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Abstract We made the first CO(1-0) mapping to SNR G21.8-0.6 and SNR8562,,
both associated with OH 1720 MHz maser. Based on the morplwaliccorrespondence and
velocity and position agreement between the radio remmahtree CO clouds, we tentatively
identify the clouds that are respectively interacting witd two SNRs.
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1 INTRODUCTION

Massive stars usually do not drift far from their parent clsbefore they finish their life as supernova, when
the shock driven into the clouds will accelerate relatiiparticles, heat and compress the molecular gas,
and change its chemistry. The turbulence caused by the shagkrigger the formation of a new generation
of stars. Therefore, the interaction between Supernovafaata (SNRs) and molecular clouds plays a very
important role in the evolution of star and Interstellar Maxd (ISM) (Frail et al. 1994; Reynoso et al. 2000).
The study of such interactions will help us to understandnfielved processes. However, it is not easy to
determine unambiguously whether or not an SNR is physieakpciated with a molecular cloud, e.g., they
may appear as positionally coincident just because of @nifiintroduced by unrelated gas along the line of
sight. Many criteria have been used to do this, which inclg@eMorphological signatures, such as arcs of
gas outlining an SNR or indentations in SNR edges surrogngts concentrations (Landecker et al. 1989;
Reynoso et al. 1995; Duber et al. 1999); (2) Radio continuntraacement (Reynoso et al. 2000); (3)
Spectral line broadenings (Frail & Mitchell 1998; Reach &RI999) or spectral wings (Seta et al. 1998);
(4) IR emission from shock-heated dust (Reynoso et al. 2000)

Recently, OH 1720 MHz masers have been identified as one guratere of SNR-molecular cloud
interaction (Frail et al. 1994; Yusef-Zadeh et al. 2003)e Eixcitation of OH 1720 MHz maser requires a
very dense gas~(10° cm—3) with a temperature of 50-125K. A C-type shock caused by ¥parding
supernova remnant will create such conditions (Elitzur6t 9¥ardle 1999; Lockett et al. 1999). This has
been proven to be true by many molecular line observatioBslfes associated with OH 1720 MHz masers
(Koralesky et al. 1998; Reach & Rho 1998; Frail & Mitchell B3®Reynoso et al. 2000).

We carried out the CO(1-0) observations to the SNR G21.8xd6532.8-0.1, which are associated
with 1720 MHz OH masers. We hope to study the relation betviieel SNRs and ambient CO clouds and
search for the effects of SNR-molecular cloud interactibimese observations will provide the basis for
future study through higher transitions.

x Supported by the National Natural Science Foundation ofi&hi



706 J. J. Zhou et al.

\ ‘ ! ‘ ‘
A A b A A A M Mglnd g hanhand Mot
ST R N T L o e Ty N Ty A e v
LA N N N M A M Aol
O e b eV Wt Mok M NPt~
’M“'"‘W"‘A‘V\/vww»wv\“’WV’WM«WWW Mgt /\Wﬂ”w'm oy
S N T O VYV O P NP S YOOV W S
N T T e T S v —— Pt

o T O T e o U e VO oy oy v
5 LAV L s A i P A L i N wm»/‘m,f"‘ﬁw“w«am)\"-, . e
) W AN L LW MM/\WWWWA‘MWA‘W’% ‘ MAMMW’MﬁMWM’
T ."*"‘J’\««Wj W“‘M’““v‘"w m/ww’\ﬂw ww/\ww‘/ P Mw\'\wﬁwwf\»wmmw%w%’
S N Y N N T I o e pbtypeenin
T O o e O e W N N o T T v T
10 s st AP A PP N ) Ml ™
SRRSOV N0 U O SOy W D Y ot N RO S o A T O oW Y LW A IO S e
OO R O YO O e ¥ R T Y o NN VRO NI 1T W OO ST oot SO IOV VO LY 2 R O L L W
’M»J‘W/Ww s MJL\»I‘“WWM b v"JvA”\AWWKMWA {“""N"\MWJWW\""WW’

4 2 o] -2

Fig.1 Mosaic of 12CO(1-0) spectra in SNR G21.8-0.6. Here (0,0) refers to tisitipn of OH maser
(R.A. = 18"33"11.97, DEC = —10°00'40.16") (J2000). The velocity scale in each spectrum runs from
Visr = —50to +160 km s! and the antenna temperature scale ffBm= —1 to +5K.

2 OBSERVATIONS

Observations of thé2CO(1-0) line and its isotopes were carried out with the 13félescope located
at Delingha, Qinghai province of China, in April 2004. Thdfi@ower beam size of the telescope at the
frequency 112 GHz is about 108 70", the pointing accuracy is better than’{@ms). We observed CO(1-
0) and its two isotopes simultaneously. The frequency uiguis at'2CO(1-0),!*CO(1-0) and E20O(1-0)
are 209kHz, 78.7kHz and 75.7 kHz, respectively. The seitgitdf the telescope is 0.26 K (rms) for an
integration time of 60 second. The position-switching mads used. Both maps cover an area d¢f3%/,

at steps of 60 in both Right Ascension and Declination.

3 RESULTS

Here we give a brief description of these remnants and thétsesf our CO(1-0) observation. There is a
dip in the spectra of G21.8-0.6 between 30 and 40 ki(see Figs. 1 and 2), which seems to be evidence
of self-absorption. However, a careful examination of tifespectra indicates that there is emission at the
same velocity range at the off-position. Because G21.8is0dfose to the Galactic plane, it is difficult
to find a very clear off-position, but the small dip appearinghe spectra of G32.8-0.1 between 0 and
10km s !(Figs. 4 and 5) may be caused by self-absorption. If thisuis, tself-observation would be weak.
The'3CO(1-0) emissions of these two SNRs are very weak, whit®©C1—0) was not detected at all at rms
0.26 K.

3.1 G21.8-0.6

G21.8-0.6 is an SNR with an incomplete radio shell morphplédg. 3), the continuum image was ob-
tained from the radio continuum survey of the Galactic plah&1 cm wavelength (Reich et al. 1984).
The HIl region G21.9-0.4, located to the northwest of the SRunrelated to the SNR (Fig. 3). The
OH 1720 MHz maser associated with the SNR is marked with agirsin Figure 3. It has a velocity of
69.3 km s ! (Frail & Mitchell 1998; Green et al. 1997). G21.8-0.6 hasstegic velocity of 82 kms!, cor-
responding to a kinematic distance of 11.2 kpc, so the ligarof G21.8-0.6 is about 80 pc (Kassim 1992;
Green 1997). The brightest X-ray feature lies in the inteoibthe radio shell of the SNR and form two
halves of a shell-like structure (Yusef-Zadeh et al. 2003).

The CO line profiles observed in G21.8-0.6 are complex (Figlhe mosaic of2CO(1-0) spectra
covers the bright eastern rim of G21.8-0.6 (Fig. 3), thewstapidly varying profiles across the mapping



CO Clouds around the SNRs G21.8-0.6 and G32.8-0.1 707

T

,_ /\ \ f\ (#.2) ]
WWWWWW«/N \/ ““\ L W ””““"/W’Www

(4,-10]]

; A W/\ |

(0,-5) 7

V\/W'W VWWW/ /\\NWA\/M W " \MW A\W/\M /\AN MM'WV

AT (-2 0>
.EC’ 2 Lw h 7
" WWMWW Wﬂ/ WWWW MW ”’WW MMW%MWM%

Velomty (km s™")

Fig. 2 Blow-up of >CO (1-0) spectra at selected positions in SNR G21.8—0.6e@fin arcmin from (0,0)
(R.A. = 18"33"11.97, DEC = —10°00'40.16") (J2000) are indicated in the upper right corner. The
integration time is 1 minute.

region. At least four different components wittl’ ~10km s™! can be distinguished &f,sg~21, 69, 92
and 122 km s'. Figure 2 shows blow-ups of the profile at some positionspffsets in arcmin from (0,0)
(R.A. = 18"33711.97, DEC = —10°00'40.16") (J2000) are indicated in the upper right corner. The CO
maps integrated over the four velocity ranges, 116-1288653—75 and 14-30knv$ are superimposed
on the continuum map of the SNR in grey scale (see Fig. 3), amdabelled A, B, C and D. Cloud A
appears to touch the bright south-western shell of the SN&@ore diffuse CO emission appears on the
other side of the remnant. Cloud B overlaps with the nortsteza part of the remnant, the diffuse clouds in
the map seems to consist of a ring like structure. The eledgebud C overlaps with the bright continuum
shell and covers more than half of the remnant. Cloud D showis@mplete ring-like structure with a
break in its south-eastern edge: it is where the SNR lies.riftlgeoverlaps with the northern part of the
remnant.

3.2 G32.8-0.1

G32.8-0.1 is an elongated shell-type SNR, scales approeiyn20 (north-south)x10’ (east-west)
(Kassim 1992; Clark et al. 1975). The VLA observation intisethat it has an incomplete ring-like struc-
ture, and the OH 1720 MHz maser with a velocitysr = 86.1km s7!, is just located at the eastern edge
of the ring (Koralesky et al. 1998). On the assumption thatsthock is transverse to the line of sight, the
LSR velocity of the SNR was found to be also 86.1 ki ¢Frail et al. 1996; Claussen et al. 1997), which
corresponds to either a near kinematic distance of 5.5 kgcfar of that 8.8 kpc (Koralesky et al. 1998).
Taking into consideration the results of Helfand et al. @98@/e think 8.8 kpc is the more reasonable value.

The CO(1-0) spectra of G32.8-0.1 are relatively simpleh witew blending features. A mosaic of the
12CO(1-0) spectra along the eastern boundary of the remnaiggfayed in Figure 4. Four components
at Visr ~18, 52, 78 and 98 kms show significantly varying profiles, and only the one comprdras
52km s™! has a line widtlAV >10km s™!. Figure 5 shows blow-ups of the profile at some positions, the
offsets in arcmin from (0,0)K.A. = 18751™23.97, DEC = —00°08/22.54") (J2000) are indicated in the
upper right corner.
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Fig. 3 Channel maps of?CO(1-0) emission toward G21.8-0.6 integrated over fouscigt ranges, 116—
128, 86-98, 63-75 and 14-30km's The grey scale is in K km™s and is shown on top of the image.
The 2 noise level of these maps are 1.25, 1.65, 2.18 and 1.29 K1€mrespectively. The beam width,
108’ x 70", is indicated by the filled ellipse in the bottom right corrEne contour map was obtained from
the radio continuum survey of the Galactic plane at 11 cm leagth (Reich et al. 1984), the contour levels
are from 3.74 to 37.4 Jy in steps of 3.74 Jy. G21.9-0.4 is amddgjibn. The plus sign shows the position of
the OH 1720 MHz maser.
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Fig. 4 Mosaic of'2CO(1-0) spectra in SNR G32.8-0.1, it covers the easterndsoyrof the remnant and
the OH maser site. Here (0,0) refers to the positiBnA, = 18"51™23.97, DEC = —00°08'22.54")
(J2000). The velocity scale in each spectrum runs fidmr = —20 to +130km s' and the antenna
temperature scale froffiy = —1to +4K.
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Fig.5 Blow-up of 2CO(1-0) spectra at selected positions in SNR G32.8-0.ke®ffin arcminute from
(0,0) R.A. = 18"51™23.97, DEC = —00°08'22.54"") (J2000) are indicated in the upper right corner.
The integration time is 1 minute.
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Fig.6 Channel maps dff CO(1-0) emission integrated over the velocity ranges 95-1P-88, 45-60 and
15-25km s, respectively, toward G32.8-0.1. The grey scale is in K krhand is shown on top of the
images. The & noise level of these maps are 1.46, 1.11, 1.53 and 0.99 K mrsspectively. The beam
width, 108’ x 70", is indicated by the filled ellipse in the bottom right corn&he continuum contour of
G32.8-0.1 was also obtained from the radio continuum suofelye Galactic plane at 11 cm wavelength
(Reich et al. 1984), which includes two HIl regions, G32.2+&nd G33.1-0.1 (Clark et al. 1975). The rms
is about 50 mJy beant. Contour levels are from 0.3 to 3 Jy in steps of 0.3 Jy. The sigis indicates the
position of the OH maser.
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Channel maps of2CO(1-0) integrated over the velocity ranges 95-105, 7248860 and 15—
25km s™! are displayed in Figure 6, labelled E, F, G and H. Here theiconim contour of G32.8-0.1 was
also taken from the radio continuum survey of the Galacémelat 11 cm wavelength (Reich et al. 1984),
which includes two HIl regions, G32.8+0.2 and G33.1-0.h(Kkt al. 1975)(see Fig. 6). One bright con-
tinuum peak appears on the northern shell of the SNR, anthenatak one appears on the southern shell.
The OH 1720 MHz maser was marked with a plus sign in these n@pad E shows a long filamentary
structure elongated nearly along the of northwest-sostltigection, it overlaps with the bright peak of the
SNR, but it is not coincident with the OH maser. Cloud F is tedao the east of the remnant, and overlaps
with its eastern boundary. The edge of the radio continuugmslperfectly with the edge of cloud F, and
seems to form the interface where the SNR meets the ambientd@@®. The OH maser coincides with this
cloud. Cloud G is located to the east of the SNR, and its eider®incides with the weak continuum peak
of the SNR. Cloud H is more diffuse, and overlaps with the lsetrt part of the continuum shell. The OH
maser lies in the boundary between Clouds G and H (see Fig. 6).

4 DISCUSSION

Shock-excited 1720 MHz OH masers toward SNRs constitutensegal tool to ensure securely that the
molecular structures at the same velocity of the maserstaygigally related to the remnants (Reynoso et
al. 2000). The use of OH 1720 MHz masers as signposts of SNIReular cloud interaction allowed us
to detect the molecular gas into which supernova shockdrarg being driven. In the following we will
discuss the relation between the CO clouds and G21.8-0.688dB-0.1 in regard to their agreement in
position and velocity, the morphological signature of th@ €louds and the spectral line broadenings.

G21.8-0.6Because the passage of a C-type shock creates conditiothschfee the excitation of OH
1720 MHz masers, the maximum amplification occurs along tlhye @f the SNR, where the least velocity
dispersion and hence the largest coherence is maintaimedvdlocity of an OH 1720 MHz maser asso-
ciated with an SNR can be identified with the systemic vejooitthe remnant (Reynoso et al. 2000).
Therefore the velocity agreement between the OH maser andd@l@s interacting with the SNR should
be good. The OH 1720 MHz maser associated with G21.8—0.6rhaSR velocity of 69.3km s', which
is nearly the same as that of cloud C.

The excitation of OH 1720 MHz masers also indicates that theenshould have a good positional
agreement with shock-excited molecular gas. The channes imalicate that all the velocity components
partly overlap with the continuum shell (Fig. 3). In the ca$eloud A we can see close agreement between
the steeply falling CO intensity and the steeply rising cadbntinuum intensity across the edge of the
radio shell, while the OH 1720 MHz maser is far from this cloGtbud B overlaps with the northern part
of G21.8-0.6, where the continuum shell shows no grossrtiistowhich can be obviously linked to the
SNR-molecular cloud interaction. This is also true for elsl and D. Cloud C apparently wraps round the
bright western continuum shell. The OH 1720 MHz maser is @ititerior of clouds C and D.

For individual remnants associated with OH 1720 MHz mabkerg exist morphological, kinematic and
chemical signatures for molecular shocks. Spectral lioadhenings are accepted as a very sure signature to
determine whether shock excited molecular clouds existriBso et al. 2000), while the broadened spectral
lines at the location of the masers have a wid¥1{ ~10-50km s!) (Koralesky et al. 1998). Here four
components at;,sg~21, 69, 92 and 122km2 all have line widthsAV ~10km s! (Figs.1 and 2),
but the big velocity differences between the OH maser and I6Gds A, B and D indicate that they may
not be shock excited. The complex spectra strongly suggesétvelocity components may represent giant
molecular clouds along the line of sight, where severe hifendf velocity components may result in line
broadening.

Taking into consideration the position and velocity agreehbetween the clouds and OH maser, and
the morphology of the CO cloud, we tentatively suggest tihaidt C is a possible candidate interacting
with G21.8-0.6.

G32.8-0.1For G32.8-0.1, the OH 1720MHz maser is also the most comgnproof of SNR-
molecular cloud interaction. It has a velocity of 86.1 ki sThe four velocity components are centered at
Visr ~18, 52, 78 and 98 km's, respectively, so the best velocity agreement was founaeset the OH
maser and cloud F (Fig. 5), with a velocity difference of atkm s!. Such a velocity difference can be
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well explained by the suggestion of Koralesky et al., that@H maser originates in shocks transverse to
the line of sight (Koralesky et al. 1998).

The distribution of these four components (Fig. 6) alsolparterlap with the continuum shell. The
map of cloud E shows no gross distortion that can be obvidimdgd to SNR-molecular cloud interaction,
and the OH maser does not coincide with it. A striking agre@nreposition was found between the OH
maser and cloud F, with the maser lying inside the cloud, Ardetige of the radio continuum aligning
perfectly with the edge of cloud F (Fig. 6). This cloud seembé¢ ramming the eastern continuum shell.
The OH maser coincides with the edge of cloud G, and this ciddsmishows some distortion that indicates
interaction. Cloud H is a more diffuse cloud.

A mosaic of CO(1-0) spectra covers the eastern boundareafdhtinuum shell of G32.8-0.1, where
the OH maser lies (Fig. 6). The four velocity components vggnificantly in line width and intensity
(Figs. 4 and 5), only the componentigisg~52 km s7! has a line widtl/AV >10km s™!, which seems to
consist of at least two features blending into this reldyibeoad line width. The variation of these features
in intensity may be the reason why this velocity componeobatflattened peaks (Fig. 4). We did not found
line broadenings at 78 knT'$. A possible reason is that the shocked molecular gas mayghdyréxcited
and therefore weak in emission from the low-lying CO(1-@psition (Wilner et al. 1998), and confusion
caused by different clouds along the line of sight makesfficdit to detect such weak broad CO(1-0)
emission. Similarly, we tentatively suggest that cloud By interacting with G32.8-0.1.

5 CONCLUSIONS

Based on the morphological signature of CO clouds and thi¢igosind velocity agreement between the
OH maser and CO clouds, we tentatively suggest that cloud G2df£.8-0.6 and cloud F of G32.8-0.1
may be physically related to the SNR. However, we did not fing lane broadenings in cloud F, and it
is not obvious in cloud C. A possible reason is that the shibckelecular gas may be highly excited and
therefore weak in emission from the low-lying CO(1-0) tiine. Worse, the background cloud emission
could mask such weak features. Taking into consideratierdmplexity of the CO(1-0) spectra, we think
that confusion due to different velocity components aldmg line of sight plays an important role here,
which makes discerning of line broadenings difficult.
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