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ABSTRACT 

We ~ave obse!ved_ 69 unresolved X-ray sources and seven diffuse or confused source regions in 
M31 with the Et.nstein Observatory. The typ ical limiting sensitivities in the 0.5- 4.5 keV band were 
9 X 1036 er_gs s- !. There a!e 21 sources in a compact inner bulge, seven globular clusters, 40 sources 
we categorize as Population ~' <1;nd 8 sources near globular dusters but with position errors large 
e1:ough _so th~t _four c~ance comc1~en,ces would be expected. T he Population I sources are associated 
wit~ bn~ht_v 1s1?le obJects, and with neutral hydrogen, dust, and other Population I tracers . Lumi­
nosity d1stnbut1ons of these classes are given. The nucleus of M31 is coincident with a 103

3 ergs s- 1 

X-ray source at approximately the 90% confidence level. 
Subject headings: clusters: globular - galaxies: stellar content - X-rays: sources 

I. INTRODUCTION 

The nea rby galaxy M3 1 provides certain advantages 
for the study of typica l galactic phenomena . The dis­
tances are known and absolute luminosities can be 
determined. The morphology is more apparent than 
that of our own Galaxy, and consequently the signifi­
cance of source positions can be more easily understood . 
Perhaps more important, M31 is not exactly like our 
own Ga!axy, and thus pern:iits us to begin to study the 
c~irrelat10n between galactic type and the characteris­
tics of X-r ay sources. These of course are familiar 
advantages, and in fact M31 was the first external 
,galaxy to be studi:d with an optical telescope (Marius, 
1612 December lJ), and also the first to be studied in 
radio (inconclusively, by Reber, 1939 October 11; 
Reber 1940; however, see also van der Kruit and Allen 
1976). ~t has been detected previously as an aggregate 
source m X-rays; for example, it is listed in the 4th 
Uliurn cata log by Forman et al. (1978) and in the 
:'4-riel catalog by Cooke et al. (1978), and was detected 
m soft X -rays by Margan et al. (1974). The Einstein 
(?b~ervatory provides for the first time adequate sensi­
t1v1ty and angular resolution to study individual X-ray 
sources in this galaxy. 

"vVe used the Einstein Observatory (Giacconi et al. 
1979) o:n 1979 Janu~ry 11-14 to study three fields in 
M31 with the 1magmg proportional counter detector 
(IPC), and one field with the high-resolut ion imaging 
detector (HRI ). Preliminary results from two of the 
IP C fields and the HRI field are reported here. 

II . OBSERVATIONS 

. i;h_e field .c~~t~rs, observation times, and typica l 
hm1tmg sens1t1v1t1es are given in Table 1. The central 
IPC field is illustrated in Figure 1 (Plate L11). The 
~eld C?~sists of approximately 20 identifiab le sources 
m addition to a large, confused region near the center 
of the field. This region is resolved into about 45 

1 Jr. Fellow, Harvard Society of Fellows. 

145 

individual sources in the HRI data. T he center of the 
HRI field is shown in Figure 2 (Plate L12). The source 
near the nucleus and a source near our detection 
threshold are indicated. The northeast field which is 
not shown, contains four obvious sources. ' 

In almost all cases, the individual sources were 
identified using the standard Einstein data reduct ion 
programs, which are based upon a sliding acceptance 
box algorithm . The photons associated with each source 
were then used to estimate its position and luminosity . 
The typical systematic position errors are about 211 and 
1' fo_r the HRI and IP C, respectively. Statistical fluc­
tuat10ns also contribute to the position errors of the 
faint sources . All va lues of luminosities given in Table l 
and throughout this Letter refer to the 0.5-4.5 keV 
interval, which is the band normally observed with the 
Einstein IPC. Unfortunately, the IPC was operated at 
an anomalous ly high gain during these observations 
which resulted. in th_e unusually narrow energy accep~ 
tance bands given m Table 1. We choose to quote 
luminosities in the wider interva l of 0.5-4.5 keV be­
cause most X-ray sources emit overa wide energy band, 
and we believe that stating luminosities for the anom ­
alously narrow energy intervals observed is misleading, 
and that the use of the wider int erval will facilitate a 
comparison of these data with other Einstein observa­
tions. The data associated with each IPC source were 
fitted to P?wer-law and thermal bremsstrah lung models 
to deter mme spectral pa rameters. We estimated lumi­
nosities based upon the best -fit spectral parameters in 
those cases which were sensit ive to these quantities. 
Typically, however, the models were not sensitive to 
the spectral parame t ers because of the low counti ng 
rates and the narrow acceptance bands; in these cases 
we estimated luminosities assuming a 5 keV thermal 
bremsstrahlung, or an energy index of - 2, the resul ts 
of the two models differing by only a few percent. All 
luminosities were corrected for absorption in our Galaxy 
corresponding to 1YH = 8 X 1020 cm-2; Margan et al. 
(1974) observed values of NH between 6.1 X 1020 and 
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PLATE L11 

FtG. 1.-Einstein Observatory IPC exposure of the central field in M31. North is at the top and east is at the left. Source 26 which 
is indicated, is near the detection threshold. The nuclear region is unresolved. ' 

VAN SPEYBROECK eJ al. (see page IAS) 
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PLATE L12 

FtG. 2.-Einslein Observatory HRI exposure of the center of M31. North is at the toe, and east at the left. Source 1, which is indicated, 
is near the detection threshold. The nucleus of M31 is coincident with source 14 within our measurement accuracy. The sources classified 
as the inner-bulge group are contained within 2' of the nucleus. 

VAN SPEYB:R.OECK el al. (see page !AS) 
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TABLE 1 

Einstein OBSERVATIO:s;s OF M31 

Sequence .. , .. . 574 575 579 
Instrument .. . .. IPC IPC HRI 
Field . .. .. . .. ........ . . . . center NE center 
Exposure (s) . .. . . .... . .. 36,060 31,785 27,328 
Effective energy band 

0 .5- 4 .S (keV) .... . . . 0.35-2 .9 0.30 - 2.4 
Threshold luminosity• 

(ergs s- 1) . . .. . .. . ... 4 .4X 1036 4 .4Xl0 36 9 . IX10 36 

•0 .S-4.S keV, near field center; this is spectrum and position 
dependent. 

1.1 X 1021 cm- 2• Most spectral fits were consistent with 
this value, thus indicating little intrinsic source absorp­
tion. The HRI does not have spectral resolution , but 
its counting rate is relative ly insensitive to typical 
spectral parameters other than the absorption . All 
absolute luminosity statements based upon eithe r IPC 
or HRI in this Letter are uncertain by ± 50% because 
of the above difficulties. 

Relative fluxes can be determined more accurately . 
Seven of the 10 sources detected by both the HRI and 
IPC are too weak or exhibit variability and are not 
suited for verifying the calibration of the HR! relative 
to the IPC. The remaining three sources are consistent 
within the stated uncertainties. The effects of variability 
can be reduced by averaging many sources. The sum 
of the l.uminositi es of HRI sources within 5' of the 
nucleus is 1.31 X 1039 ergs s- 1, whereas the IPC esti­
mate of this region is 1.17 X 1039 ergss- 1, or about 
11% less. This indicates reasonable consistency between 
the two data sets and also argues against a large con­
tribution by many sources which happen to be slightly 
below our threshold. The total luminosity of all de­
tected sources is 2.3 X 1039 ergs s- 1; if we obtain the 
same flux from the unanalyzed southwest field as from 
the northeast, then the total luminosity due to detected 
sources in the 0.5-4.5 keV band will be about 2.7 X 
1039 ergs s- 1, which can be compared to the Chum M31 
estimate of 2.3 X 1039 ergs s- 1 in the 2-6 keV band . 
We believe that most of the X-ray emission from M31 
comes from the strong sources we are observing . 

Ill. INDIVIDUAL SOURCE CHARACTERISTICS 

The most interesting single object is source 14, which 
nominally is 2': 1 from the nucleus of M31. Globular 
clusters, to be discussed later, provide a measure of our 
location accuracies and indicate that 5" is a conservative 
coincidence requirement. 

The X-ray source density near the nucleus is such 
that the probability of an ordinary X-ray source being 
located less than 5" from the nucleus by chance is 
about 0.1. The association with the nucleus also is 
supported by the lack of detected variability in this 
source, such as is typical of bright X-ray sources in our 
Galaxy and which we also have found for the luminous 
sources in M31. Assuming that this 9.6 X 1037 ergs s- 1 

source is the nucleus, we discern a marked contrast 
with the center of our own Galaxy . The X-ra.y luminos-

ity of the nucleus of M31 would be approximately 103 

times that of any steady point source within 0?5 of our 
own galactic nucleus (Epstein et al. 1979), although 
comparable to strong transient sources which have 
been observed near the galactic center, and st ill much 
weaker than the emission from the nuclei of active 
galaxies. The M31 nucleus emission at 1415 MHz is 
only about 0.06 that of Sgr A (van der Kruit 1972). 
This suggests a thermal source of the M31 X-ray 
radiation - possibly accretion of gas clouds onto a 
massive object, as has been suggested to be present 
near the center of our own Galaxy (see, e.g., Rodriguez 
and Chaisson 1979). Future Einstein observations of 
M31 will allow us to determine if the nuclear emission 
varies on a time scale of months, which would not be 
expected for such models . 

The re,gion northeast of the nucleus (near source 14) 
is particularly complex. There are three obvious point 
sources in this region which account for most of the 
emission. We interpret the data to indicate that much 
of the remaining flux from this region is the result of 
two additional point sources , but we cannot exclude 
the possibility that this is diffuse emission similar to 
that seen near the center of our Galaxy. Our interpre­
tation is :support ed by marginal evidence for periodicity 
in one of these sources, the probability being ~0.055 
of a nonvarying source giving the observed Fourier 
amplitude. 

We have searched for position coincidences between 
the X-ray sources and two lists of supernovae remnants 
kindly provided to us prior to publication by Kirshner 
(1979) and by D'Odorico 1 Dopita 1 and Benvenuti 
(1979). These combined lists include 13 remnants in our 
fields of view; one clear coincidence was found-a 
supernova remnant associated with the Baade and 
Arp (1964) region 521 was observed with both HRI and 
IPC. The X-ray luminosity is about 2.2 X 1037 ergs s- 1• 

vVe do not detect emission at the position of S. An­
dromedae 1885. 

IV. GROUP PROPERTIES 

It is useful to divide the X-ray sources into three 
groups-inner bulge, Population I, and globular clus­
ters-although further subclassifications eventually will 
be necessary. We have compared the HRI source 
positions with the globular cluster list of Sargent et al. 
(1977), and find five coincidences. Four of these five 
are in the inner part of the HRI field, where our position 
errors are less; these have an average separation of 3~ 5, 
the worst being 4.9. The globular cluster numbers from 
the list of Sargent et al. (1977) thus identified as X-ray 
sources a re 148, 198, 199, 200, and 213. There also are 
eight IP C sources within l' of listed globular clusters 
for which no HRI positions are available; approximate ly 
four would be expected by chance. We find five X-ray 
sources among the 60 globular clusters Sargent et al. 
(1977) list in the HR I field, and est imate approximately 
nine X-ray sources in the 237 globular clusters listed in 
our total observed fields. This is similar to the results 
obtained in our Galaxy, where seven of 150 clusters 
searched have such luminositi es (Grindlay 1979). Two 
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additiona l HRI sources which are coincident with bright 
objects have been observed optically, and a very 
preliminary inspection of these spectra suggests that 
these sources also are globular clusters. 

Th e source positions and detector fields are plotted 
on an optical photograph of M31 in Figure 3 (Plate 
L13). The association of the outer X-ray sources with 
spiral features is quite apparent, although certain re­
gions, such as the northeast, seem relat ively over­
populated. Th e X-ray source positions are plotted on 
the HI map of Emerson (1976) in Figure 4. 1'he sources 

possibly associated with globular clusters are indicated; 
the correlation of the remaining X-ray sources with the 
neutral hydrogen is striking. This, however, should not 
be surp1Tising because we expect X-ray sources to be 
associated with young massive stars, and in M31 the 
indicators of Population I activity such as OB associa­
tions, H 1, H II, CO, and dust are concentrated in a 
ring (see Fig. 4) c,entered at about 9 kpc from the 
nucleus (Emerson 1974, 1976, and 1978; Baade and 
Arp 1964; Berkhuijsen 1977; Combes et al. 1977a, !,). 

The X-ray positions in the inner part of M31 are 

l£ • 
Cl 

0 

0 

FIG. 4.- X•ray source positions superposed on the H 1 map of Emerson (1976). The larger symbols are IPC detections. Filled IP C 
symbols probably are Population I objects. Half-filled symbols are IPC sources located near globular clusters, but with position errors 
such that about one-half are expected to be spurious associations. The open IPC symbol is identi fied with a globular cluster through 
HRI ob~ervations. The correlation between Hr emission and Popu lation I X-ray sources is apparent. 
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Fie. 3.- X-ray source positions superposed on an optical photograph of M31. The larger symbols are IPC detections with typical 
position errors of l'. The smaller symbols arc HRI detections; most of these arc contained in the overexposed central region. The outer 
sources are associated with spiral-arm features or globu Jar clusters. The detector fields are indicated. 

VAN SPEYBROECK et ol. (su page L47) 
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superposed on a Hale Observatory photograph in Figure 
5 (Plate L l4) . The X-ray sources include a group con­
centrated around the nucleus and outlying sources 
which tend to be associated with inner spiral-arm 
features. We have divided these sources into Population 
I and inner bulge, placing a source into Popul.ation I if 
any dust or spiral-arm features are observed at the 
source posit ion. This separation results in 18 in.ner bulge 
point sources including the nucleus candidate plus three 
diffuse or confused regions located within 2' of the 
nucleus, or 400 pc, assuming a spherical distribution so 
that projection effects can be ignored. 

The average M31 inner bulge source luminosity is 
4.5 X 1037 ergs s- 1, whereas the average Population I 
source luminosity is 2.8 X 1037; both of these results 
are biased toward higher values by our threshold of 
approximate ly 9 X 1036 ergs s- 1, but, as discussed pre­
vious ly , there is evidence that most of the X-ray 
lumin osity is provided by the observed sources in the 
nuclear regions, and so a lower threshold, if anything, 
would tend to increase the separation of the two source 
groups. The observed difference is not a result of a 
lower threshold in the IP C which contributes only to 
Population I sources; the average luminosity of the 
29 HRI Population I point sources is 2.1 X 1037 ergs s- 1• 

The optical bulge of M31 is larger than our effective 
radius of 400 pc; Morton, Andereck, and Bernard 
(19i7), for example, quote 1000 pc. There are 16 sources 
we call Population I inside of 1000 pc; this is higher 
than the typical density of sources in the disk, but the 
average luminosity of this group is 2.2 X 1037 ergs s- 1, 

which is slight ly less than the average Population I 
luminosity found outs ide the optical bulge and therefore 
supports our present assignment of these to Population 
I. 

The luminosity distributions for these groups of 
sources and the total source set are plotted in Figure 6. 
\ ,Ve have binned the luminosiLies to facilitate compari­
sons with the distributions found by Clark et al. (1978) 
for the luminosities of sources in our galaxy and the 
Magellanic Clouds. The M31 results are quoted for the 
0.5-4.5 keV band, whereas Clark et al. (1978) chose the 
2-11 keV interval , and so some care must be taken in 
comparing the data sets. The absolute values of the 
bulge source luminosities observed in our Galaxy and 
M31 are qu ite similar; Clark et al. (1978) find six 
bulge sources in our Galaxy between our M31 thresh­
old and 3.2 X 1037, and 10 between 3.2 X 1037 and 
3.2X 1018. \.Ve find 11 point sources in the lower 
interval and seven in the upper interval. The spatial 
distribution of these sources, however, is very different. 
The sources we consider to be inner bulge objects in 
M31 are contained in a 400 pc radius, which would 
correspond to 2? 3 at the posit ion of our galactic nucleus, 
whereas the sources considered bulge objects in our 
Galaxy span 40° in longitude. The re are only three 
sources listed in the fourth l'huru cata log (Forman 
et al. 1978) within 2? 3 of the nucleus, and one of these 
is transient, compared to 18 point sources and three 
diffuse or confused sources in this region of M31. The 
difference is unlikely to be due to the bulge sources in 
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FIG. 6.- X-ray luminos.ity (0.5-4.5 keV) distributions for vari­
ous categories of X-ra y sources in M3 I. 

M31 being so soft that they would not be detectable 
near our own galactic center; the best-fit temperature 
to the aggregate emission from this region detected with 
the Einstein IPC is 5 keV, which is high enough so that 
the ~3 keV absorption cutoff to our own galactic 
center would not have precluded observation of such 
sources in our Galaxy. We therefore conclude that the 
X -ray source density near the center of M31 is far 
greater than that of our own Galaxy . Clark et al. (1978) 
find 26 sources in our Galaxy with luminosities above 
their completeness threshold of about 5 X 1036 ergs s- 1 ; 

we find 76 in M31 and can expect ahout 80 when the 
southwest field is added, or a factor of 3.1. This is only 
slight ly higher than the mass ra1io of 2.4 found by 
van den Bergh (1975). Our ratio of the number of 
sources called bulge and Population I is about (1 : 2), 
which is quite different from the ratio (2. 7: 1) found by 
Clark et al. (1978), and there is a quest ion of whether 
this results from the different criteria used or a differ­
ence between the two galaxies. Markert et al. (1977) 
and Jones (1977) argue that the bulge sources in our 
Galaxy can be distinguished from the disk population 
by softer spectra as well as higher luminosit ies. Our 
division is based upon morphology, but we also find 
higher luminosity sour ces in our inner bulge group. 
Clearly, some sources could be misclassified in either 
survey, but it is likely that the ratio of bulge to disk 
X-ray sources is lower in M31 than in the Galaxy. 

The 400 pc radius defining the X-ray inner bulge 
group is near that where Rubin, Ford, and Kumar (1973) 
find a local minimum in the emission-line velocities 
(see, however, Peterson 1978). Rubin and Ford (1971) 
also find that the gas motions with in this region show 
a complex velocity field superposed ◊Ii the rapid rota­
tion, with evidence for expansion at velocities up to 
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PLATE L14 

Fie. 5.- X-ray so1.1rc;e positions superposed on a Hale Observatory photograph of the central region of M3l. The dense group of sources 
categorized as inner bulge are located within 2' of the nucleus; the detector field opposite boundaries are approximately 251 apart and can 
be used as a scale. 

VAN SPEYBROECK et al. (see page L48) 
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100 km s.- 1• Thi s ~400 pc radius region thus may con­
stitute a distinct st ruc ture within M31. Rubin and 
Ford (1970) estimate that on ly 0.015 of the mass of 
M31 is contained within 400 pc, and most of that is 
low-mass, late type stars, and yet we find that this 
region is resp onsib le for one-thi rd of the X-ray emission 
from M31. 

Ten of the 29 HRI Population I sources are associated 
with bright visib le objec ts. The actual numb er of such 
syste ms must be considerably higher because much of 
this region is obscured optically. We plan to obs£rv e 
man y of these objects opt ically during the coming 
months. There also appears to be an association of 
X-ray sources with dust-lane bounda ries; we have not 
established if this is stat istica lly significant; if we a.re 
able to establish this, then it will be reasonable to 
conclude that these objects a re much closer to th eir 
pl aces of origin than expected from typical models of 
their evolution (e.g., van den Heuvel 19i8 ). 

V. SUMMARY 

We have observed 69 X- ray sources in M 31 which 
app ear pointlike at our resolution, and seven addit ional 
d iffuse or confused regions. We find that the sources 
can be divided int o inner bulge, globular cluster, and 
Populat ion I objects; these contribute abou t 0 .33, 0.11, 

and 0.56 of the X-ray flux, respective ly. The inner bulge 
sou rces in M31 are more luminous th an the Populatio n 
I or globu lar cluster sources. The Population I sources 
are associated with br ight visible objects, dust, neutra l 
hydrogen , and othe r Population I tracers. The number 
and luminosity of the inner bulge X-ray sources in M31 
are similar to those observed in the bulge of our own 
Galaxy, but the spatia l extent is much less, those in 
M31 being contained within 400 pc of the nucleus. The 
nucleus of M31 is likely to be a 1038 ergs s- 1 X-r ay 
source, which is not unusual, but still a factor of 108 

brighter than t he nucleus of our own Galaxy . 

We have benefited from many discussions with 
Harvey Tananbau m, Ethan Schreier, and Josh Grind ­
lay. J. Bechtold performed most of the optical plate 
measu rements. We are grateful to R. Kirshner and S. 
D'Odorico and M. Dopita for informing us of their 
resul ts prior to pub lication, to W. Sargent and M. 
Liller for providing optical plate material, and to J . 
Baldwin for providing the H I map used in figure 4. 
Two of us (C. J. and 'vV. F .) tha nk Dr. Ripley of the 
Smithsonian Institution for provid ing trave l funds 
from the secret ary's fluid research fund for optical 
observat ions. 
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