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A FLARING X-RAY PULSAR IN DORADO

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

A study of unusual gamma-ray bursts detected on
March 5 and March 6, 1979, in the KONUS experiment on the
Venera 11 and Venera 12 spacecraft shows their source
to be a flaring X-ray pulsar in Dorado.

On March 5, 1979, a very intense gamma-ray burst was observed
on the Venera 11 and Venera 12, which was undoubtedly also detected
by many instruments operating in space at this time. This event
differs sharply in its characteristics from all previously observed
gamma-ray bursts [1] and is of exceptional interest.  Figure 1
presents the time profile of the initial stage of the burst detec-
ted by the Konus equipment over an interval of 2 sec with resolu-
tion of 1/64 sec in the energy window 50-~150 keV. The burst
is characterized by a very sharp onset. The counting rate rises
from the background level to a value = 5.10° sec™l in 50 msec. This
means that in the short time ~0.1 sec, the flux of hard x-rays
exceeds the level of the diffuse cosmic background by 104 times.
The radiation intensity then .rapidly decreases by more than two
orders of magnitude. The following stage of the burst is even more
noteworthy. Figure 2 presents recordings of the time variation
of the burst obtained with a resolution of 0.25 sec and 1 sec. It
follows from consideration of these data that the emission of an
x-ray pulsar with a period of 8.1 + 0.1 sec is being observed. The
graphs clearly reveal a sequence of more intense pulses .and a
sequence of intermediate pulses whose relative phase is 0.5. The
most remarkable fact is that the mechanism for generating the radi-

ation starts practically instantaneously (with a phase of 0.5) and

*Numbers in margin indicate pagination in original foreign text.
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‘Figure 1. Time profile of the initial stage of The event of March
5, 1979, recorded with a resolution of 1/64 sec. The time T is
measured from the Time TO of actuation of the instrument ueoectlng
‘the bursts - '
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Figure 2.

with a recgolution of 0.25 sec (with a resolution of 1 sec at the

nd of the recording). The background level is shown Dy the dashed
ine. Individual points before the beginning of the continuous
istogram represent recording of the prehistory of the event by the
same detect ' . :
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adiation rapidly attenuates. Unfortunately, the standard
aing timé was insufficient for this event; nowever, measure-
carried out sik minutes aféer the onset of the burst show

That the int n51ty of the ranaElOH had fallen to the usual back-

- ground level over uh“S time. Besides the modulated radiation, a
slowly varying component is c1early observed. The nature of the
change in the peaks of ube pulses 1is pecullaL and evidently not
random. The main pulses decrease_durlug~;our periods, while the
peaks of the intermediate pulses lie at one level. ~The situation

reverses ror the next three periods.

In accordance wifh the .standard program measurement of gamma-
rayfbursts eight energy spectra were obtaihed successively, each
with an aveﬂage over a ulme interval of 4 sec. Onlygthe spectrum
obtained over ‘the first interval porrespondlng to the initial stage
oT the:event differs from all the successive spectra. Thus, Figure

nts the spectrum over the

e
first interval and the total
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binary systems, for example, Cyg XQI, than to the sfgnificantly
harderAspectra of gamma-ray bﬁrsts. It can be ap roximated to
a sufficiently good. accuracy by the dependence of f"@qqé@&]}
7ith a temperature of kT = 30.. The spectrum measured over

U)

1

Tt
<

rst 4 sec.has a harder tail, which, as might be assumed, is

1

(D(DH

d to the radiation of the initial pulse. The peculiarity in

glon 400-500 keV is a very notable detail of this spectrum.
lete identity of the spectra obtained on Venera 11 and

Venéra 12 excludes the possibility of .explaining it by ranaom

es. Extrapblation of the soeétrum from the region 120~300 keV

he
.relatv

¢ e
.to the region of higher enervy according to & power law shows that

the observed peculliarity may be related}to the presence ¢of a guasi-
‘monochromatic line with half-width 30-40% and peak energy about 430
“keV. It is evidently difficult to propose a unigue explanation

for the nature of this component of the radiation. It is interest-

ing to note that the energy of the radiation agrees precisely with

ing
the value of the gravitational red shift ﬂ{:ggﬁZ@y’ of the annihi-
1ation line 0.511 meV in the field of a neutron star with mass

u-—vosand vadﬁus R = 10%m. The average value of the radiation

'flux leh energy E.> 30ke\{ emitted after the initial pulse is
1 - 10_5 ewg/cmzsec. The flux reaches the Value 1.5 « 10 3Aerg/cm

sec at the maximum of the initial pulse. An estimate of the flux
e 1ime R -6
in the line P,%.d0 keV gives 3 - 10

assum Dt on'that this radiation is emitted only in the initial.
< _

erg/cmzsec, while under the
R . -5 2 .
e, it gives 5 - 10 -~ erg/cm sec.

Thé'readﬁpgs of three detectors with an anisotropic angular
ensitivity at each spacecraft and the delay time in the arrival
determine the coordinates of the source [2]. The observations were
arried out with triéxial stabilization of the spacecraft in space.
he intersection of the small region on the celestial sphere deter-
mined by the first method with the nérrow ring given by the second
ethod permits obtaining the coordinates’ o, 6 (epoch 1950.0) of
. the corners of the box within which the source is located: (75,51%

-67,500), (75,629 -67,88%), (8I,60°; -65,77°), (81,7I°; —£5,857) . The coordi--
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e this flaring x-ray pulsar in Dorado as the

The most acceptable model for this source could be a binéry
system with a neutron star. The distance between the components
of the system must be.rather great.in order to decrease the accre-
- tion rate to the level for which significant radiation .in the stéady-
"_state mode simulated by rotation is not observed. The neutron
star must have a sﬁrong magnetic field since the presence of two
sequences of pulses in the flare indicates that the plasma moves
aiong the field lines with accretion, and the emitting regions
‘are located in the regions of the magnetic poles. The causes of
the time-dependent accretion leading to an outburst requires ex-
planation. The characteristic time over which the total power of
the radiatvion flukx 1s very small, 15-30 msec at most . Thus, pro-.
cesses r@l ted to the neutron star itself must play a role in the
'1scharge mechanism, for example, develbpment of instability in

the ma neuosobe re.

t

F

The observed radiation flux of this source is so great that

f it Were.to radiate constantly at this level, its radiation only

’.J.

-t

sould completely determine the flux of hard x-ray cosmic rays.

- The diffuse x-ray background and the radiation of all discrete
sources wodld comprise only an insignificant part in the total ocb-
served flux. This means without a doubt. that al*hdugh the coordi-

tes of Tthe source also COlHClde with the Large Magellanic Cloud,
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is very close on the galactic scale. IT one tvakes 1037 erg/sec

ig
as thelestimate of the power of the energy evolution in the ‘source,
then the distance to it is ~100 p¢. It is possible that the data

for the observation of the'flare of March 5, 1979 on other space-
cwaft'permit refining the celestial coordinates of this x:tray

ulsar and will produce its identification with an object observed

rd'

I

-in tne vicsible range. The closest X= ray'source 44 0332455 (20 (6328545
is separated from the source FXP 0520 66 by an angula distance l.5°.
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The source observed by us was found to be recurrent. On the
next day Méréh-6, 1979, gehe Konus equipment on‘both spacecraft
ted at the same time g;;;rg’&rgﬁﬁ: a short burst of length
_ sec with the same soft 'spectrum. However, the intensity
i tie surst was more than 100 times less. Figure 4 presents the
_ ile of the burst with a resoclution of 0.25 sec, and with
'-a'resolution of 1/6% sec in Figure 5. The energy spectrum of the

. is presented in Figure 6. This time, the coordinates of

weie detevmlped w1*n somewhat lesser accuracy, but they
mpletely within the errors of the measurements with une
or the event of March 5,‘1979 It is obvious that
giving rise to the onset of geherat¢on of radiation

-y
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ce for the event of March 6,. 1979, was 51gﬂ1flcanuly
weaker and more extended than for the flare of March 5, 1979.. We
JCan oﬁiy assume that the attenuating pulsating radiation'could have
been corréspondingly weaker and therefore unobserved at the given
background level. ' '

The source being consideredvin this work differs‘rather sharply
in its charactersitics from well-known transient x-ray objects (cf.,
for example, [3]) primarily in the time scales of variability and
the presence of the pulsed initial stage. It is unlikely fhat the
_;1arlng x-ray pulsar FXP 0520-66 obs rved. in the events of March 5
and 6, 1979, is unique in. the Galaxy. A natural alternate assump-
tion is that otnef such obJeCts exist and must be observed How-
ever, the average distances to uhem will be significantly greater,

the order of:séveral‘kpc,'and<the~radiation fiux ffom them must
:be sméll and compafable with the flux from other x- ray sources.
‘This fact,- if one takes into account the brevity of the pnenomeno“,

" . means that 1ar1ng x-ray pulsars-could be observea predomwnateLy

at their initial pulsed stage In view of the short, hard x-ray
bursts. It was reported;previously that similar bursts were ob-
sérved.on Kosmos 428 [4], but it was later determined that a large
" number of them were due to local pulsed"background'ahd all the re-

sults of the observations were in doubt for this reason. However,

(@)



'4 b

I,.-l ’.J.

gur
ith
nd -

e
a .
f

ure 5.

e

fO.ZS sec)*L

ECRN

R

7
|
1

2

we t

resolution

the recording)

€

-
PSSP
J—

0 5'@

of

79

R 4 22

5 i

- 60379

—__\

Venera 12

T e 8%2750% ur

PENRNE IRV LRGP, I RN Ve ——
S BN FEEPNS §

» 9 5

‘Venera_llw

S TeEYTTIS% ur

'L e o T \‘1_.."__,&..4 w—\,ﬁ' A ,,_.1;‘;,/‘«\, N Vs
L. b

JUUOEN E S
7

N x ¥ e

‘Venera 12

T 6%"30%457 ur

J;g

”»

T

Time profile of the event of March ¢
0.25 sec (with a resolution of 1 'sec at the

!

,Venera-ll

%o ehrmosor ur

it now seems completely possiblé

'~de*°“ued

non,

‘can be deueCUed

again in

well-separated spacecraft

The data considered

<

[V

o

»

sec

6, 1979, detected

SELIPSs e e

oy | | o
{. E“%ﬁ;g . -

L= _“il"v.b\nf‘jt‘l—il‘::::—_i—_"’—'—ﬁ_—*—':
r 2 irn el
RS ‘T sec

Time Drofile of the initial stage of the event of March
1979, recorded with a resolution of 1/64 sec

»

hat true.x-ray sources can be

whose sources, because of the recurrence of the phenome-

the future Wluh observations on

give

b

-

ise

P

v

0 the appearance



i
-
-

ey Venera 11
b 60379 ]
2775 UT

T rrqarm

T

TTTYT

¢
§ SNS T  O

2

1

s et

T T T
i asy

-
<=
'™

R TR S R B Y BRI I RN

Z - mn3
10 E keV' 0

_ Figure 6. Energy spectrum of the event. of Ma:éh 6, 1979

of a new question in the problem of the origin of gamma-ray bursts.

'After obtaining convincing evidence of the galactic idcalization

of the sources [2], bne favorite assumption about the nature of
gamma-ray bursts seems to have become time-dependent accretion ontb.

"2 compact object in a binary system. We”ﬂow have observational /14
data avout processes of conslnuous (Hez X-1, Cen X- 1, ete. )'and

| fime -dependent’ nulsed (F FXP 0320 66) accretion onto a neutren star,

and probale also conblnuous accretlon onto a black hole (Cyg '

X—l) 'ne general feature for all these cases 1is that the energy
4soe0ura of tne radiation are relatively soft with an exponential

‘oroo in the region 50- 100 keV. The energy speCura.of the gamma -

ray bursts are significantly harder, close in form to a power law.

A sign lLLCaﬂt part of the radiation energy is concentrated in the

range of many hundreds of keV [1, 5]. This could mean that accre-
tion onto compact objects is not related to gamma-ray bursts.
However, a more attractive alternate possibility involves the

following. Estimates of the energy evolution in sources of gamma-ray




" bursts DaSeQ on the esblmates of the average distances to them in
view tne distribution of the sources over the cplestlaL‘spnere'
.give for the power ~0f the radiation ~ 1039 —AlOMO erg/sec.. This

" valus is at leaSu one or ‘two orders of magnitude greater than

the luminosity of well~known binary x—ray‘sourcesl Tpus, it can
be assumed‘that the noteéd differences in the energy spectra.aré
caused by-a very high intensity of the processes of time-dependent

accretion in sources. of gamma-ray bursts.
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