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ABSTRACT

Context. Supernova remnants (SNRs) were often discovered in radio suf/tlys Galactic plane. Because of the surface-brightness
limit of previous surveys, more faint or confused SNRs await disgovéne Sino-German6 cm Galactic plane survey is a sensitive
survey with the potential to detect new low surface-brightness SNRs.

Aims. We want to identify new SNRs from th& cm survey map of the Galactic plane.

Methods. We searched for new shell-like objects in theecm survey maps, and studied their radio emission, polarization, anttape
using the16 cm maps together with th&ll cm andi21 cm Effelsberg observations. Extended polarized objects with nomdthe
spectra were identified as SNRs.

Results. We have discovered two new, large, faint SNRs, G178.2 and G25.42.3, both of which show shell structure. G178422

has a size of 72< 62 with strongly polarized emission being detected along its northern shell.potram of G178.24.2 is non-
thermal, with an integrated spectral indexaof —0.48 + 0.13. Its surface brightness 5 g, = 7.2 x 10023Wm=2Hz sr?, which
makes G178.24.2 the second faintest known Galactic SNR. G22.8 is revealed by its strong southern shell which has a size of
80 x 30. It has a non-thermal radio spectrum with a spectral index6f-0.49 + 0.13.

Conclusions. Two new large shell-type SNRs have been detectaé atm in an area of 2200 déglong the the Galactic plane. This
demonstrates that more large and faint SNRs exist, but are very Hif6aletect.

Key words. ISM: supernova remnants — ISM: individual objects: G178.2, G25.12.3 — Radio continuum: ISM

1. Introduction To discover new SNRs, observations of high sensitivity are

ded, which resolve confusing structures. We have coediuc

. . ne
Supernova remnants (SNRs) are the post-explosion re“CSﬂ%eSino-Germa% cm polarization survey of the Galactic plane
massive stars that have reached the end of their evoluyidifear Sun et al. 2007: Gao et al. 2010: Sun et al. 2011: Xiao et al.

times. It has been predicted that the total number of Galac 11) in the region of Galactic longitude L& ¢ < 230 and
SNRs is between 1 000 and 10000 (Berkhuijsen 1984; Li et giituzielbl < 53 with an angular rgsolution of’S. The sen-

1991; Tammann et al. 1994). However, up to now just 274 SN it ; ;
. o y of the Urumgi survey, if extrapolated from 4.8 GHz t
have been identified (Green 2009). Among these, G19218 Hz with a typical spectral index of = —0.5, is on aver-

has recently been disapproved as being a SNR (Gao et al..20 b $1 ohz = 4.9 X 1003Wm2Hz srL, lower than the surface

This low SNR detection rate results from the inSUﬁiCie”t'Se'Brightness of the faintest Galactic SNR known to date. which
sitivity and resolution of available observations. Ditusadio 1 Gz = 5.8 10°Wm2Hz sr1 for G156.2+5.7 (Reic’h etal.
emission and discrete source complexes are not uniformsly digqgy: |, et al. 2007). Therefore, it should be possible tedtet
tributed along the Galactic disk, whose own emission ca¥us,q,, f’aint SNRs in thaé cm surve,y. Here, we report the discov-

that from faint SNRs and hinders their identification.
. o . f t SNRs, G178:2.2 and G25.122.3, and stud
A large number of SNRs have been identified from radio SLﬁ%rora;\ilg grf)vp\)/erties.s an and study

vey maps (e.g. Reich et al. 1988; Brogan et al. 2006). Sieéd-t

SNRs can be recognized by their morphology, non-thermatspe

tra, and ordered polarization. Most known Galactic SNRsha2, The 16 cm maps of the two new SNRs

a bright shell, with intrinsic magnetic fields running alotigp ) L )
shell. The radio spectrum of a SNR is often described by sihf1® Sino-Germanté cm polarization survey of the Galactic
gle power law,S, ~ v*. HereS, represents the integrated fluxPlane was conducted by using the Urumqi 25-m radio telescope
density of a SNR at the observing frequencyn general, SNRs 1"€46 cm maps are not only important for studies of the diffuse
have a spectral index af ~ —0.5, which is expected for SNRs Galactic emission (Sun et al. 2011; Xiao et al. 2011), bub als
in the adiabatic expansion phase with a compression faétor'®’ studies of Galactic sources like SNRs (e.g. Sun et al6200
four (e.g. Reich 2002). Young SNRs can have steeper specith€t al. 2007; Shi et al. 2008; Xiao et al. 2008, 2009; Gao.et al

(o ~ —0.6 to— 0.8) and show radial magnetic fields (e.qg. Reick011). ) . .
2002). We have identified two extended shell-like sources,

G178.2-4.2 and G25.42.3, in the survey maps. We used the
Send offprint requests to: hjl@nao.cas.cn (HJL); bear- “background filtering” technique (Sofue & Reich 1979) with a
wards@gmail.com (XYG) filter beam size larger than that of the objects to remove ifhe d
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Fig. 1. Radio images of G178=4.2 at16 cm from the Sino-German6 cm polarization survey in th®p panels, at 111 cm which we newly
observed in theniddle panels, and at121 cm from the Effelsberg Medium Latitude Survey (EMLS) (Reich et @04) in thebottom panels.
The angular resolutions of th#6 cm, 111 cm andi21 cm maps are 9.54.4 and 9.4, respectively. Theeft panels show the total-intensityl §
maps in color and in contours, with obsen@dectors overlaid (i.e. the observe&dvectors plus 99 for polarization intensitie®l > 2.4 mK Tg

at 16 cm and 32.0 mKTg at 111 cm. Vectors are not shown @21 cm. The vector length is proportional Rd. Thel contours in thel6 cm
maps are % x 16 (40) MK Tg, (n =1, 2, 3...), in thelll cm maps are? x 128 (4o) MK Tg (n =1, 2, 3...), and in tha21 cm maps
are 77 x 44.0 4oy MK Tg (n =1, 2, 3...). Theeentral panels also display the total-intensity maps, where strong point-like sources legre b
subtracted, to show the extended emission from the SNR more clearlyighhganels are the polarization intensity images with the contours for
the total intensity maps with point-like sources subtracted. The rectangle i ttra image in theop central panel outlines the area used for the
TT-plot spectral analysis displayed in Fig. 5.

fuse large-scale Galactic radio emission. G178.2 has a size dio sources were directly subtracted from the Urun@ecm, and

of 72x62,and G25.12.3 has a size of 8&30'. Following Gao also the Effelsberg11 cm andi21 cm maps as we will use in the
et al. (2011) we measured the mean values at the corners ofribgt Section, by Gaussian fitting. Some unresolved sourees w
Stokesl, U, andQ maps in areas without obvious structures. Adentified in the NVSS catalog (Condon et al. 1998). The flux
hyper plane defined by these corner mean values was subtractensities of these sources in our observing bands werepextra
to get the ‘intrinsic’ total intensityl( and polarization intensity lated from the NVSS flux density at 1.4 GH3; 46Hz USINg a
(PI) images of the objects (Figs. 1 and 2). TRevalues were spectral index either derived between the flux densitias fitee
calculated a®l = (U? + Q - 1.207, ,)"/* following Wardle NVSS and the Effelsbergl1 cm survey or quoted from Vollmer
& Kronberg (1974). To study these objects and obtain their igtal. (2005). Otherwise, the mean spectral index for a Isage-
tegrated flux densities, it is necessary to first subtracttdidie ~ ple of radio sources in the NVSS and WSRT surveys; —0.9

sources in the field of the objects. Obvious discrete pdketsa- (Zhang et al. 2003), was used, if the spectral index of a sourc
could not be determined. The total-intensity maps with poin
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Fig. 2. Same as Fig. 1, but for G25-2.3. Here thel11l cm andi21 cm maps were extracted from the Effelsh&td@ cm survey (Reich et al. 1990a)
andA21 cm survey (Reich et al. 1990b), respectively. The contours inéten total-intensity maps aré? x 128 (4o)ymKTg(n=1,2,3..),
in the 111 cm total-intensity maps aré? x 720 (40) MK Tg (n =1, 2, 3....), and in tha21 cm total-intensity maps aré2 x 2000 (40) MK Tg
(n=1, 2, 3...). The polarization intensity threshold for Bwectors is 12.0 mKI'gz at 16 cm and 75 mKTg at 111 cm. No polarization data at
121 cm are presently available. The star-symbols imthem mapstop left panel) indicate known pulsars in the field. The polygon in tteecm
image intop central panel outlines the area for the TT-plot spectral analysis shown in Fig. 5.

like sources subtracted are shown in the central panelgyoflFi thecentral panels of Fig. 1). Strong polarized emission from the
and 2. northern shell of G178:24.2 is detected at6 cm, with the B-
field directions orientated tangential to the shell.

2.1. G178.2-4.2

2.2.G25.1-2.3
G178.2-4.2 is located in the anti-center region of the Galaxy
and displays a circular morphology with a prominent shell iA well-pronounced half-shell structure of ‘8 length is visi-
its north. Three strong radio sources, NVSS J052423+28128% atf{ = 281, b = —23 after strong diffuse emission from
NVSS J052427+281255, and NVSS J052432+281313 are tbe Galactic plane is filtered out (see Fig. 2). The backgioun
cated in the center of the SNR, which are the three compadio source centered &t= 249,b = -1°7 is composed by
nents of the double-sided radio source 3C 139.2 (Leahy MVSS J184245075613 and NVSS J18424075604 (Condon
Williams 1984; Liu & Zhang 2002) and not related to the SNRet al. 1998) and is subtracted. It is not clear whether theneled
Subtracting these and other point-like sources, the ertbndstructure around = 2565 b = —-1.95 is a part of G25.42.3,
emission of the entire SNR G178:.2.2 is clearly visible (see because its spectral index from a TT-plot analysis remains i
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Table 1. Flux densities and the spectral indices of two SNRs. unpublished section of the ‘Effelsberg Medium Latitude@&yr
(EMLS)’ (Reich et al. 2004).
Objects G178.24.2 G25.£2.3 We noticed, however, that G178-2.2 was poorly traced in
() 178.2 25.1 the 211 cm survey map due to its limited sensitivity. The north-
b (%) -4.2 -2.3 ern part of G178.24.2 is clearly detected near the edge of the
RA ;2000 (H M S) 0525 06 184509 recent Effelsberg11 cm map of S147 (Xiao et al. 2008) made
. DECaz000 (* ' ) 281102 —075942 with a new receiver. We therefore observed G1#8.2 again
Size (arcmwg arcmin) 7X62 8030 in March 2011 with the Effelsberg 100-m telescope for the new
sem (Jy) 1.0:0.1 3.%0.4 : .
Strom (I} 16:02 47:05 A11 cm map. The 80 MHz bandw@th of thé1 cm receiver was
Sprem () 1.8:0.2 6.2:0.7 connected to an 8-channel polarimeter centered at 2639 MHz.
Spectral indexx  —0.48:0.13 _0.49:0.13 The lowest 10 MHz channel was corrupted by interference and
«: central observing frequencies can be found in the labels ~ could not be used. The radio source, 3C286, was used as the
of Fig. 5. main calibrator assumin8i1cm = 10.4 Jy and 9.9% linear po-
larization and a polarization angle of 33Ve obtained six full
coverages of the°2< 2° field with in total 4 sec integration time
per 2 pixel. We added the maps of seven channels without inter-
ference, and applied the standard data reduction and atidibr
procedures as already described by Xiao et al. (2008, 2008).
rms-noise measured in emission-free areas was 3.2Tgk
the total-intensity and 2.9 mKp in the polarization-intensity
map. The G178.24.2 111 cm maps in Fig. 1 are from the new
observations, rather than extracted fromAié& cm survey data.
] We measured the integrated flux densities of G178.2 and
a=-0.48+0.13 1 G25.1-2.3 from the radio maps a6 cm, 111 cm, andi21 cm.
‘ ‘ ‘ ‘ 1 We gotSeem = 1.0+ 0.1 Jy,S11cm = 1.6 £ 0.2 Jy, andSo1cm =
2000 5000 18+02Jy for G178.24.2, andSgcm = 3.7+ 0.4 Jy, S11em =
. (MHz) 4.7 + 0.5 Jy, andS;1cm = 6.7 = 0.7 Jy for the outlined area of
Jrequency Lz : : G25.1-2.3 (see Fig. 2). The spectral indices fitted from these
integrated flux densities (see Fig. 3) are= —0.48 + 0.13 for
GR5.1-2.3 | G178.2-4.2 anda = —0.49 + 0.13 for the shell of G2542.3,
1 which indicate the non-thermal nature of radio emissiorhese
two objects. These results are summarized in Table 1.

Spectral index maps for these two objects were derived from
radio maps at three wavelengths, as shown in Fig. 4. The spec-
tral indices vary in different areas. The spectral index haf t
northern shell of G178:24.2 is aboute ~ -0.6, and that of
the southern shell of G25:2.3 is abouta ~ -0.5. These
spectral indices were verified by TT-plots (Turtle et al. 26
From the brightness temperaturBs at two frequencies plotted
against each other, the brightness spectral indeis defined
Frequency (MHz) asTg = V*, so thate = B + 2. As shown in Fig. 5, we got
Becm-11cm = -253+0.16 andﬂemzmm = —-2.63+ 0.09 for the
northern shell of G178:24.2, andBecm-11cm = —2.45+ 0.60 and
Bocm-21cm = —2.59 = 0.10 for the southern shell of G25:2.3.
These values all agree with the results derived from the inte
grated flux densities and spectral index maps.

Using the total intensity and the radio spectral index, we
calculated the surface brightness of both objects at 1 GHz
(e.gl.9 Kothes et al. 1n§-)98), obtainin@zlseHZ 2: 11.5(;35 X

; ; _ _ 10 Si6ndy]l/ajarcmirf] = 7.2 x 10°Wm~=Hz “sr* for
3. Radio properties of G178.2-4.2 and G25.1-2.3 G178.242, andTycu, = 50 x 1022Wm-2Hz-lsr? for
The radio morphologies of G178-2.2 and G25.22.3 at16 the southern shell of G25-2.3. The surface brightness for
cm, as well as the properties discussed below, suggestdtiat K5178.2-4.2 is to date the second lowest for a Galactic SNR, and
objects are SNRs. Using the radio maps at three bandsiai.e.only slightly above that of the lowest,&x 10-2°Wm~—2Hz 'sr!
cm observed by using the Urumgi 25-m telescope as descrilsedorted for SNR G156.2+5.7 (Reich et al. 1992).
above,111 cm andi21 cm by the Effelsberg 100-m telescope, Polarization observations of the G17842 field are avail-
we hereby study the radio spectrum and polarization priggertable at16 cm,111 cm, andi21 cm. The diffuse extended polar-
of G178.2-4.2 and G25.42.3. ized emission afi21 cm (see theight bottom panel in Fig. 1)

We extracted the maps of G17842 and G25.22.3 from varies and has no obvious structural relation to G178.2. We
the Effelsberg Galactic plane surveys.atl cm (Rirst et al. therefore conclude that a21 cm, most probably we see po-
1990; Reich et al. 1990a) ani@1 cm (Reich et al. 1990b, 1997),larized diffuse foreground or background Galactic emissind
see Fig. 1 and Fig. 2. The angular resolution’i for the111 will not consider it in the following discussion.
cm Effelsberg observations and49for the 121 cm observa- At 111 cm, the new sensitive Effelsberg observations of
tions. Thed21 cm map of G178:24.2 was extracted from an G178.2-4.2 not only show significant polarized emission in the

G178.2—4.2

2

1

Flux Density (Jy)

10

Flux Density (Jy)
5

a=-0.49+0.13

2000 5000

Fig. 3. Integrated flux densities and radio spectra of G178.2 (upper
panel) and the outlined area of G25-2.3 (ower panel).

conclusive. In this paper we only discuss the radio proge i
the shell region outlined in Fig. 2.
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Spectral index a

SNR. Therefore, the polarized emission reliably detectethf
G178.2-4.2 at bothi16 cm andA11 cm is of the shell region.
The polarization angles of the two frequencies differ bywbo
20, corresponding to a rotation meastRM of about 36 +
n x 350 rad m? (n = +1, +2 ...) by accounting for them
ambiguity. Because of loRM values in the anti-center region
(e.g. Spoelstra 1984; Sun et al. 2008)= 0 is the most rea-
sonable choice, so thRM = 36 rad m2. This value is slightly
larger but comparable @M = 22.1+ 2.2 rad n7? for the source
NVSS J052423+281232 @t= 17809,b = —431 within the
SNR andRM = 11.8+17.1 rad nT2 for NVSS J052734+285134
at¢ = 17794, b = —337 outside the SNR (Taylor et al. 2009)
Fig. 4. Spectral index maps for G178-2.2 and G25.12.3. and the meaRM value of about 10 rad m found for the nearby
SNR S147 region (Xiao et al. 2008).

Polarization observations of the G252.3 field are avail-
northern shell but also two large patches of weak polarieed &able at16 cm, and111 cm. Some weak polarization patches
gions (see theniddle right panel in Fig. 1). The shell structure have been detected &6 cm andi111 cm (see Fig. Z;ight pan-
is better resolved at11 cm than aft6 cm, and the detected po-els). They have a very different morphology to the total-inigns
larized emission appears strong along the shell ridge. &l s emission, and seem not to be associated with the southdin she
polarization patch nedr= 17750, b = —4°10 has a very dif- of G25.1-2.3. In general, intrinsic polarized emission of a SNR
ferent morphology when compared with the total-intensigpm should be detectable at a higher frequency. This is not tke ca
and hence is most likely not the emission from the SNR. Thier G25.1-2.3. Comparing the morphologies of tié cm and
large polarization patch between 248 > ¢ > 17810 and 111 cm polarization map of G25-2.3, we conclude that the
-3°50 > b > —4°20 has a polarization percentage exceedingetected polarized radio emission at both wavelengthstiasio
100%. The total-intensity radio emission from the SNR isyversociated with the SNR. This is not unusual in this directién o
weak and flocculent in this area, while the polarized emissithe inner Galaxy, where the polarized emission originates f
is significant and continuous, which indicates that thisgekd diffuse emission in a complex environment within th&cm po-
emission patch is likely also not physically related to ttNRS larization horizon of about 3 kpc (see Sun et al. 2011).
otherwise it should also appeari cm. However, neither of the
A11 cm polarization patches has a counterpatttatm, which ) )
strongly suggests that these polarizdd cm features originate 4- Signatures in other bands

from unrelated Galactic emission within the interstell@&dium. \y/ have overlaid the radio maps of these two SNRs onto images
P_olarlzanon along the shell is clearly detected at botffes- from other bands to see whether there is any spatial coincéle
cles. . L We superimposed thd6 cm total intensity contours of

At 16 cm, strong polarized emission 1S de.tected ff.O”_‘ tI”@178.2—4.2 and G25.12.3 onto the images of the integrated
_northern shell of G178-24.2, while we_ak_ polarized eMISSIoNC G jmage (Dame et al. 2001), the soft X-ray image in the 0.4-
is spread over a large area both within and outside of tB€; e\ hand and the super-soft X-ray image in the 0.1-0.4 keV

SNg.dThezehweak pg)l_arfi]zation p;atcf}es are difLusel and §gnd. We could find no structural coincidence in these images
tended and have a brightness of a few k. The lower . .h 5178.2.4.2 and G25.12.3.

and the central patches inside the SNR are clearly not celate
to the total-intensity emission and thus unlikely relatedtte ! http://www.xray.mpe.mpg.de/cgdin/rosat/rosatsurvey

Galactic Latitude

—2°30'

25°30" 25°
Galactic Longitude
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g 8
8
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25°30' 25°
_ « D ﬁr’%ﬁ@é Galactic Longitude
178°30" 178° 177°30"
Galactic Longitude Fig.7. Contour map of G2542.3 at16 cm overlaid onto the IRIS
Ha (color) + 6¢cm TP (contour) 60um infrared image.
3 L 18 have clear offsets to the radio shell. Therefore, we corcthet
£ o both G178.24.2 and G25.42.3 have no corresponding infrared
% emission.
:§ Very often SNRs show an associated HI cavity. The
3 o Leiden/Argentina/Bonn (LAB) HI survey data with a veloc-
r 18 ity resolution of 1.3 km/s (Hartmann & Burton 1997; Kalberla
et al. 2005) was used to search for HI structures related to
the SNRs in the velocity range from450 to 400 km/s, al-

though the angular resolution of 3for the H | data is coarse.
In the area of G178:24.2, there is a 3x 2° H1 shell cen-
_ N tered at¢ = 1782,b = —4&1, seen at a central radial velocity
Galactic Longitude of —3.2 km/s over a velocity range of 17.5 km/s (Ehlexo
Fig.6. Total-intensity contour maps of G178.2.2 at 11 cm and Palot 2005). This is clearly larger than the SNR extent, and its
G25.1-2.3 at16 cm with point-like sources subtracted overlaid ontéelation to the SNR cannot be settled. In the area of G253,
VTSS Hr image for G178.24.2 (upper pand) and SHASSA k im-  an H | cavity is found in the velocity range of 37.1 to 41.2 km/s
age for G25.£2.3 (ower panel). (see Fig. 8), which has a very similar shape to G23.3 and
hence might be related to the SNR. The kinetic distance for th
central velocity of 39.2 km/s is 2.9 or 12.4 kpc accordinghte t
Using “The Virginia Tech Spectral-Line Survey (VTSS) Galactic rotation model by Fich et al. (1989). These two ealu
and “The Southern H-Alpha Sky Survey Atlas (SHAS$A) correspond to a span of 67 pc or 288 pc of the shell structure,
(Gaustad et al. 2001) for arcmin-resolution digital image- respectively. Considering the physical size of the SNRI sthel
terstellar Hr emission, we have overlaid the total-intensity comearer distance is preferred.

tour map of G178.24.2 at46 cm onto the VTSS H image For some SNRs, the empirical relation between the surface
algd tl;)at |0ftg’25'-12'3 fgf%;g;mo the SHAKSS’A chiilrﬁagde fbrightnes§ and diameteD (e.g. Clark & Caswell 1976) is the
(Fig. ) nhe aréa o -, 8 Very weak broad band ol 140 to estimate their distances, though with largeautain-
Ha emission runs across the SNR area and.|s considered toﬁgg(e g. Green 1984, 2004). We used the update® relation
background or foreground emission. In the field of G22.B, ¢'~, a's Bhattacharya (1998) to estimate the distancestbf bo
shell. The Hr emission appears to be weak within the shell a%-bjeCt.S we newly found. For G178-2.2, we found the corre-
eas 6f both G178.24 2 and G25 .42 3. Therefore. we ConsiderEpondlng diameter of that surface brightness is 197 pc, &b th
T SN ' its distance is 9.4 kpc, which places the object very outSide

that the Hv emissions present in these directions are probaté/alax and seems not possible. For G2% B. we found the
not physically associated with the SNRs. Y P : '

) diameter for the shell is 72 pc and the distance is 3.1 kpc; con
witfﬂ?\gﬂg@rgg Tne; rﬁ?ﬁggﬁ;g&gﬁ%E?Seiéns'g'i sistent with those derived from the HI data. Note, howevet t

inti 1 0,
Lagache 2005). No coincidence was found for G178.2. the uncertainties of these estimates could be as large as 40%

Fig. 7 shows G25:12.3, where the infrared patch positions Several pulsars are known within the field of G258213
(Fig. 2). They have distances of-46 kpc according to the pul-

2 http://www.phys.vt.edu/~halpha/ sar dispersion measure and the electron distribution nujdieé
3 http://amundsen.swarthmore.edu/ Galaxy, NE2001 (Cordes & Lazio 2002). It is not possible to as
4 http:/iwww.ias.fr/IRIS/ sociate any of these pulsars with the SNR unambiguously.
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