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ABSTRACT
We report the results from a deep ROSAT Position Sensitive Proportional Counter (PSPC) observa-

tion of LINER galaxy NGC 4736. Two bright sources are detected, separated by only about 1@, with the
brighter one coinciding with the center of the galaxy. Neither source shows apparent X-ray variability on
timescales of minutes to hours in the ROSAT band. Simple power-law models, typical of active galactic
nucleus (AGN) X-ray spectra, produce poor Ðts to the observed X-ray spectrum of the nuclear source.
The addition of a Raymond-Smith component improves the Ðts signiÐcantly. This is consistent with the
presence of hot gas in the nuclear region with kT ^ 0.3 keV, in addition to a compact nuclear source.
However, a careful examination of the residuals reveals apparent features at low energies (\0.25 keV).
We Ðnd that the addition of a narrow emission line at about 0.22 keV is a signiÐcant improvement to
the parameterization of the spectrum. We examine the results in the light of the accuracy of the PSPC
spectral calibration. The derived photon index is about 2.3, which is similar to those for Seyfert 1 gal-
axies measured in the ROSAT energy range. On the other hand, the 0.1È2 keV luminosity for the
compact source is only about 3.4] 1039 ergs s~1, much fainter than typical Seyfert galaxies. We discuss
the implications of these results on the connection between LINERs and AGNs.

The o†-center source is transient in nature. It has a hard X-ray spectrum, with a photon index of
about 1.5, so is likely to be an X-ray binary. There is still some ambiguity regarding its association with
the galaxy. If it is indeed located in the galaxy, the 0.1È2 keV luminosity would be greater than
5.1] 1038 ergs s~1, making it a stellar mass black hole candidate.
Subject headings : galaxies : individual (NGC 4736) È X-rays : galaxies

1. INTRODUCTION

The active galactic nucleus (AGN) phenomenon
expresses itself very clearly at X-ray wavelengths. X-ray
emission from AGNs is thought to be due to the accretion
of surrounding matter onto a massive central black hole.
The X-ray luminosities of AGNs span many decades.
Quasars are the most luminous among the class, with X-ray
luminosities above 1045 ergs s~1. Seyfert galaxies, on the
other hand, are much fainter, with typical luminosities of
1043È1045 ergs s~1. However, the least luminous ones can
be as faint as 1040È1041 ergs s~1 et al. which is(Cui 1996b),
already close to the luminosity of bright ““ normal ÏÏ galaxies

Only about 1% of luminous galaxies are(Fabbiano 1995).
AGNs in a classical sense It is therefore(Weedman 1977).
natural to ask if AGN activity stops abruptly at Seyfert
galaxies or extends to lower luminosities, more speciÐcally,
to the realm of ““ normal ÏÏ galaxies.

X-ray observations of nearby galaxies sometimes show
relatively bright nuclear emission similar(Fabbiano 1989),
to that detected in Seyfert galaxies. Optical spectroscopic
surveys of these galaxies show that as many as 10%È20% of
the bright ones may be active, but at a much lower level
than classical AGNs. Many of them have optical spectra
characteristic of low-ionization nuclear emission-line
regions (LINERs) Keel(Heckman 1980 ; Staufer 1982 ;

& Sargent &1983a, 1983b ; Filippenko 1985 ; Ve� ron-Cetty
Ve� ron et al. These surveys also show1986 ; Phillips 1986).
that LINERs are very common among ellipticals and early-
type spirals, about 80% of Sa galaxies, over 40% of Sb
galaxies, and one-third of all spiral galaxies. Perhaps they
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are the missing link between Seyfert and ““ normal ÏÏ galaxies.
LINERs seem to make up a heterogeneous class : while

some show AGN-like activity, the observed nuclear activity
in others may be explained by other physical processes,
such as shock heating, cooling Ñow, or photoionization by
hot stars at the center of the galaxy, without invoking an
AGN scenario (see a review by System-Filippenko 1994).
atic investigations of AGN-like activity in LINERs have
been carried out primarily in the optical (e.g., &Filippenko
Terlevich Filippenko, & Sargent while1992 ; Ho, 1993),
observations at higher energies, such as UV and X-rays,
have only begun recently et al. et al.(Maoz 1995 ; Koratkar
1995).

To address this issue, we studied a nearby Sab galaxy
NGC 4736 & Tammann NGC 4736 has the(Sandage 1987).
optical spectrum of a LINER Balick, & Crane(Heckman,

and is known optically for its bright1980 ; Heckman 1980)
nucleus and high surface brightness in compact spiral arms.
Its optical similarities to the Seyfert galaxy NGC 1068 make
it ““ the best candidate for an ex-Seyfert ÏÏ & Weedman(Keel

Recently, et al. reported the detection of1978). Maoz (1995)
compact nuclear UV emission in NGC 4736 using the Faint
Object Camera on the Hubble Space T elescope (HST ),
which suggests the presence of an AGN-like continuum
source or a compact stellar cluster at the center of this
galaxy.

In this paper, we present the results from a deep ROSAT
Position Sensitive Proportional Counter (PSPC) observa-
tion of NGC 4736. The X-ray and radio data are described
and presented in Detailed analyses are carried out in° 2. ° 3,
and the results discussed in Finally, we conclude by° 4.
summarizing the main results in ° 5.

2. DATA

NGC 4736, along with a few other high-latitude, nearby,
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face-on spiral galaxies, was chosen to be observed by the
ROSAT PSPC as part of a systematic investigation of the
distribution of soft di†use X-ray emission, thus the distribu-
tion of hot gas, in the disks of ““ normal ÏÏ spiral galaxies (Cui

et al. Some basic data on NGC 4736 are1994 ; Cui 1996a).
summarized in Table 1.

During the observation (RP600050), the pointing
direction [R.A. decl. (J2000)\(J2000)\ 12h50m50s.4,

is slightly o† the center of the galaxy (see]41¡06@.36A.0]
The total on-source time is about 96 ks. SporadicTable 1).

short-term enhancements of unknown origin et(Snowden
al. dominated the total count rate for a signiÐcant1994)
fraction of the observation. The data were also severely
contaminated by scattered solar X-rays. While it is essential
to understand and remove these noncosmic X-ray events
for studying di†use X-ray emission from this galaxy et(Cui
al. it is not as critical for the study of individual1996a),
bright sources because the conventional ““ annulus back-
ground subtraction ÏÏ technique can be applied. However, in
order to minimize possible systematic e†ects, such as non-
uniform distribution of noncosmic events over the detector,
we chose to exclude the time intervals when the total count
rate was 20 counts s~1 higher than the ““ quiescent ÏÏ level.
This eliminated short-term enhancements and the worst
instances of scattered solar X-rays ; it leaves us with an
exposure time of about 87 ks. The X-ray image (with a pixel
size of was reprojected to epoch B1950 and was inter-7A.5)
polated to a smaller pixel size. The Ðnal image of the central
region of the galaxy is shown in (Plate 18), for theFigure 1
0.1È2.0 keV energy band.

In addition to the X-ray data, we have also obtained
interferometric H I 21 cm data and James(Braun 1995)
Clerk Maxwell Telescope CO (2] 1) data for this galaxy. A
full discussion and analysis of these data will be presented
elsewhere. In this paper, we use these distributions pri-
marily to constrain the internal absorption of soft X-rays by
gas within the galaxy.

3. ANALYSIS

The X-ray image clearly shows two closely spaced
sources near the center of the galaxy. They are only separat-
ed by about 1@, with the brighter one coinciding with the
center of the galaxy (within the ROSAT pointing accuracy,
usually D10A).

3.1. Spatial Analysis
To estimate the spatial extent of the detected sources, we

made linear cuts through them along both east-west and
south-north directions, with square bins.7A.5 ] 7A.5 Figure 2
shows the linear proÐles of both sources. Note that only one
proÐle for the o†-center source is shown because of heavy
““ contamination ÏÏ by the central source along the other
direction. The solid lines are the broadband-averaged theo-
retical point-spread functions (PSFs) at the locations of the
sources. They Ðt the measured proÐles well around the
peaks, indicating that the sources are consistent with being
pointlike. Broad wings on the source proÐles are apparent
for both sources and are caused by the difficulty of separat-
ing them, as well as by the di†use X-ray emission that is
very strong at the center and hardly detectable in the back-
ground annulus et al. For such a long exposure,(Cui 1996a).
the source position can be accurately determined by Ðtting
the source proÐle with the PSF (to an accuracy much better
than the spatial resolution of the PSPC). The best-
determined positions of the sources are listed in InTable 2.
this case, errors are dominated by the ROSAT pointing
uncertainty.

3.2. T iming and Spectral Analysis
Because two sources are so close to each other, we chose

to extract source counts within a pie-shaped region (see
centered on one source to avoid ““ contamination ÏÏTable 2)

from the other. The background counts were obtained from
an annulus centered on the galactic center with radii of 3@.3
and which is nearly free of any other bright sources7@.5,
(only one was detected and removed). Neither source dis-
plays apparent X-ray variability on timescales of minutes to
hours.

For each source, the total counts were accumulated into
a 256 channel, pulse-heightÈinvariant spectrum. We
ignored energy channels below 9 and above 212, and
rebinned the remaining channels into 26 energy bins using
the scheme adopted by the ROSAT Standard Analysis Soft-
ware System.

For the central source, the high signal-to-noise ratio
(S/N) of the resulting X-ray spectrum made it particularly
challenging to adequately model it because systematic
uncertainties in the instrument calibration become signiÐ-
cant in this case. We tried to Ðt the spectrum with simple
models, such as blackbody (BB), power law (PL), and
thermal bremsstrahlung (TB), using & McCam-Morrison
mon cross sections for absorption, but none of them,(1983)
individually, provided an adequate Ðt. SigniÐcant improve-
ment was achieved with the addition of a Raymond-Smith
(RS) component & Smith updated by J. C.[Raymond 1977 ;

TABLE 1

BASIC DATA ON NGC 4736

Name Value Reference

Type . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sab Sandage & Tammann 1987
R.A. (J2000) . . . . . . . . . . . . . . . . . . . . . 12 50 53 Sandage & Tammann 1987
Decl. (J2000) . . . . . . . . . . . . . . . . . . . . 41 07 17 Sandage & Tammann 1987
Galactic NH (1020 cm~2) . . . . . . 1.4 Dickey & Lockman 1990
Distance (Mpc) . . . . . . . . . . . . . . . . . 4 e.g., Duric & Dittmar 1988
Major diameter (arcmin) . . . . . . 14 Nilson 1973
Minor diameter (arcmin) . . . . . . 12 Nilson 1973
H I/H II ring (arcsec) . . . . . . . . . . . 40È60 Mulder & van Driel 1993
Outer H I ring (armin) . . . . . . . . . 4È6 Mulder & van Driel 1993
Distance scale (pc/arcsec) . . . . . . D19/1 Assuming a distance of 4 Mpc

NOTE.ÈUnits of right ascension are hours, minutes, and seconds, and units of
declination are degrees, arcminutes, and arcseconds.
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FIG. 2.ÈLinear proÐles of the nuclear source along (a) the east-west and (b) north-south directions, and (c) the o†-center source along the north-south
direction, with a square pixel size of The solid lines are the broadband-averaged theoretical PSFs at these locations. The broad wings are perhaps due to7A.5.
di†use X-ray emission in the region, as well as to the difficulty of separating two sources (see text).

Raymond in 1991 (adopted in XSPEC package)] that
approximates the X-ray emission from an optically thin hot
plasma. This is consistent with the reported detection of
strong di†use X-ray emission in the inner disk of NGC 4736

et al. because a likely origin of such emission is(Cui 1996a),
the thermal emission from million-degree gas present in the
central region of the galaxy. As discussed above, the di†use
component should remain in the present data. Therefore, at
least one RS component is required to adequately model it.
A combination of PL (or TB or BB) and RS is thus the

simplest plausible model to Ðt the observed X-ray spectrum,
with PL (or TB or BB) representing the spectrum of the
compact source itself. Depending on the geometries and
positions of the X-rayÈemitting regions in the galaxy, these
two components may be absorbed by di†erent amounts of
matter along the line of sight. We proceeded to Ðt the
spectra with such two-component models,

Iobserved \ I
s
e~pNHs ] IRS e~pNHRS , (1)

where s is either PL, TB, or BB, and assuming solar abun-

TABLE 2

THE DETECTED SOURCES

Quantity Nuclear Source O†-Center Source

R.A. (J2000)a . . . . . . . . . . . . . . . . . . . . . . . . . 12 50 52 12 50 48
Decl. (J2000)a . . . . . . . . . . . . . . . . . . . . . . . . ]41 07 10 ]41 07 35
Remaining exposure time (ks) . . . . . . 87 87
Extracted source counts . . . . . . . . . . . . 17432 1432
Extracted fraction (%)b . . . . . . . . . . . . . 80 50
Hardness ratioc . . . . . . . . . . . . . . . . . . . . . . 0.026^ 0.008 0.135 ^ 0.026

NOTE.ÈUnits of right ascension are hours, minutes, and seconds, and units of
declination are degrees, arcminutes, and arcseconds.

a Errors (not shown) are dominated by the ROSAT pointing uncertainty
(D10A ; see text).

b Fractional area of the pie-shaped region in a circle.
c Hardness ratio is deÐned as (H[S)/(H]S), where H is the total counts in

energy channels 41È200, and S in channels 8È40.
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FIG. 3.ÈX-ray spectrum of the nuclear source. The solid-line histograms represent the best-Ðt models to the data : (a) PL] RS and (b) PL] RS ] GAU.

dances for RS. Both PL] RS and TB] RS Ðtted the data
equally well, and the best-Ðt parameters are shown in Table

Clearly, neither Ðt is statistically acceptable. The problem3.
can be better demonstrated by which shows theFigure 3a,
observed X-ray spectrum of the central source, and the best-
Ðt PL] RS model. Upon examination of the residual, the
model deviates from the data very signiÐcantly at the low-
energy portion of the spectrum (\0.25 keV), even though it
Ðts the high-energy portion reasonable well. We are not
certain if this is a real e†ect or calibration artifacts, which
would be more prominent in high S/N data (we have used
the 1992 March 11 response matrix, as instructed in the
ROSAT UsersÏ Handbook). Spectral calibration uncer-
tainties are known to be larger at lower energies (see the
ROSAT UsersÏ Handbook). As recommended, a 2% sys-
tematic uncertainty was added to the data to represent
the best estimated uncertainty in detector response matrix
calibration.

In order to model the low-energy end of the spectrum, we
added a soft BB component to the two-component models.

Unfortunately, no signiÐcant improvement was obtained.
Decent Ðts were made possible with the addition of a
Gaussian line feature (centered at keV with zeroE

c
^ 0.22

width ; no absorption was applied to this component) to the
two-component models. This feature might be associated
with one or more of emission lines highly ionized Fe, Si,
Mg, and S in an optically thin plasma. We then experi-
mented with adjusting abundances of these elements in the
RS model and in the absorption cross section calculation in
an attempt to remove it, but we failed to get a reasonable Ðt.
This seems to suggest that the Gaussian component is a
calibration artifact. The best-Ðt model (PL ] RS ] GAU)
is plotted in and the parameters are shown inFigure 3b,
Table 3.

We experimented with other more complicated models
that have been proposed for AGNs, including the partial-
covering models that seem to Ðt the observed AGN X-ray
spectra well & Barcons However, none(Ceballos 1996).
provided signiÐcant improvement over the simple models.
The large discrepancies between the models and the

TABLE 3

RESULTS OF SPECTRAL ANALYSISa

Line Line
NHs kT TB NHRS kT RS Energy Width f

s
2

Source Model (1020 cm~2) a (keV) (1020 cm~2) (keV) (keV) (keV) s2/dof Fb L b (%)

Nuclear . . . . . . . . PL] RS ] GAU 6~23`10 2.3~0.4`0.5 . . . 3~2`20 0.31~0.16`0.04 0.224~0.004`0.003 0 54.6/21 17.8 3.4 58
PL] RS 2.0 2.5 . . . 1.4 0.42 . . . . . . 124.3/24 . . . . . . . . .
TB] RS ] GAU 4~2`6 . . . 1.5~0.4`2.2 5~4`58 0.29~0.15`0.03 0.225~0.003`0.002 0 56.9/21 17.2 3.2 54
TB] RS 1.3 . . . 0.7 1.2 0.44 . . . . . . 182.0/24 . . . . . . . . .

O†-center . . . . . . PL] RS 0.4~0.4`0.4 1.5~0.2`0.4 . . . 48~48`133 0.4~0.2`0.4 . . . . . . 32.9/24 2.62 0.51 76
1.4 (Ðxed) 1.8~0.1`0.1 . . . 1.4 (Ðxed) 0.7~0.2`0.3 . . . . . . 46.4/26 . . . . . . . . .

TB] RS 0.2~0.2`0.4 . . . 4~2`16 46~46`66 0.4~0.3`0.4 . . . . . . 33.4/24 2.64 0.51 79
1.4 (Ðxed) . . . 1.3~0.3`0.2 1.4 (Ðxed) 0.7~0.4`0.7 . . . . . . 55.3/26 . . . . . . . . .

a Uncertainties represent the 90% conÐdence interval.
b F is the total observed 0.1È2.0 keV Ñux in units of 10~13 ergs s~1 cm~2 ; L is the corresponding X-ray luminosity in units of 1039 ergs s~1, calculated for

an assumed distance of 4 Mpc ; and is the fractional source (PL or TB) contribution. Flux and luminosity have been corrected for insufficient source-countf
sextraction (see discussion in ° 2).
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FIG. 4.ÈX-ray spectrum of the o†-center source. The solid-line histo-
gram represents the best-Ðt PL ] RS model to the data.

observed spectrum at energies below D0.25 keV are hardly
reduced by adopting these complicated models.

Similar spectral analysis was carried out for the o†-center
source. shows the observed X-ray spectrum for thisFigure 4
source, along with the best-Ðt model (PL ] RS). In this
case, no Gaussian line feature is required to model the
observed X-ray spectrum (perhaps due to the relatively low
S/N of the data). The results are summarized in Table 3.

4. DISCUSSION

As expected et al. the di†use component is(Cui 1996a),
dominated by the keV emission, as evidenced by the tem-14perature of the RS component (about 0.3 keV). It accounts
for about 30%È35% of the total observed 0.1È2.0 keV Ñux.
The values are not very well constrained in our case,NHalthough small values seem to be preferred. The radio data
show, however, that although the integrated H I emission
shows a decline in apparent atomic column density inward
of about 40A radius from about cm~2 toNH I \ 2 ] 1021
less than about 1020 cm~2 (see and there areFig. 1a Fig. 5),
indications that the H I at radii less than about 60A is
already quite opaque so that actual H I columns are likely
to be several times larger. Comparable column densities of
molecular hydrogen are inferred from CO emission at radii
of about 50A. These appear to increase roughly exponen-
tially to smaller radii (as shown in utilizing the data ofFig. 5

Casoli, & Combes and assuming a CO (C] O)Gerin, 1991
to conversion factor of 2.3 ] 1020 cm~2/K km s~1).NHAlthough some authors have postulated a ““ hole ÏÏ in the
molecular gas distribution at small radii et al.(Smith 1991),
there is as yet no observational evidence for such a conÐgu-
ration of the neutral gas. How can we reconcile these seem-
ingly conÑicting results ? There are two possibilities : (1) the

distribution in NGC 4736 is clumpy on angular scalesNHsmaller than the beam sizes of the H I and CO surveys, and
there is a relatively clear path toward the nuclear source, or
(2) the detected source is located o† the galactic nucleus and
sits high above molecular clouds in the region. Our results
alone cannot distinguish between these scenarios.

FIG. 5.ÈRadial proÐles of the apparent absorbing column density due
to atomic and molecular neutral hydrogen in NGC 4736 (see text).

We cannot rule out a purely thermal origin of the central
source. Thus, the shock-heating scenario is still very likely.
Hot gas is deÐnitely present in the region and produces
strong di†use X-ray emission et al. On the(Cui 1996a).
other hand, a power-law X-ray source at the galactic center
is also possible to account for the bulk of the emission. The
derived power-law photon index for the source is similar to
those for typical Seyfert 1 galaxies measured in the ROSAT
energy range George, & Mushotzky With an(Turner, 1993).
assumed distance of 4 Mpc, the observed 0.1È2 keV lumi-
nosity of the source is only about 3.4 ] 1039 ergs s~1, much
lower than that of typical Seyfert galaxies. Under AGN
settings, the low X-ray luminosity is perhaps the result of an
intrinsically lower mass accretion rate in the galaxy that is
due to a lack of ““ fuel ÏÏ in the region. Assuming an X-ray
conversion efficiency of 10%, a lower limit on the mass
accretion rate can be estimated as

M0 º
10L 0.1h2.0 keV

c2 , (2)

with ergs s~1 (see TheL 0.1h2.0 keV ^ 3.4 ] 1039 Table 3).
lower limit is thus D6 ] 10~7 yr~1, which does notM

_appear to be in conÑict with any other observational lower
limits on AGN activity. Another possibility is that the ac-
cretion process in this galaxy operates in a so-called
““ advection-dominated regime ÏÏ in which the bulk of re-
leased energy is advected with the gas present in the region
into the central black hole ; little is radiated away in the
form of X-rays (e.g., & Yi This model couldNarayan 1995).
provide a natural explanation for the presence of hot gas in
the region. The advection-dominated accretion may be
common among low-luminosity Seyfert galaxies and
LINERs (e.g., NGC 4258 ; et al. in fact, itLasota 1996) ;
appears to be what takes place at the center of our own
Galaxy, based on a multiwavelength spectral analysis of
Sagitarrius A* Yi, & Mahadevan(Narayan, 1995).

The nucleus of NGC 4736 shows signs of being active : it
is bright in Ha, as shown in (Plate 19)Figure 6 (Pogge

and radio continuum emission (see et1989), Fig. 1b). Maoz
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al. reported the detection of compact nuclear UV(1995)
emission in NGC 4736 in a HST observation. In fact, they
detect two unresolved sources of comparable brightness
separated by about The source surrounded with di†use2A.5.
emission is presumed to coincide with the optical nucleus of
NGC 4736, while the second source is suggested to be the
nucleus of a recently merged subsystem. With the unprece-
dented spatial resolution of the HST , this detection pro-
vides evidence for the existence of a nonstellar (or extremely
compact stellar) continuum source. We have now detected
luminous compact X-ray emission from the region, and the
measured position of the central X-ray source is consistent
with it being located at the galactic nucleus (see Tables 1
and However, because the spatial resolution of the2).
ROSAT PSPC is poor, we cannot rule out the possibility
that the observed X-ray emission may be the integrated
contribution from luminous X-ray binaries near the galactic
center.

Compact nuclear X-ray emission has also been detected
in other LINERs. et al. studied Ðve low-Koratkar (1995)
luminosity AGNs (LLAGNs), including two LINERs, to
address speciÐcally the issue of whether the dominant X-ray
production mechanism is the same at all luminosities in
AGNs. Soft X-ray emission was detected in all galaxies. The
high-resolution HRI images show that the emission is
mostly or entirely conÐned to the nucleus. The observed
ROSAT PSPC spectra of the LINERs and one Seyfert 1
galaxy in their sample are similar, and can be Ðtted by
simple power-law models with relatively low internal
absorption. Like NGC 4736, the derived photon indices
and absorbing column densities are similar to those for
luminous Seyfert 1 galaxies measured in the ROSAT energy
range et al. Evidence is strong to support(Turner 1993).
that the physical processes in producing X-rays in LLAGNs
(including a signiÐcant fraction of LINERs) are the same as
in the luminous objects, although studies of a larger sample
of LLAGNs are clearly required to draw any deÐnitive
conclusions.

What is the nature of the o†-center source? The observed
0.1È2.0 keV luminosity (internally absorbed) is D5 ] 1038
ergs s~1, making it a very luminous X-ray source, if it is
indeed a single point source. The hard power-law spectrum
seems to suggest that it is likely to be a X-ray binary. The
mass of the primary in the binary system can then be esti-
mated as

M \ M
_

L
L E

, (3)

where is Eddington luminosity for a 1 accretingL E M
_object. Assuming an Eddington luminosity appropriate for

pure electron scattering, D1.3] 1038 ergs s~1, the absorbed
X-ray luminosity (see would require the mass to beTable 3)
larger than D4 making it a stellar mass black holeM

_
,

candidate. Similar luminous X-ray sources have also been
detected in several other nearby spiral galaxies (see

for a review).Fabbiano 1995
This source is located on the inner H I ring, to the north-

west of the nuclear source. Many compact radio sources
were detected along the ring, with both thermal and non-
thermal radio continuum spectra & Dittmar(Duric 1988).
They are thought to be thermal bremsstrahlung emission
from compact H II regions associated with hot, young stars
and synchrotron radiation from young supernova rem-

nants, respectively, both of which indicate active star forma-
tion in the ring. High star formation rates are also
supported by the observed Ha emission in the region

The detected X-ray source is only a few arcse-(Pogge 1989).
conds away from one of the thermal radio sources, as
shown in which is associated with a compact H IIFigure 6,
region. The poor spatial resolution of the ROSAT PSPC
prevents a deÐnitive identiÐcation with the compact radio
source.

The proximity of this source to the nuclear source might
also suggest some causal relation : is it some sort of ejecta or
jet from the central source? The observed X-ray morphol-
ogy, as shown in seems to argue against it, butFigure 1,
high spatial resolution is clearly needed to address this
question.

It is also conceivable that what we are seeing are the
cores of two merged galaxies, both of which emit strongly in
X-rays. This model may provide a natural explanation for
the formation of the prominent ring structures in this galaxy

& van Driel since the disturbance caused by(Mulder 1993),
the galaxy merging process is likely to produce strong
shock waves. These same shocks might also trigger star
formation in the rings, as supported by radio and Ha
observations & Dittmar In this(Duric 1988 ; Pogge 1989).
case, the observed o†-center UV source et al.(Maoz 1995)
may simply be a circumnuclear star cluster.

However, the derived values are uncomfortably lowNH(lower than that due to the foreground interstellar medium
in our Galaxy ; see When we Ðxed the to theTable 1). NHGalactic value, the Ðts became worse. This seems to indicate
that the source is closer to us than the galaxy, even though
the probability of a foreground X-ray source fortuitously
lining up with the nucleus of the galaxy is very small. There
are, however, no known Galactic X-ray sources in this
direction. Of course, it may be a transient source that went
into a relatively long and steady outburst state when
observed by the PSPC, similar to 4U 1630[47 (a black
hole candidate), as currently seen by the all-sky monitor on
the Rossi X-Ray T iming Explorer. When we were about to
submit this paper, the ROSAT HRI image of NGC 4736
became available (RH600678, which was carried out
roughly 4 years after the PSPC observation). As expected,
the HRI image shows a bright X-ray source at the galactic
center, but the o†-center source had disappeared com-
pletely, which supports its transient nature. Instead,
another source is detected about the same distance away
from the nucleus, but to the west and slightly south. (We
have carefully checked the orientation of the observation by
using the bright X-ray sources in the Ðeld.) Is this consistent
with the proper motion of a nearby star? If so, the star
would have moved an angular distance of D25A in D4 yr,
which would imply a distance (of the source from us) less
than D13 pc, assuming a maximum tangential velocity of
400 km s~1. As a result, the observed X-ray luminosity
would be less than D5 ] 1027 ergs s~1, which is still consis-
tent with stars with X-rayÈemitting coronae (e.g., etSchmitt
al. It cannot be a Ñare star, however, because no1990).
strong X-ray variability was measured. We have also
searched but have not found any reported recent super-
novae in NGC 4736. It is more likely, therefore, that both
X-ray sources are associated with the galaxy itself, as sup-
ported by their excellent alignment with the nuclear source.
This would provide strong evidence that the inner H I ring
(at which both sources are located) is indeed quite active.
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5. CONCLUSIONS

We have presented and discussed the results of our
analysis of a deep ROSAT observation of the nearby galaxy
NGC 4736 in order to investigate possible AGN-like activ-
ity in its nuclear region, as suggested by studies of this
galaxy at other wavelengths. Our main results can be sum-
marized as follows :

1. Two bright X-ray sources are detected in the central
region of NGC 4736. Their X-ray radial proÐles are con-
sistent with the PSFs of the ROSAT PSPC, and the separa-
tion is estimated to be about 1 kpc. The brighter source is
consistent with being at the nucleus, suggesting that it may
perhaps represent the nonstellar continuum source that
powers the observed nuclear emission at various
wavelengths.

2. The detailed spectral analysis shows that the observed
X-ray emission from the nuclear region can be attributed to
both a central source and a hot gas present in the region,
with the central source contributing the bulk of the
observed 0.1È2.0 keV luminosity. The X-ray spectrum of the

o†-center source is harder. It is likely to be a luminous,
transient X-ray binary. Then, the measured X-ray lumi-
nosity would make it a stellar mass black hole candidate.

Combining our results with those from observations of
NGC 4736 at other wavelengths, particularly the HST
observation, evidence is strong for the presence of a non-
stellar continuum source at the nucleus of the galaxy,
similar to those thought to exist in Seyfert galaxies.
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atory, Caltech, under contract with the National Aeronau-
tics and Space Administration. This work is supported in
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