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Summary

The nuclei of galaxies are sometimes sites of very energetic process, resulting in high 
levels of electromagnetic radiation being emitted. Such active galactic nuclei (AGNs) 
are thought to be powered by accretion of mass onto a centrally collapsed object, 
a superniassive black hole of typically 10® — 10® solar masses. When gravitational 
energy of the accreting material is liberated it is radiated away, causing the nucleus 
to appear very bright. The extreme manifestation of this phenomenon is probably 
seen in the famous Quasi Stellar Objects.

In this thesis, a dedicated search for X-ray emission from the cores in the Local 
Group galaxies is performed to establish whether low levels of nuclear activity in 
these nearest galaxies may be found. The data  are from ROSAT HRI or PSPC 
pointing observations which are available for 21 Local Group galaxies in the centre 
of the observing fields, and for another 3 in the outer area, covering 70% of all Local 
Group members. The HRI data  are particular useful, since the nuclear source may 
be better resolved from the HRI images.

M31 is the brightest galaxy of the group, in which a source has been detected 
coincident with its nucleus. M32, a satellite galaxy of M31, is a small Elliptical with 
a clear central concentration. The HRI observation in 1994 shows a little extension

2.7") of the X-ray source in M32, PSPC spectral models give higher absorption 
columns than the Galactic one; no choice can be made between Power Law or 
Thermal Bremsstrahlung models. In the view of the small source extension and still 
uncertain central or non-central position of the source, conceivable interpretations 
are either a Supernova Rem nant or a mini-AGN. An ASCA spectrum  and a radio 
upper limit suggest tha t a low-level AGN is a more attractive explanation.

Only in two other cases sources are found close to the centre of the galaxy. The 
HRI observation of NGC 6822 reveals a week source coincident with the nominal 
optical centre, which may exhibit a hard spectrum. The WLM galaxy has also an 
HRI source detected in 1996 near the central position. In both cases the galaxy is 
in a Irregular system and the optical position will refer to the centroid of the overall 
light distribution rather than a well-defined centre. These two central sources can 
therefore only be considered suspicious cases until there nature is firmly established
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with help of data from other wavebands and from new high-energy measurements. 
Among the rest of the Local Group galaxies, no sources are detected in their central 
area. The upper limits of the X-ray luminosities derived for the central regions 
show that most dwarf ElUpticals has little X-ray emission {Lx  < 10^  ̂ ergs s“ ^). The 
results on the Local Group members suggest th a t galaxies with total blue magnitude 
L b — 10* L q b̂ or more may have some central X-ray emission at the level of the 
central object in the Milky Way.

For the sake of comparison, ROSAT observation of the next nearest group of 
galaxies, the Sculptor Group, were also examined. Among 5 large members of 
Sculptor Group galaxies, NGC 253 is a well-known starburst galaxy; NGC 7793 has 
some diffuse emission detected all over the galaxy but without significant enhance­
ment near the centre position. For NGC 55, 247 and 300 no sources are detected in 
the central regions, down to X-ray luminosity L x  — 10̂ ® ergs s“ .̂

As seen from the example of M32, the X-ray luminosities of the central X-ray 
sources are several orders of magnitude less than typical Seyfert galaxies, which 
could be due to a lower black hole mass {e.g. ~  10'* M q) or a lower accretion rate. 
For such a low mass accretion rate, the standard thin disk model for accretion is 
probably not applicable and the model for Advection-Dominated Accretion Flows 
provides possible solutions, in which very little energy is radiated away during the 
accretion process. Masses for the central condensed objects have been determined 
for the Milky Way and M32. In both cases the accretion rate is extremely low and 
well into the expected Advection Dominated Accretion Flow regime.

In brief, central X-ray sources are only found among the most luminous members 
of the Local Group. These are candidate massive Black Holes, for which confirmation 
can be found from data at other wavelengths in the cases of the Milky Way and M31. 
If also M32 and M33 have massive Black Holes in their nuclei, there could be at 
least four massive Black Holes immediately around us. For the moment one could 
conclude th a t the 20 or so smaller and/or Irregular and dwarf-Spheroidal systems 
do not seem to possess massive Black Holes, but the sample of M32 shows th a t the 
activity level can be so low that a non-detection at high energy may not necessarily 
imply no Black Hole.
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Chapter 1

Introduction

Active galactic nuclei

The active galaxies, as a distinct from normal galaxies, were discovered by Carl 

Seyfert. He found tha t some spiral galaxies possessed extraordinary bright and 

point-like nuclei. On short exposure photographs, these nuclei looked like stars 

but spectroscopic studies revealed they possessed strong and broad emission lines 

(Seyfert 1943). We use the term  of AGN (Active Galactic Nuclei) to define these 

objects because it is the very central region of a galaxy th a t is active, not the entire 

galaxy.

Now, nuclear activity in galaxies has been recognized as a wide-spread phe­

nomenon. Yet, for how many active galaxies are known as of today, such highly 

energetic activity affects only about 10 percent of all galaxies. Nevertheless, it has 

become increasingly evident tha t weaker forms of nuclear activity can occur but 

may easily be overlooked. An im portant category with activity level between the 

above mentioned Seyferts and normal galaxies is represented by the LINER galax­

ies (Low Ionization Nuclear Emission line Regions), including several well-known 

brighter galaxies (Heckman 1980). Cases with LINER or near-LINER nuclear ac­

tivity among bright galaxies th a t had been overlooked previously were presented by 

Filippenko and Sargent (1985). At the bottom  end of the scale, the lowest level of 

nuclear activity is probably found in the Galactic Center.
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The weak activity in the Galactic nucleus suggests th a t all galaxies may have 

some form of nuclear activity. It is therefore of great interest to establish the preva­

lence of nuclear activity of any level among the galaxies. This is not only im portant 

for the dynamics and evolution of galaxies in general, it is also relevant to astro- 

physical and cosmological questions such as the faint tail of the AGN luminosity 

function and, given the ubiquity of the smaller galaxies, the ionization flux in the 

universe and the expected contributions to the X-ray background {e.g. Griffiths and 

Padovani 1990).

The link between nuclear activity and X-ray emission is very well established. 

Probably, X-ray emission is one of the better ways to assess nuclear activity in 

galaxies, also when in other wavebands like optical there is no obvious central core. 

The Local Group galaxies are the nearest specimen to be examined and therefore 

allow low levels of nuclear activity to be detected. The ROSAT HRI da ta  (see 3.1) 

are particularly aj)propriate for an investigation of the nuclear regions of the Local 

Group galaxies. The combination of high spatial resolution of the detector and 

small distance of the targets is very advantageous. When no HRI data  are available, 

ROSAT PSPC data are an alternative.

Organization of this thesis

Following this introduction. Chapter 2 gives an overview of the Local Group galaxies, 

including their optical contents and commonly used parameters.

The Chapter 3 summarizes the known X-ray properties of the Local Group 

galaxies. After a brief history of X-ray astronomy, the two major X-ray imaging 

observatories that have flown until now, Einstein and ROSAT, are described with 

characteristics of their detectors, and the observations of two large systems of the 

Local Group, M31 and MSS, are summarized in the end.

The next three chapters form the major part of this thesis. In Chapter 4 analyses 

of ROSAT data for most of the Local Group galaxies are presented in detail. Be­

ginning with a brief description of the da ta  handling procedures, individual galaxies
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follow and their X-ray emission properties based on the ROSAT data are presented.

Chapter 5 is all about the galaxy M32. This chapter is based on an article which 

has been accepted by “New Astronomy'^ and therefore is mostly self-contained. It 

includes a review of the known X-ray properties of the galaxy, then the improved 

results of the ROSAT PSPC and HRI data, and a discussion of the possible nature 

of the X-ray source in this galaxy.

Chapter 6 summarizes the X-ray results obtained for the central regions of the 

Local Group galaxies for which X-ray data are available. The overall X-ray charac­

teristics of the central source and the possibility of low level activity are discussed.

The Sculptor Group is another nearby group, which is immediately beyond the 

Local Group. In the Chapter 7, the ROSAT results of the Sculptor Group galaxies 

are presented briefly. The possible occurrence of nuclear X-ray emission is discussed.



Chapter 2 

An overview of the Local Group of 

galaxies

The Local Group was first recognized by Hubble in th e  early days of extragalactic 

research when distances to  galaxies were first being m easured. There was a distinct 

difference between those galaxies th a t resolved easily into stars and those th a t did 

not, implying th a t the Milky Way is part of a sm all local cluster of galaxies, th a t 

condensed out of the general expansion of the Universe. Now more then 30 members 

have been recognized for this condensation (Table 2.1, W hiting  et al. 1997a), which 

is called The Local G roup (LG).

T he M31 and Milky Way galaxies are the m ost lum inous and massive of the 

group. M31 is a Hubble Sb type, w ith a  lum inous large bulge of old stars, sur­

rounded by a less luminous disk w ith gas, dust and young stars, arranged in spiral 

arms. Its d iam eter is ~  60 kpc and its mass ~  7 x 10^^ M q . W ith in  it there are 

abou t 300 globular clusters, 400 open clusters, supernova rem nants (SNRs), and 

other com ponents. The Milky Way galaxy is a Sb /Sc type, w ith som ewhat less- 

conspicuous central bulge and a brighter disc and looser arm s than  M31. It has a 

d iam eter of ~  40 kpc and a mass of 5 x 10® M q . M33 is ano ther spiral galaxy (Sc) 

of the  group, bu t sm aller {d ~  14 kpc) and fainter th an  the  above two. It contains 

m any blue stars in its complex, thick spiral arm s, and has several giant H II  regions.

Two of the best studied irregular galaxies in the Local G roup are the two Mag-
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Table 2.1: Local Group galaxies

Name «1950  
h m

<^1950 
o t Type D{kpc) M v

Pegasus DDO 216 23 26.1 +  14 28 Irr 1800 -14.6
Sextans B DDO 70 09 57.4 +05 34 Irr 1300 -14.3
Sextans A DDO 75 10 08.6 -0 4  28 Irr 1300 -14.2
NGC 3109 DDO 236 10 00.8 -2 5  55 Irr 1260 -15.8
1C 10 00 17.7 +59 01 Irr 1250 -17.6
SagDlG 19 27.9 -1 7  47 Irr 1150 -11.0
Antlia 10 01.8 -2 7  05 dE3 1150 -10.7
WLM DDO 221 23 59.4 -1 5  45 Irr 940 -14.0
Tucana 22 38.5 -6 4  41 dE5 900 -9 .6
EGB0427+63 UGC-A92 04 27.4 +63 30 Irr 800 -10.0
M33 NGC 598 01 31.1 +30 24 Sc 795 -18.9
And 1 00 43.0 +37 44 dEO 790 -11.7
And 111 00 32.6 +36 12 dE6 790 -10.2
1C 1613 DDO 8 01 02.2 +01 51 Irr 765 -14.9
LGS 3 01 01.2 +21 37 Irr/dE 760 -9 .7
M31 NGC 224 00 40.0 +40 59 Sb 725 -21.1
M32 NGC 221 00 40.0 +40 36 E2 725 -16.4
NGC 205 00 37.6 +41 25 E5 725 -16.3
NGC 185 00 36.2 +48 04 E3 620 -15.3
NGC 147 DDO 3 00 30.5 +48 14 E4 598 -14.8
And 11 01 13.5 +33 09 dE3 587 -11.7
NGC 6822 DDO 209 19 42.1 -1 4  56 Irr 540 -16.4
Phoenix 01 49.0 -4 4  42 Irr 390 -9 .9
Leo I DDO 74 10 05.8 +12 33 dE3 270 -12.0
Leo 11 DDO 93 11 10.8 +22 26 dEO 230 -10.2
Fornax 02 37.8 -3 4  44 dE3 131 -13.0
Sextans 10 10.6 -0 1  24 dE4 90 -10.0
Carina 06 40.4 -5 0  55 dE4 87 -9 .2
Sculptor 00 57.6 -3 3  58 dE 78 -10.7
Draco DDO 228 17 19.2 +57 58 dE3 76 -8 .6
Ursa Minor DDO 199 15 08.2 +67 23 dE5 69 -8 .9
SMC 00 51.0 -7 3  06 Irr 58 -16.2
LMC 05 24.0 -6 9  48 Irr 49 -18.1
Sagittarius 18 51.9 -3 0  30 dE7 24 -14.0
Galaxy Milky Way 17 42.4 -2 8  55 Sbc 8.4 -20.6
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ellanic Clouds (MCs): the bigger one, the Large Magellanic Cloud (LMC), is only 

49 kpc away and the Small Magellanic Cloud (SMC) is not much farther. Because 

of this they can be studied in great detail. We have information about nearly every 

kind of stars and interstellar objects which help us understanding stellar evolution 

and the extragalactic distance scale. The LMC has a giant H II region, 30 Doradus, 

a huge complex of massive stars, stars in the process of formation, gas and dust.

There are four moderately bright elliptical galaxies which are companions to 

M3L Two very close companions are M32 and NGC 205, both of which are seen 

superimposed on the outer parts of M31. M32 is a nearly circular galaxy with a
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Figure 2.1: Projection of the galaxies in the Local Group onto a convenient plane. 

The large circle at left is the Milky Way, surrounded by its satellite galaxies; at right 

is M31 with its satellites. (From W hiting et al. 1997a)
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population of exclusively very old stars, whereas NGC 205 is more elongated in 

shape and contains a small population of young stars, with accompanying dust and 

gas. The other two companions, NGC 147 and NGC 185, are somewhat fainter and 

more distant from M31. Besides the few galaxies mentioned here, the Local Group 

contains a still larger number of dwarf galaxies (see Table 2.1). Figure 2.1 shows a 

diagram of Local Group galaxies, projected onto a plane (W hiting et al. 1997b).

The Universe is made up of galaxies and over 10^  ̂ galaxies are visible using 

modern telescopes. Local Group galaxies are a particular useful sample with which 

to explore various problems regarding galaxies since we can study members of the 

Local Group much more thoroughly than more distant objects.



Chapter 3

Known X-ray Properties of Local 

Group galaxies

3.1 X-ray observations

The optical astronomy has been established for hundreds of years, while other wave­

lengths of study are products of this century. Radio astronomy started  in the 1930s, 

followed by ultraviolet(UV), infrared(IR) and X-ray astronomy in the 1960s. The 

gamma-ray astronomy is making progress. Similar as for UV and gamma-ray mea­

surements, X-ray observations must be undertaken using space-borne telescopes. 

In the early years, the sky was searched for sources of high energy radiation using 

rocket-borne proportional counters and scintillators. The first X-ray source other 

than the Sun was detected in 1962, known as Sco X-1 (Giacconi et al. 1962, Gursky 

et al. 1963), followed by the detection of the Crab Nebula, a well-known young 

supernova remnant in our galaxy (Clark 1965, Peterson et al. 1966).

By the end of 1970, about 50 cosmic X-ray sources had been discovered, most 

of them accretion-powered X-ray binaries in the galactic plane. Two of these were 

identified with stellar optical objects. The diffuse X-ray background was discovered 

and determined to be uniform to 5-10%. Six supernova rem nants had been identified 

and X-rays had been detected coming from the LMC, the active galaxies M87 and 

NGC 5128, the Coma Cluster and the quasar 3C273 (c/. Charles and Seward 1995).
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The first surveying astronomical X-ray satellite, Uhuru, was launched on 12 De­

cember 1970 with two sets of conventional proportional counters on board (Giacconi 

et al. 1971). It was able to detect X-ray sources 10 times fainter than the faintest 

ones detectable on earlier flights. The 4U (fourth Uhuru) catalogue contains 339 

sources (Forman et al 1978).

The study of X-ray properties of normal galaxies as a class was made possible 

by the Einstein Observatory, which was launched in November 1978 (Giacconi et 

al. 1979). Before then only 4 Local Group galaxies had been detected in X-rays: 

the Milky Way, M31, and the Magellanic Clouds. A dozen of Local Group galaxies 

were observed with Einstein among about 100 galaxies observed in total. The most 

detailed work on individual X-ray sources in galaxies and their identifications has 

been done in the Local Group as well.

3.1 .1  E in stein  ob servations

Einstein was the first fully imaging X-ray telescope put into space (Bradt et al. 1992), 

with an angular resolution of a few arcseconds, a field-of-view of tens of arcminutes, 

and a sensitivity ~  1000 times greater than any mission before it. The telescope had 

sensitivity over the approximate energy range 0.2-3.5 keV. The satellite contained 

a high resolution X-ray telescope and focal plane assembly capable of positioning 

the focus at one of four instruments: a high resolution imaging detector (HRI), a 

broader field imaging proportional counter (IPC), a solid state spectrometer (SSS), 

and a Bragg crystal spectrometer (FPCS). It also contained a monitor proportional 

counter (MFC) aligned with the telescope, as well as a broad band filter spectrometer 

(BBFS) and an objective grating spectrometer (OGS) to be used with the imaging 

detectors.

The IPC had a field of view (FOV) of 75' x 75', with a spatial resolution of ~  1'. 

The effective detector area was ~  100 cm^, and the time resolution was 63 ms. The 

energy range was 0.4-4.0 keV, and the background count rate was 10  ̂ cts s ^  

The HRI had a 25' diameter FOV, with a spatial resolution of 2" within 5' of the 

axis. The effective area was 20 cm^ at 0.25 keV; 10 cm^ at 1 keV; and 5 cm^ at 2 keV.
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The time resolution was 8 ms. The energy range was 0.15-3.0 keV. The background 

was ~  5 X 10“  ̂ cts arcmin”  ̂ s“ ^ The HRI had no inherent spectral resolution, but 

spectral studies could be performed using interchangeable broad band filters and an 

objective grating.

The Einstein observations of Local Group and other galaxies have been reviewed 

comprehensively by Helfand (1984) and Fabbiano et al. (1989). Table 3.1 lists the 

sources in Local Group galaxies detected by the Einstein observatory.

3.1.2 ROSAT observations

Launched in June 1990, ROSAT (Rontgen-Satellite) is the first mission to perform 

a deep sky survey with an imaging telescope of the whole sky in soft X-rays (0.1-2 

keV) and the EUV. It is also used for detailed observations of selected sources, in 

order to study spatial structure, spectra and time variability. In this Pointing Mode 

the sensitivity will be at least two times larger than tha t of former missions.

In the focal plane of the X-ray mirror assembly (XMA) two redundant position 

sensitive proportional counters (PSPC) are available. These are multiwire propor­

tional counters with a cathode strip readout scheme for position determination. 

Both spectral and spatial resolution increase with increasing energy. X-rays pene­

tra te  into the counter volume through a polypropylene entrance window additionally 

coated with carbon and lexan (to decrease UV transmission). A filter wheel with 

four positions is mounted in front of the detector. The open and closed filter wheel 

positions are used for “standard” observations and for monitoring of particle back­

ground; the third position is used for spectral calibrations, while the fourth position 

contains a boron filter. The insertion of the boron filter into the optical path allows 

an increase of spectral resolution at lower energies. The full two degree field of 

view  ̂ of the XMA can be utilized in conjunction with the PSPC. Table 3.2 gives a 

summary of the PSPC performance characteristics.



Table 3.1: Einstein sources in Local Group galaxies^

Galaxy Total Lx (ergs s )̂ No. of sources Interlopers SNR Binaries Unidentified 

in galaxiesyoung Pop I older population

LMC 6 .6  X 10̂ * 102(52) ~  46(~ 19) 32(21) 7(6) 2(2) ~  15(~ 4)

SMC 6.1 X 10^^ 57 ~  14 ~  12 1 0 ~  30

M31 3.6 X 10̂ 9 117 ~  6 2 ~  26 ~  23GC+~ 60 -

M32 5.4 X 10̂ ^ 1 - - - 1

M33 1.1 X 10̂ ^ 17 ~  3 1 ~  12 0 -

IC 1613 - 0 - - - - -

NGC 6822 1 X 10^^ 2 ~  1 ~  1 - - -

NGG 205 < 9 X 10̂ ® 0 - - - - -

Ursa Minor < 3.2 X 10̂ ^ 3 - - - - < 3

Maffei 1̂ 1 X 10̂ 9 < 3 - - - - extended

Milky Way ~  3 X 10̂ ^ ~  125 - ~  10 ~  40 8G C +~ 67 -

t From Fabbiano et al. (1989).

 ̂ This galaxy is no longer regarded as a member of the Local Group.
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Table 3.2; ROSAT PSPC  C haracteristics
W indow size 8 cm (diam eter of circular aperture)
Field of view 2° (diam eter)
Gas m ixture 65% argon, 15% m ethane, 20% xenon

O perating pressure 1.466 bar a t 22 °C
Energy resolution 43% a t 0.93 keV
Spatial resolution 300 Aim (~  25") a t 1 keV (FW HM )
E ntrance window 1 /j,m polypropylene

Support grid transm ission 72% (on average)

The ROSAT high-resolution imager (HRI) is very sim ilar to  the E instein  O bser­

vatory HRI and comprises two cascaded microchannel plates (M CPs) w ith a crossed 

grid position readout system . The detector perform ance is briefly sum m arized in 

Table 3.3. Values of the quantum  efficiency and background quoted here are based 

on in-flight and ground perform ance of the HRI. Two significant changes from the 

Einstein instrum ent th a t have affected the perform ance of the  detecto r are; the  

substitu tion  of Csl for M gF2 as the detector photocathode, and the in troduction  

of a th in  alum inum -coated plastic m em brane (the “electrostatic  shield” ) near the 

front M CP (in addition to  the U V /Ion shield which is s itu a ted  farther in front of 

the detector).

Table 3.3; ROSAT HRI C haracteristics
Field of View 38' (square)

Spatial Resolution -  4" (FW HM )
Q uantum  Efficiency 30% a t 1 keV

W indow Transmission 75% a t 1 keV
Background 1.0 X 10“  ̂ in te r n a l

(counts arcm in”  ̂ s~^) 1o1—(X001 external^
6 .9 (3 .5 -1 3 .8 )  X 10- 4 XRB^

3.8 X 10 3 Typical Total
Tem poral Resolution 61 /iis

Dead Time 0.36 to  1.35 ms
^Depending upon orbital location. 
^Depending upon viewing direction.
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3.2 M31

X-rays from M31 (NGC 224) were first seen in the data from a rocket launched in 

1973 (Bowyer et al. 1973), which was confirmed by the Uhuru and Ariel V all-sky 

surveys. The luminosity was calculated as Lx 2 x 10^  ̂ ergs s^^  The Einstein 

IPC revealed 30 bright sources in the outer spiral arms and an unresolved cluster 

of sources in the nuclear region. The HRI resolved this cluster into 117 individual 

sources {cf .  Crampton et al. 1984). Later Trinchieri and Fabbiano (1991) reported 

108 point sources in total, using 4 IPC pointings and several HRI pointings. Of 

these sources, 19 have been identified with globular clusters (Sargent et al. 1977), 

and 4 more sources could also be associated with globular clusters (Crampton et al. 

1984); about 30 sources are associated with the disc and the spiral arms; 2 sources 

are associated with bright SNRs.

The sources in the spiral arms correlate well with the distribution of neutral 

hydrogen, so they are likely to be associated with Population I stars. However, most 

of the X-ray sources in the dominant central cluster are instead likely to belong 

to an older stellar population. The luminosity of these sources is in the range 

of Galactic low-mass binaries, and some variability has been reported consistent 

with the hypothesis of them being powered by accretion onto a compact object 

(McKechnie et al. 1984).

Supper et al. (1997) reported the result of the first M31 survey with the ROSAT 

PSPC performed in July 1991. 369 individual sources were detected within the 

~  6.3 deg^ field investigated. Their luminosities range from 3 x 10^  ̂ ergs s"^ to 

2 X  10̂ ® ergs s “  ̂ (0.1-2.4 keV). Of these sources, 43 have been tentatively identified 

with foreground sources, 29 with globular clusters, 17 with SNRs, 3 with other 

galaxies (including M32), and 3 with radio sources. A comparison with the Einstein 

source list (Trinchieri and Fabbiano, 1991) confirms 65 Einstein sources, 15 of which 

appear to be variable. In addition, 6 faint possible and 3 bright transients were 

discovered. 327 ROSAT sources are new whereas 43 Einstein sources are not seen 

by ROSAT (including the transients).
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The ROSAT HRI observation of the central region of M31 revealed 86 sources 

within ~  17' of the nucleus of M31 (Prim ini et al. 1993), 18 of them  are identified 

with globular clusters. Diffuse emission is also detected, the  am ount is about 6 x 

10̂ ® ergs s“  ̂ (0.2-4.0 keV) within 5' of the nucleus.

3.3 M33

M33 (NGC 589) was observed by Einstein, w ith b o th  the  HRI and the IPC  and 

M FC. The HRI observation (M arket and Rallis 1983) detected  8 X-ray sources, 

most of them  associated w'ith Population I tracers. A lthough the brightest source 

(the nucleus, namely M33 X-8) was seen to  be variable, the sim ultaneous M PC 

observations indicated no such variability (Peres et al. 1989), suggesting th a t the 

variation existed only below 1.2 keV. No variability  was seen w ith EXOSAT either 

(Gottw ald et al. 1987). In addition to  the bright nuclear source and several other 

bright point-like features seen in the disc and the arm s of M33, Trinchieri et al.(1988) 

also report the detection of low surface brightness, diffuse emission, thought to  be 

the result of the integrated contribution of several lower lum inosity sources and 

possibly diffuse hot gas.

Long et al.(1996) reported recently their results of a long exposure ROSAT PSPC  

observation of M33. They found 37 sources w ithin 15' of the  nucleus, most of them  

associated w ith Population I tracers, and several of them  tim e-variable. Both spiral 

arm s are very apparent in X-rays. All of the  sources seen by Einstein are seen by 

ROSAT. The brightest source is again the nucleus and accounts for alm ost 2 /3  of 

the to ta l source flux. The ASCA observations (Takano et al. 1994) are only able to  

place a ten tative 10 percent as an upper lim it to  the  tim e variability  of this source. 

Takano et al. also found th a t the nuclear spectrum  is significantly softer than  typical 

AGN spectra, and suggest th a t the nucleus may be a close binary  system  containing 

a black hole of 10 M q .

The diffuse emission detected by Trinchieri et al. (1988) is readily apparent in 

the ROSAT PSPC  observation. Long et al. (1996) found th a t the diffuse emis-
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sion is softer than  the faint po int sources and the SNRs, and is well fitted w ith a 

Brem sstrahlung spectrum  w ith kT  ~  0.4 keV and log ~  20.6.

M33 has also been studied w ith the ROSAT HRI (Schulm an and Bregm an 1995), 

revealing 27 sources w ithin 17.5' of the nucleus, 12 of which had also been detected 

by Einstein. 3 of the detected  sources appear to  be coincident w ith giant H II 

regions, 7 with SNRs and 2 may be correlated w ith holes in the neu tra l hydrogen 

layer. The diffuse emission is also detected w ithin 11' of the nucleus of M33, the 

lum inosity is about 10̂ ® ergs s“  ̂ (0.2-4.0 keV).



Chapter 4 

ROSAT observations of Local 

Group galaxies

4.1 Introduction

To investigate the occurrence of nuclear activity in galaxies to the lowest possible 

levels, a dedicated search is being carried out with data  from the ROSAT HRI, or 

alternatively PSPC, for nuclear sources in members of the Local Group of galaxies 

around the Milky Way. The use of the HRI may be particularly useful in order 

to distinguish any nuclear source from other conceivable sources nearby, like bright 

SNRs, X-ray binaries, etc.

Two Local Group galaxies, M31 and M33, {cf.  3.2 and 3.3) have been observed 

previously with the ROSAT PSPC and HRI at different spatial resolution and cor­

respondingly different areas and different dates. These two galaxies are useful for 

developing our data analysis techniques through comparison with the results pub­

lished for them.

Besides 4 of the larger systems, M31, M33, LMC and SMC, many of the Lo­

cal Group galaxies have been observed with the ROSAT PSPC or HRI or both. 

Table 4.1 lists those galaxies which are at the centre of the XRT Field of View 

(FOV). All the data are from the ROSAT data  archive at the Max Planck Institu te 

for Extraterrestrial Physics (MPE) in Garching. Some data  sets under the same
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ROSAT Observation Request (ROR) number are stored as two separate observa­

tions at two separate exposure times, and the second part of the observation may 

have started long after the first part. Apart from the listing above there are three 

galaxies (namely Tucana, Ursa Minor and Sagittarius) which are also in a PSPC 

FOV with fairly large offset.

In this chapter, the general data analysis procedures are described, followed 

by two long exposure HRI observations for M31 and M33, after which the detailed 

results for each of the above small Local Group galaxies are presented. M32 however 

follows next in a separate chapter.

Table 4.1: ROSAT observation log of small Local Group galaxies

Name Other Name ROR No. Instrument S tart Date Exposure (ksec)
M 32 NGC 221 600600 HRI 1994.07.19 12.6
NGC 205 M 110 600816 HRI 1996.08.04 28.1
NGC 147 DDO 3 400744 HRI 1995.01.19 14.7
NGC 185 600743 HRI 1995.01.19 21.0
IC 10 600902 HRI 1995.01.18 32.6+38.5
IC 1613 600689 HRI 1995.01.18 3.8+22.7
WLM DDO 221 600814 HRI 1996.05.30 66.9+21.4
NGC 6822 DDO 209 600815 HRI 1995.10.19 4.9+52.8

600148 PSPC 1992.04.28 6.8
Sextans A DDO 75 600116 HRI 1991.12.10 11.5+18.3

600139 PSPC 1991.11.23 6.7
NGC 3109 DDO 236 600174 PSPC 1992.05.26 18.5

600385 PSPC 1992.11.18 13.3
Pegasus DDO 216 600143 PSPC 1992.06.12 8.8
Fornax 600003 PSPC 1992.01.31 10.6
Sextans 600184 PSPC 1992.05.29 1.9
Carina 600185 PSPC 1992.04.05 8.7
Sculptor 600378 PSPC 1992.07.01 9.8
Draco DDO 228 200724 PSPC 1992.04.01 5.3
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4.2 General X-ray data analysis for ROSAT ob­

servations

The ROSAT X-ray telescope (XRT) consists of three focal detectors, two of them  

are PSPC and the th ird  is HRI. For all of the raw d a ta  a s tan d ard  d a ta  processing 

(SASS) is performed before release. D uring this process the basic events inform ation 

for each photon first undergoes various corrections and norm alizations. The photon 

event files containing this inform ation form, together w ith housekeeping and a ttitu d e  

data , the basic input for all further analysis.

W ith these data-sets, the S tandard  Processing constructs images of the observed 

sky regions, searches the images for point-like sources and determ ines the ir positions, 

and scans the SIMBAD catalogue for possible optical counterparts, etc. All these 

results are d istributed to the principal investigators (Pis) and thereafter enter the 

ROSAT archive.

Of course, the Standard Processing only provides a first trea tm en t of the  ob­

servational data. Much more detailed analysis has to  be done for various scientific 

objectives. We use EXSAS/M IDAS (Zim m erm ann et al. 1998) as a basic analysis 

tool, along with other widely used packages such as X SPEC, FTools etc. T he fol­

lowing procedures have been used to analyse the X-ray d a ta  for the Local Group 

galaxies:

•  Images. Apply dead tim e correction, vignetting correction, m ask to  exclude 

edges of the detector and ribs for the PSPC.

•  Background. Different ways to  determ ine the background applied to  differ­

ent tasks: (i) background m ap sm oothed from cheesed im age {i.e. all de­

tected point-like sources are subtracted), used in source detection and related 

tasks like upper-lim it calculation; (ii) take the average of the  outer part of the 

cheesed image as background, apply same level for whole im age area, only used 

when diffuse emission appears in the central part; (iii) local background, take 

annuli centered on the source, if not possible, take the  area near the source.
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used to determine the spectrum for individual source.

•  Source detection. We accept sources till a lower minimum likelihood of ex­

istence in the maximum-likelihood (ML hereafter) detection, as a trade-off 

between aiming at completeness and introducing spurious detections. In the 

ML detection, the likelihood of existence is defined as —ln{l — P),  where P  is 

the probability of existence of the source (c/. Cruddace et al. 1988, Zimrner- 

mann et al. 1998). The start positions for the ML detection are the results 

from map and local detection. We use the minimum likelihood of existence 6  

to 10 which corresponds to 3 to 4 Gaussian a.

• Astrometry. Find optical counterparts with accurate positions and improve 

X-ray positioning, usually HRI data will be used if available; considered useful 

only if any sources are found near the centre of the galaxy.

•  Search for diffuse eini.ssion. Annuli around centre of the galaxy; also contour 

plots for image with different smoothing parameters.

• Determination of characteristics of individual sources. Positions, extended­

ness, flux, and if possible, spectra and/or hardness ratios, and variability.

The following definitions and remarks apply to all data analysis results unless 

specified:

•  Galaxy optical parameters. The coordinates found from with SIMBAD and 

NED. The distances used are those listed in Table 2.1. The D 2 5 , R 25 and PA  

are from the RC3 catalogue (de Vaucouleurs et al. 1991).

•  Sources detected. Source numbering is arbitrary, mostly in the order of de­

creasing declination; the coordinates listed are the X-ray results from the ML 

detection transferred to the equinox J2000.0; the count rate and its error are 

background, vignetting and dead time corrected, the error is calculated with l a  

errors in counts determined from the ML method, however the source counts 

(juoted in the text are only background corrected; the likelihood of existence
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of a source is also quoted as ML; the off-axis angle is the offset to  the center 

of the field of view (FOV).

•  Source identification. Searches for counterparts were done w ithin a few arcsecs 

away from the HRI position and a few tens of arcsecs away from the PSPC  

position, in view of the FW HM  of the  PSF (see below). Sources are taken 

from various catalogues and papers, most can be found in the CD S/SIM BA D  

database; the nam es follow those in SIMBAD if available; the  coordinates 

quoted are FK5 if from SIMBAD instead of original ones; the  B m agnitude 

and spectral type are also quoted if available. The Hubble G uide S tar Catalog 

(GSC hereafter) version 1.2 is always checked w ithin the HRI FOV and w ithin 

a quarter of the PSPC  FOV {i.e. half box size).

•  Point Spread Function (PSF, also called point response function as PR F). 

Defined as to be the (normalized) photon d istribu tion  in the focal plane caused 

by a celestial X-ray point source a t infinity.

•  X-ray image. The HRI images are formed by binning the Photon  Event Tables 

(PET) a t 5 arcsecs, the PSPC  images a t 15 arcsecs, corresponding to their 

typical resolution. For contour plots in a large p a rt of FOV, the  HRI image 

is sm oothed with 3-pixel size Gaussians; the PSPC  image is dead tim e and 

vignetting corrected, and sm oothed w ith 2-pixel size G aussians over larger 

regions.

•  O ptical image. D igital Sky Survey (DSS) is used, which contains m ostly the 

POSS; obtained from HEASARC Skyview.

•  Hardness Ratios (HRs). Only for PSPC . Often calculated for sources w ith a 

small number of counts, which is not suitable to  fit a spectra l model. Two 

HRs are defined as:

HRi =  and HR2 =

where A (ll-4 1 ) , B(52-201), C(52~90), and D (91-201) are counts sum m ed over 

a fixed number of pulse height channels as given in parentheses, corresponding
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roughly to the energy band A(0.11-0.42 keV), B(0.52-2.02 keV), C(0.52-0.91 

keV), and D(0.91-2.02 keV); the errors of the HRs are calculated again from 

the l a error of the counts.

• Variability measurement. Defined as \L2 — L i \ / +  where a  is the error 

of L.

• Upper limit. Calculated at 95.4% confidence level, corresponding to 2 Gaussian

(7 .

4.3 M31 and M33

As discussed in Chapter 3, M31 and M33 are the two Local Group galaxies that were 

well-studied at X-rays before, besides the Magellanic Clouds. We restrict ourselves 

to analysis of tw'o long exposure HRI observations for these galaxies.

Searching the ROSAT data archive within 57' radius around M31, we find nearly 

90 data sets available, spanning 8 years from 1990. Among them about a dozen 

are observed with the HRI, and most of the PSPC data sets are for the second 

survey, conducted during 1992 and 1993, with exposure times of only a few thousand 

seconds, (c/. Figure 5.1 for field centres of these observations.)

Primini et al. (1993) and Supper et al. (1997) published the results for an HRI 

observation in 1990 (ROR 150006) and the first PSPC survey in 1991, respectively. 

VVe present here some results from a later HRI observation in January 1996 (ROR 

600780) for comparison. This data set has the longest exposure time (85.4 ksec) 

among those focusing on the central area of M31.

Within about 5' of radius from the field center, 61 sources are detected with 

ML  > 10. Table 4.2 lists their position and count rates. Comparing with the 

previous HRI detection, 20 more sources are found, most of them are faint ones, 

though. There are also a few sources that were detected before but have disappeared 

in this data set.

In the bulge of M31, the diffuse emission is also clearly visible, especially near



Table 4.2: ROSAT HRI point sources of M31 in central area
Source 02000 52000 C ount Rate ML Off-axis
No. h m  s 0 / N 10“ ® s - i /

1 00 42 35.20 +41 20 07.8 0,49+0,10 22.9 4.6
2 00 42 31.22 +41 19 40.8 3,17+0,21 480.3 4.7
3 00 42 59.72 +41 19 20,7 4.65+0.25 780.1 3.8
4 00 43 09.89 +41 19 02,2 9.62+0.35 2057.5 5.0
5 00 42 52.55 +41 18 55.9 8.52+0.33 1697.7 2,9
6 GO 42 40.14 +41 18 48.7 0.43+0,09 26.5 3,0
7 00 42 55.52 +41 18 36.2 0,84+0,12 49.1 2.8
8 00 42 49.21 +41 18 17.7 0,80+0,12 56.7 2.1
9 00 43 03.94 +41 18 05.9 4.16+0.24 656.2 3.5
10 00 42 45.22 +41 17 23,8 1.72+0.16 141.9 1.3
11 00 42 57,70 +41 17 21,0 0.64+0.11 37.1 2.2
12 00 42 39.77 +41 17 10,5 0.45+0.10 15.6 1.8
13 00 42 26.35 +41 16 56,6 1.81+0.16 233.5 4.1
14 00 42 42.64 +41 16 53.6 1.49+0.19 22.9 1.2
15 00 42 38.51 +41 16 46.7 0,87+0,15 10.8 1.9
16 00 42 45.73 +41 16 44.9 2,02+0,21 30.4 0.7
17 00 42 49.66 +41 16 36.5 1,25+0,17 22.3 0.5
18 00 42 35.45 +41 16 38.0 0,33+0,08 16.9 2.4
19 00 42 43.77 +41 16 30.6 5.53+0.29 409.0 0.9
20 00 42 47.13 +41 16 27.7 16.76+0.47 2479.6 0.3
21 00 42 31.06 +41 16 22.2 6.12+0.28 1078.5 3.2
22 00 42 33.78 +41 16 20,6 1.44+0.16 101.3 2.7
23 00 42 50.77 +41 16 20,6 1.05+0.16 21.8 0.5
24 00 42 41.14 +41 16 13,9 1.70+0.20 25.1 1.3
25t 00 42 44.73 +41 16 11.7 17.56+0.48 1521.3 0.6
26 00 42 59.90 +41 16 06.5 3.14+0.21 421.9 2.2
27 00 42 38.54 +41 16 03.8 47.32+0.76 13294.2 1.8
28 00 42 54.98 +41 16 03.6 7,90+0,32 1395,0 1.3
29 00 42 50.71 +41 15 57.5 1,07+0,16 19,6 0.6
30 00 42 42.68 +41 15 48.8 6.31+0.30 326.4 1.1
31 00 42 39.94 +41 15 47.7 6.23+0.30 645.9 1.6
32 00 42 45.96 +41 15 44.8 1.88+0.20 33.4 0.6
33 00 42 36.52 +41 15 43,0 0.91+0.16 11.7 2.2
34 00 42 52.58 +41 15 40,0 13.25+0.41 2625.1 1,0
35 00 42 49.17 +41 15 32,8 1.53+0.18 16.0 0,7
36 00 42 25.16 +41 15 36.4 10.24+0.36 2051.0 4,3
37 00 42 22.90 +41 15 35.6 3.02+0,20 427.7 4.8
38 00 42 38.40 +41 15 31.4 1,48+0,18 24.7 1.9
39 00 42 58.42 +41 15 29.3 1,73+0,16 164.1 2.1
40 00 43 03.23 +41 15 25.9 3,86+0,23 405.8 3.0
41 00 42 45.08 +41 15 26.1 1,90+0.20 32,0 0.9
42 00 42 25.33 +41 15 34.9 5.97+0.28 1224.5 4.3
43 00 42 48.43 +41 15 23.0 12.33+0.41 1537.9 0.8
44 00 42 40.83 +41 15 23.1 1.73+0.20 26,7 1.6
45 00 42 42.95 +41 15 13,9 1.81+0.19 40,9 1.4
46 00 42 41.16 +41 15 07.7 1.01+0.17 14.3 1.7
47 00 42 45.84 +41 15 01.0 0.91+0.16 12.6 1.3
48 00 43 10.72 +41 14 51,1 15.27+0.44 3660.1 4.5
49 00 42 44.23 +41 14 51,9 1.00+0.17 11.3 1.5
50 00 42 42.37 +41 14 45,1 2.01+0.18 140.3 1.8
51 00 42 44.42 +41 14 46.9 0.58+0.12 11.3 1.6
52 00 42 39.45 +41 14 28.6 1.65+0.16 148.1 2.4
53 00 42 46.94 +41 14 13.6 0.26+0.08 11.7 2.0
54 00 42 39.74 +41 14 21.9 0.28+0.08 10,9 2,4
55 00 42 44.97 +41 14 06.8 1.06+0.13 101,7 2,2
56 00 43 01.14 +41 13 51.7 0.58+0.10 39.5 3,4
57 00 43 01.09 +41 13 51.2 0.66+0.11 43.3 3,4
58 00 42 36.42 +41 13 50.5 0.54+0.11 21.3 3.2
59 00 42 40.70 +41 13 27.5 1.50+0.15 139.9 3.1
60 00 42 32.09 +41 13 13.7 3.84+0.23 510.5 4.2
61 00 42 44.85 +41 11 37.1 3.79+0.23 608.4 4,6
 ̂ Possible nuclear source.
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the nuclear source (No.25). (See Figure 4.1.) These data  do even not resolve the 

source which was found previously in 150006 between No.25, 19 and 20. The nuclear 

source has a count rate of 17.56 ±  0.48 x 10“  ̂ s“ \  which is obviously contam inated 

by the diffuse emission because the source position is clearly away from the peak 

(Figure 4.1). We restrict the cut radius as 9" from the peak position (Gaussian
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Figure 4.1: ROSAT HRI image of M31 on a field of 8.5' x 8.5' and centered a t the 
HRI field centre. The image has 3" x 3" pixels and has been smoothed with 1-pixel 
size Gaussians. The logarithm of intensity is displayed. The source numbers are as 
in Table 4.2.
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center), the count rate will be 7.72 ±  0.32 x 10“  ̂ s~^, which is comparable with the 

count rate (6.60 ±  0.49 x 10“  ̂ s“ )̂ derived by the same way from the data observed 

6 years ago (ROR 150006h). The variability measurement is 1.5.

The source search for M33 from the ROSAT HRI archive data  (ID 600020h), 

observed in 1992, reveals 20 sources with M L >  10. 2 of them are resolved from 

the nuclear source which is thought to be extended. All of the remaining 18 sources 

are also detected by Schulman and Bregman (1995, Table 1). Among 9 undetected 

sources that had been reported by Schulman and Bregman, 4 have lower ML levels 

between 10 and 6.

4.4 NGC 147 and 185

NGC 147 and NGC 185 are two elliptical galaxies th a t are situated about 100 kpc 

from M31. NGC 147 has a predominantly old stellar population > 12 Gyr and 4 

known globular clusters (Ford 1977). Most of the stars in NGC 185 are also old, 

but it probably contains a SNR (Gallagher 1984) and some OB stars. There are 6 

globular clusters in the field. In the X-ray band, B randt et al. (1997) have reported 

the results of ROSAT HRI observations which were carried out in January 1995.

Table 4.3: Possible point sources within ROSAT HRI field of NGC 147

Source
No.

0̂ 2000 
h m s

2̂000 
0 f  I t

Count Rate 
10-3 s - i ML

Off-axis
t

1 00 32 43.63 48 39 10.9 0.92±0.34 7.2 9.8
2 00 34 35.21 48 37 50.0 3.15±0.92 7.6 15.6
3 00 32 58.79 48 37 25.2 0.58±0.24 7.1 7.2
4 00 32 10.76 48 33 40.9 1.28±0.42 8.5 10.6
5 00 34 46.41 48 32 25.5 2.27±0.68 8.5 15.6
6 00 32 28.28 48 31 55.4 2.61±0.46 62.1 7.4
7 00 33 39.64 48 30 10.7 0.57±0.23 8.4 4.6
8 00 33 05.45 48 28 37.8 0.70±0.27 7.0 2.2
9 00 32 32.48 48 27 44.9 0.66±0.27 7.8 7.1
10 00 32 54.62 48 17 06.0 2.29±0.61 11.6 13.8
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The total exposure time for this NGC 147 ROSAT HRI observation was about 

14.7 ksec. We detect 11 sources within 16' from the field centre with M L  > 7, 

among which are 2 sources with M L  > 10. Table 4.3 lists all source positions with
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Figure 4.2: ROSAT HRI contour plot of NGC 147 overlaid on optical image from 
the POSS. The centre of the galaxy is marked with a cross and the D 2 5  ellipse (from 
the RC3 catalogue) is drawn in. The background level in the HRI image is ~  0.4 
cts pix“ ^ The contour levels are 0.48, 0.56, 0.64, 0.72 and 0.8 cts pix“ .̂ The HRI 
image has 5" x 5" pixels and is smoothed with a 3-pixel size Gaussians.
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their count rates and Maximum-Likelihood levels.

When we overlay the X-ray image on the optical one (DSS), we find th a t source 

No.8 lies within the £>25 ellipse of the galaxy, but there is no source coincident with 

the centre (Figure 4.2). We scanned SIMBAD and the Guide Star Catalogue (GSC), 

but no catalogued optical object was found at the position of any of these X-ray 

sources, and none of the known globular clusters either. Nevertheless, the brightest 

X-ray source in the HRI region, No.6 , may have a much fainter 15"*) optical 

counterpart than would be included in the GSC, as there is a visible spot in the 

Digital Sky Survey.

From constructing a radial brightness profile for the known nuclear position, 

we find no evidence for diffuse emission centred on NGC 147. Most of the X-ray 

sources are probably unrelated foreground or background sources. The upper limit 

for the centre of the galaxy is about 0.22  x 10“  ̂ which corresponds to a flux of 

2.1 X 10'^'* ergs cm“  ̂ s “  ̂ and a luminosity of 0.8 x  10̂ ® ergs s “  ̂ (0.1-2.5 keV) at 

the distance of 598 kpc, assuming a power law model with photon index of 2 and 

Galactic column 1.2 x 10^  ̂ cm"^.

Table 4.4: Possible point sources within ROSAT HRI field of NGC 185

Source
No.

Q!2000
h  m  s

2̂000 
0 / II

Count Rate 
10-^ s -i ML

Off-axis
1

1 00 40 39.49 48 32 07.7 1.58±0.50 7.2 14.5
2 00 40 25.05 48 26 44.0 2.69±0.59 16.4 16.0
3 00 39 02.24 48 24 13.5 1.39±0.28 39.3 3.9
4 00 38 21.80 48 24 09.5 1.11±0.27 25.0 7.0
5 00 39 03.87 48 23 22.3 1.23±0.41 7.2 13.2
6 00 38 27.76 48 17 55.1 0.52±0.19 8.1 5.5
7 00 39 24.98 48 15 41.4 0.43±0.18 7.1 6.6

8 00 38 41.77 48 13 49.6 0.60±0.21 8.8 7.1

NGC 185 was observed for 20.1 ksec during the same dates as NGC 147. Using 

the same method we detect 8 X-ray sources which are listed in Table 4.4, among 

which 3 sources with ML> 10. One source which can be seen in the left (East) of the 

raw image is not detected because it is located a t the very edge of the detector and
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is masked out in the detection routine. Figure 4.3 shows the HRI contours overlaid 

on the optical image.

Compared with the optical image, all sources lay in the outer area of the galaxy; 

none of them  is coincident with known globular clusters or stars etc. from the SIM-

NGC 185
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Figure 4.3: ROSAT HRI contour plot of NGC 185 overlaid on optical im age covering 
whole HRI area. The centre of the galaxy is m arked w ith a cross and the D 2 5  ellipse 
(from the RC3 catalogue) are marked with cross and solid ellipse is draw n in. The 
background level in HRI image is ~  0.6 cts p ix~^ The contour levels are 0.68, 0.76, 
0.84 and 0.92 cts pix“ \  The HRI image has 5" x 5" pixels and is sm oothed w ith 
3-pixel size Gaussians.
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BAD catalogue. However, some of them are probably coincident with fainter coun­

terparts. Near Nos. 3 and 8, there are objects visible in the image of the POSS 

survey. The one near No.3 is catalogued in the GSC 1.2 as a star (GSC 0325300517, 

02000 =  0^39'"2.60®, ^2000 =  48°24'10.8", Pmag=13.51). The other one is about 10" 

from source No.8, with magnitude > 15.

Around the central position, there are lower contours which may be a hint of 

diffuse emission. However, from constructing a radial brightness profile for the 

nuclear position, we find no clear evidence for diffuse emission centred on NGC 147. 

The upper limit for the centre of the galaxy is about 0.41 x 10“  ̂ s“ ^ Using the 

same model as for NGC 147, this corresponds to a flux of 3.9 x 10“ ^̂  ergs cm“  ̂

and a luminosity of 1.5 x 10̂ ® ergs s“  ̂ (0.1-2.5 keV) at the distance of 620 kpc.

Comparing the upper limits w'ith those derived by Brandt et al. (1997), our value 

for NGC 185 is similar to their 0.46 x 10'^ s~^, but for NGC 147, is only one-third 

of their 0.60 x 10“  ̂ We checked at other central positions near the ones from 

various catalogues (SIMBAD and NED), and at such positions closeby the upper 

limit count rates may reach upto 4.1 x 10“  ̂ s“ \  thus differences like these can easily 

occur between different analyses.

4.5  IC 1613

IC 1613 is a dwarf irregular (dl) galaxy which is among a few such galaxies observed 

with Einstein. The X-ray emission associated with this galaxy is mainly from a 

single source (namely IC 1613 X-1) which is about 5.6' away from the centre of the 

galaxy and probably to be identified with a cluster of galaxies (Eskridge 1995). The 

Einstein IPC received a flux of f x  =  2.20 x 10“ ^̂  ergs cm~^ s“  ̂ (0.2-4.0 keV and 

for the Bremsstrahlung model with kT =  5 keV).

The ROSAT HRI observation was carried out during June and July 1995. An 

earlier HRI observation in January 1995 has only 3.8 ksecs, which we do not use 

here. W ithin the HRI field of the second observation which has 22.7 ksec of exposure 

time, we detect 18 sources with M L  > 7  (among these 5 sources with M L  > 10).
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Table 4.5; Point sources w ithin ROSAT HRI field of IC 1613

Source 0 1 2 0 0 0  ^ 2 0 0 0  Count R ate  Off-axis
h m  s o i l !  10^ ^  '

1 01 04 47.96 +02 19 29.7 1.51+0.46 7.7 15.7
2 01 04 50.96 +02 12 59.5 0.74+0.25 8.2 9.2

3 01 04 49.95 +02 10 31.9 0.54+0.20 8.3 7.1
4 01 05 02.46 +02 08 42.5 2.11+0.33 83.5 4.5
5 01 05 00.01 +02 02 45.9 0.64+0.22 7.7 1.6
6 01 05 01.46 +02 02 44.5 0.39+0.15 8.7 1.5
7 01 04 52.27 +02 02 25.3 0.46+0.17 9.7 3.1
8 01 05 02.07 +02 02 05.2 0.63+0.20 12.9 2.1
9 01 05 04.72 +02 01 53.9 0.36+0.15 7.5 2.4
10 01 05 00.35 +02 01 49.1 0.37+0.15 7.9 2.4
11 01 05 01.79 +02 01 35.4 1.27+0.31 8.3 2.6
12 01 05 01.50 +02 01 24.1 1.25+0.30 9.5 2.8
13 01 04 40.80 +02 01 07.7 1.98+0.32 68.2 6.2
14 01 04 10.22 +01 59 21.9 1.67+0.43 12.9 13.9
15 01 05 16.06 +01 59 12.2 1.23+0.27 29.2 6.1
16 01 05 43.30 +01 58 39.2 0.92+0.30 8.4 11.6
17 01 05 14.96 +01 57 49.9 0.67+0.22 9.7 7.1
18 01 04 11.04 +01 55 36.2 1.67+0.50 7.9 15.4

Table 4.5 lists all sources detected w ithin the HRI field w ith the ir count rates. To 

compare with the POSS survey, the sources Nos. 1-4 are located w ithin the bound­

aries of the optical galaxy, bu t have no obvious optical counterparts. Source No. 15 

is situated in the outer area, probably coincident w ith an optical object listed in the 

Guide S tar C atalogue (CSC 0001900392, ^ 2 0 0 0  =  l'^5”^15.94^ ^ 2 0 0 0  =  +1°59'14.7", 

Pm ag=11.42) th a t is only 4 arcsec away from the  X -ray position. Source No.4 

is not far from the optical positions of IC 1613 as given by SIMBAD and NED, 

and has been identified as a supernova rem nant (SNR) by Lozinskaya et al. (1998). 

The count ra te  of this SNR is (2.1 ±  0.3) x 10“  ̂ s“ .̂ For th e  G alactic column 

density of N h  =  2.8 x 10̂ ® cm “ ^, a power law model w ith  photon index =  2.0 

gives an unabsorbed flux fx  =  1-23 ±  0.18 x 10“ “̂* ergs cm “  ̂ s“  ̂ and a lum inosity 

L x =  8.6 ±  1.2 X 10̂ ® ergs s~^ (0.1-2.4 keV) a t the distance of 765 kpc.
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The Einstein source IC 1613 X-1 is also detected with the ROSAT HRI. Our 

HRI image (Figure 4.4) shows tha t most of the X-1 region has been resolved into 

individual sources which are listed in Table 4.5 as Nos. 5-12. However the central 

part of X-1 has not been resolved completely and is indeed reminiscent of X-ray

IC 1613 X-1

-.7

-|15

47

Figure 4.4: ROSAT HRI image of IC1613 X-1 on a field of 14' x 14' and centered 
at the X-1 position, marked with a big cross. The image has 5" x 5" pixels and has 
been smoothed with a 2-pixel size Gaussians. IC 1613 itself is located North-West 
of X-1 where the big circle indicates its optical position in the NED (c/. Palumbo 
et al. 1988). The arbitrary radius of the circle 1'.
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emission from a cluster of galaxies. We integrate the counts within 3.5' radius, that 

gives a count rate of 0.0312±0.0012 s“ ^ Using a Bremsstrahlung model with kT = 

5 keV, we get an unabsorbed flux f x  =  1.51 ±  0.06 x 10“ ^̂  ergs cm“  ̂ s“  ̂ (0.1-2.4 

keV).

We also derived upper limits to the X-ray flux for several optical positions of IC 

1613 in various catalogues (from SIMBAD and NED). The upper limit count rate 

is from 1.9 x 10~'* to 4.1 x 10“ "̂ s“ ^ Using the same conversion factor as above the 

flux f x  ~  (1-1 — 2.4) X 10~^  ̂ ergs cm“  ̂ s“  ̂ in the 0.1-2.4 keV band, the luminosity 

Lx  = (0 .8 -  1.7) X 10̂ ® ergs s'^.

4.6 NGC 6822

NGC 6822 was previously observed with Einstein (Markert and Donahue 1985). 

Eskridge and White (1997) summarized the Einstein HRI and ROSAT PSPC results 

and gave details of the source in the bar of the galaxy. This source coincides with 

the emission-line object Ho 12. With only 75 ROSAT PSPC counts, a RS model fit 

is attempted that gives kT~0.56 keV, while a BE model gives kT~0.06 keV. They 

argue that this object may be either an HH region or a SNR, but the variability 

of the X-ray source over 13 years indicates that the X-rays are not due to direct 

emission from a SNR.

Our own PSPC data analysis yields 15 sources with M L  > 10, listed in Table 4.6. 

The brightest source (No. 15) may be associated with a bright star, HR 7496 (F5IV, 

5.95™) with coordinates (0 : 2 0 0 0  =  19*43"*33.53^, ^ 2 0 0 0  =  —15°28'12.4"), which is only 

a few arc-seconds aw'ay. This source is a supersoft source with HRi < 0. No.3 is 

partially obscured by the window support structure, its count rate may be under­

estimated. It is not far (about 7") from the star SAO 162956 (G5, 10.45'").

The source on the bar of NGC 6822 mentioned above is No. 10. Its 80 counts 

is too little to fit any spectral model. We calculate the hardness ratios of all the 

detected sources and also list these in Table 4.6.

The ROSAT HRI observation was carried out on October 1995 and October
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Table 4.6: Sources and count rates within ROSAT PSPC field of NGC 6822

Src
No.

012000 
h m  s

2̂000 
o 1 n

Cnt Rate 
10-3 s-i HRi HRs ML

Off-
axis'

1 19 43 13.31 -14 15 49.4 22.0±4.2 0.72±0.12 0.11±0.15 16.9 40.9
2 19 45 46.55 -14 18 26.6 14.1±3.0 0.54±0.14 0.56±0.16 13.4 31.8
3 19 45 35.89 -14 27 46.7 88.3±4.2 0.90±0.02 0.24±0.05 966.3 22.2
4 19 45 05.85 -14 36 38.7 9.5±1.3 0.75±0.13 0.25±0.15 100.0 11.5
5 19 44 20.32 -14 37 57.7 2.4±0.8 0.75±0.37 0.38±0.30 10.9 13.5
6 19 45 21.97 -14 40 20.7 8.O il .2 0.92±0.10 -0.01±0.15 95.2 9.7
7 19 44 59.62 -14 42 10.9 1.9±0.6 0.64±0.39 0.14±0.34 11.7 5.8
8 19 44 27.42 -14 43 15.8 3.9±0.9 0.87±0.22 -0.14±0.22 37.7 8.7
9 19 47 47.81 -14 48 26.0 11.3±2.8 0.57±0.27 0.28±0.23 11.9 41.1
10 19 44 56.73 -14 48 27.5 12.3±1.4 0.74±0.10 -0.08±0.13 184.6 0.5
11 19 43 58.94 -14 48 36.5 4.7±1.0 0.55±0.22 0.14±0.22 30.8 14.2
12 19 43 16.65 -14 54 37.2 8.9±1.8 0.77±0.14 0.31±0.15 21.5 25.3
13 19 47 59.04 -15 03 10.5 28.7±5.7 0.21±0.20 -0.17±0.18 13.4 46.4
14 19 45 48.30 -15 21 41.1 15.9±2.9 0.13±0.17 0.13±0.23 24.9 35.8
15 19 43 33.69 -15 28 08.2 153.4±7.4 -0.24±0.05 -0.16±0.08 521.7 45.0

1996 with exposure times 4.9 ksec and 52.8 ksec, respectively. We concentrate on 

the latter data set, where 7 sources are detected with ML > 10 within 16 arcmin 

from the field centre (Table 4.7). The source No.6 is on the bar of NGC 6822, with 

about 178 counts. Its position (19^44'"56.5*, —14°48'30") is consistent with Einstein 

HRI’s detection (19'‘44"*56.7s,-14°48'31").

The first HRI observation has about 1/10 exposure time of the second one. 3 

sources are found with ML > 10 (see Table 4.7), 2 of which are also seen in the 

second observation with similar count rates. The third one (No.8 in Table 4.7 is 

obviously variable during one year as it is still not detected in the second observation 

down to ML=6. It did appear in PSPC field (in April 1992) with a count rate at 

the same level, as seen in the second HRI field.

There are no obvious optical counterparts for X-ray sources detected in either 

HRI field. How'ever, close to central main source on the bar of NGC 6822, at 

about 23" NW, a source with 22 net counts and likelihood of existence of 8.9 is
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Table 4.7: Sources in two ROSAT HRI observations of NGC 6822

Src
No.

0:2000
h m s

<̂2000 0 ! //
Count R ate 10  ̂ s ^

(I) (II)
ML

(I) (II)
Off-
axis'

Src*
No.

1 19 44 20.34 -14 38 03.0 1.03±0.22 17.7 11.3 5
2 19 45 22.49 -14 40 20.2 3.63±0.29 5.14±1.10 248.2 37.8 8.4 6
3 19 44 59.51 -14 42 08.0 0.44±0.11 19.9 3.6 7
4 19 44 27.05 -14 43 14.8 0.89±0.16 40.4 7.2 8
5 19 44 43.53 -14 47 52.6 0.61±0.12 32.9 3.6
6 19 44 56.46 -14 48 30.3 3.56±0.27 2.94±0.88 284.6 10.0 2.9 10
7t 19 44 55.44 -14 48 12.2 0.43±0.12 8.9 2.6 10
8 19 45 06.06 -14 36 35.0 2.38±0.82 10.8 9.4 4
* PSPC source No., see Table 4.6.
t Possible nuclear source.

found as a possible nuclear source. Its position (Table 4.7, No.7) is very close 

to those given by SIMBAD (0:2000 =  19*44™56.2®, ^2000 =  —14°48'4") and  NED 

(ft^uoo =  19*44'"56.14®, ^2000 =  —14°48'5.5", from G allouet et al. (1975), m ean error 

4"). Figure 4.5a shows the contour plot of the central 4' x 4' area.

In the PSPC data, this source has not been resolved from the bright source 

nearby because of the short distance between two. The PSPC  contour p lot of the 

main source (No. 10 in Table 4.6) does not show any sign of this add itional source 

(see Figure 4.5b), and the azim uthal profile constructed  from the P ho ton  Events 

Table does not show a higher intensity  for the first quadran t either.

The hard band image (0.5-2.0 keV) for the PSPC  has also been checked to  reduce 

the background and in the view of possible spectral differences between the  two HRI 

sources. Nevertheless, the contour plot (Figure 4.5c) shows a little  sign of extension 

to the NW position but otherwise no sign of the additional source is found. On the 

other hand, in the soft band (0.1-0.4 keV) (Figure 4.5d) even the m ain source is not 

found. The contour plot shows th a t there m ight be some emission from a position 

SE to the main source.

The HRI da ta  have only few energy channels w ith, unfortunately, high spatial 

and tem poral gain variations. W ilson et al. (1992) and M att et al. (1994) tried  to 

use hardness B /A  (or softness A /B ) defined by the channels A (l-5 )  and B (6 - l l )
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F i g U r S  4.5i ROSAT contour p lo ts of NGC 6822’s central 4 ' x 4' area, (a) Second HRI observation. T he 

background level is ~  1.7 cts p ix“ \  and th e  contour levels are 2.1, 2.9, 3.7, 5.7 and 9.7 cts p ix “ *. T he big crosses 

a t the centre are SIMBAD and NED positions of the  galaxy. T he X-ray sources w ith M L  > 6 are m arked w ith  “ x ” . 

(b) PSPC  broad band. The background level is 0.3 cts p ix“ ' ,  and th e  contour levels are 0.8, 1.3, 1.8, 2.8, and  5.3 

cts p ix“ ^. (c) PS PC  hard band (0.5-2.0 keV). T he background level is ~  0.12 c ts p ix” *, and the  contour levels are 

0.47, 0.82, 1.17, 1.87, 3.62 and6.0 cts p ix “ ^. (d) PSPC  soft band (0.1-0.4 keV). T he background level is ~  0.22 cts 

pix“ ' ,  and the  contour levels are 0.32 to  1.0 cts p ix “  ̂ in a  step  of 0.10 cts p ix~^. T he big cross is m arked as the 

ML position of the  PSPC  source in broad band , and the  sm all cross as th e  relative position of the  possible nuclear 

source detected in the HRI field. T he HRI image has 5" x  5" pixels and the  P S P C  images have 15" x 15" pixels. 

Each image has been sm oothed w ith a  1-pixel size Gaussians.
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or A (l-4 ) and B(5-15). We use the la tte r  choice and  find th a t the B /A  values 

are 2.32±0.60 and 1.68±1.72 for the m ain source and  the  possible nuclear source 

respectively.

The observed count ra te  predicts an unabsorbed flux for this possible nuclear 

source of f x  ^  3.69 x 10“ '̂* ergs cm “  ̂ s“  ̂ (0.1-2.4 keV), assum ing a power law 

model w ith photon index of 2.0 and G alactic N h =  9.5 x 10^° cm “ .̂ For the 

distance of NGC 6822 (540 kpc), the lum inosity becom es L x  =  1.29 x 10^^ ergs s ~ \

4.7 WLM

The WLM dw arf galaxy was first discovered by W olf on a  p late taken a t Heidelberg 

by Lorenz in 1909 w ith a 6 inch cam era. This galaxy was rediscovered by M elotte 

during an inspection of the Franklin-Adam s C hart P lates, and he com m ents th a t the 

system had previously been marked on the sam e p la te  by Lundm ark. By common 

usage, the galaxy is nam ed W olf-Lundm ark-M elotte.

ROSAT observed the WLM galaxy w ith the HRI for to ta lly  about 88 ksec in 

1996 (ROR 600814) and the d a ta  are processed and archived in two d a ta  sets. One 

includes 66.9 ksec exposure carried out from 30 May to  1 Ju ly  and the other includes 

21.5 ksec exposure from 2 to  4 December. W ith  the  first (and the longer) d a ta  set, 

12 sources (with M L  > 10) are detected w ithin 16' from the centre. Table 4.8 lists 

positions and count-rates of these sources. Source No. 11 is identified as a  radio 

cluster PKS 2359-159 (P arm a et al. 1991). Among o ther sources, only source No.5 

may have an optical coun terpart which is a s ta r  catalogued in the CSC 1.2 (CSC 

0583800179). Its coordinates ( 0 1 2 0 0 0  =  0^1"*5.9^, < ^ 2 0 0 0 =  —15°20'44") are only abou t 

4" away from the X-ray position. It is not suitable for astrom etric purposes because 

of its large off-axis position of 14.6'.

There are only 5 sources detected w ith the second d a ta  set, am ong which 1 is not 

seen a t M L >  10 in the first observation (see Table 4.8, No. 13). W hen setting  6 as 

the minimum ML, more sources can be found and the ir count rates are shown in the 

table, bu t still 5 sources seen in the 1st observation rem ain undetected in the  2nd
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Table 4.8: Sources and Count R ates w ithin ROSAT HRI field of WLM

Src
No.

Q!2000
h m  s

(^2000 0 / //
Count R ate  10  ̂ s  ̂

(I) (II)
ML

(I) (II)
OfF- 

axis '

1 00 02 19.75 -15 14 37.1 2.67±0.30 1.56±0.51 66.6 6.2 14.6
2 00 02 44.72 -15 17 35.5 1.87±0.29 - 29.9 - 15.5
3 00 01 16.37 -15 19 45.1 1.01±0.22 - 15.1 - 13.0
4 00 01 38.44 -15 20 40.8 0.45±0.12 - 10.7 - 8.8
5 00 01 05.92 -15 20 40.7 1.81±0.28 2.54±0.58 31.7 14.3 14.6
6 00 02 20.48 -15 23 11.8 0.73±0.13 0.52±0.20 36.2 7.5 7.4
7 00 01 35.56 -15 27 52.4 1.57±0.17 2.39±0.36 157.5 82.1 5.3
8̂ 00 01 58.24 -15 27 56.7 0.48±0.11 0.59±0.19 18.1 13.5 0.3
9 00 02 31.63 -15 35 48.1 0.76±0.16 - 18.8 - 11.2
10 00 01 51.33 -15 40 02.6 0.77±0.18 - 13.5 - 11.9
11 00 01 41.59 -15 40 44.0 18.33±0.67 16.06±1.15 670.8 171.3 13.1
12 00 02 19.62 -15 19 45.6 0.51±0.14 1.18±0.32 10.2 12.8 10.0
13 00 01 37.05 -15 31 35.6 0.26±0.08 0.70±0.22 9.6 11.7 6.0
t Possible nuclear source.

due to either the shorter e;xposure tim e 1/3) or these sources having decreased 

in brightness. Thus, most of the sources are variable w ith in  half a year.

These is only one globular cluster near th is galaxy, there is no sign of any X-ray 

source being associated with it.

Among the detected sources, one is on the  bar of W LM . A lthough there is no 

obvious optical nuclear source in W LM , this X -ray source (No.8) is close the  centre 

position given by SIMBAD which is Of2ooo =  0^1"*58.0®, ^2000 =  —15°27'50". (See 

Figure 4.6.) Its count rate  of 0.59 x 10“  ̂ s“  ̂ will give a (0.1-2.4 keV) flux of 

f x  =  3.23 X 10'^'* ergs cm~^ s“ ^  assum m ing a power law model w ith photon index 

r  =  2.0 and G alactic column N h  =  2.2 x 10^° cm~^. If th is faint X-ray source 

is associated with the galaxy, a t the distance of abou t 940 kpc, the lum inosity 

L x  =  3.4 X 10̂ ® ergs s“ ^  A lthough some other sources are clearly various between 

two observations, this central source has nearly the  sam e brightness, the variability  

measurement is 0.5.
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Figure 4.6: ROSAT HRI contour plot of WLM overlaid on optical image. The centre 
of the galaxy (from the SIMBAD) is marked with a cross and the D2 5  ellipse is taken 
from the RC3 catalogue. The background level of the HRI image is ~  1.73 cts pix“ ^ 
The contour levels are 1.84, 2.06, 2.28, 2.83 and 3.93 cts pix“ ^ The HRI image has 
5" X 5" pixels and is smoothed with a 3-pixel size Gaussians.

4.8 NGC 205

Besides M32, NGC 205 is another close companion of M31. This small elliptical 

galaxy shows a dozen bright early type stars and several dust clouds in its central 

area, and is one of three small Local Group galaxies that Mateo (1998) considers to
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possess a nucleus.

NGC 205 was observed with the Einstein HRI in January 1975 for about 23.7 

ksec (Markert and Donahue 1985). No X-ray source was detected, giving an upper 

limit L x  < 9  X 10̂ ® ergs s“  ̂ (0.2-4.0 keV).

The ROSAT HRI observation of NGC 205 was carried out in August 1996 with 

28.1 ksec of exposure time (ROR ID 600816). There are 2 PSPC pointings in the 

first ROSAT M31 survey (ROR IDs 600067, 600068) which cover the area of NGC 

205; both of them are in the outer field of the PSPC at about 40' off-axis angle. 

We checked these two PSPC frames, there are no sources which are associated with 

NGC 205.

Table 4.9: Sources within ROSAT HRI field of NGC 205

Source
No.

02000 
k m  s

<̂2000 
o / n

Count Rate 
10-3 s - i ML

Off-axis
! Notes

1 00 39 47.11 +41 56 58.4 4.10+0.86 12.1 16.7
2 00 38 58.93 +41 50 17.2 2.68±0.60 13.7 17.4
3 00 38 56.12 +41 47 54.5 4.86+1.02 11.5 16.8
4 00 39 52.02 +41 45 17.8 1.16+0.26 21.5 6.4 3
5 00 40 01.49 +41 45 12.0 0.74+0.20 15.8 5.0
6 00 40 58.22 +41 43 54.1 0.84+0.22 16.2 7.7 1
7 00 40 46.37 +41 40 52.7 0.64+0.19 15.0 5.1
8 00 40 07.94 +41 40 14.6 0.86+0.20 28.9 2.4
9 00 41 43.70 +41 34 18.2 14.57+0.95 272.4 17.3 1,2
10 00 40 53.40 +41 32 24.2 1.41+0.32 16.7 11.0 2
11 00 39 47.77 +41 31 48.1 1.59+0.36 15.5 11.3
12 00 40 14.55 +41 29 38.4 1.58+0.36 15.7 11.8
13 00 40 27.23 +41 29 11.8 1.54+0.37 13.2 12.3 2,3
14 00 39 43.50 +41 24 55.7 6.54+1.06 22.1 17.8
Note: 1. W ith optical counterpart; 2. also detected in M31 PSPC survey;
3. with possible optical counterpart.

The brightest X-ray source in the HRI field is located at the edge with an off-axis 

angle of 17.3', which is easily identified as a globular cluster, Bol 45. Apart from 

this, 13 sources are detected with M L  > 10 (Table 4.9 and Figure 4.7); 3 out of these 

may have optical counterparts as well. Table 4.10 lists all 4 possible counterparts.
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Table 4.10; Possible optical counterparts w ithin ROSAT HRI field of NGC 205

Name <^2000
h  m  s

<̂ 2000 
0  /  II

P_mag OfTset

GSC 2792_01681 0 0  39 52.01 +41 45 10.6 14.3 7" from # 4

SAO 36570 00 40 57.91 +41 43 51.6 9.4 4" from # 6

Bol 45 00 41 43.25 +41 34 20.6 15.8 6 " from # 9
Bol 7 00 40 27.60 +41 29 10.7 18.0 4" from # 1 3

The 2 globular clusters listed (Bol 45 and Bol 7) are more likely associated w ith 

M31. At the positions of several globular clusters which may belong to  NGC 205 

(B attistin i et al. 1987, Hubble 1932), no source was found.

Source No .8  is the only one located w ithin the D 25 area of NGC 205, bu t there 

is no sign of an optical counterpart. Two possible sources w ith 6.0 <  M L  <  10 are 

found near the centre, bu t still ~  1.4' away from it. However, from the different 

sm oothed images and contour plots, there seems to  be some diffuse emission in the 

central area (c/. Figure 4.7). The upper lim its are calculated for several central 

positions. A typical value is found for the P alum bo’s position (02000  =  0^40"*22.0®, 

<̂ 2000 =  +41°41'25.8", mean error 0.7", Palum bo et al. (1988)), abou t 8  net counts 

are collected w ithin 15" around a position th a t moved 8 " to  the West from the 

optical position of this galaxy (see also Section 6.2.1. T he upper lim it count rate  

is 4 .2x10“  ̂ s“ ^ Using a power law model w ith photon  index =  2.0 and G alactic 

Nh  =  6.74 X lÔ '̂  cm “ ,̂ the  unabsorbed (0.1-2.4 keV) flux and lum inosity are 

f x  <  3.3 X 10“ “̂* ergs cm “  ̂ s“  ̂ and L x  <  2.1 x 10̂ ® ergs s“  ̂ a t the distance of 725 

kpc.

4.9 Sextans A

The ROSAT has observed Sextans A w ith bo th  th e  P SPC  and HRI detectors. The 

PSPC observation (ROR 600139) was carried out from 23 November to  2  Decem ber 

1991 with an exposure tim e of 6.7 ksec. Table 4.11 lists 18 sources detected w ith 

M L  >  10. Source N o.16 can be identified as a s tar, HD 88682 (02000  =  10*13"*31.30^,
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Figure 4.7: ROSAT HRI contour plot of NGC 205 overlaid on optical image covering 
the whole HRI area. The centre of the galaxy (Palumbo et al. 1988) is marked with 
a cross and the D 25 ellipse is taken from RC3 catalogue. The background of the HRI 
image is ~  1.06 cts pix“ ^ The contour levels are 1.17, 1.28, 1.39 and 1.50 cts pix~^ 
The HRI image has 5" x 5" pixels and is smoothed with a 3-pixel size Gaussians.

^2000 =  —5°5'14.4"), which has spectral type F2 and magnitude tub = 7.9. Figure 4.8 

shows the contour plot of the central 40' x 40' area.

The two HRI observations were carried out on 10 December 1991 and 22 May 

1992 with exposures of 11.5 and 18.3 ksec respectively. Table 4.12 lists all sources 

detected with M L  > 10 in either data set. The sources th a t are also detected with
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Table 4.11: Sources and count rates within ROSAT PSPC field of Sextans A

Source Ct2000 2̂000 Count Rates
ML

Off-axis HRJt
No. h m s 0 / // 10-^ s"i / source
1 10 10 07.84 -04 04 15.6 22.1±3.7 25.1 39.6
2 10 11 30.13 -04 23 18.8 6.7±1.4 24.4 19.4
3 10 11 29.71 -04 29 47.5 3.3±1.0 13.3 13.5
4 10 11 10.76 -04 31 15.6 3.3±0.9 16.3 10.4
5 10 10 11.53 -04 33 34.3 5.4±1.1 32.4 14.9
6 10 09 56.38 -04 37 32.9 4.9±1.2 16.2 16.9
7 10 11 32.40 -04 38 43.1 4.0±0.9 26.4 7.9 3
8 10 11 24.68 -04 42 20.0 26.5±2.1 406.2 5.6 4
9 10 11 07.82 -04 47 40.7 5.3±1.0 41.3 6.4 6
10 10 10 35.51 -04 47 46.8 12.7±1.5 155.1 9.3 7
11 10 11 02.22 -04 48 37.1 2.9±0.8 15.3 7.2
12 10 11 42.33 -04 49 23.2 4.6±1.1 21.9 12.8
13 10 13 20.85 -04 55 42.3 10.5±2.7 10.8 37.3
14 10 10 25.86 -04 55 53.2 4.7±1.3 11.2 17.1
15 10 13 55.18 -04 56 30.7 26.3±5.3 21.3 45.6
16 10 13 31.24 -05 05 14.1 138.6±7.1 466.8 44.1
17 10 11 27.09 -05 05 51.0 47.7±3.5 220.8 25.2
18 10 09 03.72 -05 16 44.4 67.8±5.9 116.6 46.1
 ̂ see Table 4.12.

PSPC are listed in Table 4.11. The brightest source in the HRI field (No.4, see 

Figure 4.9) is at the edge of the galaxy, but no optical object can be seen on the

Table 4.12: Sources and count rates within ROSAT HRI field of Sextans A

Source
No.

«2000 
h m s

<̂2000 
O /  f /

Count Rate 10  ̂ s ^
(I) (II)

ML
(I) (II)

Off- 
axis '

1 10 10 51.13 -04 34 15.9 1.0±0.4 - 11.4 <6.0 7.7
2 10 10 37.70 -04 35 09.4 - 1.2±0.3 <6.0 15.6 8.8
3 10 11 33.14 -04 38 41.7 1.9±0.5 0.7±0.2 22.4 9.0 8.1
4 10 11 24.85 -04 42 19.9 8.0±0.9 8.6±0.7 269.2 478.6 5.7
5 10 11 06.19 -04 44 12.5 0.8±0.3 0.5±0.2 12.0 11.9 3.0
6 10 11 07.92 -04 47 43.3 2.0±0.5 1.6±0.3 39.0 47.6 6.5
7 10 10 35.47 -04 47 53.9 2.4±0.5 5.4±0.6 32.5 160.7 9.3
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Figure 4.8: ROSAT PSPC contour plot of Sextans A, central 40' x 40' area. The 
PSPC image has 15" x 15" pixels and sm oothed w ith 2-pixel size G aussian. The 
background is ~  0.35 cts pix“ .̂ The contour levels s ta rt w ith 0.50 cts pix”  ̂ and 
increase by 0.15 cts p ix '^  The SIMBAD position of the galaxy is marked w ith a 
cross and the X-ray sources are m arked w ith source num bers (see Table 4.11).

DSS for this source, nor for others. As of the  position, No.5 is the most likely one to 

be associated with the galaxy, bu t it is no t in the  central area and it is too weak to 

be seen as a source in the relatively short P S PC  observation. However the contour 

plot does show the higher counts a t the position (Figure 4.8).

From the PSPC observation, we calculate the upper lim its a t several catalogued 

optical positions for this galaxy. The biggest value is from the RC3 position, the 

upper lim it count rate  is 1.3 x 10“  ̂ A ssum ing power a law model w'ith photon 

index =  2.0 and Galactic column N// =  3.85 x 10^° cm “^, the unabsorbed flux and 

luminosity are f x  <  2.8 x 10“ “̂* ergs cm~^ s~  ̂ and Lx <  5.8 x 10̂ ® ergs s“  ̂ (0.1- 

2.4 keV), a t the distance of 1.3 Mpc. For com parison, the upper lim it count rate
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Figure 4.9: ROSAT HRI contour plot of Sextans A overlaid on optical image covering 
whole HRI area. The position of the galaxy from SIMBAD is marked with a cross. 
The background level in HRI image is ~  0.5 cts pix“ .̂ The contour levels are 0.6, 
0.7, 0.8 and 0.9 cts pix“ ^ The HRI image has 5" x 5" pixels and is smoothed with 
a 3-pixel size Gaussians.

of the second deeper HRI observation is 0.21 x 10“  ̂ s“ ^ Using the same model, 

/a' < 1.4 X 10“ '̂* ergs cm“  ̂ s“ ,̂ Lx < 2.8 x  10̂ ® ergs s“  ̂ (0.1-2.4 keV).
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4.10 Fornax

The Fornax dwarf is the brightest dwarf spheroidal galaxy among the satellites of our 

Galaxy. Kinematic study suggests tha t the central mass-to-light ratio is 12.3 (Mateo 

et al. 1991). The core radius for a King model fit is 16 .7 '±1.8 ' (Eskridge 1988). The 

stellar population of dwarf spheroidals can have an interm ediate age component as 

well as the older globular cluster type population. Fornax is believed to lie in the 

middle of the range, having a 25% intermediate age component.

The first X-ray observation of Fornax was carried out with the ROSAT PSPC 

in February 1992. W ith an exposure time of 10.6 ksec, Gizis et al. (1993) detected
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Figure 4.10: ROSAT PSPC contour plot of Fornax, central 40' x 40' area. The 
PSPC image has 15" x 15" pixels and smoothed with 2-pixel size Gaussians. The 
background level is 0.83 cts pix ^  The contour levels are 0.97, 1.11, 1.39, 1.53 
and 2.37 cts pix“ ^ The SIMBAD position of the galaxy is marked with a cross and 
the X-ray sources are marked with source numbers (see Table 4.13.)
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18 discrete sources in the field but they argue that those sources are attributable to 

the expected extragalactic background.

Table 4.13: Sources within ROSAT PSPC field of Fornax

Source No. 0̂ 2000 
h  m  s

(̂ 2000 
o t n

Count Rate 
10-3 s-^ ML

OfF-axis
1

1 02 38 28.26 -33 56 55.9 20.01±3.31 23.1 38.7
2 02 41 48.48 -34 00 50.0 10.90±2.41 13.3 38.3
3 02 41 10.37 -34 05 31.3 6.77±1.62 12.1 30.0
4 02 40 02.20 -34 07 44.0 5.34±1.22 15.4 23.5
5 02 41 15.82 -34 09 48.5 7.52±1.61 15.8 27.1
6 02 40 15.05 -34 13 15.6 12.15±1.40 90.0 18.4
7 02 39 49.00 -34 14 28.6 3.95±0.94 15.5 16.8
8 02 42 08.99 -34 15 25.7 18.19±3.00 15.4 31.8
9 02 39 13.27 -34 17 53.2 8.36±1.45 17.4 15.9
10 02 39 07.59 -34 18 32.3 8.54±1.37 29.2 16.0
11 02 39 49.65 -34 20 02.5 5.23±0.91 40.2 11.2
12 02 39 34.36 -34 21 54.1 6.90±0.96 83.5 10.2
13 02 39 33.03 -34 25 29.9 4.13±0.80 33.5 7.3
14 02 40 33.73 -34 27 01.0 6.31±0.95 62.7 9.0
15 02 37 25.81 -34 30 10.1 12.60±2.02 30.1 30.8
16 02 39 25.95 -34 32 42.6 6.05±1.05 23.5 6.2
17 02 40 07.94 -34 34 16.2 4.54±0.81 40.4 4.0
18 02 36 58.65 -34 34 51.9 14.23±2.35 28.2 36.5
19 02 39 15.65 -34 35 25.2 3.37±0.73 25.7 9.2
20 02 39 03.47 -34 36 39.1 3.91±0.82 24.4 12.0
21 02 38 48.62 -34 36 54.1 3.73±0.83 20.8 14.8
22 02 40 18.80 -34 37 17.7 4.31±0.77 45.3 7.8
23 02 40 38.71 -34 38 56.9 10.07±1.17 107.6 11.8
24 02 42 07.62 -34 39 47.8 33.92±2.53 192.9 28.6
25 02 38 55.38 -34 40 47.5 3.06±0.80 13.7 15.6
26 02 40 18.11 -34 43 26.0 3.98±0.95 12.0 13.1
27 02 40 39.01 -34 48 01.2 7.83±1.20 42.8 19.1
28 02 38 41.89 -34 47 46.3 6.26±1.34 14.9 22.4
29 02 36 56.26 -34 51 16.3 13.09±2.97 13.1 41.9
30 02 42 31.90 -35 07 28.6 15.06±3.71 12.0 48.5
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We re-examined data and get 30 sources with M L  > 10 (Table 4.13). After 

searching various catalogues, we found only for No.22 a possible optical counterpart, 

GSC 0701400651, which is a 13.9"^ non-stellar object (0 : 2 0 0 0  =  2^40"^19^, ( ^ 2 0 0 0  =  

—34°37'20.2"). No.24 is the brightest source in the field with about 280 counts.

Tinney et al. (1997) present the first sample of QSOs behind the 3 dwarf 

spheroidal galaxies, Fornax, Carina and Sculptor. For Fornax, 2 QSOs, which 

are QJ0240-3443A (QJ0240-3443B) and QJ0240-3438 can be identified as X-ray 

sources. Nos. 17 and 23 respectively.

W ithin the central area of the galaxy around the position given by NED and 

SIMBAD of the galaxy, there is no clear sign of diffuse emission (see contours in 

Figure 4.10), as Gizis et al. (1993) had concluded already. The upper limit count- 

rate is calculated as 1.4 x 10“  ̂ s“  ̂ for the position given by SIMBAD. Using a power 

law model with photon index =  2.0 and Galactic column = 2.87 x 10^“ cm“ ,̂ 

it predicts an unabsorbod flux of f x  < 2.6 x 10“ "̂̂ ergs cm~^ s“  ̂ (0.1-2.4 keV). At 

the distance of the galaxy of 131 kpc, the luminosity L x  < 5.3 x 10^  ̂ ergs s"^

4.11 NGC 3109

There are two data sets in the ROSAT data  archive about NGC 3109. Both are 

PSPC including the galaxy in the center of the field of view. The first observation 

was carried out between 26 May and 10 June 1992 with 18.5 ksec exposure time. 

55 sources detected with M L  > 10 are listed in Table 4.14. There is no source near 

the SIMBAD sources in the area. The brightest source is a t the edge of the field 

(No.23) with about 2300 counts. It is a supersoft source with HRi =  —0.92 ±  0.01 

and HR 2  =  0.39 ±  0.24.

There are a few source around the D 2^{= 19.1') isophote (i?2 s =  5.1, P A  = 93°), 

but none of them is located at central position. At the SIMBAD position, the 

upper limit count rate is 0.82 x 10“  ̂ s“ .̂ Using the power law model with photon 

index =2.0 and Galactic column N h  = 4.23 x 10^° cm“ ,̂ we get the unabsorbed flux 

f x  =  1.9 X 10“ “̂̂ ergs cm“  ̂s“  ̂ (0.1-2.4 keV) and luminosity L x  = 3.6 x 10̂ ® ergs s“ ^



Table 4.14: Sources and count rates within ROSAT PSPC field of NGC 3109: I
Source
No.

0:2000 
h m  s

<520 00o / //
C ount R ate  

10 -3  g - i ML
Off-axis

/
Source 

in 11+
1 10 03 43.98 -25 31 21.6 16.4±2.7 13.8 39.1
2 10 04 12.39 -25 35 54.5 8 .9±1.9 13.4 36,7
3 10 05 35.53 -25 41 42.5 21.7±3.3 15.2 43.5
4 10 05 32.17 -25 41 37.6 15.9±2.8 14.4 42.9
5 10 04 58.33 -25 44 54.3 16.6±1.6 91.1 35.1 3
6 10 02 03.24 -25 47 39.7 2 .8±0.7 10.7 26.2
7 10 03 01.13 -25 51 20.7 4 .1±0.6 46.6 18.3 5
8 10 02 57.72 -25 54 30.0 2 .2±0.5 21.5 15.3 6
9 10 02 36.01 -25 56 28.1 4 .3±0.6 58.6 14.9
10 10 03 14.86 -25 56 57.5 1.5±0.4 14.5 12.8 7
11 10 04 49.96 -25 58 16.2 7.6±1.0 54.5 25.7 8
12 10 01 13.69 -25 58 28.2 5.6±1.2 13.0 27.8
13 10 03 15.19 -25 58 43.7 1.5±0.4 15.2 11.0
14 10 03 31.16 -25 58 47.5 3.0±0.5 42.1 12.1
15 10 02 51.83 -25 59 34.2 1.2±0.4 10.8 10.6
16 10 02 29.38 -26 00 02.1 2.0±0.4 21.4 12.8
17 10 03 20.47 -26 00 25.1 1.9±0.4 25.4 9.6
18 10 03 05.08 -26 00 50.0 2.3±0.5 26.2 00 00 9
19 10 02 50.57 -26 01 07.2 4 .4±0.6 82.0 9.3 10
20 10 01 12.89 -26 02 43.6 6 .6±1.2 16.0 26.6
21 10 02 32.19 -26 02 34.9 5 .5±0.6 126.1 10.5 12
22 10 02 18.82 -26 03 33.0 2 .8±0.5 34.6 12.4 13
23 09 59 38.02 -26 04 29.4 224.4±5.4 1841.3 47.2 14
24 10 01 48.76 -26 04 45.6 1.9±0.5 12.0 18.3 15
25 10 02 03.27 -26 05 03.5 2.1±0.5 12.9 15.1
26 10 03 17.72 -26 07 12.0 24.0±1.2 1324.6 3.4 19
27 10 03 41.84 -26 09 05.0 4 .4±0.6 113.1 7.8 21
28 10 02 59.64 -26 10 11.2 8 .3±0.7 303.5 1.8 22
29 10 02 14.82 -26 10 51.2 2 .5±0.5 19.2 11.8 23
30 10 03 49.21 -26 11 13.5 1.2±0.3 11.6 9.6
31 10 03 56.60 -26 11 08.4 1.6±0.4 11.8 11.2
32 10 03 36.56 -26 11 42.6 1.3±0.4 15.7 6.9
33 10 02 58.77 -26 11 55.0 4 .0±0.5 101.1 3.0 24
34 10 02 42.03 -26 12 16.4 4 .1±0.5 105.9 6.2 25
35 10 03 45.03 -26 12 34.1 1.9±0.4 18.9 9.0
36 10 04 25.00 -26 12 47.8 6.5±0.8 71.5 17.7 26
37 10 03 22.95 -26 13 25.1 1.5±0.4 20.3 5.2
38 10 05 55.87 -26 13 24.2 8 .9±1.6 22.1 38.0
39 10 03 28.68 -26 13 44.0 2.1±0.4 35.3 6.4 27
40 10 02 20.19 -26 14 03.3 2 .3±0.5 30.7 11.4 28
41 10 04 57.93 -26 14 14.7 3 .4±0.8 11.8 25.3
42 10 05 34.07 -26 16 02.6 11.7±1.9 19.6 33.6
43 10 02 34.32 -26 20 06.1 3 .5±0.6 26.8 12.8
44 10 05 04.04 -26 19 48.0 6 .7±0.0 22.3 28.1
45 10 03 40.56 -26 20 28.2 1.5±0.4 13.5 13.2
46 10 04 48.39 -26 20 32.0 13.2±1.2 112.6 25.2 30
47 10 01 08.48 -26 20 28.3 3 .9±1.0 11.5 28.8
48 10 02 48.30 -26 21 44.2 2.0±0.4 22.1 12.9
49 10 03 44.18 -26 22 18.7 1.6±0.5 10.6 15.2
50 10 02 30.92 -26 22 28.7 4 .7±0 .7 55.8 15.2 31
51 10 03 05.61 -26 22 41.5 1.7±0.4 19.4 13.1
52 10 01 09.89 -26 26 16.9 4.3±1.1 10.7 31.1
53 10 02 25.15 -26 26 37.8 1.7±0.5 10.6 19.5
54 10 01 13.85 -26 37 17.8 13.1±1.9 25.3 37.6
55 10 03 24.23 -26 43 21.8 7.7±1.2 36.9 34.0 34
t Also detected in the  2nd d a ta  set. See Table 4.15 for source Nos.
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Table 4.15: Sources and count rates within ROSAT PSPC field of NGC 3109: II
Source
No.

Q 2000
h  m  s

^2000
0  ! II

Count Rates 
10-^ s - i ML

Off-axis
/

1 10 01 42.92 -25 26 15.5 21.7±3.9 12.7 47.3
2 10 04 32.69 -25 36 33.8 18.6±3.1 12.3 38.2
3 10 05 00.27 -25 44 32.0 9.8±1.7 22.7 35.7
4 10 04 15.23 -25 45 31.7 7.9±1.6 12.6 28.5
5 10 03 00.34 -25 51 18.0 3.0±0.7 22.4 18.4
6 10 02 58.15 -25 54 17.4 2.3±0.6 16.5 15.4
7 10 03 14.86 -25 56 54.1 2.4±0.5 21.6 12.8
8 10 04 49.70 -25 58 28.2 6.3±1.1 25.0 25.6
9 10 03 05.20 -26 00 58.3 1.9±0.5 15.1 8.6
10 10 02 50.19 -26 01 06.4 2.0±0.5 19.2 9.3
11 10 05 42.96 -26 01 11.8 14.1±2.3 25.0 36.0
12 10 02 32.63 -26 02 36.9 9.8±1.0 218.3 10.4
13 10 02 18.86 -26 03 14.8 2.6±0.6 29.3 12.6
14 09 59 37.90 -26 04 17.5 238.7±6.4 1662.4 47.3
15 10 01 51.37 -26 04 26.5 3.2±0.7 19.2 17.8
16 10 03 51.87 -26 04 45.5 3.3±0.6 38.9 11.1
17 10 05 16.60 -26 06 11.4 4.3±1.1 10.4 29.2
18 10 03 49.65 -26 06 34.8 1.8±0.5 14.7 10.0
19 10 03 17.97 -26 07 09.7 19.5±1.3 658.6 3.4
20 10 06 26.95 -26 07 28.8 17.4±2.7 29.1 44.9
21 10 03 41.86 -26 08 58.4 3.6±0.6 54.7 7.8
22 10 02 59.91 -26 10 03.2 7.3±0.8 169.0 1.7
23 10 02 13.23 -26 10 49.9 1.9±0.5 12.8 12.2
24 10 02 59.13 -26 11 51.6 3.4±0.6 53.0 2.9
25 10 02 42.07 -26 12 08.1 4.6±0.7 83.4 6.2
26 10 04 24.68 -26 12 26.9 3.3±0.7 18.1 17.6
27 10 03 28.93 -26 13 36.4 1.9±0.5 18.8 6.3
28 10 02 20.50 -26 13 56.6 2.5±0.6 24.6 11.3
29 10 00 25.91 -26 16 11.1 7.3±1.6 14.3 36.8
30 10 04 50.91 -26 20 25.4 13.8±1.6 65.9 25.6
31 10 02 30.65 -26 22 17.9 4.9±0.8 32.7 15.1
32 10 03 23.22 -26 29 54.2 7.2±1.0 52.5 20.6
33 10 02 52.12 -26 41 45.3 8.8±1.9 13.1 32.3
34 10 03 25.30 -26 43 22.0 11.8±2.1 19.8 34.0
35 10 01 15.83 -26 44 06.3 18.3±3.1 21.3 42.6
36 10 04 16.98 -26 51 31.0 19.8±3.6 16.1 44.7
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Figure 4.11; ROSAT PSPC contour plots of NGC 3109, central 40' x 40' area. The PSPC images have 15" x 15" pixels and 
smoothed with 2-pixel size Gaussians. (a) The first observation. The background level is ~  0.87 cts pix“ ^ The contour levels 
are 1.27, 1.47, 1.87, 2.87, 4.87 and 10.8 cts pix~^ (b) The second observation. The background is ~  0.75 cts pix“ ^ The contour 
levels are 1.01, 1.14, 1.40, 2.05, 3.35 and 7.25 cts pix“ ^ The SIMBAD position of the galaxy is marked with a cross and the 
X-ray sources are marked with source numbers (see Tables 4.14 and 4.15).
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at the distance of 1.26 Mpc.

The second observation was carried out on 18 November 1992. It pointed at the 

same area as the first one and, because of less exposure time (13.3 ksec), less sources 

are detected. Table 4.15 lists all 36 sources of which 23 sources have been seen as 

marked in the first data set (Table 4.14). They are no changes as regards the region 

at the optical position of NGC 3109.

4.12 Pegasus

Pegasus was observed with the ROSAT PSPC in June 1992 for about 8.8 ksec (ROR 

600143). 23 sources are detected with M L  > 10 (Table 4.16). Searching SIMBAD
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Figure 4.12: ROSAT PSPC contour plot of Pegasus, central 40' x 40' area. The 
PSPC image has 15" x 15" pixels and smoothed with 2-pixel size Gaussians. The 
background level is ~  0.44 cts pix“ ^ The contour levels are 0.66, 0.77, 0.99, 1.54 
and 2.64 cts pix~^ The SIMBAD position of the galaxy is marked with a cross and 
the X-ray sources are marked with source numbers (see Table 4.16).
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Table 4.16: Sources and count rates w ithin ROSAT P SPC  field of Pegasus

Source 012000 (̂ 2000 Count R ates Off-axis
h  m  s  o I n  10~^ S~̂  '

1 23 27 35.73 +15 32 26.0 24.8+0.0 28.1 49.4
2 23 28 18.91 +  15 29 51.4 43.5±4.2 86.6 45.0
3 23 27 24.09 +  15 24 57.0 159.8+6.4 782.3 43.3
4 23 25 47.16 +  15 08 12.3 37.8+5.6 12.1 46.4
5 23 27 17.56 +15 02 31.1 5.5+1.3 15.7 25.4
6 23 29 03.33 +  14 56 29.4 3.8+0.9 20.0 13.6
7 23 28 50.93 +  14 52 45.2 2.2+0.7 11.2 8.8
8 23 27 37.97 +  14 45 56.4 3.8+0.8 29.2 13.5
9 23 28 20.52 +  14 46 03.8 4.4+0.9 22.5 3.3
10 23 27 35.05 +  14 44 27.7 10.6+1.3 103.9 14.2
11 23 28 07.38 +  14 42 11.2 3.6+0.8 33.7 6.9
12 23 28 21.62 +  14 41 35.2 2.9+0.7 25.0 4.5
13 23 28 33.86 +  14 39 29.2 3.2+0.7 31.5 5.5
14 23 30 43.52 +  14 38 00.0 11.8+ 2.1 25.8 32.2
15 23 24 51.74 +  14 38 25.8 23.4+5.2 12.4 54.1
16 23 28 16.77 +  14 31 59.6 3.6+0.8 24.3 13.6
17 23 28 03.90 +  14 31 08.6 3.4+0.8 19.9 15.6
18 23 25 25.34 +  14 29 16.5 41.6+4.6 64.8 48.2
19 23 29 58.90 +14 27 52.8 6 .9+1.6 14.5 26.8
20 23 28 14.08 +  14 27 45.8 4.0+0.9 22.7 17.9
21 23 28 45.90 +  14 19 25.8 5.8+1.3 17.5 25.7
22 23 28 04.44 +  14 17 36.0 10.9±1.9 23.5 28.3
23 23 28 37.71 +13 59 32.7 125.0+6.0 522.4 45.5

sources, the 13.3"* K5 star BD +13 5114 can be the coun terpart of N o.10. The 

coordinates for BD +13 5114 are 0:2000 =  23^27"*34.7^ and (̂ 2000 =  +14°44'24". 

There is one source (No.9) located within the D 25 (=  5.0') ellipse of the galaxy, 

but not in the central area (c/. Figure 4.12) There is no source detected close to 

the SIMBAD position for this galaxy and the upper lim it count ra te  is 1.3 x 10^^ 

s“ ^  Using the power low model w ith photon index = 2.0  and  G alactic column 

4.06 X 10̂ *̂  cm “ ^, this predicts an unabsorbed (0.1-2.4 keV) flux and lum inosity as 

f x  =  3.0 X lO" '̂^ ergs cm “  ̂ s“  ̂ and L x  =  1.2 x 10^^ ergs s~^ a t the  distance of
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1.80 Mpc.

4.13 Carina

Carina was observed with the ROSAT PSPC in April 1992 for about 8,792 seconds. 

33 sources are found with ML > 10 (Table 4.17), among which 2 may have optical 

counterparts. No.19 is about 4" aŵ ay from the star HD 48652 (F2V, 9.7”*), while 

No.29 is about 1' away from the star CD-51 2021 (FO, 10"*). The latter one is just 

w'ithin the FWHM of the PSF at the off-axis angle of 32.5'. However, No.29 may be 

more likely identified with a Seyfert I galaxy which is listed by Tinney et al. (1997)
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Figure 4.13: ROSAT PSPC contour plot of Carina, central 40' x 40' area. The 
PSPC image has 15" x 15" pixels and smoothed with 2-pixel size Gaussians. The 
background is ~  0.50 cts pix“ .̂ The contours are 0.76, 0.89, 1.15 and 1.80 cts pix“ \  
The cross in the centre refers to the SIMBAD/NED position of the galaxy and the 
X-ray sources are marked with source numbers (see Table 4.17).
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Table 4.17: Sources and count rates within ROSAT PSPC field of Carina

Source
No.

02000 
h  m  s

<̂2000 
O /  f f

Count Rates 
10"^ s - i ML

Off-axis
/

Source
Ident.

1 06 42 33.69 -50 21 40.7 9.9±2.3 13.5 37.6
2 06 43 14.77 -50 23 43.8 12.8±2.5 18.7 37.9
3 06 39 13.22 -50 25 47.5 21.0±4.2 10.2 39.5
4 06 40 55.59 -50 31 42.6 45.5±3.0 295.8 27.2 QJ0640-5031
5 06 45 25.85 -50 41 21.0 13.3±2.9 14.0 40.0
6 06 41 40.42 -50 42 38.2 3.4±0.9 16.7 15.6
7 06 44 29.84 -50 43 17.3 13.3±2.1 33.9 31.2
8 06 43 53.30 -50 43 31.0 7.1±1.7 11.3 26.2
9 06 44 00.88 -50 48 10.8 22.1±2.1 124.6 25.0
10 06 41 45.12 -50 48 01.8 2.5±0.7 11.5 10.3
11 06 40 22.54 -50 49 06.3 2.9±0.8 10.7 14.7
12 06 41 45.46 -50 50 16.4 8.3±1.1 91.0 8.1 GJ0641-5050
13 06 43 19.75 -50 50 58.7 4.4±1.1 15.1 17.9
14 06 40 53.87 -50 51 23.5 2.6±0.8 11.5 9.5
15 06 41 00.39 -50 55 43.9 3.2±0.8 18.3 6.1 QJ0640-5055
16 06 41 50.74 -50 57 01.3 3.3±0.7 30.5 2.6 ? QJ0641-5057
17 06 40 19.57 -50 58 21.6 7.2±1.1 68.4 12.0
18 06 41 04.73 -50 59 51.2 3.5±0.8 26.1 5.2
19 06 41 39.81 -50 59 48.5 3.6±0.8 34.6 1.7 HD 48625
20 06 40 33.52 -50 59 32.1 2.9±0.8 17.7 9.9
21 06 40 20.74 -51 00 53.6 2.2±0.7 11.2 12.1
22 06 46 30.68 -51 00 37.6 11.0±2.8 10.2 46.4
23 06 39 14.73 -51 07 09.7 6.6±1.5 14.4 23.9
24 06 40 52.02 -51 12 05.5 5.2±1.1 25.4 15.5 QJ0640-5112
25 06 38 32.66 -51 12 47.5 12.7±2.2 27.0 32.3
26 06 39 21.89 -51 14 51.5 11.9±2.0 27.5 26.8
27 06 42 30.52 -51 18 42.8 6.3±1.3 22.1 22.2
28 06 40 38.75 -51 23 15.8 7.6±1.5 21.5 26.6
29 06 39 40.70 -51 25 16.2 184.2±5.8 1824.0 32.5 GJ0639-5125
30 06 42 38.92 -51 25 40.7 5.2±1.4 10.1 29.2
31 06 42 25.04 -51 32 27.5 50.9±3.6 217.6 35.1
32 06 41 32.03 -51 32 44.4 10.7±2.4 13.5 34.5
33 06 40 42.21 -51 39 44.0 64.3±4.7 161.3 42.4

as an AGN, GJ0639-5125 {z =  0.108 ±0.001). 5 other sources can be identified with 

QSOs Tinney et al. (1997) from as well. We list these identifications in Table 4.17,
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with a ‘?’ for No. 16 because the offset is well above 10".)

Apart from No. 19, a few other sources are within D 25 (=  23.4') ellipse, namely 

No.12, 15, 16, 18 and 20. No.10, 14, 17 and 21 are just outside the ellipse. At the 

positions of No. 15, 17 and 20, there are visible spots in the POSS image tha t are 

catalogued in the GSC. The remaining ones in or near the D 25 could be associated 

with the galaxy. No.16 (a QSO?) is the nearest source from the SIMBAD position 

of the galaxy (Figure 4.13). From the SIMBAD position, the upper limit count 

rate is 1.5 x 10“  ̂ s“ .̂ This rate actually calculated by EXSAS from the counts 

collected from the area with two contours just NW to the SIMBAD position. Using 

the r  =  2.0 power law model and Galactic column N h  =  3.9 x 10^° cm“ ,̂ the 

unabsorbed (0.1-2.4 keV) flux f x  < 3.4 x 10“ '̂* ergs cm“  ̂ s“  ̂ and luminosity 

L x  < 3.1 X 10̂ '* ergs s“  ̂ at the distance of 87 kpc.

4J 4  Sculptor

The Sculj)tor dwarf elliptical galaxy was observed on 1 and 2  July 1992 with the 

ROSAT PSPC for 9,887 seconds (ROR 600378). 51 sources with M L  > 10 are de­

tected and listed in Table 4.18. No SIMBAD source is found as optical counterpart. 

Tinney et al. (1997) lists 11 QSO/AGN objects th a t may all have been detected as 

X-rays sources.

This galaxy covers a large area of the sky with D 25 =  39.8' (tidal radius =  

76.5'). From the contour plot (Figure 4.14), no source is near the central area 

around the SIMBAD position. The upper limit count rate for the SIMBAD position 

is 0.92 X  10“  ̂ s~^. Using the F =  2.0 power law model and Galactic column N h  =  

2.04 X 10̂ *̂  cm—2, the unabsorbed (0.1-2.4 keV) flux f x  < 1-4 x 10“ "̂̂ ergs cm“  ̂

s“  ̂ and luminosity L x  < 1.1 x 10^  ̂ ergs at the distance of 78 kpc.
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Table 4.18: Sources and count rates within ROSAT PSPC field of Sculptor
Source
No.

C»2000
h  m  s

<52000
0 / f f

C ount R ates 
10-3 g - i ML

Off-axis
/

Source
Ident.

1 01 00 04.78 -33 05 28.7 16.4±3.1 18.3 37.3
2 01 02 35.30 -33 10 13.7 20.9±3.6 17.1 39.8
3 01 01 54.94 -33 11 31.3 8.1±1.9 12.3 34.2
4 01 00 12.11 -33 16 22.6 10.0±2.1 12.0 26.3
5 01 00 20.46 -33 25 13.5 4.2±1.0 18.9 17.3
6 00 57 52.28 -33 28 16.5 19.7±2.9 32.5 37.7
7 GO 58 17.08 -33 28 43.1 14.8±2.3 32.2 32.7
8 01 02 38.01 -33 29 53.7 13.5±2.0 35.0 27.2
9 01 01 04.83 -33 30 10.7 16.7±1.5 194.8 12.8 G J
10 01 00 32.17 -33 32 02.8 3.0±0.8 17.0 10.1
11 01 01 17.61 -33 33 44.8 3.1±0.8 17.1 11.3
12 01 00 42.21 -33 35 09.4 4.1±0.9 14.8 6.8
13 00 59 26.65 -33 34 51.5 2.9±0.8 12.0 17.0
14 01 01 23.24 -33 36 14.5 3,8±0,8 23.3 10.5
15 01 00 09.52 -33 37 31.2 8,9±1,1 108.1 7.9
16 00 58 11.91 -33 38 15.5 33,8±2,9 121.0 31.2 ? Q J
17 01 00 32.79 -33 38 31,5 7.5±1.0 80.0 3.9 Q J
18 01 00 56.55 -33 40 42,4 8.4±1.1 79.5 3.5 Q J
19 01 00 26.04 -33 41 01,6 2.7±0.7 19.4 3.2 Q J
20 01 03 14.82 -33 40 59.1 7.4±1.8 11.8 32.1
21 01 01 21.73 -33 42 13.7 6.9±1.0 55.0 8.5 Q J
22 00 59 46.50 -33 43 08.0 2.7±0.7 14.3 11.4
23 01 01 48.73 -33 43 33.4 26.6±1.9 348.7 14.2 GJ
24 00 58 25.66 -33 45 43.5 12.0±1,7 47.6 28.3
25 01 01 00.37 -33 46 10.7 2.1±0.6 12.6 5.8
26 01 02 51.08 -33 47 03.3 9.5±1.8 23.4 27.6
27 01 01 16.29 -33 47 27.8 4.5±0.9 31.8 9.2 Q J
28 01 00 29.24 -33 47 32.6 7.3±1.0 84.6 6.0
29 00 57 46.21 -.33 50 16.8 30.3±4.0 32,5 37.2
30 01 00 27.61 -33 51 08.9 54.5±2.5 1272,0 9.6
31 01 00 00.73 -33 55 24.9 17.8±1.6 195,6 15.8
32 01 01 15.96 -33 56 11.1 5.9±1.3 12,6 16.0
33 01 00 45.02 -33 57 07.8 6.3±1.2 27.7 15.2 Q J
34 01 01 ,34.23 -33 57 59.2 9.8±1.6 27.7 19.5
35 00 59 50.18 -33 58 05.2 3.1±0.9 10.0 19.2
36 00 56 57.33 -33 56 23.4 40.2±6.1 18.7 48.6
37 01 03 46.44 -34 05 01.2 38.8±6.2 11.6 44.9
38 00 59 23.85 -34 04 56.4 8.7±1.9 12,7 28.0
39 01 00 30.78 -34 06 23.1 11.8±1.7 39.5 24.5
40 01 03 13.55 -34 07 20.0 36.1±4.9 25,2 40.6
41 01 01 13.64 -34 08 35.0 19.3±2.3 55,5 27.4
42 01 03 19.84 -34 07 54.8 44.3±4.9 48,2 42.0
43 00 58 47.84 -34 13 20.4 24.7±4.4 10,4 39.1
44 00 57 49.21 -34 11 56.1 43.1±5.3 35,9 46.5
45 01 01 56.46 -34 14 08.3 50.0±3.7 152,9 35.8 Q J
46 01 02 24.96 -34 14 41.5 40.8±4.4 68,0 39.2 ? Q J
47 01 00 30.07 -34 15 58.6 11.7±2.1 23,6 34.0
48 00 58 54.85 -34 17 13.6 68.4±5.7 69.5 41.5
49 00 58 47.26 -34 18 13.7 59.3±5.2 89.2 43.2
50 00 59 27.66 -34 18 58.6 11.7±3.0 12.9 40.0
51 01 03 02.59 -34 21 52.1 19.7±4.1 14.6 49.5
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Figure 4.14: ROSAT PSPC  contour plot of Sculptor, central 40' x 40' area. The 
PSPC image has 15" x 15" pixels and sm oothed w ith 2-pixel size G aussians. The 
background level is ~  0.80 cts pix~^. The contours are 1.10, 1.25, 1.55, 2.30, 3.80 
and 8.30 cts pix“ ^ The cross near the centre is the SIMBAD position of th e  galaxy 
and the X-ray sources are marked w ith source num bers (see Table 4.18.)

4.15 Sextans

The ROSAT PSPC pointed on the Sextans dw arf galaxy on 29 May 1992 for 1,946 

seconds (ROR 600148). 13 sources are detected w ith M L  > 10 (Table 4.19). Am ong 

them, N o.l and 2 may belong to  one extended source which is associated w ith  galaxy 

UGC 5515 in a cluster of galaxies. No.3 and 4 can be found near the  s ta rs  BD-00 

2307 (11.6"*, ^2000 =  10'*23"*21.9^ (^2000 =  - r n ' 8 " )  and HD 88488 (A3, 8.5"*, 

0^2000 =  10^12"*14.7^, ^2000 =  —1°15'39") respectively. No.6 is 4" away from a no- 

stellar object catalogued in CSC 1.2 (GSC 0490_400893, 13.02"*).

This galaxy also covers a large area of the sky, w ith a tidal radius of 160' ±  50'.
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Table 4.19: Sources and count rates within ROSAT PSPC field of Sextans

Source
No.

0̂ 2000 
h m s

(
C
2̂000 

) / //
Count Rates 

10-^ s“ ^
OfT-axis 

ML ,

1 10 13 22.59 -00 53 35.0 146.2±17.1 31.4 43.3
2 10 13 40.38 -00 55 44.9 268.0±20.4 116.5 41.9
3 10 13 16.65 -01 10 46.3 31.0±5.8 26.5 26.1
4 10 12 13.71 -01 15 13.7 14.8±3.9 15.5 24.6
5 10 12 57.52 -01 20 49.3 10.6±3.2 10.5 15.8
6 10 12 21.34 -01 28 14.0 120.6±8.5 592.4 13.2
7 10 13 39.85 -01 28 42.5 9.6±2.7 18.3 12.2
8 10 12 49.24 -01 29 57.8 5.0±1.9 12.0 7.4
9 10 14 03.55 -01 34 09.6 12.6±3.6 10.7 15.5
10 10 13 28.25 -01 36 38.5 14.8±3.2 25.9 6.5
11 10 10 56.35 -02 01 16.5 74.3±13.0 21.6 40.0
12 10 11 35.24 -02 06 01.1 25.9±6.6 12.5 36.6
13 10 11 29.20 -02 11 57.6 27.8±7.8 10.0 42.3

Near the SIMBAD position, there is no source detected but some emission can be 

seen from the contour plot. Figure 4.15. From the SIMBAD position, the upper 

limit count rate is calculated from this emission as 5.3 x 10“  ̂ s“ ^  Using the F =  2.0 

power law model and Galactic column N h =  3.86 x lÔ *’ cm “ ,̂ the unabsorbed 

(0.1-2.4 keV) flux f x  < 1.2 x 10“ '̂̂  ergs cm“  ̂ s“  ̂ and luminosity L x  < 1-1 x 10^  ̂

ergs s“  ̂ at the distance of 90 kpc.

4.16 Draco

The Draco dwarf galaxy was observed with the ROSAT PSPC, focussing on the 

centre object Draco C-1 (ROR 200724). The observation was carried out on 1 

April 1992 with an exposure time of 5,336 seconds. 33 sources are detected with 

M L  > 10 (Table 4.20). No.13 is at the centre (Figure 4.16) and listed as a symbiotic 

binary by Bickert et al. (1996). This source has a supersoft X-ray spectrum {a type, 

see Miirset et al. 1996). No.31 is an extended source (> 2') which is believed 

to be associated w'ith a cluster of galaxies. The X-ray position is near the NGC
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Figure 4.15: ROSAT PSPC contour plot of Sextans, central 40' x 40' area. The 
PSPC image has 15" x 15" pixels and smoothed with 2-pixel size Gaussians. The 
background level is ~  0.13 cts pix~^. The contours are 0.23, 0.28, 0.38, 0.63, 1.13 
and 2.63 cts pix“ ^ The cross in the centre indicates the SIMBAD position of the 
galaxy and the X-ray sources are marked with source numbers (see Table 4.19).

6338 in the cluster, that was previously detected in the ROSAT All Sky Survey, 

namely IRXS J171519.5+572430 or RX J1715.3+5724 by Brinkmann and Siebert 

(1994). No.9 can be identified as a binary star HD 238688 (F8, 8.80"*, also SAO 

30348 or V* GM Dra) with coordinates a 2 ooo =  19^20”̂ 21.8S*, ^ 2 0 0 0  =  57°58'27.0". 

Among the rest. No.6 and 15 probably have stellar objects as counterparts which are 

GSC 0389600604 ( ^ 2 0 0 0  =  17'*20"‘37.69^ ^ 2 0 0 0  =  +58°2'11.4") and GSC 0389600822 

(Q2 0 0 0  =  17'*21™58.30*, ^ 2 0 0 0  =  +57°49'21.6").

The SIMBAD lists coordinates of Draco C-1 (0 : 2 0 0 0  =  17^19"*57.5^, ^ 2 0 0 0  =  

57°50'5") as the position of Draco dwarf galaxy as well. But in the NED and RC3 

catalogues, the coordinates are several arcminutes away (NED : 0 2 0 0 0  =  17^20'” 18.7®,
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Table 4.20: Sources and coun t ra te s  w ith in  RO SA T P S P C  field of D raco

Source
No.

02000 
h m s

^2000 
O / //

Count Rates 
10“  ̂ s - i ML

Off-axis
/

1 17 17 51.22 +58 15 14.8 104.5+5.7 513.9 30.4
2 17 17 01.48 +58 14 47.5 21.3+4.0 18.6 34.2
3 17 19 43.43 +58 12 33.4 10.1+2.5 10.6 22.8
4 17 18 56.11 +58 08 07.6 5.4+1.5 12.4 20.1
5 17 20 33.99 +58 08 34.0 29.4±2.9 153.3 19.4
6 17 20 37.62 +58 02 09.4 27.5+2.5 256.5 13.5
7 17 14 10.75 +57 58 14.1 101.0+7.5 183.0 46.8
8 17 19 34.81 +57 58 50.3 12.2+1.7 87.7 9.5
9 17 20 21.62 +57 58 26.0 103.8+4.6 1735.4 9.2
10 17 20 51.84 +57 55 10.7 3.9+1.0 18.2 9.0
11 17 21 06.16 +57 53 34.6 3.4+1.1 10.6 9.9
12 17 24 26.32 +57 53 18.1 13.5+3.2 13.1 35.9
13 17 19 57.79 +57 50 07.3 50.1+3.3 402.8 0.3
14 17 19 21.59 +57 49 42.5 4.6+1.1 23.7 4.8
15 17 21 58.31 +57 49 21.3 75.3+4.2 776.9 16.1
16 17 20 37.22 +57 48 54.4 33.9+2.7 353.1 5.4
17 17 17 48.33 +57 47 50.2 4.8+1.3 13.3 17.3
18 17 15 34.90 +57 46 33.5 18.5+4.2 13.2 35.1
19 17 18 15.43 +57 47 01.2 4.3+1.2 13.7 13.9
20 17 18 01.84 +57 42 21.6 4.1+1.3 10.8 17.1
21 17 20 53.38 +57 41 56.5 3.6+1.1 13.3 10.8
22 17 19 28.49 +57 41 29.4 4.4+1.2 16.9 9.2
23 17 15 27.22 +57 40 17.3 25.8+4.4 24.9 37.3
24 17 18 20.18 +57 39 38.2 7.4+1.5 27.6 16.5
25 17 20 33.96 +57 39 07.9 6.1+1.4 26.4 11.7
26 17 24 54.94 +57 37 44.1 29.8+5.0 25.7 41.5
27 17 20 44.65 +57 35 18.4 10.5+2.0 17.4 15.8
28 17 21 00.81 +57 34 47.3 6.1+1.5 17.4 17.2
29 17 18 29.49 +57 34 23.4 125.3+5.5 1213.7 19.4
30 17 23 54.65 +57 30 03.0 13.4+3.5 10.2 37.3
31 17 15 21.96 +57 24 51.9 581.0+16.2 1330.6 44.5
32 17 24 52.01 +57 23 17.2 48.6+9.0 13.1 47.5
33 17 21 50.71 +57 18 29.9 22.8+4.4 16.3 34.8

^2000 =  57°54'48"; cf. F igure  4.16). For th e  N E D  position , th e  u p p er lim it count 

ra te  is 1.6 x 10“  ̂ s“ ^  Using th e  F =  2.0 power law m odel and  G alactic  colum n
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Figure 4.16: ROSAT PSPC contour plot of Draco, central 40' x 40' area. The 
PSPC image has 15" x 15" pixels and sm oothed w ith 2-pixel size Gaussians. The 
background level is ~  0.42 cts pix“ ^ T he contours are 0.66, 0.78, 1.02, 1.62, 2.82, 
6.42 and 12.42 cts pix"^. T he X-ray sources are marked with source num bers (see 
Table 4.19. The N ED/RC3 position of the  galaxy is marked w ith a cross. The Draco 
C-1 is in the centre of the field (No.13).

N h  =  2.77 X 10^° cm“ ^, the unabsorbed (0.1-2.4 keV) flux f x  < 3.0 x 10“ '̂* ergs 

cm“  ̂ and luminosity L x  < 2.0 x 10^^ ergs s“  ̂ a t the distance of 76 kpc.

4.17 IC 10 and the others

We exam ined the both frames of the ROSAT HRI observations for IC 10, no source 

were found a t the position of the galaxy. T he upper lim it count ra te  from the second 

observation is listed in Table 6.1. The flux and lum inosity are converted w ith the 

r  =  2.0 power law model and G alactic colum n N h  =  4.2 x 10^  ̂ cm “ .̂
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The same model is used for other three galaxies, Tucana, Ursa Minor and Sagit­

tarius, which are included in the PSPC fields with rather large off-axis angles (35', 

52' and 44', respectively). There are no sources detected at the positions of these 

galaxies. The values of the upper limits are also listed in Table 6.1.



Chapter 5

M32

5.1 Introduction

The Androm eda G alaxy com panion M32 (NGC 221) seems to  present itself as a 

promising candidate for a nearby exam ple of low-level nuclear activity. Though 

small, it is one of the nearest E lliptical galaxies w ith a correspondingly clear central 

concentration. Benefitting from recent observational advances, kinem atical and dy­

namical analyses have been pursued th a t probe regions nearer the  nucleus of M32 

than  were reached before {e.g. K orm endy and Richstone 1995, van der Marel et 

al. 1998). The observed kinem atics suggest, together w ith appropria te  dynam ical 

modelling, th a t the central mass d istribu tion  could be consistent w ith the presence 

of a 3 X 10® M© black hole.

When a massive black hole is present in the centre of a galaxy, nuclear activity 

is expected to  be a distinct possibility (depending on available fuel). No signs of 

this were known for M32, bu t a ROSAT PSPC  observation reveals a com paratively 

strong X-ray source coincident w ith its nucleus (Eskridge et al. 1996). There is 

further a suggestion of a weaker source abou t 0.5' NE of the m ain contributing 

source. The PSPC  resolution (also degraded due to  a 17' ofF-axis position of the 

galaxy in the detector) did not allow to  distinguish between a low-level active nucleus 

or a collection of stellar X-ray sources. No distinction on the  basis of the X-ray 

spectrum  could be made between these two possible in terp re ta tions either, since as
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a result of the limited spectral resolution of the PSPC detector several conceivable 

spectral shapes appear to fit the data  perfectly.

In view of these alternative interpretations, X-ray observations of M32 a t higher 

spatial and spectral resolution are evidently of interest. Results from a dedicated 

ROSAT HRI observation were recently published (Loewenstein et al. 1998), which 

provide a spatially much more detailed look at this X-ray source. The fairly strong 

source associated with M32 appears about 10" away from a catalogued optical po­

sition of the galaxy. After subtraction of this source, some residual emission is 

suggested to remain at a position close to the centre of M32. After also an analysis 

of two ASCA observations with greater spectral resolution, the apparent offset of 

the main X-ray source from the centre of the galaxy and the large flux variations on 

relatively short timescale led these authors to propose an X-ray binary rather than 

an AGN as interpretation of this source.

In view of the still ambiguous interpretation of the M32 X-ray source, we have 

taken a fresh look at the available ROSAT data  for this galaxy. Our new analysis 

of existing ROSAT PSPC and HRI data brings out differences with the results 

published previously and contributes to a re-assessment of the nature of this X-ray 

source, with a low-level AGN remaining an appealing possibility.

In the following we include, for completeness, our improved results for the PSPC 

data. The HRI results follow next, providing stronger constraints on the nature of 

the M32 X-ray source. Subsequently possible interpretations of this X-ray source 

are discussed in the light of our improved results.

5.2 X-ray data

The PSPC frame examined by Eskridge et al. (1996) for morphological information 

is the best targeted frame for M32 out of the first M31 survey in July 1991, which 

comprised 6 pointed ROSAT PSPC observations with exposure times of tens of ksec 

(Supper et al. 1997). A second survey of M31 in 1992 was carried out as a raster 

scan, featuring however short exposures. T hat best PSPC exposure (Identification
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No. 600068p, see Table 5.1) is the only one th a t combines an exposure time of several 

tens of ksec with a position of M32 in the inner detector area. Figure 5.1 shows the 

distribution of all centre positions of PSPC fields with M32 included. Our analysis 

of this observation benefits from a re-processing of the satellite data. The exposure 

was taken in July 1991 for 30.0 ksec with M32 at an off-axis angle of 17'. The 

Photon Event Table was binned at 15" again to form an image at standard PSPC 

resolution.

The one relevant HRI observation is centered on M32. This observation (Identi­

fication No.600600h) was taken in July 1994 with exposure time 12.7 ksec. Re­

cently a bug in the SASS (Standard Analysis Software System) was discovered 

(URL:http://hea-w w w .harvard.edu/rosat/rsdc_www/aspfix.htm l) tha t may intro­

duce an additional error term in the HRI PSF (Point Spread Function), depend­

ing oil the year of observation. Software fixes have been developed in the ROSAT 

data centres and Dr S. Dobereiner of the Max Planck Institute for Extraterrestrial 

Physics in Garching kindly corrected our 600600h frame for this effect. We formed 

an image by binning the Photon Event Table at 5" again, corresponding to the 

typical HRI resolution.

There is another HRI observation that included M32 in its field (ROR ID.600931) 

This observation was carry out during first two months of 1997. This HRI observa­

tion has a much longer exposure time, 169.4 ksec, which enables a deep survey of 

an M31 area in the HRI resolution. Unfortunately M32 is only located at the edge

Table 5.1: ROSAT observation log of M32

ROR
ID.

Start
Date

Exposure
Time

sec

Field Centre
0̂ 2000 (̂ 2000 

h m  s  0  /  / /

Off-set

600600h 1994.07.19 12,658 00 42 40.7 +40 52 12.0 0.5'
600931h 1997.01.04 169,416 00 41 24.0 +41 00 00.0 16.9'
600068p 1991.07.27 30,005 00 42 28.7 +41 08 24.0 17'
600064p 1991.07.15 48,760 00 41 02.4 +40 46 12.0 20'
600067p 1991.07.26 27,466 00 43 55.2 +41 30 36.0 41'
600079p 1991.07.14 41,666 00 39 36.0 +40 24 00.0 45'
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Figure 5.1: ROSAT PSPC observations with M32 in the field. The background is 

the PSPC image of observation ROR ID.600068 (see text). The centre spot is M32; 

the radii of the circles are 20', 40' and 57'. The rmmbers marked are the last three 

digits of observation ID, they begin with 600 for observations with “+ ” , or 141 for

“o ” .

of the field in this exposure (with off-axis angle about 16.9'). We also analyze this 

data set, in a same way as ROR 600600h, so to compare with the HRI frames with 

each other. Table 5.1 lists the observation log of long PSPC exposures and the 2 

relevant HRI exposures.
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5.3 Analysis of reprocessed P SPC  observation

5.3.1 Morphology

The region around M32 in the PSPC image is presented in Figure 5.2b and shows no 

evidence for any additional source located half an arcminute NE of the main source. 

The previous result of th a t kind (Figure 5.2a, with several distorted contours, from 

Eskridge et al. (1996)) may be due to a bad satellite a ttitude  solution. Overall, the 

PSPC field in this earlier analysis (Figure 5.2a) exhibits hints of diffuse extensions 

to the NE of a few other sources as well (Figure2a in Eskridge et al.), which would 

be consistent with the suggested satellite a ttitude effect. Our result for this X-ray 

source looks somewhat asymmetric, with wider spaced contours to the South, caused 

by its 17' off-axis position to the South off the detector centre in this exposure. A 

radial profile of the M32 source confirms also for the reprocessed data  th a t it is 

unresolved, as was concluded previously by Eskridge et al. The radial profile is pre­

sented in Figure 5.3a, together with the azimuthal profile in Figure 5.3b. The latter 

shows some variation, not unlike the HRI azimuthal profile (see Section 5.4.2), but 

the source asymmetry resulting from its off-axis position renders any interpretation 

regarding source structure uncertain.

5.3.2 Spectrum

Since for this observation the reprocessed data are now available for analysis, we 

determined again the X-ray spectrum to check consistency with spectral results 

published before. Besides improved satellite data, there are in two further respects 

differences with the previous analysis. Eskridge et al. combined photons from three 

long observations and used too many spectral bins (more than 100, see their Table 

2) for their model fits. We however stay with 21 bins (obtained for S/N  >  13 

per bin) close to an optimum spectral binning for PSPC data  {c.f. Davelaar 1969) 

and we restrict our spectral analysis to the 600068p frame, in view of evidence 

for luminosity-dependent spectral variability of the X-ray source (Loewenstein et 

al. 1998).
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Figure 5.2: Contour plots of the X-ray source associated with M32: (a) ROSAT 
PSPC analysis of Eskridge et al. (1996), in a 6.25' x 6.25' field, (b) our PSPC 
result in the same area, (c) and (d) ROSAT HRI contours for 600600 and 600931, 
respectively, in a 4.0' x 4.0' field. The crosses refer to the position found for the 
X-ray source; 1 arcsec equals 2 sky-pixels. Contour values are (b) 6.5, 13, 26, 52, 
104 and 170 cts pix“ \  (c) 1, 4, 7 and 10 cts pix“ ,̂ (d) 2, 5, 10 and 20 cts pix“ ^ 
The images for the plots have 15" x 15" pixels for PSPC and 5" x 5" pixels for HRI, 
and they have been background subtracted, vignetting and dead time corrected and 
smoothed by one-pixel size Gaussians.
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Figure 5.3: ROSAT PSPC ring profiles of M32: (a) radial profile compared with the 

model PSF; (b) azimuthal brightness variation, da ta  extracted within 4.0' around 

source, the angles start from North clockwise.

The data were extracted within a radius of 2' around the source centre. The 

contribution from the background was determined in two source-free regions at ei­

ther side of the source and subtracted. The same three models were checked as in 

Eskridge et al., viz Power Law, Bremsstrahlung and Raymond-Smith. The results 

for these spectral model fits are summarized in Table 5.2, for both free N// and fixed 

Galactic N^-  As an example, our Thermal Bremsstrahlung model fit for N h free is 

shown in Figure 5.4. The fits with N// fixed are in each case less good than those 

where N// is left free, suggesting th a t during the 600068p observation some extra 

absorbing material close to the source may have been present. The trend for absorp­

tion columns tha t are higher than the Galactic value is present in all analyses. While 

considering their fitted Nh values consistent with the observed Galactic column for 

all models, the derived N// values of Eskridge et al. lie above the Galactic value for 

all their three models and the error ranges quoted are inconsistent with the Galactic 

column for two of the three models. One of the models (Power Law) th a t Loewen- 

stein et al. try  for their ASCA datasets gives also higher N// values than Galactic 

when is left free to vary. Supper et al. (1997) include a short discussion of the 

M32 X-ray spectrum with their results of the first ROSAT M31 survey. Their Ther-
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Table 5.2: The spectral fitting parameters of M32 (frame 600068p)

Model wabs* power law wabs*bremss wabs*raymond^
N h  (1020cm-2) 12.7t^i 6.6^ q 7 + 2 .5  y. 1 6.6^ 9 - 6 ^ l 8 6.6^
F 9 n q + 0 .3 2  

^•UO_o 21 1.53
kT(keV) 2 0 “^ ° ' ^  ^■'^-0.5

o c +  1-2 
'^■^-0.7 2- O^g]

Abundance 0  01  3+^162 U.UiO_o 013 0.3ll«;^°

x l 0.78 2.21§ 0.69 1.43 0.73 1.27

* “wabs” stands for photo-electric absorption using Wisconsin cross-sections.
 ̂ redshift fixed to 0.
 ̂ fixed to Galactic value (Stark et al. 1992).
 ̂ error given when > 2.

mal Bremsstrahlung and Power Law solutions for N// are also higher than Galactic, 

with error ranges quoted tha t are inconsistent with the Galactic value. Loewenstein 

et al. refer to a re-analysis of the PSPC exposures examined by Eskridge et al. 

but give only Power Law indices for two of the three PSPC datasets, derived while 

fixing N// to the Galactic column. An absorbing column higher than Galactic thus 

appears a realistic possibility. It is not straightforward to  determine whether this 

absorbing material is intrinsic to the M32 X-ray source or lies somewhere along the 

line of sight. The latter could easily occur if M32 is located behind the disk of M31, 

notwithstanding earlier inferences that this satellite galaxy may be located in front 

of M31 (Ford et al. 1977). This would indeed generally lead to higher than Galactic 

columns, although the resulting values for may differ if other fitting parameters 

change between observations.

We also checked the possible PSPC observations listed in Table 5.1. The 600064p 

and the 600067p frames have smaller off-axis angles for M32; in both fields, M32 is 

partially obscured by the supporting structure (ribs) of the PSPC. The count rates 

for M32 are 0.0459±0.0013 s“  ̂ and 0.15069±0.0036 s“ ,̂ respectively. Although 

the latter one has almost the same count rate as 600068p (0.1642±0.0028 s“ ^), its 

background could hardly be estimated. The remaining frame is 600079 which has a 

41.6 ksec exposure time. This observation had M32 in 45' off-axis angle and obtained 

over 4,000 counts, which yields a count rate of 0.1922±0.0037 s“ ^ This is about 20%
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Figure 5.4: ROSAT PSPC spectra of M32 fitted with Thermal Bremsstrahlung 
model (a,c) and Power Law model (b, d). The da ta  are from frame 600068p (a, b) 
and 600079p (c, d), respectively. The fitted parameters for frame 600068p are listed 
in Table 5.2 for details.
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more than tha t of 600068p which was observed two weeks later. (See Section 5.5.2 

for the discussion of brightness variations.)

In Figure 5.4, the fits to the Thermal Bremsstrahlung and Power Law models for 

the data of frame 600079p are also shown. The results are clearly similar to those for 

data frame 600068p. The spectral data  are extracted within a 6.25' radius area which 

is roughly 2.5 times the FWHM of the PSF at this off-axis angle. The background is 

extracted from outer area around the source. The annulus was checked with respect 

to source detection results in the field and ring profiles from the Photon Event Table 

to ensure no counts from other possible sources are included. The data  are again 

binned to 21 channels, with S / N  > 9. The best fit Thermal Bremsstrahlung model 

is with N// =  12.6 ±  3.33 x 10̂ '̂  cm“  ̂ and kT=1.95±1.91 keV [xl  =  0.82); while 

the Power Law model gives N// =  20.3 ±  15.2 x 10^° cm“  ̂ and F =  2.28 ±  0.95 

{xl  = 0.82). Although the fitted parameters leave bigger errors than in the case of 

frame 600068p, the absorption columns come out higher than galactic again.

As for previous spectral analyses of this X-ray source, the various models with 

N// free are all acceptable and no preference for one of these can be established 

from the statistical fitting results. The Raymond-Smith fit (with free) would be 

consistent with zero abundance, as also Eskridge et al. found, thus tending towards 

Bremsstrahlung. The most promising descriptions for the M32 X-ray source will be 

either Power Law or Thermal Bremsstrahlung, the same choice to which Supper et 

al. (1997) and Loewenstein et al. (1998) restricted their spectral modelling.

Due to some difference in spectral shape of the actual data  we get a steeper 

Power Law respectively lower-kT Thermal Bremsstrahlung or Raymond-Smith than 

Eskridge et al., but there are no abnormal differences. The results of Supper et al. 

(for Power Law and Bremsstrahlung) lie in between those obtained by Eskridge et 

al. and this paper. Since both Eskridge et al. and Supper et al. combined several 

long PSPC exposures, the results in Table 5.2 cannot be expected to be exactly the 

same. Loewenstein et al. present spectral analyses of ASCA data, which captured 

M32 in a low luminosity state. Their results vary sometimes substantially with the 

PSPC results, but given the possible luminosity-dependent spectral variability that
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they notice, a direct comparison with the PSPC data  is not straightforward. The 

effect that Loewenstein et al. refer to is tha t the M32 X-ray source is harder when 

the luminosity is higher. Our 600068p PSPC frame has the lowest luminosity of the 

three PSPC frames analysed by Eskridge et al. (see their Table 3) and our PL index 

is indeed softer than what they derive for the three frames combined (and softer 

than for the combination of PSPC exposures in Supper et al.). The PL index th a t 

Loewenstein et al. quote for this 600068p PSPC observation is derived for N// fixed 

and is nearly the same as ours for N;/ fixed (1.47 resp. 1.53). From these results it 

is clear tha t an investigation into the exact nature of the M32 spectral variability 

will be an interesting project for future X-ray observations.

5.4 A nalysis o f H RI fram es 

5.4.1 Source detection  in RO R 600600h

Loewenstein et al. (1998) found a source position th a t is shifted peculiarly by ca. 5" 

towards the NW from the peak flux. Since after a source subtraction exercise some 

residual emission is left closer to the centre of M32, where also their source detection 

algorithm finds a weak second source, they hint at the possibility th a t a weak X-ray 

source in the nucleus of M32 pulls the detection position towards it. Since this shift 

seems a bit large in view of the relative strengths of the main source and the possible 

residue, we decided to re-analyse the HRI da ta  (ROR ID. 600600h).

In the field of 600600, 14 sources are detected with M L  > 10, listed in Table 5.3. 

No.6 is the brightest and is located at the edge of the field. M32 (No.9) is the second 

brightest with a count rate of 11.69 dz 0.99 x 10“  ̂ s“ ^ 6 of them may have optical 

counterparts, most of which are globular clusters. Figure 5.5 shows the contour plot 

of the whole field overlaid on the optical image. In next two sections, the morphology 

and the position will be described in detail.
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Table 5.3: Point sources w ithin ROSAT HRI field of M32

Source a 2ooo ^2000 Count R ate Off-axis Optical*
No. ^  ^  ^ ° " 10-^ s - i  ' C ounterpart

1 00 42 29.45 -f41 08 18.4 4.38+0.91 19.4 16.3 Bol 101
2 00 43 13.61 +41 07 21.1 4.14+1.00 12.5 16.4 Bol 158
3 00 42 29.19 +41 04 37.4 4.86+0.77 49.2 12.6
4 00 42 15.88 +41 01 16.3 7.56+0.85 148.0 10.2 Bol 82
5 00 41 49.85 +41 01 02.3 2.14+0.60 11.6 13.1
6 00 43 58.34 +40 59 53.2 16.65+1.49 145.3 16.5
7 00 42 22.22 +40 59 25.3 2.61+0.50 46.3 8.0
8 00 42 16.55 +40 55 51.9 2.17+0.45 39.3 5.9
9 00 42 42.71 +40 51 51.3 11.69+0.99 383.0 0.5 M32
10 00 42 35.08 +40 48 34.8 2.43+0.49 31.2 3.8 Bol D63
11 00 42 03.14 + 40  46 08.0 2.03+0.47 25.9 9.4
12 00 43 55.40 +40 45 27.4 2.88+0.79 10.5 15.6
13 00 42 40.15 +40 43 15.9 1.37+0.41 13.7 8.9
14 00 42 14.11 +40 39 14.4 2.52+0.66 12.7 13.9
* Bol numbers are globular cluster candidates listed by B attis tin i et al. (1987)

5.4.2 M orphology

At an off-axis angle of 0.5', the X-ray emission associated w ith M32 appears as 

a single source for which the  source detection algorithm  retu rns a position th a t 

agrees closely w ith the brightness peak (Figure 5.2b). In Section 5.5.1 we show 

tha t a shift by about 5" for the position determ ined by the detection algorithm , 

due to a putative source associated w ith the M32 nucleus a t ca. 10" distance as 

suggested in Loewenstein et al. (1998), is an unlikely in terpreta tion , which supports 

the correctness of our p lo tted  detection result.

The source detection routine a ttribu tes  a sm all extension to  the  source associated 

with M32. To investigate this further we determ ined the  radial brightness profile and 

the azim uthal brightness variation for this source and also for a few other sources 

in this HRI field. The rad ial brightness profiles indicate th a t the M32 source is 

broadened by about 2.7" (Figure 5.6a), while such a broadening is not observed for 

a couple of other sources in the inner portion of the  HRI detector (Figure 5.7). T he
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Figure 5.5: ROSAT HRI contour plot of M32 overlaid on optical image covering 
the whole HRI area. The D 25 ellipse (from the RC3 catalogue) is indicated. The 
background level in the HRI image is ~  0.35 cts pix“ ^ The contour levels are 0.47, 
0.53, 0.65 0.95 and 1.55 cts p ix“ ^  The HRI image has 5" x 5" pixels and is sm oothed 
with 3-pixel size Gaussians. The optical image is taken from th e  DSS.

broadening th a t is apparent for M32 itself is on the other hand a small extension 

and the neighbouring sources th a t can be used for com parison have less counts 

than M32. In Figure 5.2c M32 appears as a slightly elliptically shaped source, 

elongated roughly E-W , which may ju s t be recognizable in the  azim uthal profile
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Figure 5.6: ROSAT HRI ring profiles of M32: (a) radial profile compared with model 
PSF (solid line) and PSF broadened by 2.7" (dotted line); (b) azimuthal brightness 
variation, data extracted within 16" around source.

(Figure 5.6b) as somewhat higher bins around angles 90° and 270°. Comparing N-S 

and E-W annular sectors between 8" and 16" as shown in Figure 5.8 (c/. Elvis et 

al. 1983), we find N-S 6 ±  2.5 counts and E-W  26 ±  5.1 counts, which reflects this 

elongation. Other sources in the field exhibit different azimuthal variation. The HRI
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Figure 5.7: ROSAT HRI radial profiles of two sources in the same field of view 
as M32, compared with their model PSFs (solid line) and PSFs broadened by 2.7" 
(dotted line).
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data  do not present great photon sta tistics and we conclude only th a t th e  M32 source 

could well be elongated in the E -W  direction, which needs confirm ation from future 

C handra/A X A F observations. In Section 5.5.3 we discuss w hat the  im plications are 

of a source extension.

N

30
E

S

Figure 5.8: ROSAT HRI integrated counts of M32 w ithin 16" radius. The inner 
circle is 8" and four 90° sectors around the cardinal directions are indicated.

5.4.3 X-ray position versus optical positions

A couple of the (non-M32) HRI sources not too far from the field centre have optical 

counterparts (objects Bol 82 and Bol D63 from B attis tin i et al. (1987), see Table 5.3) 

th a t suggest positional corrections of —2" in RA and + 3" in D EC for M32 itself. 

W hen these adjustm ents are applied, the X-ray position will be 0 1 2 0 0 0  =  0^42'"42.5^ 

and ( ^ 2 0 0 0  =  +40°51'55". The offset of the X-ray source from the optical nucleus 

of M32 is still ca. 8", (see Figure 5.9) roughly in Easterly  direction. This refers to 

the most accurate optical position (±0.7") returned  by th e  NED, bu t the original 

reference for these particular m easurem ents (Palum bo et al. 1988) indicates th a t for 

very extended objects like M32 greater errors m ight occur. In th a t case the results 

by Gallouet et al. (1973) and Dressel and Condon (1976) are also of interest (errors 

±4"), yielding offsets of ca. 4" -  7". W hen all optical positions w ith errors of at 

most a few arcsec are considered, it is clear th a t no agreem ent exists between the 

various results (differences between them  of the order of th e  X -ray /op tical offsets)
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Figure 5.9: M32 positions in various observations and catalogues. Top is North, left 
is East. X-ray positions: PSPC and HRl MLdets are directly from ML detection 
results; ‘ROSAT HRF is corrected position; ‘Loewenstein’ from Loewenstein et al. 
(1998); ‘PSPC Eskridge’ from Eskridge et al. (1996); ‘PSPC survey’ from Supper et 
al. (1997). Optical positions are from NED and marked with au thor’s surname(s), 
except ‘RC3’.

and that an association of the M32 X-ray source with the nucleus of the galaxy 

is perhaps difficult to exclude on the basis of presently available data. M32 will 

require a dedicated optical position measurement before any X-ray/optical offset 

can be reliably established.

5.4.4 The other H R l observation (R O R  600931h)

M32 was included in the other HRl observation (ROR 600931h) in 1997. In this 

observation, M32 collected over 2,000 counts during the observation time (169 ksec). 

The corresponding count rate is 13.28±0.37x 10“  ̂ s“ \  which is a little higher than 

tha t in frame 600600h. The variability measurement is 1.5.

The contour map is shown in Figure 5.2d. The large off-axis angle gives of course
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Figure 5.10: ROSAT HRI radial profiles of two sources in the field of 600931h: (a) 
M32 and (b) another source, compared with their model PSFs (solid line) and PSFs 
broadened by 2.7" (dotted line).

much wider distribution of source photons. The asymmetry of the contours is clearly 

seen along the radial direction from the field centre which is NW from the source 

position. Nevertheless, the countours are again with no sign of an additional source 

to the NE. This agree with the results from our PSPC and HRI analyses above.

To study the possible extension of the source, the ring profile is again plotted 

to compare with the model PSF (Figure 5.10). From the profile, a PSF model 

broadened with 2.7" would fit the data well. The profiles for a few other sources 

in the field, which are not extended according to the detection routine, have been 

compared with their PSF models. We find tha t any extra broadening is less than 

1" (which is of minor influence on the possible M32 broadening), which may be 

due to the bug in SASS which affects half of the da ta  of 600931h (observed before 

16 January 1997, when a yearly reset of time is carried out), or to other effects. 

Figure 5.10b shows one example of these source.

As of the source position, the globular clusters Bol 82 and Bol 117 may be 

used for astrometric correction. The X-ray position then can be adjusted to 0 : 2 0 0 0  =  

0^42*^42.3P , ( ^ 2 0 0 0  =  +40°51'51"; this is a few areseconds from the corrected position 

obtained for 600600h, which can be easily occur in view of the great off-axis angle
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in this HRI exposure (~  17').

5.5 Discussion

5.5.1 Residual emission close to the centre of M32?

The idea tha t a source at a few arcsec distance could cause a shift in detection 

position (see Section 5.4.2) as reported by Loewenstein et al. (1998) can be tested 

with a simple simulation. Two HRI sources are generated (with the EXSAS software) 

and added together at 10" separation with count ratios varying between 12:12 and 

12:1 (the latter roughly the ratio quoted in Loewenstein et al. and 10" being close 

to the separation between main source and possible residue). Figure 5.11 shows the 

effect of the second source on the position returned by the detection algorithm, as 

average of 16 simulations for each of the plotted points.
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Figure 5.11: Source position affected by an additional source for various count ratios 
from 12:12 to 12:1. Two sources are simulated for the ROSAT HRI detector with 
10" separation. Averages for 16 simulations are connected by dashed and dotted 
lines; the error bars represent the rms errors for these simulations.
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Figure 5.12; Examples for differences among positions given by local, map and ML 
detection method. The sources are in frame 600600h and are M32 itself plus three 
sources not too far from the centre. The box size for each source is 2" x 2". The 
triangle, squre and dot are local, map and ML position respectively.

As expected a halfway position is found for two equal sources, but for the ratio 

relevant for the case of M32 any shift is less than 1". Figure 5.11 displays the 

effect for the local- and map detection steps, since the simulations do not produce a 

photon event file as is required for the normally reported ML (Maximum Likelihood) 

detections. We have checked however that for sources near the centre of the image 

and with strengths like the M32 source the ML detections are generally some 0.5" 

differing from the positions found with local- and map detections (see Figure 5.12 

for examples). Since also our own detection result coincides with the peak of the 

brightness distribution, we conclude that the much larger offset from the brightness 

peak in Loewenstein et al. is probably not correct. The uncertainties in positioning 

also cast doubt on the subsequent source subtraction attem pt. Furthermore, their 

banana-shaped residue is not typical of a proper source being uncovered. It is 

noted tha t the residue is only midway between the main source and the M32 optical
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position th a t is referred to, which somewhat diminishes its meaning. It is more 

Ukely th a t the small residue was caused by the broadening effects of the software 

bug mentioned in Section 5.2, which were corrected for the present analysis.

5.5.2 PSPC and HRI fluxes

Loewenstein et al. (1998) have summarized the X-ray brightness history of the M32 

source (Figure 5.13). The PSPC data points are often above the HRI flux, but some 

are comparable. This implies real increases in brightness rather than the PSPC 

resolution allowing a completer flux measurement of an extended source. Over 

the entire timespan available, from Einstein till ASCA, there seems to be a base 

level for the M32 flux and only the ROSAT PSPC appears to have witnessed a 

flaring interval. Perhaps the base level indicates the X-ray flux from an extended 

component, in which the source of the; X-ray variation is situated.
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Figure 5.13: X-ray brightness history of the M32 source, from Loewenstein et al. 
(1998).
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5.5.3 N ature of the M 32 source

The present study shows the X-ray source associated with M32 as one source, both 

a t PSPC and at HRI resolution, but possibly with intrinsic structure and at an 

uncertain offset from the optical nucleus. If a source extension can be confirmed 

with future observation then this will provide an im portant clue as to the nature of 

this source. It is interesting to discuss what the implications of an extended source 

in or near the nucleus of M32 would be. Depending on the possible positional 

consistency with the centre of M32, the source could be a low-level active nucleus, a 

SNR or perhaps a star-formation complex. The last possibility is not likely since no 

on-going starformation is known for M32, unless the source is a chance superposition 

and belongs to M31; in both cases such a complex would be only some twenty parsecs 

in size. Another possibility is a chance superposition of a Galactic source. Given 

the notable coincidence of one of the brightest sources in the general M31 field with 

this satellite galaxy of the Andromeda Galaxy, we will proceed on the assumption 

tha t this X-ray source is one source complex th a t does belong to M32.

If the source were indeed the nuclear source in M32, then an interesting inter­

pretation for the flaring observed with the PSPC (see Section 5.5.2) is th a t it could 

have been a stellar disruption flare as described by Rees (1988). Perhaps such a 

flare is superposed on a small specimen of hot gas halo as often observed around E 

and SO galaxies. W ith X-ray luminosities between roughly 10^  ̂ and 10^  ̂ erg s“ \  

the M32 nucleus would be active at a remarkable low luminosity (see Loewenstein 

et al.). Following the discussion of Mahadevan (1997) and using the Einstein lumi­

nosity for M32 (log h x  = 37.73, Fabbiano et al. (1992)), the mass accretion rate 

of the ~  10® Mq black hole in the core of M32 is around rh = 10“® (in Eddington 

units: rh =  M / M e with M e =  L^/c^), which because of its low rate is suggestive of 

an Advection Dominated Accretion Flow. For comparison, discussions of Advection 

Dominated Accretion onto massive black holes indicate th a t LINERs may have m ~  

10“^-10“  ̂ (Lasota et al. 1996), regular Ellipticals m ~  10“^-10“  ̂ (Mahadevan 1997) 

and Sgr A* in the centre of our Galaxy m  10 ® (Narayan et al. 1995). The M32 

black hole thus takes the most extreme position into the Advection Dominated Ac-
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cretion regime. Various authors {e.g. Narayan 1996; Lasota et al. 1996; Reynolds et 

al. 1996) have drawn the attention to the possibility th a t relatively small increases 

in m  can cause appreciable increases in the X-ray luminosity, as a result of a transi­

tion from Advection Dominated to thin disc accretion. This is a potentially relevant 

interpretation for the observed X-ray lightcurve of M32, with a basic low state and 

a tem porary transition into a high state during the ROSAT PSPC observations.

The current status of positional information in the optical leaves a SNR inter­

pretation as an alternative option for an extended source. A broadening by 2.7" 

would correspond to nearly 20 pc at the distance of M32, which is quite normal for 

SNRs in our Galaxy and in the LMC. The observed brightness increases during the 

PSPC exposures could originate from an associated pulsar. Notice th a t Eskridge et 

al. (1996) found a weak indication for a period of 1.27 days. This is slow for a pulsar 

but it could be part of a binary th a t survived the supernova explosion. Its age is 

easily consistent with the interm ediate population th a t several authors have inferred 

from optical spectroscopy. Given the expected lifetimes involved, the supernova it­

self should have been of type la, which is indeed typical of spheroidal systems. The 

observed X-ray luminosity during the ROSAT PSPC measurements (up to ~  10̂ ® 

erg s“ )̂ is consistent with such a LMXB, but X-ray binaries are normally not found 

together with SNRs. (NB A LMXB unrelated to SNR or AGN would require per­

haps too special an alignment of two sources with this galaxy.) The low-state X-ray 

emission does on the other hand not produce detectable line emission in the ASCA 

SIS spectrum of Loewenstein et al., as would be characteristic for shell-type SNRs 

(but Crab-like SNRs may not show line emission, e.g. Wang and Gotthelf 1998). A 

SNR could further be expected to produce detectable radio radiation. The study 

of Berkhuijsen (1986) allows to estimate the expected level of radio flux density at 

1000 MHz for a SNR with known X-ray emission. For the Einstein luminosity of 

La' =  10^ '̂^  ̂ erg s“  ̂ (Fabbiano et al. 1992) a /looo of around 10 m Jy is expected, 

which is contrasted by an upper limit at 1400 MHz of 4 mJy (Roberts et al. 1991). 

The scatter in the X-ray and radio properties of SNRs let us cautiously interpret 

this -  together with the absence of X-ray lines -  as lending more weight to an AGN
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interpretation for an extended source. If the weak indication for periodicity were 

substantiated, a possible explanation could be an emission feature in the accretion 

flow around the central object.

It is interesting tha t the present study leaves a low-level active nucleus as a con­

ceivable possibility. This would be particularly relevant for issues like the prevalence 

of active nuclei in the Universe and generally the measurable high-energy signatures 

of the very cores of galaxies. In this regard it is intriguing th a t several of the nearest 

normal galaxies do have a source in their centre th a t shows up as an outstanding 

source in at least one wavelength interval: the Milky Way (at radio), M32 and M33 

(at X-rays). Future X-ray observations of the spatial structure and of the spectral 

and temporal behaviour of the M32 X-ray source will no doubt allow to establish 

the nature of this source in a definite way.



Chapter 6 

The population of nuclear cores in 

Local Group galaxies

6.1 Introduction

In a search for “D warf” Seyfert Nuclei, Ho et al. (1997) use the  sam ple of emission- 

line nuclei derived from a recently com pleted optical spectroscopic survey of nearby 

galaxies (Ho et al. 1995), in an a ttem p t to quantify the incidence of local (z ~  0) 

nuclear activity. They conclude th a t the population of AGNs is very large: approxi­

m ately 43% of the galaxies in the ir survey (over 400) can be regarded as active. They 

distinguish three classes of AGN: Seyfert nuclei, low-ionization nuclear emission-line 

regions (LINERs), and transition  objects assumed to  be com posite L IN E R /H  H - 

nucleus systems.

On the other hand, dynam ical analyses suggest th a t a t least 20% of nearby 

kinem atically hot galaxies (i.e. ellipticals and spiral bulges) have massive dark 

objects (MDOs) in their centre (Korrnendy and Richstone 1995). Because the black 

hole quasar rem nants are expected to  be common in galaxy centres, the  MDOs are 

probably supermassive black holes. Recently, based on the HST photom etry  and 

ground-based kinematics, M agorrian et al. (1998) exam ined a sam ple of 36 nearby 

galaxies, of which 32 fit well to  their models. They further concluded th a t 97% 

of early-type galaxies would have MDOs. Their sam ple include two Local Group
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galaxies M31 and M32.

In the X-ray band, many nuclei of galaxies exhibit some level of recognizable 

activity. Very low level AGNs were recognized in this way in some of the nearest 

galaxies: the Milky Way (10^^ erg s“ \  Genzel and Townes 1987), M31 (2.1x10^^ 

erg s"^, Trinchieri and Fabbiano 1991), M81 (1.7x10^° erg s“ \  Elvis and Van Spey- 

broeck 1982).

As seen in previous chapters, the ROSAT D ata Archive allows us to check several 

of the very nearest galaxies (namely members of the Local Group) for high energy 

emission. In this chapter, the X-ray examinations of the nuclear region for the 

galaxies in the Local Group are summarized, and the overall X-ray characteristics 

are discussed.

6.2 R esults on cores from ROSAT observations 

6.2.1 Overview

For most of the Local Group galaxies (Table 2.1), ROSAT X-ray data  are available. 

Table 6.1 summarizes those 22 galaxies with the X-ray results from their nuclear 

region. Many of the galaxies listed here are analyzed for the first time or have been 

re-analyzed in order to ensure homogeneous data, except for M33 and the Milky Way 

which are taken from the literature (respectively Schulman and Bregman (1995) and 

Predehl and Triimper (1994)). The PSPG results (most are upper limits) are listed 

only if no HRI data are available. The optical positions are from SIMBAD or NED, 

except that for Sagittarius the position of the central cluster M54 is used. The 

X-ray positions are the result of ML detections. In only a few instances sources 

were detected in the central areas of the galaxies, or even in the bodies of these 

galaxies at all. For undetected centres, upper limits were determined for the known 

optical positions of these systems. In the EXSAS upper limit detection routine, the 

position at which the X-ray upper limit is evaluated may move a bit away from the 

optical one, especially in the PSPG field. In the case of the Tucana dwarf galaxy 

the position for X-ray upper limit evaluation is fixed to avoid contam ination by a
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detected source.

The present results are listed in Table 6.1, together with results published previ- 

ously(ii.e. M33 and Milky Way), as confirmed cores (+ ), possible cases (o), suspicious 

associations (:) and non-detections ( —). Low-level activity is well-established only 

for the Milky Way and M31. M32 remains a promising candidate. M33 features 

a strong source (M33 X-8) very close to its nucleus. A period was suggested tha t 

could imply a stellar binary (Dubus et al. 1997), but widely and fairly regularly 

spaced observations could produce spurious periods (c/. Deeming 1975, Matsuoka 

et al. 1990) and we keep this source as a possible core. The LMC and SMC have 

many sources but it is perhaps not sufficiently clear where their centres are located 

for deciding anything; in Table 6.1 we mark these two satellites of our Galaxy with 

a “?” and do not attem pt to derive upper limits. Observational work on the Mag­

ellanic Clouds is also often like Milky Way research in character rather than like 

extragalactic work and may need a different approach from the other Local Group 

galaxies.

6.2.2 Com m ents on detections

By far the strongest case in the present work is M32 for which we re-analyzed PSPC 

and HRI observations tha t had already been reported in the literature. Eskridge et 

al. (1996) suggested either a low-level AGN or a collection of stellar sources on the 

basis of ROSAT PSPC data. Loewenstein et al. (1998) interpret the higher resolution 

data  (ROSAT HRI), in conjunction with ASCA observations, as a low-mass X-ray 

binary on the basis of strong variability on short timescales and an apparent offset 

from the optical nucleus. Re-analysing these data  we find tha t the M32 source may 

be slightly extended and tha t an offset from the centre is not well established. At the 

present stage a nuclear source remains thus an interesting possibility. The detailed 

discussion is in Chapter 5.



Table 6.1: X-rays from the cores of the Local Group galaxies

Name
O ptical 

Q-2000 <̂ 2000
h m  s o ( It

X-
(i2000

h m  s

OO
o

Count rate 
and error
10-3 s - i

Unabsorbed flux Lum inosity
f x  (0.1-2.4 keV) L x  and logL.v 

10~^^ ergs cm -^ s~ ' 10̂ ® ergs s“ ^

C entral
X-ray

source?
Pegasus 23 28 34.40 +  14 44 50.0 23 28 37.79 +  14 44 40.1 <1.3 <3.0 <12.0 37.08 -
Sextans A 10 11 05.70 - 0 4  42 28.0 10 11 01.65 - 0 4  42 47.5 <0.21 <1.4 <2.8 36.45 -
NGC 3109 10 03 06.80 - 2 6  09 32.0 10 03 07.70 - 2 6  09 25.8 <0.82 <1.9 <3.6 36.56 -
IC 10 00 20 24.70 +59 17 30.0 00 20 24.64 +59 17 32.4 <0.24 <4.5 <8.4 36.92 -
WLM 00 01 58.00 - 1 5  27 50.0 00 01 58.24 -1 5  27 56.7 0.48 ±0.11 3.23±0.74 3.4±0.78 36.53
Tucana 22 41 49.70 - 6 4  25 10.0 22 41 49.70 - 6 4  25 10.0 <11.8 <21.5 <20.9 37.32 -
M33+ 01 33 54.00 + 30 40 07.0 01 33 51.18 +30 39 39.0 226.09 ±2,73 1750±21 1320±16 39.12 o
IC 1613 01 05 05.50 +02 09 39.9 01 05 02.56 +02 09 24.8 <0.41 <2.4 <1.7 36.23 -
M31 00 42 45.90 +41 16 18.0 00 42 44.20 +41 16 08.0 7.72 ±0.32 45.4±1.9 26.5±1.1 37.42 +
M32 00 42 41.93 +40 51 51.8 00 42 42.50 +40 51 55.0 11.69 ±0.99 79.1±6.7 49.9±4.2 37.70 o
NGC 205 00 40 22.07 +41 41 25.7 00 40 22.70 +41 41 28.0 <0.42 <3.3 <2.1 36.32 -
NGC 185 00 39 01.50 +48 20 27.0 00 38 58.75 +48 20 16.7 <0.41 <3.9 <1.5 36.18 -
NGC 147 00 33 12.09 +48 30 29.3 00 33 11.79 +48 30 27.2 <0.22 <2.1 <0.8 35.90 -
NGC 6822 19 44 56.20 - 1 4  48 04.0 19 44 55.44 - 1 4  48 12.2 0.43 ±0.12 3.69±1.03 1.29±0.36 36.11
Fornaoc 02 39 59.30 - 3 4  26 57.0 02 39 57.07 - 3 4  26 22.2 <1.4 <2.6 <0.053 34.72 -
Sextans 10 13 02.90 -0 1  36 53.0 10 13 04.94 -0 1  36 33.0 <5.3 <1.2 <0.11 35.04 -
C arina 06 42 36.70 - 5 0  57 58.0 06 41 37.58 - 5 0  56 42.7 <1.5 <3.4 <0.031 34.49 -
Sculptor 01 00 05.90 - 3 3  42 32.0 01 00 08.77 - 3 3  42 01.2 <0.92 <1.4 <0.011 34.04 -
Draco 17 20 18.70 + 57 54 48.0 17 20 24.82 +57 54 35.3 <1.6 <3.0 <0.020 34.31 -
U rsa M inor 15 09 11.40 + 67 12 52.0 15 09 59.02 +67 10 45.7 <14.6 <24.3 <0.14 35.15 -
S agittarius 18 55 03.28 - 3 0  28 42.6 18 55 06.44 - 3 0  31 53.6 <24.2 <86.1 <0.06 34.78 -
SMC 00 52 44.80 - 7 2  49 43.0 ?

LMC 05 23 34.50 - 6 9  45 22.0 ?

Galaxy*- 17 45 40.06 - 2 9  00 28.2 17 45 40.40 - 2 9  00 23.0 0.8 0.74 35.87 +
 ̂ D ata  from Schulm an and Bregm an (1995);  ̂ d a ta  from Predehl and Triim per (1994). 00

00
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Among the small (dwarf) systems in the Local Group, we found only in three 

other cases a ROSAT source close to the optical centres: NGC 6822, WLM, Draco. 

These are all Irregular or dwarf-Spheroidal systems and it is doubtful whether optical 

positions are close to their actual centres or would refer to proper nuclei at all (c/. 

Mateo 1998, Ho et al. 1995, and references therein). The source close to the centre 

of NGC 6822 is resolved in the HRI image from a nearby, much stronger (10 times 

brighter) source. The hardness ratio from the HRI data  hints at a hard spectrum, 

in the PSPC observation the contours of the hand band image do also show a little 

extension in the direction of this source from the nearby stronger source. The 

luminosity is low, but is comparable to th a t of the centre source in the Milky Way 

Galaxy, although they are different type of galaxy. The WLM galaxy has no PSPC 

observation, its hardness ratio from the HRI is hardly meaningful. The luminosity 

of this source remained at the same level between two observations th a t were carried 

out within half a year. Referring to the observational results we have had so far, 

one cannot find clear indications for these two sources being low-level nuclei. The 

central source of the third case, Draco, has a supersoft X-ray spectrum  and has been 

identified with a Carbon star.

6.2.3 C om m ents on non-detections

NGC 205, which being an Elliptical galaxy contains a recognizable optical center, 

has no X-ray source detected. However, some indication for diffuse emission may be 

present in the HRI image. In the current data, the level of this emission is only 2a 

over the background. Given th a t the exposure time of this galaxy is only about half 

of tha t for WLM and NGC 6822, one could expect th a t more X-ray photons will be 

collected if the observation time increased.

The same considerations apply to another Elliptical, NGC 185 which has the 

same exposure time (and a distance comparable to NGC 205). The diffuse emission 

is not obvious but still visible from the HRI image. The upper limit luminosity is a 

little less than th a t for NGC 205, but is double th a t of NGC 147, which is consistent 

with the contour plots.
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Among the others, The PSPC observations of Pegasus and Sextans show some 

X-ray emission tha t reaches 3a over the background around the central area. Such 

emission may be from a point source with low count rate which may be associated 

with the centre, or could be due to some diffuse central emission. In the case of 

Sextans A, the source observed with the PSPC appears actually to be out of the 

central area when viewed with the HRI image. In NGC 6822 on the other hand, the 

higher resolution HRI data  reveal a secondary source next to the main central X-ray 

source, that is actually coincident with the putative optical centre of this galaxy. 

For most of the irregular galaxies (including NGC 6822 and WLM) the centres are 

however difficult to define. It is not obvious to find the right position to get the 

upper limits and to discuss if they have active ‘cores’. This is particularly a problem 

for the Local Group members which are ‘too’ close to us. Apart from two Magellanic 

Clouds mentioned above, Sagittarius is the nearest member to us (24 kpc), which 

covers ~  2*̂ of sky. The globular cluster M54 is close to the centre of symmetry of 

the galaxy and is thought to be its nucleus (c/. Mateo 1998). No X-ray source is 

detected with this globular cluster and the upper limit luminosity is low.

6.2.4 X-ray Lum inosities and galaxy m orphology

A histogram of inferred luminosities (assuming standard Power Laws for most galax­

ies, see sections in Chapter 4) for the detected core sources and also for the upper 

limits is shown in Figure 6.1. Some of the upper limits achieved are at quite low 

luminosities thanks to the closeness of the galaxies.

The M33 has a outstanding nucleus which is more than 100 times brighter than 

any other one. The nuclei of M31 and M32 emit nearly at the same level; depending 

on the observation epoch, one can be a little brighter than the other. The Milky 

Way stays at the low end of the luminosity axis; this is actually the lowest level of 

the nuclear X-ray emission found so far. The “suspicious” sources have luminosities 

around 10̂ ® ergs s“ \  which may be close to the sensitivity limit for individual sources 

in these observations. Among the upper limits, particularly the two galaxies Pegasus 

and Tucana could still have the same ‘active’ level as M32. It will be interesting to
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D etections

U pper lim its

certain nuclear source

possible nuclear source

suspicious central source

Figure 6.1; Histogram of luminosities of Local Group galaxy cores

see their results from more sensitive observations in the future.

A set of histograms illustrating the detected or possibly detected cases as function 

of optical galaxy luminosity, divided according to morphological types, is presented 

in Figure 6.2. All the Spirals have certain or possible nuclear sources; these are the 

three most luminous stellar systems in the Local Group. The most luminous Ellip­

tical (M32) also has a possible nuclear source. Beyond M y  =  -14.0 all Spheroidal 

systems are classified as dwarfs. M32 is the only Elliptical or dwarf Elliptical with 

a likely core and none of the Irregulars provide good candidate nuclear cores.

6.3 Discussion  

6.3.1 |uAGNs

As seen from the example of low-luminosity AGN (/xAGN) M32, the ROSAT soft X- 

ray luminosities of the central X-ray sources are several orders of magnitude less than 

typical Seyfert galaxies. If the sources are AGNs, one would expect this difference 

to be due to either a lower black hole mass (~  1 0 ^ M q ) or a lower accretion rate (for 

M32, 10"^). For such a low mass accretion rate, the standard thin disk model for 

accretion (Shakura and Sunyaev 1973) is probably not applicable and the model for 

advection-dominated accretion flows (ADAFs), provides possible solutions (Narayan
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Figure 6.2: Status of detections of nuclear sources in Local Group members

and Yi 1994). In the advection-dominated accretion very little energy is radiated 

away during the accretion process.

Lasota et al. (1996) have used an ADAF model to explain the spectrum of 

the low-luminosity AGN NGC 4258. In their model, the outer disk is a standard 

optically thick, geometrically thin accretion disk, but at smaller radii their model 

is taken over by an advection-dominated flow. It is consistently observed tha t mass 

accretion rates are low in low-luminosity AGNs. For example, L f L s  is estimated to 

be 10“ '̂  for the LINER galaxy NGC 4258 (Lasota et al. 1996). while the values for 

classical AGNs are taken to be 10“  ̂ to 10“  ̂ (c/. Wandel 1991).

Masses for the central condensed objects have been determined for the Milky 

Way (2.6 x 10® M©, Genzel et al. 1997) and for M32 (3.4 x 10® M©, Van der Marel 

et al. 1998). In both cases the accretion rate is extremely low (in Eddington units: 

m  ^  10“® for Sgr A* in the Milky Way centre, m =  10“® for the nucleus of M32) 

and well into the expected Advection Dominated Accretion Flow regime. If the
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X-ray source in M32 were offset from the nucleus, then  the true  nucleus would be 

simmering a t an even lower fuelling rate.

6.3.2 M DOs and B H s

At some stages, an AGN w ith a low mass -C 10® M q  black hole (BH) is not th a t 

much different from a massive BH binary  w ith a BH mass (>  10 M q ) .  ADAF models 

are also possible to explain the  X-ray emission from X-ray binaries (N arayan 1997). 

The X-ray binaries are thought to  be common in galaxies, which make a significant 

contribution to the to ta l X-ray lum inosity of the host galaxy (c/. Fabbiano et al. 

1989). For the detected nuclear X-ray sources, however, C olbert and M ushotzky 

(1999) found th a t the X-ray lum inosities for the sources found in 21 nearby face-on 

Spirals and Ellipticals, are much higher than  those predicted for X-ray binaries by 

Canizares et al. (1987) from an L x  — L g  relationship.

In  the Local Group, since m any galaxies do not have well-defined nuclear posi­

tion, one may generally com pare the  to ta l blue lum inosities w ith the  nuclear X-ray 

emission. The Figure 6.3 shows the diagram  of the relation between log L x  (0.1-2.4 

keV) and to ta l blue lum inosities in solar units (log L b / L q b̂ )- From the  diagram , it 

is clear th a t the higher blue lum inosities are associated w ith higher X-ray emission, 

although the detected cases are too  few to  calculate a reasonable regression. For 

both  galaxies with suspicious central sources, the blue lum inosities are a t mid-level 

of the group. For most dw arf E llipticals w ith L b  % 10^ L©, the X-ray emission is a t 

a very low level and there is not likely any activity  in their nuclei. B ut galaxies w ith 

to ta l blue m agnitude L b  — 10® -^0 ,b or more may have some central X-ray emission 

a t the level of the central object in the Milky Way.

6.3.3 Lim itations and further work

We have noticed th a t all the X-ray d a ta  used for th is search are from observations 

not specially intended for survey purposes. Each observation has a unique object 

which requires different exposure tim es, dates and even observation modes. The d a ta
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Figure 6.3: Local Group galaxies in L x  — L b diagram. Filled squares for the galax­
ies with certain nuclear source; filled triangles for possible nuclear sources, square 
for suspicious central sources and arrows for upper limits. Dwarf Ellipticals and 
Irregulars are marked with and ‘x ’, respectively. The solid line is the L x  level 
of the nuclear source in the Milky Way.

with unequal sensitivity limits maybe not straightforward to interpret, especially if 

statistical analyses were attem pted in the presence of many upper limits.

Although a huge amount of research work has been done for the Local Group, 

it is not clear, for most small systems, where the nuclei are actually located. There 

is also little information in other waveband th a t can be found for our two detected 

suspicious sources. One possibility which can be investigated is tha t there may be 

unknown QSOs/AGNs as X-ray sources behind the target galaxy. The example 

is th a t many X-ray sources detected in Carina, Sculptor and Fornax have been
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identified as QSOs.

While the X-ray detectors/telescope are getting more sensitive, one can expect 

th a t more X-ray sources will be detected or resolved. From the current results of 

X-ray emission and optical study (c/. Figure 6.3), NGC 205 might be the most 

promising one to detect some nuclear X-ray emission. It would be too great a 

surprise if some kind of nuclear activity were found in those galaxies which appear 

at the mid-area of L x  — L b diagram (Figure 6.3).

As of our two “suspicious” cases, for NGC 6822, Chandra (AXAF) X-ray tele­

scope may be the better one which would resolve the possible nuclear source com­

pletely from the nearby stronger source with the higher resolution detectors, and 

provide a spectrum as well. XMM may be used to detect more photons from the 

source in the centre of WLM to determine its spectral properties. We have proposed 

to observe M32 with XMM for which better spectral information will help us to un­

derstand the nature of the X-ray source in M32. Of course, these new satellites will 

also facilitate further study of the temporal properties of these sources.

6.3.4 Sum m ary

Central X-ray sources are found among the most luminous members of the Local 

Group. These are candidate massive Black Holes, for which confirmation can be 

found from data at other wavelengths in the cases of the Milky Way and M31. 

If also M32 and M33 have massive Black Holes in their nuclei, there could be at 

least four massive Black Holes immediately around us. For the moment one could 

conclude that the 20 or so smaller and/or Irregular and dwarf-Spheroidal systems 

do not seem to possess massive Black Holes, but the sample of M32 shows th a t the 

activity level can be so low that a non-detection may not necessarily imply no Black 

Hole.



Chapter 7

Sculptor Group of galaxies: 

NGC55, NG C247 and NGC300

7.1 Introduction

The Sculptor Group is the nearest group of bright galaxies beyond the Local Group 

(distance ~  2.5 Mpc) and forms a loose association of about 15 members within an 

area 20° in diameter not far from the South Galactic Pole. The five bright members 

of the group are of morphological type Sc or later (Table 7.1). In the X-ray band 

the starburst galaxy NGC 253 has been well studied {e.g.  Vogler and Pietsh 1999). 

Recently, the ROSAT PSPC observations have been analyzed as well (c/. Read and 

Pietsch 1999), whereas there are not much published data  on ROSAT HRI data. 

Before the ROSAT, there was only an Einstein IPG observation of NGC 247 which 

revealed a total X-ray luminosity L \  ~  10̂ ® erg s“  ̂ (0.5-3.0 keV) in three discrete 

sources apparently associated with the galaxy (Long and Van Speybroeck 1983).

The ROSAT observation log of each data set used is shown in Table 7.2. The 

PSPC data for NGC 55, NGC 247 and NGC 300 were obtained from the UK ROSAT 

D ata Archive Centre at Leicester. The Starlink Asterix software package was used 

to sort the data and perform the image processing. In the case of NGC55 512 x 512 

pixel images of a central 1° square region of the PSPC field were constructed in 

three bands (soft, 0.2-0.4 keV; hard, 0.4-2.0 keV and total, 0.2-2.0 keV), whereas
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Table 7.1: Sculptor group galaxies

Name 0̂ 2000 
h m  s

2̂000 
o / n

Type D
Mpc

NGC 55 00 15 08.45 -3 9  13 13.3 SBS9 1.3
NGC 247 00 47 08.28 -2 0  45 37.6 SXS7 2.1
NGC 253 00 47 34.37 -2 5  17 17.8 SXS5 3.0
NGC 300 00 54 53.72 -3 7  40 56.9 SXS7 1.2
NGC 7793 23 57 49.21 -3 2  35 23.8 SAS7 3.4

for NGC 247 and NGC 300 256 x 256 pixel images were employed. The Asterix PSS 

algorithm was used to detect discrete X-ray sources in these fields and the XSPEC 

package was used to perform X-ray spectral fitting on a subset of the sources {i.e. 

several of the brightest X-ray sources in each field). The PSPC data  for NGC 7793 

are obtained from the MPE archive and MIDAS/EXSAS is used for data  reduction.

In order to distinguish the X-ray emission from different areas within each galaxy, 

the HRI data are particular useful as could also be seen in the analyses of Local 

Group galaxies. The HRI data  are obtained from ROSAT D ata Archive at MPE, 

Garching, and the MIDAS/EXSAS software is used for the image processing. Again, 

the HRI images are formed by binning the Photon Event Table at 5".

In this Chapter, the results from PSPC observations are present briefly and 

the more detailed searches on HRI data follow. A discussion about possible X-ray

Table 7.2: ROSAT observation log of Sculptor Group galaxies

Name
R O R
ID.

Start
Date

Exposure
Time
ksec

Field Centre
«2000 ^2000 

h m s o / //

NGC 55 600107p 1991.11.22 18.7 00 15 09 -3 9  13 12
600766h 1994.12.12 27.5 00 15 09 -3 9  13 12

NGC 247 600159p 1991.12.21 18.8 00 47 09 -2 0  45 36
600622h+l 1995.06.29 17.8 00 47 07 -2 0  45 36

NGC 300 600025p 1991.11.28 46.0 00 54 52 -3 7  41 24
600621h+l 1995.05.27 19.1 00 54 52 -3 7  41 24

NGC 7793 600386p 1992.12.07 13.3 23 57 50 -3 2  35 24
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emission from the centres of these galaxies is given at the end.

7.2 NGC 55

NGC 55 is a nearby edge-on galaxy. It has an off-centre bar which is not at the 

centre of the disc but offset to the North-West by 2.7' from the centroid of total 

optical light.

7.2.1 P SP C  observation

Figure 7.1 shows the background subtracted hard band X-ray image (the X-ray 

data have been smoothed with a circular Gaussian function of width 4 pixels). 

The PSS routine detected a total of 36 X-ray sources in the hard band image at a 

significance > 5a within a 18' radius of the field centre (the full field-of-view within 

the circular window support rib of the PSPC). As is evident from Figure 7.1, a 

number of relatively bright discrete sources is coincident with the disk of NGC 55, 

the brightest appearing 3.8' East of the nominal centre of the galaxy. There is also 

an extended X-ray source coincident with a prominent bar structure (to the West 

of centre). The source to the South of this bar structure may be identified with a 

foreground star, CD-39 43, (12.42"*).

Table 7.6 summarizes the X-ray spectral properties and derived luminosities for 

the bright source and the extended bar emission. The total X-ray luminosity of 

NGC 55 in the 0.4-2 keV band amounts to L x  ~  9 x 10̂ ® ergs s~^.

7.2.2 HRI observation

The HRI observation (ROR 600766) was carried out in December 1994 with 27.5 

ksecs exposure time. In the whole field within 16' from the centre, 23 sources are 

detected with M L  > 7 (12 of them with M L  > 10). Table 7.3 lists all source 

positions and count rates. These sources are also marked on Figure 7.2 which shows 

the HRI contours overlaid on the optical image.
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Figure 7.1: NGC 55 ROSAT PSPC (hard band 0.4-2.0 keV) image overlaid on the 
digital optical image. The displayed field of view is 40' x 40'. The contour levels 
of the PSPC image are 0.11, 0.33, 1.0, 3.0, 9.0 and 27.0 cts pix“ ^ The detected 
sources are marked with ‘x ’.

The HRI contour plot appears similar to the PSPC ’s (Figure 7.1), the bright 

sources detected in PSPC appear also in HRI. But the source to the South of this 

bar structure (No.16) appears to be over 20" away from the foreground star, CD-39 

43, and is not likely its counterpart.

For the central area of the galaxy, there is no source detected and no sign of
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Table 7.3: ROSAT HRI point sources in the field of NGC 55

Source 0:2000 (̂2000 Count Rate
ML

Off-axis
No. h m s C) ! If 10-3 s - i /

1 00 15 58.16 -39 03 20.5 1.34±0.40 7.8 13.6
2 00 15 15.99 -39 05 57.7 0.58±0.19 9.8 7.3
3 00 15 14.88 -39 07 30.6 0.44±0.16 8.6 5.8
4 00 14 46.44 -39 08 30.6 0.79±0.24 7.7 6.5
5 00 14 50.17 -39 08 57.4 1.48±0.26 53.8 5.7
6 00 14 35.05 -39 09 02.1 0.65±0.21 9.7 7.9
7 00 14 51.66 -39 10 42.5 4.53±0.42 316.3 4.3
8 00 14 18.76 -39 11 12.8 2.67±0.37 73.4 10.0
9 00 14 44.20 -39 11 32.1 0.64±0.18 19.6 5.2
10 00 14 56.61 -39 11 37.0 3.05±0.35 177.3 3.0
11 00 15 44.21 -39 12 06.5 0.51±0.18 7.1 6.8
12 00 15 01.80 -39 12 28.3 0.31±0.13 7.2 1.7
13 00 15 37.83 -39 12 32.4 0.59±0.18 13.6 5.5
14 00 15 28.69 -39 13 17.5 24.93±0.97 2656.0 3.7
15 00 15 28.71 -39 14 21.8 0.39±0.15 7.1 3.9
16 00 14 45.33 -39 14 35.2 12.58±0.70 1151.6 4.9
17 00 15 33.62 -39 15 11.8 0.59±0.17 15.0 5.1
18 00 14 54.82 -39 15 20.9 0.59±0.19 8.4 3.6
19 00 15 48.25 -39 18 40.0 0.68±0.22 8.3 9.3
20 00 14 56.75 -39 20 45.7 0.66±0.21 10.6 8.0
21 00 16 19.29 -39 20 44.6 1.75±0.49 9.0 15.5
22 00 15 16.28 -39 20 59.1 0.72±0.22 11.0 7.9
23 00 14 51.22 -39 24 12.5 1.22±0.31 13.2 11.6

diffuse emission either. The upper limits are derived for several positions around 

the optical centroid, the upper limit value is near th a t of the weak source located on 

the bar (No. 12). The typical upper limit value obtained is valid for the position from 

NED, the count rate < 0.18 x 10“  ̂ s“ .̂ Using the F =  2.0 power law model with 

the Galactic Nh — 1.72 x 10^° cm~^, as in Chapter 4, the (0.1-2.4 keV) unabsorbed 

flux f x  <  0.53 X 10“ ^̂  ̂ ergs cm“  ̂ s“  ̂ and luminosity L x  <  1.86 x 10̂ ® ergs s“ .̂ 

Because of the high inclination, the absorption column can be much larger than 

the Galactic one for the X-ray emission from the centre. Using the fitted Thermal
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NGC55 O
*

Figure 7.2: ROSAT HRI contour plot of NGC 55 overlaid on optical image. The 
centre of the galaxy (from the NED) is m arked w ith a cross and the D 2 5  ellipse is 
taken from the RC3 catalogue. The background level in the  HRI image is ~  0.82 
cts pix“ ^  The contour levels are 0.96, 1.03, 1.17, 1.52, 2.22 and 4.32 cts pix“ ^  The 
HRI image has 5" x 5" pixels and is sm oothed w ith a 3-pixel size G aussian. The 

optical image is taken from the DSS. D etected X-ray sources are indicated.

B rem sstrahlung model in the Table 7.6 for the bar region, the flux and the lum inosity 

will be doubled.
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7.3 NGC 247

7.3.1 P SP C  observation

From the PSPC image of NGC 247, a total of 26 sources was detected in the hard X- 

ray band within 18' of the field centre. A number of these X-ray sources is coincident 

with the disk of the galaxy, although several sources of comparable intensity are 

distributed across the full PSPC field. For example, the relatively bright source 

~  4' West of the galactic disk can be identified with a known QSO. Thus in NGC 

247 there appears to be a source confusion problem. The brightest source, which 

is probably associated with NGC 247, lies ~  2' South of the nominal centre of the 

galaxy; Table 7.6 provides relevant details for its spectral properties. Integrating all 

the X-ray emission coincident with the galactic disk gives a total X-ray luminosity 

(0.4-2 keV) for NGC 247 of ~  3 x 10̂ ® erg s~^.

Table 7.4: ROSAT HRI point sources in the field of NGC 247

Source 02000 < 2̂000 Count Rate Off-axis
h m  s o i l !  10~^ ML /

1 00 46 35.30 -20 36 45.1 1.21±0.37 9.6 11.6
2 00 47 03.30 -20 36 56.7 3.35±0.49 84.5 8.7
3 00 46 47.80 -20 38 35.7 1.42±0.33 24.5 8.3
4 00 47 03.72 -20 40 14.4 1.05±0.29 15.1 5.4
5 00 46 51.85 -20 43 26.6 5.65db0.58 267.2 4.2
6 00 47 10.09 -20 47 10.1 1.21±0.28 33.3 1.7
7 00 47 27.52 -20 47 24.3 3.69±0.48 144.3 5.1
8 00 47 03.94 -20 47 44.7 11.82±0.84 579.6 2.3
9 00 47 05.53 -20 49 25.9 0.64±0.23 9.4 3.9
10 00 47 43.63 -20 49 40.7 1.41±0.38 12.4 9.4
11 00 47 16.27 -20 49 53.2 0.49±0.19 9.4 4.8
12 00 47 42.04 -20 52 37.2 1.54±0.43 10.3 10.8
13 00 47 39.84 -20 53 20.8 1.10±0.35 8.8 10.9
14 00 47 25.39 -20 54 45.8 1.10±0.33 11.4 10.1
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7.3.2 HRI observation

The HRI observation (RO R 600622) was carried out in 1994 and 1995. The longer 

exposure (17.8 ksec, see Table 7.2) has been analyzed. W ith in  16' from the center

NGC 247 o .
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Figure 7.3: ROSAT HRI contour plot of NGC 247 overlaid on optical image. The 
centre of the galaxy (from the NED) is marked w ith a cross and the D 2 5  ellipse is 
taken from the RC3 catalogue. The background level in the  HRI im age is ~  0.42 
cts p ix“ ^  The contour levels are 0.49, 0.63, 0.77, 1.10 and 1.82 cts p ix“ ^  The HRI 
iraage has 5" x 5" pixels and is sm oothed w ith a 3-pixel size G aussian. T he optical 
iraage is taken from the DSS. D etected X-ray sources are indicated.
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of the field, 14 sources are detected with M L  > 7 .  Table 7.4 lists all these sources 

for reference.

The source No.5, which also detected by the PSPC, can be identified as the QSO 

which is studied in detail by Elvis et al. (1997). Figure 7.3 shows the HRI contours 

overlaid on the optical image. There may be a few sources associated with the 

galaxy, but none of them is located at the centre. The upper limit is calculated for 

the position from the NED, the count rate < 0.21 x 10“  ̂s“ ^  Using the F =  2.0 power 

law model with the Galactic N h  = 3.36 x 10̂ *̂  cm“  ̂ the (0.1-2.4 keV) unabsorbed 

flux f x  < 1-30 X 10“ ^̂  ergs cm“  ̂ s~  ̂ and luminosity L x  < 6.88 x 10̂ ® ergs s~^

7.4 N G C  300

7.4.1 P SPC  observation

This X-ray field is complicated by the presence of a bright extended complex of X- 

ray emission to the North-East of NGC 300, corresponding to a galaxy group/cluster 

which is unassociated with the Sculptor Group. Restricting to a 9' radius from the 

centre of the field, 19 hard X-ray sources were detected. There is a relatively bright 

X-ray source 3.4' East of the centre of the galaxy and some evidence for an extended 

X-ray emission complex coincident with the inner 5' (2.5 kpc) region of the galaxy. 

Table 7.6 details the X-ray spectral results for the brightest sources. Integrating all 

the X-ray emission coincident with the galactic disk gives a total X-ray luminosity 

(0.4-2 keV) for NGC 300 of ~  1.3 x 10̂ ® erg s“ .̂

7.4.2 HRI observation

The HRI observation (ROR 600621) was carried out in 1994 and 1995. The latter 

data set has a longer exposure time (19.1 ksec). W ithin 16' from the field centre, 18 

sources are detected with M L  > 7. Table 7.5 lists all these sours with their count 

rate.

Source No.3 may be identified with a foreground star, HD 5043 (G5V, 5.37'").
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Table 7.5: ROSAT HRI point sources in the field of NGC 300

Source
No.

Q<2000
h m s

(^2000
0 / I f

C ount R ate  
10-^ s - i ML

Off-axis
f

1 00 55 22.11 -37 29 15.6 1.47±0.46 8.0 13.5
2 00 54 14.56 -37 29 39.1 3.76±0.61 38.7 14.0
3 00 55 27.08 -37 31 22.7 8.49±0.77 196.7 12.1
4 00 53 52.75 -37 33 53.8 2.27±0.54 14.8 14.1

5 00 55 41.97 -37 35 31.3 2.03±0.42 27.3 11.4
6 00 54 23.67 -37 35 39.0 0.67±0.25 7.0 8.1
7 00 54 50.68 -37 38 47.2 0.60±0.21 10.6 2.6
8 00 55 11.34 -37 40 05.4 0.46±0.18 8.3 3.9
9 00 54 40.78 -37 40 44.4 1.04±0.28 16.3 2.5
10 00 54 44.41 -37 41 18.1 0.38±0.17 7.3 1.7
11 00 54 24.63 -37 42 08.6 0.53±0.20 8.2 5.6
12 00 55 10.30 -37 42 12.9 7.92±0.67 335.6 3.6
13 00 55 54.52 -37 43 38.7 1.47±0.46 7.2 12.4
14 00 54 33.88 -37 44 45.1 0.50±0.20 7.8 5.0
15 00 55 02.91 -37 45 37.3 0.51±0.20 7.8 4.7
16 00 55 04.15 -37 48 00.4 0.58±0.22 7.7 7.0
17 00 55 11.15 -37 48 37.5 3.07±0.44 85.3 8.1
18 00 54 44.95 -37 51 02.6 1.50±0.36 18.5 9.8

There are several sources located w ithin the D 2 5  ellipse (Figure 7.4), bu t no source 

is located in the centre of the galaxy. The upper lim it is calculated for the position 

from the NED, the count ra te  <  0.29 x 10~^ s“ ^  Using the F =  2.0 power law 

model w ith the G alactic N h =  3.24 x 10^° cm “  ̂ the  (0.1-2.4 keV) unabsorbed flux 

f x  <  1.78 X 10“ ^̂* ergs cm “  ̂ s“  ̂ and lum inosity L x  <  3.07 x 10̂ ® ergs s~^

7.5 NGC 7793

NGC 7793 was observed only w ith the ROSAT PSPC , which was carried out in 

December 1992 and May 1993 w ith a to ta l exposure tim e of 23.8 ksec. Read and 

Pietsch (1999) gave the detailed results of th is observation, by merging the two 

d a ta  sets to one. From the contours of the images th a t are created for different
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Figure 7.4: ROSAT HRI contour plot of NGC 300 overlaid on optical image. The 
centre of the galaxy (from the NED) is m arked w ith a cross and the £ > 2 5  ellipse is 
taken from the RC3 catalogue. The background level in the  HRI image is ~  0.52 
cts p ix“ .̂ The contour levels are 0.60, 0.76, 0.92 and 1.32 cts p ix“ .̂ The HRI image 
has 5" X 5" pixels and is sm oothed w ith a 3-pixel size G aussian. The optical image 
is taken from the DSS. Detected X-ray sources are indicated.

energy bands, they found th a t the unresolved residual emission is quite uniformly 

d istribu ted  over the galaxy.

Their result is tested here with a single d a ta  set observed in December 1992 w ith 

13.3 kpc exposure time. Neither ring profile from the Photon  Event Table or radial
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profile from the binned image shows any clear increase at the center of the galaxy.

7.6 Discussion

7.6.1 X-ray bright sources and lum inosities

The brightest sources in NGC 55, 247 and 300 are listed in Table 7.6 with their 

best fitted spectral parameters. All of the fitted absorption columns of these source 

are much larger than the corresponding Galactic value, which suggests th a t these 

sources might be associated with the host galaxies.

The derived X-ray luminosities of NGC 55, NGC 247 and NGC 300 are in rea­

sonable agreement with the previously established correlation for spiral galaxies of 

X-ray luminosity with the integrated B magnitude (Fabbiano 1989).

Based on the present study it is clear th a t source confusion can be a significant 

problem in the X-ray band when studying extended objects of relatively low av­

erage X-ray surface brightness such as nearby late-type spirals. For example, the 

luminosity of NGC 247 we derive here is just 30% of th a t measured in the Einstein 

observation (Long & Van Speybroeck 1983); this is partly due to the exclusion in the 

present analysis of the X-ray flux from a bright nearby background object identified 

with a QSO.

The total X-ray luminosities derived for these three galaxies, and also the lumi­

nosities of individual sources probably associated with each of the galaxies, are at

Table 7.6: The best spectral fitting parameters of bright sources of NGC 55, NGC
247 and NGC 300

Galaxy NGC 55 NGC 247 NGC 300
Source brightest extended bar brightest brightest 2nd brightest
Model wabs*brem wabs*brem wabs*raymond wabs*brem wabs*brem
N h {10-° cm -2) 22.1 ± 2 .9 16.6 ± 5 .9 7.02 ±  0.30 4.56 ±  0.44 8.38 ±  1.60
kT (keV) 0.87 ± 0 .2 3 1.72 ± 0 .8 4 0.30 ± 0 .0 3 0.60 ± 0 .1 8 0.35 ± 0 .4 7
Abundance 0.24 ± 0 .2 7

x l 1.37 0.92 0.65 0.90 1.695
i-Y (10^  ̂ ergs s“ )̂ 61.2 17.6 14.1 8.97 3.05

t 0.4-2.0 keV
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Table 7.7: Upper limits of X-ray emission from the cores of Sculptor Group galaxies

Name
X-ray 

Q 2000 <^2000
h m  s 0 ! n

Count
Rate

10“ =*

Unabsorbed flux Lum inosity  
f x  (0 .1 -2 .4  keV) L x  and lo g L x  

10“ '̂' ergs cm “  ̂ s “  ̂ 10̂ ® ergs s“ ^

NGC 55 00 15 08.35 - 3 9  13 17.3 <0 .18 <0.91 < 1 .8 6  36.26
NGC 247 00 47 08.56 - 2 0  45 38.2 <0.21 < 1 .30 < 6 .8 8  36.87
NGC 300 00 54 53.13 - 3 7  40 53.0 < 0 .29 < 1 .78 < 3 .0 7  36.48

levels compatible with sources of a stellar origin.

7.6.2 X-ray em ission from th e centres

There is no point-like source detected in the centres of these four Sculptor Group 

galaxies, NGC 55, 247, 300 and 7793 from either PSPC or HRI observations. Diffuse 

emission is detected all over NGC 7793, but there are no signs of extended source 

in the central area of other three galaxies. The upper limits of the X-ray emission 

from these three galaxies are summarized in Table 7.7.

Compare with the galaxies in the Local Group, these values are well below that 

of the centre object in M31. If there is any nuclear activity in these galaxies, the 

levels are certainly below or almost comparable th a t of the nuclear object in the 

Milky Way.



Chapter 8

Conclusions

In th is thesis, a dedicated search for X-ray emission from the cores in the Local 

G roup galaxies is performed to  establish w hether low levels of nuclear activ ity  oc­

curs in these nearest galaxies. The d a ta  are from ROSAT HRI or PSPC  pointing 

observations which are available for 21 Local G roup galaxies in the centre of the 

observing fields, and for another 3 in the outer detector area, covering 70% of all 

Local G roup members. The HRI d a ta  are particu la r useful, since the nuclear source 

may be more resolvable from their HRI images. 14 galaxies have HRI d a ta , while 9 

of them  have PSPC  observations as well.

M31 is the brightest galaxy of the group, and is considered to  contain a massive 

dark  object in its nucleus. T he X-ray emission from the nuclear source (known for 

some tim e) is also detected in the HRI d a ta  observed in 1996. The X-ray lum inosity 

in the ROSAT broad band (0.1-2.4 keV), L x  =  2.7 ±  0.1 x 10^^ ergs s“ \  is a t 

nearly same level of th a t detected 6 years before (the variability m easurem ent is 

1.5). M32 is a small Elliptical w ith a clear central concentration, and would contain 

a 3 X 10® M q  black hole. The HRI observation in 1994 shows a little  extension 

(~  2.7") of the X-ray source in M32. A lthough the  X-ray position of this source 

is a few arcseconds off the optical centre, th is offset is not yet reliably established. 

The HRI observation in 1997 confirms this extension. The long exposure PSPC  

observations in 1991 obtained enough counts to  a ttem p t the spectral fitting. The 

results are reasonable from both  d a ta  sets used; for the  power law model the photon
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index F ~  2 and thermal Bremsstrahlung model k T  ^  2 keV. All fitted models 

give higher absorption columns than the Galactic one. The HRI observation of 1994 

yields an X-ray luminosity L \  =  5.0 ±  0.4 x 10̂ *̂  ergs which increased little in 

1997 (the variability measurement is 1.5). But some PSPC observations detected 

as much as 3 times this luminosity from the same source. In the view of the small 

source extension and still uncertain central or non-central position of the source, 

conceivable interpretations are either a Supernova Rem nant or a mini-AGN. An 

ASCA spectrum and a radio upper limit suggest th a t a low-level AGN is a more 

attractive explanation.

The HRI image of the observation in 1995 for NGC 6822 resolved a weak source 

from the nearby 10 times stronger source. The position of this weak source is 

consistent with the optical centre of the galaxy as listed in the NED/SIMBAD 

database. The PSPC data indicate tha t this source may exhibit a hard spectrum. 

The X-ray luminosity is low, {Lx  =  1.3 ±  0.4 x 10̂ ® ergs s~^), but is comparable to 

th a t of the central source in the Milky Way (Sgr A*, L x  = 0.74 x 10̂ ® ergs s“ ^). 

The WLM galaxy has also an HRI source in the central position, detected in 1996. 

The count rate for this source is at the same level of th a t of NGC 6822, but the the 

luminosity {Lx = 3.4 ± 0 .8  x 10̂ ® ergs s“ )̂ is higher because of the greater distance 

to us. This luminosity did not change much between two data  sets observed within 

half a year (the variability measurement is 0.5). In both cases the galaxy is in a 

Irregular system and the optical position will refer to the centroid of the overall 

light distribution rather than a well-defined centre. These two central sources can 

therefore only be considered suspicious cases until there nature is firmly established 

with help of data from other wavebands and from new high-energy measurements. 

Among the rest of the Local Group galaxies, no sources are detected in their central 

area. The upper limits of the X-ray luminosities derived for the central regions show 

th a t most dwarf Ellipticals have little X-ray emission {Lx  ^  10^  ̂ erg s“ ^), and th a t 

the galaxies with total blue magnitude of at least L b — 10® L q b̂ may contain a 

central source at the level of the core in the Milky Way or stronger.

In addition, among 5 large members of the Sculptor Group, NGC 253 is a well-
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known starburst galaxy; NGC 7793 has some diffuse emission detected all over the 

galaxy but without significant enhancement in the centre position. For NGC 55, 

247 and 300 no sources are detected in the central regions, yielding rather low upper 

limits {Lx ^  10̂ ® ergs s“ ^).

As seen from the example of M32, the X-ray luminosities of the nuclear X-ray 

sources are several orders of magnitude less than typical Seyfert galaxies. If the 

sources are AGNs, one would expect this difference to be due to either a lower black 

hole mass (~  10“̂ M q) or a lower accretion rate (for M32, 10“ ,̂ in Eddington units). 

For such a low mass accretion rate, the standard thin disk model for accretion is 

probably not applicable and the model for Advection-Dominated Accretion Flows 

provides possible solutions. In the advection-dominated accretion very little energy 

is radiated away during the accretion process.

Masses for the central condensed objects have been determined for the Milky 

Way (2.6 x 10® M©) and for M32 (3.4 x 10® M©). In both cases the accretion rate is 

extremely low (in Eddington units: rh ~  10“® for Sgr A* in the Milky Way centre, 

m  — 10“® for the nucleus of M32) and well into the expected Advection Dominated 

Accretion Flow regime.

In brief, the central X-ray sources are found among the most luminous members 

of the Local Group. These are candidate massive Black Holes, for which confirmation 

can be found from data at other wavelengths in the cases of the Milky Way and M31. 

If also M32 and M33 have massive Black Holes in their nuclei, there could be at 

least four massive Black Holes immediately around us. For the moment one could 

conclude th a t the 20 or so smaller and/or Irregular and dwarf-Spheroidal systems 

do not seem to possess massive Black Holes, but the sample of M32 shows tha t the 

activity level can be so low th a t a non-detection may not necessarily imply no Black 

Hole. For future work, inclusion of data from several other wavelengths will allow 

to tighten this overall assessment of the nuclear status of the Local Group galaxies, 

which likely has to be carried through with reference to the Advection Dominated 

Accretion Flow emission predictions.
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