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PRELIMINARY RESULTS OF A GAMMA-RAY BURST STUDY IN THE KONUS Zﬁf
EXPERIMENT ON THE VENERA-11 AND VENERA~12 SPACE PROVES

Ye.P.Mazets, S.V. Golentskiy, V.N. Il'inskiy, V.N.
Panov,. R.L. Aptekar', Yu.A. Gur'yan, I.A. Sokolov
"~ Z.Ya. Sokolova, T.V. Kharitonova

Annotation

Twenty-one y-ray bursts and 68 solar flares in
the hard X-ray range have been detected on Venera-ll
and Venera-12 space proves during the initial 50-day
observation period. Major characteristics of the
equipment used and preliminary data on the temporal
structure and energy spectra of the y-ray bursts are
considered. The pattern of y-ray burst frequency
distribution vs. intensity, N(>S), has been estab~

lished.
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I. Introduction OF

In the first years after discovery of bursts of gamma-
radiation with cosmic intensity by Klebesadel, Strong and
Olson, the study of this new astrophysical phenomenon was
limited to observations on a number of spacecraft of the more
intense events occurring no oftener than ten times a year. As
a rule, there was no equipment on the satellites especially
designed for these observations and the comparative study of
the recorded gamma-bursts was difficult because of large dif-
ferences 1n the level of sensitivity, energy range, spectral
and time resolution of the instruments. Nevertheless, common
characteristics of the phenomena were established and the re-~
sults of the studies made were considered in a number of refer-
ences, for example [2-5].

¥Numbers in the margin indicate pagination in the foreign text.




‘ The nature of the gamma-bursts rémains completely unclear.
'fMany hypotheses have been advanced as to the nature of the
sources and the mechanism of generation of the radiation. Gen-
eral reviews of theoretical models of gamma-bursts are found

in references [5,6]. However, inadequate determination of the
experimental situation does not permit even making a correct
selectlion between galactlic and metagalactic models. Up until
now no reliable identification of the sources of gamma-bursts
has been made with definite astrophysical objJects; the estab-
lishment of galactic or, on the other hand, metagalactic
localization of sources of gamma-bursts can be done on the /4
basis of the study of statistical distribution of the frequency
of appearance of the bursts depending on their intensity N(S)
and angular resolution of the sources on the celestial hemi-
sphere. Recent resulits of observation of weak gamma-bursts

on satellites [7] have served as adequately reliable evidence
of the deviation in the relationship N(>S) from the law S'3/2,
characteristic for a case of uniform and unlimited distribution
of sources in space.

In this work, certain preliminary results of observations
are presented of gamma-bursts on the Venera-11 and Venera-1l2
space probes using the Konus equipment especially designed for
this purpose.

2. Observation Methods

At the experimental levels it is obvious that the exemplary
rates of obtaining new information on gamma-bursts can be
achieved only by the use of specialized equipment with high
sensitivity which must permit not only recording the weakest
but also the more frequent gamma-bursts and as well to measure
the time course and spectral composition of radiation with the
required degree of detail. This requirement 1is failrly completely
met by the Konus equipment which we developed.
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/ A characteristic negative feature of the equipment mainly -
determining its structure and method of measurement is the
possibility of autonomous determination of direction to the
source of radiation when recording bursts on a single space-
eraft. This possibility considered in reference [8] 1s based
on the use of a system of gamma-radlation detectors with an
anisotropic angle of sensitivity which a single-valued func-
tion of the angle of incidence © of plane flow F to the de-
tector. There are six detectors in the instrument whose axes
are directed in positive and negative directions on the axis
of the detector's system of cocrdinates. The NaI(Tz) crystal /5
1s a separate detector with diameter 80 and height 30 mm. The
side and rear surfaces of the crystal are screened in such a
way that for a relatively soft gamma radiation of 50-150 keV
in a broad range of © angles corresponding to cos © = u> 0.2,
the difference in functions of sensitivity f(e) from y is small
and consequently, u/f(0) = ¥(0) = 1. Figure 1 shows the rela-
tionship of f(u) and ¥(u) calculated for gamma radiation in a
range of 50-150 keV with a spectrum oE=1:5 =7 20on the basls -
of the data of experimental calibration of monoenergy radiation
with energies 22, 33, 60, 88, 122, 510 and 660 keV.

It 1s obvious that in a general case, the gamma-burst will
be recorded by any three detectors and the excess of calculations
on the background for them is N, = eFSOf(ui), where 1 is 1, 2,

3 =-- the number of detectors, ¢ -- is the effectiveness at nor-
mal radiation incidence, and SO -- 1s the area of the detector.
The position of the source of gamma-bursts is prescribed by
directional cones My which are determined by the system of
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easily solved by an iteration method. The precision of calcu-
lation of the values of My and, consequently, of the angles 91




is determined by statistical precision of the number of calcu-
lations in a detector during the event and the precision of de-
termination f(u) for calibration. It is easy to indicate that

548) A-%f%;k_;' [ M’ﬁé’;ﬁi&‘ SN ) +5”/A/.)/,
5N Y) = 8%m) + 5% w),
é MJ“#A"Z/M.%)
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but G(Ni) and 6(?1) -~ are relative precision of measurements
N, and ¥,. For gamma-bursts with intensity 2-1075 -~ 2.10-5 /6
erg/cm? in the 50-150 keV range, o(§) = 1-4°,

Determination of the direction of incoming radiation of

a gamma-burst is illustrated in drawing 2. It 1s clear that
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Figure 1. Functions of f(n)

(curve 1) and ¥(n) (curve 2)
for radiation with a spec-
trum E_~1:5-2.94n the 50-150
keV range.
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Figure 2. A diagram for de-
termining the direction of
the source of gamma-burst
according to the readings of
3 detectors (D;, Dy, D3).
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ved level of the background, a system of measurement of time
fer‘precessing ‘the cells generating the bursts, six counters

for measuring the values of N,, and’ ‘temporary analyzer with 320 '

'channels, an amplitude analyzer with 128 channels, logic and

" certain auxiliary ﬂevices. The instrument cperates in a slave
state where, using six counters, the background 1is periodically
measured in each detector in the 50-150 keV range using the
amplitude analyzer -- differential energy spectra of the back-
ground in a range of 30 keV - 2 MeV. Calibration of the in-
strument is controlled along the 0.511 meV line in the back-
ground spectra. During the appearance of the gamma-burst, the
detection device sends command signals which are analyzed by
the logic instrument. As a result, the time and amplitude
analyzer 1s switched on and the detector which has the greatest
sensitivity for the gammi.-~-burst source. The prehistory of the
bursc 1s recorded for eight seconds in the time analyzer, re-
corded with a2 resolution of 0.25 s and fixed by the temporary
path of the burst for a period of 2 s with a resolution of
15.625 ms; then, for 32 s with a resolution of 0.25 s and later
on for 32 s with a resolution of 1 second. The amplitude
analyzer has 16 channels with a quasilogarithmic scale and 8
energy spectra are measured in 8 sequential intervals of 4
seconds each. The system of counters measures the counting
rate in each detector for the first 4 seconds and the succeed-
ing 12 seconds. The time course of the burst is fixed to
onboard time with a preclision of £ 1 s.




Recording of the gamma-bursts for two or more spacecraft
makes 1t possible to obtain information on the direction of
the radiation source also by a trlangulation method according
to the time of relative lag of the incoming burst. We plan
to present a more complete description of the equipment and
method of measurement in a separate work; here we will discuss
in more detall only the observation cell for the gammna-burst.
Generation of the burst 1s in a range of 50-150 keV which, in
our opinion, is close to optimum in relation to the value of
the effect-background. The instrument 1s similar and contains
three quasilogarithmic ratemeters with effective time constant
0.3, 1.5 and 30 s, The last ratemeter 1s the reference meter
and levels of the first (for short bursts) and the second (for
longer bursts) are compared with its output level. An excess
in the level of one of the signal ratemeters over the refer-
erce meter by a value =260 of the actual background results in
the appearance of a command signal for recording of the burst.
The working level of =6oc is maintained automatically in the
range of background values from 50 to 103% pulses per second.

Figure 3 shows the calibrated curve of sensitivity of the
equipment for a case of recording a square burst of gamma-ra-
diation in a range of 50-~150 keV with different duration T at
a background level ~ 100 pulse/s. The graph visually demon-
strates the increase in the threshold of recording with an
increase in duration of the burst. Thils circumstance, belng
primary for the generation of a pulse signal on a fluctuating
background results in discrimination of longitudinal bursts
and, as a result, in unavoidable observation selection [T7].
The use of two signal ratemetérs with a different time constant
decreases the sharpness of the curve of relationship S(T) with
an increase in T and provides at the same time notlceable
weakening of discriminations of longitudinal bursts while re-
taining high sensitivity to a short burst. With an average
background level, in conditions of actual observations,
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Figure 3. The dependence of the threshold
of recording of a gamma-burst

with square shape on its dura-
tion T.

about 100 pulses per second, the threshold sensitivity of the /8
instrument in relation to the short burst is (3-5):10-7 erg/cm?.

3. Observation results

The Konus equipment was installed ‘on the two Venera-11 and
Venera-12 space probes launched at the beginning of September,
1978. For the observation period considered here lasting 50
days, the equipment recorded and measured 21 gamma-bursts, 68
solar flares in hard X-ray range and 9 simulations. For 29
days of simultaneous operation of stations, 12 bursts were ob-
served. Of these, 2 weak gamma-bursts whose intensity was

close to the recording threshold were fixed »nly on the Venera-~
11.

The information obtained permits distinguishing very
easily between solar flares and gamma-bursts even in cases

ORIGINAL PAGE 1§
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where the equipment works only on one station. In the first
place, when there are solar flares, only one detector operates,
the one directed at the sun. In the second place, the soft
eneirgy spectra of radiation of flares differs sharply from the
gamma-burst spectra. The effectiveness of this simple criterion
1s fully supported 1n cases of recording radiation of solar
flares on both stations. Simulations are brief with an exponen-
tial drop, single bursts characterizing a very soft spectrum.
They are observed only in - one of the detectors. The most
probable cause of such simulation is phosphorescencein NaI(Tg)
crystal excited by large losses of energy in the detector when
multicharge particles of cosmic radiation pass through it or
when there 1is nuclear splitting [9].

The 1ist of recorded gamma-bursts, the time for starting
- to record To’ intensity S in the ranges EY > 30 keV and EY >
o 150 keV are presented in the table. The values of S are ob-
| tained on the basis of measurements of differential spectra in
each case F(E). The values of S (> 150 keV) are presented for
convenlence in comparing them with observation data on the Vela
satellites [2]. It follows from the table that for most of /9
the events, a considerable part of the gamma-burst energy is
contained in the soft part of the spectra at an energy of
EY < 150 keV.

Y. DA

The temporary structure of the gamma-bursts 1s character-
ized by great differences. Figures 4-8 show temporary profiles
of certain events constructed for intensity of radiation in a
range 50-150 keV with an average at At = 1/4 s. Separate points
in front of the continuous histogram at t < TO is the recording
of the prehistory of the burst for a given detector. Such data
indicate that many gamma-bursts are characterized by a compar-
atively slow increase in intensi‘y at onset. For most of the
weak gamma-bursts observed, the statistical provision of the
recording of the temporary course with a resolution of 1/64 s

8
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Table: Cosmic Flares of Gamma Radiation Recorded on the /10
Venera-ll and Venera-l1l2 Space Probes
No.| Date S (> 30 keV)4 S (> 150 keV)
erg/cm? erg/em
Venera -l11} Veneva-l2
II/1-7 |IT.42.46 No infermationy  9,2.10"8 1,50107
2|14/1%-78 |16.42.12 - 1,7.1079 5,501078
3l1e/1x-78 No information10,03,26 4,6:1078 2,9
al18/12-7% |19.49.11 No information 2,8.1075 1,81
5|21/13-78 |03.55.55 -t I,8.10°8 I,I.
sl21/1x-78 |20.22.04 - I,001076 3,010~
7)22/1%-78 |12.34.06 -t 2,I.1 9,310
8lao/1x-7 |06.47.24 06.47.21 1,8.10°5 9,0.1076
9] 4/X-78 |00.47.19 Not recorded 6,0:10"7 3,0°10~7
0] 5/%-78 |00.50.25 00.50.20 6,3-10~6 2,71078
1| e/%7 |10.59.50 10.59.52 . 2,6.1070 1,81
12] 6/X-7 |14.25,]9 14.25.17 1,7.1075 1,1-10-%
13| u/x-m7 |10.52.33 Not recorded 1,3.1 3,001077
4] 12/%-7 |nI.I6.21 0r.16.2L 9,3.1 4,41
15| 12/3-7 |17.13.49 17.13.47 4,0.1076 60
I6 J I3/X-78 |14.54.41 No information 1,1.1076 :.gésr':
17| 22/3%-% |23.24.32 - 2,0.1078 8,0:1077
18 | 23/3-7. |17.23.35 - 6,710 4.8-10°6
19 5/;-” 23.54.m 23053.55 ‘.O‘I 2.5'1
20 | 26/%-7% |08.03.49 08.03.53 1,710°5 1,0°10°5
2| /x-m {12.3.30 12.33,32 2,601076 6,0°1077

[Commas in the tabulated material are equivalent to decimals. ]

is not great and such data will not be presented here,.
figure 9 indicates that the gamma-burst on 11/2/78 is character-
ized by a very sharp initial pulse durlng which the nower at
significantly exceeding the mean

the source is generated

value for the subsequent phase of the burst,

However, /9

From a recording

of a burst with a resolution 1/64 s (figure 10) it followes that

tlie initial pulse lasts for less than 15 ms and the nower of radi-
ation in /1t exceeds the average by almost 30 times.
characteristics of operation of the time analyzer make
sible to show that duration of the i1nitlal pulse 1in this burst
does not exceed 9 ms.

PAGE B
ORIGINAL PALTY

OF POOR

The fine

it pos-



(6ﬁ§ s)
~»5 Venera-ll
f .00.%4
Gens*wels wr

¥l A 2 ;" 4
n N w0 e« »
7%,

LY
L]
-
a
a
x|
e}

Figure U. Gamna-burst 9/14/78 is characterized by
relatively slow increase and drop in in-
tensity of radiation. Dashed line is the
background level.
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Figure 5. 1In a burst 9/18/78, the main phase in-
creases every 15 s after onset.

In figures 11-15, the energy spectra of certain gamma-
bursts are shown. These ~raphs demonstrate that the spectra of
gamma-radiation of bursts can differ noticeably; how2ver, one
observes esnts with practically uniform spectra (figure 12).
For certain bursts, noticeable changes of the spectra are de-
tected with time. Figure 13 shows combinel spectra of gamma-
bursts on 9/14/78 measured at the 1lst, 3rd and 4th sequential
4-second intervals of time after To' The graphs clearly show
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Figure 6. Examples of recording weaker gamma-bursts
with average dura“ion. The intensity of
the burat 9/21/78 is close to the threshold
of observation.
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Figure 7. Long-term burst in the form of a sequence
of several broad pulses with approximately
even intensity.
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Figure 8. A burst made up of two pulses with diversity
~ 40 s in the space between which the intens-
ity of radiation drops to the background
level. The second pulse 1is found by opera-
tion time of the temporary analyzer with a
resolution of 1 s,
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Figure 9. A burst with sharp initial pulse recorded
with a resolution of 1/4 s.
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Figure 12. Energy spectra of "Figure 13. An example of
2 gamma-bursts c¢lose in shape observation of the evolution
of the radlation spectrum
during a burst. Spectra are
presented measured in the
1st, 3rd and 4th l4-second
intervals after To'
that the spectrum of gamma-radiation, exponential at first, /9

at the end of the burst 1s changed in degree and the radia-
tion as a whole becomes softer.

Spectra of gamma-radiation of bursts shown in figures 14 /12
and 15 lead one to assume that in the 300-400 keV region one
observes an excess of radiation which could involve the presence
of monoenergetic components in the spectrum. Although statisti-
cal precision of the data considered is inadequate for fully de-
fined proof, the large similarity of two sequentlally measured

spectrg (4 and 5) for the main pulse of the gamma-burst on
14
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Figure 14. Spectra of a Figure 15. A spectrum of a
gamma-burst 9/18/78 measured gamma-burst 9/21/78 shows a
at the 1st, Uth and 5th 4- similarity with the spectra
second intervals after To. of figure 14,

These data lead to the
hypothesis that there 1s

an excess component of
radiation in t™e 300-400 keV
region.

9/18/78 can be considered as some proof of the reality of the /12
characteristics in the spectrum.

As an example of the information obtained we also present
the coordinates of the source of a gamma~burst on 9/14/78,

110 42Mm 468 yT, obtained with observations from only the Venera-
11 probe: a = 258° + 2°; § = 1° + 2°,

4, Distribution of Frequency of the Manifestations of Gamma-~
Bursts

The data obtained evenin their initial volume permit establish-
ing the type of integral distribution N(>S) of frequency of the

15
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Figure 16. The integral
distribution or N(>S) of the
frequency of the appearance
of bursts depending on their
intensity. 1 -- The Venera-~
11 and Venera-12; 3 -- the
Vela; 6,7 (dark marks) --
Cosmos-461 and Meteor; 2,4
and 6,7 (light marks) -- the
same data corrected on the
observation selection; 5 --
total integral distribution.

éeuéf‘gammaébh§§ts dépénding’oﬁ intensity S.
Ve ;, the aistribution of N(>S) is shown of 21 gamma-

150 ke.V) cf the table.
~good agreement of new data with

- the results of preceding ob~
”servations of weak gamma-bursts

In figurer

Gne should note on the whole

on the Kosmos-461 and the Meteor
satellite [7]. The results of
observations on the Vela satel-
lite are shown in curve 3. The
internal similarity of these
two distributions is not un-
expected because the strong
decrease 1n the curve of dis-
tribution 1n the field of
smallest values of S 1is caused
by the manifestation of ob-
servation selection. The re-
sult of introducling corrections
on the observation selection
e(S) according to the method of
reference [7] into the experi-
mental data for evaluation of
actual distribution N(>8) = ¢~
(8)Ngpv(8) 1is presented in figure
16 by the relationships 2 and 4.
We note here once more that a

calculation of the coefficients €(S) with complex and extremely
varied time structure of the gamma-bursts can be done only with

a number of simplified proposals.

Thus, curves 2 and 4 are ob-

tained with the hypothesis that the main part of the burst can /1
be shown by a square pulse with duration 0<T«Tp.,*30-40 s. In
actuality, in the gamma-bursts, the peak values of the count
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rate noticeably exceed the average level and for this reason
the degree of selection will decrease. Distributions 2 and

4 must be considered as the upper limits for actual distri-

bution N(>S). With the calculation of these notations curve
5 can be the general evaluation of N(>8).

Here, one should note that the results of an attempt at aob-
servations of gamma-bursts with high altitule balloons [9,10]
also attest to the breakdown of the relationship S‘3/2; how~
ever, evaluations glven by the authors of the indicated works
of frequency of appearance of weak bursts lies considerably
higher than distribution 5. On the basis of tha data obtained
with long term observations on spacecraft, we can propose that
further experimental precision, apparently, does not lead to a
noticeable deviation from the curve 5 presented for distribution.
This type of relationship of N(>S) can be considered as a re-
liable proof of galactic localization of the scurces of gamma-
bursts 1f one digresses from consideration of certain meta-
galactic models with strong evolution of snurces [11]. In this
connection, obtaining statistically verified data on distribution of
sources of gamma-bursts against the celestial sphere acquires
great importance.

The authors wish to express their deep gratitude to G. I.
Zabiyakin, 0. A. Magarshak, A. V. D'yachkov and M. P. Proskure
for the development and completion of programs for primary
processing of the telemetric information.
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