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ABSTRACT

We present the Multi-Array Galactic Plane Imaging SurveyA@BRPIS), which maps portions of the first
Galactic quadrant with an angular resolution, sensitizitg dynamic range that surpasses existing radio images
of the Milky Way by more than an order of magnitude. The sodeection threshold at 20 cm is in the range
1-2 mJy over the 85% of the survey regionfi (&1 < 32°,|b| < 0°8) not covered by bright extended emission.
We catalog over 3000 discrete sources (diameters mas3lyf’) and present an atlas 8f400 diffuse emission
regions. New and archival data at 90 cm for the whole surveg are also presented. Comparison of our
catalogs and images with the MSX mid-infrared data allowougrovide preliminary discrimination between
thermal and non-thermal sources. We identify 49 high-podity supernova remnant candidates, increasing
by a factor of seven the number of known remnants with diaresmaller thanGn the survey region; several
are pulsar wind nebula candidates and/or very small diammetenants D < 45”). We report the tentative
identification of several hundred iHregions based on a comparison with the mid-IR data; theyeramgize
from unresolved ultra-compact sources to large complexeadifinse emission on scales of half a degree.
In several of the latter regions, cospatial nonthermal simisillustrates the interplay between stellar death
and birth. We comment briefly on plans for followup obsemwasi and our extension of the survey; when
complemented by data from ongoing X-ray and mid-IR obs@mat we expect MAGPIS to provide the most
complete census yet obtained of the birth and death of meastavs in the Milky Way.

Qubject headings: surveys — catalogs — Galaxy: general — radio continuum: ISMsgpernova remnants
— Hll regions

1. INTRODUCTION second quadrant with better dynamic range, but with a reso-

; ; - . lution of only 68’ and limited sensitivity in the continuum.
The Milky Way is a galaxy of stars radiating most of their . ; .
energy at optical wavelengths. But from stellar birth td-ste ' "€ third and fourth Galactic quadrants are being surveyed

lar death, from the vast reaches of interstellar space to the!Sing Parkes and the Australia Compact Telescope Array in
tiniest of stellar corpses, radio and X-ray observatiorss pr € Southern Galactic Plane Survey (McClure-Griffiths at al
vide crucial diagnostics in our quest to understand thestru 3001)’_ althr?ugf;]tf?g angular resoILrJ]tlon is oRly" and the &

ture and evolution of our Galaxy and its denizens. These twodetection threshold is- 35 mJy in the continuum.

spectral regimes are particularly crucial for studying sizes Fifteen years ago, we used observations originally taken by
stars: throughout their lives, stellar Lyman continuum -pho Dicke et al. (unpublished) in the B-configuration of the Very
tons produce Hi regions with their associated free-free radio L-a'9€ Arrf(;\j)?d(supplementeg by addltlolnal 2f0 cm 38%06 cm
emission, while stellar wind shocks produce X-rays: inteat ime awarded to us) to produce a catalog of over com-

the remnants of supernovae are the brightest radio and X-rajPa@ct sources within a degree of the plane in the longitude

; ; —20° < | < 120 (Becker et al. 1990; Zoonematker-
sources in the Galaxy. Furthermore, the Galaxy is largely "2"9¢ o ’ :
transparent in the radio and hard X-ray bands, giving us anmani et al. 1990; White, Becker, and Helfand 1991; Helfand

unobstructed view through the plane, eveibat0°. We are et al. 1992). Although the original analysis provided maps

in the process of conducting a large-scale survey of thedsala that were completg only ts- 20 mJy at 20 cm, this remains
tic plane at X-ray wavelengths with XMM, the first results of the highest resolution and most sensitive census of compact

which have been reported elsewhere (Hands et al. 2004). HergOUrces over a Iarlgg segme_(r;t of the Galaﬁy. Compalrison with
we describe a complementary effort to provide a new, high- (h€ IRAS survey led us to identify more than 450 ultracom-
resolution, high-sensitivity view of centimetric radioission  Pact HIl regions, over 100 new planetary nebulae (which fil
in the Milky Way. in the gap neab = 0 caused by extinction in optical searches
While significant progress has been made recently in sur-— Kistiakowsky and Helfand 1995), and, along with 90 cm

veying the extragalactic radio skgg., NVSS, SUMSS, and  Maps we obtained covering a small portion of the longitude
FIRSD, the Galactic plane still remains inadequately ex- range, more than a dozen new supernova remnant candidates.

Motivated by the torrent of new, high-resolution mid-
lored. Even though the NVSS (Condon et al. 1998) covered. X .
'E)he plane, it did so%n snapshot rrgode withcoverage ir?suffi- infrared data from the GLIMPSE Legacy survey with Spitzer
cient to achieve high dynamic range (typical values achieve (Beniamin et al. 2003) and taking advantage of modern data
are~30:1). The Canadian Galactic Plane Survey project (En- analysis algorithms developed for our FIRST survey (Becker

glish et al. 1998) is covering a large region of the plane enth White & Helfand 1995; White et al. 1997), we have recently
completed a reanalysis of all of the existing snapshot data

Electronic address: djh@astro.columbia.edu (over 3000 individual pointings including some new data de-
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3 IGPP/Lawrence Livermore National Laboratory which is operated by Associated Universities, Inc. undepeoative agree-

4 Space Telescope Science Institute, Baltimore, MD 21218 ment with the National Science Foundation.



2 Helfand et al.

signed to fill holes and improve quality in poorly covered re-
gions). This work yielded 6 and 20 cm catalogs with over oBgﬁvalEGlLoo
6000 entries and flux density thresholds nearly a factor of tw

below those of the original analysis (White, Becker & Helfand

VLA Configuration

2005). Nonetheless, the single-configuration, snapshotea Description B C D BnC
of these observations renders the data problematic fougll b =7 - 120ch MarApr2001 Aug_Sept2001  Aug_Sept2000 May 2001
the most compact radio sources in the plane. 31 hrs 28 hrs 28 hrs 1.5 hrs
A high-sensitivity, high-resolution, high-dynamic-rang  phase2,20ch  Jan 2004 Feb-Mar 2004 Apr 2003
i i iegj i 36 hrs 19 hrs 18 hrs
map of the radio continuum emission from the Galactic plane Phase L 90 cfn Sept 2001
is now possible with a relatively modest investment of tele- 35 hrs

scope time owing to advances in the VLA receivers over the

last decade, the implementation of the highly efficient “sur  ayy cm phase 1: fo< 1 < 32°, || < 0°8
vey mode" slewing algorithm, and improvements to the AIPS P20 cm Phase 2:5< | < 19°, |b| < 0°8

software package. We have begun to make this possibility a °90 cm Phase 1: 20<1 < 33°, b <2°

reality by producing a 5-resolution image of 27 degrees of

Galactic longitude in the first quadrant. Our plan over the P ; .

, . . VLA operating in pseudo-continuum mode at 20 cm; two 25-
coming several years is to extend this survey over the.en'MHz b%ndwi(?ths F():entered at 1365 MHz and 1435 MHz are
t'[)e SpltzeroGLll\(lPSE Ipng|tude range in the north,' COVEING hoken into seven 3 MHz channels to minimize bandwidth
5 <1< 65 This Multi-Array Galactic Plane Imaging Sur- smearing as well as to reduce significantly our sensitivity t
vey or MAGPIS (a moniker appropriate for the authors whose ; ;o terence. The loss of a factor of two in bandwidth over th
careers have been based on collecting random shiny objeCtg,,4arq continuum mode is not important, since virtudlly a
gatherled from vae ,[E'gh}S ?f much O,I. the ce:esu?l_s%h%r_e n maps are dynamic-range, rather than sensitivity, limited.
several regions of the electromagnetic spectrum) Is design 1,0 1 inting pattern is displayed in Figure 1. The close-
to provide a definitive archive of the Galactic sky at 20 cm. acke dp h exago%al array proF\)/i d):es uniforgm coverage with a

daltr.]a i?:cﬂ(i)rg d2 tg%gﬂgsﬁﬂbae dgi]t?oﬁurc/viy dﬁgﬁgeé%ﬁ 6}221;2_ eak-to-minimum variation in sensitivity af 20% (after co-
4 ’ ' P dding of adjacent images — see Fig. 2). We observe each

ﬁg’gg?ﬁfbg&} h\?v\ﬁcﬁsce)f(fjelrns %%rmaan;IKzL]Ssie\llgda:gé?sdsuf: am ocation four times in each of the three configurations space
’ P roughly equally in hour angle over a range hrs to maxi-

of our date;lpr(_)duct_s. Secti?n 3 OL(thlines _?jur analysis g’f"teh mize uv coverage; the result is an average~ofl2 minutes
presents the imaging results, and provides a statistcai cha o ge|q per configuration, providing a theoretical noisele
acterization of th(_a survey sensitivity threshold and dymam. E’N 0.08 rﬁJy) far qulow thé %ynamigrange limit of the maps.
range. We then discuss our detection algorithms for both dis |, o second round of observations we have saved observing
crete and diffuse sources, and present the source cataogs Fime by using the full 12 minutes per field in the B config-

well as an atlas for all extended emission regions (84). SeC'uration, but reducing the integration time by a factor of two

tion 5 includes a discussion of a preliminary comparison be- . . : : e
. . in the two lower-resolution configurations (while mainiai
tween MAGPIS and the MSX mid-IR data, and previews the the observational cadence at multiple hour angles). This re

prospects for a more complete census df Figions in the duces our sensitivity by 20% in the least-populated map re-
first quadrant. This is followed by a discussion (86) of the _. y Dy 0 . pop ap
nontﬁermal emission regions detgcted in our sur(ve) includ 2'01*: although, again, most of the images are dynamicerang
X . 9 Y, limited and the effect on the final source catalog is minimal.
ing the discovery of several dozen new supernova remnant™ a'y,ia) of 165 hours of time has been accumulated to date in
candidates. We summarize our results in Section 7. the MAGPIS project. Table 1 lists the observing epochs and

2. THE MAGPIS SURVEY: DESIGN AND DATA AQUISITION configurations used to construct the 252 individual images,
which cover an area of over 42 deg

As noted above, radio emission is a prominent signature
of massive stars; H regions, pulsars, supernova remnants,
and black hole binaries are all the products of O and early B 2.2. The 90 cm data
stars that have a small scale height. This fact, coupled with Even with high-quality images, a single frequency is in-
constraints on the total observing time available, has ked u sufficient to identify source classes unambiguously and to
to restrict our Galactic latitude coverage|m < 0°8. This disentangle thermal and nonthermal emission in crowded re-
is greater than the OB star scale height (Reed 2000) for allgions. As part of our initial observation program for MAG-
distances beyond 3 kpc and covers a region upte-230 pc PIS, we obtained 3.5 hours of 90 cm pseudo-continuum ob-

at the solar circle on the far side of the Galaxy (we ad®pt servations in the C configuration of the VLA during Septem-
8.5 kpc throughout). ber of 2001. Eight pointings were used to cover the region
20° <1 < 33,|b| < 2°. The data were reduced using d'15
2.1. The 20 cmdata pixel size and have a resolution ef 70”. In addition, we

Our first tranche of Galactic longitude, 32 | > 19°, was retrieved from the VLA archive 90 cm data priginally taken
chosen to complement our first X-ray data set and to explorePy Brogan et al. (2005) that cover the remainder of our cur-
the tangent to the Scutum spiral arm. The second segment wEeNt survey area (B < | < 20°,|b| < 2°). These data were
have completed covers the regior’191 > 5°: we stopped reduced using a’6pixel size and have a resolution f25".
at 5 mainly because the central regions have been reasonably he mid-IRd
well-mapped previously. We intend to continue the survey as 2.3. Themid-IR data
time becomes available, first to the GLIMPSE upper longitude We have retrieved the mid-IR images and catalogs of the
limit of | = 65° and later to both higher and lower longitudes. Midcourse Space Experiment (MSX — Price et al. 2001)

Data are collected in the B-, C-, and D-configurations of the from the IPAC database for the regions our survey covers to
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FIG. 1.— The hexagonal grid of 252 VLA pointing centers used fier MAGPIS 20 cm survey.
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FIG. 2.— The variation in the rms noise as a function of positiderathe overlapping images have been co-added. The rms is npech&d unity at field
center for a single pointing. The top panel shows a cut ituldé at the edge of the survey<32°), and the bottom panel shows the rms along a line passing
near the field centers ht= 0°6. The rms noise is uniform, with a peak-to-peak variation ¢y en +10% except at the edges of the surveyed area.
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date. For ease of comparison, we have regridded the E-bandltimately summed and rebinned to produce mosaic images
(20pm) data onto the sameb grid used to present the pri- in Galactic coordinates. The dynamic range varies somewhat
mary MAGPIS images. We have also constructed ratio mapswith location but, measured as a ratio of the peak flux in the
for the 20 cm and 20m data for use in separating thermal brightest source to the full image rms, is typically in exxes
and nonthermal emission. An example of such an image isof 1000:1 in a 1 degjimage. Over most of the images, 1 mJy
displayed in Figure 3. High values of the radio-to-IR ratio point sources are easily detected.

generally indicate nonthermal radio emission such as is pro

duced by supernova remnants, while low values tend to high- 4. THE MAGPIS CATALOGS

light dusty Hil regions, although pulsar wind neb_ulae, dusty The large, diffuse emission features and variable back-
old supernova remnant shells, and dust-free fégions can  gyound, coupled with source size scales ranging from arc-
in _prlncllple e>§h|b|t mtermedlate_ ratios. We dgfer a quantl  geconds to degrees, render impractical the type of automate
tative discussion of the comparison of the radio and mid-IR soyrce detection algorithms applied to extragalacticoradi-

emission to a future paper. veys. Thus, we have employed the human eye-brain detection
; system to search the 16.7 million MAGPIS beam areas for

. _2'4' The MAGPIS\{vebste radio sources. We divided the problem into two parts: the
Consistent with our past practice, the raw VLA data on detection and cataloging of discrete objects less than a few
which MAGPIS is based have been available in the VLA peam areas in size and unconfused by extensive diffuse emis-

archive from the day they were taken. To facilitate use sion, and regions of sky in which significant diffuse emissio
of these data by the broadest possible community, we haves present.

constructed the MAGPIS website (http://third.uclinl.kygs),

which presents our data products in easily accessible forms 4.1. Discrete source detection

In addition to the full-resolution 20 cm images, the site-pro ! i . .

vides the complementary 90 cm images, the regridded MSX A square field was def|n.ed aroynd eaqh cand_ldate dlscrgte
20pm images, and an image atlas of diffuse emission regionsS0urce. In cases where it was |mpc_)35|ble to isolate a sin-
(see below). The single-configuration 6 and 20 cm images9l€ emission peak (e.g., for overlapping or closely cluster
from our earlier snapshot surveys (White, Becker & Helfand Sources), multiple sources were included in one field and the
2005) are also available. Images can be displayed with user]('ellld was flagged as "multiple”. The default field size was
specified coordinates, box sizes, and intensity scalesror ca 34" < 347, but this size was adjusted for larger sources (in-
be downloaded as FITS files. The full discrete-source andcréased), for high density areas (decreased), or for oglaer r
diffuse catalogs are available for retrieval or througharse ~ SONS (increased or decreased on a case by case basis) such as
query function, as are our catalogs and publications from ou N€arby bad pixels, proximity to the edge of the maps, etc. For
earlier snapshot survey work. We expect to add our XMM X- the entire survey area this process yielded 2628 singlessou
ray survey data and the Spitzer GLIMPSE survey images andi€lds, and 467 multiple-source fields.

catalogs as they become available. The AIPS task HAPPY (see White et al. 1997) was then
run on each of the fields. In HAPPY, a local rms level was
3. THE MAGPIS IMAGES calculated for each field using an area of three times the inpu

In contrast to the extragalactic radio sky, which is rather field area; a minimum detection level of five times the local
sparsely populated by mostly compact sources, radio emis/Ms was set for each field. . _
sion in the Galactic plane is dominated by bright, diffuse H ~_ Using the HAPPY output, we rejected any source with a
regions and supernova remnants. Thus, the single-snapshdtited peak flux,F, < 1.0 mJy or< 5.0 times the local rms,
observations and two-dimensional mapping approximationswhichever is higher. We also rejected any source with a fit-
that worked well in the FIRST and NVSS surveys are inad- ted minor axis less than’3 (the beam minor axis is2,
equate for producing high-dynamic-range images for MAG- and experience from the use of HAPPY in the FIRST survey
PIS. In this case, the VLA data must be treated as a three-Shows that the vast majority of such “skinny” sources are spu
dimensional data set. In practice, 3-d distortions scat wi rious sidelobes); this only eliminated one source thatexhss
offset from the image center; thus, one way to minimize 3- theF, and rms criteria. This process yielded a catalog of 3229
d effects is to tile the VLA's 30primary beam with many  SOUrces. o . _
small images. We have used a grid of 21 by 21 images, each Although restricting HAPPY to predetermined fields
of which is 128 by 128 pixels in size. Our initial data were around candidate sources should reduce the number of spu-
reduced on a Sun Ultra 60, with each image requirng?2 rious detections, this method is still s_us_ceptlble to pderré-
hours to CLEAN. We subsequently migrated the analysis to Sulting from complex, extended emission as well as areas of
a dual-processor Pentium 4 computer that is approximatelyPatterned noise near bright sources. To assess theseiglotent
seven times faster. Since the images are greatly improved byfauses of contamination, we flagged for further examination
self-calibration, each field has to be reprocessed sewerest ~ HAPPY solutions

Even with data from the D configuration, the resulting maps

suffer missing flux from large-scale structure ') to which 1. when HAPPY fit more than one source in a single-
the VLA is insensitive. To correct for this deficiency, we com source input field (67 fields, 144 sources);

bined the VLA images with images from a 1400 MHz survey

made with the Effelsberg 100-m telescope angular reso- 2. when HAPPY fit more than two sources in a multiple-
lution). The AIPS task IMERG makes FFTs of both the VLA source input field (69 fields, 219 sources); or

and Effelsberg images, combines the derived FFT amplitudes

and then converts back to the image plane to produce the fi- 3. when any fit not meeting (1) or (2) had a major axis
nal individual images. We use d'B x 5’4 restoring beam > 15", a major to minor axis ratio greater than 2.0, or
on maps with a pixel size of/2 The individual maps are Fint/Fp > 5.0 (136 fields, 143 sources).
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FIG. 3.— Combined radio-IR image demonstrating the separatiohesfital and non-thermal emission. The radio image is used toesdatttnsity of the
displayed image, while the radio-IR flux ratio is used to set¢blor hue and saturation. Objects with strong IR emissigpidal of thermal radio sources)
appear in black and white, while objects that have abseneakvR emission (typical of nonthermal radio sources) appeeoliors ranging from green to red
depending on the upper limit on the radio-to-IR ratio. Boté kmown SNR G28.6-0.1 and a previously undiscovered remna2&56-0.01 are apparent, as
are a half-dozen thermal sources with varying morphologies.

In total, 506 fields were flagged and examined. Of theseties from the Gaussian fit (cols. 2 and 3), with tBevalue
338 were determined to be good fits, 88 to be “acceptable”’flagged for the “acceptable” fits described above, and the es-
fits, 56 to be artifacts or noise, and 24 to be extended rathettimated rms noise level (col. 4). The major and minor axes
than discrete sources; the latter were moved to the extendedfull-width at half-maximum) and position angle for the el-
source atlas (see below) and the artifacts were deleted. liptical Gaussian complete the morphological descriptién

The 88 “acceptable” fits are all (in our best judgement) these compact sources. The last two columns give the inffrare
real radio sources, but they are distinguished from good fits8 m and 21um flux densities for sources with MSX matches
in that, upon inspection, it is clear that the two-dimenalon (described further below in §5.1).
Gaussian employed by HAPPY is a poor representation of Owing to the variable background and numerous regions
the source surface brightness distribution. We reportr thei of bright diffuse emission, the threshold for discrete seur
HAPPY-derived parameters in Table 2 for consistency, butdetection varies significantly over the survey region. We ca
flag them accordingly. obtain a mean value for the threshold by comparing the source

The final catalog, presented in Table 2, includes 3149 dis-surface density with that of the FIRST survey. That sur-
crete sources. A Galactic longitude latitude-based name vey covers 9033 dégof the extragalactic sky and includes
(col. 1) is followed by the peak and integrated flux densi- 781,450 sources not flagged as sidelobes, for a mean surface
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density of 86.54 deg at a flux density threshold of 1.0 nfly  survey coverage. We scale the 1.0 GHz flux densities listed in
The mean source surface density of discrete sources in MAG-Green’s catalog to our observing frequency of 1.4 GHz us-
PIS is 74.8 det considering the entire survey area of 42.1 ing the tabulated spectral indices. We find a good corraiatio
ded and 73.0 detf in the 35.6 deglying outside regions of  between the flux densities, albeit with an offset that depend
diffuse emission; the former value is higher owing to source on the size of the remnant (Fig. 5). We conclude that the in-
clustering. Matching this surface density while allowiray f  tegrated flux densities listed for the diffuse sources iibic
several hundred true Galactic sources outside regions-of di overestimate the true fluxes of very large sources by facfors
fuse emission (see §5.1), we find an effective discrete sourc two or more due to backgrounds and confusing sources and
threshold of~ 1.5 mJy that yields 58.6 extragalactic sources recommend caution when using them.
deg? in FIRST. Thus, our survey is significantly incomplete The diffuse regions are cataloged in Table 3. A Galactic
between the minimum reported flux density of 1 mJy and longitudet latitude-based name is found in column 1. The
~ 2 mJy, but, over the 85% of the area outside regions of dif- box size in column 2 and an intensity scaling factor for digpl
fuse emission, it is largely complete above this range. Notepurposes (col. 3) precede the brightest pixel value (cand)
that a large majority of the discrete radio sources detectedits location (cols. 5 & 6), the minimum flux density recorded
even within P of the Galactic plane are extragalactic objects; in the box (col. 7), and the integrated flux density inside the
this is evident from the lack of a strong Galactic latitude de box (col. 8). Column 9 provides names for known supernova
pendence of our source counts seen in Figure 4. Observationeemnants.
at other wavelengths are required to identify the Galactio-c Cleaving to the maxim that quantifies the relative infor-
ponents of the discrete source population. mation content of words and pictures, we have constructed
a diffuse source atlas to accompany the full survey images
4.2. The diffuse source atlas on _the MAGPIS website. Here, Table 3 is (eproduced with
L ) o , active links that allow the user to overlay circles représen
The elliptical Gaussians used in fitting the discrete sairce jng sources from the discrete source catalog and contours of
are a poor approximation to the surface brightness distribu e 20um images from the MSX catalog (Eagen et al. 2003).
tions for nearly all of the more extended radio sources de-gach image can also be downloaded as a FITS file.
tected in our survey. Furthermore, for. sources extended by The website also includes large area%4 1°6) JPEG ver-
more than~ 60", our VLA uv coverage is inadequate to de- gjons of the MAGPIS images with the diffuse region boxes
rive accurate flux densities, and the addition of the singik d overplotted. Itis difficult to display these high-dynaméange
data, while an asset in making images, has unquantifiable efjages with a single constrast stretch, and indeed the dis-
fects on derived flux densities. Thus, we again turn to the crete sources are almost invisible in these images, buttteey
eye-brain system for identifying diffuse sources and seurc ponetheless useful for viewing the environment of the difu
complexes, and do not attempt to derive accurate flux densitysqrces.
measurements for these sources. _ The MAGPIS discrete source catalog and diffuse source at-
The entire survey region was examined by eye, and regiongss provide an improvement of more than an order of mag-
of extended emission were identified and enclosed in squarg,jtyde in both angular resolution and sensitivity over exis
boxes ranging in size from 1 arcriito 48 x 48 In some in- ing Galactic plane survey data. When combined with existing
stances regions are defined by a single coherent source, whilcata10gs at other wavelengths along with data from X-ray and
in others a complex of diffuse emission regions is included. jnfrared surveys currently underway, MAGPIS will provide a
A total of 398 such regions covering 7.6 degere so iden-  yegource for studying both thermal and nonthermal prosesse
tified. For each region, the peak flux density, minimum flux nat mark the evolution of massive stars in the Milky Way.
density (a proxy f_or the noise level in the reg|on), totalaare  \nie have a number of followup projects underway; below we
and net flux density were recorded; we emphasize that thes%riefly comment on the impact the survey is likely to have

flux densities are not necessarily accurate reflectionstef in - 5y o(r knowledge of the # region and supernova remnant
grated source intensity and, in some regions, include the flu ,opylations of the Galaxy.

density of several related — or possibly unrelated — sources
they provide only a rough guide to source intensities. Wehav
subtracted from the integrated flux density in each regien th
sum of the flux densities of the discrete sources from Table 2 11,4 critical dependence of aniHregion's radio luminos-

that fall within the region; a table listing the cataloged-di  ;; i ; .
o @R . y on the ionizing flux of its exciting star(s) allow for the
crete sources within each region is available at the MAGPIS .t ction of a particularly pure census of massive star fo

website. . : mation: the 20cm radio flux density falls by a factor of 300 be-
In order to estimate the accuracy of our diffuse flux den- y een exciting star types 09.5 and B1 such that, at 20 kpc, O-
sity estimates, we have compared our flux densities for the 255,y vegions fall a factor of 30 above our survey thresh-
known supernova remnants in our survey region with th(?Seold, while less-massive star-forming complexes (which-pro
tabulated in Green (2004). We exclude remnants for which q,ce at most B stars) fall a factor 10 below it. To separate
the tabulated value is uncertain (listed with a *?” in Green’ o 1y} regions from the more numerous extragalactic source
catalog), as well as those that do not fall completely within 1, jations and the extended regions of Galactic nontHerma
emission requires observations at another wavelength. Our
6 cm snapshot survey is useful for the most compact sources

5. GALACTIC THERMAL EMISSION REGIONS: MAGPIS AND
MID-IR IMAGES

6 The snapshot images of the FIRST survey require the additicm o
'CLEAN bias’ of 0.25 mJy to the measured flux densities. The tgmea/
coverage achieved in the multi-array, multi-snapshot MAGRISey should

significantly reduce CLEAN bias, although it is improbablattthe bias is

zero. Since, however, absolute calibration is unlikelyeabcurate to better
than 10% in light of our addition of single-dish data, and eof our scien-

tific projects require flux densities this accurate, we ignGLEAN bias in

this work.

7 These numbers are for optically thin nebulae. Opticallykid| regions
are self-absorbed at 20 cm such that only stars earlier ttawa@ld fall
above our threshold at the far side of the Galaxy. Our old 6 wapshot
survey allows us to find these sources down to spectral typg; ©8e Giveon
et al. (2005) for details.
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(D < 15”) but resolves out flux on larger scales. Since most width half maximumn of less than 15Examination of the
H Il regions also contain dust that is heated by the stellar ra-atlas of extended emission shows that there are more thermal
diation, the mid-IR also can serve as a useful discrimnant.  sources inside the 6.5 degubsumed by the atlas images than
Figure 6 shows several examples ofirtomplexes from  outside, and most of these sources are not included in the dis
our radio survey with contours from the MSX 2t images  crete source catalog. We estimate that there are a totalef mo
overlaid. The degree of correspondence is remarkably goodhan 600 distinct HI regions in our 42 degsurvey area, al-
and provides a straightforward method for separating taerm though we defer to a future publication the development of a
and nonthermal emission in star formation regions. On thedetailed catalog and its analysis.
MAGPIS website we also provide large-scale radio images
with boxes marking the previously publishedIHegions col- 6. GALACTIC NONTHERMAL EMISSION IN MAGPIS.
lected in the Paladini et al. (2003) meta-catalog. It isrileat Supernova remnants (SNRs) are among the brightest radio
the MAGPIS data (along with other radio and IR surveys) will sources — and the brightest X-ray sources — in the Galaxy.
enable the construction of a vastly improved tfegion cata- ~ They are a dominant source of mechanical energy input to
log. the ISM, drive the Galaxy’s chemical evolution, and mark the
We defer a detailed analysis of the IHregion popula-  birthsites of neutron stars and black holes. Yet our knogéed
tion to a future paper; here we provide some simple statis-Of the Galactic population is woefully incomplete, owing to
tics for compact and ultracompactiHregions by matching ~ the low angular resolution of previous radio and hard X-ray
our discrete source data to the MSX catalogs as an indica-surveys of the plane, and the soft spectral response ofqu®vi
tion of the wealth of information such a comparison con- X-ray imaging observations. A total of 231 remnants appears
tains. The higher-resolution and greater sensitivity af th in the latest catalog (Green 2004); Brogan et al. (2004) have
Spitzer GLIMPSE data soon to become available will fill in recently added three new remnants in one of our fields. The

the 2-8:m band and provide crucial information in the most currentrate of discovery is a few remnants per year. However
crowded regions. based on 1) extragalactic SN rates -2 per century) com-

bined with SNR lifetimes (2.5-510* yr), and 2) a detailed
analysis of the current SNR distribution (Helfand et al. 998
5.1. Match to the MSX 20um catalog we expect the total population to be between 500 and 1000.
The 20cm survey region is completely covered by the The youngest remnant we know is 340 years old; four to seven
MSXPSCv2.3 "MSX6C" (Egan et al 2003) data set. We younger ones exist somewhere in the Galaxy.
searched for MSX6C sources using a search radius 6f 12 MAGPIS can detect pulsar-driven remnants to a luminos-
around each of the discrete 20 cm sources. To be accepted dty 107 that of the Crab Nebula at the edge of the Galaxy (or
a match, the MSX6C source was required to have a quality~ 10% that of 3C58, the least luminous young Crab-like rem-
flag of 2 in at least one of the four bands (see Lumsden et al.nant known). For shell-like SNRs, our survey will be sensiti
2002). If more than one MSX6C source fell within the search to all young remnants. For example, we will detect remnants
radius for a single 20 cm source, the MSX6C source closest tothroughout the surveyed volume down to luminosities 0.01%
the 20 cm source was kept (this only occurred once). A totalthat of Cas A, and can even see a clone of the underluminous
of 376 MSX6C sources corresponding to 418 20 cm sourceshistorical remnant SN 1006 at 20 kpc: it would appear s a 1
were matched in this manner. diameter source with a flux density ef25 mJy. Our survey
To estimate the number of false matches we repeated theould detect a remnant equivalent to SN87A from the time
matching process using fake catalogs produced by shiftimgt it was 3 years old anywhere in the survey region, and would
MSX6C catalogt10 and£20 in longitude. Since, for ex-  resolve such a remnant only 15 years after the explosion.
ample, the vast majority (78%) of the MSX sources are stars Twenty-five known remnants fall within the current survey
detected only in the 8Bm band (very few of which have radio area, and all are easily detected. The known remnants are in-
counterparts), we can greatly reduce the false match rate bylicated in Table 3; in many instances, the maps presented her
assessing the false rates separately for sources detedtiéd i  are the best available. Images for the eleven remnantsesmall
ferent band combinations. We have followed the methology than 10 in diameter — most of which lack high-resolution
descibed in Giveon et al. (2004; see also White et al. 1991), tomaps in the literature — are displayed in Figure 9.
arrive at a false-match reliability criterion for each oéthand As can be seen by browsing the diffuse-source atlas, there
combinations in which a 20 cm-MSX6C match existed. Us- are a large number of shell-like sources detected in our sur-
ing a reliability of R > 90%F we find 245 MSX6C sources (of vey. Without observations at other wavelengths, howetver, i
which ~ 8 should be false) matched to 278 20 cm sources. Ofis impossible to separate the thermal and non-thermal ssurc
these, 217 are single 20 cm-MSX6C matches, 23 are cases ito derive a list of new SNR candidates. Fortunately, as noted
which one MSX6C source matches two 20 cm sources, and 5above, we do have VLA data covering the entire region at
represent one MSX6C source matching three 20 cm sources. 90 cm, as well as the MSX mid-IR images. A simple qual-
The distribution of the matched and unmatched sources ontative comparison of these three datasets (availablehfer t
the sky is displayed in Figure 7. While sources with infrared reader at the MAGPIS website) allows us to identify quickly
matches are found throughout the latitude coverage, ie&rcl  high-probablity SNR candidates.
that they concentrate toward the plane. The latitude distri In Table 4, we present 49 new SNR candidates in odr 27
tion is displayed in Figure 8. The distribution peak®at0° slice of Galactic longitude. To derive this list, we have re-
with a surface density of 22 sources te@when regions ob-  quired:

scured by bright diffuse sources are excluded), and hag a ful . : .
y bng ) ¢ the object has a very high ratio of 20 cm to 28 flux
8 This eliminates MSX sources detected only in thex8band as well as (i.e., itis typically undetectable in the 20n MSX im-
those detected in@m and 12um only, and §m, 12um, and 14:m only. age);
This removes 131 sources (67% of which are false matches)ngesnl a . . . .
catalog of matches that is 95% reliable and- 90% complete. ¢ the object has a counterpart in our 90 cm images with a
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Fic. 6.— Examples of HI complexes from our radio survey with the MSX 26 image contours overlaid, showing the excellent radio-IRespondence
for these thermal sources.

similar morphology and a higher peak flux density; and However, while the number of remnants with> 10" will
only rise from 13 to 16, the number with 16 D > 5 will
¢ the object has a distinctive SNR morphology. For shell- quadruple from 5 to 19, while the number with< 5" will
type remnants we require at least half of a complete rise more than sevenfold from 5 to 37.
shell, while for the two pulsar wind nebula candidates  Particularly interesting among these new SNR candidates
we see a centrally peaked brightness distribution. are those that may harbor young, highpulsars. In addi-
tion to the two PWN candidates, there are two shell-like rem-
For most of these candidates the data in columns 1, 3, 4 anchants with central diffuse emission peaks highly remimisce
5 are repeated from Table 3. Column 2 gives the source diam-of composite SNRs. Given the core-collapse SN rate in the
eter (as opposed to the display box size in column 3, which isGalaxy, we should expect to find 10 neutron stars younger
always larger). Five of the the entries in this table are c@mp than the Crab and 3C58 pulsars. While these new sources
nents of larger sources listed in Table 3, with three astetia  are significantly dimmer than even the underluminous PWN
with the large diffuse complex at G19.80.20 and two asso-  3C58, if they are at distances f15 kpc, their luminosities
ciated with G6.560.48. are comparable. Also noteworthy are the three shell-type re
Images for a dozen candidates ranging in size froté0  nants with diameters less thah At 15 kpc, their diameters
9 are displayed in Figure 10. Not unexpectedly, the diam- are~ 3 pc, corresponding to an age-of130 years for a radio
eter distribution for our remnant candidates varies mayked expansion rate comparable to that of SN87A.
from that of the known remnant population. Assuming that The SNR candidates listed in Table 4 far from exhaust the
followup spectral and polarimetric observations confirra th  nonthermal emission features in our survey area; a roughly
large majority of these sources as SNRs, we will have tripled comparable number of filaments and arcs with apparently
the number of known remnants in this region of the Galaxy.
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FIG. 7.— Sky distribution of MAGPIS 20 cm radio sources from tligcdete source catalog. Red dots show sources with confidgiatbility > 0.90) infrared
counterparts in the MSX catalog. The radio-MSX matches @arlyl concentrated toward the plane.
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FIG. 8.— Galactic latitude distribution for the 245 MSX sourtewing reliable radio matches. These sources are highlyecorated toward the plane of the
Galactic disk.

nonthermal radio spectra and no IR counterparts are seenment over existing surveys by more than an order of magni-
Furthermore, there are several regions in which thermal andtude in resolution, sensitivity, and dynamic range. The sur
nonthermal features are cospatial; these will requireeskcal vey detection threshold is 1 to 2 mJy over most of the survey
array observations at several frequencies to disentaNgle- area. We identify over 3000 discrete radio sources-ad@®0
theless, it is clear that high-dynamic-range, high-seritsit regions of diffuse emission, presenting catalogs and exlas
observations of the type reported here are essential far cha that quantify the source properties. We include complemen-
acterizing fully the Galactic SNR population. tary 90 cm images over the entire survey region and provide a
comparison with mid-IR data; taken together, these laiter t
7. SUMMARY AND FUTURE PROSPECTS datasets help to separate thermal from nonthermal emssion

We have presented a centimetric image of the plane of theregions. We find several hundrediHregions in the survey

Milky Way in the first quadrant that represents an improve-
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FiGc. 9.— MAGPIS 20 cm images of the eleven known supernova reminatiie survey area with diameters less thah 10

area, many reported here for the first time. We also identify ages become available, further progress will be possible in

49 high-probability supernova remnant candidates, inolyd  identifying compact and ultra-compactiHegions and in us-

a seven-fold increase in the number of remnants with diame-ing these to provide a census of the OB star population; highe

ters smaller than’dn the survey region. All of the survey’s frequency observations with the VLA will be required to iden

results are available at the MAGPIS website. tify optically thick H1I regions. Future observations to extend
Considerable work remains to exploit fully the survey re- the MAGPIS coverage area will provide the basis for a com-

sults. A complementary hard X-ray survey over portions of prehensive view of massive star birth and death in the Milky

this region is being conducted with XMM-Newton, and sev- Way.

eral followup obervations of interesting sources are soleet

with XMM and Chandra. Scaled-array polarimetric and pho-

tometric observations with the VLA are required to confirm  DJH and RHB acknowledge the support of the National

the SNR candidates. As the Spitzer GLIMPSE program im- Science Foundation under grants AST-05-07598 and AST-02-

6-55; DJH was also supported in this work by NASA grant
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TABLE 2
CATALOG OF DISCRETESOURCES

Name ( +b) S(20cmp  S§(20cmP RMS  Majof  Minor® 9 S(&m)d  S(21um)d
° J

mJy/beam mJy mly " ° y Jy
(1) (2 (3) 4 (5) (6) (7 (8) )
10.749680.41783 1.69 7.07 0.291 15.1 9.2 54.2 cee cee
10.785860.14376 12.86 15.14 0.224 6.7 5.9 36.7
10.800760.15285 5.28 6.51 0.162 6.8 6.1 18.0
10.811090.75435 1.92 2.49 0.293 8.5 5.1 83.2 e cee
10.8267#0.01064 3.98 26.58E 0.275 17.5 12.8 16.3 100 156
10.82966:0.01145 2.05 6.68E 0.275 15.6 7.0 48.5 cee cee
10.8520%0.44069 6.61 9.99 0.222 7.3 6.9 116.2
10.864480.32989 2.32 3.28 0.365 7.3 6.5 60.3
10.891530.09971 3.67 4.39 0.278 7.2 5.6 175.7
10.89487#0.06428 4.00 4.93 0.388 6.8 6.0 1.3
10.895306:0.19694 1.62 4.32 0.180 12.6 7.1 54.2
10.8968#0.19994 4.04 6.13 0.180 7.6 6.7 31.6
10.898660.20285 1.19 3.28 0.180 11.3 8.2 116.6 e e
10.9131#0.23448 30.65 51.38 0.207 8.2 6.9 137.6 .16 <134
10.9184%0.48325 1.36 2.54 0.218 9.9 6.3 9.1 e e
10.925420.02681 69.34 83.74 0.308 6.6 6.2 32.0
10.938480.41073 2.58 2.93 0.203 6.9 55 41.9
10.943160.40329 5.73 22.67 0.258 12.4 10.6 94.2
10.944130.63106 4.33 5.63 0.186 6.8 6.4 2.9
10.950740.23027 1.78 2.28 0.236 7.1 6.0 155.7
10.952350.48679 1.17 2.45 0.217 9.9 7.1 77.8 cee cee
10.958540.02233 37.32 47.92 0.395 6.8 6.3 27.7 .39 1258
10.964560.00641 24.92 196.93E  0.370 23.7 11.2 168.1 951 1142
10.9655#0.00971 46.57 207.93 0.370 14.7 10.2 159.4 951 1142
10.966780.45096 8.77 10.53 0.204 6.6 6.1 37.2 e e
10.979940.47065 1.66 2.76 0.213 7.8 7.1 44.1
10.983450.46966 1.26 2.33 0.213 9.4 6.6 67.0
10.985840.70115 47.01 49.54 0.214 6.4 55 28.8
10.9989#0.16847 22.35 26.37 0.225 6.5 6.1 26.8
11.00796-:0.58933 17.50 18.61 0.166 6.5 55 30.9
11.0231%#0.32766 2.35 2.94 0.229 6.8 6.2 170.8
11.024440.25564 3.39 4.10 0.217 6.7 6.1 0.6
11.030230.05336 5.64 14.01 0.318 9.8 8.5 92.3 cee e
11.0329%#0.02761 2.95 3.71 0.280 7.0 6.0 71.9 449 252
11.03867%0.03903 6.80 7.98 0.267 6.6 6.0 29.0 e e
11.040640.61702 1.43 1.29 0.164 6.8 4.4 14.4
11.044320.36909 3.86 4.48 0.215 6.7 5.8 25.7
11.053740.47840 3.00 2.94 0.208 6.7 4.9 24.0
11.054320.48628 74.63 79.12 0.204 6.3 5.6 30.3
11.06609-0.12835 1.92 2.97 0.238 9.3 5.6 29.0
11.073280.60324 1.47 1.83 0.146 7.4 5.6 50.7
11.0797%#0.12145 1.78 3.67 0.236 10.6 6.5 31.8

22.3 .0% 6805

11.110130.39894 87.96 253.15 0.422 10.8 8.9

11.11026:0.40122 32.79 127.79 0.422 14.9 8.8 177.1 .05%5 6805
11.116740.65359 1.79 3.81 0.259 10.2 7.0 1325 e ..
11.118160.65584 1.45 3.08 0.259 12.8 5.5 35.3

11.137530.21337 4.82 6.26 0.191 7.2 6.0 41.8

11.1450%0.14098 112 2.17 0.192 10.5 6.2 42.6

11.14767#0.70009 1.65 2.82 0.185 9.0 6.3 176.6

11.163420.77554 1.67 5.11 0.262 11.4 8.9 156.2

NoOTE. — Table 2 is published in its entirety in the electronic edition of Asgonomical Journal and is also available on the MAGPIS website (http://third.uclinfgpg). A
portion is shown here for guidance regarding its form and content.

@ peak flux density at 20 cm.

b Integrated flux density at 20 cm. An appended ‘E’ indicates that the Gaussian imodalequate and that the value is probably inaccurate.

¢ Full-width at half-maximum for major and minor axes of the elliptical Gausttaithe CLEAN beam (6 2 x 5!’4) determines the size for unresolved sources.
d The 8um and 2um infrared fluxes come from the MSX6C catalog (Egan et al. 2003).
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TABLE 3
CATALOG OF DIFFUSE EMISSION REGIONS
Name (+b) Box Size Scale Ip bp S Comment
° arcmin - mJy/beam mJy/beam ° ° Jy
(1) 2 (3 4 (5) (6) ] (8)
5.19170.2833 2 15 17.0 5.1903 -0.2838 1.05
5.4444-0.2056 1 3 2.3 5.4466 +0.2052 0.136
5.46670.3833 6 1 1.7 5.5155 +0.3474 1.92
5.47506-0.2458 6 7 114.3 5.4749 -0.2432 4.04
5.52506-0.0292 4 5 7.5 5.5228 +0.0285 1.04
5.9006-0.4333 20 20 199.5 5.8851-0.3924 56.9
5.9306-0.0972 2 4 3.8 5.9301 -0.0992 0.481
5.9500-0.0833 25 10 175.7 5.9440+0.2013  47.9
6.0158-0.3650 2 5 55 6.0146 -0.3647 0.765
6.0806-0.1167 5 10 16.1 6.0818 —-0.1181 6.07
6.1006-0.5000 25 4 7.1 6.1624 +0.4969 17.3
6.10750.1731 1 5 6.1 6.1085 -0.1720 0.289
6.1500-0.6250 6 5 5.1 6.1346 —0.6352 5.25
6.2000-0.1833 11 3 3.7 6.2235 +0.1897 15.2
6.24170.5653 4 5 82.8 6.2085 -0.5475 1.91
6.2653-0.6458 2 2 2.6 6.2629 -0.6475 0.516
6.3333-0.5500 11 1 1.6 6.3191 +0.6019 1.99
6.41670.1667 48 15 200.0 6.5753+0.1897 341 SNR G6.4-0.1 (W28)
6.5000-0.4800 24 6 17.2 6.5664 —0.3025 123
6.5528-0.0958 3 90 123.2 6.5519 -0.0975 6.16
7.01670.2500 12 10 10.4 6.9814 -0.2864  26.7
7.04140.1750 2 8 8.5 7.0419 +0.1786 0.58
7.07006-0.1000 17 5 3.4 7.2042 -0.2347 18.2 SNR G7.0-0.1
7.1764-0.0875 3 5 4.8 7.1769 +0.0853 0.704
7.21670.1833 10 5 17.2 7.2658 +0.1831 9.10
7.2606-0.1400 11 6 6.1 7.2536 -0.0753 13.2
7.4000-0.6750 10 3 3.1 7.3658 +0.6853 4.97
7.4300-0.3500 15 1.5 16.2 7.4203 +0.3664 7.50
7.47220.0583 1 150 218.3 7.4714+0.0581 2.10
7.7972-0.6333 4 2 2.4 7.7942 -0.6292 1.00
8.0756-0.1083 13 4 34.0 8.1392 -0.0270 15.2
8.1256-0.4722 12 1.5 5.0 8.1892 -0.3986 111
8.1417%0.2292 7 40 229.5 8.1403 +0.2236 10.7
8.2514-0.4403 2 2 2.1 8.2498 -0.4441 0.363
8.3083-0.0861 6 15 263.5 8.3387 -0.0931 7.00
8.3583-0.3000 4 10 12.4 8.3498 -0.3187 3.61
8.37506-0.3514 2 10 17.0 8.3754 -0.3464 1.28
8.41670.3472 2 5 45 8.4170 —0.3453 0.913
8.4333-0.2764 2 7 7.3 8.4326 -0.2781 0.629
8.6000-0.2500 15 3 5.2 8.5104 -0.2636  43.7
8.6625-0.3417 3 30 192.3 8.6688 —0.3559 1.60
8.7006-0.1000 30 7 21.0 8.5265 +0.0891 124 SNR G8.7-0.1 (W30)
8.8583-0.2583 6 3 3.4 8.8427 -0.2481 4.79
8.8667%0.3250 3 10 12.7 8.8722 -0.3215 1.85
9.1756-0.0333 6 3 8.2 9.1576 +0.0162 3.16
9.6167%0.2000 3 30 98.5 9.6167 +0.1952 1.73
9.6319-0.4833 6 2 1.6 9.6167 +0.4674 2.00
9.6833-0.0667 12 4 7.2 9.6639 -0.0504 125
9.7833-0.5667 16 3 5.1 9.7567 +0.5380 8.22 SNR G9.8+0.6
9.8756-0.7500 2 50 55.2 9.8756 —0.7491 0.633
9.9667%0.7472 10 4 375 10.0501 -0.6858 5.99
10.0333-0.2000 7 3 6.1 10.0629 -0.1675 7.84
10.0756-0.4167 4 10 9.7 10.0701 -0.4180 3.53
10.1756-0.3667 10 40 220.6 10.1502-0.3447 79.6
10.1833-0.0139 9 5 4.4 10.1835 -0.0125 8.70
10.2306-0.3042 3 15 12.1 10.2291 -0.2959 1.97
10.23750.0792 4 5 4.7 10.2463 -0.0770 2.38
10.26110.0750 2 5 5.1 10.2630 +0.0758 0.721
10.3139-0.1417 4 80 220.5 10.3008-0.1475 17.8
10.3208-0.2611 1 25 29.0 10.3213 -0.2586 0.474
10.4506-0.0167 4 20 114.0 10.4619+0.0341 3.57
10.5861+0.0417 6 2 2.4 10.5864 —0.0243 3.22
10.6333-0.4000 10 15 261.4 10.6236-0.3840 145
10.69170.0333 5 3 55 10.7026 +0.0257 2.32
10.8556-0.1250 3 3 2.3 10.8549 -0.1243 0.56
10.8756-0.0875 6 4 4.9 10.8950 +0.0640 4.05
10.9639-0.0167 2 12 55.7 10.9650 +0.0096 1.10
11.0006-0.0528 8 5 6.7 11.0384 -0.0393 5.53
11.03330.0639 2 15 51.1 11.0339 +0.0629 0.595
11.0736-0.2264 1 5 2.8 11.0756 —0.2282 0.135
11.1639-0.7167 10 2 1.9 11.1166 -0.6535 3.11
11.1833-0.3500 6 35 51.2 11.1778 -0.3752 23.1 SNR G11.2-0.3
11.2006-0.1167 10 5 8.3 11.2468 +0.0691 10.8
11.3889-0.0667 9 10 75.4 11.3440 -0.0381 13.6 SNR G11.4-0.1
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11.5506-0.3333 10 2 25 11.5174 +0.3541 4.34
11.7708-0.0375 1 9 9.7 11.7730 -0.0409 0.247
11.8006-0.1083 8 2 63.9 11.8369 -0.1736 5.16
11.8903-0.2250 6 2 4.2 11.8753 -0.2370 3.03
11.89170.7500 5 10 11.8 11.9113 +0.7464 4.20
11.9506-0.0889 10 10 190.0 11.9447-0.0364 12.6 SNR G12.0-0.1
11.96940.1917 2 30 51.6 11.9686 +0.1814 1.27
11.9903-0.2458 6 5 4.6 12.0003 -0.2542 2.99
12.0639-0.2819 1 3 3.1 12.0647 -0.2842 0.10
12.2083-0.1167 4 15 88.3 12.2081 -0.1020 5.20
12.2694-0.2972 6 3 2.8 12.2759 +0.2642 2.62
12.3167#0.4250 4 2 3.2 12.3164 +0.4292 0.969
12.4167%0.4667 7 2 5.4 12.4181 +0.5036 2.28
12.436+0.0417 4 4 37.2 12.4298 -0.0481 2.52
12.51250.1056 4 2 2.7 12.5070 -0.0969 1.71
12.7167#0.0000 8 6 7.0 12.6814 +0.0058 8.56
12.7506-0.3333 4 2 6.9 12.7759 +0.3336 151
12.8006-0.1833 16 25 423.2 12.8059-0.2003  68.0
12.8208-0.0208 4 4 5.1 12.8198 -0.0342 3.40
12.8222-0.5417 3 2 13.3 12.8159 +0.5575 0.331
12.9139-0.2806 3 15 16.4 12.9142 -0.2814 1.39
13.18750.0389 4.5 20 27.0 13.1831+0.0514 7.58
13.21190.1411 2 10 19 13.2209 +0.1247 0.26
13.2306-0.0819 25 5 54 13.2336 +0.0758 1.25
13.4506-0.1389 6 8 10.3 13.4559 +0.1747 9.15 SNR G13.5+0.2
13.5389-0.1861 8 3 24.6 13.5420 -0.1820 6.26
13.70830.2417 2 3 2.6 13.7065 -0.2436 0.359
13.8042-0.1833 4 3 3.4 13.8098 +0.1847 1.84
13.8756-0.2819 25 75 2125 13.8726+0.2819 4.42
13.88750.4778 2 5 4.6 13.8921 -0.4752 0.32
13.8986-0.0153 2 8 9.2 13.8970 -0.0175 0.65
13.993+0.1278 4 10 11.1 13.9880 -0.1332 4.64
14.10280.0917 2 15 36.9 14.1048 +0.0918 0.506
14.111+0.1500 12 5 16.9 14.2059-0.1104  25.2
14.2208-0.3083 7 3 9.8 14.2665 -0.2718 9.57
14.2306-0.5000 28 3 53.1 14.3832-0.5146  73.0
14.3256-0.1333 4 5 3.6 14.3316 +0.1329 191
14.36250.1694 7 4 3.5 14.3494 -0.1510 8.57
14.4292:0.0639 4 5 5.0 14.4144 -0.0726 3.43
14.6167#0.0667 14 8 9.7 14.5989 +0.0202  37.6
15.06670.6833 18 400 418.7 15.0340-0.6786 738
15.07640.1222 2 25 13.0 15.0763 -0.1209 0.436
15.4356-0.1600 15 3 5.8 15.5197 +0.1903 8.81
15.891740.1917 7.5 15 14.3 15.9135+0.1842 6.54  SNR G15.9+0.2
15.9583-0.7167 9 2 17 15.9146 +0.7447 0.42
16.2458-0.0389 2 2 17 16.2436 +0.0419 0.231
16.29170.1667 6 5 6.2 16.3019 -0.1497 4.06
16.3583-0.1833 4 4 7.9 16.3603 -0.2081 2.48
16.4306-0.2000 3 10 9.9 16.4442 -0.1953 1.88
16.6506-0.3333 12 4 11.8 16.6002-0.2758  12.6
16.74170.0833 6 8 10.3 16.7431 +0.0892 512 SNRG16.7+0.1
16.94140.7333 15 20 26.2 16.9508+0.7825  47.9
17.01670.0333 8 4 4.5 16.9603 -0.0869 2.63
17.09170.1111 6 3 13.4 17.1142 -0.1125 2.81
17.2903-0.2022 1 12 10.0 17.2875-0.1997 0.24
17.3361+0.1389 3 3 2.9 17.3358 -0.1397 0.282
17.36250.0375 15 7 7.7 17.3636 -0.0369 0.30
17.4458-0.0750 3 3 2.4 17.4486 -0.0625 0.717
17.51670.1125 9 2 3.8 17.5614 -0.1069 2.61
17.586%0.0917 2 2 2.1 17.5847 +0.0919 0.29
17.6256-0.0472 1 2 18 17.6270 +0.0458 0.069
17.92780.6778 2 3 25 17.9298 -0.6758 0.185
18.07780.0708 2 6 6.2 18.0792 +0.0708 0.474
18.0972-0.3208 15 4 4.0 18.0931 -0.3186 0.19
18.1408-0.2806 4 50 83.0 18.1465-0.2831 8.89
18.1506-0.1722 9 8 7.8 18.1915 -0.1725 9.69
18.1506-0.1000 3 1 2.0 18.1615 +0.0897 0.563
18.1889-0.3972 6 5 6.4 18.1853 -0.3703 7.27
18.2333-0.2361 6 8 10.1 18.2610 —-0.2853 7.57
18.2536-0.3083 5 12 15.8 18.2748 -0.2903 8.51
18.3028-0.3894 1 175 174.8 18.3031-0.3892 171
18.3292:0.0167 5 1 21 18.3176 +0.0286 1.72
18.3861+0.3861 3 15 2.0 18.3887 -0.3742 0.925
18.44170.0131 1 7 6.2 18.4410 +0.0136 0.114
18.453+0.0081 2 15 87.4 18.4615 -0.0036 0.71
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18.518%0.3000 14 3 97.1 18.4944 +0.2731 6.96

18.63750.2917 6 4 4.1 18.6077 -0.3153 431

18.6556-0.0569 1.5 8 9.7 18.6561 -0.0581 0.275

18.67780.2347 15 15 25.8 18.6733-0.2364 0.625

18.7361+0.1903 1 3 3.0 18.7356 -0.1886 0.173

18.7583-0.0736 3 9 10.2 18.7600 —0.0708 1.34

18.7639-0.1667 3 3 34 18.7600 -0.1636 1.26

18.7736:0.4000 18 8 22.0 18.7611+0.2631  41.4 SNR G18.8+0.3 (Kes 67)

18.86670.2667 34 15 130.8 18.6970-0.4008 158

19.0506-0.5861 5 7 12.0 19.0919 -0.5874 2.86

19.2742-0.5444 1 15 1.2 19.2747 +0.5442 0.054

19.461%0.1444 9 7 105.9 19.4917 +0.1353 8.09

19.59170.0250 1.5 3 2.9 19.5923 +0.0292 0.245

19.6006-0.2000 15 7 306.6 19.6107-0.2342  24.7

19.6639-0.3042 2 3 2.5 19.6663 -0.2992 0.221

19.7139-0.2583 1.5 3 2.1 19.7130 -0.2564 0.224

19.741%#0.2800 1 25 31.2 19.7402 +0.2814 0.298

19.7606-0.5500 12 2 10.3 19.7522 -0.5291 7.46

19.7833-0.2833 3 3 2.9 19.7836 +0.2869 0.694

19.811%#0.0139 4 15 17 19.8025 +0.0264 1.06

19.93750.5194 1 5 7.1 19.9364 +0.5208 0.029

19.9653-0.0800 1 2 2.3 19.9676 +0.0858 0.045

19.9833-0.1833 13 6 9.8 19.9537 -0.2497  19.0 SNR G20.0-0.2

20.0764-0.1389 1 75 98.4 20.0721-0.1419 0.863

20.09750.1214 1 10 8.7 20.0994 -0.1231 0.12

20.1806-0.0778 15 15 2.8 20.1299 +0.1986 7.57

20.2222-0.1106 2 2 21 20.2217 +0.1114 0.252

20.3561-0.0444 1 2 13 20.3567 -0.0447 0.047

20.3853-0.0208 15 2 18 20.3828 —-0.0197 0.128

20.4583-0.0056 6 15 3.9 20.4957 +0.0431 2.04

20.466#0.1500 9 3 4.6 20.4095 +0.0997 6.56

20.7333-0.1333 14 12 30.9 20.7510-0.0899  24.1

20.97250.0711 1 2 10.7 20.9639 -0.0743 0.079

20.99170.0903 3 20 27.1 20.9883 +0.0896 1.69

21.0269-0.4719 10 1 1.5 21.0216 -0.4430 2.32

21.04170.2486 6 1 3.4 21.0600 -0.2354 1.51

21.1506-0.3000 8 3 2.2 21.1328 -0.3057 3.20

21.2486-0.0556 2 2 13 21.2490 +0.0558 0.097

21.34440.1375 1 2 18 21.3435 -0.1376 0.066

21.4619-0.5903 4 2.5 3.0 21.4557 -0.5886 0.816

21.5569-0.1028 6 1 15 21.5430 -0.1037 1.90

21.6417#0.0000 5 2 5.4 21.6319 -0.0070 1.54

21.6806-0.2333 10 2 19.7 21.6036 -0.1681 5.15

21.70780.0972 6 2 17.5 21.7514 +0.1308 1.98

21.816%0.5000 24 20 27.3 21.8202-0.4775  98.6 SNR G21.8-0.6 (Kes 69)

21.8731#0.0064 2 20 152.8 21.8747+0.0080 1.29

21.9306-0.1014 15 2 21 21.9331 +0.1003 0.21

21.97640.0458 2 2 2.2 21.9753 +0.0486 0.42

22.05280.0167 15 15 6.4 22.0964 +0.0080  13.2

22.27670.0944 3 15 1.6 22.2575 -0.0986 0.844

22.3069-0.0569 2 2 2.8 22.3036 -0.0620 0.439

22.3833-0.1000 8 2 5.5 22.3597 +0.0647 4.66

22.7333-0.2000 30 7 61.1 22.9364-0.0736 130 SNR G22.7-0.2

22.7486-0.2458 4 7 6.6 22.7603 -0.2447 3.65

22.7583-0.4917 5 12 20.8 22.7592 -0.4775 6.01

22.99170.3583 4.5 7 15.2 22.9742-0.3919 5.10

23.0106-0.2650 9 15 5.0 23.0209 +0.1903 5.24

23.10690.5500 9 3 25.4 23.0675 +0.5186 6.25

23.24170.3333 30 20 455 23.2937-0.2775 122 SNR G23.3-0.3 (W41)

23.2556-0.2917 1.7 2 2.4 23.2559 +0.2930 0.334

23.37563-0.4500 2 3 3.0 23.3803 +0.4508 0.35

23.41670.2000 10 25 30.0 23.4359-0.2086  26.1

23.5506-0.2833 16 3 3.2 23.5392 +0.3214  20.3 SNR G23.6+0.3

23.56670.0333 13 7 9.0 23.5426 -0.0397  23.3

23.6583-0.2500 2 6 5.6 23.6581 -0.2520 0.501

23.663%-0.4806 4 2 21 23.6848 +0.4947 0.973

23.7006-0.2000 3 7 10.7 23.7031 -0.1959 1.36

23.7042-0.1722 2 50 136.3 23.7109+0.1708 2.54

23.74170.0167 2 3 5.7 23.7404 -0.0159 0.329

23.79440.2333 7 4 4.9 23.8265 +0.2186 3.75

23.81670.3917 3 2 21 23.8121 +0.3814 0.779

23.836%0.1042 2 9 8.3 23.8354 +0.1036 0.571

23.866%0.1167 3 20 51.2 23.8704-0.1225 231

23.9006-0.0667 2 9 56.4 23.8982 +0.0647 0.745

23.95690.1528 3 15 206.7 23.9565+0.1497 3.05
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23.98750.1000 2 6 20.8 23.9875 -0.0893 0.756
24.0222-0.1917 1 2 21 24.0225 +0.1934 0.106
24.1206-0.0694 3 3 3.3 24.1320 -0.0754 1.58
24.1306-0.4500 6 2 2.5 24.1325 +0.4518 1.75
24.141#0.1236 3 9 72.0 24.1198 +0.1262 1.30
24.1803-0.2167 7 3 44.5 24.1470 +0.1746 5.39
24.19690.2444 1 7 7.4 24.1981 +0.2424 0.243
24.3006-0.1350 10 5 22.0 24.3366-0.1576  17.8
24.3806-0.0750 7 7 12.3 24.4027 +0.0685  10.9
24.39580.5778 5 2 2.9 24.3637 +0.5746 2.38
24.4756-0.4917 5 25 98.2 24.4721 +0.4880 8.37
24.5006-0.0417 5 5 86.4 24.4922 -0.0387 5.62
24.5083-0.2333 9 7 105.8 24.5072-0.2221 17.1
24.5083-0.2333 12 10 92.2 24.4638+0.2463  29.9
24.5583-0.1333 2 4 4.4 24.5417 -0.1376 0.888
24.66670.6000 18 4 2355 24.5410+0.5996  38.7 SNR G24.7+0.6
24.6819-0.1625 3 25 46.8 24.6756 -0.1537 4.77
24.7083-0.6333 18 8 16.3 24.7533-0.7241  21.7 SNR G24.7-0.6
24.71670.0861 7 8 243 24.7106 -0.1265 12.8
24.7319-0.1569 2 5 3.6 24.7356 +0.1524 0.763
24.73830.0778 3 6 7.0 24.7534 +0.0624 2.39
24.74170.2083 3 8 11.8 24.7462 -0.2037 242
24.793%0.0972 1.5 60 83.6 24.7984+0.0963 2.54
24.8256-0.0917 7 15 40.8 24.8496 +0.0880  14.7
24.8319-0.1014 3 3 2.6 24.8384 -0.1065 1.10
24.95280.0472 2 3 3.1 24.9574 -0.0520 0.575
25.14170.3403 3 2 6.9 25.1568 -0.3275 0.526
25.1506-0.0764 4 8 11.6 25.1530 +0.0891 2.34
25.22220.2917 3 2.5 3.2 25.2185 +0.2875 1.42
25.2472-0.1417 3 50 579.0 25.2663-0.1609 3.26
25.26670.3167 6 4 5.8 25.2535 -0.3225 6.19
25.29170.3083 5 4 4.9 25.2880 +0.3152 4.27
25.3806-0.1750 7 40 331.2 25.3980-0.1414  24.6
25.3833-0.3500 8 3 4.3 25.3680 -0.3653 8.39
25.3986-0.0292 15 25 179.8 25.3947+0.0330 1.29
25.4042-0.2542 4 7 7.9 25.4024 -0.2536 241
25.45970.2083 1 30 46.8 25.4597 -0.2086 0.362
25.4694-0.1250 3 4 3.9 25.4713 -0.1170 1.22
25.4756-0.0403 3 2 2.7 25.4763 +0.0458 112
25.538%-0.2236 2 3 55 25.5225 +0.2162 0.533
25.61670.4597 4 2 2.9 25.6192 -0.4262 1.17
25.6528-0.0333 4 3 2.6 25.6554 —0.0332 212
25.66110.0167 1 3.5 3.7 25.6626 —0.0182 0.197
25.7056-0.0389 35 15 16.9 25.7160+0.0485 4.17
25.8706-0.1350 19 5 102.8 25.7882+0.0768  59.6
26.1006-0.0917 9 8 48.0 26.0906 -0.0576  12.6
26.1292-0.0083 7 5 17.7 26.0823 -0.0348 8.31
26.2611#0.2819 2 2 21 26.2618 +0.2735 0.41
26.3181-0.0111 1 9 12.1 26.3163 -0.0115 0.249
26.3292-0.0708 2 4 4.6 26.3296 -0.0737 0.631
26.4333-0.6083 5 3 4.9 26.4301 +0.6452 1.45
26.4708-0.0208 3 7 19.5 26.4702 +0.0213 1.12
26.5333-0.1833 4 2 2.3 26.5363 +0.1852 1.97
26.53750.4167 5 10 1131 26.5446 +0.4152 3.67
26.5506-0.0583 5 2 25.2 26.5358 +0.0252 2.68
26.5542-0.3083 12 3 96.4 26.6091-0.2119 15.1
26.593%0.0944 1 7 8.0 26.5880 +0.0963 0.322
26.5972-0.0236 2 5 50.9 26.5974 -0.0237 0.697
26.6083-0.0917 8 2 8.9 26.6413 -0.0387 9.91
26.64440.0194 1 7 7.8 26.6452 +0.0197 0.199
26.66670.2000 6 2 2.6 26.6280 -0.1537 4.79
26.7208-0.1722 2 10 11.3 26.7197 +0.1736 0.584
26.8222-0.3778 3 2 3.4 26.8180 +0.3891 0.612
26.86670.2750 2 3 2.5 26.8675 -0.2714 0.529
26.9458-0.2083 4 3 2.0 26.9658 +0.2336 1.03
26.9506-0.0708 10 3 6.1 26.9697 +0.0219 8.22
26.9833-0.0500 6 5 6.3 26.9736 —0.0709 5.97
27.1333-0.0333 11 5 5.7 27.1420-0.0125 17.8
27.1756-0.0708 3 4 21.5 27.1859 -0.0814 1.70
27.18750.1542 2 4 4.9 27.1897 -0.1497 0.884
27.2792-0.1514 3 12 177.6 27.2797 +0.1447 2.37
27.2903-0.6486 1 2 1.8 27.2919 -0.6486 0.03
27.316%0.1250 7 8 33.9 27.3642 -0.1658 6.36
27.33750.1778 3 3 3.3 27.3331 +0.1725 1.35
27.3542-0.0833 6 3 10.4 27.3164 -0.1331 3.97
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27.37563-0.6542 3 2 18 27.3725 +0.6564 0.517
27.39170.0111 6 13 19.8 27.3664 +0.0153  10.1 SNR G27.4+0.0 (4C-004.71)
27.5006-0.1861 6 10 39.2 27.4942 +0.1897 7.71
27.5006-0.6500 10 25 3.0 27.5375+0.6725 5.74
27.6833-0.0778 3 2 16 27.6820 +0.0881 0.432
27.71390.5833 34 2 94.9 27.7020+0.7047  54.0 SNR G27.8+0.6
27.8042-0.3000 6 2 7.9 27.7609 -0.3403 1.12
27.9319-0.2056 1 11 11.9 27.9331 +0.2058 0.154
28.01250.3194 5 2 8.5 27.9781 +0.3603 1.55
28.0208-0.0417 7 4 8.9 28.0314 -0.0725 6.67
28.12780.3403 2 4 3.6 28.1270 +0.3408 0.21
28.1506-0.1583 3 2.5 2.7 28.1514 +0.1631 0.993
28.3028-0.3889 2 24 24.1 28.3053-0.3853 1.17
28.3194-0.0222 2 4 3.8 28.3186 -0.0125 0.868
28.37563-0.2028 12 2 11.4 28.3470+0.1736  14.9
28.4333-0.0056 3.5 5 38.1 28.4514 +0.0025 2.37
28.5167#0.1333 10 2 26.6 28.5814 +0.1453  13.0
28.516#0.3000 3 3 2.6 28.5259 +0.2980 1.34
28.5583-0.0083 4.5 10 175 28.5687+0.0203 5.37
28.5972-0.3639 2.5 12 15.6 28.5948-0.3591 1.21
28.6111#0.0139 1 20 1155 28.6087 +0.0186 0.81
28.611%+0.1167 10 10 36.3 28.6103-0.1414  17.7 SNR G28.6-0.1
28.6333-0.1917 6 4 8.4 28.5831 +0.1453 5.16
28.63610.4806 2 6 6.9 28.6354 +0.4769 0.791
28.65140.0292 4 8 124.9 28.6520 +0.0275 4.71
28.6958-0.0458 3 10 13.4 28.7026 +0.0430 3.26
28.7292-0.2333 2 2 21 28.7281 -0.2309 0.374
28.7653-0.2750 3 5 3.7 28.7687 +0.2741 1.48
28.76670.4250 13 2 54 28.7698 -0.4264  10.9
28.79720.2444 3 7 114 28.7881 +0.2430 2.16
28.8006-0.1764 2 35 46.3 28.8070+0.1752 2.87
28.8278-0.2278 4 5 5.9 28.8370 —0.2509 2.89
28.86190.0625 2 3 3.1 28.8615 +0.0652 0.765
28.9006-0.2417 4 2 24 28.9021 +0.2402 1.98
28.9833-0.6042 4 4 3.5 28.9727 -0.6219 2.13
29.0028-0.0861 4 4 5.8 29.0032 +0.0702 2.65
29.0167#0.1722 3 3 5.2 28.9982 +0.1897 1.00
29.066%0.6750 10 2 46.1 29.0444 -0.5986 7.56
29.07780.4542 2 8 8.1 29.0771 +0.4586 0.657
29.1333-0.4333 8 3 3.9 29.1271 +0.4363 7.09
29.1333-0.1458 1 4 3.9 29.1343 -0.1487 0.141
29.1583-0.0500 10 3 91.7 29.2110-0.0687  13.3
29.24440.4431 4 2 2.4 29.2366 +0.4569 1.28
29.366#0.1000 12 4 6.5 29.3711 +0.1035 16.6
29.566#0.1083 7 2 3.0 29.6156 +0.0757 4.27  SNR G29.6+0.1
29.61810.5972 1 2 15 29.6185 -0.5968 0.05
29.7083-0.2417 4 35 104.4 29.6890-0.2421  10.7 SNR G29.7-0.3 (Kes 75)
29.9333-0.0667 15 10 355.6 29.9563-0.0175  46.8
29.9792-0.6056 3 2 1.8 29.9757 -0.6069 0.909
30.0542-0.3389 25 4 3.7 30.0563 —-0.3403 1.12
30.2083-0.1667 4 6 503.0 30.2335-0.1381 4.91
30.2486-0.2431 15 7 9.9 30.2468 +0.2447 0.347
30.2583-0.0250 4 5 6.5 30.2496 -0.0192 3.55
30.3194-0.2083 3 3 3.8 30.3357 -0.2064 1.54
30.36670.2583 9 7 10.8 30.4374 -0.2064  12.7
30.375@3-0.0250 25 5 5.7 30.3769 +0.0219 1.06
30.3778-0.1097 1 6 6.9 30.3785 +0.1075 0.177
30.3819-0.1097 1 8 13.7 30.3830 -0.1108 0.315
30.4583-0.4333 7 2 5.6 30.4707 +0.4736 4.28
30.5083-0.3292 7 5 5.0 30.5102 -0.2997 8.26
30.5333-0.0208 15 15 199.7 30.5346+0.0208 1.56
30.5583-0.5000 12 4 47.5 30.5363-0.4436  17.2
30.7056-0.2750 4.5 20 34.7 30.6874-0.2608 7.43
30.7506-0.0500 13 50 267.1 30.7196-0.0825 142
30.76670.2250 3 6 8.9 30.7691 -0.2197 2.62
30.79580.1653 1 10 12.6 30.7974 +0.1686 0.376
30.8333-0.2069 5 6 7.8 30.8541 -0.1931 5.67
30.8486-0.1333 4 10 90.4 30.8663 +0.1142 3.81
30.8903-0.1764 1 3 2.7 30.8908 +0.1753 0.189
30.90690.1611 1 4 4.3 30.9063 +0.1625 0.209
30.9506-0.5417 2 7 7.2 30.9513 +0.5397 0.60
30.9569-0.0819 1 20 36.2 30.9580 +0.0869 0.526
30.963%-0.5917 4 4 4.6 30.9519 +0.5919 2.09
31.0006-0.0500 6 4 4.4 31.0252 -0.0653 7.34
31.0083-0.5500 5 2 1.9 31.0447 +0.5081 1.92




Helfand et al.
TABLE 3 — Continued

Name (+b) Box Size Scale Ip bp S Comment

°© arcmin ~ mJy/beam mJy/beam ° ° Jy
@) @) ®3) 4) (®) (6) @) ®)

31.0506-0.0833 3 10 17.8 31.0596 +0.0919 3.17

31.0583-0.4833 6 5 11.6 31.0497 +0.4697 4.86

31.0653-0.0444 2 10 83.2 31.0702 +0.0508 1.44

31.0708-0.0444 2 4 4.9 31.0741 -0.0458 121

31.0786-0.0236 1.5 4 4.1 31.0774 +0.0247 0.636

31.1217#0.0486 3 4 6.4 31.1219 +0.0631 2.44

31.13190.2889 4 6 8.3 31.1308 +0.2686 2.90

31.1756-0.1083 7 4 15.7 31.1874 -0.0647 7.50

31.2486-0.0278 6 3 3.8 31.2596 —0.0231 5.81

31.2736-0.4778 3 2 16 31.2669 +0.4886 0.556

31.2972-0.0500 3 3 99.1 31.2796 +0.0631 1.76

31.3708-0.0361 3 3 2.6 31.3702 -0.0464 1.17

31.4006-0.2667 3 15 36.0 31.3947 -0.2592 231

31.46670.3444 3 9 9.9 31.4758 -0.3453 1.24

31.4903-0.3708 1 4 2.6 31.4913 +0.3680 0.12

31.54170.1056 3 2 2.0 31.5402 -0.1070 0.772

31.5506-0.7167 22 2 20.5 31.3725-0.7514 7.65 SNR G31.5-0.6

31.60970.3347 4.5 3 3.7 31.6219 +0.3319 1.74

31.6125-0.2389 4 2 2.2 31.6258 -0.2436 131

31.72780.7000 1 2 18 31.7270 +0.6975 0.057

31.8208-0.1222 3 3 3.2 31.8241 -0.1136 0.896

31.8667#0.0111 8 25 73.2 31.8680+0.0641  27.6 SNR G31.9+0.0 (3C391)

31.9069-0.3083 1 3 3.0 31.9053 -0.3081 0.076

31.94170.1778 5 2 7.4 31.9097 +0.1952 1.19
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TABLE 4
HIGH-PROBABILITY SUPERNOVA REMNANT CANDIDATES

Name (+hb) Diameter Box Size Sp S

° arcmin arcmin  mJy/beam Jy

@ @ 3 ()] ®)
6.45006-0.5583 33 6.0 4.7 6.64
6.5375-0.6028 5.0 9.0 16.9 9.42
7.216%0.1833 6.5 10.0 17.2 9.10
8.3083-0.0861 3.0 6.0 263.5 7.00
8.8583-0.2583 4.0 6.0 34 4.79
9.6833-0.0667 8.5 12.0 7.2 125
10.8756-0.0875 2.8 6.0 4.9 4.05
11.1639-0.7167 7.0 10.0 1.9 3.11
11.2006-0.1167 75 10.0 8.3 10.8
11.5506-0.3333 45 10.0 25 4.34
11.8903-0.2250 35 6.0 4.2 3.03
12.2694:0.2972 4.0 6.0 2.8 2.62
12.71670.0000 45 8.0 7.0 8.56
12.8208-0.0208 2.0 4.0 5.1 3.40
12.9139-0.2806 1.5 3.0 16.4 1.39
13.18750.0389 25 45 27.0 7.58
16.3583-0.1833 2.8 4.0 7.9 2.48
17.01670.0333 4.0 8.0 45 2.63
17.336+0.1389 1.8 3.0 2.9 0.282
18.1500-0.1722 7.0 9.0 7.8 9.69
18.2536-0.3083 35 5.0 15.8 8.51
18.63750.2917 4.0 6.0 4.1 431
18.7583-0.0736 1.6 3.0 10.2 1.34
19.46110.1444 6.0 9.0 105.9 8.09
19.5800-0.2400 3.2 5.0 306.6 6.61
19.591#0.0250 0.8 15 2.9 0.245
19.6106-0.1200 45 6.0 8.5 5.87
19.6600-0.2200 45 6.0 10.2 4.80
20.4667#0.1500 55 9.0 4.6 6.56
21.5569-0.1028 4.0 6.0 15 1.90
21.64140.0000 2.8 5.0 5.4 1.54
22.3833-0.1000 7.0 8.0 5.5 4.66
22.7583-0.4917 3.8 5.0 20.8 6.01
22.99170.3583 3.8 4.5 15.2 5.10
23.5667%0.0333 9.0 13.0 9.0 233
24.1803-0.2167 5.2 7.0 445 5.39
25.2222-0.2917 2.0 3.0 3.2 1.42
27.1333-0.0333 11.0 11.0 5.7 17.8
28.3756-0.2028 10.0 12.0 11.4 14.9
28.51640.1333 14.0 10.0 26.6 13.0
28.5583-0.0083 3.0 4.5 17.5 5.37
28.7667%0.4250 9.5 13.0 5.4 10.9
29.0667%0.6750 8.0 10.0 46.1 7.56
29.0778-0.4542 0.7 2.0 8.1 0.657
29.3667#0.1000 9.0 12.0 6.5 16.6
30.8486-0.1333 2.2 4.0 90.4 3.81
31.0583-0.4833 45 6.0 11.6 4.86
31.6097%0.3347 3.1 45 3.7 1.74

31.8208-0.1222 1.8 3.0 3.2 0.896




