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Abstract. We present the first CCD flux—calibrated images of the supernova remnant €828 major optical emission

lines. The medium ionization line of [M]5007 A provides the first direct evidence of optical emission originating from

G 82.2+5.3. Filamentary emission is detected in the west and east areas of the remnant, roughly defining an ellipsoidal shell.
The [O111] emission is rather well correlated with the radio emission suggesting their association, while typical fluxes are found
in the range of 20-3& 10717 erg s* cm? arcsec?. Deep long-slit spectra taken at specific positions of the remnant verify
that the detected filamentary emission originates from shock heated gas, whilfuke D] emission in the south results

from photoionization processes. The spectra further suggest shock velocities around 100akm lew electron densities.

The X-ray surface brightness is quite patchy, missing obvious limb brightening and is dominated by a bright bar—like emission
region which is €-set from the geometric center by9’. The X-ray emission is thermal and requires two temperatures of

0.2 keV and 0.63 keV. The bright bar region shows overabundant Mg, Si and Fe, which might indicate still radiating ejecta
matter. The azimuthally averaged radial surface profile is consistent with the matter density changing with distamce

the centerce™"/™0 with a characteristic angular length of’36r, alternatively, with am~%? density profile. The matter inside

the remnant is quite likely structured like a porous cloudy medium. The average matter der§it94x d;%f’ with dy ¢ the

distance in units of 1.6 kpc. Because of the low density and the long cooling times involved the remnant is more likely to be in
the adiabatic phase, which is consistent with the densities derived for the X-ray plasma and the optical line emission, but it is
not excluded that is has reached the radiating phase. This, however, would imply a lower density, greater age and much larger
distance, at the edge of the upper limits obtained fdpyrandE(B — V).

Key words. ISM: general — ISM: supernova remnants — ISM: individual objects: Gi&22

1. Introduction filaments of~35 km st and~70 km s, depending upon the

. . size assumed for the remnant.

The supernovaremnant G 8223 (W 63) is found in the com- . . .

) . . . The X-ray and radio morphologies of the remnant are quite
plex region of the Cygnus constellation. Radio observations ;

i itferent. Rho & Petre (1998) proposed that it belongs to the

several frequency bands established the nature of the objec . .

: . ass of mixed—morphology remnants. Indeed, the X-ray emis-
through its non—thermal radio spectrum (Velusamy & Kundu

1974: Angerhofer et al. 1977; Wendker 1971). The remnanpn 1S neither shell-like nor plerion-like but the vast majority

displays a non—circular, elliptical shape-6f0’ x 100 in the of the X-rays originate from areas around but not peaked on

radio map at 11 cm. The distance to the remnant s not well he remnant center, and there is no obvious limb brightening.

termined and distances in the range of 1.3-1.9 kpc have b?ﬁf entire X-ray region is roughly bound by the radio shell

reported (Rosado & Gonzalez 1981, and references therehr} 0 & Petre (1998) analysing ROSAT data describe the en-

Interference—filter photographs from Parker et al. (1979) rg- ng zcli;u\;n ssg':cizzrtrg ?r!lts:ggelﬁatre;?)giia?ij()rsv?/ﬁﬁce:rgguvn\q;h
vealed bright extended structures i Fnd [Si1]. There is X J P

. ) TR density of~4 x 10t cm? although with large uncertainties
no obvious correlation between the low ionization images ald ) _ ) i ) A ‘
the radio maps of G 8245.3. Optical spectra taken from F_qu callbrated|magesm_majoropt|cal emission lines were
Sabbadin (1976) show the characteristic signature of emissfjff@ined and deep long-slit spectroscopy of selected areas
from shock heated gas (j/Ha ~ 0.5). Rosado & Gonzalez of interest was performed for a detailed study of the opti-

(1981) estimated expansion velocities for some of the opti&d €mission in the area of G 82:4.3. In addition, we ana-
lyzed ROSAT All-Sky survey and re—analyzed ROSAT pointed

Send gprint requests toF. Mavromatakis, data as well as ASCA GIS and SIS data from one pointing.
e-mail: fotis@physics.uoc.gr Information about the observations and the data reduction is
* Present address: Institute of Astronomy & Astrophysics, Natior@iven in Sect. 2. In Sects. 3 and 4 we present the results of
Observatory of Athens, |. Metaxa & V. Pavlou, P. Penteli, 15238Ur imaging and spectral observations. Finally, in Sect. 5 we
Athens, Greece. discuss the properties of the remnant and its environment.
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Table 1. Journal of the observations. Table 2. Spectral log.
Ac Al Exp. time$ Slit centers Exp. timés

Filter (A) (A) Date (UT) (NO Of frame%) a 5 (NO Of Spectra)
Hao+[NO] 6560 75  25-2072001 7200 (3) 2021m3%3  455930'1 16500 (5)
[Su] 6708 20 23072001 7200 (3) 2020"0£0 4454485 7200 (2)
[Om] 5005 28  2¢07/2001 9600 (4) 20'16"156 4551'58'9 7200 (2)
[On] 3727 25 2¢07/2001 7200 (3) 2016M"154 4558014 7200 (2)
Cont red 6096 134 25-7B7/2001 720 (8)

& Number of spectra obtained.

Cont blue 5470 230 2672001 360 (2) b Total exposure times in sec

a Total exposure times in s.
b Number of individual frames.
could be constructed. The net observing time wa200 s.

The remnant under study was also observed several times
with the ROSAT PSPC in pointing mode, the longest obser-
2.1. Optical images vation of which was for~8 ks on 26 October 1993 aiming

at the center of the remnant (sequence #500286p). Additional
The current wide field observations were performed with th€osSAT observations were targeted at the west of the rem-
0.3 m Schmidt—Cassegrain te!escope at Skinakas Observaigapt (#500219500219p1), the north-east (#500217p) and the
Crete, Greece. The complex field of G 8223 was observed soth-east (#500218p). Apart from the pointing towards the
on July 25 and 26, 2001. The 1024.024 SITe CCD used dur- centre only the south-east pointing providedfisient counts
ing these imaging observations resulted in 23889 field of {5 create a spectrum over the central 40 arcmin of the PSPC.
view and an image scale of er pixel. A journal of the ob- \ve also found one observation in the ASCA archive and both

servations together with information about the filters are givefe GIS and SIS data could be used for a spectral analysis.
in Table 1. The images presented in this work are the average

of the available frames from the individual filters. The astro-
metric solutions for all data frames utilized the HST Guide sta The optical emission
catalogue (Lasker et al. 1999) and all coordinates quoted in thj ..
work refer to epoch 2000. All frames were projected to a con%ii' The Her + [Nu] and [Su] line images
mon origin on the sky. The images in | + [N1] (Fig. 1) and [S1] (Fig. 2) of
Standard IRAF and MIDAS routines were employed fathe remnant look complex due to the presence of several
the reduction of the data. All frames were bias subtractétight and dark nebulae. The dark nebulae LDN 908 and
and flat-field corrected using a series of well exposed twilight0 (Lynds 1962) are found in the south areas of our field,
flat—fields. The spectrophotometric standard stars HR 55@hile LBN 081.88-04.79 (LBN 314; Lynds 1965) is lo-
HR 7596, HR 7950 and HR 9087 were observed in order ¢ated in the south—east and LBN 082:0%.83 (LBN 325),
obtain absolute flux calibration (Hamuy et al. 1992, 1994). LBN 083.03+05.78 (LBN 326) located to the north may con-
tribute to the emission in our field. Lynds (1965) also reports
LBN 081.62+05.47 (LBN 310) as a very extendediHegion
which seems to overlap our field. The complexity of the envi-
The 1.3 m Ritchey—Cretien telescope at Skinakas Observatagment of the remnant does not allow the direct identification
was used to obtain long-slit spectra on June 21, 22, and Jofyny optical emission matching the morphology of the known
21, 22 2001. The data were taken with a 1300 linetgrat- radio emission. However, since our images are flux calibrated
ing and a 800< 2000 SITe CCD covering the range of 4750they can be used to approximately determine the emission char-
6815 A. The slit had a width of’7 and a length of /B and, in acteristics. The ratio of the low ionization images ofif]Sand
all cases, was oriented in the south-north direction. The cobte + [N 11] shows that the bulk of the emission in the west
dinates of the slit centers, the number of available spectra froesults from photoionization, while the weak emission seen to
each location and the total exposure time of each spectrtim south of the bright star GSC 3572-2102 probably originates
are given in Table 2. The spectrophotometric standard stén@m shock heated gas. In this area, roughly defined atong
HR 5501, HR 7596, HR 9087, HR 718 and HR 7950 were oB0"'22M30° and betweeid ~ 45°47 and 4512, we estimate a
served for the absolute calibration of the spectra of G82.2. [S11]/Hea ratio of ~0.7-0.8, while LBN 082.7905.83 and the
bright structure in the north—west are characterized by ratios
very close to~0.4.

2. Observations

2.2. Optical spectra

2.3. The ROSAT and ASCA observations

The Cygnus region was scanned during the ROSAT All-s .

survey in early December 1992. X-rays from G 8£523, i%/'z' The [On] and [O ] images

which is located at the northern tip of the so-called Cygnd#e [O11] image of the area around G 82.2.3 is not shown
Superbubble shell (Uyaniker et al. 2001) were clearly dhere since its morphology is generally similar to that of the
tected and an image of the remnant and the environmeétat+ [N 11] and [Si] low ionization images. Emission from the
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Fig. 1. The field of G 82.25.3 in the Hr + [N 11] filter. The image has been smoothed to suppress the residuals from the imperfect continuum
subtraction. The open and the filled circles designate the positions of bright and dark nebulae, respectively, while the numbers in parentheses
represent the surface of each nebula in square degrees as given by Lynds (1962, 1965). The open polygons show the positions where emission
line ratios are measured (see also Sect. 3.3). The shadings run linearly from 0xal®08 erg s* cm2 arcsec?. The line segments seen

near over—exposed stars in this figure and the next figures are due to the bloflimihg e

H 11 region in the [Q1]3727 A line is somewhat suppressed bugmission in the west and east areas as wellfissdi emission.
still the shape of the remnant is not clearly outlined. No imm@right filaments are detected aloag~ 20"16™ and 2#22™
diate correlation of the optical emission with the known radiand arounds ~ 45°40'. These two filamentary structures de-
emission can be seen. In strong contrast to the low ionizatitime rather well the opposite sides of an ellipsoidal shell which
images, the field of G 8245.3 appears markedlyftierent in is in agreement with the morphology of the radio emission. In
the medium ionization line of [@1]5007 A (Fig. 3). The over- fact the correlation of the [@1] emission in the east with the
all emission is significantly attenuated and the image appearsadio emission observed at 326 MHz and 4850 MHz (Fig. 4)
be free of complex structures. Optical radiation possibly frosuggests its association to G 82523.

LBN 082.79+05.83 angbr 083.03-05.78 is seen in the north

edge of the field of view. The [@1] image reveals filamentary ~ Fainter structures are also detected in the south and inner
regions of the field. Faint emission from a region shaped as an
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Fig. 2. The [Si1] image of the area around G 822.3. The morphology in these emission lines is similar to that of the-HN 11] lines. The
image has been smoothed to suppress the residuals from the imperfect continuum subtraction, while the shadings run linearly from 0 to
10 erg s* cm? arcsed?.

arc is detected to the east of GSC 3572-2102, roughly aloB@. The long—slit spectra from G 82.2+5.3
a =~ 2022M40°, from § ~ 45°30 to 46°30. This faint fila-

mentary structure is not continuous but gaps in intensity are ) _ o
detected along its extent. This may indicate the presence!d deep low resolution spectra were taken in the vicinity of

inhomogeneities in the interstellar “clouds” resulting in stron§€ bright stars GSC 3572-2102 and GSC 3572-2103, as well
variations of the shock velocity. It is known that the shockS in the south in an area where strong radio emission overlaps
velocity greatly influences the [@1] flux (Cox & Raymond With strong Hr+[N 1] and difuse [Om] emission (Fig. 1). The
1985). The typical projected angular width of therffil- Optical spectra from areas | and Il (Fig. 3) indicate emission

aments is~30”, equivalent to 0.2 pc at an assumed averagé)m shock heated gas ({i/Ha > 0.4), while that from area
distance of 1.6 kpc (see Sect. 1). Il seems to originate from photoionized gas (Table 3). This

is because we cannot exclude the possibility that the spectrum
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Fig. 3. The medium ionization line of [@1]5007 A provides the sharpest view of G 8223 (eft). The image has been smoothed to suppress

the residuals from the imperfect continuum subtraction and the shadings run linearly from &t@®# erg s* cm? arcsec?. The long

rectangles indicate the projected positions of the slits on the sky and the numbers designate the areas discussed in the text. The right figure
shows single long—slit spectra from areas Il and IIl.
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Fig. 4. The correlation between the [i@] emission and the radio emission at 326 Mi&ft) and 4850 MHz iight) is shown in this figure. The

326 MHz radio contours (Rengelink et al. 1997) scale linearly from 0.0dedyn to 0.09 Jyeam, while the 4850 MHz contours scale from

5 x 10 Jybeam to 0.2 Jpeam (Condon et al. 1994). The optical and radio data are rather well correlated in the east areas of the remnant.

The radio emission in the west seems to be weeker and mainly related tarthegidn.

from area Il may be contaminated by emission from a nearbye [O111] filament. However, the area along the slit and in the
H 11 region, thus causing the low [8/Ha ratio of 0.18. north of the [Om] filament contained very strongitemission.
Due to the presence of strongiHemission around arealn order to take into account theftlise emission present in the

ield, the second set of spectra were taken with the slit shifted

I, we report the procedure followed with the spectral anal ]
sis. The first set of spectra were taken with the slit crossitfg the north by & In this way the area aroundl~ 46°00,
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Table 3. Relative line fluxes.

F. Mavromatakis et al

.. Observations of G 853

calculated with the aid of the relatida(B — V) = 0.664x ¢

(Kaler 1976; Aller 1984). We note that the signal to noise ra-

I (west) Il (east) 11l (south) tios quoted in Table 3 do not include calibration errors which
Line (A) F12 F12 FL2 are~7%.
4861 H3 25 (19) 15 (10) 11.4 (66)
4959 [Or], 34 (20) 159 (104) 1.5(11) 4. X-ray emission from G 82.2+5.3
5007 [Om1], 105 (57) 511 (293) 5.0 (36)
5872 Ha - - 3.5(37) The field of G 82.25.3 was observed by ROSAT in pointed
6300 [O1], - 75 (32) - mode on October 26, 1993 (ROR 500286p) for 8 ks. The im-
6364 [O1], - 22 (13) - age of this observation is shown in Fig. 5. On purpose we show
6548 [N, 15 (18) 44 (44) 9.7 (95) just the counpixel image and did not correct for exposure, to
2222 '['Nbu] 51320(5(2?) 122 (qi’)S) ;g02(522603) illustrate where the remnant is highly underexposed due to the
6678 Ha 2 - N 13 '(17) artifacts of the PSPC, clearly seen as a dark bar running from
6716 [S]; 35 (39) 78 (73) 10.8 (113) the lower left to th_e upper rlght of the image and other rlps,
6731 [Si], 25 (29) 56 (53) 7.6 (82) as well as a dark ring 40 arcmin wide around the center. Since
Absolute Hr flux® 15.0 43 72 the image is not exposure corrected the intensity clo_se to the
Ha/HB 4_0' (18) 6'.7 (10) 8.8 (65) gdge is brlght.er py a factor of _about two than the prlghtness
[0 m]/HB 5.6 (18) 45 (10) 0.57 (30) in the image indicates. The brightness appears quite clumpy
[S]/Ha 0.6 (39) 1.34 (56) 0.18 (44) and is dominated by a relatively bright baf-set from the ge-
1(6716Y1(6731) 1.40 (23) 1.39 (43) 1.42 (66) ometric centre to the north by about 9 arcmin. The bar mea-
e 0.38[0.07] 1.100.1] 1.41[0.01] sures apout 24 arcmin in the nor_th-sguth dire_ction and about
E(B- V) 025[0.05] 0.73[0.07] 0.94[0.01] 18 arcmin along the east-west direction. In Fig. 5 the PSPC
Ne <80 cnt3 <30cnt3 <30cnt3 image is shown along with contours of the radio emission at
Ve <100kms! >100kms! — 326 MHz, which best define the elliptical shape of G 853.

1 Uncorrected for interstellar extinction.

2 Listed fluxes are a signal to noise weighted average of the individual

fluxes.

3 Present in only one of the spectra.
4 In units of 107 erg s* cm™2 arcsec? .
5 The logarithmic extinction is determined as = 1/0.331 x
log((Ha/HB)obs/3). Numbers in parentheses represent the signal @8ange. G 82-25.3 was also observed by the ASCA satellite
noise ratio of the quoted fluxes. Ther Zrror is given in square on June 12, 1997. The ASCA X-ray telescope was pointed to

brackets for the logarithmic extinction.

F(Ha) = 100.

It is also evident from this figure that the X-ray emission from
the remnant does not fill the PSPC field of view, which is sup-
ported by the all-sky image on an even wider scale. Thus it
is possible to determine the background from the same obser-
vation. Checks with the background taken from the adjacent
pointings have been made and the source spectrum does nof

All fluxes normalized tghe central area of G 82+5.3 for a total of 82 ks. Given the

smaller field of view of the GIS and SIS detectors compared
to the ROSAT PSPC, this data can only be used for spectral
analysis (see Sect. 4.2).

containing relatively weak I emission, was within the slit
and was used as background. It is clear that the spectral resHI
from area | should be used under the assumption of constafi
background intensity. The low [@]/Hg ratio of ~6 implies a The first and so far only results of an analysis of the ROSAT
shock speed 100 km s* or less, while the sulfur line ratio sug-data of G 82.25.3 were reported by Rho & Petre (1998), but
gests a pre—shock cloud density of a few atoms pet @w. no images were shown. The X-ray image looks like an SNR
Raymond et al. 1988, Osterbrock 1989). The spectrum frashoken into pieces resulting into a patchy appearance. The cen-
area |l suggests electron densities beleB0 cnt3, while the tral bar is the brightest component of the remnant and has led
strong sulfur line emission may suggest a largely neutral prRko & Petre (1998) to put G 82+5.3 in the class of mixed-
shock medium. In addition, this spectrum displays very stromgorphology remnants. First, we have searched the remnant for
[O m] emission relative to 4, a characteristic of shocks withpoint sources. The ROSAT source detection algorithm reveals
incomplete recombination zones (Raymond et al. 1988). Thig existence of 31 point sources with a likelihootlO or 4.1
high [O1m]/Hp ratio of ~45 further suggests shock velocitiesicross the face of the remnant. Within a circle of d@meter
greater than-100 km s?. centered on the apparent SNR centre 17 point-like sources are
The Hx/Hp ratio of 4.0 ¢0.2) from area | results in a log-found out of which four sources do not have optical counter-
arithmic extinction of 0.38£0.07) or anE(B — V) of 0.25 parts down tamg < 22, with separations from known optical
(x£0.05), while in area Il the logarithmic extinction of 1 4Q.1) sources of>10". The source existence significance of 4:1
is equivalent to arE(B - V) of 0.73 ¢0.07). The logarith- corresponds to a source count rate of 0.01 courtahich cor-
mic extinction is calculated through the relatios 1/0.331x  rected for an absorption column densityNpf = 4.7x10? cm2
log((Ha/HB)opg3) and uses the interstellar extinction curve afSect. 4.2) corresponds to an unabsorbed (0.2—-2.4 keV) energy
Kaler (1976) as implemented in the nebular package (Shawfléx of ~ 2 x 10712 erg cnt? s7* for a blackbody source spec-
Dufour 1995) within the IRAF software. Th&(B — V) is trum ofkTy, = 100 eV. Of course, with a detection significance

. Image analysis
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Fig. 5. The raw soft X-ray emission detected in the 8 ks ROSAT pointed observation is shown in this figure. The brightness scales linearly from

2 to 24 countpixel and the image has been smoothed with a Gaussian filteowitB’. The radio contours at 326 MHz scale also also linearly
from 0.015 to 0.09 Jpeam (Rengelink et al. 1997).

of 4.10 it can not be excluded that these point-like sources avat that the density profile can be well described by an ex-
actually statistical fluctuations above thé&dse remnant emis- ponential law &e™/™) with a characteristic angular length of
sion. 36'(x3) up to a distance of 4% (+1'.5). At larger distances
Although the surface brightness is quite low, we can intéhe density can be described by the same exponential law but
grate over the azimuth and construct its radial profile incluénhanced by a factor of 1_*3}3, which might be interpreted as
ing every PSPC count independent of energy. Background veasindication of limb brightening. The brightness profile is also
subtracted, the profile was corrected for vignetting and the int®nsistent with a density power law, such that the density scales
gration was done over 36@ather than just 40which was used inversely with the square root of the distance from the center.
by Rho & Petre (1998). Furthermore we centered the profile dhe actual data allow us to trace the density profile out to an
the apparent geometric centre£ 20"19M07, § ~ 45°31'12”)  angular distance of50', which we assume to be the radius of
of the remnant rather than on the brightest patch (cf. 5). It turiiee remnant (Fig. 6). In summary, the average matter density
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Fig. 6. The brightness profile (crosses) of G 82523 derived from the ROSAT data is shown in this figure. The open squares mark the
exponential best fit with some limb brightening, while the open triangles mark the power—law best fit. The reader is referred to Sect. 4.1
more details.

drops by just about a factor of four from the center to the edge. = 1.74 for 197 degrees of freedom). A mekal model fitted si-
Of course, the radial brightness change could also partially toeltaneously to the GJSIS data with non—cosmic abundances
produced by a radially changing filling factor. The patchinesssults in a reduceg? of 1.15 for 196 degrees of freedom
of the surface brightness distribution is then a matter of lodal.o.f.), which is formally acceptable. However, the presence of
density variations and volume filling factors. This result is quit@ systematic trend in the residuals in the 0.9 to 1.9 keV range
in contrast to the result of Rho & Petre (1998), who, howevesggests its rejection, while including a power—law component
have chosen a fairly small sector of the remnan® (@ the does notlead toanimproved fit. The GBS data were also fit-
whole perimeter) and probably have centered the profile on tied with a vmekal model and a reduggdof 0.99 for 198 d.o.f.
brightest spot. (Fig. 7) was obtained. The best fit parameters of this model
are given in Table 4. Adding a second component (power—law)
does not substantially improve the fit. The vmekal fits also con-

4.2. Spectral analysis strain the abundance of O«1), Ne (0.137), Mg (2.819),

H 1.2 2.2 H
In order to study in as much detail as possible the spectral pr (4.073) ar_ld Fe (3.553); numbgrs In parentheses are abun-
erties of G 82.25.3, we analyzed archival ASCA data and th ances relative to _sc_)lar values withy &rrors, which shov_vs_ tha.‘t
ROSAT data. Due to the low surface brightness of the objeM,g’ Siand Fe defl_mtely dier from solar values. The Si I|ne_ IS
both the ASCA and ROSAT PSPC data are characterized ¥y/Y clearly seen in bqth_ th_e GIS a_md SIS specFra (.Cf' Fig. 7)
low signal to noise, not allowing a spatially resolved spectr ar(;]ung .1':]3 keV. J h|s |sh|nterest|ng because it mlght Z‘eaf.‘
analysis. Thus the analysis of the GIS data was restricted to gt the ng t patch, 1.e. the near cgnter component, IS comi-
brightest region within a circle centered o 20'197145, 5 ~ nated by ejecta matter rather than circumstellar or interstellar
45 4700” and 7.4 radius. However. the center of the' AscAnatter. For the ROSAT analysis we used the same field and
SIS detectors isfiset by~6 with respect to the center of theth_e same abundances with a one tempe_rature vmekal spectrum
GIS detectors. Since the SIS data partially overlap the GIS daﬁégure 8 shows the error contours relating the temperalire

counts from a 3« 3’ square area were extracted from the f0|"’-lnd the interstellar absorption column densify. As the con-
mer detectors tour lines show there is basically no overlap between the ASCA

and the ROSAT fits, except at the-4evel (99.99% probabil-

A non—thermal component is immediately ruled out by t for each of the two instruments. Clearly a one temperature

ASCA data since a power—law fit is not acceptable (reduce
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Fig. 7. The ASCA GISZ3 data are shown in the left figure together with the best fit vmekal model, while the spectra from the SIS detectors are
shown in the right figure with the same model (see Sect. 4.2).

Table 4. X-ray spectral fits. temperature component. Both thig and the value of the low
temperature are consistent with the results of Rho & Petre

Instrument Ny KT EM y dof. (1998)_bu_t the existence of a high temperature component, al-
1 em?  keV 10 enrs ready indicated by a deeper analyels of the PSPC spectrum,
GISSIS 4758 06335 15092 099 198 En\;e;gié:learly demonstrated by adding the ASCA data to the
PSPC 0.8%¢ 0.6701 0579 074 22 '
PSPC 4.049 0.21°9%  4.7037 0.79 48 The emission measures of both components allow us to
estimate the corresponding densities of the X-ray emitting
' One temperature vmekal model. gas. It is found that, for a distance of 1.6 kpc, the aver-

2 Two temperature vmekal model; values of low temperature comge hydrogen number density of the harder component is
ponent Ii_sted, values of high temperature component restrictedgg_03 cnt3, while that of the softer componentig.05 cnt3
GIS/SIS fit range. and both scale inversely with the square root of the distance
to the remnant. These numbers adopt an emission volume of
ax(7.4 arcmin§x100 arcmin, so that the hydrogen number
. density in cm?® is ny = 0.657 V(EM/dy¢), with EM the emis-
model does not represent the spectrum. Obviously a comBRsy measure (cf. Table 4). We note here that a change by a fac-
nent with a temperature too low to be observed by ASCA —Wg; of 4 in distance would alter the densities by only a factor of

have restricted the ASCA analysis to energi®s8 keV —has 5 |tjs clear that the X-ray gas is quite thin and that the remnant
to be added which on the other hand is dominating the ROS&Thands in an even thinner medium, if we consider the matter

spectrum, or vice versa. So we fitted the_PSPC spectrum Witkige as being compressed by shocks.

a two component vmekal model, restricting the values of the

high temperature, the associated emission measure as well ag\s mentioned above another pointing on G 8523 with

Ny to the range of10 around the best fit found in the ASCAspectrally useful data has been performed. The spectral anal-
data modeling. The best fit values for the low temperatuysis of the PSPC pointing centered on the south—east of the
component are given in Table 4 as well. In summary the higemnant shows that the spectrum is fully consistent with that
temperature is found to be around 0.6 keV and the low tewf the central part, and no significantffidgrences can be es-
perature around 0.2 keV. The emission measure of the laablished. In fact the fit with a one temperature vmekal model
temperature component is about three times that of the hjgloduces the same parameter values within ekror bars.
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Fig. 8. Best fit and error contours ¢1to 4o in steps of #r) for the temperaturek{T) and the interstellar absorption column density for
one-temperature vmekal models to the ROSAT PSPC spectrum (lower left) and the ASCRS¢pectra (upper right). Note that there is
essentially no overlap, indicating the need for more advanced models.

The existence of a high temperature component cannot unam-The strong dierences between the low and medium ion-
biguously be demonstrated, it might be present or might mation lines suggest that significant inhomogeneities and den-
missing. ASCA data on the field are not available. sity variations in the pre-shock medium are present. The H
[N 11] and [S11] lines being produced in cooler areas behind the
. . shock front are more sensitive to inhomogeneities and density
5. Discussion variations than the [@1] line which is produced closer to the

The supernova remnant G 8223 is found in a complex areaSNock front (e.g. Hester 1987). The presence afjf@mission
in the Cygnus constellation where strongikémission domi- at only certain areas of a remnant seems to be a common char-

nates the red part of the optical spectra. Most of the radio enfiSteristic of several remnants like CTB 1 (Fesen et al. 1997)
sion is detected in a shell which basically defines the bourffld G 17.4-2.3 (Boumis et al. 2002).
aries of the remnant. However, a deficiency of radio emission at
the west part of the remnant is present, at least in certain radio The optical spectrum obtained from area | is a typical spec-
frequencies as well as in the X-rays. In this work we present ttram from a complete shock structure suggesting a column
first flux calibrated CCD images of G 82-2.3 in the emission density behind the shock front 6f10'8> cm2 (e.g. Cox &
lines of Hy+[N 1], [S11], [O 11], and [Or1]. In addition, results Raymond 1985; Raymond et al. 1988). However, the large
from a detailed imaging and spectral analysis of the availalj@m]/Hg ratio in area Il can only be explained by an incom-
ROSAT and ASCA pointed observations are presented. plete shock structure where the shock is traveling with a speed
The low ionization images are dominated by the bright Hgreater than 100 kntin an interstellar cloud of medium den-
region in the field, not allowing the identification of opticakity like in area I. The swept—up column density is estimated
emission as emission from the remnant based only on morphoeund 168 cm=2 (Raymond et al. 1988). The large sulfur line
logical arguments. It is the ratio of the I$to Ha + [N1] ratios measured in the long—slit spectra are indicative of low
images which provides some evidence on the nature of #lectron densities which in turn imply low pre—shock cloud
emission in this field. We have also detected two filamentaggnsities (Fesen & Kirshner 1980). This is in agreement with
structures, unknown up to now, in the medium ionization linde cloud density estimates based on the relative line intensi-
of [O 1] in the west and the east parts of the field observed. Tties of the optical spectra and the modeling of Raymond et al.
two filaments are found at almost opposite sides and display(@988). Currently, the long—slit spectra from area Il suggest
appreciable degree of curvature. The eastern filament is vergission from a photoionized nebula. However, the complex
well correlated with the radio emission at 326 and 4850 MHmvironment of G 82.25.3 does not permit an unambiguous
(Fig. 4), while weak radio emission at the location of the westietermination of the nature of the optical emission in this area
ern filament is only seen in the 11 cm maps (Velusamy &nd radio observations atftérent frequencies are required to
Kundu 1974; Wendker 1971). resolve this issue.
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In an dfort to estimate the column density towards With the above data, we can discuss the evolutionary status
G 82.2+5.3, based on the optical data, we use the statisticdlthe remnant in some more detail. Using the calculations of
relation of Cox et al. (1999) and Cif et al. (1988), it is found that the

1 5 cooling times exceed 1.8 10° yr, i.e. a factor of 10 longer

Ni = 5.4 (£0.1)x 107 E(B- V) cm™, (1) than the age estimated above. Furthermore, with a radius of
given by Predehl & Schmitt (1995). The estimated neutral h§0 arcmin at a distance of 1.6 kpc the mean expansion velocity
drogen column density given the observed valueB@& - V) of the remnant over that very long age is just 185 krh and
is then in the range of 14 10?! cm™2, although larger col- with such a low expansion velocity one might wonder about
umn densities cannot be excluded given the uncertainties in the X-ray emission which has a temperature of at least 0.2 keV.
optical extinction. Furthermore the locations which are acceshernatively, the remnant might be at a greater distance, say
sible for Ny and E(B — V) are ditferent. We formally know by a factor of two to three, which might fit the X-ray tem-
Ny only for the central part of the remnant. Nevertheless, tiperature but it is at the edge of the distance estimatedlyia
agreement with the absorbing column density derived from taadE(B — V). Furthermore the measurement of overabundant
X-ray spectrum (4.% 10?* cm2) is not too bad. The full range Si, which indicates that ejecta matter at fairly high tempera-
of X-ray absorption of 2.2-5.& 10°* cm™ corresponds to tures still exists, does probably not favour a very old remnant.
0.4< E(B-V) < 0.9. TheE(B-V) color excess in the south isOf course it is not excluded that G 82.2.3 has reached the
0.94 and would formally place area lll at a larger distance theadiative phase, despite the very low ambient density, which
G 82.2+5.3. However, the low counting statistics from area MWe stress is a direct result of the X-ray measurements and is
and the complex environment do not allow to draw secure candependent of any assumption about the actual evolutionary
clusions on the relative distance between the remnant and $tetus of the remnant. In addition, we have examined HI data
emission in the south (area Ill). Additionally, the upper limifrom the Canadian Galactic Plane survey (CGPS — Taylor et
on the X-ray absorption does not exclude such a large valueahf 2003). Unfortunately, due to its high galactic latitude of
E(B - V) and a correspondingly large distance. ~5° only emission from the eastern areas of the remnant was

The X-ray emission consists of a patchy disk slightly elomecorded in this survey. So, at least for this part of the remnant,
gated in the south—north direction, dominated by a bar-likee were not able to identify any features that would pointto an
emission close but clearlyfisset from the geometric center.Hl shell.

The remnant is not obviously limb brightened but a weak shell tha |ow ambient density may result from the interaction

of emission might be present in the eastern hemisphere. Gigihe stellar wind of the progenitor star with its environment
the available imaging and spectral X-ray data, we proceeddice 4 typical wind blown bubble is characterized by a radius
derive some fundamental parameters of G 83.3 starting ¢ 3 pc, a density 0f0.01 cnt® and a hot interior (e.g.
with the Sedov relation. In this framework the remnant is COg=astor et al. 1975: Weaver et al. 1977). The low surface X-
sidered to be in the adiabatic phase and estimates for the ﬁjé%/'brightness of the annulus around G 853, if associated
tanced, linear diameteD, ager, luminosityLy, shock veloc- i it “would support the suggestion of the wind blown bub-

ity vs, pre-shock matter number density and the amount of 1 i which the progenitor star of G 82:3.3 exploded and its
swept-up matteMs, can be derived from the angular diameremnantis expanding.

ter, the emission measures and the spectral temperatures (e.g_l._
Pfeffermann et al. 1991). It is interesting to note that a reason- 1€ ASCA spectra of G 8245.3 show that the central

able solution of the Sedov relation cannot be obtained adoptiig@ €mission is of thermal origin, while the ROSAT images

the temperature of the soft component (0.2 keV: see Sect. é%)w a azimuthally averaged brightness profile which is con-

as the temperature at the primary shock front. However, istent with a slow exponential decrease of the matter density

temperature of the hard componerd(6 keV), equivalent to by a factor of abOL_lt four from the center to the edge. In prin-
a shock velocity 0f~720 km s, does provide a viable so-Ciple, the evaporating cloud model proposed by White & Long

lution of the Sedov relation. Assuming a distance of 1.6 kpg:991) or the model of Maciejewski et al. (1999), where a rem-
the explosion energy would be 0.X710°! erg, the age would nant eyolves in a stratified medium, can be of re_Ievance to W
be 13500 yr, the ISM density would be 0.012 @mand the 63. This model could probably explain the pa_ltchlness and the
swept up mass would be M. If, on the other hand, we adoptdOUdy structure. Furthermore, hea_t c_ond_uct|_0n ma_y ap_ply in
the nominal value of the explosion energyx1L0°! erg), then order to smooth the temperat.ure distribution in the mtenor of
the age would become 26 700 yr, the current radius would g’@ remnanF and make it look |spthermal (e.g. Chevalier ;999).
50.4 pc, the ambient density would be 0.009-&nthe swept quever, with the currently available data we cannot claim the
up mass would be 141, and the remnant should b&.3 kpc  €Xistence of such mechanisms.
away from us. At last, there is an interesting aspect which comes to mind
The assumption of pressure equilibrium between the iafter the analysis of the ROSAT PSPC spectra. There may be
terstellar clouds and the hot gas can provide an independdetpossibility that the X-ray emitting gas we see is just a minor
estimate of the pre—shock cloud density. For a shock veldiiaction of the total matter inside the remnant. If there were
ity of ~100 km s? into the clouds and an ambient density ofjas at temperatures below about 0.05 keV, it would have been
0.012cm3, a pre—shock cloud density around 1 ¢nis esti- missed by the X-ray instruments, even if the emission measure
mated, which is compatible with the estimates based on theuld be higher by two to three orders in magnitude, basically
long—slit optical spectra (see Sect. 3.3). because the intersteller absorption column density is so high,
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and this holds for all the mixed morphology remnants listegbft X-rays or EUV radiation. The fact that we do not see such
(Ny > 3.8 x 10?2 cmi™?) by Rho & Petre (1998). radiation puts an upper limit on the temperature and the emis-
sion measure, or electron density, of this component in order
to stay “undetected” in the PSPC observations which depend
on Ny. Adopting the observed value bk, the pre-shock elec-

We have obtained deep flux calibrated images of G-82.2. tron density could be as high as 1 chfor log(T) = 5.8 or

The low ionization images are dominated by thé Iegion kT =55 eV. Interestingly, the radiative cooling time is 25 kyrs,
in the field but the medium ionization line of @] provides and an HI shell might not have formed yet. We have not found
the first clear picture of the remnant. It displays an ellipticaliny evidence for an HI shell, but this is not conclusive as the
shape with filamentary structures in the east and west ardafi.area around the remnant has not been imaged so far. Even
The correlation between the optical and radio emission sugigher electron densities up to 20 chwith log(T) = 5.5 are
ports their association. Long—slit spectra suggest both complptssible for the soft X-rayEUV to escape detection but the ra-
and incomplete recombination zones, shock velocities arouttidtive cooling time gets as short as 10 kyrs, and the probability
100 km s, and low electron densities. The X-ray emissioto have caught a remnant in such a brief transition phase gets
region appears to largely be embedded in the optical and ramlioreasingly lower. If most of the dense matter were predom-
emission. The X-ray surface brightness is quite patchy, missiimgntly located around the perimeter of the remnant it might
obvious limb brightening and is dominated by a bright bar—likeepresent the shock heated matter of parts of the inner edge of a
emission region which isféset from the geometric center bystellar wind—blown bubble, which might still be larger than the
~9'. The X-ray emission is definitely thermal and requires t@mnant, indicated by the low-level X-ray emission surround-
temperatures of 0.2 keV and 0.63 keV. The bright bar regiamg the remnant as seen in the ROSAT All-sky survey. If the
shows overabundant Mg, Si and Fe, which might indicate stilipernova had a stellar wind—blown bubble, the low electron
radiating ejecta matter. The azimuthally averaged radial sdensity derived from the X-ray measurements is easy to under-
face profile is consistent with the matter density changing wigitand as it matches the prediction of densities in such bubbles.
distancer from the centerce /" with a characteristic angu- The temperature and the X-ray surface brightness distribution
lar length of 36; but it is also consistent with art¥/? density observed in the remnant are then a consequence of the tem-
profile. The matter inside the remnant is quite likely structurgmkrature and matter density distributions in the bubble prior to
like a porous cloudy medium. The average matter density dee supernova shock, both of which change substantially with
rived from the X-ray surface brightness+€.05 x di%f’ and distance from the progenitor star (Weaver et al. 1977).

~0.03x% di%f’ for the two spectral components, respectively. It
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