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A spark-chamber telescope mounted on high-altitude balloons was used in 1972,
1974, and 1976 to measure fluxes of vy rays of energy exceeding 40 MeV from
the discrete source Cygnus X-3. The radiation was found to be variable, with a
period 0.199686 of a day coinciding with the x ray period. The registered vy
radiation is concentrated in a narrow pulse of duration less than 1 hour, which
arises near the minimum of the x ray flux. The y ray luminosity of the Cygnus
X-3 source is ~ 10% erg/sec.

PACS numbers: 98.70.Qy, 95.85.Qx

The cosmic object known as the Cygnus X-3 source has attracted attention
in September 1972, when two powerful radio~emission flares from the source
were registered, {1+2] lasting several days, during which the flux increased by
a factor 10°—10%. Several other flares were registered later on, *~%) Subse-
quent observations, carried out in various bands of the electromagnetic
spectrum, have revealed a number of interesting singularities of the object.
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TABLE I

Start of
Number of measurement, Number of registered | Number of expected
flights Date ur v photons v photons
1 12.10,1972 124 42™ 36 18.8
2 10.7.1974 225 30™ 29 28.3
3 5.7.1976 23k 15m 27 27.6

Besides the sporadic bursts of radio and infrared!®! radiation, regular oscilla-
tions of the fluxes in the infraredt®! and x-ray!"8] bands were observed, with

a period ~4.8 hr. The observed period is more readily the period of the orbi-
tal motion of the components of a tight binary system. Because of the dis-
covered periodicity, the Cygnus X-3 source was identified with an infrared
object located on the periphery of the galactic disk at a distance ~ 10 kpc

from the sun.

Of great interest in determining the character of Cygnus X-3 is an investi-
gation of its y radiation. Immediately after the September, 1972 flares from
the region of Cygnus X-3, streams of y rays were observed in two energy
intervals: 2 108 eVI® and 2 1012 eV, 101 A subsequent analysis [1#~13] has re-
vealed the periodicity of the radiation in the two intervals, with a period 4.8
hr. This has made it possible to identify reliably the y-radiation source with
Cygnus X-3. A review of the data obtained with the American satellite SAS-2
has also disclosed a periodic flux of y rays with the same period. [1]

The present communication is devoted to the results of a series of measure-
ments of y radiation from Cygnus X-3, performed with high-altitude balloons
on 12 October, 1972, 10 July 1974, and 5 July 1976. The balloon launchings
were made at the geographical latitude 52°N. The height of the balloon drifts
corresponded to 6—~10 g/cm? of residual atmosphere.

A large-aperture y telescope with spark chambers!?®! registered y photons
with energy higher than 40 MeV. The telescope area was 250 em? and the
subtended angle was ~ 80°, so that whenever the telescope was aimed at the
zenith it was possible to observe the source for not less than 5 hours, i.e.,
to note the change of the flux over one period. The angle of resolution of the
instrument, averaged over the spectrum of the registered y photons, was
~ 3°, In accordance with the angle of resolution, we determined the number of
v photons incident on a circle of radius 3,5° around the direction to Cygnus X-3.
In addition, from the data of each flight we calculated the expected number of
v photons of the atmospheric background, 18] The results are given in Table 1.
Only in the first flight we obtained guring the entire time of observation a
statistically significant excess—the fluctuation probability did not exceed
5x10™%, In the two other flights no excesses of vy photons registered during the
entire time of observation were found. They were observed, however, in
individual hours of observation, as seen from the time distribution of the reg-
istered y photons shown in Fig. 1. The abscissas represent the phase of the
variable x radiation, which according to the latest data''"! has a period P,
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FIG. 1. Temporal distributions of the registered y photons.

=0.1996814 + 5% 10°7 of a day and an initial phase ¢;=2440949.9176 +0. 0024 JD.
The ordinates show the probability of a random appearance of an excess. In all
the measurements statistically significant excesses were observed in the phase
interval from 0.9 to 0.2, and the probability of random appearance of the ex-
cesses amounted to 1.3x 10™°, 3x 103, and 1x10°2 for the first, second, and
third flights, respectively. The period determined from the observed excesses
turned out to he P,y =0.199686 + 5x 1078 of a day. The arrows show the positions
of the pulses of the ultrahard y photons (E = 10 eV), whose periods, accord-
ing to observations made at the Crimean Astronomical Observatory, amounts
to P,;=0.199684 +2x 10" of a day.!'! All three periods agree within the limits
of the measurements errors. The presented picture demonstrates convincing~
ly the periodicity of the y radiation of the Cygnus X-3 source.

As seen from Fig. 1, the entire radiation is concentrated in a narrow pulse
of duration less than an hour near the minimum of the x radiation. Small phase
shifts of the pulses are observed and lead to a broadening of the phase distri-
bution summed over all three flights (Fig. 2). Although the waveform of the
summary pulse agrees qualitatively with the distribution obtained in!!) by a
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superposition of 50 periods, a phase shift of ~ 0.4 period does exist between
them. In addition, the flux obtained in!*! is several times smaller than the
flux as determined from the results of our observations: (11+ 3)x10, (6 3)
x 10, and (8 + 6) x10"% (cm? sec)-! for the three flights, respectively. The rea-
son for these differences is not clear at present. It is possible that the Cygnus
X-3 source has a more complicated character, and in particular its radiation
may be subject to a strong amplitude modulation, This is evidenced by investi-
gations!!®=21] in which no pulsating radiation was found.

The y-ray luminosity of the source, if its radiation is assumed to be iso-
tropic, is L,(=40 MeV)~ 10% erg/sec, which agrees with its x-ray luminosity
and exceeds by several orders of magnitude the luminosity of other discrete
y=Tay sources,

'p.C. Gregory, P.P. Kronberg, R.R. Seaquist, V.A, Hughes, A.
Woodsworth, M.R. Viner, D. Retallack, R. M. Hjellming, and B. Balick,
Nature (London) Phys. Sci. 239, 114 (1972).

’H, Aller and P. Hodge, Nature (London) Phys. Sci. 245, 40 (1973).
5K.A. Narsh, C.R. Purton, and P.A. Feldman, Nature 248, 319 (1974).
‘E.R. Seaquist, P,C. Gregory, R.A. Parley et al., Nature 251, 394 (1974),
5T, Daishido, N. Kawano, N. Kawajiri, M, Inoue, and M. Konno, Nature
251, 36 (1974).

SE.E. Becklin, F.J. Hawkins, K.O. Mason, K. Metthews, G. Neugebauer,
D. Packman, P.W. Sanford, B. Schupler, A, Stark, and G.G. Wynn-
Williams, Astrophys. J. Lett. 192, L 119 (1974).

'C.R. Canizares, J.E. McClintock, G.W. Clark, W.H.G. Lewin, H,W.
Schnopper, and G.F. Sprott, Nature (London) Phys. Sci. 241, 28 (1973).
®R.W. Leach, S.S. Murray, E.J. Schreier, H.D. Tonanbaum, M. P.
Ulmer, and D.R. Parsignault, Astrophys. J. 198, 184 (1975).

’A.M. Gal’per, V.G. Kirilov-Ugryumov, A.V. Kurochkin, B.I. Luchkov,
and Yu. T, Yurkin, Pis'ma Zh. Eksp. Teor. Fiz. 18, 217 (1973) [JETP
Tett. 18, 129 (1973)].

"B, M. Vladimirskii, A.A. Stepanyan, and V.P. Fomin, Proc. Thirteenth
Intern. Conf, on Cosmic Rays, Denver, 1, p. 456, 1973.

1B, M. Vladimirskif, A.M. Gal'per, V.G. Kirillov-Ugryumov, A.V.
Kurochkin, B,I. Luchkov, Yu.I. Neshpor, A.A, Stepanyan, V.P, Fomin,

262 JETP Lett., Vol. 26, No. 5, 56 September 1977 Gal'per et al. 262



Yu. T. Yurkin, Pis’ma Astron. Zh. 1, No. 2, 25 (1975) [Sov. Astron. Lett.
1, 57 (1975)1.

Ry, P, Fomin, Yu.l. Neshpor, B.M. Vladimirskii, A.A. Stepanyan, Izv.
Akad, Nauk SSSR Ser. Fiz. 40, 526 (1976).

BA.M. Gal’'per, V.G. Kirillov~-Ugryumov, A.V. Kurochkin, N.G. Leikov,
B.I. Luchkov, Yu.T. Yurkin, Pis’ma Astron. Zh. 2, 524 (1976) [Sov.
Astron, Lett. 2, 206 (1976)].

4R _C. Lamb, C.E. Fichtel, R.C. Hartman, D.A. Kniffen, and D.J.
Thompson, Astrophys. J. Lett, 212, L63 (1977),

15A, M. Gal'per, A.V. Kurochkin, N.G. Leikov, B.I. Luchkov, and Yu. T.
Yurkin, Prib. Tekh., fksp. No. 1, 50 (1974).

A, V. Kurochkin, B.I. Luchkov, and Yu.T. Yurkin, Kosmicheskie
issledovaniya 12, 486 (1974).

17D, R, Parsignault, E. Schreier, J. Grindlay, and H. Gursky, Astrophys.
J. lett. 209, L73 (1976),

18A, A, Stepanyan, B.M. Vladimirskif, Yu.I. Neshpor, and V.P. Fomin,
Izv. Krym. Astrofiz. Observatorii 55, 157 (1976).

19M. Campbell, J. Alexander, S.E. Bell, K. Greisen, D. Koch, and B.
McBreen, Astrophys. J. 1968, 593 (1975),

203, P, Kechnie, K.E, Mount, and D, Ramsden, Astrophys. J. Lett, 207,
L151 (1978).

21K, Bennett, G. Bignami, W. Hermsen, H.A. Mayer-Hasselwander, J, A.
Paul, and L. Scarsi, Preprint ESA, 1977.





