret soft X-ray line spectra
recorded by the spectrometers aboard the Interkosmos
and Solar Maximum Mission satellites: J. Sylwester
(1977), B. Sylwester et al. (1980), J. Sylwester et al.
(1980), narrow-band observations made by OSO 7:
B. Sylwester (1979), and to the combined soft and
hard X-ray data obtained from the IK-4 satellite:
B. Sylwester et al. (1981).

The applicability of this method to the P-5 data is
investigated in the present paper. The tests were
made similarly as in the above-mentioned papers:

1. We have assumed some continuous and discrete
tentative models ¢/(T);

2. We have calculated the fluxes which should be
measured by the P-5 scintillation counter from each
of these models;

3. These fluxes were treated as the measured ones
and we have used them as the input data in the iterative
procedure to computed the model ¢ (T);

4. The degree of agreement of the computed and
tentative models was investigated.

The indicator of the fitness of each computed model, as
in the paper by B. Sylwester et al. (1981), was the para-
meter defined as:

(2) log (O' + 1) = 1 Z l]og F’Oan/F;'alcl ,
n m=

m=1
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Fig. 1. The time profiles of the hard X-ray fluxes from the 1 B flare at 2130 UT on February 11, 1977, located at S 40 W 01.
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where F°* is the flux measured in the energy band m
and F2*'° is the flux computed from the model. If the
observed and calculated fluxes agree well for all energy
bands the parameter ¢ has a low value.
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Fig. 2. The differential emission measure distribution vs.
the temperature for the tentative model in which the plasma
is isothermal with a temperature of 60 X 10° K.

In Fig. 2 an example of one test is presented. Here
the tentative model was such that all the plasma had
the same temperature of 60 x 10° K. The continuous
curve represents the model computed after 200 iterative
steps. The finite half width of the computed model
(FWHM = 11 x 10°K) is attributed to the fact
that the emission functions for the bremsstrahlung
radiation, which dominates in the analysed energy
region, are very flat functions of the temperature.

We have made a large number of similar tests
using various tentative models (in particular ¢(T) =
= 107°T). In each case we obtained very good agree-
ment between the tentative and computed models
and we have thus concluded that the P-5 data could
be analysed by means of this iterative procedure.

4. Computations and Results

Using the fluxes measured in four energy channels
during the flare of February 11, 1977 as the input data
a number of models was calculated by means of the
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iterative procedure. From this analysis it was found
that, if the pre-flight experimentally calibrated discrimi-
nation levels for the P-5 experiment (6-10-19-39-58
keV) were adopted, it would be impossible to find
a model which would fit the observed fluxes properly
in all energy bands at the same time. By analysing
the obtained ratios of the measured-to-calculated
fluxes (ForS/F2'°) using the trial-and-error method,
it was found that good agreement between the mea-
sured and calculated fluxes could be obtained for
the following discrimination levels: 6-9-19-36-58 keV.
As a result of this change, the channel’s widths were
changed by 25%, 11%, 15% and 16%, respectively,
which is within the errors due to the accuracy of the
energy calibration. Due to the weight and dimension
limitations, the in-flight calibration of the scintillation
detector was not made. Under such conditions, it is
necessary to consider an error in the energy discrimina-
tion levels of at least +2keV in the lower energy
part and +5keV in the higher energy part. These
errors are due to, for example, pre-flight calibration
errors and temperature changes during the flight.
The ratio of particular levels is, of course, stable.

Itis worth noting that this is the only possible change
of the energy levels which shows good agreement
between the measured and calculated fluxes in all
energy bands. As an example the ratios Fo*/Fo'
for 4 times are presented in Tab. 1.

Table 1
Time F'c:'bs / F;‘a Ic
UT m=1 m=2 m=3 m=4
2129 0-995 1-006 0-985 1-018
2131 0-992 1-011 0-852 1-156
2135 0-957 1-051 0-989 1-012
2145 0-959 1-047 0-997 1-001

In Fig. 3, the example of the model calculated for
the moment of the rising phase (2129 UT) of the flare
development is presented. The model consists of a large
amount of plasma at the temperature T < 40 x 10° K
and a much smaller amount of very high temperature
plasma (T > 100 x 10°K). The area between the
dashed lines in this figure represents the “continuous”
error area — every model inside this area is in agree-
ment with the observed fluxes (for details see J.
Sylwester et al., 1980).

Some evolutionary changes of the differential
emission measure distributions are seen in Fig. 4,
where three models (for the maximum phase at 2131
UT, and for the decaying phase at 2135 and 2145 UT)
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are shown. Here, to avoid confusion, the “continuous”
error areas are not shown. It can be seen that the
amount of the very high temperature plasma is the
largest at the maximum-flux phase, while near the end
of this event there is practically no plasma with
temperature T > 100 x 10° K.
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Fig. 3. The model of the flare on February 11, 1977 at 2129
UT (the bold line). The dashed lines represent the “continuous”
error limits.

The total emission measure

() o= [Ny [emo

14

was of the order of 5-10*8 cm ™2 around the maximum
phase and 4-5 x 10*7 cm™3 at 2145 UT. The observed
time profiles of the fluxes in the four energy bands
in the analysed case are thus caused by the changes
of the plasma temperature distribution, as well as
by the changes of the total amount of the emitting
plasma.
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Fig. 4. Some evolutionary changes of the differential emission
measure distribution for the analysed flare (the models at
2131 UT, 2135 UT and 2145 UT).

5. Conclusions

Although our results are based only on the calculated
models and without some additional information
on the emitting volume nothing can be said about
plasma parameters such as the electron density and
thermal energy content, the presented method is
potentially very promising for the analysis of the
hard X-ray spectra if the hard X-ray radiation is of
thermal nature. In the case of P-5 data, we have tried
to apply this method to the other events but we were
not able to get good agreement between the fluxes
observed and calculated from the models using the
same energy discrimination levels. We suspect that
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the reason for the discrepancy was not just the energy
discrimination-level errors, but the pile-up effect too,
because the P-5 data were not fully corrected for
this effect. In order to analyse the hard X-ray radiation
measured by means of the P-5 satellite next time,
one should make a detailed comparison of the P-5
fluxes with the data measured by means of other
instruments in which the pile-up effect has been taken
fully into considerations.

In spite of the above remarks, in the case of the
analysed event the hard X-ray radiation from 6 to 60
keV could have been treated as thermal in nature.
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YNCJIEHHOCTb METEOPHBIX PAOMO3XO0 U COJIHEYHAS AKTMBHOCH

W3yyaeTcs 3aBECHMOCTB CYTOYHOM YHCIIEHHOCTH METEODHBIX DATHOIXO OT COJHEYHOM AKTHBHOCTH, IIpel-

CTaBIICHHOJ MOTOKOM COJIHEYHOTO pafHom3nyyeHus Fy, ; Ha Bonme 10,7 cM u wucnom Bombda commeqrbix

mared. IlpavenseTcs MEeTON HAKIAAbIBAHAS 300X, A 00CYXIaeTCss MaTepruall HabIroIeHIiA METEOPHBIX PaAo-

3xo0 npubopom B Kpaiictiepdy B Teuenne neproaoB 1960—61 rr. m 1963 — 65 rr. Bo BpeMs MOBLIIIEHHOM COMI-

HEYHO! aKTHBHOCTH HAOMONACTCS MHHAMYM CYTOYHOM YHCIICHHOCTH PAafAHO3X0 OT METEOPHBIX cieaoB. Ha-

000pOT, TeOMArHATHAS AKTHBHOCTH HE MMEeT BIIMSAHMSA HA YMCIEHHOCTH PATHOIX0 HAOmonaeMex npubopoM =
B KpaitcTuepy. ITpUBOAHTCA BOZMOXKHOE OOBACHEHHE PE3YIBTATOB.

The short-term variation of diurnal radar meteor rates with solar-activity represented by the solar microwave
flux Fy¢ -, and sunspots relative number R, is investigated. Applying the superposed-epoch analysis to the
observational material of radar meteor rates from Christchurch (1960— 61 and 1963—65), a decrease
in the recorded radar rates is found during days of enhanced solar activity. No effect of geomagnetic activity,
similar to the one reported for the Swedish and Canadian radar meteor data, has been found by the author
in the Christchurch data. Possible explanation of the absence of the geomagnetic effect on radar meteor
rates from New Zealand due to a lower echo ceiling height of the Christchurch radar is suggested. The
variation of the atmospheric parameters as a possible cause of the observed variation in radar meteor rates
is also discussed.

1. Introduction As a possible explanation of this effect the solar
activity -induced long-term variation of the atmo-
spheric density gradient at the meteor ablation level has
been generally proposed. Pecina (1975) studied the
occurrence of a rare phenomenon — radar head echo
in dependence on solar and geomagnetic activity, but

did not find any positive results.

Evidence that the radar meteor rates vary inversely
with solar activity during the 11-year solar cycle has
been presented by several authors (Lindblad, 1967,
1968 and 1976; Hughes 1974 and 1976; Ellyett, 1977).
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