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X-ray emission from wind blown interstellar bubbles
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Abstract. We have observed the stellar wind blown bubble NGC 6888 with the ROSAT HRI. A map and a catalogue of X-ray
filaments is derived, the typical filament being a few 0.1 pc in extent with an HRI count rate of a few 10−4 s−1. We show that
this filamentary structure can qualitatively be modelled as local count rate enhancements due to denser gas near evaporating
cool clumps which in turn are seen in the optical and probably are produced by instabilities after the passage of the primary
shock front of the expanding bubble.
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1. Introduction

Wind driven interstellar bubbles are an important class of ob-
jects for the energy balance of the interstellar medium. Shock
fronts are generated by the supersonic expansion of the stel-
lar wind and the analytical models of Weaver et al. (1977)
predict the interior of the bubbles to be filled with hot gas.
So do hydrodynamic models (i.e. Garcı́a-Segura & MacLow
1995a, 1995b). From the observational side we have shown that
the prototypical ring nebula NGC 6888 not only is much dim-
mer at X-rays than predicted but also that the geometry of its
X-ray emission does not follow the models (Wrigge et al. 1994,
henceforth Paper I). Another bubble, S 308, is marginally con-
sistent with the assumed geometry of the models but the ob-
served flux density implies two orders of magnitude less wind
power than is found from direct wind measurements (Wrigge
1999, henceforth Paper II). For NGC 6888 it is excluded via
ASCA observations (Wrigge et al. 1998, Paper III of this se-
ries) that hotter gas (≥107 K) is abundant enough in order to
alleviate the problem.

The mapping of NGC 6888 with the ROSAT PSPC
(Paper I) showed a second problem namely that the distribu-
tion of the X-ray emission could be described as filamentary,
matter of fact in Paper I it was estimated that the volume fill-
ing factor of the observed gas is about a few percent. As the
ROSAT PSPC not really resolved the structures we have ob-
tained ROSAT HRI pointings for NGC 6888. These will be
presented and discussed in this paper. In Sects. 2 and 3 we
will describe the data reduction and our disentanglement of a
number of filaments. In Sect. 4 we will attempt to explain the
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Fig. 1. Grayscale image of the merged HRI obervations of NGC 6888
with a logarithmic scaling for an 8′′ pixel size (white corresponding to
17.7 photons per pixel or more, black to 7.1 photons per pixel or less).
The axes are in pixel number with 8′′ steps; (0, 0) corresponds to
(20h14m07.83s, 38◦05′27′′). A few point sources and the outline of
3 emission complexes can be recognized. In general they cover the
northern, western and southern complexes of optical filaments like the
overlay of the PSPC data on an Hα photo as given in Fig. 2 of Paper I.

behaviour of the filaments of NGC 6888 as cool clumps
(104 K) which are evaporated by the expanding hot gas
(>106 K) which was generated by the high speed stellar wind.
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Fig. 2. Contour map of the merged pointings of NGC 6888. The first contour is 2σpp above the background of 5.2×10−3 s−1 arcmin−2 (see text).
The step size is 0.5σpp = 0.2 × 10−3 s−1 arcmin−2 for the first 5 contours. The following contours are then 5, 10, 30 and 100σpp. (Source #1 of
Table A1 is outside the map area in the southern pointing only.)

2. ROSAT HRI observations

The ROSAT PSPC map of NGC 6888 (see Figs. 2 and 3 of
Paper I) with an effective angular resolution of 50′′ shows that
the X-ray emission is brightest in the northern and southern
parts of the nebula. From the general description of ROSAT and
its instrumentation (Trümper 1983; Pfeffermann et al. 1986)
it follows that the field of view of the HRI (about 38′ diam-
eter) covers NGC 6888 (long axis about 18′) but that the in-
teresting parts would be in areas with already deteriorating an-
gular resolution (from 4′′ to >20′′). In the planning stage we
expected the filaments to have a width comparable or smaller
than the best possible HRI angular resolution. In order to ob-
tain an indication of the extend of a large number of them
the observations were split into two pointings centered on the
northern and southern maxima. The data were taken between
April 1994 and April 1995 with total exposure times of about
55 and 67 ks, respectively. Both pointings overlap considerably.

The raw data immediately indicated that almost all filaments
were resolved contrary to our expectation. The signal-to-noise
ratio in surface brightness is therefore quite low at the highest
possible resolution (4′′). In order to get physical information
the pointings had to be smoothed and merged which was done
in the following way with standard routines (for details of re-
duction procedures see Zimmermann et al. 1994). The field of
view corrections (vignetting etc.) were applied first to the in-
dividual fields. Then the individual pointings were smoothed.
After a few trials the combination of a pixel size of 4′′ and
a Gaussian smoothing with a FWHM of 20′′ appeared to be
the optimum (note that this leaves a small gradient in reso-
lution from centre to edge). These two individual maps were
then added. In the worst case (field edges) we add maps with
effective angular resolutions of 22′′ and 29′′. This final map
has an effective exposure time of 122 ks. A grayscale version
of this merged image is given in Fig. 1. The background level
was found from a patch in the southeastern part of the merged
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map (about 87 arcmin2) which seemed free of any real struc-
ture to be 5.2 × 10−3 s−1 arcmin−2. A few smaller patches in
other parts of the map gave similar results and we conclude
that the background in the merged map is uniform. (The num-
ber is equivalent to having an average number of approximately
2.8 photons per 4′′-pixel after smoothing.) The pixel-to-pixel
variation turned out to be σpp = 0.4 × 10−3 s−1 arcmin−2 (or
7%). Contours encompassing an area the size of the resolution
element or larger were then taken to represent real features if
they are 2σpp above the background level. A map with such
properties is shown in Fig. 2. A comparison with the PSPC
map in Paper I shows an overall agreement but many differ-
ences in detail. PSPC structures mainly fall apart into several
filaments but no really new features are seen. We will comment
upon these differences further below.

3. The filaments

The observations were undertaken in order to see whether the
X-ray emission of NGC 6888 could be described as a set of
filaments. As a first step we produced a catalogue of such fea-
tures in the following way. Each local maximum surrounded
by at least two contours is called a filament (threshold value
>3σ). The lowest contour was approximated by an ellipse
and the long and short axis of the ellipse are used as a mea-
sue of the extend of the filament. The number of photons
were summed inside the lowest contour and the background
of 5.2×10−3 s−1 arcmin−2 properly scaled to the total area sub-
tracted. This is taken as the number of photons of the filament.
Note that this is not a volume fitting procedure but in principle
a lower limit through restricting the area to be inside the lower
contour. The source area was determined by counting the num-
ber of pixels inside the lowest contour.

In order not to contaminate the filament list with point
sources we tested each feature which looked small and had
roundish contours. It was considered a point source when the fit
of a two-dimensional Gaussian did not reveal an extension be-
yond the resolution limit (see above) and did not result in a sig-
nificant ellipticity. In this way we found one candidate filament
to be a real point source (source #11 in Table A1), and one case
of a blend of a filament and a point source (source #12 and fil-
ament #f22). One object considered a point source in the PSPC
map of Paper I (source #4) turned out to be resolved and hence
is regarded a filament. During this search we also found one fil-
ament quite outside the optical outline of the nebula. The list of
the HRI point sources in the field is given in the Appendix and
briefly discussed there. During this procedure a few candidates
due to noise spikes were discarded.

In this way 36 filaments were found, about a factor of 2
more than expected from the PSPC map when simply count-
ing the number of local maxima in Paper I. They are listed in
Table 1. Column 1 lists a simple running number of the ob-
jects and Cols. 2 and 3 their J2000 coordinates estimated from
a map. Using a distance of 1.8 kpc (as in Paper I) one can con-
vert the axis lengths of the ellipses into linear extends of the
filaments. The smallest number (0.21 pc) corresponds to the
resolution. These values are given in Cols. 4 and 5. Column 6
contains the total number of observed photons. The quoted

uncertainty is not a standard error but mainly contains the pos-
sible uncertainty due to the separation procedure (weak ex-
tended signal on top of a noisy background). Assuming an
oblate geometry one can calculated a filament volume V as
given in Col. 7. The number of photons from Col. 6 is converted
to a luminosity in the HRI band as follows. Paper I shows
that the PSPC observations can be described by a Raymond-
Smith-plasma (Raymond & Smith 1977) with a typical tem-
perature of 2 × 106 K. Taking the RS spectrum, the detector
characteristic (Zimmermann et al. 1994) and an absorbing ISM
with an HI column density of 3 × 1021 cm−2 (Paper I) we ob-
tained an energy conversion factor of ECF = 2×109 erg−1 cm2.
The resulting luminosities LX are given in Col. 8. Taking an av-
erage cooling factor ofΛ(2×106 K) ∼ 2.6×10−23 ergs s−1 cm3

in the ROSAT band for the above mentioned temperature (un-
certain by about a factor of 2) one can also calculate the typical
volume density of the hot gas via n =

√
LX/(V · Λ) (Col. 9).

If we add up all the photons in the filaments in Table 1 a to-
tal count rate for NGC 6888 of≈0.014 s−1 results. This is about
1/7th of the PSPC count rate derived in Paper I (≈0.11 s−1).
Considering that the sensitivity of the HRI is about 1/3.5 of
that of the PSPC we conclude that the HRI observations have
missed about half the available photons. This must be due
to our smoothing procedure combined with the 2σ criterium
for defining a filament. These “surplus” photons must be dis-
tributed as a diffuse component between the filaments. This will
also qualitatively account for the differences between the ap-
pearance of NGC 6888 in the PSPC and in the HRI which was
mentioned in the beginning.

We conclude that about half the total X-ray emission from
NGC 6888 consists of small filaments. A typical X-ray fila-
ment is a few tenth of a pc long, its short extension is most
often not resolved and therefore less than 0.2 pc. Its luminosity
in the ROSAT HRI band is several 1031 erg s−1. The volume
density of this gas is a few cm−3.

4. Evaporating clumps

The X-ray morphology of wind blown bubbles in analytical
models is governed by the effect of heat conduction on the
large scales (see the classical paper by Weaver et al. 1977). For
NGC 6888 we have shown in Paper I that the low temperature
emission does not originate in matter with large-scale distribu-
tion but the high temperature emission may do so (Paper III).
Here we want to show that the filaments we found in the HRI
observations may originate in small scale density fluctuations
(called cool clumps) which evaporate within the expanding al-
ready shocked (hot) gas. We will treat the problem as far as
possible by analytical means.

Heat conduction leads to an evaporation of the cool clump
which in turn results in special temperature and density pro-
files in this volume. For the spherically symmetric, stationary,
and time independent case an analytical solution was derived
by Cowie & McKee (1997) for the temperature profile T (r)
and the mass loss rate Ṁclump under classical heat conduction
(diffusive transport, unsaturated case) to

T (r) = Tf · (1 − Rclump/r)2/5



290 M. Wrigge and H. J. Wendker: ROSAT HRI observations of NGC 6888

Table 1. ROSAT HRI filaments in NGC 6888, observed and derived parameters.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
N6888 α δ Major Minor Total V Lx n Remarks

# J2000 J2000 axis axis number [1053 cm3] [1031 erg s−1] [cm−3]
20h + 38◦ + [pc] [pc] of counts

f01 11m36s 21.3’ 0.28 0.21 20 ± 13 2.5 3.2 2.2
f02 11 36 25.4 0.31 0.21 25 ± 15 3.1 4.0 2.2
f03 11 39 22.5 0.64 0.28 87 ± 27 17.5 12.8 1.7
f04 11 39 23.6 0.56 0.42 86 ± 28 20.3 13.6 1.6
f05 11 40 19.3 0.36 0.25 50 ± 20 5.0 7.9 2.5
f06 11 40 20.2 0.42 0.21 41 ± 18 5.6 6.5 2.1
f07 11 41 21.1 0.50 0.25 67 ± 24 9.6 10.6 2.1
f08 11 43 16.3 0.54 0.28 53 ± 21 12.6 8.4 1.6
f09 11 44 27.2 0.33 0.23 33 ± 17 3.9 5.2 2.3
f10 11 48 23.6 0.69 0.28 102 ± 30 20.5 16.1 1.7
f11 11 53 14.4 0.81 0.43 145 ± 36 43.3 23.0 1.4 blend
f12 11 54 15.6 1.04 0.33 125 ± 34 54.7 19.8 1.2 blend (of 3?)
f13 11 55 13.2 0.31 0.21 24 ± 15 3.1 3.8 2.2
f14 11 56 16.5 0.50 0.22 51 ± 22 8.4 8.1 1.9
f15 12 01 10.4 0.31 0.25 39 ± 18 3.7 6.2 2.5
f16 12 02 12.0 0.32 0.21 29 ± 16 3.3 4.6 2.3
f17 12 03 12.8 0.28 0.21 19 ± 13 2.5 3.0 2.1
f18 12 04 16.2 0.47 0.27 62 ± 24 9.2 9.8 2.0
f19 12 05 17.3 0.27 0.21 25 ± 15 2.4 4.0 2.5
f20 12 06 10.5 0.34 0.21 27 ± 16 3.7 4.3 2.1
f21 12 09 16.1 0.38 0.21 29 ± 17 4.7 4.6 1.9
f22 12 10 25.1 0.57 0.21 25 ± 15 10.5 4.0 0.7 blend with source #12
f23 12 14 14.5 0.53 0.31 81 ± 26 13.4 12.8 1.9
f24 12 15 23.4 0.44 0.22 55 ± 22 6.5 8.7 2.3
f25 12 19 17.5 0.31 0.21 40 ± 10 3.7 6.4 2.6
f26 12 22 26.5 0.32 0.21 35 ± 19 3.3 5.5 2.6
f27 12 23 25.8 0.31 0.21 23 ± 15 3.1 3.6 2.1
f28 12 25 26.2 0.35 0.21 33 ± 18 3.9 5.2 2.3
f29 12 31 26.6 0.54 0.21 56 ± 24 9.4 8.9 1.9
f30 12 32 16.8 0.42 0.21 38 ± 10 6.8 6.0 1.8
f31 12 35 26.6 0.47 0.22 35 ± 19 7.5 5.6 1.8
f32 12 38 18.7 0.31 0.21 32 ± 10 3.7 5.1 2.3
f33 12 38 25.1 0.85 0.55 195 ± 42 60.9 30.9 1.4 blend
f34 12 40 22.9 0.57 0.31 70 ± 26 15.4 11.1 1.7 blend
f35 12 55 21.9 0.42 0.28 65 ± 25 7.6 10.3 2.3
f36 13 10 19.9 0.35 0.24 92 ± 25 4.5 14.6 3.5 outside optical image

Table 2. Parameters of a few characteristic models when the bubble temperature Tf and density nf are given. For further description see text.

Model Tf nf tev σ0 cts∞ ctscl [s−1] ctscl [s−1] ∆cl [s−1] ∆cl [s−1]
number [K] [cm−3] [years] [s−1] unsaturated saturated unsaturated saturated

1 107 0.07 188 · µ · n 295.8 1.25 × 10−4 1.49 × 10−4 1.26 × 10−4 0.25 × 10−4 0.01 × 10−4

2 5 × 106 0.14 222 · µ · n 38.2 3.25 × 10−4 3.43 × 10−4 3.32 × 10−4 0.18 × 10−4 0.07 × 10−4

3 2 × 106 0.35 245 · µ · n 2.0 2.33 × 10−4 2.01 × 10−4 2.24 × 10−4 −0.32 × 10−4 −0.09 × 10−4

4 106 0.7 790 · µ · n 0.33 3.14 × 10−5 2.48 × 10−5 2.70 × 10−5 −0.64 × 10−5 −0.44 × 10−5

and

Ṁclump = 8.25 × 105 · T 5/2
f · (Rclump/1 pc)/ lnΛ

Tf and nf are the temperature and density of the medium at
large distances from the clump. Rclump is the clump radius
and the Coulomb logarithm lnΛ ≈ 29.7 + ln(n−0.5 T/106).

For the density profile the additional assumption of about con-
stant pressure (subsonic streaming) has to be made (Cowie &
McKee 1997; Böhringer & Hartquist 1987). Then

n(r) = nf · (Tf/T (r)).

Introducing the so called saturation parameter σo Dalton &
Balbus (1993) found a solution for both cases, saturated
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(i.e. large mean free path length for electrons) and unsaturated
heat conduction where

σo = (2 · κf · Tf)/(25 · ρf · c3
f · Rclump)

for the unsaturated case and

σo = (1.1735× 106√µ · T 2
f )/(nf · Rclump lnΛ)

for the saturated case. Saturation sets in forσo > 1. The formal
density profile remains as above.

The free parameters are Tf and ρf given the radius
of the evaporating clump Rclump. As we are only interested
in the emission at X-rays which starts to become relevant for
Tf > 5 × 105 K the underlying assumption that the tempera-
ture inside the clump is close to zero instead of the realistic
∼104 K (photoionization by the WR-star) should not be critical.
Missing spectral information the HRI observations only restrict
one of the two parameters Tf and ρf . In the classical analytical
theory (Weaver et al. 1977) a further constraint is possible by
assuming pressure equilibrium between the interior of the bub-
ble and the clump. If we take from Paper I that this quantity is
around P = 7 × 105 K cm−3 this fixes the product of Tf and ρf

and allows us to calculate the excess of X-ray photons at the
clump position for a given temperature. The linear scaling then
needs the clump radius. For this we assume that the clumps
observed by Mitra (1990) in [OIII] are the ones which we ob-
serve in their evaporating phase. Mitra (1990) obtained a typi-
cal clump radius of 6′′ or 1.7 × 1017 cm. In this way we have
calculated four different sets called models 1 to 4 in Table 2.
The Tf and corresponding nf values cover a range of tempera-
tures of the surrounding gas from 107 K (the upper limit from
ASCA) to 106 K (the lower limit from the PSPC). From the
deduced parameters the evaporation time tev = Mclump/Ṁclump

depends on the mean molecular weight µ and the clump density
n and representative numbers are given in Col. 4. Furtheron,
the saturation parameter σo, the HRI surface brightness
without the presence of a clump cts∞, the HRI surface bright-
nesses with a clump ctscl for the unsaturated and saturated
cases, and the resulting surface brightness differences ∆cl for
both cases are given. The latter ones are taken from the curves
T (r) (Fig. 3), ρ(r) (Fig. 4) and cts(r) (Fig. 5). Figure 5 shows
that one single filament contributes but a small amount of ex-
cess photons. It is in principle not due to an enhanced temper-
ature but due to the local enhancement of the density just after
the gas leaves the clump surface.

5. Discussion

Table 2 and Figs. 3–5 indicate that the visibility of a clump in
the HRI data strongly depends on the temperature of the hot gas
in the bubble interior. At low Tf the clump emission folded with
the HRI sensitivity even produces a smaller X-ray flux than
would be observed without a clump (models 3 and 4). Only
when the interior gas becomes hot enough (models 1 and 2) an
observable excess is achieved. Thus indeed the gas should have
a temperature beyond a few 106 K before we could observe the
filaments as we do. At these temperatures saturation plays a
key role for the visibility which on the other hand produces
less photon excesses than the unsaturated case (Fig. 5).

Fig. 3. Temperature profile of an evaporating clump. The angular
scale corresponds to a clump radius of 1.7 × 1017 cm at the bubble
distance of 1.8 kpc. Dashed curves result from unsaturated heat con-
duction and solid curves from saturated one. The numbers refer to the
models in Table 2.

Fig. 4. Same as Fig. 3, but for the density profile.

In Sect. 3 we showed that a typical filament has count rate
of 3 × 10−4 s−1 and in its unresolved case an extent of <0.2 pc.
To match the observations one needs in the saturated case a few
hundred clumps with the properties derived by Mitra (1990)
and in the unsaturated case a few tens. Given the total volume
this numbers do not present geometric difficulties. Naturally
we have in mind that the clumps themselves are generated
by Rayleigh-Taylor type instabilities in the primary expanding
shock front of the bubble.

Our explanation of the filamentary X-ray structure in
NGC 6888 is supported on the observational side by the gen-
eral filamentary appearance at other wavelengths (i.e. Wendker
et al. 1975 at optical and radio, Dickel & Wendker 1977; Parker
1978 in Hα). It is, however, impossible to correlate optical and
X-ray filaments because of the vastly different reolutions. Even
inside our smallest angular scale of around 20′′ usually sev-
eral optical filaments are to be found the resolution there typi-
cally around 1′′. This becomes even more difficult when look-
ing at the HST images presented by Moore et al. (2000) which
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Table A.1. ROSAT HRI point sources in and around NGC 6888.

(1) (2) (3) (4) (5) (6)
NGC 6888 ROSAT α δ count idenfication

# designation J2000 J2000 rate or
20h + 38o + 10−3 s−1 remarks

01 RXJ2011.0+3806 11m02.9s 06′22′′ 4.2 very faint reddish star
02 RXJ2011.4+3824 11 24.8 23 57 12.4 HD 192020
03 RXJ2011.4+3825 11 27.0 25 38 1.4 empty
04 RXJ2011.7+3827 - - - removed, filament
05 RXJ2012.1+3821a 12 06.9 21 05 0.25 HD 193162, WR 136
06 RXJ2012.1+3821b - - <0.15 at PSPC position
07 RXJ2012.8+3822 12 48.5 22 36 1.3 empty
08 RXJ2013.2+3826 13 12.7 27 00 0.7 HDE 228376, Ty3151-2805
09 RXJ2011.3+3822 11 23.2 22 48 0.8 faint star at northern edge
10 RXJ2012.0+3807 12 02.7 07 14 1.0 empty
11 RXJ2012.1+3811 12 07.1 11 26 1.1 empty
12 RXJ2012.1+3826 12 08.3 26 21 0.45 blend with #f22; faint star at southeast edge
13 RXJ2012.6+3809 12 41.4 09 29 0.3 empty
14 XTE J2012+381 - - <0.15 at optical position (Hynes et al. 1999)

Fig. 5. Same as Fig. 3, but for the surface brightness profile.

show bewildering complicated small scale structures on scales
around 0.1′′ called clumps by them. These may be the bright-
est individual features we are looking for. Only one of our fila-
ments, #f31, covers the small HST image size, but its centre is
situated in the left half of the image where there is a very bright
spot of many blended filaments the yellowish colour of which
indicating the existence of all three kinds of clumps discussed
by Moore et al. (2000).

On the theoretical side Pittard et al. (2001) looked at the
effects of mass-loading a stellar wind with material from evap-
orating clumps which is what we suggest happens in our X-ray
filaments. Pittard et al. (2001) conclude that depending on the
amount of mass-loading the resulting bubble can be hotter in
the interior than closer to the edge which would be compatible
with our deductions here and in Paper III.

It remains not understood how the temperatur and density
distribution in the bubble interior as a whole is produced con-
sidering that the summed up observed X-ray emission is still
far less than the avalaible energy in the wind luminosity al-
though Pittard et al. (2001) suggest that the right amount of

mass-loading could alleviate the problem. This unsolved topic
occurs in all 4 papers of this series. A hint that interactions of
the wind quite beyond the outline of the optically visible nebula
occurs can be seen in the existence of the filaments f35 and f36
although we can not rule out with absolute certainty that these
structures are a superposition of closeby point sources conspir-
ing to mimick a filament. Lying in the minor axis direction f36
is in projection about 1.5 times further away from the WR star
than the furthest filaments along the major axis.
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Appendix A: Point sources

A.1. Listing and short discussion

Here we summarize our results for the point sources in tabu-
lar form (Table A.1). The numbering and designation scheme
for the first 8 sources is taken from Paper I. Source #9 was
not resolved from source #2 in the PSPC data. Additional
sources are then added. The positions are from the Gaussian
fits to the HRI data unless otherwise noted. The numerical
errors are a few seconds of arc only but could be as large
as 15′′. The average difference to the PSPC positions from
Paper I is less than 20′′. The count rates were obtained from
an eye estimated optimal extraction circle and an immedi-
ately surrounding background count ring of equal size. The
uncertainty is about 15% for the fainter sources dropping to
less than 5% for the strongest. Taking the sensitivity of the
HRI to be 1/3.5 of that of the PSPC the HRI count rates av-
erage to about 80% of those of the PSPC. Considering that
the most likely counterparts are stellar objects and that those
are mostly variable the agreement seems satisfactory. The last
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column of Table A.1 contains some remarks and the result
of a quick identification attempt on the ESO online digitized
sky survey with a 15′′ error circle around each position. Only
one new useful identification was found, namely HDE 228376
for source #8. The Tycho catalogue (ESA 1997) gives a
colour index of (B − V) ∼ 0.46m and the HDE classification
is A0. Nothing else seems to be known.

A.2. Remarks on XTE J2012+381

A transient X-ray source, designated XTE J2012+381, was dis-
covered in May 1998 by Remmillard et al. (1998) and later
found to be a so called soft X-ray transient with counterparts
from the optical to the radio wavelengths range. For a refer-
enced listing of these detections see i.e. Hynes et al. (1999).
While presenting the HRI observations we point out that this
source position is covered by X-ray images obtained by vari-
ous satellites.

XTE J2012+381 is most likely identical with the hitherto
unidentified source #4 in the EINSTEIN field from April 1979
on a count rate level around 0.007 s−1 as found by Bochkarev
(1988). This source was not seen with EXOSAT in Dec. 1983
and Jun. 1984 (Kähler et al. 1987), with the ROSAT PSPC in
April 1991 (Paper I), and with the ROSAT HRI in April 1994
and 1995. 3σ count rate upper limits are all between 0.002 and
0.001.

It is tempting to interpret the time span between the 1979
source detection and the new findings in Mai 1998 as a rough
indication of a long “duty cycle” (18 years and 10 months).
Although small integer fractions of this number certainly can
not be ruled out especially as the typical length of these tran-
sients is not known, only 1/6 and 1/8 come close to the ROSAT
HRI and PSPC observations, respectively.
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