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Detection of a Strong Soft X-ray Transient Near the Nucleus of Centaurus A
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Introduction
The elliptical galaxy NCG 5128 is the stellar body of the
giant double radio source Centaurus A (Cen A). It is one
exampleof thefamily of elliptical galaxiesthat have an ab-
sorbing band of gas and dust projected across their stellar
body, obscuring the nucleus at optical wavelengths. The
dust laneisthought to be the remnant of arecent (107 — 10°
yearsago) merger of agiant elliptical galaxy with asmaller
spiral galaxy (Thomson 1992).
Its proximity of < 4 Mpc (Hui et al. 1993) makes Cen A
uniquely observable among such objects, even though its
bolometric luminosity is not large by AGN standards.
Therefore, NGC 5128 isavery well studied and frequently
observed galaxy in all wavelength bands. Its emission is
detected from radio to high-energy gamma-rays (Johnson
eta. 1997; Israel 1998).
Variability of CentaurusA isreported in many wavelength
regimes. In hard and in soft X-rays, observations of the
Cen A region have revealed intensity variability greater
than an order of magnitude (Bond et al. 1996; Baity et al.
1981; Turner et a. 1997). Many of the observations re-
ferred to in the above publications, however, were made
by instruments with a spatial resolution much lessthan re-
quired to resolve the inner parts of Cen A.
We here report the detection of a strong source only 2.'5
off from the nucleus of Cen A in ROSAT High Resolution
Imager (HRI) X-ray data.

Observations
InJuly 1995 amultiwavel ength campaign took placeto ob-
serve Cen A (NGC 5128) from radio to gamma-rays. Over
atimeinterval of 14 dayssimultaneous measurementswith
various instruments were made (Steinle et al. 1999). The
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soft X-ray regime (0.1-2.4 keV) was observed five times
with the ROSAT HRI during thistime interval. The expo-
sure times were in the order of 5000 s each.
During the ROSAT HRI observations in 1995, spanning a
time of 10 days, in each observation a bright X-ray source
was detected 2.’ 5 south-west of the nucleus of NGC 5128
at the outer regions of the elliptical galaxy.
The coordinates derived from the ROSAT images are:
RA.=13"25m198, Dec=—43°03 12’
(J2000; uncertainty 5").
The source has been assigned the ROSAT catal ogue name
1RXH J132519.8-430312. However, we will refer to the
transient as hcs113 asit is number 113 in alist of ROSAT
HRI / Chandra sources which will be published in afuture

paper.
In all five observations hes113 was the brightest point
source inthe HRI field-of-view with an average count rate
of (0.033+0.003) countssec™, whichisabout afactor of
4 brighter than any other point source and about 30 % of
the flux of the combined Cen A nucleusand jet sources. In
Fig. 2weshow the sum of all five 1995 observationswhere
hcs113 and the object H13 are marked. H13 is a source
from Turner et a. (1997) which we used for comparison,
asit is aconstant source in all ROSAT observations at a
count rate of (0.008 + 0.002) counts sec™*. H13 is proba-
bly a14™ mag M star (Feigelson et al. 1981) or a distant
early type galaxy (Wagner et al. 1996).

As the ROSAT observations in July 1995 were part of
an extensive multiwavelength campaign to observe Cen A
from radio to gamma-rays, simultaneous observations at
other wavelengths exist (Steinle et a. 1999). However,
only the optical monitoring with the ESO 2.2 m telescope
at LaSilla(Chile), had the position of hes113 in the field-

of-view and had enough spatial resolution. No candidate
object in the ROSAT error box down to alimiting magni-
tudeof ~ 18 magisvisibleinthe B and V exposureswhich
wereobtined during the same time interval in 1995 (see for
exampleFig. 4).

Variability
Themeasured flux from hes113is constant over the 10-day
observation period in 1995. The only significant deviation
occursin the observation of July 22, where the flux drops
by 30 %.
Beforeand after these 1995 observations, four other obser-
vations of Cen A had been made with ROSAT (three with
the HRI and one with the Position Sensitive Proportional
Counter (PSPC)). All these observations from the years
1990, 1992, 1994, and 1998 which had substantially longer
exposure times than the 1995 observations, show no trace
of asource at the position of hcs113, even if combined. In
Fig. 1, whichis the sum of al ROSAT HRI observations
without the 1995 multiwavelength data and has a total ex-
posure of 101862 s, the cuts are set as low as possible to
detect any object at the transients position, but no object is
detected. The derived (2 o) upper limit for a detection at
the position in question is 0.0003 counts sec™*.
Turner et a. (1997), who analyzed the 1990 ROSAT
HRI observation in detail, did not detect any source at
the transient’s position, nor did they find any object in
the ASCA and EINSTEIN datathey used for comparison,
which would be consistent with the position of hcs113.
The BATSE instrument on board CGRO has monitored
Cen A continuously since its launch in April 1991 in the
energy band 20-100 keV, with avery coarse (few degrees)
spatial resolution (Wheaton et al. 1996) giving along base-
line for monitoring flux variations. Around the time of the

1995 observations, an increase of the flux is present in the
data, but such variations are very common for this source
(see Fig. 1in Steinle et a. (1999)), and similar flux in-
creases occurred during some of the other ROSAT obser-
vations, when hcs113 was not detected.

Recently released publicimages of one of thefirst Chandra
observations, which was imaging the Cen A region with
unprecedented arc-second resolution in the energy range
0.1-10 keV, show aweak source at the position of hcs113
(see Fig. 3). Thisisvery probably the transient source ei-
ther inits quiescent state or in anew outburst phase. How-
ever, hes113 is not one of the highly variable or transient
sources listed in the paper by Kraft et a. (2000).

Spectral Information

Asthe ROSAT HRI has no energy resolution, no spectral
information is available from those observations. Unfor-
tunately the only PSPC observation and the data from the
ROSAT All-Sky Survey, which would have had spectral
information, were made when the transient was not active.
Therefore only limited indirect information can be derived
from the simultaneous measurements with the BATSE and
OSSE instruments onboard CGRO which observed Cen A
in the adjacent higher energy bands.

From the BATSE Cen A monitoring data, no strong en-
hancement in the 20-100 keV flux is probable (see above).
The spectral photonindex derived from the dataduring the
1995 campaign is between —1.5 and —1.7. A consistent
spectral index of —1.6 is derived from the OSSE data be-
tween 10 keV and 100 keV. These spectral index valuesare
in agreement with the index of —1.5 measured by Baity et
a. (1981). The conclusionisthat the emission of the tran-
sient ismainly at soft X-rays.

hes113

H13

Fig. 1: X-ray (ROSAT) image

of the central region of Cen A
Combined ROSAT HRI observations from 1990,
1994, and 1998 which show no source at the po-
sition of the transient which is indicated by the
circle.
(Imagesize: 12 x 12'; total exposure 101862 s)

Fig. 2. X-ray (ROSAT) image

of the central region of Cen A
Combined 5 ROSAT HRI observations from the
1995 multiwavelength campaign which show the
strong transient (maked hcs113).
(Image size: 12' x 12'; total exposure 24400 s)

Fig. 3: X-ray (Chandra) image

of the central region of Cen A
Chandra image of Cen A from September 1999.
At the position of the transient, which is marked
as hesl13, a weak sourceisvisible.
(Imagesize: 12' x 12'; exposure 23000 s)
(Credit: NASA/CXC/SAO - image modified)

Fig. 4: Optical image
of the central region of Cen A

Smultaneous optical (B) image of Cen A taken
during the 1995 campaign at the ESO La Slla
2.2m telecope. No object at the the position of
thetransient isvisible.

(Same scale as Figs. 1- 3, butimage size: 7 x
7'; exposure 40 s)

Summary and Conclusions
During five ROSAT HRI observations in July 1995, a
bright X-ray transient source 1IRXH J132519.8-430312 (=
hcs113) was detected 2.5 south-west of the nucleus of
NGC 5128. When compared with all other ROSAT obser-
vations of Cen A made in 1990, 1992, 1994, and 1998 it
turns out, that the source is only present during the 10 day
period of the 1995 observations and no trace of it can be
detected down to 1 % of the 1995 flux level in the other
(deep) observations. Chandraobservationsof Cen A made
in September 1999, however, show asource at the ROSAT
position, which may be either the persistent conterpart of
hes113, or the transient at a recent active state.
If a 3.0 Mpc (the distance of Cen A), the luminosity of
hes113 in the energy band 0.1-2.4 keV is 3. 10% erg s1,
assuming a power-law spectrum with photon index —1.5,
Ny = 8-10% cm 2, and no additional intrinsic absorption
in NGC 5128. This s above the Eddington luminosity of
most X-ray binaries, but still within the observed range of

luminosities for such objects. Thereforeit cannot be ruled
out that the transient islocated in NGC 5128. On the other
hand, if hcs113 is a Galactic object, then its soft X-ray lu-
minosity would belessthan 3-10* erg s * (assumed maxi-
mum distance 10 kpc). Thisislow for atypical neutron star
transient, but is high for a typical cataclysmic variable. If
it is closer than 10 kpc, its luminosity may be consistent
with that of typical cataclysmic variables, whose optical
counterparts are usually brighter than 19 or 20 mag, which
then should be detectable in (deep) optical images. Asthe
emission of the object seems to be mainly in the soft X-ray
range, a distant AGN or Blazar is ruled out. A search for
counterparts of hcs113 has been carried out using the NED
(NASA/IPAC Extragalactic Database), the GSC (Hubble
Guide Star Catalogue) and SIMBAD without any obvious
object being found.

If hes113 isindeed an X-ray binary or other variable ob-
ject, it would be very probable that the observed outburst
was not asingle event. Therefore, al Cen A observations
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in the past with low resolution X-ray instruments sensitive
in soft X-rays (several keV), may have attributed a varia-
tionin the X-ray flux of the transient source to avariation
in the flux from the nucleus (and/or jet) of Cen A.
Regardless of the nature and distance of the object, the fact
that it is separated only 2.'5 from the nucleus of Cen A,
posesastrong problem for all spatially unresolved (on this
scale) soft X-ray observations. Further observations and
theinterpretation of previousresults (like the Cen A light-
curves shown e.g. by Bond et a. (1996) and Turner et al.
(1997)) aswell astheinterpretation of the resultsof current
Cen A monitoring programs in X-rays have to take the ex-
istence of the transient into account.

References
Baity W. A., Rothschild R. E., Lingenfelter R. E., et d.,
1981, ApJ 244, 429
BondI.A.,Ballet J,, DenisM., etal., 1996, A&A 307, 708
Feigelson E. D., Schreier E. J,, Devaille J. P, et d., 1981,
ApJ 251,31

Hui X., Ford H. C., Ciardullo R., Jacobi G. H., 1993, ApJ
414, 463

Israel F.P, 1998, A&AR 8, 237

Johnson W.N., Zdziarski A.A., Madejski G.M., et al.:
1997, Seyfertsand Radio Galaxies. In: 4th Compton Sym-
posium, Dermer C.D., StrickmanM.S., KurfessJ.D. (eds.),
AIP Conf. Proc. 410, 283

Kraft R.P, Forman W., Jones C., 2000, ApJ 531, L9
SteinleH., Bonnell J, KinzerR.L., eta., 1999, Adv. Space
Res. 23,911

Turner T.J,, George |.M., Mushotzky R.F., Nandra K.,
1997, ApJ 475, 118

Thomson R.C., 1992, MNRAS 257, 689

Wagner S., Dobereiner S., Junkes N.: 1996, X-ray prop-
erties of Centaurus A (NGC 5128). In: Rontgenstrahlung
from the Universe, Zimmermann H.-U., Trimper J., Yorke
H. (eds.), MPE Report (Garching) 263, 521

Wheaton Wm.A., Ling J.C., Mahoney W.A., et al., 1996,
A&AS 120, 545

see: http://www.mpe.mpg.de/Cen-A/

2000-10-11*hs*




