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G337.2+0.1: a new X-ray supernova remnant?
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Abstract. We present evidence supporting a SNR origin for the radio source G8R7.,2which was discovered along the

line of sight to the Norma spiral arm in the MOST 843-MHz radio survey. The radio source is spatially superposed to the
unidentifiedASCAsource AX J1635.9-4719. An analysis of this latter source reveals that its X-ray spectrum, extended nature,
and non-variable flux are consistent with what is expected for a SNR. In addition, we have used HI-line observations of the
region to look for any ffect of the presumed remnant on the ISM. We have found a well-defined minimum centered at the
position of the radio source in the velocity range~of-25 to—19 km s?. This feature appears as a sharp absorption dip in the
spectrum that might be produced when the continuum emission from the SNR candidate is absorbed by foreground gas. Hence
we have used it to constrain the distance to the source, which seems to be a youna fagel G yr) and distantd ~ 14 kpc)

SNR. G337.20.1 and AX J1635.9-4719 would be the rgieray manifestations of this remnant.

Key words. X-ray: individuals: AX J1635.9-4719 — radio continuum: ISM — ISM: supernova remnants — ISM: cosmic rays —
X-rays: ISM — radiative mechanism: non-thermal

1. Introduction In this paper we report the results of a multiwavelength
study of the field containing the unidentified X-ray source

Supernova remnants (SNRs) have long been considered a§aj1635.9-4719 and the SNR candidate G33D.4. In or-

primary source of galactic cosmic rays (CRs) with energiggr to investigate the nature and possible physical connec-

up to the knee of the spectrum-atL0'>° eV (e.g. Shklovskii tion between both sources, we have performed source cross-

1953, Ginzburg & Syrovatskii 1964). First-order Fermi shocijentifications with all available astronomical databases and

acceleration has been suggested as the most likely acceleratjgmhave re-processed all the relevant data. Our results support

mechanism for charged particles in the shells of SNRs (etfe identification of G337.20.1 as a new X-ray emitting SNR.

Bell 1978, Reynolds & Chevalier 1981). Evidence supporting the next section we present a re-analysis of ASCAdata

the presence of TeV electrons in these objects comes from fhgt confirms the extended nature of the source and its non-

detection of synchrotron X-rays in a number of sources sughriable nature. In Section 3 we describe the radio continuum

as G347.30.5 (Koyama et al. 1997), SN 1006 (1995), Cas And atomic hydrogen observations of the region, and we dis-

(Allen et al. 1997), and RC W86 (Borkowsky et al. 2001).  cyss the origin of the detected sources. We present an overall
A decade ago the detection of SNRs at X-rays wdk-di discussion of the results in Section 4 before closing with a

cult mainly due to the absorption of the soft (i.e.,3 keV) summary in Section 5.

X-ray emission by the large column density of gas and dust in

the galactic plane. In recent years, with the advent of the newX-ray analysis of AX J1635.9-4719

generation of X-ray satellites, the number of galactic SNRs de- ] ]

tected in the energy range above 3 keV has been increased eef- Observation and Data Reduction

siderably. Although the most complete catalog of SNRs is stiho unidentified X-ray source AX J1635.9-4719 was dis-

compiled in the radio band (Green 2004), X-ray instrument3ered by theASCAtelescope during a survey of the cen-
such aASCA XMM andCHANDRAhave provided an impor- 4| region of the galactic plane, performed in the 0.7—

tant new window to find yet undetected remnants or to confirfgy ey energy range (Sugizaki et al. 2001). The source

candidates originally found at other wavelengths. is located at I b) =(337°17, 0°06), @ 6)1000 =

(16"35M56°0, —47°19'54”) (1-0- uncertainty of 1). Its inte-
Send gprint requests toJ. A. Combi, grated flux is~ 1.21x107*?erg cnt? s7tin the observed X-ray
e-mail: jcombi@ujaen.es band.
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With the aim of studying in more detail the properties of th

X-ray source, we have performed a more careful and thorou -
imaging and spectral analysis of the ASCA data. The obser
tion of the source was carried out on September 7, 1997 w :
an exposure of 6.1 ks. The data reduction and the extractior ..I'-ﬁ
the event for the source were performed following proceslur
described in Sugizaki et al. (2001). Fig. 1 shows the mos:
GIS image of AX J1635.9-4719, where the image is smooth-3
with the point spread function of the ASCA X-ray telescopz
with a FWHM of 3. The image of the source looks like a sin
gle peak in the resolution of the instrument. To investidhge
spatial extent of the emitting region, we extracted thealads
profile of the source in order to compare it with that of th
point-spread function of the X-ray telescope. Fig. 2 shdves t
obtained radial profile of the GIS-2 image around AX J1635.'
4719, where the background components of the Galactic ¢ ~0-20
the extra-galactic X-ray emissions are subtracted usiadak i
field response. Non-X-ray events were also subtractedWello S e
ing standard procedures. The central core in the inner 2iarct 337.6° 337.0"
is well represented by a point source. However, an extenc Galactic Longitude

component clearly exists around the source as it can be seen o ]
from the figure. Fig. 1. ASCAGIS mosaic image around AX J1635.9-4719 in the 2-10

keV band. The image is smoothed with a point spread functidheo
ASCA X-ray telescope with a FWHM of' 3
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2.2. Light curve and spectral analysis

To examine the X-ray flux variability of AX J1635.9-4719 ing
more detail, we extracted a light curve and fitted it with a-col
stant model. There is no significant time variation. Cohere
periodic pulsation was also investigated by the FFT methc .
no significant periodic signal can be seen in a period range ,, |

0.5-1000 s. Fig. 3 shows the obtained light curve in the whc

energy band of 0.7-10 keV. The best-fit constant model and" .
reduced chi-squareg?) of the curve are also shown on Fig. 3 o 1 2 3 4 5 .6 07 08 9 10

3 &
Radius from the brightness peak (arcming

The source iS non'Variable at a Confidence abOVe 95% Radial profile of the ASCA GIS2Z image

We have also re-analyzed the X-ray spectrum of the sourE&d- 2. Radial profile of the X-ray image by GIS-2 around AX
All spectral uncertainties represent 90% confidence litetg- J1635.9-4719. The background components of the Galactiatan
after. Fig. 4 shows the obtained X-ray spectrum in the O.?ltra-galactlcl X-.ra){ emissions are subtracted using thg‘uﬂhﬂ re-
10 keV energy range. The solid line represents the besthP"NSe: The intrinsic background was also subtr_acted/\f_mig)stan-
power-law model with interstellar absorption. The photon i ardl ptrecedures. Dashed line represents the racial proficted for
dex and the absorption column density of the best-fit moolaei)Oln souree.
arel' = 2.8°28 andNy = 15°3° x 10?2 cm?, respectively. GIs24G1S3, 0.7
The photon statistics is poor, so it is not possible to previc: - [| |pusv=1.67
a well-constrained spectral model. We also attempted to - - |
thermal emission models of thin-thermal hot plasma coded -

Raymond and Smith (1977) and a blackbody model, and ¢

tained the best-fit model statistically accepted within 9686

confidence level. Table 1 summarizes these best-fit model - -

rameters. New observations with better statistics aressace -

to clearly separate thermal from non-thermal emission i tf

source. However, it is significant that the absorption caiun o Ry

densityis of the order of 10 em Fig. 3. X-ray light curve of AX J1635.9-4719 during the ASCA obser-
It is worth noticing that G337:20.1 lies well within the yation on Sep. 7, 1997. There is no significant time variat@sherent

95% location contour of the unidentifiegdray source 3EG periodic pulsation was also investigated by the FFT methimthing

J1639-4702 (Hartman et al. 1999). It is locatedlatlf) = was found in a period range of 0.5 — 1000 s.

(33775,—C15), (@, 6)320000 = (16"39M06°%, —-47°02'28"), and

has a radius of about’®. Its y-ray flux is (532 = 8.7) x

1078 ph cnt? s, and presents a stegpray spectral index of I' = 2.5 + 0.18. The EGRET source is non-variable according

10 "
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Table 1. Summary of best-fit parameters of spectral fitting

Model 08
Parameter PL RaymofAd BB
TorkT?  28%2F 228 140
Ny © 1515 o S A S 06 AX J1635.9-4719
Fortokev? 1.2 12 12 G337.2+0.1
Y2d.of. 0.9710 0.6710 1.010 2
E 04
All errors represent the 90% confidence limits of statistioacer- :
tainty. 3
a Thin-thermal plasma emission model coded by Raymond an¢hSrr & 02
(2977) with the interstellar absorption..
b Power-law photon index or temperature [keV]
¢ Absorption column density [crd]
4 Flux in the 0.7-10 keV band [1¢? ergs cm? s7!] 00
-00 02
337 16 14 12 10 08 06 04

Galactic Longitude

:a | Fig. 5. Countour image of G337+D.1 from the MGPS data obtained
3 ' ' with MOST at 843 MHz. The image size is 312’. Radio countours
are 2, 3, 4, 5, 6, 7 and 8 times the rms noise level of 10 mJy. The
location of AX J1635.9-4719 is also indicated.

| : o 843 MHz and 4.85 GHz we estimate a mean spectral index for
HAnnsl ensay: kel the source ok~ —0.78, confirming the non-thermal nature of

Fig. 4. Energy spectrum observed BWSCAGIS in 0.7-10 keV. The the radio source.

solid line represents the best-fit power-law model withristilar ab- Since a SN explosion is expected to produce some ef-
sorption. The photon statistics is very poor, so it iidillt to constrain fect in the ISM, we have extracted a series of HI bright-
the spectral model. ness temperature maps of the region in the velocity interval

from —100 km s to +20 km s? from the Southern Galactic

to both Nolan et al. (2003) and Torres et al. (2001). Howevgr_l,am_e Survey (SGPS)..Th(.ese data are obtgined from a com-
other potential counterparts are within the error box like t bination of high-resolution interferometric (with the Acdia

microquasar candidate AX J1639.0-4642 (Combi et al. 20045/€Scope Compact Array) and low-resolution (with the Park
and the pulsar PSR J1637-4642 (Torres et al. 2003). Radiotelescop® observatlons_(McCIureTGﬁths 2001). The
survey has angular and velocity resolution~o®’ and~ 0.82
_ _ _ km s7%, respectively.
3. Radio continuum and HI observations towards A series of minima can be seen in the HI channel maps,
AX J1635.9-4719 when they are inspected at the highest velocity resoluGory
G337.2-0.1is a SNR candidate with an angular size of2’ one of these maps is exact_ly coincident with the ra_dlo con-
: : . . inuum source. The HI map integrated over the velocity range
discovered in the MOST 843-MHz radio survey (Wh|teaoﬁ< 1 2
rom -23 to -20 km s+ is shown in Fig. 6, where we have su-

& Green 1996). The position of the source in galactic ; . i
and equatorial coordinates id, ( b) =(337°18:+006), perposed the location of the SNR candidate. In the HI spec

. ~ 1
(o, Q6357550 4719021 (2 unceriany o (071 Tebe o e iy 20k < te
15"). The source has an integrated flux density of&0.2 Jy b yp P '

and a mean surface brightness of216-2 W m-2 Hz-t sr-L set a lower limit on the distance of the background continuum

at 843 MHz. In Fig. 5 we show the radio map of G33#021 at sourc?.t#stl?hg the galacgcsrl\(l);anﬁn sl;[juglestcl)f thjs??g:egio
this frequency together with the@€ircle of the best estimated "¢ 9¢t at the presume shouldbe atleastat oo kpc.
position of AX J1635.9-4719.

In order to find the radio source at higher frequencies we Discussion
have examined the data from the 4.85 GHz survey (Condon et ) o )
al. 1993). Applying a filtering process to the data (see canbiSeveral facts support the identification of the radio source

al. 1998 for details of the Gaussian filtering method) we ha{#>37-2-0.1 with a SNR. The non-thermal radio spectral index

removed the galactic fluse emission on scales larger than § tyPical of synchrotron emission from relativistic elsts.
f';lrclmin anq we founq a weak and extended radio source co- The ATCA and the Parkes Radiotelescope are part of the Aiastra
incident with the position of G337+D.1. The source has anTelescope, which is funded by the Commonwealth of Austrilia
integrated flux density of 0.39.02 Jy. Using the radio flux at operation as a National Facility managed by CSIRO.
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5. Conclusions

02

We suggest that G337%D.1 is a SNR, being 13.5 kpc a lower
limit on its distance, and that AX J1635.9-4719 is the X-
ray counterpart of the radio source. G33#02L might have
similar properties to other known galactic SNRs (e.g. SN
1006, G266.2-1.2, G347.3-0.5 and G15627) which exhibit

0.15

=2 . a curved broadband synchrotron spectrum. These objeots hav
g< also high X-ray luminosity, faint radio flux and they are ex-
o panding into a low density medium (Allen et al. 2001; Bamba
é Py etal. 2001, Koyama et al. 1995, 1997).

=9 FutureXMM andChandraobservations will provide a bet-

]

ter determination of the spectrum and morphology of thisrint
esting source. The electrons should also cool through sever
Compton scatteringfdCMB photons (Pohl 1996). This might
result in a TeV gamma-ray source that might be detected with
the HESSand CANGAROO Il telescopes. Pion decays from
interactions of relativistic protons might also contribin this
energy range.
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