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Abstract. We present the results of a deep ROSAT HRI obsesith soft X-ray emission, is referred to as the lower limit for
vation of the supernova remnant Kes 32 and the possibly #% distance to Kes 32. An upper limit ef7 kpc is derived
sociated pulsar PSR B1610-50. The supernova remnant shéiwm a weak OH absorption and from the — D - relation.
strongly energy dependent complex structures in a comparigban (arbitrary) intermediate distance of 5kpc is adopted, the
withthe ASCA GIS and ROSAT PSPC data with low foregroundiameter of the SNR is-25 pc, and the age expected from the
absorption Vi ~ 5 x 10*: cm~2). The pulsar is not seenstandard Sedov relation is 5000 yr (Roger et al. 1985).
in the HRI image indicating a high absorbing column density Recently, it has been proposed that Kes 32 is associated with
(N 2 5x10%2 cm~2) along the line of sight, making the physthe radio pulsar PSR B161®&0 (Caraveo 1993) which is lo-
ical connection between Kes 32 aR&R B1616-50unlikely. cated outside the radio shell at an angular distance df)’
The elongated structure south of the pulsar, interpreted as a [ndm the shell center. The distance to the pulsar is also un-
sar jet, might be an unrelated foreground emission. certain, being anywhere between 5kpc and 15kpc (Taylor et
al. 1993). With its characteristic age of 7450yr, it is the 4th
Key words: ISM: supernova remnants — ISM: jets and outflowgoungest among the known pulsars next to PSR BO%80in
— stars: pulsars: individual: PSR B1610-50 — X-rays: ISM  the LMC (T, = 1670yr), and it is younger than the Vela pulsar
(T. = 11350yr). If the pulsar was born at the center of Kes
32, the derived velocity of the pulsar is at least 1600 kin's
for the assumed distance of 5kpc. If this is indeed an exam-
1. Introduction ple of a high velocity pulsar, it can be evidence to support the

Kes 32 (G332.4+0.1, MSH 16-51) is a supernova remne{?ﬁv‘,’ly proposed d.istributiqn of the pulsar velqcities (Lype &
(SNR) with a peculiar morphology (Kesteven 1968, Roger Lprimer 1995)_Wh|ch pred|cts. some pulsars vynh veloc!Ues_

al. 1985). It has a size of approximately’ Hnd a flux den- 1500 krr_1 s!. Since the pulsar is I_ocated opposne_to the jet-like
sity at 1 GHz of 26 Jy. While its main body is a fairly typicaPlume. it has been argued that it could be carrying part of the
shell-type radio SNR, a jet-like feature seems to emerge fréRPmentum of the progenitor, which may have generated the

it on the north-east and to expand into an extended dim pIungJme as a result of the interaction with the ambient material

The shell is brightest at the north-west rim and the south-eQEﬂ‘ore it arrived the site of the supernova, i.e. the center of Kes

rim, corresponding to the sides of lowest and highest galac%% (Caraveo 1993). , .
latitudes. Despite their remarkable association, the shell and the!n X-Tays Kes 32 was observed by the Einstein observatory,
jet-like feature have different emission characteristics. The shft N0 significant flux was detected (Lamb & Marker 1981).
has a non-thermal spectrum with a power taw~ —0.45-0.55 The region containing Ke_s.32 was in the field of view of a 30
and is partially linearly polarized. The outflow structure, on tHE€C ROSAT PSPC (Position Sensitive Proportional Counter)
other hand, has a flat spectral inde)(05) and no polarization observation of RCW 103. A broad diffuse emission was found
could be detected. Recent MOST observations at 843 MHz a{ﬂ@Xtend fromRCW103 tF’W”‘_rdS Ke_s 32, butthe_: X-ray strL_Jcture
a comparison with 60m IRAS images shows that both the jePf Kes 32 can not be studied in detail as the object falls directly
and plume are likely to be thermal and probably unrelated to tiB the inner support structure of the PSPC detector.
remnant (Whiteoak & Green 1996). The f|.eld containing PSR B161®0 and Kes 32 was ob-
The remnant contains a point radio source approximatelySgved with ASCA (Tanaka etal. 1994) on March 25, 1994 for a
the center of the shell, but no radio pulsations have been detedfig! exposure of about 22 ksec. As the observation was focused
from it. The distance to Kes 32 is highly uncertain. The distan88 PSR B1616-50, only a part of the west shell of Kes 32 was

of ~ 3.3kpc to RCW 103, a supernova remnant 30 arcmin awgythe field of view. The Gas Imaging Spectrometer (GIS) cap-
tured the main body (shell) of Kes 32, but the ‘plume’ of Kes 32
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target of the observation was only seen in the GIS image abdé. Is the signal real?

2keV. The radial profile of the source at the positionR8R .
B1610-50is consistent with a point source, but a flat circula’?‘S mentioned above, most of the detected photons must be

distribution with a radius up te- 1 arcmin cannot be rejected_attrlbuted to various kinds of external background emission

Further, there seems to be structure in the GIS image extenaar'\1OI instrumental background. Therefore a more detailed as-

| . . .
~ 10 to the south of the pulsar. Although its physical assoc%-egsrm:}nt of the signal - to - noise seems to be appropriate to

nsure the physical reality of the observed structures. In fact,

ation with Kes 32 and the pulsar cannot be confirmed, it wgs . .
P Ehe average number of counts over the HRI field of view was

claimed not to be a foreground object because itis absorbed <n9\f0bs ~— 1414 4.3 per 18 x 15" pixel, the average number

more clearly visible in the hard band (Kawai & Tamura 1996%]: expected total HRI background counts irg2ksec obser-

In this paper we will present the analysis of&0 ksec ob- o . o .
servation \F/)vitﬁ the ROSKT High Resolut?clm Imager (HRI). Th%atlon in that pixel size is 12.35 (Briel et al. 1997). We tested the

. . . . . istribution of the counts/pixel and found that this distribution
data with superior spatial resolution are compared with resufts

ofthe ASCA observation, providing high spectral accuracy OVlesrnelther consistent with pure background fluctuations nor with

a much wider energy band 6f0.5-8 keV (Kawai & Tamura a superposition a Poissonian background plus a random signal.

in prep.) and, where possible, with the PSPC data. In Sect. 2 WeSome of the structures are seen in the two completely inde-

S . : . endent instruments, the ROSAT HRI as well as the ASCA GIS
will first discuss the spatial structure of the system derived frony . ) . . .
which gives further confidence in the reality of these structures.

the ROSAT observation. Then, we will presentacomparisonﬁowever the images show considerable energy dependences
the data with the ASCA results. ' e - .
and both are of similarly low statistical significance.
Finally, the left hand side of Fig. 1 is seen relatively undis-
turbed in the above mentioned PSPC image while the right half
2. The X-ray observation is heavily obscured by the PSPC'’s support structure. The in-

i . tensity distribution in the undisturbed part of the PSPC image
The field containing PSR B161%50 and Kes 32 was observe atches very well the features seen in the HRI.

with ROSAT HRI for~ 52 ksec in 1997 from March 13, UT 1056 findings provide strong confidence in the physical re-

23:5.’? to March 18, UT 08:37. The detector was pointed at tgﬁty of the structures. To obtain a more quantitative measure
position of the pulsar and a total 6‘( 2,65'000 phqtons WETe\ve analyzed the HRI image with an advanced spatial filtering
collected. However, due to the prOX|m|ty.of the objects close Fﬂethod, developed to filter a signal out of background noise,
the Galactic plane and the long observation most of the detecied o 4 on the usage of scaling indices. For every photon (point)
phqtons must be attributed to external and detector backgroyngy, two-dimensional image a scalar quantity, the so called
emission. . o scaling indexx is determinedw is a measure for the local fractal

. In Fig.[ we show the HR', brightness distribution overlayegension in the neighborhood of the point (Halsey et al. 1986).
with the X-ray contours obtained from the ASCA GIS detectef, g gpectrum of all these indice(a), is a sensitive tool for
in the h/ardz 2/.2.keV energy range. The HRI data were binneglg ¢ rrejation analysis of a point set or an image (Ebeling &
into 30" x 30" pixels and additionally smoothed with @ Gausyjiedenmann 1993, Wiedenmann et al. 1998). In the limit of an

sian15 x 15 pixel filter with a sigma of 3 pixels. The color barj,gnitely extended, two dimensional homogeneous and random
for the intensity scale is given at the bottom; the left, dark bl int set, e.g., white nois¢{«) approaches a delta function at
color corresponds to 52 counts/pixel, the white color at the right _

h . ¢ el Th = 2. Spectral structures at values larger tharg 2 are
corresponds to the maximum 6f58.6 cts/pixel. The GIS con-j,qicators for boundary effects, featuresia 2 indicate sub-
tour lines are in multiples 0.05% the peak value in the image

h ircled in th di h " ¢ 'ﬁtructures in the image.
The encircled cross in the center indicates the position of the 1,4 upper panel of Figl 2 shows as dotted line the scaling in-

pulsar. i _ dex spectrum for the spatially randomized photons of the HRI
It must be noted that in the ASCA band the geomemc@bservation (surrogate data). The integral of the curve equals

appearance of the emission is highly energy dependent. Furthet, ; .1 humber of photons in the image 265000 and it
due to the complex point spread function of the ASCA XRT arﬁjpproaches that of pure white noise with a weak higtail
due to the limited photon statistics in both instruments Smagfiginating from the finite size of the image. The peak value
scale details of the spatial structures must be taken with care 8% e normalized random distribution correspondst80000

they are particularly affected by the applied smoothing of ﬂb?'notons for the binning oA« = 0.01 used in Figl2. The full
data.

hole of the HRI image. In this connection it is worth t0 notic&;y, \hich corresponds to the photons in the signal. This clearly
that even in thedy < 2.2keV GIS band the pulsar is not seen.
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Fig. 1. Overlay of GIS contour lines (& 2.2 keV) onto the smoothed

ROSAT HRI brightness distribution. Right/mcension: (12000}

Fig. 3. Radio contour lines of Kes 32 overlayed on the HRI brightness
distribution
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Fig. 2. Distribution of scaling indices from the HRI data (full lines) anc

surrogate datalop: normalized spectrdyottom:differences between
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. . . Fig. 4.Radio contour lines of Kes 32 overlayed on the smoothed PSPC
shows that the S"PCF“reS n FE: 1 result from a signal Wh'Chﬂﬁghtness distribution. Note, that the right half of the image is heav-
far above any statistical fluctuation. ily (non-uniformly) under-exposed due to the wobbling motion of the
detectors support structure.

2.2. Kes 32
In Fig.[3 (top panel) we present an overlay of the 843 MHhe gray shaded region. Interestingly, the bright X-ray emis-

MOST radio contours (Whiteoak & Green 1996) with that pagion in the east is at the position of the radio outbreak of the
of the HRI image spatially covering the supernova remnant, ilume, the elongated emission in the south occurs in regions
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of low radio surface brightness as well and only the westefin > 2 keV, we obtain a photon indek = 2.0 and anNy =
brighter X-ray structure coincides with the rim of the remnan3.4 x 102! cm~2. In both cases the normalizations are similar,
The north-eastern radio rim of Kes 32 is a region of enhancaf = 7.1 x 10~* and N, = 9.7 x 10~ photons cm?2s~! at
X-ray emission as well, however this is very close to the eddekeV, respectively.
of the HRI detector. The radio bright north-western boundary The pulsar is not visible in the soft ROSAT HRI band. This
of the SNR is coincident with a region of very low soft X-raymust be caused by strong absorption which cannot be deter-
flux. mined accurately from the ASCA data due to the source con-
A similar pattern can be seen in the image obtained from thesion. Taking the HRI I error of ~ 4.3 counts as an upper
PSPC observation (Fig. 4; with color coding analogous to thahit to the pulsar emission during the HRI observation and the
of Fig.1) where we find additionally a very luminous X-rayslopes and normalizations of the above two power law fitg,
structure directly on the bright radio feature in the south-eastlues of2 7.2 x 10?2 cm=2 are required in both cases to ren-
which is outside the HRI's field of view. The north-eastern rader the pulsar undetectables(lin the HRI band in a- 52 ksec
gion of the image outside the HRI field of view appears flatbservation.
and structureless in the PSPC. Unfortunately, the PSPC's ring This value is slightly larger than the Galactic absorption
support structure runs approximately diagonally (top middle tmlumn densityNy ¢ of ~ 2.5 x 1022 cm™2 obtained from
right bottom) across the image as well as one of the radial spokssurveys in this direction (Dickey & Lockman 1990).
to the upper right (the blue intensity minima). The PSPC’s wob- The pulsar’s dispersion measure of DM = 586 predicts
bling motion with an amplitude of'@®bscures then heavily parta distance of 7.3 kpc, employing the Galactic electron density
of the remnant, clearly recognizable from the lighter greenishistribution model of Taylor & Cordes (1993). This model yields
blue color, and thus the south-western region of the image doistances which are on average correct up to a nominal error
not provide any useful information. of about 25%. The inferred average electron number density
The bright northern emission in the ASCA image has be&nof the order of~ 0.08 cm~3. Taking the ‘standard’ relation
interpreted as thermal emission from a gas in ionizational ndmetween the numbers of free electrons per hydrogen ator,
equilibrium with temperature arounid” 2 4 keV and a small we obtain an estimate for the hydrogen column density of
relaxation parameter implying a young age of the remnant. Thé x 1022 cm~2 towards the pulsar.
spectrum in the Solid state Imaging Spectrometer (SIS) clearly The values for the amount of material along the line of sight,
shows strong Si, S, and Ar line emission on a relatively har@., the particle number densities and/or the distances, obtained
continuum but the exact form of the spectrum remains uncert&iom either the X-ray or the radio measurements are thus slightly
due to the limited photon statistics (Kawai & Tamura 1996). different but consistent inside their mutual errors, in particular,
The ROSAT HRI and PSPC detectors both exhibit prdaFthe systematic uncertainties of the X-ray spectral fits are con-
nounced emission holes at the position of the GIS maximuwsidered.
(see Fig. 1). The SIS spectrum does not indicate abnormally high Both measurements seem to imply rather large distances to
absorption. The fitted values are arouNg ~ 5 x 102 cm=2  the pulsar, far in excess of the estimated distance of Kes 32.
which is insufficient to ‘hide’ this emission in the softer ROSAT  The emission south of the pulsar detected in the hard band
band. We must therefore conclude that the emission from tB¢S image remains visible in the HRI image as well, but not
remnant in that region is more likely distributed along the rings a clear, southwards pointing connected structure which led
with a central emission minimum. However, the different spetn the interpretation as a ‘pulsar jet’ (Kawai & Tamura 1996).
tral responses as well as the limited photon statistics in the lowdris implies that the foreground absorption column density is
resolution ASCA images might contribute as well to the partiyuch lower which indicates that this emission is not causally
contrasting appearance of the two images. connected t®SR B1616-50. Unfortunately, the intrinsic spec-
tral shape of the structure is poorly known and the region might
2.3. The pulsar be heavily contaminated by soft foreground emission.
As a \ela-type pulsar (Becker & Umper 1997) PSR )
B1610-50is expected to exhibit strong steady emission fror Conclusions

a pulsar-powered synchrotron nebula with a small pulsed corhe spatial region around the SNR Kes 32 and the piS§R
tribution of magnetospheric or thermal origin. However, apag1610-50was observed with ASCA, the ROSAT PSPC and the
from the Vela pulsar itself there is no spectral information fQ4R|. pue to various instrumental limitations and, generally, too
these sources atlow energies as they are distant and suffer figsignal - to - noise ratios no definite physical picture can be
photoelectric absorption. obtained from these X-ray observations.

The ASCA GIS spectrum of the pulsar can be quite well |t appears that the X-ray structure of the SNR is rather com-
fitted with a Single power law. However, there is Clearly |0V'é|ex_ There are Spatia| regions where X_ray and radio emis-
energy source confusion from the surrounding region: afit of te@yn are strongly correlated, at the north-eastern and the south-
data over the total GIS energy range yields a power law phot@@stern rim (see Figl3) and in the south-eastern knot visible
index of I' ~ 1.5 with an absorbing column density &y = only in the PSPC image (Fig. 4). This indicates a common ori-
1.2 x 10°* cm~2. Restricting the photons to the energy ranggin of the radiation at both wavelengths, i.e, from the remnant’s
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""" AT L DR belt (Bronfman et al. 1989) containing as well dense dark clouds
(Feitzinger & Stiwe 1984). Although the majority of this emis-
sion is located south of RCW 103 and Kes 32 is located at the
northern, fading rim of the extended X-ray flux it cannot be
ruled out that part of the structures found in the images above

% are chance coincidence superpositions of emission unrelated to

> Kes 32.

E Similar reservations must hold for the X-ray structures south

5 of the pulsar. The fact that the pulsar is not seen in the HRI's

3 RCW 103 softband pass indicates strong absorption towards the objectand
- - thus a large distance. Therefore, the emission from the putative

0.0001
i ‘pulsarjet’ (Kawai & Tamura 1996) appears to be unrelated fore-
ground emission, although the largely uncertain spectral prop-
erties of might influence the appearance of these structures in
""" bt b b b the different energy bands.
=00 300 400 500 600 Only future observations with imaging instruments which
pixels [ 15 arc sec ] . . . . (e
combine good spatial resolution with spectral capabilities at
Fig. 5. Exposure corrected intensity profile of the PSPC observatitiarder X-rays will unambiguously solve this puzzle.
from a~ 12 wide strip from Kes 32 towards RCW 103 and beyond.
AcknowledgementsThe ROSAT project is supported by the Bun-

) ) __desministeriumir Bildung, Wissenschaft, Forschung und Technolo-
shock front. The region, extending from the central point-likge (BMBF) and the Max-Planck-Gesellschaft. WB & WB thank the
radio structure to the bright north-western rim and beyond @&»smic Radiation Laboratory for hospitality where part of the research
devoid of X-ray emission. was done in the framework of the RIKEN - MPG exchange program.

Interestingly, two strong local X-ray maxima are located in
regions of minimal radio flux: in the very south and at the baseﬁfeferences
the jet-like feature opening further out into the plume. The phys-
ical reason for this anti-correlation remains unknown. Howevégcker W., Timper J., 1997, A&A 326, 682
as this X-ray emission occurs in regions where the form of tfel U.G., Aschenbach B., Englhauser J., et al., 1997, ROSAT User’s
remnant clearly deviates from a circular shape, and as thereHandbookpttp : //www.zray.mpe.mpg.de
are claims that the jet structure and the plume are unrelatec?fﬁzfgla” L., Alvarez H., Cohen R.S., Thaddeus P., 1989, ApJS 71,
the remnan_t (Whlteoak_& Green 1995) it appears p_IaumbIet 6’{ aveo PA., 1993, ApJ 415, L111
we are seeing the spatial superposition of otherwise unrela;

. . . iCkey J.M., Lockman F.J., 1990, ARA&A 28, 215
sources in X-rays as well. This question can only be solved ¥eling H., Wiedenmann G., 1993, Phys. Rev. E 47, 704

future deeperimaging X-ray missions inthe higher energy bangitinger J.v,, Siwe J.A., 1984, AGAS 58, 365

However, any study of this remnant will be affected by thgaisey T.C., Jensen M.H., Kadanoff L.P., Rocaccia I., Shraiman B.1.,
extended X-ray emission found over large scales around the 1986, Phys. Rev. A 33, 1141
nearby SNR RCW 103. Its angular size of a few degrees, Kawai N., Tamura K., 1996, In: Johnston S., Walker M.A., Bailes M.
visible in the All Sky Survey, indicates that it is foreground (eds.) Proc. IAU Colloquium 160, ASP Conf. Series, San Fran-
emission. cisco, p. 367

Fig[B shows an intensity profile over the 2° of the Kesteven M.J.L., 1968, Aust. J. Phys. 21, 369
PSPC detector, taken from Kes 32 southwards across Réw:abARC.-:‘C.’LI\c/)I:;ilrr:grr g':-’ iggé' ?Ap; AZAiAé, %A; .
103',P|0t5?d 'S the_a_veraged exposure corrected counj[ rat )j)%er RS Milne D.K., keste\;en M.J., I-’|aynes R.F., Wellington K.J.,
a 1_5 >§15 pixel. Visible in the center is the very dominan 1085, Nat 316, 44
emission from RCW 103. Part. of the fluctuatlons come froMLnaka Y. Inoue H., Holt S.S., 1994, PASJ 46, L37
individual point sources in the field of view. The Galactic plangayior 3.H., Cordes J.M., 1993, ApJ 411, 674
cuts the profile (obliquely) near the pixels 410; the strongyior J.H., Manchester R.N., Lyne A.G., 1993, ApJS 88, 529
emission at pixels 520-550is the soft Einstein source 2E 161 thiteoak J.B.Z., Green A.J., 1996, A&AS 118, 329
5018, very likely coincident with the 10 magnitude G5 star Wiedenmann G., Scheingraber H., Voges W., 1998, In: diGesu V., et al.
CD-5010271. The whole X-ray bright region south of RCW 103  (eds.) Data Analysis in Astronomy V, World Scientific, Singapore,
is spatially coincident with a large molecular cloud of the Gould in press




	Introduction
	The X-ray observation
	Is the signal real?
	Kes 32
	The pulsar

	Conclusions

