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Abstract

We report the serendipitous discovery by EXOSAT of a flaring‘X-ray source in the 
field of the Seyfert type I galaxy III ZW 2. We identify this source with the visual binary 
IID 5G0 (BOV -f- G5Ve) and argue that virtually all of the observed X-ray flux, including 
the flare, came from its late-type component (HD 560 B). Optical studies have lead to the 
identification of HD 560 B as a post-T Tauri star. Since these stars are difficult to detect 
by optical methods, X-ray observations may prove to be the best way to identify them.

Introduction

The Low Energy (LE) Imaging Telescopes on the EXOSAT satellite (ref. 21) have proved to 
be very good instruments for detecting serendipitous sources in the soft X-ray energy band
0.05-2.0 keV (ref. 5). In particular, the relatively long (>  10'1 seconds) and uninterrupted 
EXOSAT observations allow the variability of these new X-ray sources to be studied on time 
scales ranging from seconds to several hours. Here we present the serendipitous detection 
of X-ray emission from the visual binary IID 560, consisting of a BOV (m v =  5.53) star 
and G5Ve (m v — 10.37) star, with a separation of 7.7 arcsec (ref. 4). This system was 
seen in the field of the Seyfert type I galaxy III ZW 2, observed four times by EXOSAT. 
During one of the observations (1985 November 30), the serendipitous source was observed 
to flare in both the LE and ME experiments (fig. 1; ref 20).

Data analysis

In the LE the flare started at ~03:48 UT with the flux increasing more than a factor of 
three in ~  40 min. The decay is exponential-like, but ~  50 min after the peak a hump is 
seen in the light curve (fig. 1). The source was also included at ~  85% efficiency in the 
collimator response of the ME experiment, a large area proportional counter sensitive in 
the 1-15 keV energy band, with a field of view of 45 aremin FWIIM (ref. 22). The ME light 
curve on 1985 Nov 30 is also shown in fig. 1. It is generally dominated by the flux from III
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ZW 2, and is constant except for a period starting at ~03:55 UT and ending at ~05:35 UT 
when a strong flare is seen, similar in shape to the one detected simultaneously in the LE 
light curve of the serendipitous source. The rise of the flare in the ME is somewhat faster 
than in the soft energy band and the flare peaks a few minutes earlier. A hump during 
the decay phase is seen, which oc­
curs some minutes before that in 
the LE (flg. 1). A cross correla­
tion analysis shows that the delay 
between the flux in the two experi­
ments (LE delayed with respect tp 
ME) was G.O ±  1.1 minutes (90% 
confidence). We note that an ear­
lier peak in hard X-rays than in soft 
X-rays is usually observed in solar 
and stellar flares and can be easily 
understood as due to rapid heat­
ing and subsequent cooling of the 
hot flare plasma. HD 5G0 was also 
serendipitously detected on two oc­
casions by the IPC experiment on 
EINSTEIN satellite. The observed 
IPC count rates were 5.5 x 10-2 
and 4.4 X  10-2 cts s~ l respectively 
(ref. 9), which correspond to a lu­
minosity of ~  8 x 1029 erg s -1 , ob­
tained using a conversion factor of 
2 x 10- u  erg cm~2 count~l (ref.
23) and a distance for this system 
of 81 parsec (ref. 8).

The EXOSAT quiescent X-ray 
luminosity in the band 0.05-2.0 keV, 
assuming an optically thin line + 
continuum thermal model (ref. 10), 
with typical coronal temperatures 1 9 8 5
ranging from 0.3 to 1.0 keV, is be­
tween 2.2 and 2.5 x 103° erg s ~l .
The ME flare spectrum has been 
integrated from 03:50 UT to 05:30 
UT and fitted with a thermal model 
(ref. 10). The best fit temperature
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is 3.94 , 15 keV (errors have 90%

F IG .l EXOSAT observation of the field of 
III ZW 2 on November 30 1985. From top to 
bottom: a) ME light curve for the field contain­
ing both the Seyfert galaxy and the serendipi­
tous source; b) LE light curve of the serendipitous 
source; c) LE light curve of III ZW 2. All light 
curves have been background subtracted.

confidence, \2ur, = 20 for 23 d.o.f.), 
the corresponding emission
measure is 1.8 x 1054 cm-3 . For the fit we fixed the interstellar column density (Ar/y) at
l.S x 1019 cm~2, the value expected for a uniform interstellar density of 0.07 cm -3 (ref.
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15). Leaving N h as a free parameter in the fit procedure we obtained a temperature of 
4.1 keV and N h of 3.9 x 1018 cm-2 . The total flare energy between 0.05 and 10 keV is 
1.9 X 1035 ergs.

Discussion

We have reported the discovery by EXOSAT of a flaring X-ray source in the field of the 
Seyfert galaxy III ZW 2 and we have identified the flaring source with the visual binary HD 
560 which contains a B9 V primary and a G5 Ve secondary. The EXOSAT and EINSTEIN 
observations do not have the angular resolution to discriminate between the two stars. 
However the extensive stellar surveys carried out with the EINSTEIN Observatory (ref. 
16, 19) have shown that B8-A5 stars as a class are not X-ray emitters at levels greater 
than ~  1027 erg s~l . Recently X-ray emission has been detected from a few late-B stars 
in regions of star formation (ref. 1, 26). Whether or not the X-ray emission in these cases 
can be properly attributed to the hot stars or to hidden late-type companions remains to 
be determined. However in our case we know that a young late type companion star is 
present. The special interest of this observation is that the late-type star HD 560 B has 
been suggested to be a post-T Tauri star (PTTS) (ref. 8), i.e. a star still contracting 
toward the main-sequence and intermediate between classical T Tauri stars and ZAMS 
stars. Pre-main-sequence (PMS) stars are known to show flares (ref. 2, 3, 11), and to have 
X-ray luminosities in the range 1030 — 1031 erg s -1 (ref. 12, 25). We are not aware of any 
report of an X-ray flare from an early type (O-B) star. Are the observed X-ray properties 
consistent with the identification of IID 560 B as a PTTS?

The quiescent X-ray luminosity derived for HD 560 B is comparable to that of the 
PTTS candidates observed by EINSTEIN (ref. 12, 25). The X-ray luminosity of all these 
sources is ~  1030 erg s " 1, i.e. much higher (by a factor 10 to 1000) than typical X- 
ray luminosities of late-type main-sequence stars and subgiants (ref. 16), except for the 
special case of close binaries of the RS CVn type. Another source having comparable X-ray 
luminosity is AB Dor (HD 36705) (ref. 2,13) for which some evidence has recently been 
produced (although not conclusive as yet) that it might be a pre-main sequence object, 
possibly a PTTS (ref. 17, 18, 25). The total energy released in X-rays by the flare on HD 
560 B was ~  1035 erg, which is larger (by at least a factor of 10) than the highest total 
energies typically released by flares of main-sequence stars (ref. 14). This energy again is 
comparable to the total X-ray energy released by large flares on RS CVn and Algol-type 
binaries (ref. 27) and is indicative of an extreme level of activity. The high quiescent X-ray 
luminosity, the flaring behaviour and the large energy released in the flare, all indicate that 
this is a star with a very active corona and has X-ray characteristics typical of PMS stars. 
This is consistent with the results of optical studies which have identified it as a member of 
the elusive class of post-T Tauri stars. These were first proposed as a class of PMS objects 
by Herbig (1978, ref. 6), who noticed that the T Tauri phase occupies only a small fraction 
(about 5 to 10%) of the contraction time of a 1 M© star toward the main sequence. As a 
consequence, many more PTTS should exist than classical T Tauri stars. Unfortunately 
it is quite difficult to detect PTTS by optical methods and X-ray observations may prove 
to be the best way to identify them. To conclude, the X-ray emission from HD 560 is
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most likely from the G5Ve star not its B9 companion, bringing further support to the 
identification of HD 560 B as a PMS star and sheding light on the X-ray properties of 
PTTS.
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