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Abstract. This paper reports the results of the analysis of the second ROSAT PSPC survey of M 31 performed
in summer 1992. We compare our results with those of the first survey, already published in Supper et al. (1997).
Within the ~10.7 deg? field of view, 396 individual X-ray sources are detected in the second survey data, of which
164 are new detections. When combined with the first survey, this result in a total of 560 X-ray sources in the
field of M 31. Their (0.1 keV-2.0 keV) fluxes range from 7 x 107'° erg cm™2 s7! to 7.6 x 107'? erg cm™2 571,
and of these 560 sources, 55 are tentatively identified with foreground stars, 33 with globular clusters, 16 with
supernova remnants, and 10 with radio sources and galaxies (including M 32). A comparison with the results of the
FEinstein M 31 survey reveals 491 newly detected sources, 11 long term variable sources, and 7 possible transient
sources. Comparing the two ROSAT surveys, we come up with 34 long term variable sources and 8 transient
candidates. For the M 31 sources, the observed luminosities range from 4 x 10** erg s™* to 4 x 10%® erg s™'.
The total (0.1 keV-2.0 keV) luminosity of M 31 is (3.4 £ 0.3) x 10* erg s™!, distributed approximately equally
between the bulge and disk. Within the bulge region, the luminosity of a possible diffuse component combined
with faint sources below the detection threshold is (2.0 4 0.5) x 10®® erg s™'. An explanation in terms of hot

gaseous emission leads to a maximum total gas mass of (1.0 +0.3) x 10° Mg.
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1. Introduction

Before ROSAT, the knowledge of the X-ray properties
of M 31 was mainly based on the ITPC and HRI ob-
servations with the Finstein observatory. These obser-
vations were performed in the years 1979 & 1980 and
the main results are described in van Speybroeck et al.
(1979); van Speybroeck & Bechtold (1981); Long & van
Speybroeck (1983); Crampton et al. (1984); and Trinchieri
& Fabbiano (1991, hereafter TF). In 300 ks of total
exposure, ~86% of the area of our neighbouring spiral
galaxy M 31 had been covered to a limiting sensitivity
of ~1037 erg s~1. Many of the 108 detected point sources
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within these Finstein observations were measured with a
positional accuracy of about 3", and were found to be
concentrated within a highly confused bulge region and
an outer region approximately following the spiral arms.
In addition, a variety of possible optical counterparts had
been determined, dividing into groups of foreground stars
within our own Galaxy, accreting objects and supernova
remnants in M 31 and background galaxies seen through
the disc of M 31. Additionally, it had been considered that
the luminosity distribution of the M 31 disk sources were
comparable with that of the bulge sources. The high con-
fusion in the bulge region together with the moderate total
number of detected sources made it difficult to justify this
statement.

Two deep PSPC surveys of M 31 were performed with
the ROSAT X-ray observatory, the first in the summer
of 1991, the second in the summer of 1992 (with some
follow-up observations in the winter of 1992/1993). Both
surveys consisted of a number of observations arranged
in raster pointings, covering the whole area of M 31 and

Article published by EDP Sciences and available at http://www.aanda.org or http://dx.doi.org/10.1051/0004-6361:20010495



http://www.edpsciences.org/
http://www.aanda.org
http://dx.doi.org/10.1051/0004-6361:20010495

64 R. Supper et al.: The second ROSAT PSPC survey of M 31 and the complete ROSAT PSPC source list

beyond. The total observation time of 200 ks for each sur-
vey, together with the higher sensitivity of the ROSAT
telescope pushed the limiting flux to a factor of 10-100
lower than for the Finstein observations. Additionally, sev-
eral ROSAT HRI M 31 pointings were performed, includ-
ing a very deep one on the bulge. These were discussed by
Primini et al. (1993) and Immler (2000).

The results of the first PSPC survey have been de-
scribed in Supper et al. (1997, hereafter S97). This
work led to the detection of 396 X-ray point sources
with (0.1 keV-2.4 keV) fluxes ranging from ~5 x
107 erg cm™2 s7! to ~ 4 x 107!2 erg cm ™2 s~ 1. Several
tentative identifications with foreground stars, globular
clusters, supernova remnants, and galaxies were found,
but the majority of the objects remained unidentified.
For the sources in M 31, the observed luminosities range
from ~3 x 10% erg s7! to ~2 x 10%® erg s~! (at the as-
sumed M 31 distance of 690 kpc used throughout this
paper; see Capaccioli et al. 1989). Also this very first
survey settled the question of whether a difference be-
tween the integrated luminosity distribution of the glob-
ular cluster sources in M 31 and the one in our own
Milky Way existed, by showing that they were in fact
similar. Also, spectral analyses of the 56 brightest sources
were presented, confirming their identifications with opti-
cal sources. Additionally, a diffuse component within the
bulge region was found, its luminosity estimated to be less
than 3.2 x 103® erg s~ 1.

For 10 of the brightest sources, and for the bulge as
a whole, Trinchieri et al. (1999) presented results from
spectral analyses based on data obtained with BeppoSAX.
They confirmed that most of the sources correlate with
globular clusters and found, for all but one, Low Mass
X-ray Binary (LMXB) spectra, typical of X-ray sources
in globular clusters. Additionally, they also confirmed the
presence of two components in the spectrum of the bulge,
though they also stated that it is consistent with a su-
perposition of many LMXB spectra (as Irwin & Bregman
1999 also did using ASCA and ROSAT data). Furthermore
they extended the spectral data range up to ~30 keV by
making use of the PDS instrument. Because of the lower
spatial resolution of BeppoSAX compared with ROSAT,
they could not resolve the bulge into individual sources.
Garcia et al. (2000) reported the separating of the cen-
tral source into 5 individual sources using Chandra data.
They interpreted one of these sources (1”7 from the cen-
tre) as a possible central black hole, although it shows an
unusual (soft) spectrum. In contrast, using ROSAT PSPC
observations, Borozdin & Priedhorsky (2000) found all the
resolved X-ray sources in the core of M 31 to be in accor-
dance with LMXB spectra, this after subtracting a soft
component (thought to be thermal emission from hot gas)
derived from the area around the individual sources.

The second PSPC survey of M 31, described in this
paper, is an improvement over the first in terms of its
higher spatial homogeneity across the entire disk of M 31.
This has resulted here in the detection of 396 X-ray point
sources, leading to a grand total of 560 individual sources
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Fig.1. Locations of the 80 on-axis pointing directions of the
second PSPC survey of M 31. The numbers beside the crosses
give the last three digits of the corresponding ROSAT observa-
tion ID. Two PSPC central regions with 20" radius are drawn
representatively (whereas the total FOV is ~3 times larger).
The Das-ellipse of M 31 is indicated.

on merging the two surveys. Both the list resulting from
the here-described analysis of the second survey as well as
the merged list of both surveys are presented in this paper.
For the majority of the X-ray sources already identified
in the first survey, the positional accuracy has been im-
proved. Also, the time interval of approximately one year
between the two surveys allows a time variability study to
be made, and this is also described in this paper. Spectral
analysis is not presented here as it is only suitable for
the brightest sources, which were already seen in the first
survey, their spectra having been studied in S97.

2. Observations

The analysis in this paper is based on the second pointed
M 31 survey with the ROSAT PSPC, performed in
July/August 1992 together with a few follow-up obser-
vations in January 1993. This survey consists of 94 ob-
servations of 80 different pointing positions, with 2.5 ks
total observation time for each pointing. 15 follow-up ob-
servations became necessary to complete the observation
time of 14 previously interrupted observations and 1 com-
pletely failed observation. The details of the observations
are given in Table 4. This entire raster pointing covered
the whole disk of M 31 (in terms of its Das-ellipse) and
more, in 4 strips of 20 pointing directions each. Figure 1
shows the location of these 80 pointings, crosses marking
the on-axis directions of the telescope, and the numbers
giving the last three digits of the corresponding ROSAT
observation ID. Follow-up observations are not numbered
as they have the same pointings as their corresponding
main observations. For two pointings, a 20’ radius circle
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is drawn to represent the inner area of the PSPC. The
instrument’s angular resolution and sensitivity are best
within this area, though the total field of view (FOV) of
the PSPC is 57" in radius. The Dss-ellipse of M 31 is
also drawn for orientation. Just from this image, it can
be seen that the whole of M 31 is covered by the inner
PSPC region, leading to an overall approximately constant
sensitivity.

The observations were performed in the normal
ROSAT wobble mode which adds a slight positional os-
cillation of ~3’" amplitude on the nominal pointing direc-
tion. This was done to smooth out the shadow of the PSPC
support structure and to prevent point sources being con-
tinually hidden behind the main ribs of the structure. This
wobble mode, the finely rastered array of the pointing di-
rections, and the fact that the whole disk of M 31 was
covered with the inner PSPC region explain the higher
homogeneity of the second survey compared with the first
described in S97.

3. Analysis

For the analysis, the ROSAT energy range from 0.1 to
2.4 keV was divided into five energy bands: a soft band
(S: 0.1-0.4 keV), two hard bands (H1: 0.5-0.9 keV and
H?2:0.9-2.0 keV), and two combined bands (hard H: 0.5—
2.0 keV and broad B: 0.1-2.0 keV). This energy band
splitting was used previously in the analysis of the first
M 31 survey (S97), except that an upper limit of 2.4 keV
was used for the B-band. The change from 2.4 keV to
2.0 keV makes no significant difference due to the drastic
drop in effective area for the ROSAT telescope + PSPC
instrumentation between 2.0 and 2.4 keV (the count rate
in the 0.1-2.0 keV energy band is 2% less than in the
0.1-2.4 keV band, when applying a power law with photon
index I' = —2.0 and Ng = 9 x 10?° c¢m™2 as a spectral
model — typical for M 31 sources). Therefore the count
rates of the two survey analyses are directly comparable.

Parts of the following analysis are based on
the Extended Scientific Analysis System (EXSAS;
Zimmermann et al. 1993) developed at the Max-Planck-
Institute fiir extraterrestrische Physik.

3.1. Data preparation and images

All the data were inspected for contamination by solar
scattered X-rays and particle background. The first orig-
inate from Thomson and fluorescent scattering of solar
X-ray photons with atoms and molecules in the upper at-
mosphere along the line of sight. For the ROSAT orbit,
these are mainly oxygen, nitrogen, argon, helium, and hy-
drogen (Jacchia 1972). For the integral solar scatter, the
illuminated column density of the atomic oxygen can be
used because of the well known fixed ratio of scatter con-
tribution of the other components, as discussed in detail
by Snowden & Freyberg (1993). Therefore, for each point-
ing, the column density of atomic oxygen was calculated
from the orientation of the telescope and the sun position

during the whole observation. All time intervals with oxy-
gen column densities above 1 x 105 cm ™2 (see Snowden &
Freyberg 1993 for an explanation of this threshold) were
rejected.

Snowden et al. (1992) found a strong correlation be-
tween the Master Veto Rate of the ROSAT onboard elec-
tronics and the residual particle background not rejected
by the veto electronics. Therefore, all time intervals with a
Master Veto Rate of more than 170 ct s~! were addition-
ally rejected. Applying these procedures, the rest of the
scattered X-rays and residual particle background within
the screened intervals was estimated to be less than 1%.

For the following analysis, the photon events of all
94 observations representing the survey were merged into
one single event file. This increased the photon statis-
tics and allowed us to make use of the homogeneity of
the raster survey. A slight random offset and rotation of
each pointing was corrected for by first correlating bright
point sources in neighbouring pointings detected by the
Standard Analysis Software System (SASS) and delivered
with the data. For this purpose, only sources within the
inner PSPC region (20’ radius) were used where the tele-
scope has its highest spatial resolution. The final source
position was calculated as the weighted mean position
from the individual source positions in each contribut-
ing pointing, with the signal to noise ratio as the weight-
ing factor. In a last step, each contributing pointing was
shifted and rotated to fit best this mean source position.
The distribution of the shift and rotation offsets over all
94 pointings was found to be Gaussian-like, with o = 5.2"
in shift and ¢ = 0.21° in rotation. These corrected data
were then ready to be merged.

Figure 2 shows a photon image in the B-band from
the merged inner PSPC regions of the 94 pointings with a
pixel size of 21.5” x 21.5”. Just from this image, the high
homogeneity and the narrow (center of detector) point
spread function (PSF; Hasinger et al. 1992) of the second
ROSAT M 31 survey across the whole galaxy (indicated
by the Das-ellipse) can be seen, especially when compared
to the image of the first survey (Fig. 2 in S97). Some
bright identified sources are also indicated in Fig. 2. Most
of them are not members of the M 31 system. The bulge
region is severely crowded by point sources and confused
by an additional diffuse component.

Figure 3 shows an optical image (taken from the Mount
Palomar Sky Survey) of M 31 in false colour represen-
tation. Size and orientation are as in Fig. 2 and the
Dos-ellipse of M 31 is also marked. The white boxes
mark the 560 X-ray source positions from the analyses
of both ROSAT PSPC surveys of M 31 as described in
Sect. 3.3 and listed in Table 6. The 4 box sizes indi-
cate the logarithm of the X-ray luminosities below 36,
between 36 and 37, between 37 and 38, and above 38
(from small to large). This corresponds to flux thresh-
olds of 1.76 x 10(-1=13.-12) erg cm~2 s~1. For flux cal-
culations, a spectral model of a power law with photon
index I' = —2.0 and Ny = 9 x 10%° ¢cm™2 has been used
which holds for M 31-sources but not for foreground or
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Fig. 2. Projection of the B-band photons of the merged 94 pointings in the inner PSPC regions (20’ radius each) with a pixel
size of 21.5" x 21.5”. The Das-ellipse of M 31 is marked. For a few bright sources their identifications are given, “SSS” standing
for “supersoft source”. During the first ROSAT M 31 survey, the here indicated transient source was as bright as PSKHB 52.

background objects. A distance of 690 kpc for M 31 is
asumed for the resulting luminosity values.

3.2. Source detection

To make use of the high homogeneity of the second PSPC
M 31 survey, the source detection was performed on the
merged data of the inner PSPC regions of all 94 obser-
vations. This guaranteed the best results for the deter-
mined source positions and covered approximately the
whole Dss-area of M 31. For detections of sources out-
side this region, the following source detection procedure
was repeated using the merged data of the total FOV.
The source detection technique used is similar to the one
previously used for the analysis of the first survey and de-
scribed in detail in S97. Hence, only a brief description will
be given here, with emphasis on the differences employed.

The computations can be divided into three steps: a
local, a map, and a maximum likelihood detection algo-
rithm. For the local detect algorithm, the merged pho-
ton event tables were split into a northern, middle and
southern part and for each part, images were created
with a pixel size of 15” x 15" for each of the five en-
ergy bands. This led to 3 x 5 = 15 images for the three

regions and the five energy bands. With a sliding window
technique (3 x 3 pixel box), the images were searched for
a significant count excess within the box compared with
the surroundings. Only source candidates with a likeli-
hood of existence >8 were listed, where the likelihood
L = —In(P), P being the probability that the measured
number of photons in the box originate from Poissonian
background fluctuations.

In the following map detect algorithm, the same pro-
cedure was applied to the 15 images, but this time the
photon number within the box was compared with the
number of photons within a box of equivalent area and
position in a background map. These background maps
were computed from the photon images by punching out
holes at the source positions determined by the local de-
tect algorithm, and applying smoothing procedures before
and afterwards as described in S97. The radius of the holes
was set to twice the FWHM of the PSF computed for a
20" off-axis angle and for the lowest energy value within
the considered energy band (a 40’ off-axis angle was used
for the merged total FOV data). This resulted in a second
list of source candidates (also with L > 8).

For the third step, the local and map source candidate
lists were merged into one list (separately for each of the
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Fig. 3. False colour image of M 31 made from an optical photography with the Mount Palomar observatory. Size and orientation
are as in Fig. 2 (also the Das-ellipse of M 31 is marked). The white boxes give the 560 X-ray source positions from the analyses
of the first and second ROSAT PSPC survey of M 31 as described in Sect. 3.3 and listed in Table 6. The 4 box sizes indicate
the logarithm of the X-ray luminosities below 36, between 36 and 37, between 37 and 38, and above 38 (from small to large).
This corresponds to flux thresholds of 1.76 x 1074 ~13=12) grg cm=2 §71,

five energy bands) and used as input for a maximum like-
lihood detection procedure (Cruddace et al. 1988). Here
only sources with a likelihood L > 10 were accepted and
the background maps described above were used. All re-
sulting lists were merged into one final list such that
sources separated by less than 20 of the PSF (referring
to the lowest energy value within the considered energy
band) were substituted by one single source, its position
set to the position of the original source with the high-
est likelihood. This list was used as input for a repeated
maximum likelihood process to compute upper limits in
the energy bands where a source was below our detection
threshold (but above in any of the other energy bands).

3.3. The catalogue of detected X-ray sources

The source detection yielded the 396 sources listed in
Table 5, which has the same structure as the first sur-
vey source list given in Table 5 of S97. Column 1 gives
the source number. Columns 27 list the centroid position
(epoch J2000) after correction for a systematic offset (see
below) and Col. 8 shows the 1o uncertainty of the source
position in arcseconds. The calculation of this positional
uncertainty is based on the maximum likelihood algorithm
and incorporates the effects of statistical errors depending
on the number of source counts, together with the blur ra-
dius of the PSF at the off-axis angle and the mean photon
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energy of the source. We also set a minimum threshold of
5" to account for a systematic positional error. The pa-
rameter in Col. 9 represents a classification of the quality
of the detection and is differently defined than for the first
survey due to the different homogeneity and sensitivity of
the second survey: class “1” indicates sources detected in
the inner PSPC region (20’ radius) and class “4” sources
outside this region. Column 10 in Table 5 gives the high-
est likelihood of existence found in any of the five energy
bands computed with the maximum likelihood method.
Finally, Cols. 11 to 15 list the count rates with their 1o
errors (in counts per kilosecond) within the five energy
bands (B, S, H, H1, and H2; see beginning of Sect. 3).
The listed count rate errors are only statistical errors,
whereas the systematical errors are expected to be less
than +15%. Because some faint sources were not detected
in all energy bands (i.e., these sources had a likelihood be-
low the threshold value of 10 in one or more energy bands),
we present 1o upper limits to their count rates. The upper
limits are computed from the 1o fluctuations (Poissonian
statistics) of the background counts at the source position
and are indicated by a preceding “<” symbol.

The 396 X-ray sources found in the second PSPC sur-
vey underwent a correlation with a positionally accurate
(optical) reference catalogue to determine a systematic off-
set in source position. This was done in the same manner
as for the sources in the first survey, and is described in
detail in S97. Here, for reference, we also used the op-
tical globular cluster catalogue of Magnier et al. (1994a;
Table 2) which revealed a slight systematic offset in our
source positions of ARA = 5.8” and ADec = 1.2”. Table 5
lists the offset-corrected source positions.

The fact that the total number of detected sources in
the second PSPC survey is identical with the total number
of detected sources in the first PSPC survey (S97) is purely
accidental. The source lists are different and contain only
239 common sources. The detection of common sources in
the two surveys is due to the fact that approximately the
same region of sky was observed over (in some areas) simi-
lar integrated exposure time. The differences in the source
lists are mainly due to different sensitivity characteristics:
the first survey has its highest sensitivity along a line fol-
lowing the main axis of the M 31 ellipse, whereas the sec-
ond survey has an approximately constant and high sen-
sitivity across the whole galaxy. Therefore, the detected
sources are concentrated within different regions of each
survey. Additionally, the slight differences in the source de-
tection procedures and statistical fluctuations cause some
departures close to the detection threshold.

Merging of the two survey lists (see Sect. 4.1.1 for de-
tails) yielded a final catalogue containing 560 PSPC de-
tected X-ray sources in the field of M 31. This is presented
in Table 6, which has a similar structure to Table 5 de-
scribed above. The only differences are that Col. 1 gives
the RXJ-number of the source and Col. 2 lists the source
number of the first survey (as listed in Table 5 of S97) if
a correlation was found. Here four possible cases are in-
dicated; (i) number followed by “+”: source was found in

Table 1. Summary of the correlation analysis. Niotal gives
the number of all possible correlations within a distance of 2o
of the combined positional error, Nac.. gives the number of
statistically expected accidental correlations, and Ng,. gives
the final accepted correlations. For a detailed explanation see
Sect. 4.2.

Type Databases Ntotal  Nace.  Nfin.
X-ray FEinstein (TF) 82 12.7 69
GC BA87, BA93, MA94a 43 11.6 33
Extragalactic NED 10 0.6 10
Foreground MA92, SIMBAD 72 404 55
SNR DO80, BW93, MA95 22 4.1 16
Novae SA91, SA92 0 0.8 -

both surveys and the listed data are from the first survey,
(ii) number followed by “—7: source was found in both
surveys and listed data are from the second survey, (iii)
number without any additions: source was found only in
the first survey, the listed data being from there, and (iv)
no number at all: source was found only in the second sur-
vey, the listed data being from there. For the criteria of
which data are listed in cases of correlation see Sect. 4.1.1.
The following Cols. 3-16 are identical with Cols. 2-15 of
Table 5, and have been described above. For sources found
in the first survey, the classification parameter listed in
Col. 10 is as follows: class “1” identifies sources detected in
the central region of the PSPC with off-axis angles < 20/,
class “2” defines locations of sources found between 20
and 40’, and class “3” contains sources with off-axis angles
> 40’. As mentioned in Sect. 2 of S97, the source position
was derived from the pointing in which it appears at the
lowest off-axis angle, i.e., the best class (though not under
a PSPC rib). For sources in class “2” and especially class
“3”, any upper limit in count rate listed in Cols. 11-15
can even be an underestimation due to the wider PSF
and the therefore higher possibility of rib influencies. For
sources found in the second survey, the listed classifica-
tion parameter for the quality of detection is defined as
described above: class “1” for sources detected in the in-
ner PSPC region (20’ radius) and class “4” for sources
outside this region.

The caveats for the first survey source catalogue men-
tioned in S97 are still valid where these sources are not
substituted by second survey detections.

4. Comparisons with other source catalogues

For all correlations with other catalogues described in this
section, the final source list of Table 6 was used. Table 1
summarises the results of the correlation analysis for dif-
ferent catalogues and these are discussed in more detail in
the following subsections. From the description (in S97) of
the correlation process itself, we simply summarise here
that it yields not only the total number of correlating
sources (Niota1) but also the amount of expected acciden-
tal correlations (Nace.) within a 1o confidence level.
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4.1. Comparisons with previous X-ray source
catalogues

4.1.1. Comparison with the first ROSAT survey
of M 31

The source list of the second M 31 survey was merged
with that of the first to obtain the final ROSAT PSPC
X-ray source list of M 31 (Table 6). For this purpose
the above-mentioned correlation process was applied to
both lists to identify common sources. The “radius of ac-
ceptance” (r,) — the important correlation parameter —
was iteratively determined as follows: the correlation pro-
cedure was repeatly carried out, with r, increasing suc-
cessively from r, = ocomp. (here, ocomb. = /07 + 03,
the combined positional error of the correlating sources,
where the single positional error of each source is given
by the maximum likelihood detect algorithm). This iter-
ative process was stopped just before the occurrence of
multi-identifications (one source in one catalogue correlat-
ing with more than one source in the other catalogue) for
sources with likelihood >20 (to exclude sources near the
detection threshold), and outside confused regions. In this
way, most potential common sources have been uncovered,
without risking having to accept multi-identifications for
bright isolated point sources.

This process yielded 239 correlations (with r, =
40 comb., corresponding to a 99.99% probability of all real
identifications having been found) with an expected num-
ber of 23 chance coincidences (lo-value). A few multi-
correlations were accepted (see below) because they either
occur within confused regions or have likelihoods <20 or
at least one of the correlating sources is covered by the
PSPC rib structure.

For sources correlated within the two surveys, the one
with the better quality of detection (i.e. with the low-
est classification parameter listed in Col. 10 of Table 6,
class “4” of the second survey being considered the same
as classes “2” and “3” of the first) was taken and the
other was rejected as being identical with the first. In
cases where the correlating sources were of the same class,
the one with the higher likelihood was taken and, if the
likelihood was also the same, the source from the second
survey was taken because of its better positional accu-
racy!. The same procedure was applied to the few multi-
correlations to clarify their situation. With this only one
multi-correlation remained: source #379 of the first sur-
vey (see Table 5 in S97) correlates with sources #380 and
#384 of the second survey (see Table 5 in this paper).
Applying the rules mentioned above for both correlations
we would have to accept source #379 from the first sur-
vey and would have to reject both sources from the second

1 As a concequence of this data quality based decision vari-
able sources are preferentially listed in their luminous state
which may have different spectral characteristics compared
with their less luminous state. Therefore sources detected as
variable (see Tables 2 and 3) are marked with a
front of their RXJ-number.

“~"-sign in

survey. Here we decided only to accept the correlation with
the least distance as a true identification and left source
#384 as a new one.

Conversely, 158 sources from the first survey and 163
from the second do not correlate with any other source
(and we extend to 164 for the second survey due to the
reasons mentioned above). To consider all these sources
as transients would ignore the different spatial sensitivity
distributions and different sky coverage of the two surveys.
Therefore, a more explicit investigation of transients is
presented in Sect. 5.

4.1.2. Comparison with the Einstein catalogue

The 560 X-ray sources in the merged source list of the
two ROSAT PSPC surveys exceeds the number of X-ray
sources detected with the Einstein observatory in this re-
gion of sky by a factor of more than 5. On the one hand, it
is the result of the ~10 times higher sensitivity of ROSAT
and the larger exposure of the disk region in the second
ROSAT survey. On the other hand, both ROSAT surveys
covered a more complete and therefore larger portion of
the M 31 field than the FEinstein observations did. The
number of sources detected with the ROSAT PSPC in
the M 31 bulge region (within 1 kpc from the centre) in-
creased from 22 in the first survey to 31 using the data
from both surveys. The fact that this is still less than
the 48 sources found with the Finstein observatory in this
region, as listed by Trinchieri & Fabbiano (1991, here-
after TF), is due to the large fraction of sources in TF’s
list which were detected with the higher spatial resolution
Finstein HRI. Primini et al. (1993) reported 45 sources
found with the ROSAT HRI within the bulge region of
M 31 and Immler (2000), again using the ROSAT HRI
observations, counted 63 sources within a 5’ circle around
the centre.

As already described in S97, the list of Einstein
X-ray sources in the field of M 31 reported by TF con-
tains 108 sources, with 81 sources taken from the FEinstein
HRI data with an assumed positional error of 3" (re-
ported by Crampton et al. 1984), and 27 sources based on
FEinstein IPC data with a 45" positional error. Applying
the above mentioned correlation procedure to the 560
ROSAT sources and the 108 Finstein sources reported
by TF yields Niotar = 82 correlations with a probable
contamination of N,... = 12.7 chance coincidences, here
accepting a source separation of up to twice the combined
positional error (20). 12 ROSAT sources each correlated
with several Finstein sources, due mainly to the large posi-
tional error of the Finstein IPC. To clarify their situation,
only the correlation with the smallest separation (between
the correlating counterparts) was taken into account. This
reduced the number of finally accepted correlations to 69,
which is in good agreement with the number of statisti-
cally expected true correlations (i.e. Niotal — Nace. = 69.3).

All 69 identifications are listed in Table 7. Column 1
gives the ROSAT RXJ-number (ref. Table 6), Col. 2 gives
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the fluxes and 1o errors of the ROSAT sources using
the spectral model of TF (thermal bremsstrahlung with
kT =5keV and Ng = 7 x 10%° cm™2 in the 0.2-4.0 keV
energy band), Col. 3 lists the Einstein source numbers (ref.
Table 2A of TF), Col. 4 the fluxes and 1o errors given by
TF, and Cols. 5 and 6 the distances between the ROSAT
source positions and the FEinstein source positions in arc-
seconds and in units of their combined positional errors
(o) respectively. The last column shows the ratio between
the fluxes obtained with ROSAT and Finstein and can be
considered as a long term variability check between the
epochs of the two observations. More detailed investiga-
tions into long time variabilities are described in Sect. 5.

Comparing this correlation list to the one using only
ROSAT sources found in the first survey as published in
S97 (Table 6), a few remarks should be made. Using only
the data of the first survey we had to manually extend the
correlation list by one entry (ROSAT source #67 corre-
lating with Einstein source #3) as mentioned in S97. This
had been necessary because of the poorly—known PSF and
the therefore uncertain positioning at the source position.
The second PSPC survey now gave us the opportunity to
determine much more precisely the position of this source
(RX J0040.24-4050), turning out in fact to be only 3.6”
away from the position of the FEinstein HRI source #3.
Therefore no manual extension of the correlation list had
to be made in this paper.

The listed flux ratio (Fgr/Fg) between ROSAT and
Finstein which can be used as a long term variability indi-
cator should be inspected carefully for sources in the bulge
region (marked with a % preceding the ROSAT source
number). Because of the heavy confusion in this region,
the flux determination of these sources is very uncertain.

With the help of the second PSPC survey, some po-
sitions of X-ray sources already found in the first survey
could be improved. Therefore, the 69 identifications listed
in Table 7 show a very good positional agreement between
the PSPC source positions and the ones listed by TF,
which were largely obtained with the Finstein HRI. In
fact, the mean source separation of the 43 ROSAT PSPC-
detected sources correlating with sources also found with
the Finstein HRI is 5.9” 4+ 3.2".

Excluding the heavily confused bulge region and the
sources therein, we found a good ROSAT confirmation
(90%) of the sources detected with the Einstein observa-
tory as, out of the 60 of the 108 Finstein sources outside
the bulge region, 54 could be confirmed by ROSAT. For
the 6 Einstein-only detected sources, we give ROSAT flux
upper limits and discuss their transient nature in Sect. 5.1.
Over and above this, 491 new sources have been found
with ROSAT which were not detected with Finstein.

4.2. Correlations with optical and radio sources

To identify and classify individual sources, the merged
ROSAT source list of both surveys (Table 6) was corre-
lated with the same catalogues previously used for the

sources of the first survey in S97. For completeness and
to simplify the discussions, we summarise the public data
bases and catalogues used as follows:

— globular clusters: the two lists of Battistini et al.
(1987, 1993; hereafter BA87, BA93) and the lists of
Magnier et al. (1994a; Table 2; hereafter MA94a);

— extragalactic objects: the NASA Extragalactic
Database (version date: 30. Dec. 1992; hereafter NED);

— foreground stars: the catalogue of stellar pho-
tometry described by Magnier et al. (1992), here-
after MA92, and Haiman et al. (1994) and the
SIMBAD catalogue (Centre de Données astronomiques
de Strasbourg; version date: Dec. 1989; hereafter
SIMBAD);

— supernova remnants: the lists of d’Odorico et al.
(1980; hereafter DO80), Braun & Walterbos (1993;
hereafter BW93), and Magnier et al. (1995; hereafter
MAY5);

— novae: the two lists of Sharov & Alksnis (1991, 1992;
hereafter SA91, SA92).

Information regarding the characteristics of these cata-
logues, especially the individual positional errors used in
the correlation processes, can be found in S97. We adopted
them except for the SNR catalogues: D’Odorico et al.
(1980) report general position errors of 8” in declination
and 15" in right ascension. In S97 we assumed a mean
position error of 12" whereas in this paper we decided to
use a geometric mean of 17”. For the SNR list of Braun
& Walterbos (1993) and also for the list of Magnier et al.
(1995) we used 5" as a systematic position error for our
correlations.

Table 8 shows the result of the correlations. The
columns are defined as follows. Column 1 gives the ROSAT
RXJ source number (ref. Table 6). Column 2 lists the ob-
ject class, of which four exist: “Star” for galactic fore-
ground stars followed in brackets by their type if available,
“EQO” for extragalactic objects, mainly background galax-
ies, “GC” for sources belonging to globular clusters, and
“SNR” for supernova remnants. Column 3 lists the iden-
tification, using the abbreviations of the correlated cata-
logues as defined above. The number following in brackets
gives the name/entry number of the object as listed in the
relevant catalogue (for details see the remarks to the in-
dividual catalogues below). Finally, Cols. 4 and 5 give the
distance between the ROSAT source position and the cor-
related object in the catalogue, both in arcseconds and in
o units. For the distance expressed in sigma, the combined
positional error of the ROSAT source and the correlated
catalogue source was used.

Concerning this list, the following should be noted. If
one ROSAT source correlates with more than one cat-
alogue source of the same catalogue, only the correlation
with the smallest positional separation is listed. If the cor-
relating catalogue sources belong to different catalogues
of the same source class then all correlations are listed,
separated by commas. In a few cases, multi-correlations
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between one ROSAT source and catalogue sources of dif-
ferent source classes were found. Here, spectral consider-
ations clarified the situation, especially for distinguishing
between foreground stars and globular clusters. Rejections
of a good spatial correlation in place of a poorer spatial
correlation only took place when the more distant coun-
terpart was spectrally consistent with the ROSAT source
and the closer counterpart very inconsistent.

In contrast, no rejection was performed in cases of per-
fect positional single—correlations, even of moderate coin-
cident spectral characteristics. Additionally, we did not ac-
cept identifications with supernova remnants for ROSAT
sources with a hardness ratio HR; + ogr, < —0.80, be-
cause we consider these sources as supersoft sources (see
S97 and Greiner et al. 1996)2. The hardness ratio HR;
is defined as HRy = (H — S)/(H + S), where S and H
stand for the source counts in the relevant energy bands
calculated with the maximum likelihood algorithm (and
listed in Table 6). With these criteria, 114 identifications
with optical and radio sources were found, correspond-
ing to an identification quota of 20.4%. Some quantitative
comments on the various object classes are as follows:
Foreground Stars (Star): Among the Niota1 = 72 cor-
relations within the 20 error level, 17 had to be rejected
due to the above criteria, leading to Ng, = 55 finally
accepted identifications. The high density of foreground
stars within the HA94 catalogue yields a relatively high
number of possible chance coincidences, N,c.. = 40.3. The
resulting statistically expected number of true identifica-
tions is NV; = 31.8 £ 6.3, which is too low when compared
with the finally accepted 55 identifications. As already dis-
cussed in S97, from the Finstein and ROSAT medium and
deep surveys we know the foreground source luminosity
function, and this can be used to derive an upper limit of
54 expected foreground sources within the region covered
by the HA94—catalogue. This value is in good agreement
with our finally accepted number of identifications.
Background Galaxies (EO): None of the Niota = 10
found correlations had to be rejected due to the above cri-
teria. The remaining number of Ng, = 10 finally accepted
identifications is in good agreement with the statistically
expected number of N; = 9.440.8. The dwarf galaxy M 32
can be found among the identifications, correlating with
ROSAT source RX J0042.6+4052.

Globular Clusters (GC): Within the 20 error level
we found Niota1 = 43 correlations (with Nyee. = 11.6
chance coincidences), from which 10 had to be rejected
due to the above criteria. The remaining 33 finally ac-
cepted identifications are in good agreement with the
statistically expected number of N; = 31.4 + 3.4 true

2 Kahabka (1999) used not only HR1 but also HR2 and Lx
(with reference to the local Nu-value at the source position)
and their respective ratios to discriminate supersoft sources.
Using these criteria and the source list of S97, he came up with
an additional 26 new supersoft source candidates, 4 of them
correlated with foreground stars in S97 and 4 with supernova
remnants. Excluding these 8 sources, 18 additional supersoft
source candidates in M 31 remain.

identifications. Among the 10 rejected correlations, 2 ac-
counted for double—correlations with globular clusters,
while the remaining 8 were rejected on spectral grounds,
showing soft spectral characteristics incompatible with the
known relatively hard spectra of X-ray sources belonging
to globular clusters.

Supernova Remnants (SNR): Among the Nipta =
22 correlations within the 20 error level, 6 had to be re-
jected due to the above criteria, leading to Ng,. = 16
finally accepted identifications. This is in good agreement
with the statistically expected number of N; = 17.9 £ 2.0
true identifications. One important comment concerning
the SNR-correlations listed in S97: Due to a misuse of the
SNR list of Magnier et al. (abbreviated as MA94b in S97)
a few SNR miss-correlations are listed in S97. This is re-
paired in this paper.

Novae: The extension of the ROSAT source catalogue of
the first M 31 survey (S97) with the sources found in the
second survey does not uncover a single correlation with
one of the known novae in M 31.

5. Time variability

The two ROSAT PSPC surveys of M 31, separated by
~1 year, and the Finstein survey from ~11 years before
the first ROSAT survey can be used to search for long
term variability within the sources. We treat this here in
two different subsections. Readers who wish to investigate
long term variabilities or the search for transients should
refer to both sections (5.1 and 5.2), and are strongly rec-
ommended to read Sect. 4.1 in S97.

Concerning any two catalogues 1 and 2 which refer to
the same sources, we used for a quantitative study of pos-
sible long term variabilities a linear significance parameter
following Primini et al. (1993), which is defined as:

|1 — By

Y
\oE + ok,
where F; and Fj represent the X-ray flux in the first and
second source catalogues and o, and o, give the corre-
sponding flux errors. This definition is useful in that, in
cases where an inappropriate spectral model has been used
to compute the two fluxes, any systematic errors are dis-
regarded. We state time variability only for sources with
S > 30. Additionally, sources within the bulge and other
confused or “handicapped” regions (e.g. beneath the ribs

of the PSPC support structure) were excluded on caution-
ary grounds.

S — ) = (1)

5.1. Comparison with the Einstein sources

As already described in Sect. 4.1.2, we compared the com-
plete ROSAT PSPC source list of M 31 (Table 6) with
the FEinstein source list published by TF. The results are
listed in Table 7, where, besides the fluxes (using the spec-
tral model of TF), the flux ratios are also given. Here,
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Table 2. List of X-ray sources showing flux variability be-
tween the Finstein observation and the ROSAT observations.
Fr gives the ROSAT source flux using the Finstein spectral
model of TF (thermal bremsstrahlung with k7" = 5 keV and
Nug = 7 x 10 ¢cm™? in the 0.2-4.0 keV energy band) and
Fg gives the Einstein source flux of the correlated FEinstein
source. Column “S” lists the significance of the variability as
described in the text. A “T” in this column indicates bright
transients or possible faint transients when enclosed in brackets
(see Sect. 5.1 for a detailed explanation).

ROSAT Fr (x10'®)  Ein. Fg(x10'%) Fr/Fg s
RXJ-No. (cgs) No. (cgs)

0040.24+4034 19.87 & 0.29 < 10.00 > 2.00 T

0041.74+4134 14.38 & 0.49 9 8724108 1.65+021 3.66

0041.844021 24.25+0.76 11 15.54+0.88 1.56+0.10 5.69

0042.2+4019 40.38+£1.23 15 48.83+1.61 0.83+0.04 3.89

0042.244101 9.53+£0.32 16 3.88+0.75 2.46+0.48 4.48

0042.2+4112  9.04+0.25 19 4.26+0.54 2.124+0.28 4.45

0042.24+4118 9.714£0.32 14 3.23+0.51 3.01+£0.49 6.09

0042.6+4052 32.45+0.53 51 9.16+1.01 3.54+0.40 15.33

0042.844131 18.62+0.45 67 11.95+1.10 1.56+0.15 4.30

0043.14+4118 7.54+0.24 82 2.03+0.31 3.72+0.58 6.69

0043.3+4117 4444025 8 1.31+0.34 3.39+0.89 3.66

0046.4+4201 10.08 £0.31 105 5.52+0.89 1.83+0.30 3.33

SI: <0.35 12 2.56 % 0.50 <0.14 (T)

SI: <0.44 40 1.59=40.62 <028 (T)

SII: <2.01 75 4.02+0.56 <050 (T)

SI: <0.40 84 1.9940.49 <082 (T)

SI: <0.35 96 3.5040.94 <0.10 (T)

SI: <0.39 106  0.71 4 0.22 <055 (T)

we extend these calculations by the significance parame-
ter given in formula (1), where catalogue 1 is set to the
ROSAT source list and catalogue 2 is set to the Finstein
source list. Applying the criteria mentioned above to ac-
cept sources only with S > 30 and outside confused re-
gions, we come up with the remaining sources listed in
Table 2. Additionally, this table contains potential tran-
sients (see below). The meanings of the columns are:
Cols. 1 and 3 give the ROSAT source number (RXJ; see
Table 6) and the correlating Einstein source (TF’s source
list) respectively, Cols. 2 and 4 list the (unabsorbed) flux
and flux error of the sources as measured with ROSAT
and Finstein respectively, the spectral model of TF having
been applied (thermal bremsstrahlung with kT = 5 keV
and Ng = 7x 10%° cm~2 in the 0.2-4.0 keV energy band),
Col. 5 lists the flux ratio between the ROSAT and the
FEinstein observations, and Col. 6 gives the significance pa-
rameter as described above, or a transient indicator “T”
(see below).

Variable sources:

Table 2 lists 11 (long term) variable sources. From a com-
parison between the FEinstein detected sources reported
by TF and the sources found in the first ROSAT survey
of M 31 we reported 15 potentially variable sources in
S97. Actually, 10 of the S97-reported 15 sources vanish
from the variability list, and 6 new variable sources join
the list. Among the 10 vanished sources, 6 lay within the
bulge region (Finstein sources #33, #58, #68, #76, #79,
and #80) and have therefore been rejected from our very

stringent list (we were not so restrictive for Table 3 of
S97). For 2 sources (Einstein sources #70 and #348),
the fluxes of the corresponding ROSAT sources have been
substituted with the data from the second PSPC survey,
which were closer to the Finstein fluxes, and the signif-
icance of variability therefore fell below our threshold.
Einstein source #2 now correlates with ROSAT source
RX J0040.0+4031 (formerly ROSAT source #55) instead
of ROSAT source RX J0040.0+4033 (formerly ROSAT
source #57) because we obtained an improved position
from the second PSPC survey data, cancelling the prior
correlation. Finally, we deleted by hand the correlation
pair of Finstein source #27 with ROSAT source #172
because it lies close to the bulge within a confused region.

Among the 6 new variable sources, 3 came into the
list due to their newly determined fluxes from the second
PSPC survey data (ROSAT sources RX J0041.8+4021,
RX J0043.144118, and RX J0046.4+4201), 2 joined
the list because of the now improved positions of
the correlating ROSAT sources (RX J0042.244112 and
RX J0042.2+4118) and the last one (RX J0043.3+4117)
was newly discovered within the second survey data.

In cases where a change in determined flux (between
the first and second PSPC survey) is responsible for
changes in the variable source list, one should bear in mind
that this might be due to a real flux change (variability)
of the particular source within the time gap between the
two ROSAT surveys (~1 year). In assembling Table 2, we
assumed that the changes are due to the better flux de-
termination within the data of the second PSPC survey
compared to the first. Readers who wish to investigate the
variable sources are therefore recommended to examine all
sources in both lists.

The two variable sources reported by Collura et al.
(1990) have been discussed already in S97. Including the
second PSPC survey data has added nothing of signifi-
cance as regards these.

Transients:

Table 2 lists 7 possible (bright) transient sources. We
define bright transients as those sources which are de-
tected in one catalogue, and are bright enough to be
detected in the other, but which are not seen. ROSAT
sources with fluxes >10712 erg cm~2 s~! (applying the
spectral model of TF) should have been seen during the
Einstein observations. Conversely, Finstein sources with
fluxes >10712 erg cm~2 s~! should have been seen in the
ROSAT surveys.

From a comparison between the FEinstein detected
sources reported by TF and the sources found in the first
ROSAT survey of M 31, we reported 9 potentially tran-
sient sources in S97. In detail, we have now “lost” 5 of
these transients, 3 of them because the relevant Einstein
sources (#81, #93, and #100) were found to correlate
with sources detected within the second PSPC survey
data, and the other two because they lay within confused
regions. On the other hand, we included 3 new transients
in our list (Finstein sources #12, #75, and #84) because,
within the first PSPC survey their positions were near
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the PSPC support structure and therefore we formally
excluded them from the list at that time. With the help
of the second PSPC survey and its more homogeneous
exposure, we were able to verify their potential transient
nature. For all transients, we list in Table 2 a flux upper
limit. In the case of the ROSAT fluxes, we compute these
limits from the known background fluxes at the source po-
sitions making use of the most sensitive survey (indicated
by SI/SII for the first/second PSPC survey). Although
3 sources were partially obstructed by the PSPC support
structure within the first survey (see above), for 2 of them
we calculated their upper limits from these data because
these positions still received more exposure within the first
survey than within the second. In these cases, we simply
used the second survey and its homogeneity as a proof to
clarify their transient nature.

We list all 6 transients at the bottom of Table 2 as
faint transients (“T” within brackets) as they have lumi-
nosities below our bright transient threshold given above,
even though their Finstein luminosities are above the de-
tection threshold of the ROSAT surveys.

For the one transient in Table 2 not seen by FEinstein
(ROSAT source RX J0040.24+4034), we give our transient
threshold of 10712 erg cm ™2 s~! as an upper limit because
TF did not mention the limiting flux of the individual
Einstein observations. With this value, we are surely above
the sensitivity of the Finstein observations.

5.2. Comparison between the two ROSAT PSPC
surveys

In Sect. 3.3 we described the merge of the two source
lists assembled from the first and second PSPC surveys
of M 31. Sources which were found in both lists have
been tested for variability in flux. To indicate a pos-
sible variability we have applied the following criteria:
(1) The source must reside outside the bulge and out-
side other confused regions, (2) the significance param-
eter (Eq. (1)) must hold with S > 3 (Fy and F, being
the fluxes of the source determined from the first and sec-
ond surveys), (3) sources with an upper limit to the count
rate in the B—band in either of the two surveys have been
excluded (in other words, the count rate must have been
determinable), (4) sources behind /near the PSPC support
structure within the first survey have been excluded (i.e.
sources marked with a f-symbol in Table 5 of S97, (5) the
sources have to belong to source class “1” in both sur-
veys, and (6) the detection likelihood of the source has to
be >20 in both surveys. Criterion (1) prevents any pseudo-
variability occurring due to uncertain flux determinations
within confused regions, criterion (2) ensures a sufficient
significance, and with criteria (3) to (6), the influence of
any systematic errors should be widely excluded.

With these criteria, 34 possible long term variable
sources were found, as listed in Table 3. Column (1) gives
the ROSAT RXJ-number of the source, Cols. (2) and (3)
list the count rate in the B-band determined from the

Table 3. List of all the potentially long term variable sources
found via a comparison of the first and second ROSAT PSPC
surveys of M 31. Column “S” lists the significance of the vari-
ability as described in text. Additionally, possible transients
are tabled, marked with “T” in this column.

ROSAT
No.

Ratesy
(ct xks™h)

Ratesit
(ct xks™)

Rategy /s S

RX J0038.4+4012
RX J0040.743959
RX J0041.1+4002
RX J0041.5+4105
RX J0041.6+4101
RX J0041.8+4015
RX J0041.8+4021
RX J0041.8+4101
RX J0041.8+4122
RX J0042.1+4110
RX J0042.14+4118
RX J0042.2+4039
RX J0042.2+4055
RX J0042.2+4101
RX J0042.2+4112
RX J0042.24+4118
RX J0042.3+4113
RX J0042.4+4104
RX J0042.44+4112 22.09 £ 0.94
RX J0042.54+4048 1.69 £ 0.32
RX J0042.6+4052 121.17 = 1.99
RX J0042.84-4125 14.75+0.84
RX J0042.94+4146 3.55 £ 0.53
RX J0043.1+4048 < 2.27
RX J0043.1+4112 3.06 £0.41
RX J0043.14+4118 5.58 £0.57
RX J0043.3+4120 6.74 = 0.62
RX J0043.44+4118 6.86 £+ 0.62
RX J0043.44+-4126 < 1.50
RX J0043.7+4124 < 1.53
RX J0043.74+4136 7.04 £ 0.56
RX J0043.9+4122 4.82+0.48
RX J0044.3+4145 1.17 £0.35
RX J0044.44+4121 29.77 £1.12
RX J0044.84-4225 <274 485%1.11 < 0.56 T
RX J0045.6+4208 19.18 £0.92 25.83 £1.110.74 £0.05 4.63
RX J0045.74+4139 147.96 £ 1.91 134.43 £1.96 1.10 £ 0.02 4.95
RX J0046.44+4201 29.58 £1.14 37.64 +1.150.79 £0.04 4.99
RX J0046.4+4204 20.61 £0.99 33.17 £1.16 0.62 £0.04 8.24
RX J0047.44-4152 <208 3.35+0.54 < 0.62 T
RX J0047.84-4142 <270 7.02£1.15 < 0.38 T
RX J0048.4+4157 46.28 +£1.64 35.30 £2.16 1.31 £0.09 4.05

12.61 £ 0.66
< 2.81

1.96 + 0.64
< 1.27
1.49+£0.31
3.18 £0.58
60.52 £ 1.22
11.73 £0.71
6.11 £0.58
4.20 £0.46
13.85 £0.79
3.90 £0.39
10.13 £ 0.69
35.60 £1.18
24.95 £1.02
11.31 £0.73
18.74 £ 0.87
6.95 £ 0.56

9.03 £0.781.40 £0.14 3.51
5.54+£1.01 < 0.51 T
5.57£1.010.35+£0.13 3.04
12.36 £ 0.69 < 0.10 T
3.10+£0.400.48+£0.12 3.20
7.02+1.040.45+0.11 3.24
90.56 £2.850.67 £0.02 9.68
6.25 £0.511.88+0.19 6.28
2.69 £0.43227+£042 4.75
6.83 £0.650.62 £ 0.09 3.28
35.01 +1.21 0.40 £ 0.03 14.68
8.12£0.710.48 £0.06 5.24
6.59 £0.521.54 £0.16 4.10
29.59 +£1.021.20 £0.06 3.85
33.74 £0.950.74 £0.04 6.33
36.25+1.210.31 £0.02 17.64
66.18 = 0.96 0.28 £ 0.01 36.58
17.85 £ 0.83 0.39 £ 0.04 10.87
44.15+£0.76 0.50 £ 0.02 18.34
3.91+£0.46 0.43 £0.10 3.97
58.12 £ 1.50 2.08 £ 0.06 25.28
21.274+0.980.69 £0.05 5.05
7.64 £0.720.46 £ 0.08 4.57
5.53 £0.62 <041 T
5.63 £0.56 0.54 £ 0.09 3.69
28.17 +£0.91 0.20 £ 0.02 21.05
10.07 £0.91 0.67 £0.09 3.02
11.96 £0.76 0.57 £ 0.06 5.20
5.87 £0.52 < 0.26 T
3.72 £0.50 <041 T
2.16 £0.36 3.26 £ 0.60 7.35
2.07£0.36 2.33 £ 0.47 4.56
3.07£0.420.38 £0.12 3.51
25.10 £1.021.19 £0.07 3.08

data of the first and second surveys respectively, Col. (4)
gives the ratio in count rate between the first and sec-
ond survey, and Col. (5) gives the value of the significance
parameter, following Eq. (1).

Additionally, Table 3 contains possible transients,
marked with a “T” in Col. (5). For this, the sensitive flux
limit was determined within the survey in which the source
was not found, using the source position from the other
survey (i.e. where the source was detected). If this value
was below the count rate minus the 1o count rate error
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determined from the survey where the source was found,
then this source was considered as a possible transient. To
prevent false diagnoses being made, the same criteria as
above for the variable source search were applied except
for criterion (2) which was dropped, and criterion (3),
which was substituted as just described. With this, no
transients were found which could be seen only in the first
survey but not in the second. This is mainly due to the ex-
clusion of regions near the PSPC support structure within
the first survey which results in a reduction in area and
may have removed a few transient candidates from our
(conservative) list. Additionally, the second survey with
its homogeneous exposure is more sensitive in the outer
region of M 31 than the first survey. As a consequence of
these two effects, we found 8 transients which were seen
in the second survey but not in the first. Because of the
very different conditions of both surveys (mainly the in-
fluence of the PSPC support structure in the first survey),
we desist from a quantitative analysis of a transient rate
and its comparison with expected theoretical values.

If we readopt criterion (2) in a slightly changed form,
that the upper flux limit for transient sources also rep-
resents the error in flux, we would come up with values
for the significance parameter always below our threshold
of 3 except for source RX J0041.5+4105 where S = 7.67.
Here, we could quote source RX J0041.5+4105 as a strong
candidate for a transient, whereas all the others must be
considered as weak candidates.

Some words concerning ROSAT source
RX J0040.244034: In Sect. 5.1, from a comparison
with the Finstein source list of TF, we have indicated
this source as a possible transient. If the increase in flux
between the Finstein observations and the first ROSAT
survey is based on a short—time outburst of this transient
source, we would expect this source to appear much
fainter during the second PSPC survey or even disappear.
Actually, with the criteria applied to merge both source
lists as described in Sect. 3.3, the source seemed to disap-
pear, as no correlating source could be found within the
second survey. Nevertheless, a visual inspection suggested
an identification of ROSAT source RX J0040.2+4034,
only found within the first survey (source #69, Table
5 in S97), with ROSAT source RX J0040.24+4033, only
detected within the second survey. Both sources are listed
separately in Table 6. Under the assumption that these
two sources are the same source we note a large decrease
in count rate (by over a factor of 40) between the first
and second surveys. This would tie in with the possible
transient nature of this source. On the other hand, the
fact that these two sources are separated by 57" and
are both good quality detections argues against this
treatement. We therefore list both sources as individual
sources in our list.

6. Total luminosity and diffuse emission

From the first ROSAT PSPC survey of M 31 we had al-
ready derived quantities for the total luminosity of M 31

and a possible gaseous component (S97). Because the first
survey had to be corrected for several caveats such as the
dominant influence of the PSPC support structure, the
inhomogeneous exposure, and the rapid decrease of sen-
sitivity from the centre of M 31 to the outer regions, we
improved the determination of the total luminosity and
diffuse component with the data from the much more ho-
mogeneous second survey. One of the big advantages of the
second survey is its more or less constant exposure and
therefore constant flux limit over the whole Dss-area of
the galaxy. This allows an improved determination of the
background around M 31 and, as a consequence, a more
reliable flux determination of components within M 31.
Furthermore, it reduces systematical errors in the case
of large scale analysis, as discussed in this section. The
following description has some overlap with procedures
already described in S97, but we decided to briefly sum-
marise them here for completeness.

In this section we will use the term “diffuse compo-
nent” to mean the sum of the emission from a truly diffuse
(gaseous) emitter and from unresolved point sources. We
will refer to “total emission” as the sum of the diffuse
component and the emission from resolved point sources.

As already described in Sect. 3.1, all the data have
been cleaned of contamination by solar scattered X-rays
and particle background. The resulting photon event files
remain contaminated by these components, but only to
less than 1% in each pointing. This is up to ten times bet-
ter than in the worst case of the first PSPC survey. For
the analysis in this section, the data were binned into an
image with a 30" x 30" pixel size. For the determination
of count rates within the Dos-area of M 31, the merged
inner regions of the PSPC with 20" radius have been used,
whereas for the outer area around M 31, a merge of the to-
tal photon event files has been used. The resulting images
were divided by exposure maps with the same pixel size
to obtain count rate images corrected for the effects of the
rib structure, vignetting and dead time. These exposure
maps were calculated in the following manner: the B-band
was divided into 10 energy slices for which EXSAS pro-
vides instrument maps for the PSPC detector response.
Together with the photon event files, exposure maps for
each of these energy slices were created, considering also
dead time effects. A weighted addition of these single ex-
posure maps yields the final exposure maps. The pulse
height spectra in the 10 energy slices of the photon event
files were used as the weighting factors.

From the image of the merged inner PSPC regions we
derived count rates for the bulge (1 kpc around the cen-
tre) and the M 31 disk region (i.e. outside the bulge up
to the Das-ellipse). “Background count rates” were taken
from the image of the merged total PSPC FOV and within
an area far outside and around the Doj5 ellipse of M 31 —
explicitly the area between the ellipse with major and mi-
nor axes 0.15° larger than the Dss ellipse of M 31 and
the ellipse 0.30° larger. Sources within this area were cut
out to a radius of three times the PSF at the source po-
sition. With this, we derived count rates for the bulge,
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disk, and “background” of (46.86 + 2.5), (4.278 £ 0.04),
and (3.31140.038) ct s~' deg™? respectively, in the broad
(0.1-2.0 keV) energy band.

Considering the bulge, a subtraction of the background
count rate and a multiplication with the bulge area of
0.026 deg? yields (1.132+0.065) ct s~!. Applying a power
law with I' = —2.0 for the spectral model and a galac-
tic foreground absorption of Ny = 6 x 10%° cm™? yields
(2.88 4 0.17) x 107! erg cm=2 s7! for the total flux of
the bulge region, which corresponds to a luminosity of
~1.6 x 10% erg s~!, assuming a distance of 690 kpc to
M 31. A summation over the count rates of all 22 bulge
sources detected in the second PSPC survey data in this
area initially yields (2.78 4 0.02) ct s~!. This is much
higher than the total emission derived above. The rea-
son is the way the source detection algorithm works.
In highly confused regions it tends to overestimate the
count rate of each source due to overlapping of the pho-
ton extraction circles of neighbouring sources. By deter-
mining the individual extraction radii the detection al-
gorithm has used, and the amount of overlapping area
under the assumption of a gaussian PSF for the instru-
mentation, we can globally correct for this effect. With
this, we obtain (0.893 £ 0.006) ct s~! for the resolved
emission of the bulge. A comparison with the above de-
rived total emission uncovers an unresolved component
of (0.239 £ 0.065) ct s~!. Assuming that this component
completely originates from thermal emission of hot gas,
and applying a spectral model for an optically-thin ther-
mal plasma (MEKAL) with kT = 0.35 keV (as deter-
mined from XMM-Newton observations, e.g. see Shirey
et al. 2001) and a galactic foreground absorption of Ny =
6 x 10%2° ecm =2, we derive (3.4+£0.9) x 10712 erg cm =2 57!
for a diffuse X-ray flux. For a distance of 690 kpc to M 31,
this corresponds to a luminosity of (2.0£0.5) x 1038 erg s~!
and would indicate a gas mass of (1.040.3) x 10° M, as-
suming the gas fills uniformly the bulge region, a sphere
with 1 kpc radius (using the power per unit emission inte-
gral as a function of temperature for a low density plasma
reported by Kato 1976). Because a luminosity function
derived from the detected sources in the heavily confused
bulge region would be very uncertain, we cannot trust
any estimation of the emission from non-detected sources
below our detection threshold by extrapolating such a lu-
minosity function. As a consequence, the above derived
luminosity (and gas mass) of the diffuse emission must be
considered as an upper limit.

Considering the disk, a subtraction of the background
count rate and a multiplication with the disk area of
2.6 deg?® yields (1.68 + 0.14)ct s~'. A summation of the
count rates of all the sources detected in the disk within
the second PSPC survey data yields (2.06 4+ 0.31) ct s™1.
Here no correction had to be applied, as no important
source confusion exists. This value is slightly higher than
the one derived from the total emission. It may indicate
a possible diffuse absorption of background photons by
M 31. Although both derived count rates are compara-
ble within their 1o errors, this is an effect of the integral

consideration of the whole disk. A division into several an-
nular regions indicates an absorption at the 1o significance
level in some of these regions. A more detailed report will
be the subject of a future paper. In the following discus-
sion, we neglect a possible (slight) absorption in the M 31
disk.

As already mentioned in Sect. 4.2, a fair number of
the detected sources do not belong to M 31, but are fore-
ground sources or background sources shining through
the galaxy. Therefore, the derived flux of all the resolved
disk sources mentioned above (or the sum of the flux
in the disk area) cannot be used for a determination of
the total X-ray luminosity of the disk of M 31. Following
the procedure described in S97 we use the there derived
logN—logS distribution for sources truly belonging to
M 31 (from a statistical point of view). We come up with
(1.26 +0.20) ct s~ for the resulting count rate, or a total
flux of (1.7 4 0.3) x 1071 erg em ™2 s~! for the disk of
M 31 (using the above spectral model). This corresponds
to a total luminosity of (1.8 £ 0.3) x 103 erg s~ 1.

All together, applying a power law spectral model
with photon index I' = —2.0 and a galactic foreground
absorption of Ng = 6 x 10?° cm™2, we obtain for the
total (0.1—2.0 keV) luminosity of M 31, (3.4 + 0.3) x
103 erg s~!, approximately equally distributed between
the bulge and disk.

6.1. Comparison with earlier results

A comparison with the results derived from the first
ROSAT PSPC survey of M 31 (S97) uncovered a dif-
ference in the bulge luminosities. For the total emission
as well as for the sum of the resolved flux of detected
sources we determined slightly higher values from the
second PSPC survey data. Although the difference in
significance for the total emission is less than 1.50, we
decided to take the new value from the second survey
as the better one due to the above mentioned reasons.
Because the flux of the resolved emission increased ap-
proximately by the same (small) amount we would ob-
tain nearly the same value for a possible gaseous compo-
nent in the bulge of M 31 as previously derived from the
first survey data when applying the same spectral model
as used in S97 (now (4.4 + 1.2) x 10712 erg em=2 571,
compared to (4.6 = 1.1) x 1072 erg cm=2 s~! in S97).
It shows, that the change of the here newly given value
((3.4£0.9) x 10712 erg cm ™2 s71) is mainly due to the new
spectral model used (optically-thin thermal plasma with
kT = 0.35 keV), which we adopted from recent results
of XMM-Newton observations (Shirey et al. 2001). With
this, the ROSAT derived diffuse luminosity within 5" of the
nucleus of M 31 is comparable to the luminosity found for
the same bulge area with the Chandra (Garcia et al. 2000)
and the XMM-Newton observation (Shirey et al. 2001).
It is commonly assumed that the hot component of the
interstellar medium (ISM) is created by winds from mas-
sive young stars and supernova explosions in star-forming
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regions. The diffuse emission from the hot ISM in M 31 is
less pronounced than that detected from the inner spiral
arms in the neighboring Local Group galaxy M 33. For
this galaxy ROSAT HRI (Shulman & Bregman 1994) and
PSPC observations (Long et al. 1996) show diffuse emis-
sion with a luminosity of about 103? erg s~! that traces
the spiral arms within 15’ of the nucleus and has a tem-
perature of kT = 0.4 keV. Galaxies with high star-forming
activity may be even brighter in diffuse X-rays by factors
of more than 10 (see e.g. Read et al. 1997; Vogler & Pietsch
1999a). The low diffuse X-ray luminosity in M 31 there-
fore supports the view that the galaxy is in a phase of low
star-forming activity.

For the determination of the disk luminosity we
adopted the procedure from our previous calculations used
in the first survey. Hence, we obtained the same results.
Also the considerations concerning the normalized lumi-
nosity distribution of the discrete X-ray sources in the disk
of M 31 are still valid (see S97). A comparison with the lu-
minosity distributions (normalized to bulge luminosity) of
other nearby spiral galaxies like M 33, M 51, M 83, M 100,
M 101, NGC 253, NGC 1566, NGC 4258, NGC 4559,
NGC 4565, and NGC 4631 (see Vogler & Pietsch 1999b)
shows no significant differencies in shape and reveals the
distribution of M 31 as being typical for this class of
galaxy. However, we do not find super-luminous sources
(SLS) above several times 103 erg s71, as is also the case
in M 33 and NGC 253, but not for the other (star-forming)
galaxies mentioned above. Although NGC 253 is a (bulge)
star-forming galaxy it shows no SLSs in its disk popula-
tion. Therefore it is difficult to interpret the absence of
SLSs in M 31, but it perhaps tends to show that M 31 is
not in a star-forming phase.

The discussion of the comparison of our results with
those obtained from the Einstein observatory and reported
by TF also changes slightly under the transition from the
first to the second PSPC survey. For the total luminos-
ity of M 31, TF found a value of ~3 x 103 erg s~!. To
compare with our values, one has to take into account the
different spectral models, energy ranges, and especially
the different fields of M 31 investigated. TF derived the
luminosities from the Finstein data by applying a ther-
mal bremsstrahlung spectrum in the energy band 0.2 keV—
4.0 keV with kT =5 keV and N = 7 x 10?° cm~2. They
integrated the count rates within an ellipse of ~2.5° x 1.0°
which is a bit smaller than the Ds5 ellipse we used for our
calculations. A conversion of our results to the spectral
model and reduced area of TF yields for the total lumi-
nosity (3.3 +0.3) x 103 erg s7!. The 1o agreement with
the value reported by TF, however, is somewhat coinci-
dental: while our observations covered the whole galaxy,
those of TF did not. On the other hand, TF did not correct
for background sources.

Comparing the total luminosity of the bulge region,
TF reported ~1.5 x 103 erg s~!, which is in agreement
with our value of 1.6 x 10%? ergs™! (in this case the
effect of the different assumed spectral models is be-
low the errors and therefore negligible). In contrast, for

the disk alone we found a somewhat higher luminosity
((1.840.3) x 10%° erg s71) than TF (~1.5x 10%% erg s71),
though there is still a 1o agreement. Considering the fact
that TF did not describe the errors and furthermore did
not explicitly quote the values for the bulge and disk emis-
sion, but simply mentioned that “the emission is roughly
equally divided between the bulge and the disk”, as well as
their neglecting to compensate for background /foreground
sources, we desist from a more quantitative comparison,
noting that the agreement is surprisingly good. Our results
tend to show that TF determined the disk luminosity too
low and with it, the total luminosity of M 31. With the
improved capabilities of ROSAT, the complete coverage
of the total galaxy, and our considerations of statistical
errors, we were able to clarify the luminosities in M 31 at
a more reliable level.

As already mentioned, the second survey data did
not (significantly) change the results concerning a possi-
ble diffuse emission component in the bulge region (from
(2.6 £ 0.6) x 103 erg s™! to (2.5 £ 0.7) x 103 ergs™!,
when using the spectral model of S97). The exhaustive
discussion of the comparison with the value reported by
TF (~3.8x 108 erg s~!) and the reasons for the difference
have already been undertaken in S97, and are still valid.

7. Summary and conclusions

The second pointed ROSAT PSPC survey of M 31 has ex-
tended our knowledge concerning the X-ray nature of this
spiral galaxy beyond that already derived from the first
survey described in S97 (Supper et al. 1997). Merging the
two point source lists of the two surveys led to a total
of 560 X-ray sources in the ~10.7 deg? M 31 FOV, 31 lo-
cated in the very confused bulge region. Their luminosities
range from 4 x 10%° erg s™! to 4 x 10%® erg s~!, assum-
ing a distance of 690 kpc to M 31. Of these sources, 55
have been identified with known foreground stars, 33 with
globular clusters, 16 with supernova remnants, and 10 cor-
relate with known background objects such as background
galaxies. None of our M 31 sources could be assigned to
known novae. A comparison with the Finstein source list
reported by TF confirms 69 FEinstein sources. The much
improved homogeneity of the second PSPC survey com-
pared with the first and the resulting fewer problems with
the PSPC support structure, allowed better flux determi-
nations for a couple of sources. Combined with the higher
positional precision in some regions, the list of variable
sources when compared with the reported Einstein source
fluxes could be restricted to 11 candidates, and 7 tran-
sients were discovered. Comparisons of the Finstein source
list with the two ROSAT survey source lists separately,
may yield up to 10 transients. Finally, of the 60 sources
reported by TF outside the heavily confused bulge region,
we could confirm 54, or 90% of these sources. In total, 39
Einstein sources could not be confirmed, while 491 new
sources were found with ROSAT.

Comparing the first and second PSPC surveys of M 31,
34 possible long term variable sources and 8 possible
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transients (with some overlap with the transients obtained
from the comparison with the Finstein detected sources)
are reported.

For the bulge region, we can give an upper limit to the
diffuse component luminosity of (2.040.5) x 1038 erg s~!
when using an optically-thin thermal plasma (MEKAL)
with k7T = 0.35 keV for the spectral model. This is a fac-
tor of ~1.5 lower than the value reported by TF (after
transforming to their spectral model). If we assume this
luminosity as completely originating from hot gas within
the bulge region, this would indicate a gas mass upper
limit of (1.0 £0.3) x 10° M. For the total (0.1-2.0 keV)
luminosity of M 31, we obtain (3.4 +0.3) x 103? erg s7!,
for the bulge alone 1.6 x 103 erg s~! and for the disk
(1.8 +£0.3) x 103 erg s=!. With these improved values,
we find an equal distribution of luminosity between the
bulge and disk, in agreement with TF, but a higher value
for the total luminosity than reported in TF.

Several results from the first PSPC survey of M 31

reported in S97 have not been significantly altered by
the inclusion of the second survey data and remain valid.
These include: 1) the integral luminosity distribution of
the globular cluster sources and its comparison to that of
the Milky Way, 2) the statistical estimation of the fraction
of background and foreground sources among the detected
X-ray sources, and 3) the spectral analysis of the brightest
sources.
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Table 4. Log of the 94 single observations forming the second ROSAT PSPC survey of M 31. Pointing numbers ending with
“—1” or “—2” indicate follow-up observations.

Pointing Date RA (J2000)* Dec (J2000)! Exposure

(h) (m) (s) ) () (") (s)
WG600296P 25.—26. July 1992 0 37 43.2 40 23 24 2512
WG600297P 25.—25. July 1992 0 38 9.6 40 29 24 2536
WG600316P 21.—21. July 1992 0 38 26.3 40 17 24 2672
WG600298P 05.—05. Aug. 1992 0 38 33.5 40 36 00 2640
WG600317P 20.—20. July 1992 0 38 52.7 40 23 24 2616
WG600299P 05.—05. Aug. 1992 0 39 0.0 40 42 0 1576
WG600299P-1 01.—11. Jan. 1993 0 39 0.0 40 42 0 1448
WG600336P 29.—30. July 1992 0 39 12.0 40 11 24 2752
WG600318P 06.—06. Aug. 1992 0 39 16.7 40 30 0 1416
WG600318P-1 31.—31. Dec. 1992 0 39 16.7 40 30 0 1312
WG600300P 05.—05. Aug. 1992 0 39 24.0 40 48 36 2456
WG600337P 30.—30. Dec. 1992 0 39 36.0 40 17 24 2096
WG600319P 06.—06. Aug. 1992 0 39 43.2 40 36 00 1816
WG600301P 22.—-22. July 1992 0 39 48.0 40 54 36 2688
WG600356P 03.—04. Aug. 1992 0 39 55.2 40 5 24 1976
WG600338P 03.—03. Aug. 1992 0 40 2.4 40 24 0 2168
WG600320P-1 01.—01. July 1993 0 40 7.2 40 42 36 2744
WG600302P 30.—31. Dec. 1992 0 40 14.3 41 1 12 2568
WG600357P 30.—30. Dec. 1992 0 40 21.6 40 11 24 2720
WG600339P 25.—25. July 1992 0 40 26.3 40 30 0 2840
WG600321P 29.—30. July 1992 0 40 33.5 40 48 36 2848
WG600303P 27.—28. July 1992 0 40 38.4 41 7 12 2416
WG600358P 26.—26. July 1992 0 40 45.5 40 18 00 2864
WG600340P 06.—06. Aug. 1992 0 40 52.7 40 36 36 2560
WG600322P 06.—06. Aug. 1992 0 40 57.5 40 55 12 2584
WG600304P 31.—31. Dec. 1992 0 41 4.8 41 13 48 1872
WG600359P 06.—07. Aug. 1992 0 41 12.0 40 24 0 2600
WG600341P 23.—23. July 1992 0 41 16.7 40 42 36 2712
WG600323P 05.—06. Aug. 1992 0 41 24.0 41 1 12 2560
WG600305P 06.—07. Aug. 1992 0 41 28.7 41 19 48 2216
WG600360P 23.—24. July 1992 0 41 36.0 40 30 36 2864
WG600342P 05.—05. Aug. 1992 0 41 43.2 40 49 12 3416
WG600324P 07.—07. Jan. 1993 0 41 48.0 41 7 48 2960
WG600306P 07.—08. Aug. 1992 0 41 55.2 41 26 24 2424
WG600361P 05.—06. Aug. 1992 0 42 0.0 40 36 36 2744
WG600343P 04.—04. Jan. 1993 0 42 7.1 40 55 12 2744
WG600325P 02.—02. Jan. 1993 0 42 14.3 41 13 48 2848
WG600307P 01.—01. Jan. 1993 0 42 19.2 41 32 24 720
WG600307P-1 05.—09. July 1993 0 42 19.2 41 32 24 2032
WG600362P 06.—06. Aug. 1992 0 42 26.3 40 43 12 2448
WG600344P 07.—07. Aug. 1992 0 42 31.2 41 1 48 1744
WG600326P 07.—07. Aug. 1992 0 42 384 41 20 24 1704
WG600326P-2 18.—18. July 1993 0 42 38.4 41 20 24 696
WG600308P 07.—07. Aug. 1992 0 42 45.5 41 39 0 1512
WG600308P-1 03.—11. Jan. 1993 0 42 45.5 41 39 0 1768
WG600363P 03.—03. Jan. 1993 0 42 50.4 40 49 12 1944
WG600345P 01.—01. Jan. 1993 0 42 57.5 41 7 48 1592
WG600345P-1 22.—-22. July 1993 0 42 57.6 41 7 48 1712
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Table 4. continued.

Pointing Date RA (J2000)* Dec (J2000)* Exposure

(h) (m) (s) () () (") (s)
WG600327P 07.—07. Aug. 1992 0 43 4.8 41 26 24 2112
WG600309P 07.—08. Aug. 1992 0 43 9.6 41 45 0 2576
WG600364P 07.—07. Aug. 1992 0 43 16.7 40 55 48 416
WG600364P-2 04.—04. July 1993 0 43 16.8 40 55 48 3296
WG600346P 06.—06. Aug. 1992 0 43 21.6 41 14 24 1968
WG600328P 02.—02. Jan. 1993 0 43 28.7 41 33 00 2320
WG600310P 05.—05. Jan. 1993 0 43 36.0 41 51 36 2720
WG600365P 02.—02. Jan. 1993 0 43 40.7 41 1 48 3144
WG600347P 03.—03. Jan. 1993 0 43 48.0 41 20 24 2936
WG600329P 08.—08. Aug. 1992 0 43 52.7 41 39 0 1760
WG600311P 08.—08. Aug. 1992 0 44 0.0 41 58 12 1352
WG600311P-1 01.—01. Jan. 1993 0 44 0.0 41 58 12 1240
WG600366P 07.—07. Aug. 1992 0 44 7.1 41 8 24 1776
WG600348P 31.—31. Dec. 1992 0 44 12.0 41 27 0 1696
WG600348P-1 22.—22. July 1993 0 44 12.0 41 27 0 1800
WG600330P 08.—08. Aug. 1992 0 44 19.2 41 45 36 1624
WG600330P-1 14.—14. Jan. 1993 0 44 19.2 41 45 36 944
WG600312P 08.—08. Aug. 1992 0 44 24.0 42 4 12 2416
WG600367P 04.—04. Jan. 1993 0 44 31.2 41 14 24 2624
WG600349P 06.—06. Jan. 1993 0 44 38.4 41 33 00 2824
WG600331P 04.—04. Jan. 1993 0 44 43.2 41 52 12 2872
WG600313P 09.—09. Jan. 1993 0 44 50.4 42 10 48 2672
WG600368P 03.—03. Jan. 1993 0 44 57.5 41 21 00 2912
WG600350P 05.—05. Jan. 1993 0 45 2.4 41 39 36 2680
WG600332P 11.—11. Jan. 1993 0 45 9.6 41 58 12 2944
WG600314P 10.—10. Jan. 1993 0 45 14.3 42 16 48 2704
WG600369P 09.—09. Jan. 1993 0 45 21.6 41 27 0 2520
WG600351P 02.—02. Jan. 1993 0 45 28.7 41 46 12 2824
WG600333P 11.—11. Jan. 1993 0 45 33.5 42 4 48 3040
WG600315P 06.—10. Jan. 1993 0 45 40.7 42 23 24 3024
WG600370P 06.—06. Jan. 1993 0 45 48.0 41 33 36 2864
WG600352P 10.—10. Jan. 1993 0 45 52.7 41 52 12 2632
WG600334P 09.—09. Aug. 1992 0 46 0.0 42 10 48 720
WG600334P-1 07.—07. Jan. 1993 0 46 0.0 42 10 48 2168
WG600371P 08.—09. Aug. 1992 0 46 12.0 41 40 12 2080
WG600353P 11.—11. Jan. 1993 0 46 19.2 41 58 48 3008
WG600335P 09.—09. Aug. 1992 0 46 24.0 42 17 24 728
WG600335P-1 10.—10. Jan. 1993 0 46 24.0 42 17 24 2368
WG600372P 03.—03. July 1993 0 46 38.4 41 46 12 3088
WG600354P 08.—08. Aug. 1992 0 46 43.2 42 4 48 2368
WG600373P 11.—12. Jan. 1993 0 47 2.4 41 52 48 3144
WG600355P 09.—09. Aug. 1992 0 47 9.6 42 11 24 1920
WG600374P 09.—09. Aug. 1992 0 47 26.3 41 58 48 680
WG600374P-1 04.—04. Jan. 1993 0 47 26.3 41 58 48 2008
WG600375P 09.—09. Aug. 1992 0 47 52.7 42 5 24 1080
WG600375P-1 15.—15. Jan. 1993 0 47 52.7 42 5 24 2112

!The coordinates give the centre of the FOV (nominal pointing direction).
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Table 5. List of all X-ray sources in M 31 detected in the second ROSAT PSPC survey (SII). The meaning of the different
columns is described in Sect. 3.3. The listed count rate errors are only statistical. The systematic errors are expected to be
less than ~15%. For sources not detected in a considered energy band 1o upper limits have been calculated indicated by
a “<”-symbol in front of the upper limit value. A conversion of count rates into fluxes depends on the assumed spectral
shape. For M 31-sources a power law with I' = —2.0 and Ng = 9 x 10?® cm™2 may be used, leading to the conversion factor
1 cts ksec™' = 3.00 x 107 erg cm™2 57! in the 0.1-2.0 keV band (B-band). For foreground stars the application of this
conversion factor leads to an over-estimate of the fluxes.

* Bulge sources

SII RA (J2000) Dec opos Cl. | Maxlik Rate (B) Rate (S) Rate (H) Rate (H1) Rate (H2)
No. | (h) (m) ) © O (@) (LH) (ct - ks™1) (ct - ks™1) (ct-ks™h) (ct-ks™h) (ct-ks™1)
M@ G @ 6 6 (M| @ | 0o (11) (12) (13) (14) (15)
1 0 36 21.7 40 53 37 13 4 69.7 | < 0.61 < 0.20 5.73 £0.65 < 1.70 4.22 +£0.53
2 0 36 43.0 41 9 2 19 4 27.1 | <0.43 < 0.16 3.18 £0.71 < 0.87 3.56 £ 0.61
3 0 36 49.6 40 55 12 18 4 11.8 | < 0.13 < 0.14 1.72 +£0.42 < 0.99 < 1.20
4 0 36 49.8 40 8 52 12 1 45.0 | 10.62 £+ 1.82 < 3.50 7.46 +1.43 < 3.59 3.74 £ 1.04
5 0 36 57.4 40 26 10 12 1 12.2 | < 2.13 < 0.62 1.34 +£0.43 < 0.81 < 1.30
6 0 37 114 40 22 10 11 1 10.5 | < 1.65 < 0.70 < 1.13 < 0.63 < 0.55
7 0 37 187 40 29 47 8 1 82.4 | 3.43+£0.65 < 0.30 3.90 £ 0.60 2.02 £ 0.43 1.79 + 0.41
8 0 37 225 40 43 49 9 1 86.3 | 10.19 £ 1.34 5.09 £ 0.98 4.93 £ 0.90 2.97 £ 0.69 1.82 + 0.56
9 0 37  26.2 40 13 7 10 1 20.6 | 2.16 4+ 0.60 < 0.79 1.63 £ 0.43 < 0.54 1.22 4+ 0.36
10 0 37 34.6 40 9 55 7 1 238.8 | 11.48 +1.16 < 1.25 9.49 £ 0.97 3.63 £0.61 5.63 £0.75
11 0 37 385 39 38 42 16 4 81.2 | < 6.05 < 0.62 10.39 £ 1.17 < 3.21 8.48 £ 0.96
12 0 37 41.5 40 25 45 10 1 15.9 | < 1.62 < 0.59 0.78 £0.25 < 0.36 0.51 £0.19
13 0 37 426 40 37 50 10 1 15.9 | < 1.86 < 0.73 0.90 £ 0.28 < 0.45 0.58 £ 0.22
14 0 37 43.3 40 23 44 8 1 52.3 | 2.97 £ 0.54 < 1.30 2.12+0.39 1.64 +0.34 < 0.62
15 0 37 435 40 4 55 11 1 44.0 | 19.11 £ 2.03 < 2.32 14.48 +£1.49 4.25 +£0.89 8.80 £ 1.15
16 0 38 0.5 40 26 34 6 1 578.9 | 16.59 + 0.99 9.23 £0.78 7.05 £ 0.61 3.24 +£0.41 3.86 £ 0.45
17 0 38 20.1 40 40 29 10 1 17.2 | < 1.39 < 0.50 0.75 £0.23 < 0.22 0.60 £+ 0.20
18 0 38 21.3 40 56 40 9 1 52.1 | 7.23£1.16 3.23 £0.92 3.99 £ 0.80 1.42 + 0.50 2.49 £ 0.63
19 0 38 21.5 40 18 32 12 1 12.8 | < 0.92 < 0.33 0.54 £0.19 < 0.22 0.52 £0.18
20 0 38 23.5 40 12 59 7 1 327.8 | 9.03 £0.78 < 1.67 7.21 +0.64 3.08 £0.42 4.17 £0.49
21 0 38 277 41 36 55 23 4 14.6 | < 0.17 < 0.17 < 2.86 < 0.46 < 0.68
22 0 38 345 41 28 51 8 4| 2093.6 | 55.28 + 0.96 < 0.40 63.69 + 1.42 21.82 +£0.91 35.02 £ 1.17
23 0 38 34.8 40 10 34 10 1 22.9 | < 2.03 < 0.55 1.32+£0.32 < 0.51 1.07 +0.27
24 0 38 386 40 26 21 7 1 144.6 | 3.87 £ 0.46 < 0.84 2.85+0.35 1.77 £ 0.27 1.06 4+ 0.22
25 0 38 386 40 56 54 11 1 26.0 | 2.59 £ 0.71 < 0.48 2.57 £0.57 < 0.82 2.25+0.53
26 0 38 39.0 40 43 25 10 1 11.7 | < 0.80 < 0.25 < 0.77 < 0.18 0.44 £0.17
27 0 38 40.0 40 20 5 11 1 19.4 | 1.52 £ 0.36 1.63 +0.36 < 0.25 < 0.18 < 0.11
28 0 38 40.8 40 44 57 9 1 20.3 | 1.46 £ 0.39 < 0.98 0.78 £0.24 < 0.18 0.69 +0.21
29 0 38 48.2 40 8 3 10 1 23.9 | 1.50 + 0.44 < 0.60 1.39 +£0.33 < 1.20 0.64 £0.21
30 0 38 486 40 38 12 8 1 39.5 | 1.28 £ 0.31 < 0.26 1.18 £ 0.24 0.43 £0.15 0.73 £0.19
31 0 38 50.1 40 44 18 8 1 111.0 | 3.28 = 0.49 < 0.45 3.25+£0.43 < 0.87 2.70 £ 0.38
32 0 38 56.0 39 55 51 10 1 26.2 | 2.52+£0.74 < 0.66 2.07 £0.59 < 0.73 1.57 + 0.50
33 0 38 56.3 40 34 52 9 1 43.3 1 1.69£0.34 < 0.50 1.35+0.25 < 0.42 1.03+0.21
34 0 39 3.6 40 47 43 9 1 10.9 | < 1.03 < 0.37 0.59 £ 0.20 < 0.30 0.39 £0.15
35 0 39 9.1 40 6 23 12 1 12.8 | < 0.85 < 0.36 < 0.87 < 0.19 0.58 £0.21
36 0 39 11.6 40 35 34 10 1 16.8 | < 1.11 < 0.30 0.66 £ 0.18 0.51 £0.16 < 0.23
37 0 39 12.8 40 13 8 10 1 14.9 | < 1.36 < 0.63 0.56 £ 0.19 < 0.20 0.46 £ 0.16
38 0 39 154 40 8 21 9 1 44.8 | 2.04 £ 0.46 < 0.37 2.10 £ 0.38 0.92 £ 0.25 1.24+0.28
39 0 39 16.5 40 1 6 9 1 25.0 | 2.21 £ 0.61 < 2.02 1.69 +0.44 < 0.96 1.53 +0.42
40 0 39 16.6 40 51 17 8 1 35.4 | 1.64 +0.38 < 0.42 1.33 £ 0.28 < 0.78 0.84 £0.21
41 0 39 179 41 3 0 10 1 33.8 | 1.62 +£0.47 < 0.26 2.17+£0.45 < 1.00 1.40 + 0.36
42 0 39 25.0 41 5 20 11 1 12.3 | < 1.80 < 0.54 0.98 £ 0.32 < 0.47 0.66 + 0.26
43 0 39 25.1 40 50 30 9 1 25.1 | 1.88+£0.38 < 1.33 0.81 £0.21 0.45 £ 0.15 < 0.51
44 0 39 29.2 40 35 55 10 1 11.5 | < 1.09 < 0.43 0.50 £ 0.16 < 0.27 < 0.61
45 0 39 346 41 9 34 8 1 93.4 | 5.04 +0.81 < 0.53 4.87+£0.72 1.09 + 0.36 3.75+£0.63
46 0 39 38.0 40 48 3 9 1 18.7 |1 1.02 £+ 0.30 < 1.18 0.78 £0.20 < 0.38 0.54 £0.16
47 0 39 38.3 40 11 6 9 1 26.2 | 1.86 +0.41 < 0.93 1.04 +£0.25 0.65 £+ 0.20 0.45 £+ 0.16
48 0 39 399 40 35 37 9 1 31.6 | 1.18 £ 0.28 < 0.33 1.00 £ 0.21 < 0.50 0.66 = 0.16
49 0 39 426 40 39 48 9 1 24.5 | 1.03 £0.26 < 0.34 0.79 £0.18 0.62 £ 0.16 < 0.31
50 0 39 43.0 41 16 3 20 1 15.0 | < 11.52 < 0.87 4.67 £1.13 < 2.19 3.11 £ 0.87
51 0 39 475 40 30 17 9 1 28.4 | 1.894+0.34 1.68 +£0.32 < 0.34 < 0.28 < 0.12
52 0 39 48.8 41 10 8 9 1 22.6 | < 2.03 < 0.35 1.51 +£0.39 < 0.88 0.88 £0.29
53 0 39 53.8 40 9 1 7 1 85.1 | 3.03 £ 0.49 < 0.58 2.60 £ 0.40 1.17+0.28 1.47 + 0.30
54 0 39 56.1 40 41 6 7 1 100.5 | 2.44 £ 0.34 < 0.36 1.91 +0.26 1.15 + 0.20 0.76 £ 0.17
55 0 39 564 41 11 39 10 1 14.0 | < 1.55 < 0.33 1.15 4+ 0.36 < 1.27 < 0.53
56 0 39 575 40 27 31 8 1 57.6 | 2.08 £0.35 < 0.44 1.61 4+ 0.26 0.84 £ 0.20 0.80 £0.18
57 0 39 57.6 40 16 32 9 1 20.8 | 1.23 £ 0.32 < 1.64 0.74 £0.19 < 0.38 0.49 £0.15
58 0 39 581 39 29 33 37 4 10.3 | < 0.70 < 0.55 < 3.01 < 1.01 < 3.21
59 0 39 59.2 40 32 8 8 1 104.0 | 2.97 £ 0.39 < 0.68 2.85£0.34 0.74 £0.18 2.00 £ 0.27
60 0 39 59.5 41 1 3 11 1 20.2 | <2.13 < 0.27 2.20 £ 0.40 1.35 +0.31 < 1.13




R. Supper et al.: The second ROSAT PSPC survey of M 31 and the complete ROSAT PSPC source list

Table 5. continued.

* Bulge sources

SII RA (J2000) Dec opos Cl. | Maxlik Rate (B) Rate (S) Rate (H) Rate (H1) Rate (H2)
No. | (h) (m) ) ) O ) (@) (LH) (ct - ks™1) (ct - ks™1) (ct-ks™h) (ct-ks™1) (ct-ks™1)
Mm@ 6 @ 6 6 M @ 9| 10 (11) (12) (13) (14) (15)
61 0 40 7.6 40 6 28 14 1 11.5 | < 2.23 < 1.24 < 1.27 < 0.18 < 1.34

62 0 40 7.6 40 53 3 12 1 10.2 | < 0.64 < 0.20 0.70 £ 0.21 < 0.47 < 0.50

63 0 40 11.3 40 59 30 9 1 16.7 | < 1.32 < 0.37 0.78 £ 0.22 < 0.40 0.51 £0.18
64 0 40 13.5 40 50 10 5 1| 16287. | 118.14 £1.78 1.72+£0.36 124.12 +1.94 23.39 +0.87 103.45 + 1.86
65 0 40 13.9 40 33 52 8 1 59.8 | 1.84 £ 0.32 < 0.26 1.59 +0.25 0.81 £0.19 0.90 £0.18
66 0 40 14.8 40 15 17 11 1 11.0 | < 1.06 < 0.36 0.63 £ 0.21 < 0.61 < 0.44

67 0 40 17.7 39 53 54 8 1 99.8 | 9.65 £ 1.45 < 2.27 7.97 £1.26 4.25 +£0.91 3.67 £0.87
68 0 40 199 40 44 5 5 1| 6379.9 | 52.34 + 1.27 1.39 +£0.28 48.99 + 1.21 14.45 £ 0.65 34.80 4+ 1.02
69 0 40 21.5 40 3 20 13 1 10.6 | < 1.87 < 0.38 < 1.90 < 0.28 1.07 £ 0.35
70 0 40 226 40 36 17 10 1 19.2 | < 1.01 < 0.24 0.71 £0.18 < 0.29 0.54 £0.14
71 0 40 229 40 53 15 9 1 26.9 | 1.61 £0.32 < 0.73 0.97 £0.21 0.59 £ 0.17 < 0.51

72 0 40 23.7 40 29 53 7 1 187.0 | 4.21 £ 0.45 < 0.56 3.44 +£0.36 0.93 +£0.20 2.47 £0.30
73 0 40 25.3 40 34 30 10 1 11.2 | < 0.82 < 0.35 < 0.60 < 0.19 0.35£0.12
74 0 40 25.8 41 29 12 12 1 35.6 | 8.58 & 1.51 < 1.31 7.79 £1.28 < 1.64 6.94 +1.18
75 0 40 32.1 40 1 12 11 1 16.0 | 2.12 £ 0.63 < 1.23 1.49 4+ 0.46 < 1.14 < 0.99

76 0 40 324 40 33 28 16 1 12.4 | < 1.08 < 0.42 < 0.73 < 0.16 < 0.94

7 0 40 35.6 39 57 18 12 1 10.4 | 2.55 + 0.80 < 3.27 < 0.99 < 0.44 < 0.60

78 0 40 38.1 41 19 39 14 1 11.1 | < 3.20 < 2.72 < 1.70 < 0.77 < 1.05

79 0 40 41.0 40 22 29 11 1 12.8 | < 1.26 < 0.49 0.68 £0.21 < 0.45 0.44 £0.16
80 0 40 41.8 41 8 8 19 1 10.8 | < 1.64 < 0.45 < 2.27 < 0.30 < 1.40

81 0 40 423 39 59 7 8 1 50.8 | 5.54 £1.01 < 1.89 3.97 £0.77 2.55 £ 0.63 1.54 +0.47
82 0 40 423 40 32 41 12 1 10.4 | < 0.97 < 0.39 < 0.75 < 0.24 0.54 +£0.16
83 0 40 443 39 37 1 12 4 135.1 | 11.01 £ 1.57 < 0.85 15.23 £ 1.32 6.17 £0.88 8.30 £ 0.97
84 0 40 46.2 40 51 38 9 1 26.5 | 1.16 +0.27 < 0.34 0.98 £0.21 < 0.44 0.68 £0.17
85 0 40 48.0 41 53 2 15 4 35.2 | < 0.81 < 0.11 3.59 £0.53 1.21 +0.31 3.60 £+ 0.49
86 0 40 48.7 40 30 44 8 1 37.4 | 1.554+0.33 < 0.61 1.00 4+ 0.22 < 0.28 0.81 £0.18
87 0 40 494 40 11 32 7 1 267.7 | 14.64 £ 1.10 9.49 £ 0.90 4.31 £0.57 1.98 +0.39 2.26 £ 0.42
88 0 40 51.6 40 21 12 9 1 15.5 | < 1.04 < 0.23 0.75 £ 0.22 < 0.58 < 0.53

89 0 40 53.3 41 32 46 11 1 20.0 | 2.26 +0.67 < 0.90 2.03 £0.54 < 1.20 1.324+0.44
90 0 40 58.6 40 3 45 11 1 10.6 | < 2.23 < 0.67 1.08 +0.39 < 0.75 < 0.82

91 0 41 4.8 41 23 58 10 1 24.4 | 2.86 4+ 0.60 < 1.87 2.124+0.48 1.194+0.33 < 1.32

92 0 41 5.4 40 27 17 8 1 44.0 | 1.79 £ 0.38 < 0.36 1.43 +0.28 0.50 £ 0.17 0.90 £ 0.22
93 0 41 6.9 40 2 51 10 1 45.4 | 5.57 £1.01 < 1.49 4.08 £ 0.80 1.42 +0.47 3.04 £0.70
94 0 41 7.3 40 50 57 9 1 20.8 | 1.11 +0.27 < 0.44 0.72 £0.18 < 0.33 0.47 £0.13
95 0 41 11.8 40 54 25 7 1 70.2 | 1.94 +0.32 < 0.37 1.60 4+ 0.25 < 0.45 1.30 £ 0.21
96 0 41 14.7 40 49 1 12 1 10.7 | 1.00 £ 0.27 < 1.12 < 0.27 < 0.11 < 0.22

97 0 41  15.8 41 1 7 8 1 46.7 | 1.81 £0.33 < 0.40 1.37+0.24 < 0.65 0.92 +£0.19
98 0 41 159 40 16 48 9 1 23.4 | 1.73£0.46 < 0.60 1.26 + 0.32 < 0.78 0.71 £ 0.24
99 0 41 183 40 51 59 7 1 212.8 | 4.93 +0.44 < 0.82 3.88 £ 0.36 1.81+0.24 2.14 £0.27
100 0 41 24.8 41 36 51 11 1 12.4 | < 1.51 < 0.49 1.07 £ 0.34 0.80 £ 0.28 < 0.37

101 0 41  25.7 40 58 48 6 1 328.3 | 6.34 4+ 0.50 < 0.68 5.04 £0.41 1.58 +0.24 3.52+0.34
102 0 41  26.0 40 53 30 7 1 87.6 | 2.78 £ 0.36 < 0.70 2.00 £ 0.27 0.97 +£0.19 1.03+0.19
103 0 41 285 40 25 51 9 1 17.6 | < 1.37 < 0.36 0.91 +£0.26 < 0.44 0.58 +0.20
104 0 41 31.3 41 5 55 6 1 901.2 | 12.36 £ 0.69 < 0.19 11.92 £ 0.64 2.84 £0.32 9.27 £ 0.56
105 0 41  32.6 41 17 48 9 1 22.2 | 1.404+0.34 < 0.54 0.99 £0.24 < 0.41 0.71 £0.20
106 0 41 346 40 28 56 10 1 14.3 | < 1.50 < 0.70 0.71 £0.22 < 0.21 0.57 £0.19
107 0 41 359 41 40 6 11 1 14.3 | < 1.95 < 0.51 1.03 +0.35 0.91 £0.30 < 0.28

108 0 41  37.6 41 1 13 8 1 85.8 | 3.10 £ 0.40 < 1.31 2.30 £ 0.30 0.71 £ 0.18 1.56 +0.24
109 0 41  41.1 40 31 22 10 1 28.4 | 1.75 £ 0.42 < 0.54 1.46 + 0.30 0.64 + 0.20 0.72 £0.21
110 0 41 41.3 41 0 10 5 1 16.5 | < 2.12 < 0.33 1.76 £+ 0.36 < 0.16 0.56 £ 0.16
111 0 41 414 41 3 32 8 1 46.6 | 1.84 £ 0.33 < 0.36 1.45 4+ 0.25 0.66 £ 0.17 0.80 £0.19
112 0 41 43.1 41 4 59 8 1 71.0 | 2.90 +0.39 < 0.81 2.06 £ 0.29 1.23 +0.22 0.82 £0.19
113 0 41 43.2 41 34 22 6 1| 3463.9 | 53.70 £ 1.83 < 1.12 51.53 £1.75 14.74 £ 0.94 37.07 £ 1.49
114 0 41 44.1 41 21 19 10 1 26.2 |1 1.11 £0.33 < 0.62 1.60 + 0.34 < 0.14 0.92 +£0.23
115 0 41  44.7 40 22 0 5 1 52.1 | 19.66 £+ 1.52 < 3.94 5.15 £ 0.70 2.37 £0.48 2.58 £ 0.49
116 0 41  45.2 41 26 25 8 1 49.2 | 2.37 £ 0.46 < 0.55 1.91 +0.35 0.77 £0.23 1.01 +0.25
117 0 41 455 40 34 31 9 1 20.6 | < 1.27 < 0.30 0.88 £ 0.22 < 0.64 0.42 £0.15
118 0 41  45.7 40 36 24 10 1 10.6 | < 0.98 < 0.92 < 0.56 < 0.12 0.33 £0.13
119 0 41 472 41 31 55 9 1 53.5 | 3.08 £ 0.56 < 0.54 3.00 £+ 0.46 0.95 +0.27 1.62 +0.34
120 0 41 48.7 40 28 14 10 1 13.0 | < 1.08 < 0.42 0.73 £0.25 < 0.27 0.61 +£0.21
121 0 41 489 41 22 33 7 1 94.1 | 2.69 4+ 0.43 < 0.30 2.57 £0.37 < 0.70 2.03 +0.32
122 0 41  49.6 41 1 8 6 1 299.0 | 6.25 £ 0.51 < 0.58 5.22 +£0.43 1.69 +0.24 3.62 £+ 0.35
123 0 41 499 40 15 26 8 1 62.0 | 7.02 £ 1.04 2.80 £0.76 3.60 + 0.68 < 2.33 2.20 £0.51
124 0 41  50.6 41 13 34 9 1 18.3 | < 1.25 < 0.20 0.83 £ 0.22 < 0.26 0.71 +£0.19
125 0 41 51.3 41 51 53 11 1 14.3 | 3.28 £ 0.91 < 1.80 1.94 + 0.66 < 1.43 < 1.17

126 0 41 519 41 14 49 8 1 46.2 | 1.85+ 0.36 < 0.40 1.84 +0.31 0.63 £0.18 1.21 +0.25

81
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Table 5. continued.

* Bulge sources

SII RA (J2000) Dec opos Cl. | Maxlik Rate (B) Rate (S) Rate (H) Rate (H1) Rate (H2)
No. [(h) (m) () ) () )| ) (LH) (ct - ks™1) (¢t - ks™1) (ct-ks™1) (ct-ks™1) (ct-ks™1)
1 1@ G @ G © (O & 9| Qo) (11) (12) (13) (14) (15)
127 | 0 41 526 40 21 24 6 1| 3614.5|90.56+2.85 10.27+1.06 76.44+2.59 36.93+1.80 41.2241.91
128 | 0 41 547 41 33 38 8 1 45.1 | 2.10 + 0.44 < 0.48 1.76 + 0.34 0.78 +0.23 0.91 4 0.24
120 | 0 41 556 40 46 49 15 1 15.1 | < 2.96 <0.17 2.82 4 0.42 < 0.92 1.22 +£0.25
130 | 0 42 0.7 40 41 24 7 1| 142.7|6.47+£0.61 5.62 £ 0.58 1.44 +0.27 1.09 +0.23 < 0.49
131 | 0 42 26 40 31 18 10 1 16.0 | < 1.40 < 0.49 0.77 £ 0.24 < 0.52 < 0.57
132 | 0 42 27 40 46 15 8 1 42.1 | 1.50 £+ 0.32 < 0.44 1.06 + 0.22 < 0.83 0.9140.19
133 | 0 42 3.0 40 24 16 10 1 45.9 | 3.24 £+ 0.68 < 0.62 3.79 & 0.64 1.56 + 0.41 2.06 £ 0.47
134 | 0 42 32 40 28 56 8 1 46.0 | 2.19 + 0.47 <0.37 1.84 +0.37 0.77 +0.24 1.03 £0.28
135 | 0 42 33 40 33 8 10 1 12.3 | < 1.15 < 0.39 0.67 £ 0.22 < 0.66 < 0.32
136 | 0 42 6.3 41 2 47 8 1 37.4 | 2.17 4 0.37 < 1.76 1.39 4+ 0.25 < 0.69 0.93 4 0.20
137 | 0 42 7.1 41 0 19 8 1 66.3 | 2.37 +0.37 < 0.43 2.16 & 0.31 < 0.46 2.01 £0.28
138 | 0 42 7.8 41 4 39 8 1 63.1 | 3.20 +0.43 < 2.79 2.13 4 0.31 0.88 4 0.20 1.19 +0.23
130 | 0 42 9.0 41 18 19 5 1| 970.6|35.01+1.21 < 0.32 27.80 £1.01  5.76 + 0.48 21.32 +0.88
140 | 0 42 9.3 41 20 58 10 1 13.5 | 1.33 £ 0.36 < 0.50 0.99 + 0.26 < 0.48 < 0.84
141 | 0 42 9.6 40 16 47 9 1 36.0 | 4.96 +1.07 < 1.17 3.77 £ 0.83 1.66 + 0.55 2.06 £ 0.60
142 | 0 42 109 41 10 46 9 1 80.0 | 6.83 4+ 0.65 < 1.58 3.65 & 0.42 1.32 £0.27 2.33 +0.33
143 | 0 42 12.0 41 15 17 5 1 34.7 | < 3.37 < 0.41 4.53 + 0.50 < 1.60 2.82 +0.38
144 | 0 42 124 41 18 31 5 1| 1492.6 | 36.25 £1.21 < 0.38 33.07+£1.10  8.65 % 0.60 29.48 + 1.04
145 | 0 42 135 40 39 25 6 1| 320.3|8.1240.71 < 1.30 6.62 & 0.59 2.20 £+ 0.34 4.4540.48
146 | 0 42 152 40 19 45 6 1| 3894.8|150.77 +£4.58 14.56 +1.57 125.26 +£4.09 43.66 +2.43  80.55 + 3.27
147 | 0 42 156 41 1 16 6 1| 2651.429.59+1.02 < 0.83 27.56 £0.95 3.63+ 0.36 23.98 + 0.88
148 | 0 42 156 41 20 31 8 1 47.9 | 2.06 £ 0.37 <0.27 1.79 + 0.30 0.56 4 0.17 1.18 £ 0.24
149 | 0 42 160 41 31 19 1 1 11.1 | < 0.96 < 0.26 0.81 £ 0.24 < 0.52 < 0.59
150 | 0 42 16.2 40 55 54 6 1| 362.7]6.59+0.52 < 0.44 5.83 & 0.45 1.53 £0.24 4.38 4 0.39
151 | 0 42 16.3 40 48 18 11 1 13.9 | < 1.22 < 0.43 0.84 + 0.22 0.57 +0.17 < 0.27
152 | 0 42 16.6 41 29 1 12 1 13.8 | < 0.83 < 0.65 < 1.45 <0.21 1.17 £0.27
153 | 0 42 177 41 12 29 5 1| 2282.0|33.74+0.95 3.2240.51 35.36 £ 1.11  13.324+0.68  21.68 &+ 0.87
154 | 0 42 193 41 14 0 5 1| 812.8|66.184+0.96 2.59+0.50 22.41+0.80  9.39 %+ 0.60 18.04 4 0.82
155 | 0 42 202 41 47 46 12 1 10.1 | < 1.12 < 0.39 0.79 £ 0.30 < 0.47 < 0.72
156 | 0 42 203 41 26 41 9 1 27.9 | 1.69 4+ 0.37 < 0.40 1.37 +£0.28 < 0.63 0.91 4 0.23
157 | 0 42 222 40 59 25 6 1| 589.7|9.73+0.62 < 0.57 8.72 + 0.55 2.89 + 0.32 5.86 + 0.45
158 | 0 42 226 40 44 18 9 1 35.1 | 1.26 4 0.32 < 0.48 0.96 & 0.23 < 0.19 0.90 4 0.21
x159 | 0 42 228 41 15 43 5 1| 2830.2|71.08+0.81 1.6840.38 44.28 £1.06 16.124+0.74 33.134+1.05
x160 | 0 42 229 40 19 42 7 1| 815.9|94.42+4.08 6.63+1.45 48.60 £2.78  16.05+ 1.63  30.90 & 2.20
161 | 0 42 229 41 13 34 5 1| 651.3]93.27+1.12 3.55+0.53 75.40 +1.45  59.85 + 1.46  52.47 & 1.39
162 | 0 42 231 41 7 33 9 1 21.1 | 1.65 4+ 0.35 <0.71 0.92 £+ 0.23 < 1.29 0.59 4+ 0.17
163 | 0 42 243 40 57 17 9 1 20.2 | < 1.22 < 0.23 0.84 £ 0.20 < 0.40 0.58 +0.16
164 | 0 42 248 39 47 38 26 4 10.2 | < 0.78 < 0.32 < 3.91 < 0.85 2.58 + 0.67
165 | 0 42 250 40 28 30 14 1 12.3 | < 2.00 < 0.35 < 2.31 < 0.33 < 2.18
166 | 0 42 26.4 41 25 54 7 1| 128.84.21+0.50 < 0.25 3.95 + 0.43 0.85 4+ 0.21 3.02 +0.37
167 | 0 42 269 41 45 30 10 1 15.3 | < 1.04 < 0.22 1.06 + 0.31 < 0.56 0.66 & 0.23
%168 | 0 42 276 41 19 21 5 1| 131.9|9.20+0.62 < 0.40 8.01 £ 0.59 2.25 +0.34 5.37 + 0.48
169 | 0 42 284 41 12 22 5 1| 1533.1|44.154+0.76  4.08 £ 0.54 26.47 £0.92  9.74 4+ 0.59 16.72 4+ 0.76
170 | 0 42 29.1 41 4 35 6 1| 1118.4|17.85+0.83 < 1.17 15.224+0.74  5.04 + 0.43 10.24 4+ 0.60
171 | 0 42 292 41 8 26 8 1 43.0 | 2.41 £ 0.39 < 2.06 1.59 + 0.28 0.64 4 0.18 0.98 4 0.21
172 | 0 42 296 41 29 3 8 1 51.7 | 1.52 4 0.35 < 0.39 1.63 +0.28 0.54 4+ 0.17 1.15 4+ 0.23
%173 | 0 42 297 41 14 30 5 1| 317.8|154.67+1.01 7.28+0.68 97.14+1.08 35.214+1.10 42.28 +1.04
x174 | 0 42 314 41 16 17 5 1| 897.3|51.43+0.57 8.9240.71 104.70 £ 0.95 37.20 +1.02  20.30 + 0.67
%175 | 0 42 321 41 19 35 5 1| 263.9]8.48+0.56 < 0.51 10.64 4+ 0.66  3.54 + 0.39 7.42 £ 0.56
176 | 0 42 322 41 55 45 9 1 38.1 | 3.64 +0.77 <1.11 2.61 £ 0.56 1.61 + 0.44 0.88 4 0.34
177 | 0 42 323 41 13 16 5 1| 611.1|121.82+0.99 7.954+0.67 53.14 +1.22  23.414+0.94 35.42+1.14
178 | 0 42 335 41 21 49 10 1 18.0 | 1.30 £ 0.34 < 0.24 1.16 + 0.26 0.85 4 0.21 < 0.41
179 | 0 42 344 41 32 53 6 1| 287.1|6.30=+0.58 < 0.45 5.68 & 0.51 0.91 4 0.21 4.93 4 0.47
180 | 0 42 345 40 48 40 7 1| 171.8|3.91+0.46 < 0.33 3.54 & 0.39 1.34 +£0.24 2.28 £ 0.31
181 | 0 42 350 40 40 35 11 1 12.9 | < 1.26 < 0.44 0.82 + 0.25 <0.41 0.60 4 0.21
%182 | 0 42 36.7 41 14 1 5 1| 611.8|171.71+0.99 10.17+0.76 93.394+1.05 29.824+0.93  33.16 + 0.92
183 | 0 42 388 41 10 16 1 1 18.4 | 6.38 £ 0.66 < 2.67 2.07 £ 0.40 1.59 + 0.32 < 0.61
%184 | 0 42 39.1 41 16 3 5 1| 4245.6 | 361.41 +£1.29 26.98+1.03 242.68 +1.24 74.53+1.25 138.36 4+ 1.21
185 | 0 42 394 41 59 52 13 1 19.2 | 3.04 £ 0.84 < 1.04 3.74 4+ 0.81 1.38 +0.48 <1.14
186 | 0 42 395 40 43 20 8 1 75.2 | 3.96 + 0.53 1.36 + 0.36 2.43 £ 0.37 1.44 £0.28 0.97 4 0.24
%187 | 0 42 404 41 13 29 5 1| 701.9|112.89+0.87 7.2340.65 61.78 £ 0.87 26.80+ 1.00 32.18 4+ 1.09
188 | 0 42 41.8 40 51 53 5 1| 5446.2 | 58.124+1.50  4.21 4 0.47 51.83 +1.38 18.10+0.81  33.9241.12
189 | 0 42 41.8 42 3 16 13 1 13.1 | < 3.45 < 1.00 2.01 + 0.66 <1.23 < 1.79
x190 | 0 42 419 41 18 26 5 1| 215.8|81.41+0.78 4.20 4 0.57 47.10 £0.80  19.544+0.86  22.07 +0.93
191 | 0 42 427 41 28 21 12 1 17.6 | < 0.56 <0.31 < 1.29 < 0.19 1.23 +0.26
192 | 0 42 435 40 8 34 24 4 10.4 | < 0.84 < 0.12 < 1.82 < 1.18 1.33 £0.33
193 | 0 42 441 41 21 28 1 1 31.1 | 5.61 4 0.64 < 0.59 3.46 & 0.46 <241 1.55 + 0.30
%194 | 0 42 446 41 11 43 6 1| 1077.8|17.36 £0.69 3.6240.53 18.334+0.80  8.14 + 0.54 9.74 + 0.58
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* Bulge sources

Table 5. continued.

SII RA (J2000) Dec opos Cl. | Maxlik Rate (B) Rate (S) Rate (H) Rate (H1) Rate (H2)
No. | (h) (m) () °) () (| (" (LH) (ct - ks™1) (¢t - ks™1) (ct-ks™1) (ct-ks™1) (ct-ks™1)
1 @ & @ G 6 (M| @’ ©| 1o (11) (12) (13) (14) (15)
x195 | 0 42 455 41 16 28 5 1| 2468.3|332.40+1.24 39.91+1.24 278.71+1.33 55.02+1.07 141.3441.23
196 0 42 47.2 40 58 32 10 1 12.2 | < 1.38 < 0.65 0.60 & 0.18 < 0.47 < 0.40

*x197 | 0 42 473 41 15 24 5 1| 1843.7|423.34+1.43 48.24+1.36 198.84 +1.13 68.29 +1.21  94.76 4+ 1.02
198 | 0 42 486 41 25 26 6 1| 776.3|21.27+0.98 < 0.60 15.134+0.76  3.68 + 0.40 11.12 4+ 0.64
199 | 0 42 51.6 41 31 9 5 1| 6523.9|66.344+1.60 < 0.76 63.28 £ 1.52  14.96+0.74  48.51 + 1.34
%200 | 0 42 522 41 18 57 5 1| 1868.8 | 71.46+0.82  3.50 4 0.53 59.15 +1.37  26.194+1.00 22.63 4+ 0.88
201 | 0 42 527 40 53 27 10 1 11.6 | < 0.92 < 0.29 0.58 +£0.18 < 0.35 < 0.51

202 | 0 42 532 40 13 20 11 4| 1357 |<1.81 < 0.09 7.40 £ 0.58 4.00 4 0.42 5.53 + 0.47
%203 | 0 42 533 41 15 49 5 1] 1250.4|253.68+1.13 30.40+1.09 136.85 + 1.07 45.88+1.01  45.55 4+ 1.03
204 | 0 42 536 40 48 18 10 1 10.4 | < 0.95 < 0.35 < 0.73 < 0.39 0.36 4+ 0.14
205 | 0 42 537 41 49 32 5 1 13.2 | < 2.38 < 0.92 1.59 + 0.40 < 1.31 < 0.65

206 | 0 42 544 41 25 55 6 1| 606.8|11.39+0.72 < 0.36 12.22 4 0.69  3.96 + 0.40 8.20 + 0.56
x207 | 0 42 545 41 13 36 5 1 98.0 | 65.09 +0.82  4.70 + 0.57 8.44 £ 0.53 6.73 + 0.52 1.46 4+ 0.27
%208 | 0 42 56.1 41 17 1 5 1| 298.8|31.59+0.48 15.27+0.86 92.184+1.06 35.71+1.03  40.83 + 1.09
209 | 0 42 574 41 11 5 6 1| 857.1|16.97+0.81 1.1040.31 13.15 4+ 0.67  4.96 + 0.42 8.10 £ 0.53
210 | 0 42 578 41 46 6 7 1| 2127 |7.64+0.72 2.11 +0.47 5.17 £ 0.55 3.04 £ 0.42 2.16 £ 0.36
%211 | 0 42 588 41 19 11 5 1| 618.2|79.32+1.06 4.3340.59 20.47 +£0.86  17.734+0.87  10.68 & 0.64
212 | 0 43 1.0 41 30 17 7 1| 249.9|6.87+0.58 < 0.44 6.06 + 0.50 1.50 4 0.26 4.33 4 0.42
%213 | 0 43 1.5 41 13 55 5 1| 138.3|57.23+0.95 < 2.66 9.58 + 0.58 4.96 + 0.45 4.49 4+ 0.44
%214 | 0 43 1.6 41 15 32 5 1| 1555.2 | 133.44+1.01 8.41 + 0.69 35.88 +£0.89  32.314+1.08 27.70 £ 0.96
215 | 0 43 1.9 40 44 58 9 1 57.5 | 2.99 4+ 0.54 < 0.48 2.83 + 0.43 0.94 4+ 0.25 1.74 +0.33
216 | 0 43 29 41 21 20 7 1| 2323]9.7440.61 < 1.16 6.94 + 0.54 3.36 + 0.37 3.26 £ 0.37
«217 | 0 43 3.0 41 18 4 5 1| 843.9|77.56+0.90 7.3140.65 36.56 = 1.08  14.76 +0.78  24.42 4+ 0.99
218 | 0 43 7.7 41 45 51 8 1 28.9 | 1.55 £ 0.38 < 0.57 1.12 4+ 0.26 < 0.38 0.85 + 0.22
219 | 0 43 7.8 41 12 58 5 1 60.8 | 5.63 4+ 0.56 < 0.52 2.17 4+ 0.31 1.70 £ 0.28 0.81 4 0.20
220 | 0 43 88 41 52 8 9 1 22.5 | 1.40 £+ 0.42 < 0.43 1.10 £ 0.29 < 0.62 0.92 + 0.28
221 | 0 43 93 40 59 28 8 1 27.5 | 1.50 + 0.33 < 1.04 0.90 & 0.21 < 0.32 0.68 4+ 0.17
222 | 0 43 95 41 19 0 5 1| 1217.7|28.174+0.91  2.91 +0.54 24.214+0.94 12.814+0.74 15.33+0.75
223 | 0 43 104 41 14 49 5 1| 2311.9 |31.25+0.89 2.8740.44 32.60 +£1.05 12.334+0.65 19.83 4 0.82
224 | 0 43 107 41 55 41 10 1 18.4 | < 1.68 <0.47 1.03 £+ 0.30 < 0.33 0.82 +0.26
225 | 0 43 11.8 40 48 35 7 1| 169.0 | 5.53+0.62 < 1.03 4.31 £ 0.50 1.70 £ 0.31 2.62 + 0.39
226 | 0 43 134 41 17 15 5 1 73.1 | 11.08 +£0.69  3.55 4+ 0.53 6.00 £ 0.55 3.04 £ 0.39 2.60 £ 0.37
227 | 0 43 139 41 7 21 6 1| 634.7]11.884+0.70 < 1.01 10.31 £0.62  2.91 +0.34 7.44 £ 0.53
228 | 0 43 154 40 54 6 11 1 10.8 | < 1.02 < 0.42 0.53 +0.18 < 0.34 < 0.44

229 | 0 43 155 41 3 43 10 1 17.0 | 1.24 +0.32 < 0.73 0.74 £+ 0.20 < 0.40 0.49 +0.16
230 | 0 43 156 41 23 41 9 1 75.6 | 6.34 4+ 0.63 4.29 + 0.49 < 2.94 < 1.97 < 0.64

231 | 0 43 172 41 12 28 12 1 12.7 | 1.53 £ 0.38 < 0.34 < 1.43 0.87 £+ 0.22 < 0.28

232 | 0 43 17.2 41 27 44 6 1| 1165.6 | 17.30+0.81 < 0.88 15.37 £ 0.73  5.61 + 0.44 9.78 £+ 0.59
233 | 0 43 180 41 59 8 7 1| 1854 |7.12+0.84 < 0.45 6.65 + 0.74 2.12 4 0.43 4.53 4+ 0.61
234 | 0 43 194 40 48 38 10 1 21.6 | < 1.85 < 0.52 1.39 +0.33 < 0.53 0.90 + 0.25
235 | 0 43 202 41 20 25 10 1 42.6 | 10.07+£0.91 < 1.26 4.29 + 0.54 1.79 4+ 0.30 < 0.35

236 0 43 21.0 41 17 49 5 1 114.2 | 16.60 4+ 0.94 2.17 £ 0.42 12.21 £ 0.81 2.95 4+ 0.37 3.50 4+ 0.44
237 | 0 43 23.0 41 31 47 8 1 35.7 | 1.68 £ 0.33 < 0.52 1.22 4+ 0.24 < 0.43 0.98 + 0.21
238 | 0 43 238 41 14 19 10 1 10.5 | < 1.26 < 0.26 0.72 4+ 0.21 < 0.75 < 0.42

239 | 0 43 259 41 53 12 14 1 10.3 | < 1.47 < 0.51 < 1.45 < 0.26 1.07 4+ 0.30
240 | 0 43 26.6 41 26 14 7 1| 218.4|5.87+0.52 < 0.39 4.78 +0.43 1.26 + 0.23 3.53 +0.37
241 | 0 43 26.7 41 18 27 7 1| 271.8]11.96+0.76 < 1.71 7.20 + 0.54 5.13 + 0.44 1.90 + 0.30
242 0 43 28.4 41 7 48 6 1 281.2 | 5.97 £ 0.52 < 0.32 5.60 & 0.47 1.25+0.24 4.42 +£0.41
243 | 0 43 284 42 22 12 14 4 24.5 | <0.21 < 0.15 2.46 + 0.44 < 1.29 1.88 4+ 0.36
244 | 0 43 31.7 41 10 37 71 78.0 | 2.44 +0.36 < 0.43 1.88 + 0.28 < 0.31 1.71 4+ 0.26
245 | 0 43 323 42 4 58 12 1 10.0 | < 1.91 < 0.77 < 1.59 < 0.37 0.91 4 0.35
246 | 0 43 329 41 16 14 12 1 39.9 | 10.76 £ 1.01  3.58 & 0.50 < 2.20 <0.71 < 0.43

247 | 0 43 339 41 13 25 6 1| 1258.7(21.31+0.90 < 1.69 17.98 £ 0.79  6.52 + 0.48 11.20 4+ 0.62
248 | 0 43 344 40 56 30 7 1| 219.6 | 6.06+0.59 <0.91 4.62 +0.47 2.40 + 0.34 2.21 £ 0.32
249 | 0 43 367 41 14 42 6 1| 1048.8|19.14+0.87 4.7240.71 15.26 + 0.74  4.94 + 0.42 10.03 4 0.60
250 | 0 43 387 41 26 52 8 1 78.0 | 3.53 £ 0.44 < 0.61 2.57 +0.33 1.68 4 0.26 0.80 4 0.20
251 | O 43 38.7 42 1 26 10 1 21.8 | 1.81 4+ 0.53 < 0.58 1.63 + 0.40 < 0.69 1.21 4+ 0.33
252 | 0 43 403 40 54 36 9 1 55.3 | 4.08 + 0.59 < 2.45 2.38 +£0.38 < 1.20 1.42 4+ 0.28
253 0 43 41.6 41 53 13 11 1 15.5 | < 1.41 < 0.42 1.09 £ 0.29 0.72 £ 0.22 < 0.42

254 | 0 43 43.0 41 28 52 8 1 48.0 | 2.54 £+ 0.39 < 0.58 1.92 £+ 0.30 < 0.72 1.40 + 0.25
255 | O 43 43.1 41 12 27 8 1 33.4 | 1.824+0.35 <0.27 1.40 + 0.26 0.69 4+ 0.18 0.68 4 0.19
256 | 0 43 44.1 41 24 8 9 1 60.0 | 3.72 £ 0.50 < 0.36 2.55 + 0.35 1.43 4+ 0.30 1.35 +£0.25
257 | O 43 449 41 37 0 8 1 49.7 | 2.16 £ 0.36 < 0.46 1.52 + 0.26 0.50 4+ 0.16 1.00 £+ 0.21
258 | 0 43 486 41 27 46 48 1 10.0 | < 1.98 <0.47 < 0.97 < 0.27 0.51 +0.17
259 | 0 43 497 40 49 49 12 1 15.8 | < 1.74 < 0.43 1.37 £ 0.37 < 0.70 < 1.03

260 | 0 43 525 40 16 29 20 4 10.4 | < 0.13 < 0.13 < 1.95 < 0.59 < 1.37

261 | 0 43 53.1 41 11 53 1 1 10.3 | < 1.20 < 0.56 < 0.72 0.56 + 0.18 <0.13

262 | 0 43 532 41 16 54 6 1| 1565.6 | 23.50+0.96  1.3240.32 20.69 +0.88  7.17+0.51 13.57 + 0.71
263 | 0 43 53.7 41 6 13 9 1 25.6 | 1.36 £ 0.34 < 0.43 1.15 + 0.26 0.55 + 0.17 0.57 +0.18
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Table 5. continued.

* Bulge sources

SII RA (J2000) Dec opos Cl. | Maxlik Rate (B) Rate (S) Rate (H) Rate (H1) Rate (H2)
No. [ (h) (m) () (°) () ()| () (LH) (ct - ks™1) (¢t - ks™1) (ct-ks™1) (ct-ks™1) (ct-ks™1)
1 (@ @& @ G © O 6 (9| Qo) (11) (12) (13) (14) (15)
264 | 0 43 546 40 45 38 9 1 53.9 | 3.17 4 0.70 < 0.61 3.36 4 0.62 0.91 4 0.34 2.40 £ 0.52
265 | 0 43 54.8 41 52 53 9 1 24.3 | 1.40 + 0.37 < 0.54 1.03 +£0.25 0.63 4 0.19 < 0.55

266 | 0 43 55.6 41 22 2 8 1 32.6 | 2.07 +0.36 < 0.74 1.19 £0.25 < 0.40 0.90 4 0.21
267 | 0 43 57.4 41 27 25 9 1 22.2 | 1.42 4 0.31 <0.71 0.95 4+ 0.22 < 0.41 0.64 4+ 0.17
268 | 0 43 57.6 41 30 53 8 1 31.5 | 1.41 4 0.30 < 0.42 1.03 £0.21 < 0.42 0.7340.17
269 | 0 43 57.8 41 13 45 1 1 10.4 | < 0.79 <0.21 < 0.72 0.46 4 0.15 < 0.22

270 | 0 43 588 41 57 17 8 1 28.3 | < 1.35 < 0.28 0.97 4 0.26 < 0.20 0.88 4 0.23
271 | 0 44 0.9 40 56 13 10 1 52.8 | 2.73 4+ 0.55 < 0.82 2.81 4 0.46 0.77 +0.24 1.82+0.34
272 | 0 44 43 41 49 5 12 1 10.2 | < 1.33 < 0.43 0.82 4 0.24 < 0.68 < 0.46

273 | 0 44 45 41 21 18 9 1 16.7 | < 1.15 < 0.46 <0.71 <0.11 0.6140.17
274 | 0 44 5.8 41 52 1 10 1 17.2 | < 1.41 < 1.10 0.67 4 0.21 <0.14 0.67 4+ 0.19
275 | 0 44 7.8 41 56 7 9 1 20.6 | < 1.41 < 0.52 0.92 4+ 0.25 < 0.47 0.734+0.21
276 | 0 44 10.2 42 5 5 10 1 15.4 | 1.74 £ 0.48 < 0.81 1.10 £ 0.32 < 0.57 0.76 & 0.26
277 | 0 44 123 41 31 39 11 1 12.3 | < 0.67 <0.13 0.62 4+ 0.18 < 0.20 0.5340.16
278 | 0 44 137 42 8 44 11 1 10.1 | < 1.46 < 0.66 < 1.08 < 0.82 < 0.91

279 | 0 44 13.8 41 57 51 9 1 14.3 | < 0.99 < 0.56 < 0.60 < 0.10 0.54 4 0.18
280 | 0 44 138 42 14 4 1 1 17.4 | < 3.01 <1.14 1.48 +0.47 < 0.53 1.35 + 0.41
281 | 0 44 149 42 6 34 12 1 12.0 | < 1.88 < 0.62 1.25 + 0.36 < 0.51 1.00 £ 0.31
282 | 0 44 153 40 26 50 20 4 23.5 | < 0.48 < 0.10 2.30 4+ 0.41 1.28 + 0.30 1.18 £ 0.31
283 | 0 44 159 41 26 22 10 1 14.3 | 1.22 £ 0.30 < 0.75 0.60 & 0.18 < 0.37 < 0.48

284 | 0 44 164 41 11 14 10 1 12.1 | < 0.90 < 0.36 < 0.68 < 0.09 0.46 4+ 0.16
285 | 0 44 202 41 34 12 10 1 10.2 | 0.98 £ 0.28 < 0.74 < 0.63 < 0.22 < 0.44

286 | 0 44 223 41 45 7 8 1 86.4 | 3.07 + 0.42 < 0.60 2.40 4 0.32 0.7340.18 1.65 + 0.26
287 | 0 44 237 42 0 15 9 1 12.5 | < 1.35 < 0.69 0.67 4 0.21 < 0.41 < 0.55

288 | 0 44 25.0 41 31 55 9 1 31.7 | 1.54 4+ 0.32 < 0.40 1.24 +£0.24 < 0.62 0.7440.18
280 | 0 44 256 41 36 30 8 1 42.1 | 1.86 £ 0.34 < 0.48 1.33 £0.24 0.64 4 0.17 0.70 +0.17
200 | 0 44 29.2 41 21 34 6 1| 1795.5|25.10+1.02 1.1040.31 22.54 +£0.94 6.86 + 0.52 15.71 4+ 0.78
291 | 0 44 295 41 15 31 14 1 11.2 | < 1.92 < 0.41 1.08 £ 0.29 < 0.98 < 0.43

202 | 0 44 31.8 42 7 31 10 1 10.2 | < 1.47 < 0.81 < 0.78 < 0.23 0.49 4+ 0.18
203 | 0 44 357 42 10 47 12 1 10.1 | < 1.52 < 0.62 < 1.18 < 0.46 < 0.86

204 | 0 44 36.7 41 45 8 10 1 13.6 | < 0.79 < 0.36 < 0.82 < 0.15 0.51 4 0.15
205 | 0 44 420 41 13 42 10 1 11.2 | < 1.05 < 0.60 < 0.64 <0.14 0.5140.18
206 | 0 44 455 42 43 2 15 4 38.9 | < 2.03 < 0.38 6.19 4 0.91 < 3.03 3.96 £ 0.67
297 | 0 44 475 41 22 52 8 1 36.7 | 1.51 4+ 0.33 < 0.35 1.24 £0.25 0.48 +0.16 0.7440.19
208 | 0 44 482 42 29 54 12 1 11.2 | < 5.17 < 1.95 < 4.17 2.83 £+ 1.01 < 0.67

2099 | 0 44 50.2 41 28 59 9 1 33.4 | 1.53 4+ 0.32 < 0.33 1.23 +0.24 0.47 4+ 0.15 0.70 +0.18
300 | 0 44 520 41 17 11 10 1 13.5 | < 1.01 < 0.30 0.60 & 0.19 < 0.29 0.41 4 0.15
301 | 0 44 520 41 27 17 7 1| 116.2|2.94+0.38 < 0.36 2.24 4+ 0.30 0.4140.14 1.79 + 0.26
302 | 0 44 520 42 25 10 9 1 24.3 | 4.85+1.11 < 1.41 3.04 4+ 0.77 < 1.72 1.91 + 0.60
303 | 0 44 55.1 41 34 38 10 1 16.5 | < 1.12 < 0.42 0.54 4+ 0.17 <0.14 0.55 4+ 0.16
304 | 0 44 559 41 59 34 7 1| 1024 |4.714+0.51 2.15 + 0.42 2.46 4 0.33 1.28 +£0.24 1.16 £ 0.22
305 | 0 44 56.5 40 59 11 8 1 58.1 | 3.12 4+ 0.65 < 0.56 2.78 4+ 0.53 1.11+0.34 1.64 +0.41
306 | 0 44 574 41 23 38 71 62.2 | 1.80 4 0.34 < 0.22 1.66 £ 0.28 0.48 +0.16 1.18 £ 0.23
307 | 0 45 0.4 41 14 38 10 1 11.9 | < 1.50 < 0.58 0.63 4+ 0.21 < 0.25 0.46 4+ 0.17
308 | 0 45 0.8 41 26 48 10 1 11.2 | < 0.87 < 0.25 0.52 +0.17 < 0.37 < 0.38

300 | 0 45 85 42 15 42 7 1| 176.6|6.62+0.74 < 0.79 5.57 4+ 0.61 2.39 + 0.42 3.19 + 0.46
310 | 0 45 9.2 42 2 31 9 1 22,5 | 1.23 4 0.31 < 0.49 0.84 4 0.20 0.58 +0.17 < 0.43
311 | 0 45 10.1 41 0 15 12 1 12.9 | 2.17 £ 0.62 < 1.76 1.05 + 0.37 < 0.53 0.67 4+ 0.28
312 | 0 45 104 41 45 53 8 1 29.1 | 1.59 4+ 0.34 < 1.17 1.14 £ 0.24 < 0.79 0.78 4 0.18
313 | 0 45 123 42 20 26 9 1 16.8 | < 1.83 < 0.44 1.18 £+ 0.36 < 0.73 0.64 & 0.25
314 | 0 45 13.2 41 36 11 8 1 33.7 | 1.49 + 0.31 <0.71 1.03 £ 0.21 0.66 &+ 0.17 0.3540.13
315 | 0 45 17.1 42 17 10 10 1 11.0 | < 1.86 < 0.98 <0.91 <0.21 0.47 +0.19
316 | 0 45 26.5 41 32 45 8 1 50.7 | 1.81 4+ 0.35 < 0.22 1.77 £0.29 0.45 4+ 0.15 1.41+0.25
317 | 0 45 274 41 39 0 10 1 18.6 | 1.57 £ 0.35 < 1.15 0.82 4 0.21 < 0.32 0.66 4 0.18
318 | 0 45 274 42 10 56 9 1 27.5 | < 1.69 < 0.26 1.18 £ 0.27 < 0.58 0.88 4 0.22
319 | 0 45 27.8 41 29 38 7 1| 126.7|3.68+0.46 < 0.49 2.93 4 0.37 0.87 4+ 0.21 2.05 £ 0.31
320 | 0 45 28.0 41 20 37 8 1 39.3 | 1.57 4 0.36 < 0.33 1.32 £ 0.28 < 0.39 1.03 £ 0.24
321 | 0 45 283 41 46 4 10 1 11.2 | < 1.21 < 1.47 < 0.48 <0.11 0.36 4 0.13
322 | 0 45 287 41 54 6 6 1| 2703.3|29.63+0.98 2.8740.37 23.80 £0.85 18.78 £0.75  4.91+0.39
323 | 0 45 304 42 1 45 11 1 10.0 | < 0.76 < 0.38 < 0.50 < 0.12 0.37 4+ 0.13
324 | 0 45 31.8 42 7 6 8 1| 147.7|7.75+0.69 7.41 4+ 0.66 < 0.45 < 0.32 <0.18

325 | 0 45 326 42 27 48 11 1 13.3 | < 3.12 < 3.44 1.30 £ 0.50 < 0.34 1.16 £ 0.45
326 | 0 45 34.1 42 41 44 19 4 11.2 | < 0.62 < 0.28 2.35 4+ 0.63 < 0.98 1.69 + 0.47
327 | 0 45 345 42 17 55 9 1 229 | < 1.36 <0.37 0.90 4 0.28 < 0.20 0.90 4 0.26
328 | 0 45 381 42 31 53 12 1 10.5 | 4.59 + 1.40 < 3.50 < 3.01 < 2.07 < 1.30

320 | 0 45 382 41 19 30 10 1 21.6 | < 1.57 < 0.38 1.12 £ 0.29 < 0.59 0.69 & 0.22
330 | 0 45 383 42 12 39 10 1 11.8 | 1.43 £ 0.40 < 0.98 0.64 4 0.21 < 0.25 0.50 4 0.18
331 | 0 45 402 42 8 5 6 1| 1122.7|25.83+1.11 11.234+0.79 13.774+0.77 6.70 £ 0.54 7.01 + 0.55
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Table 5. continued.

* Bulge sources

: The second ROSAT PSPC survey of M 31 and the complete ROSAT PSPC source list

SII RA (J2000) Dec opos Cl. | Maxlik Rate (B) Rate (S) Rate (H) Rate (H1) Rate (H2)
No. | (h) (m) s ©) O ) @) (LH) (ct - ks™1) (ct - ks™1) (ct-ks™1) (ct-ks™h) (ct-ks™1h)
Mm@ & @ 6 ©’ O 6 O 10 (1) (12) (13) (14) (15)
332 0 45 411 41 27 49 8 1 34.3 | 1.58 £0.36 < 1l.21 1.13+0.25 < 0.62 0.67 £0.19
333 0 45 421 41 23 52 9 1 19.5 | < 1.13 < 0.24 0.86 + 0.24 < 0.66 < 0.56

334 0 45 42,6 42 23 28 10 1 13.1 | 2.01 £ 0.60 < 1.43 0.93 £0.34 < 0.32 0.74 £0.28
335 0 45 429 41 20 25 8 1 51.6 | 2.18 = 0.44 < 0.50 1.78 £ 0.34 0.92+0.24 0.83 £0.23
336 0 45 454 41 39 37 5 1| 17930. | 134.43 +1.96 4.71 4+ 0.47 133.47 £2.10 38.77 £ 1.15 95.71 + 1.82
337 0 45 55.8 41 48 35 10 1 13.9 | <0.93 < 0.30 0.55 +£0.17 < 0.23 0.43 £0.14
338 0 45 559 41 56 33 10 1 22.5 | 1.55 £ 0.32 1.50 + 0.30 < 0.21 < 0.25 < 0.08

339 0 45 56.0 42 12 32 9 1 20.2 | 1.39+0.39 < 2.41 0.91 £0.25 < 0.28 0.72£0.21
340 0 45 57.6 42 3 10 8 1 65.3 | 3.03 + 0.42 < 1.50 1.89 + 0.28 0.83£0.19 1.06 +0.21
341 0 45 57.6 42 26 42 11 1 12.6 | < 2.94 < 1.05 1.43 +0.49 < 0.97 0.98 £0.37
342 0 46 0.2 41 33 10 10 1 17.5 | 1.06 £ 0.31 < 0.37 0.79 £ 0.22 < 0.46 0.47 £0.16
343 0 46 5.9 41 51 37 11 1 10.2 | < 1.34 < 0.64 < 0.69 < 0.14 0.43 £0.14
344 0 46 10.9 42 3 53 9 1 40.7 | 1.67 +0.35 < 0.37 1.28 +0.25 < 0.54 0.88 £0.19
345 0 46 11.6 41 58 58 10 1 15.2 | <1.21 < 0.42 0.53 £0.16 < 0.15 0.49 £0.14
346 0 46 12.0 42 8 27 7 1 80.3 | 2.73 +0.43 < 0.50 2.29+0.34 0.56 £0.18 1.73 £0.29
347 0 46 13.3 41 50 37 10 1 11.6 | < 0.99 < 0.46 < 0.60 < 0.54 0.38 £0.13
348 0 46 14.8 42 21 34 12 1 11.2 | < 1.24 < 0.54 < 1.55 < 0.13 0.82 £0.29
349 0 46 15.7 41 24 9 13 1 11.6 | < 1.29 < 0.46 1.00 + 0.32 < 0.73 < 0.55

350 0 46 19.9 42 14 36 9 1 13.2 | < 0.89 < 0.24 0.70 £ 0.22 < 0.47 < 0.53

351 0 46 24.2 42 4 38 6 1| 1690.2 | 33.17 £ 1.16 < 0.71 29.36 + 1.02 6.85 £ 0.50 22.29 +0.88
352 0 46 243 42 9 53 9 1 29.4 | 1.79 £ 0.42 < 1.12 2.45 £ 0.46 < 0.48 1.16 +£0.27
353 0 46 25.6 41 16 30 13 1 16.0 | 2.42 £ 0.73 < 1.76 1.83+0.54 < 1.30 < 1.23

354 0 46  26.7 42 1 51 6 1| 3781.8 | 37.64£1.15 < 1.28 34.53 + 1.06 10.53 £ 0.59 24.08 + 0.88
355 0 46 31.5 42 44 2 16 4 10.2 | < 1.40 < 0.42 1.99 4+ 0.57 < 0.74 < 1.99

356 0 46  34.1 42 7T 29 10 1 15.3 | < 1.44 < 0.47 0.70 £ 0.20 < 1.24 0.52 £ 0.17
357 0 46 36.6 41 29 0 11 1 12.7 |1 < 1.45 < 0.52 0.80 £ 0.27 < 0.57 < 0.60

358 0 46 38.0 41 46 17 11 1 11.5 | < 0.92 < 0.42 < 0.61 < 0.12 0.40 £0.14
359 0 46 396 42 25 16 9 1 18.7 | < 2.49 < 0.71 1.63 + 0.49 < 0.76 1.10 +£0.39
360 0 46 44.8 42 30 38 10 1 16.7 | < 5.19 < 1.39 2.76 £ 0.84 < 2.21 < 1.66

361 0 46 46.9 41 49 8 10 1 126 | < 1.14 < 0.47 0.59 £0.19 < 0.58 < 0.40

362 0 46 47.3 42 8 56 9 1 28.9 | 1.60 + 0.38 < 0.57 1.16 + 0.26 < 0.43 0.95 £+ 0.23
363 0 46 55.1 42 20 47 6 1 730.9 | 23.18 £ 1.50 < 0.77 20.88 +1.33 7.71+£0.81 13.02 £ 1.05
364 0 46 56.8 41 52 33 9 1 33.3 | 0.98 £0.29 < 0.27 0.83 £0.21 < 0.12 0.87 £0.20
365 0 47 0.8 41 41 7 10 1 19.0 | < 1.47 < 0.40 0.98 £0.27 0.65 £ 0.22 < 0.46

366 0 47 1.0 41 51 24 9 1 23.7|1.21+0.33 < 0.48 0.88 £ 0.22 < 0.29 0.70 £0.19
367 0 47 3.4 41 58 8 11 1 10.7 | 1.21 £ 0.34 < 1.25 < 0.52 < 0.46 < 0.13

368 0 47 3.4 42 4 55 8 1 43.7 1 1.89 £0.37 < 0.53 1.39 +0.27 < 0.58 1.05 +0.23
369 0 47 13.8 42 2 13 8 1 68.9 | 3.67 £ 0.50 1.47 +0.37 1.93 +0.32 0.83 £0.22 1.10 £ 0.24
370 0 47 147 42 21 1 11 1 45.9 | 548 £1.11 < 0.54 6.54 + 0.94 1.81 £ 0.51 4.09 £0.75
371 0 47 154 41 40 41 9 1 40.0 | 1.81 £ 0.45 < 0.36 1.94 +0.39 0.70 £0.25 1.18 £ 0.30
372 0 47 16.2 41 35 46 12 1 16.9 | < 1.90 < 0.53 1.424+0.38 < 0.78 0.77 £0.27
373 0 47 20.1 41 48 37 10 1 18.0 | 1.93 £ 0.46 < 3.26 0.85 +0.25 < 0.45 0.60 £ 0.21
374 0 47 251 42 21 45 10 1 66.2 | 7.65 £ 1.29 < 0.97 7.22 £1.07 2.49 £ 0.63 4.10 £0.83
375 0 47 269 41 52 53 9 1 52.7 | 3.35 £ 0.54 < 0.88 2.49 £ 0.40 1.00 + 0.26 1.48 +0.30
376 0 47 27.8 41 24 40 13 1 12.8 | < 5.97 < 1.65 3.64 +1.34 < 1.07 3.01+£1.23
377 0 47 30.6 41 49 24 8 1 81.3 | 4.39+0.63 < 4.52 2.97 £+ 0.46 0.95 £ 0.27 2.11+£0.38
378 0 47 309 41 40 42 11 1 10.3 | < 2.17 < 1.21 < 0.84 < 0.52 < 0.38

379 0 47 314 41 35 24 12 1 12.0 | < 1.73 < 0.45 1.17 + 0.40 < 1.00 < 0.68

380 0 47 404 42 22 32 5 1 17.4 | 5.20 £ 1.48 < 1.49 5.80 £1.33 < 2.37 < 2.68

381 0 47  42.8 42 3 2 10 1 12.0 | < 1.20 < 0.52 < 0.78 < 0.15 0.48 £0.18
382 0 47  43.2 42 1 19 9 1 24.6 | 1.48 £ 0.41 < 0.54 1.194+0.30 0.60 £ 0.21 0.67 £0.23
383 0 47 43.8 42 24 16 5 1 175 | <5.17 < 1.31 4.65 £ 1.31 < 1.35 < 3.45

384 0 47 445 42 22 37 5 1 15.8 | <6.19 < 1.70 7.36 £ 1.60 < 3.10 < 2.63

385 0 47 45.0 42 11 3 11 1 10.9 | < 2.25 < 1.47 1.22 +0.40 < 0.74 0.75 £ 0.29
386 0 47 479 42 19 33 8 1 145.6 | 12.77 £ 1.63 < 1.19 12.11 £ 1.45 2.96 £ 0.74 8.89 £1.25
387 0 47 494 41 53 26 10 1 16.9 | < 1.13 < 0.31 0.89 £ 0.28 < 0.24 0.78 £0.25
388 0 47 499 41 42 9 11 1 41.4 | 7.02+1.15 < 1.63 13.74 £ 1.37 4.06 £0.78 7.97 £ 1.05
389 0 47  51.7 42 7T 24 9 1 19.9 | 2.46 £ 0.59 < 3.90 1.23 +0.36 0.80 £ 0.28 < 0.69

390 0 47 539 41 35 38 16 1 11.8 | < 3.40 3.07£0.94 < 0.45 < 0.27 < 0.36

391 0 48 0.3 41 40 15 7 1 442.6 | 27.75 £ 2.07 < 3.14 25.92 + 1.97 10.22 £ 1.22 16.23 £ 1.58
392 0 48 4.2 41 56 48 10 1 13.1 | 2.11 £ 0.58 < 1.74 < 0.85 < 0.56 < 0.37

393 0 48 23.6 42 10 43 11 1 14.8 | 3.61 £ 1.02 < 3.18 1.91 + 0.64 < 0.45 1.71 £ 0.58
394 0 48 246 41 57 18 6 1 614.1 | 35.30 £ 2.16 21.89 £ 1.77 14.28 +1.31 8.11 £ 0.99 6.24 £ 0.87
395 0 48 584 42 23 47 9 4 250.2 | 9.21 £ 0.99 < 0.52 15.95 + 1.07 6.21 £ 0.69 9.84 £ 0.81
396 0 49 30.6 41 58 23 13 1 22.1 | 6.87£2.29 < 1.91 6.12 +1.85 < 2.66 < 5.62
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Table 6. Total list of all ROSAT PSPC X-ray sources in M 31 merged from the source lists of both surveys. The different symbols in front of the RXJ numbers in Col. (1)
are explained at the top of the table. The meaning of the different columns is described in Sect. 3.3. The listed count rate errors are purely statistical. The systematic errors
are expected to be less than ~15%. Count rates for bulge sources (marked with x) may be uncertain due to confusion. For sources not detected in a considered energy band,
lo upper limits have been calculated indicated by a “<”-symbol in front of the upper limit value. A conversion of count rates into fluxes depends on the assumed spectral
shape. For M 31-sources a power law with photon index I' = —2.0 and Nu = 9 x 10?° ecm ™2 may be used, leading to a conversion factor 1 ¢t ks™ = 3.00x 107 erg cm 2 s7*
in the 0.1-2.0 keV band (B-band). For foreground stars, the application of this conversion factor leads to an overestimation of the flux.

@ Foreground star b Galaxy ¢ Supersoft source candidate 4 Globular cluster ¢ SNR
* bulge source ~ Variable source (ref. Tables 2, 3 and footnote in Sect. 4.1.1) 1 Source with uncertain count rate.
RXJ SI RA (J2000) Dec OPos ClL Maxlik Rate (B) Rate (S) Rate (H) Rate (Hy) Rate (Hz)
No. No. (h) (m) (s) °) ) (@) " (LH) (ct-ks™1) (ct-ks™1) (ct-ks™1) (ct-ks™1h) (ct-ks™1h)
1 (2 ® @ & @’ O ® () (10 (11) (12) (13) (14) (15) (16)
4RX J0036.34+4053 0 36 21.7 40 53 37 13 4 69.7 < 0.61 < 0.20 5.73 £0.65 < 1.70 4.22 +0.53
RX J0036.7+4109 0 36 43.0 41 9 2 19 4 27.1 < 0.43 < 0.16 3.18 £0.71 < 0.87 3.56 £ 0.61
RX J0036.8+4008 0 36 49.8 40 8 52 12 1 45.0 10.62 £+ 1.82 < 3.50 7.46 +£1.43 < 3.59 3.74 £ 1.04
RX J0036.84+4055 0 36 49.6 40 55 12 18 4 11.8 < 0.13 < 0.14 1.72 +£0.42 < 0.99 < 1.20
RX J0036.9+4026 0 36 57.4 40 26 10 12 1 12.2 < 2.13 < 0.62 1.34 +0.43 < 0.81 < 1.30
RX J0037.14+4022 0 37 11.4 40 22 10 11 1 10.5 < 1.65 < 0.70 < 1.13 < 0.63 < 0.55
RX J0037.2+4045 1 0 37 17.4 40 45 23 6 2 26.7 2.14 +£0.80 0.95 +0.80 < 0.87 < 0.12 < 0.80
RX J0037.3+4029 2- 0 37 18.7 40 29 47 8 1 82.4 3.43 £0.65 < 0.30 3.90 £+ 0.60 2.02+0.43 1.79 + 0.41
“RX J0037.3+4043 0 37 22.5 40 43 49 9 1 86.3 10.19 £ 1.34 5.09 £ 0.98 4.93 £0.90 2.97 £0.69 1.82 + 0.56
RX J0037.4+4013 0 37 26.2 40 13 7 10 1 20.6 2.16 £ 0.60 < 0.79 1.63 +0.43 < 0.54 1.22 +0.36
‘RX J0037.4+4015 3 0 37 25.3 40 15 16 6 2 15.1 < 0.31 < 0.31 0.01 £ 0.00 < 0.01 < 0.01
RX J0037.5+4009 4- 0 37 34.6 40 9 55 7 1 238.8 11.48 £ 1.16 < 1.25 9.49 +0.97 3.63 £0.61 5.63 £0.75
tRX J0037.64+-3938 5+ 0 37 36.5 39 38 56 6 3 177.2 2.11 £1.04 < 0.01 2.26 £1.12 < 0.01 2.15 £ 1.07
RX J0037.6+4025 0 37 41.5 40 25 45 10 1 15.9 < 1.62 < 0.59 0.78 £0.25 < 0.36 0.51 £0.19
RX J0037.74+4004 7- 0 37 43.5 40 4 55 11 1 44.0 19.11 £ 2.03 < 2.32 14.48 £ 1.49 4.25 +0.89 8.80 £1.15
RX J0037.7+4023 0 37 43.3 40 23 44 8 1 52.3 2.97 £0.54 < 1.30 2.12 £ 0.39 1.64 +0.34 < 0.62
RX J0037.7+4037 6- 0 37 42.6 40 37 50 10 1 15.9 < 1.86 < 0.73 0.90 +0.28 < 0.45 0.58 £ 0.22
“RX J0038.0+4026 8+ 0 38 1.1 40 26 28 5 1 847.8 19.87 £ 0.83 11.64 £0.63 7.61 £ 0.50 4.05 £ 0.45 3.90 £ 0.26
RX J0038.3+4018 9+ 0 38 22.1 40 18 26 5 1 35.5 1.34 +£0.29 0.37 £0.26 1.07 +£0.16 0.16 £0.11 0.79 £ 0.09
RX J0038.3+4040 0 38 20.1 40 40 29 10 1 17.2 < 1.39 < 0.50 0.75 £0.23 < 0.22 0.60 £+ 0.20
RX J0038.3+4056 0 38 21.3 40 56 40 9 1 52.1 7.23+1.16 3.23 £0.92 3.99 £ 0.80 1.42 +0.50 2.49 £+ 0.63
tRX J0038.44-3959 11 0 38 28.0 39 59 52 18 2 10.5 < 0.29 < 0.03 0.27 £0.15 < 0.00 < 0.24
~“RX J0038.44-4012 10+ 0 38 24.1 40 12 57 5 1 706.2 12.61 + 0.66 1.91+£0.29 9.39 +0.52 3.50 £0.33 6.95 £ 0.47
PRX J0038.4+4136 0 38 27.7 41 36 55 23 4 14.6 < 0.17 < 0.17 < 2.86 < 0.46 < 0.68
‘RX J0038.5+4014 12 0 38 32.1 40 14 39 11 1 14.1 0.80 £ 0.28 0.70 £ 0.26 < 0.03 < 0.03 < 0.01
RX J0038.5+4024 13 0 38 34.7 40 24 30 5 1 10.4 0.46 £ 0.20 < 0.04 0.38 £0.03 < 0.05 < 0.34
RX J0038.5+4128 14- 0 38 34.5 41 28 51 8 4 2093.6 55.28 + 0.96 < 0.40 63.69 + 1.42 21.82+0.91 35.02 £ 1.17
RX J0038.6+4010 16+ 0 38 38.1 40 10 33 8 1 26.6 1.98 £+ 0.36 1.20 £0.31 0.88 £0.22 0.31 £0.15 0.51 £0.14
RX J0038.6+4015 15 0 38 37.6 40 15 19 7 1 12.0 1.04 +0.26 0.54 £0.19 0.39 £0.14 0.26 £0.13 0.15 £ 0.07
‘RX J0038.6+4019 18+ 0 38 40.9 40 20 0 5 1 49.3 1.73 +£0.29 1.54 +0.26 < 0.05 < 0.02 < 0.04
“RX J0038.6+4026 17+ 0 38 38.6 40 26 15 5 1 154.0 3.76 £ 0.37 0.93 £0.28 2.94 £0.26 < 1.73 < 1.21
RX J0038.6+4043 0 38 39.0 40 43 25 10 1 11.7 < 0.80 < 0.25 <0.77 < 0.18 0.44 £0.17
RX J0038.6+4044 19- 0 38 40.8 40 44 57 9 1 20.3 1.46 +0.39 < 0.98 0.78 £0.24 < 0.18 0.69 £0.21
RX J0038.6+4056 0 38 38.6 40 56 54 11 1 26.0 2.59 £0.71 < 0.48 2.57 £ 0.57 < 0.82 2.25 £ 0.53
RX J0038.84+4008 20- 0 38 48.2 40 8 3 10 1 23.9 1.50 +0.44 < 0.60 1.39+£0.33 < 1.20 0.64 +0.21
RX J0038.84+4038 21- 0 38 48.6 40 38 12 8 1 39.5 1.28 £0.31 < 0.26 1.18 £ 0.24 0.43 +£0.15 0.73 +£0.19
RX J0038.8+4044 19- 0 38 50.1 40 44 18 8 1 111.0 3.28 £ 0.49 < 0.45 3.25 +£0.43 < 0.87 2.70 £0.38
RX J0038.9+3955 0 38 56.0 39 55 51 10 1 26.2 2.52£0.74 < 0.66 2.07 £ 0.59 < 0.73 1.57 £ 0.50
RX J0038.9+4016 22 0 38 55.4 40 16 53 7 1 11.9 0.93 £0.24 < 0.42 < 0.47 < 0.32 < 0.21
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The second ROSAT PSPC survey of M 31 and the complete ROSAT PSPC source list

R. Supper et al.
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The second ROSAT PSPC survey of M 31 and the complete ROSAT PSPC source list

R. Supper et al.
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Table 7. Table of the identifications of ROSAT PSPC sources with Finstein sources listed by TF. Fr gives the ROSAT
source flux using the Finstein spectral model of TF and Fg gives the Einstein source flux of the correlated Finstein source
(see Sect. 4.1.2). The distance between two correlating sources is given in arcseconds (") as well as in units of the combined
positional error (o) of both sources. The last column gives the flux ratio between the ROSAT and the Einstein measurements,
showing possible long term variabilities between the epochs of the two observations. Sources with ROSAT numbers preceeded
by a % belong to the bulge region.

ROSAT Fr (x10'%) Einstein Fr (x10'%) Distance Fr/Fg
No. (cgs) No. (cgs) () (o)
RX J0039.444035 0.17 £ 0.06 1 0.60 £+ 0.26 59.1 1.31 0.28 £0.16
RX J0040.044031 1.04 £ 0.10 2 1.64 £ 0.42 31.7 0.70 0.63 £0.17
RX J0040.24-4050 31.64 + 0.48 3 25.38 + 2.50 3.6 0.59 1.25 4+ 0.12
RX J0040.344043 13.82 £ 0.29 4 16.35 £ 2.09 3.4 0.58 0.85 £ 0.11
RX J0040.444029 1.07 £ 0.10 5 0.99 £+ 0.28 13.4 0.30 1.08 £ 0.33
RX J0040.44-4129 2.30 + 0.41 6 1.06 £ 0.35 9.5 0.20 2.17 +0.81
RX J0040.744051 0.49 £ 0.07 7 0.66 £+ 0.26 6.0 0.13 0.74 £ 0.30
RX J0041.44-4058 1.94 +£0.12 8 1.77 £ 0.50 24.6 0.54 1.09 4 0.32
RX J0041.74+4134 14.38 +0.49 9 8.72+1.08 1.8 0.29 1.65 4+ 0.21
RX J0041.84-4021 24.25 +0.76 11 15.54 £+ 0.88 5.4 0.12 1.56 & 0.10
RX J0041.84+4113 0.43 £ 0.09 10 0.90 £ 0.24 32.9 0.73 0.48 £0.16
RX J0042.24-4019 40.38 +£1.23 15 48.83 £ 1.61 2.9 0.06 0.83 £ 0.04
RX J0042.24-4039 2.18 +£0.19 13 1.64 £ 0.38 18.4 0.41 1.33 +£0.33
RX J0042.244055 2.71+0.18 18 1.67 £0.48 1.9 0.32 1.62 £+ 0.48
RX J0042.24-4101 9.53 £ 0.32 16 3.88 £0.75 0.7 0.12 2.46 + 0.48
RX J0042.244112 9.04 £+ 0.25 19 4.26 + 0.54 8.0 1.37 2.12 +0.28
RX J0042.244117 2.18 +£0.16 17 1.26 £ 0.38 5.0 0.86 1.73 £ 0.54
RX J0042.244118 9.71 £ 0.32 14 3.23 £0.51 9.5 1.63 3.01 £0.49
*RX J0042.3+4113 5.02 + 0.23 20 4.93 £ 0.54 9.1 1.55 1.02 £ 0.12
+*RX J0042.3+4115 16.06 £ 0.41 23 6.88 £ 0.61 1.0 0.17 2.33+0.21
RX J0042.44-4104 4.78 £0.22 28 3.07 £0.71 6.4 0.99 1.56 & 0.37
RX J0042.444112 5.92 + 0.25 27 3.38 £ 0.52 5.2 0.89 1.75 4+ 0.28
RX J0042.44-4125 1.134+0.13 30 1.71 £ 0.47 38.7 0.85 0.66 £ 0.20
RX J0042.54+4103 1.34 +£0.13 37 2.61 £0.85 65.8 1.45 0.51 £0.17
*RX J0042.54+4113 4.15 £ 0.22 34 3.05 £ 0.50 7.1 1.22 1.36 & 0.23
*RX J0042.54+4116 6.01 £ 0.21 32 3.62 £ 0.51 6.8 1.16 1.66 +0.24
+RX J0042.54+4119 3.30 £ 0.20 33 0.83 £0.28 9.2 1.58 3.97+1.35
RX J0042.544132 1.69 £ 0.16 38 1.56 £ 0.29 5.0 0.11 1.08 £ 0.23
RX J0042.64+4052 32.45 + 0.53 51 9.16 £ 1.01 11.6 1.98 3.54 +0.40
*RX J0042.6+4114 3.75 £ 0.17 48 0.97 £ 0.27 9.1 1.56 3.87 + 1.09
+*RX J0042.6+4115 42.30 + 0.38 41 41.28 +£1.22 6.9 1.19 1.02 £ 0.03
*RX J0042.74+4111 4.13 £0.21 58 1.59 +0.44 3.7 0.63 2.60 +0.73
*RX J0042.74+4115 22.80 + 0.30 52 1.62 £+ 0.31 4.5 0.77 14.07 £ 2.71
*RX J0042.74+4116 29.89 + 0.28 59 1.81 £0.34 8.6 1.47 16.51 £+ 3.14
+RX J0042.84+4115 17.39 £0.25 63 8.04 £ 0.63 5.6 0.96 2.16 +£0.17
*RX J0042.84+4118 9.68 £ 0.33 68 5.64 £+ 0.58 6.4 1.09 1.72 +£0.19
RX J0042.8+4125 3.95+£0.22 62 3.44 +0.84 6.2 1.06 1.154+0.29
RX J0042.84+4131 18.62 £ 0.45 67 11.95 £+ 1.10 4.6 0.78 1.56 £ 0.15
RX J0042.9+4111 3.84 +£0.21 73 3.13 £ 0.51 5.4 0.92 1.23 £0.21
*RX J0042.9+4117 8.46 £0.13 72 0.77 £0.27 10.6 1.83 10.99 + 3.82
*RX J0042.94+4119 3.66 + 0.22 76 1.64 £ 0.46 4.6 0.78 2.23 +0.64
RX J0042.944125 3.05+£0.19 70 3.77+0.34 2.3 0.05 0.81 +0.09
+RX J0043.04+4115 8.97 £0.31 79 3.26 £+ 0.42 1.7 0.30 2.75+0.36
+RX J0043.04+4117 6.19 £ 0.27 80 1.92 4+ 0.35 9.1 1.56 3.22+0.61
RX J0043.144048 1.48 £0.17 81 1.04 £ 0.42 52.4 1.15 1.43 £+ 0.60
RX J0043.14+4114 8.60 + 0.30 83 7.51+0.61 5.8 1.00 1.154+0.10
RX J0043.14+4118 7.54 +0.24 82 2.03 +0.31 2.4 0.41 3.72 +0.58
RX J0043.244107 3.08 +£0.19 85 4.27 +0.94 5.4 0.93 0.72+0.16
RX J0043.34+4117 4.44 £+ 0.25 88 1.31 +0.34 32.7 0.72 3.39 £ 0.89
RX J0043.34+4120 1.80 £ 0.17 87 2.15 4+ 0.52 5.0 0.85 0.84 +0.22
RX J0043.3+4159 1.91 4+ 0.22 86 0.96 & 0.29 12.1 0.27 1.99 + 0.64
RX J0043.444107 1.67 £ 0.15 90 1.64 +£0.28 15.3 0.34 1.02 £+ 0.20
RX J0043.4+4118 3.20 + 0.20 89 2.48 + 0.60 15.5 1.99 1.29 +0.32
RX J0043.54+4113 6.31 + 0.27 91 6.24 +£1.02 8.8 1.51 1.01 £0.17
RX J0043.64+4114 5.13 +0.23 92 4.73 + 0.90 9.3 1.41 1.08 £ 0.21
RX J0043.7+4124 1.00 4+ 0.13 93 2.86 + 0.74 6.4 0.68 0.35 £ 0.10
RX J0043.84+4116 6.29 + 0.26 94 4.05+0.78 5.3 0.82 1.55 4+ 0.30
RX J0043.9+4045 0.85 4 0.19 95 1.64 + 0.50 61.8 1.34 0.52 £ 0.19
RX J0044.4+4121 7.97+0.30 97 8.59 +1.09 2.6 0.45 0.93 +0.12
RX J0044.9+4059 0.84 +0.17 98 2.07 4+ 0.73 47.2 1.03 0.40 £ 0.16
RX J0045.244136 0.40 £ 0.08 99 1.03 £ 0.27 52.7 1.15 0.39 +0.13
RX J0045.4+4146 0.32 4+ 0.32 100 0.7140.23 70.4 1.53 0.46 £ 0.48
RX J0045.644208 6.92 + 0.30 101 4.99 + 0.86 0.6 0.09 1.39 £ 0.25
RX J0045.7+4139 36.00 + 0.52 102 43.18 £3.15 8.3 1.37 0.83 £ 0.06
RX J0046.144208 1.03 +£0.12 103 0.95+0.24 28.2 0.62 1.08 £ 0.30
RX J0046.4+4201 10.08 £ 0.31 105 5.52 + 0.89 2.1 0.34 1.83 + 0.30
RX J0046.4+4204 8.88 =+ 0.31 104 8.56 & 0.48 15.1 0.33 1.04 + 0.07
RX J0046.944220 5.19+0.24 107 3.54 +£0.53 55.6 1.23 1.47 +£0.23

RX J0048.04-4140 7.43 +0.55 108 4.46 + 0.89 44.1 0.97 1.67 £+ 0.35




98 R. Supper et al.: The second ROSAT PSPC survey of M 31 and the complete ROSAT PSPC source list

Table 8. Table of all optical and radio identifications.

ROSAT Obj.-CL Identification Distance

No. (" (o)
RX J0036.3+4053 GC BAS7(5) 10.4 0.78
RX J0037.3+4043 Star (F5) SIMBAD( SAO 36516) 13.0 1.49
RX J0038.0+4026 Star HA94(38232) 6.1 1.21
RX J0038.4+4012 Star HA94(9276) 6.9 1.38
RX J0038.4+4136 EO 87GB 003540.8+412038 34.9 1.51
RX J0038.6+4026 Star (KO0) SIMBAD( SAO 36541) 0.8 0.16
RX J0039.5+4008 EO B3 00364398 10.2 1.83
RX J0039.6+4011 Star HA94(7297) 4.1 0.47
RX J0039.7+4039 Star HA94(81094) 11.0 1.25
RX J0040.1+4006 Star HA94(2646) 15.9 1.17
RX J0040.1+4044 Star HA94(101871) 12.7 1.47
RX J0040.1+4047 Star HA94(111215) 7.0 1.40
RX J0040.24+4015 Star HA94(13652) 2.4 0.48
RX J0040.2+4050 EO 87GB 003730.5+403346 6.0 1.11
RX J0040.3+4043 GC MA94a(6) 1.1 0.22
RX J0040.4+4050 Star HA94(119503) 4.2 0.85
RX J0040.4+4129 GC BAg7(51) 20.4 1.76
RX J0040.5+4033 GC MA94a(16) 3.8 0.24
RX J0040.5+4034 Star HA94(61478) 4.0 0.56
RX J0040.7+4055 SNR DO80(7) 11.3 0.64
RX J0040.8+4011 Star (KQV) SIMBAD( GJ 28) 5.4 1.04
RX J0040.94-4056 Star HA94(140092) 4.7 0.94
RX J0041.3+4012 EO 87GB 003844.0+395608 4.8 0.26
RX J0041.3+4051 Star HA94(125532) 3.6 0.71
RX J0041.3+4109 Star HA94(213303) 56.0 1.86
RX J0041.4+4025 Star HA94(37411) 14.9 1.63
RX J0041.5+4106 SNR MA95(3-041),DO80(11) 3.2 0.45
RX J0041.64+4103 Star HA94(175678) 14.9 1.90
RX J0041.6+4112 Star HA94(232216) 8.1 1.61
RX J0041.7+4105 Star HA94(189885) 0.4 0.08
RX J0041.7+4134 GC BAR&T7(98) 1.6 0.28
RX J0041.8+4021 EO MRK 0957 11.0 1.93
RX J0041.9+4046 SNR MA95(2-021) 26.0 1.67
RX J0042.0+4031 Star HA94(50780) 8.0 0.82
RX J0042.0+4033 Star HA94(56227) 17.3 1.78
RX J0042.0+4041 Star (F5) SIMBAD( HD 3914) 5.5 1.05
RX J0042.0+4102 GC MA94a(130) 9.0 1.76
RX J0042.1+4016 Star HA94(16045) 10.1 1.10
RX J0042.24+4101 GC BAB87(138),MA94a(159) 2.0 0.40
RX J0042.244105 Star HA94(196074) 4.1 0.81
RX J0042.2+4118 Star HA94(266451) 6.4 1.29
RX J0042.3+4113 GC BAB87(142),MA94a(164) 7.3 1.43
RX J0042.34+4126 Star HA94(302803) 10.5 1.21
RX J0042.3+4129 EO 87GB 003934.6+411250 11.9 1.55
RX J0042.4+4055 Star HA94(136397) 8.7 1.74
RX J0042.4+4057 GC BAS&7(153),MA94a(173) 6.2 1.22
RX J0042.4+4108 Star HA94(208922) 10.7 1.37
RX J0042.44+4129 Star HA94(316946) 2.4 0.32
RX J0042.5+4103 GC BAS87(171),MA94a(196) 2.7 0.53
RX J0042.5+4119 GC BA87(168),BA93(1),MA94a(192) 4.6 0.91
RX J0042.5+4132 GC BAS&7(176),MA94a(205) 2.5 0.39
RX J0042.6+4052 EO NGC 0221 = M 32 9.7 1.90
RX J0042.6+4115 GC BA93(21) 7.0 1.38
RX J0042.8+4125 SNR DO80(13) 20.4 1.15
RX J0042.844131 GC BAB87(196),MA94a(225) 1.6 0.31
RX J0042.9+4119 GC BA87(203) 7.2 1.42
RX J0042.9+4125 SNR DO80(13) 14.4 0.79
RX J0043.0+4110 Star HA94(223193) 3.5 0.70
RX J0043.0+4115 GC BA8T7(206) 3.0 0.60




R. Supper et al.: The second ROSAT PSPC survey of M 31 and the complete ROSAT PSPC source list

Table 8. continued.

ROSAT Obj.-Cl. Identification Distance

No. (") (o)
RX J0043.0+4117 GC BAS87(208) 6.1 1.20
RX J0043.0+4121 GC BA87(207),MA94a(240) 4.3 0.84
RX J0043.0+4130 GC MA94a(236) 4.1 0.80
RX J0043.1+4114 GC BAB87(214),MA94a(251) 3.0 0.60
RX J0043.24+4107 GC BA87(220),MA94a(257) 5.5 1.08
RX J0043.244112 GC BAB87(226),MA94a(269) 115 0.94
RX J0043.2+4127 GC BAB87(225),MA94a(266) 6.0 1.02
RX J0043.3+4114 Star HA94(239273) 16.0 1.53
RX J0043.4+4118 SNR MA95(2-032),DO80(15) 14.2 1.63
RX J0043.5+4116 Star HA94(254312) 1.1 0.09
RX J0043.64+4054 EO B3 00404406 11.5 1.31
RX J0043.6+4114 GC BAS87(246),MA94a(299) 7.1 1.18
RX J0043.64+4126 SNR MA95(3-059),DO80(16) 9.2 1.02
RX J0043.64+4138 Star HA94(375268) 8.3 1.65
RX J0043.7+4128 GC MA94a(311) 2.1 0.26
RX J0043.7+4136 GC MA94a(314) 4.2 0.83
RX J0043.8+4106 Star HA94(196928) 16.2 1.78
RX J0043.8+4111 SNR BW93(230A) 10.7 0.85
RX J0043.84+4127 GC MA94a(317) 39.9 0.83
RX J0043.94+4113 SNR MA95(2-038),DO80(18),BW93(252) 24.7 1.78
RX J0043.9+4122 GC BAR&7(267),MA94a(334) 3.0 0.58
RX J0043.9+4127 Star HA94(307124) 7.6 1.53
RX J0043.94+4152 SNR MA95(2-037),DO80(17) 11.7 1.06
RX J0043.944157 EO 87GB 004113.4+414049 7.4 0.87
RX J0044.04+4149 SNR MA95(3-072) 19.5 1.51
RX J0044.24+4119 SNR MA95(3-079),BW93(327) 9.1 1.28
RX J0044.2+4126 Star HA94(302441) 75 0.75
RX J0044.4+4121 GC MA94a(387) 1.9 0.36
RX J0044.44+4136 GC MA94a(380) 5.8 1.14
RX J0044.6+4125 SNR MA95(3-086),BW9I3(490A) 4.9 0.58
RX J0044.8+4129 SNR MA95(B-012),BW93(566) 8.4 1.19
RX J0044.8+4229 Star (G5) SIMBAD( HD4194) 6.6 0.56
RX J0045.1+4202 Star HA94(441416) 6.4 1.28
RX J0045.24+4136 SNR MA95(2-048),BW93(717),DO80(19) 11.9 1.23
RX J0045.2+4217 Star HA94(466304) 14.8 1.48
RX J0045.4+4132 GC MA94a(447) 15.5 1.85
RX J0045.44+4146 SNR MA95(1-013) 17.3 1.54
RX J0045.5+4210 Star HA94(456238) 7.8 1.48
RX J0045.74+4139 GC BAS&7(318),MA94a(468) 5.8 1.08
RX J0045.9+4156 Star HA94(431022) 6.1 1.21
RX J0045.9+4203 Star HA94(442137) 8.5 1.10
RX J0045.9+4226 Star HA94(479836) 8.1 1.61
RX J0046.0+4136 Star HA94(364424) 20.4 1.78
RX J0046.2+4154 Star HA94(425498) 6.3 1.26
RX J0046.4+4201 GC BAS&7(329),MA94a(487) 3.0 0.53
RX J0046.64+4225 Star HA94(478682) 3.8 0.76
RX J0046.744208 EO 87GB 004359.84+-415217 6.1 1.20
RX J0046.744230 Star HA94(483376) 18.9 1.86
RX J0047.0+4157 Star (F) SIMBAD( HD4444) 1.9 0.22
RX J0047.0+4201 Star HA94(440331) 9.8 0.66
RX J0047.2+4202 Star HA94(441062) 14.5 1.92
RX J0047.4+4220 Star HA94(472654) 7.7 1.54
RX J0047.44-4221 Star HA94(474007) 5.6 1.12
RX J0047.74-4201 Star HA94(439698) 12.8 1.46

RX J0048.4+4157 Star (F8) SIMBAD( SAO 36677) 7.4 1.14




