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Abstract. We present a spectral analysis of the Northern atahce much larger than 2 kpc. This larger distance dates back
Southwestern rim of the RCW86 X-ray shell, pointing out thi|Westerlund (1969), who suggested a possible connection be-
remarkable differences between these two parts of the sameen RCW86 and an OB association at 2.5 kpc. This associa-
object. In the North, a single temperature Non Equilibrium dion is consistent with the distance based onthe D relatiof
lonization emission model describes the data well, and the de-3 kpc) and arecent determination based on the systematic ve-
rived abundances of O, Ne, Mg, Si, S, Ar and Fe are in agréeeity of the nebula as measured ip Hvhich implies a distance
ment with expected metal depletion behind a fast shock ma#-2.8 kpc [(Rosado et al. 1996). However, a distance around
ing in the interstellar medium. If the initial explosion energy kpc is not universally accepted, since fie- D method is
was ~ 10°! erg, the derived distance and age arBngjg unreliable[(Green 1991; Strom 1994), and using the systematic
kpc andmgojé‘é% yr, fully consistent with the association tovelocity to measure the distance relies upon the assumption that
the historical supernova SN185. The X-ray emission from thiRCW86 is the result of a Type Il explosion (Rosado et al. 1996).
SW is described by a two-temperature emission model with A number of features make RCW86 a very interest-
kT, = 5.7keV and kT = 1.0keV. There is evidence of over-ing remnant in its own right. It displays a large contrast
abundant metals in the high-temperature component, thus irgidensities [(Leibowitz & Danziger 1983; Pisarski et al. 1984,
cating the presence of ejecta. In this case, a Type la SN isRetruk 1999) and recenfly Vink et al. (1997), using ASCA data,
be preferred over a more energetic Type Il event, which wowsfiowed that two very distinct X-ray spectra are present. One
imply a more distant and older remnant fully in its Sedov phaggpe of spectra is soft and is associated mostly with the radia-
tive shocks making up the knee of RCW86 (c.f. Smith 1997).
Key words: stars: supernovae: individual: — ISM: individualThe hard spectra are associated with the rest of the remnant.
objects: RCW86 — ISM: supernova remnants — X-rays: ISM The spatial separation of the two components implies that the
morphology of RCW86 changes dramatically when going from
photon energies around 1 keV to energies abo8&eV. Some
of the peculiar features of this remnant were interpreted by
1. Introduction Vink et al. (1997) as due to a partial interaction with a cavity
5 wall. In this view, the non-radiative shocks are still moving

The supernova remnant RCW86 (also known as G31 wal. . ) .
23 and MSH14-63) is a complete shell in radidvithin the cavity whereas the bright, radiative shocks are due to

(Kesteven & Caswell 1987), optical_(Smith 1997) and )@nc\c;_urll(ters ?etlvgzta?n thle rem_nan(tjand tEe C";Vity WEI‘”'_ f th
rays [(Pisarski et al. 1984), with a nearly circular shape and ink etal. ( ) also pointed out that the analysis of the

a 40 diameter. It has received substantial attention becatﬁ%CAhard spectra.of RCWB6 yielded strong under-abundances
several elements<( 0.25 solar) at several locations of the

of the longstanding issue of its correlation with SN185, th% I a o lear if th bund h
first historical galactic supernova. However, this connection 39€"- HOWeVer, itis not clear if these abundances represent the

based on circumstantial evidence (Clark & Stephenson 197% e abundances, since they are not consistent either with models
E’grain destructions behind the shock, or with the presence of

and a recent reinterpretation of the Chinese records has e?

raised some doubt whether the events described really refef¥Erse _ShOCkS in the eject_a. .
a supernova, rather than a comiet (Chin & Huang 1994). In this paper we describe the BeppoSAX observations of

Related to the issue is the distance to the remnant. IJ—%?W%' Like ASCA, BeppoSAX, is also capable of spatially

RCWS86 to be the remnant of AD 185, it has to be closer théﬂsowed spectroscopy. The imaging instruments onboard Bep-
2 kpc (Pisarski etal. 1984) with a dis,tance around 1 kpc fROSAX have a spatial resolution better than those on ASCA and,

vored (e.g.| Long & Blair 1950). However, most distance esfi?O"€OVer, span awider energy range. The BeppoSAX observa-
mates either assume that RCW86 is SN185, or imply a dis-

! This empirical relation links the (radio) surface brightness of a
Send offprint requests t&. Bocchino (fbocchin@astro.estec. esa.nlSNR () with its real diameter).
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Table 1.BeppoSAX observations of RCW86 o RCwee
ec
LECS MECS
Locat. Texp Rate pr Rate PSPC N bkg
(sec) (cnts!) (sec) (cnts?)
—62:00:00.

RCWS6 (N) 9993 041 23641  0.64
RCWS6 (SW) 1836  1.22 9435  1.40

ectrum

tions also cover the Northwestern part of the remnant, wt -62:20:00
was not observed by ASCA. In addition, we analyze arch ’
ROSAT Posistion Sensitive Proportional Counter (PSPC) d
and provide new estimates of the metal abundances in RC\
We will also attempt to interpret the data in the light of a sh¢ ~62:40:00
expanding in a not homogeneous medium, finding evidenc
shocked ejecta in the Southwestern (SW) part of the shell.
will use the Sedov model in conjunction with the X-ray emi
sion of the Northern (N) rim to derive a new and independ 14h45m00s  14h42m00s  14h39m00s  14h36m00s
estimate of the distance towards this remnant. RA

In Sect. 2 we describe the data. In Sect. 3, we show the Fég. 1. ROSATPSPC (0.1-2.4 keV) image of RCW86. TReradius
sults of spatial and spectral analysis of the SW and N rim efcles represent the extraction region of the source and background
RCW86, while in Sect. 4 we discuss the interpretation of ti@ectrum for the PSPC spectral analysis.
results. Sect. 5 summarizes our findings.

PSPC SW bkg

A

PSPC SW spectrum

Table 2. Public ROSAT observations of RCW86

2. Observations Locat. Sed  Tewp Coord (J2000)

2.1. BeppoSAX (sec)
'RCW86 (N)  500076h 2569214" 42™ 55.0° —62% 12 36°
RCW86 was observed by the BeppoSAX satellitRcwse (SW) 500077h 8480 14" 40™ 55.0° —62¢ 37™ 48°

(Boella et al. 1997a) twice: on February 28th, 1997, the SREws6 (N) 500078p 9348 14" 42™ 55.0° —62¢ 18™ 00°
part of the shell (“the knee”) was pointed at R 40™ 42.8° RCWS86 (SW) 500079p 4717 14" 41™ 26.0° —62¢ 36™ 00°
and DEC=-62¢ 40™ 45° (J2000); the NW rim was 0b- = «4ingicates HRI observations; “p” indicates PSPC observations.
served on January 12th, 1998, at RA% 41™ 59.5° and
DEC=-62% 13™ 00° (J2000). The two observations We
processed with the SAXDAS software version 1.6.1 applyi
the standard corrections and event selections. Table 1 sh
the properties of the resulting event lists. While RCW86 has a

strong signal both in the LECS (Parmar et al. 1997) and MEGS Results
(Boella et al. 1997b) from 0.12 to 10.5keV, we do not detegt
any signal in the HPGSPC (Manzo et al. 1997) and only a very
weak signal in the PDS (Frontera et al. 1997) in the N pointintn Figs[2 an@13 we show tHROSATHRI, LECS and MECS im-

All the 3 MECS detectors were available at the time of the S@ges of the SW and N filaments of the RCW86 shell. The LECS
observation, while the observation of the NW part was madfeage is restricted to the 0.1-2.0 keV band, while the MECS

using the average exposure time of pixels inside the back-
g%und and source regions.

1. Spatial analysis

after the MECS1 detector had failed. image is restricted to the 2.0-10.5keV band. The HRI image
is in counts per 8 arcsec pixel and smoothed with a gaussian
22 ROSAT of 1.5 pixelo. The BeppoSAX images have been corrected for

vignetting effects, have a pixel size of 32 arcsec, and have also

There are 6 ROSAT (Trumper 1983) observation of RCW8Been smoothed with a Gaussian of 1.5 pixeThe Point Spread
times. In the present work, we used the 4 public archive oBunction (PSF) of the SAX instruments (820 1.5 keV for the
servations listed in Tablé 2, which have been obtained betwadfCS and 2.5at 6.4 keV for the MECS, 80% of encircled en-
1992 September and 1995 August. Vink et al. (1997) used &gy radius) does not allow the structure of the X-ray filaments
same datasets to derive an hardness ratio map of this remntabe traced, which is instead clearly visible in the HRI image.
but no other reference to spectral analysis of these data hhlevertheless, significant differences of the emission is evident
been found. down to the~ 1’ angular scale.

Fig[d shows the PSPC image of RCW86 with the regions Spectral differences across the filaments are better shown
used in the collection of source and background spectra. Thethe hardness ratio maps in Fiyy. 4. The maps, binned using
background spectra have been corrected for the vignetting &fpixel size of~ 2’, have been obtained with the LECS 0.1—
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Fig. 2.ROSATHRI 0.1-2.4 keV left pane), BeppoSAX LECS 0.1-2.0 ke\n{iddle panéland MECS 2.0-10.5 ke \fight pane) images of the
SW part of the RCW86 shell. Units are counts pémpixel for the HRI image and counts per second péf el for the BeppoSAX images.
Linear contours (10 linearly spaced between 0 and maximum) and grey scale are also sha&tradibs circles represent the extraction region
for the LECS+MECS spectra
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Fig. 3. Same as Fi@l2 but for the N part of the RCW86 shell. The asymmetric shape of the field of view, which includes the fe#tuta™at
and—62¢ 15™, is due to the exclusion of the hot pixels caused by the MECS calibration sources

2.0keV and MECS 2.0-10.5keV band data; the value at eddhments are mostly Balmer dominated (W1b, W2b and W3b
pixel has been computed using the formula HRFCS - —  in[Smith 1997).

CEECS )/ (CYMESS o + CEECS ), whereC is the number of  Inthe N (Fig[#, right panel) the situation appears to be dif-
counts. The resulting uncertainty in the hardness ratios are faent, since the soft emission has not a sharp localization and
tween+0.05 and+0.25for 0.5 <HR< 1.0, and betweer-0.05 seems more diffuse across the field of view. The soft region
and+0.4 for HR< 0.5. In the SW (Fig[%4, left panel) the softaroundl4” 41™ and—62¢ 22™ is the continuation of the north-
emission is more external with respect of the hard emissiem and soft end of the knee.

throughout the “knee”, except in the East, at RAR#2™ 30°

and DEC=-62 45™, where the soft emission is nearly abse ;

and the hard emission is present at the limb of the shell. Trr}%i'sz' Spectral analysis
position corresponds to the S1b position of Smith (1997), whe3e2.1. The LECS and MECS spectra

no [S 1] emission is observed, but which does display Balmq[—ECS and MECS spectra were accumulated in theiular

dom!nated H flla_me_nts. Itis interesing to note th_at Wr."le thereglons reported in Figs] 2 ahtl 3. For the LECS, appropriate ef-
relation hard emission — Balmer dominated optical filamen{s~.. - .

. - ective area and response matrix files have been computed with
seems to hold, the inverse correspondence soft emission — fa-

o . ) . ) fIthe taskLEMAT version 3.5.3, while for the MECS we have
diative optical filaments is not always fulfilled. In fact, the so Lsed the standard response matrix. In both cases. the effective
region at the north end of the knee (141™, -62¢ 30™) corre- P ) ’

sponds to a region where the [S II] emission is very low and ialea files have been computed using the source profile extracted
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Fig. 4. Hardness ratio maps of the South Western gdaft pane) and of the Northern part of the RCW86ght pane). The maps have been
obtained from the LECS 0.1-2.0 keV and MECS 2.0-10.5 keV images [Figs.[2 and 3) binned to a pixéh@h2rdness ratio for each pixel

has been computed by the HRCYECS 5 — CFECS )/ (CYESS 5 + C5ECS ) formula

from the HRI image. Background spectra was collected intlae following as “cosmic”. Before fitting, we have multiplied
BeppoSAX observation of Proxima Centauri, which-sl.5° the LECS spectra by the constant 0.87, to take into account
off RCW86, because there are no suitable background regidims relative normalization between LECS and MECS (see e.g.,
in the RCW86 observations. For the LECS we have followdghvata & Schmitt 1999); we have also verified that varying the
the “background semi-annuli” method|of Parmar et al. (1999bjultiplication factor yields highex? values.
to collect and normalize the background spectrum in the ob- One of the dangers of fitting NEI models is to get easily
servation of Proxima Centauri, and then we have used ittiapped in local minima because of the correlation between the
the RCW86 observation, while for the MECS we have usedmperature and the ionization time (Including metal abun-
a similar method, collecting the background in a large anndances as free parameters makes this problem worse. For this
lus around Proxima Centauri, normalizing it to the same aresason, we have followed a rigid scheme in fitting our data,
used for the extraction of the source spectrum, and then atarting with a single-component NEI model having fixed abun-
ing it in the RCW86 observation. The “standard backgroundiances, calculating thg? and the corresponding probability,
method also quoted by Parmar et al. (1999b) has proven todrel setting more free parameters only if the fit does not return
unusable for RCW86, because at the position of the remnant acceptable probability. When fitting with variable individ-
we expect a non-negligible contribution of the Galactic Ridggal abundances we have chosen to vary only CNO, Ne, Mg,
X-ray emission and this method would underestimate the ba&; S, Ar and Fe, because these metals mostly affect the Bep-
ground, especially at high energies. The “Scaled ROSAT PSBESAX spectra. In particular, the measurement of abundances
all-sky survey” method of Parmar et al. (1999b) has also beehsome elements is driven by the signature due to line emis-
discarded since it would provide a background spectrum wifon in some narrow bands, namely around 1 keV and 6.5 keV
too few counts and contaminated by the remnant itself. for Iron, in the 1.2-1.5keV band for Mg, 1.8-2.0 keV band for
The spectra have been rebinned to 1/3 of the effecti® 2.4-2.6 band for S, and the 2.8-3.0 for Ar. Notwithstand-
spectral resolution (FWHM), and then rebinned again to eimg the unaivodable correlation between some of the remaining
sure that a minimum of 20 counts are in each channel. Tegectral parameters, the metal abundances of hot thin plasma
LECS and MECS spectra have been jointly fitted with onsan be reasonably derived with LECS-MECS spectra, if spec-
temperature and two temperature Non-Equilibrium of lorira with a sufficiently high signal-to-noise ratio are available
ization (NEI) emission models included in the SPEX pacKFavata et al. 1997a; Favata et al. 1998). The results of the one-
age [(Kaastra et al. 1996) plus the absorption componenttefmperature NEI model fittings obtained in this way are shown
[Morrison & McCammon (1983). The reference abundances amethe TabléB.
those of Anders & Grevesse (1989), which will be referred in
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Table 3.LECS+MECS fitting to single temperature models. The uncertainties are computedwsing 2.7, corresponding to 90% confidence
level (Lampton et al. 1976)

South Western rim (“the knee”) Northern Rim
Parameter Fix. Ab. Var. Z Var. Ab. Fix. Ab. Var. Z Var. Ab.
log F* (cm™>) 13.581008 13.607903 13571008 12.89733L  12.86751%  12.727010
KT (keV) 3.3194 3.3193 3.4104 2.7+4:0 2.810-6 3.610:2
log 7 (s cm?) 9.75+0:02 1018199 10.18%512 9774519 10157010 10287912
CNO 1.0 =Fe 0.22153) 1.0 =Fe 0171599
Ne 1.0 =Fe <0.34 1.0 =Fe <0.34
Mg 1.0 =Fe 0.38%018 1.0 =Fe 0.647933
Si 1.0 =Fe 0.3315:19 1.0 =Fe 0.567072
S 1.0 =Fe 0.49+9:34 1.0 =Fe 0.817952
Ar 1.0 =Fe <14 1.0 =Fe <1.9
Fe 1.0 0.3479-58 0.367915 1.0 0477932 0.3179%
N (102! cm™2) 43193 2.2+0:3 16713 52104 3.8107 117
x2/dof (%) 132/61 €1%) 91/60 €1%) 83/54 1%) 72/48 (1%) 61/47 (8%) 38/41 (60%)

2 . . . . .
P F = 4’;[‘)/2 is the normalization parameter of the emission model.

RCWE6 North Rim LECSHAECS Spectrum Table 4. LECS+MECS fitting to two temperature models in the South
0.100 % . Western region. The uncertainties are computed uding = 2.7,
g 1 corresponding to the 90% confidence leyel (Lampton et al.|1976)
3 I | ,
< 0010F = South Western rim (“the knee”)
> 8 [ 1 Parameter high-T low-T
- e ﬁ% 1 logF(cm™®)  13.357016 13.89+0:24
0.001 ¢ T KT (keV) 5.751 1.0%53
§ log 7 (s cm?) 8.28t§;83§ 10'41%85%2
i | Z 3.0798 0241008
, O19F = Nu(10*cm™?) 2750
L y2Idof (%) 62/56 (28%)
§ —0.05F —E
—_0.10E 3
> Emer;y‘owev) %" teresting parametetsg  andZ. We have chosen to represent

, . , these two parameters to explore the possible interplay between
Fig. 5. LECS (diamonds) and MECS (triangles) spectrum at the Mem, since high abundances may compensate for heaiues.
?(?;r:ttli(r):x?lstlii Z\)/Zligwtzriitt; \:Zlgak:jlslsbundances best fit IrnO(W\Ihile thekTi, = 5.7 keV component hag significantly above

P 1.0, the coolekT; = 1.0keV component ha& = 0.24, com-

patible with the best-fit iron abundances of #iE = 3.6 keV
Neither a 1T model with abundances fixed to cosmic norst-fit model of the N spectrum. Fid. 7 shows the spectrum at

model with variable metallicity (Z) can describe the data at thlhe SW position with the best-fit model. Since the measurement
10% probability level. This is also true for the variable metalf the high-T component abundances is important to the detec-
abundances 1T model and the SW spectrum, while the N spéen of reverse shocks in RCW86, we have verified that our fit
trumis satisfactory reproduced by this model. InEig. 5, we shdvas found global minimum rather than a local minimum in the
the spectrum at the N position, along with the best-fit model gf space. The best-fit value of the ionization tire(r = 8.28
Table[3 and residuals. Since a proper modeling of the X-rays cnt3) is rather unusual for a SNR, even though it is consis-
emission from SW cannot be found in the framework of 1fent with the ASCA results obtained by Vink et al. (1997), and
model, we also fitted the SW spectrum with a two-temperaturelicate a recent interaction between the shock and its environ-
(2T) NEl emission model, obtaining a bgd using abundances ment.
fixed to cosmic, but an acceptab{é using variable metallicity
for the two components4, andZ)). The latter result is reported
in Tabld4, and indicate very different metal abundances for tﬁéz'z' ROSAT PSPC spectra
two components. In Fifl] 6, we show thgtcontours associatedThe PSPC spectra have been collected in regions identical in
to the confidence levels of 68%, 90% and 99% of the two isize and position to the regions used for the LECS and MECS
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Fig. 6. x? contour plots in théog 7 — Z plane for the high-T componeregt) and the low-T componentight) of the 2T NEI fit with variable
metallicities. The 68%, 90% and 99% confidence level contours for two interesting parameters are displayed. The dashed line corresponds to
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RCW8B6 SouthWest Rim LECS+MECS Spectrum
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Residuals

spectra. The background was collected in the same PSPC imégethermal components detected with SAX are left free to vary,
at an off-axis position free from diffuse emission. The specttaese fits yielded again an high, suggesting the presence of an
have been rebinned to ensure at least 20 counts in each bin. ddhditional PSPC soft component not detected in the BeppoSAX
spectra have been first fitted with a 1T NEI model with metapectra. Therefore, we added a thermal Collisional lonization
abundances both fixed to the cosmic values and jointly varyiggyuilibrium (CIE) component to the BeppoSAX-derived com-
(free 2), resulting in both cases in a too higi? value. The ponents, because a second thermal componentwas also reported
fact that 1T NEI spectra fail to reproduce the X-ray SNR emigy|Vink et al. (1997), and we fitted the PSPC spectra. The re-
sion in the PSPC band was also observed for the Vela SNR awdts, summarized with the other PSPC fitting results in Table 5,
there explained with the multi-component nature of the plasrahows that the:? improve noticeably with a very soft compo-

in the interaction regions_(Bocchino et al. 1997). In our caseent atkT = 0.29 for the SW spectrum antl” = 0.17 keV

the BeppoSAX fitting results provide us with useful hints abodibr the N spectrum. If we fit the LECS+MECS spectra with this
the components present in the plasma, and therefore we hswgersoft component and the previously derived components
checked whether the model best-fitting the BeppoSAX spectraigh varying normalizations, the derived normalization factors
able to describe also the PSPC data. Even if the normalizatiorobthe soft component are consistent with 0, indicating that only
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Table 5. PSPC fitting results on both the SW and N regions. Values with uncertainties (computed with the crigérimmy 2, + 2.7,
Lampton et al. 1976) correspond to free parameters

South Western rim (“the knee”) Northern rim
Parameter 1T NEI 1T CIE+SAX 1T NEI 1T CIE + SAX¥
log F (cm™®) 12.90%9 42 14.53%0-58 13.0515%9 13.71%9:32
T (keV) 25773 0.29700% > 0.8 0172503
log 7 (scm3) 10.15%9:2 - 9.497013 -
Ng (102! cm™2) 1.2795 1.7793 45133 3.3%13
x>Idof (%) 60/16 & 1%) 23/15 (9%) 30/16 (2%)  23/16 (12%)

# These results have been obtained by fitting a 1T CIE model plus two component with their parameters fixed to the best-fit values listed in the
Var. Z column of Tabl€H}.

" These results have been obtained by fitting a 1T CIE model plus one thermal component with its parameters fixed to the best-fit values derived
by the fitting of the SAX Northern rim spectrum, and listed in the Var. Ab. column of Tdble 3.

an upper-limit to the PSPC soft component can be obtainedtaro key parameters for the understanding of the SNR and its
the basis of the BeppoSAX spectra alone. environment, are often not consistent with each other, and this
As [Parmar et al. (1999a) summarize, it is not unconsuggests that this object is still poorly modeled. As a matter of
mon that the PSPC detects a soft thermal component wi#let, there is still not much agreement on the ultimate nature of
kT <0.1keV which is not detected in the LECS instruthe X-ray emission of RCW86, and this is partially due to the
ment. This was the case not only for X-ray cosmic backact that this object shows very different properties in the SW
ground spectrum, but also for the spectrum of some actiaad in the N and could not be properly described by fitting its
stars which have been observed with the PSPC and othpatially integrated spectrum. This is why in this section we will
X-ray and UV detectors (see e.d., Griffiths & Jordan 1998cus independently on the N and on the SW regions.
Brickhouse & Dupree 1998). Parmar et al. (1999a) argue that
this might point towards a systematic effect in the low-ener - i -
calibration of the PSPC. However, we note that the presence%‘%‘la}l' Interpretation of the X-ray emission in the N region
supersoft component is in agreement with the idea that RCW8@ have seen that the X-ray emission of the N filament is well
is expanding in an inhomogenuous medium, as suggesteddegcribed by a single temperature thermal emission model, with
radiative and nonradiative optical filaments coexisting next edundances lower than the cosmic values. This result suggests
each other| (Leibowitz & Danziger 19883; Smith 1997). In thithat we have detected the interaction between the blast wave
framework, the supersoft component may be the tracer of wed the ISM/ Long & Blair (1990) have imaged and spectro-
interaction of gas with density in between the low density aseopically studied the red part of the spectrum of the group of
sociated with the main shock in the ISM and ejecta, and tfiements which lie near the center of our extraction region. In
high densities associated with the bright optical filaments, gsrticular, they noticed that radiative and non-radiative charac-
forinstance, is the case for the Vela SNR (Bocchino et al. 200@tistics are present in the same filamgnt. Smith (1997) suggests
Moreover, we also note that the limited spatial resolution of tileat this could be due to a recent encounter with a dense clump.
LECS at low energies (6.4t 0.28 keV, 80% encircled powerThe very soft component we have detected in the PSPC spectra
radius) is significantly lower than the resolution of the PSP@entioned in Sedi._3.2.2 might be the footprint of this early in-
(33" at 0.3 keV, 80% encircled power radius). This implies thagraction stage with a ISM clump, as we have discussed therein.
soft energy photons of the supersoft component are spread overThe best-fit temperaturé&l” = 3.6keV) found in the N
a wide area in the LECS image, and even out of dutBBCS filament could be taken as our best guess of the plasma temper-
extraction region, while this effect is much smaller in the PSP@&ture behind the main shock of RCW86. In this case, we can
This eventually implies a difficulty to detect super-soft compalerive the main shock velocity( = 1720723 kms™') and

nents greater with the LECS than with the PSPC. compare it with independent estimates, such the one obtained
by|Long & Blair (1990). In fact, they measured the broadening
4. Discussion of the two components in theddline profile of filaments at N

and SW of the remnant and they found= 8004+ 130kms™!,
Table[6 summarizes the published results obtained by X-fghich seems inconsistent with our estimate obtained at the N
spectral analysis of RCW86, of which the ASCA observatiorpﬁ)sition_ Such a shock would hak& ~ 1.0 keV, and would be
are the first attempt of spatially resolved analysis. We note ﬂ@isily detected by BeppoSAX. Howevier, Long & Blair (1990)
only EXOSAT and GINGA results provide a statistical accepfoted that the shock velocity derived by the ratio of the broad
able description of the RCW86 X-ray emission at {ffe> x§ and narrow component is 1600—1900 km swhich is con-

probability threshold of 10%. Considering all the other resultsjstent with our estimate, but they consider more reliable the
the derived values of temperature and abundances, which are
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Table 6. Previous estimates of RCW86 physical parameters

Parameter HEAO1 EXOSAT EINSTEIN  GINGA ASCA
CIE NEI SWsoft SWhard NEhard
Reference’s [1] 1] 2] 3] [4] (5] 5] [5]
kT (keV) 5101514 5.1 3.47902 12708 4317033 0791008 1.2%03 2.010%
kTh (keV) 0.527093 0.51%5:03 5.019%
log 7, (scm?) - 10.20+5:93 - - 10917512 9.99709%%  9.7570%2  9.237023
log 7 (scn?) - - <941
o) 0.097955  0.01475:957 < 0.002
Ne 0.2575:0%  0.078T350%  0.047503
Mg 0.1275:9%  0.06750;  0.037595
Si 0.751 0597007 0.1979:02  0.1573%2  0.3703
S 3.4107 0.621007 <0.9 <0.2 <1.2
Fe 3.9799 0.4%53 0.187502  0.16790;  0.12808;  2.87572
2.0+1.0
—1.0
Nu102* ecm™3 1.1793 44753 1.379:2 0.3152 0.0%°° 2.375% 1.6705 1.3704
x?2/dof 96/60 69/53 23/19 16/8 26030 x2=47 =17 2=17

# [1]/Nugent et al. (1984); [2] Claas et al. (1989); [3] Pisarski et al. (1/984); [4] Kaastra et al. {1992); [5] Vink et al.|(1997).

value obtained using the width of the broad component, ke fractions of undepleted metals at the shock front, reported
cause the calibration of the ratio between the two compabove.
nents sensitively depends on assumptions about the post-shock’ he measured metal abundances in the N filament, reported
electron temperature. The two estimates could be reconciledrable[3 are all above the expected metal abundances at the
if the shock is encountering a density gradient, e.g. a cahock front (except Ne), and therefore consistent with the dusty
ity wall as suggested by Vink et al. (1997), and therefore dehock model. Ne is inconsistent because we expect no deple-
celerating. In this case, the X-ray spectra may still be donien in grains, but we observe Ne0.34. The measurement of
nated by the low density wind-driven bubble ISM, while th&le abundances may be however not reliabe with current X-ray
optical filament may arise from the shock in the more densestruments, because the Ne lines around 1 keV are embedded
cavity wall. A similar discrepancy between optical and X-rain the Fe-L blend. We can calculate the fraction the remaining
derived shock velocities is also reported in the North Eagtain mass fsrain) from the derived abundanceg,.in is 1 at
of the Cygnus Loop, where the broadvHomponent gives the shock front and 0 when all the grain have been destroyed
vy = 170 kms~! (Blair et al. 1999), while ASCA X-ray spec-and the metal abundances are at their cosmic values. We have
troscopy gives,, = 450 kms~! (Miyata et al. 17994). 1 [2]
The interpretation of the X-ray thermal component in term&rain = Tl 1)
of shock propagating in the ISM is also suggested by the sf
observed abundances values. The abundances are in agubere[z] is the derived metal abundances dn[; is the frac-
ment with the value reported in the “NE Hard” region byion of metal not depleted onto grains at the shock front, i.e.
Vink et al. (1997) (also reported in Tall¢ 6), except for O arttie expected metal abundance at the shock front. If we con-
Mg, for which ASCA reports a value below 0.1; howevesider the abundance of Fe, which is the one with the lowest
the BeppoSAX derived abundances have smaller uncertaintiegertainty ([Fe]8.18-0.54), we derive by Eq[{1) that the frac-
for most of the metal$. Vancura et al. (1994) have developeti@n of remaining grain mass is between 0.47 and 0.84. Anal-
model of dusty non-radiative shock waves in which they shavgously, the abundance of Si implies a remaining grain mass
that metals are locked up in ISM grain and slowly released lietween 0.21 and 0.64. Combining the two results and follow-
the plasma as the grain are destroyed behind the shock. AtitiggVancura et al. (1994), we argue that the column swept-up
shock front, the fraction of metal not depleted onto grains is 0.5% the shock is~ 5-10 x 10'® cm™2, which is equivalent to
for CNO, 1.0 for Ne, 0.05 for Mg, 0.05 for Si, 0.5 for S, 1.0 folm distance behind the shock of 1.5-3.3 x n;nll,g pc, where
Ar and 0.02 for Fe. Because of grain destruction, the fractien,,-s is the post-shock density in cm.
of undepleted material slowly converges toward 1 for all the
metals, and this is why we expect to derive metal abundan
lower than the cosmic values|of Anders & Grevesse (1989).
a rule of thumb, for the derived abundances to be consist&#dov analysis is a powerful tool to derive the rem-
with a metal depletion model, they should not be lower tharant characteristic parameters from X-ray spectral analysis.
Kassim et al. (1994) reviewed the method, pointining that it
could be avalid distance and age estimator, and verified iton a set

%‘?. Sedov analysis of the N emission
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of SNRs with independent distance estimates. They also strésise 7. Results of the detailed Sedov analysis applied to the 1T fitting
that the main source of uncertainties in the analysis is the valueesfults of the N region. We have used the apparent shell rédia21’

the initial explosion energy, which must be assumed and whitported by Green (1996)

is poorly known for Type Il supernovee. Bocchino et al. (1999)

extended the applicability of the method to spatially resolved E51=0.1 B.=1 Es1=10
X-ray spectroscopy of SNRs, and pointed out that the meth%dh (pc) 2.9704 7.2710 18.1+2:

is valid even in presence of ISM inhomogeneities, provided that , 5 1014 10.09 10.05
. L no (cm~°) 0.677,75  0.425 5 0.2775 05
the component responsible for the X-ray emission of shock%?j K 0ATHO0T 1 (01T g 9o 043
“inter-cloud” medium is properly identified and used. (kpe) ) ;f%ﬁ ’ ;0413 : ;(1’-13270
The method is based on the mutual dependence of the 5@6) 650;11520 1630;1?;62 4080;%3
(t10+ in units of 10*yr), the pre-shock densitysf in cm™3), Msw Me)  1.6Z,7 157575 157745
the shell radiusi(y, in pc), the explosion energy; in unit of
105! erg) and the shock speed.{ in units of 107 cms™!), as

given, for instance, by McKee & Hollenbach (1980): fit of the Northern Rim listed in Tablg| 3. The swept-up mass
14 [ E\/3 36 [/ E\ /3 (M) is .computed according to Kassim gt al. (1993) to check
tios = —~7 (51> T <51> ) (2) the consistency of the Sedov approach: since we expect that SN
Vg7 o Vst o ejected masses are in the range 1-5 fdr Type la SNe and

The values ofy, andn, could be derived by the X-ray results >~ 1 for Type Il SNe|(Woosley & Weaver 1986)/;.. values

since higher than that indicates Sedov evolution. Given the uncer-
tainties in theE’s; value, we report the results computed with
1 1 [Far three different assumptions which covers a wide range of pos-
= 8.39/Tyr; =-n=—4/—, 3 Lo
UsT A R V7 3) sibilities, namelyFEs; = 0.1, 1 and 10. If RCW86 has been
. . 20, . enerated by a Type la event, th&p, should be in the range
where Ty7 is in unit of 10”7 K, F = 4’;252 is the normal- g ya 'yp b g

i ation f fth i is th o e of th 0.9-1.5, whereas a larger range is expected in case of Type Il
Ization factor of the spec_tru ’ 'S.t € solid angle o the ex- avents (Kassim et al. 1993). We note that previous estimates of
tended source ands the line of sight extension of the SOUrC8ha RCWS6 explosion energy point towardls; — 0.1 (see

(Bocchino et al. 1999). The shell radius and the age of the reBktruk 1999 for a review) but they are derived assuming an age

nantldepefnfds weakly ofn thehunkglgfga:\d onecan safetl)3|/ US€qf 1800 yr, and using spatially integrated X-ray data and/or CIE
a value of few parsec for she - A very reasonably €SHission models. [E5; = 0.1 the swept-up mass is in any case

mate Of_l canhpe (:]erlllvbe dh'_f v(;/ehass#mi;hat the err]msssu()jn mangver or comparable with the mass of ejecta, and this would im-
comes in a thin shell behind the shock front, as the Sedov Mo/ it the remnant is still heavily interacting with the ejecta.

predicts: This is hardly the case, because the derived metal abundances
11 2 in_the N pointings are not above the cosmic abundanc_:es. For
1 =2 Tfh _ <7’sh) ~ = Tgp. (4) this reason, we exclude such a ldw; value. If we consider
12 5 the generally accepted valugy; = 1, M, is > Mc; only in
This relation assumes that the line of sight is tangential to tA@se of 2 Type la SN, while both Type la and Type Il events are
inner border of the shell, and that the shelkjg/12 thin. The allowed by the results obtained by the higher valiig = 10.
derived value of may appear overestimated, but we recall that While we can reasonably excludg;; = 0.1, we cannot
we are seeing optical and X-ray filaments because of project@gcriminate betweeits; = 1.0 and E5; = 10 at this stage,
of sheet-like structures (Hester 1987), which gives rise to |ar§@art from the fact that the canonical value is generally preferred

L. in the literature for the supernovae.if; = 1, the derived age
Substituting Eq$14 ard 3 in E] (2), we obtain is fully consistent with the RCW86—SN185 association and the
distance is in agreement with Ruiz (1981) and Strom (1994),
" — 35 10410 g2/5 Fop-s -1/ 5 but not with the distance given by Rosado et al. (1998)( =
L04yr = 9 X s7 51 0 ©) 2.8), which argued against the RCW86—-SN185 association, and

by|Milne (1970) on the basis of the— D relation. To reconcile
with the proposed association between RCW86 and the OB
ociation proposed py Rosado et al. (1996), we must assume
%1 = 10 and a Type Il event.

whereT and F' are given by the X-ray fits and (in steradi-
ans) is measured, e.g. in the HRI. In the same way, we
derive the real shell radius, and therefore the SNR distance,
causersy = 0.29DypcOaremin (O is the apparent shell radius,

Kassim et al. 1994). E4.](2) for the shell radius becomes
4.3. Reverse shock in the SW region?

-1/5
Dipe = 2.3 x 10°02L T 2/PE2/° <FCI;_5> (6) The detection of metal abundances above the cosmic values
in the hot thermal component of the SW part of RCW86 is in
In Table[T we report the quantities computed with Hgs. (Bgreement with the ASCA results, and it suggests the possibil-
and [6) using the best-fit values and uncertainties of the ity that, at this location, the interaction is occurring with the SN
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ejecta. We note that this is at variance with the results obtaingoservations of Cas A Hy Borkowski et al. (1996). The latters
in the N, where there is strong evidence for Sedov-like X-rayoted that in this case the high-T component may correspond to
emission. This is only apparently surprising, because RCW8& SN ejecta, while the low-T component may correspond to
could be expanding in an ISM with large-scale density gradhe CSM. This scenario better fits to our data, because we find
ent. In particular, Petruk (1999) has developed a 2-D modéhat the metallicity of the high-T component is above the cosmic
ing of the evolution and X-ray emission of RCW86, based oralue. The CSM abundances are expected to be approximately
the EXOSAT spatially integrated spectral results reported bysolar-type, and Borkowski et al. (1996) found 0.40 for Fe and
Claas et al. (1989), and reported a pre-shock density contrast.9 for the other metals.

between the SW and Northeast parts of RCW86 in the range Ifitistrue that the X-ray emission of the SW shell of RCW86
3.5-4.5. In these conditions, the remnant is expected to h&weot associated to the ISM but to ejecta and CSM, the amount
different evolutionary timescales at different shell location, araf shocked mass unrelated to the ISM<isMy, + M, = 4.2
spatially resolved spectral analysis becomes really necessaryit (< 83 My, if E5; = 10). This suggests that the progenitor
understand the origin of the observed emission. SN is of Type la ifE5; = 1 and of Type Il if E5; = 10, in

We can derive the relative filling factor of the twoagreement with the conclusions reached in the previous section
components and their density, using Egs.(4) and (6) of the basis of the emission from the N shell.

Bocchino et al. (1999), assuming that the two components are Further insights on the presence of shocked ejecta
roughly in pressure equilibrium, and using the extension chn be provided by deep optical spectrophotometry.
the source along the line of sight given in the previous selceibowitz & Danziger (1983) examined the spectrum at
tion (I ~ 4rs,/5 = 5.8 pc). We obtainf,, = 0.15, fi = 0.85, different location of a very bright complex of filaments located
nn = 3.8 andn; = 3.0cm~3. We have used a solid anglearound 14 40™ 20° and -62 39™, concluding that the

of the source of7.6 x 10~° steradians, corresponding to th@bundances of iron should be lower than in Kepler, RCW103
intersection of our circular extraction region, with a polygoand IC443. Their slit position falls in a region where the X-ray
tightly enclosing the shape of the “knee” as seen by the HRImission is soft and dominated by thecomponent, therefore
Moreover, using the distance derived in the previous sectidheir results are in rough agreement with our measufiedo

we can derive the X-ray emitting mass of the two componengspperly address the topic of shocked ejecta, we need optical
sinceM = m,nV = m,ndD?[; we find M;, = 0.8 Mg and spectroscopy in regions dominated by the high-T component,
M, = 3.4 Mg for E5; = 1 (15 and 68 M, if we use the where the optical surface brightness is much lower than the
E5; = 10 results of Tabl&l7). filament observed by Leibowitz & Danziger (1983).

If the SN ejecta expands in a uniform medium (as it would Finding emission from the ejecta in RCW86 is crucial to
be more probable in case of Type la SNe) or in stellar wirttle proper modeling of this object. In fact, if the connection
bubble, we expect that they give rise to an X-ray componeuitthe remnant to the OB association at 2.8 kpc proposed by
which is cooler than the one due to the shock expansion in [Resado et al. (1996) is valid (at variance with the connection
ambient medium. According to Chevalier (1982), the tempesith SN185), then the solution witlvs; = 10, ¢ = 4080yr
ature of the reverse shock expanding in the ejecta is at mastl M,,, = 157 M, presented in Tablel 7, must be favored.
1.6 times lower than the temperature of the primary blast-waBet, apart of the problem of &5, value much greater than the
(corresponding to a power-law density profjecc »—2 for canonical value, this solution implies a very large swept-up ISM
the ejecta), while we observE, /77 > 2.8. More recently, mass, and therefore it is not in agreement with the detection of
Truelove & McKee (1999) presented a detailed semi-analytiagjecta in the SNR shBIlFor this reason, on the basis of the X-
model of non-radiative SNR in which they show that the tenmay data, we favor the solution which implies a relatively young
perature of the reverse shock could be as mueh &stimesthe SNR, E5; = 1, a Type la progenitor and the association with
temperature of the shocked ejecta, but only at very early evothe historical supernova.
tionary stages+ 1/5 of the age in which the remnant becomes
adiabatic). We note that if the cooler component is really to 9184
associated with the ejecta, we would find that the metal abun-~
dances in the SN ejecta are below the cosmic values, because
Z1 = 0.24. Even though the exact value of the abundances in thibe hardness ratio maps presented in[Big. 4 provide a qualitative
ejecta are difficult to predict, such a low value seems improlmeasurement of the spectral differences of the X-ray emission.
able[Vink et al. (1996) and Favata et al. (1997b), for instancgnce the statistics and the BeppoSAX PSF do not allow us toin-
found that the low-T component in the X-ray spectrum of Cas Aestigate the observed regions with a full fit approach at angular
which they have associated to the ejecta, has metal abundascases smaller than several arcmin, we have tried to assess spa-
well above the solar value. tial spectral variations, which yield the hardness ratios inFig. 4,

If the SN ejecta expand in a medium in which substantialith an alternative approach. This approach assumes that the
mass is present from circumstellar layers ejected before thgserved spectral variations are entirely caused by variations of
SN explosion, the situation could be different. Interaction be-
tween ejecta and circumstellar medium (CSM) was discussed e note however, that Miyata et al. (1998) detected metal-rich

by (Chevalier & Liang (1989) and shown to be consisted Witflasma in the central regions of the old Cygnus Loop SNR.

Spatial analysis of the two-temperature components
in the SW region
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(C2550.5 — CEE5.0) /(02550 5 + C5'i73.0), whereC are counts)
versus the emission measure rdfid/; / E My, assuming a two temper-
ature thermal model with parameters fixed to values listed in EbleEMl/EMh is a rather good description for most of the pix-
els. In the remaining- 15% of the pixels, there are probably
additional effects, e.g. temperature variations. In fact, we note
the ratio of emission measu#eM,/E M, of the two compo- that the pixels havingi R > 0.85 are mostly located at the
nents detected in the SW and neglects that they could be ¢hrer edge of the dark region in Fig. 4, which is nearer than the
to temperature variations, or absorption effects. This is indeddee” to the center of the remnant, and therefore we expect
the case of the Northern rim of the Vela shell, as pointed oai increase of the temperature there. In the “SW hard” region
by[Bocchino et al. (1999), who have also developed a formédentified by Vink et al. (1997), the HR is in the range 0.5—
ism which allows the filling factor of the cooler (or the hotter.9, corresponding to a filling factgf, > 0.20, while in “SW
plasma to be derived from the ratia/, / EM,;, and the density soft” region we can identify two blobs where HR is between
from the ratio7] /T;,. Also/Ozaki & Koyama (1997) performed —0.2 and 0 (labeled SW1 and SW2 in Hig. 4) afid < 0.1
spatially-resolved spectral analysis of the IC443 SNR and haaed an “intermediate region” between them which connects the
found that all the SNR subregions investigated have similar tef®W Hard” region with the outside of the shell, in which HR
peratures, the variations being mostly due to ionization tinigbetween 0 and 0.5 = 0.1-0.2). Therefore, most of the
variations. X-ray bright emission region in the “knee” is characterized by
In order to model the hardness ratio in terms of thelow filling factor of the high temperature component, which
EM,/EM,, ratio, we have generated 40 simulated spectra witlecomes dominant only in the inner edge of this feature and
a two temperature model and parameter values fixed to the bpsobably in the central region of the remnant.
fit results listed in TablEl4, column Var.Ab., except the value of We note that the presence of the soft X-ray component at
the E M,/ E M, ratio, which spanned a range between 0.1 aitide edge of the rim favors the possibility that this component
400 (the best-fit value is- 3.5). We have convolved the spec-could be associated with the CSM, rather than to the ejecta.
trum with the instrument response matrices and the effective
area files which we have used for the spectral analysis of %]eConCIusions
LECS and MECS data. Then, for each spectrum we have com-
puted the value of the rati@) S ; —CFFCS )/ (CMESS -+  The BeppoSAX observations of RCW86 confirm that this rem-
CEECS ), and we plotted it in Fidll8 versus the input values afant has different properties at different location in its shell,
the emission measures ratio. The curve allows us to estimateghedding more light on the nature of the differences. In partic-
E M,/ E M, ratio from the hardness ratio maps. In [Elg. 8, the tagar, the N region shows X-ray properties indicating a Sedov
x-axis reports the value of the filling factors corresponding to tisdock interacting with the environment. The ROSAT spectrum
emission measure ratios of the bottom x-axis, computed usisgconsistent with this picture and in addition seems to show
Eq. (4) of Bocchino et al. (1999) and assumkify, = 5.7keV a supersoft component{ = 0.2keV). If this component is
andkT) = 1.0keV. real, we suggest that the Sedov-like properties correspond to
Fig[8 shows that hardness ratios (HRs) much greater thithe expansion inside a cavity wall, and that the shock has very
0.85 and much lower thar0.15 cannot be produced in therecently encountered the wall of this cavity, giving rise to the
framework of only varying théZ M,/ E M, ratio. Fig[9 is the supersoft component. Detailed spatially-resolved spectral anal-
histogram of the HR values reported in Hi§j. 4 and shows thatis is required to exactly locate the supersoft component and
only ~ 15% of the pixels has values outside this range. This s confirm this scenario. We have derived the abundances in this
an indication that a two thermal component model with varyimggion and we have found that they are fully consistent with a
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metal-depleted ISM behind the shock in which grain destruChevalier R.A., Liang E.P., 1989, ApJ 344, 332

tionis occurring. Applying the Sedov analysis to the X-ray dat&hin Y.N., Huang Y.L., 1994, Nat 371, 398

we find a distance oI.legﬁé kpc and an age df630j§é8 yr, Claas J.J., Kaastra J.S., Smith A., Peacock A, De Korte P.A.J., 1989,
if the initial explosion energy was' 10°! erg. While we can _ APJ 337,399 o

probably rule out lowe#, we cannot formally exclude a moreClark D.H., Stephenson F.R., 1977, The historical supernovae. Perg-

energetic event on the basis of the North rim observations alopg\,lzgolzn T\;‘Zzzingoge[riggg '\éi\?(')::%”g’ Slgg'g;‘? ii A 326. 1013

which would require the remnant to be further awayJ kpc) Favata E. Vink J.. Dal Fiume D.. et al.. 1997b. AGA 324. L49

and older £ 4000yr). _ o _Favata F., Maggio A., Peres G., Sciortino S., 1998, In: ASP Conf. Ser.
The emission from the SW rim (the “knee”) is very dif- 154 Tenth Cambridge Workshop on Cool Stars, Stellar Systems,
ferent, since two temperature componeritgy( = 5.7 and and the Sun. Vol. 10, p. 1027

k'Ty = 1.0keV) are required to describe the data. Moreovervata F., Schmitt J.H.M.M., 1999, A&A 350, 900

the global metallicity of the high-T componenty() are well Frontera F., Costa E., dal Fiume D., et al., 1997, A&AS 122, 357
above the cosmic abundances, suggesting that the hard Gkten D.A., 1991, PASP 103, 209

emission mainly comes from stellar ejecta. The overall pigreen D.A., 1996, In: McCray R., Wang Z. (eds.) Supernovae and
ture is consistent with the ejecta/lCSM scenario discussed bySupernova remnants. Proc. of IAU Coll. 145, Xian, China, May
Borkowski et al. (1996) for Cas A. The fact that different loca- 2429, 1993 CUP, Cambridge, UK, p. 419

: : . iffiths N.W., Jordan C., 1998, ApJ 497, 883
tions of the same SNR are described by very different mod gster 3.3, 1987, Apd 314, 187

.(a.s if they were different SNRS) is.not r(_aally surprising, bec.auﬁgastra J.S., Asaoka I., Koyama K., Yamauchi S., 1992, A&A 264,
itis well know that RCW86 is a highly inhomogeneous object. g4
We argue that spatial variations of the X-ray spectral emissilastra J.S., Mewe R., Nieuwenhuijzen H., 1996, In: UV and X-ray
of the “knee”, as shown by the hardness ratio map in[Hig. 4 spectroscopy of Astrophysical and Laboratory Plasmas. p. 411
(right panel), are well modeled by variations of the emissiagassim N.E., Hertz P., Weiler K.W., 1993, ApJ 419, 733
measure ratio of the two X-ray components, and, by using<assim N.E., Hertz P., Van Dyk S.D., Weiler K.W., 1994, ApJ 427,
formalism developed by Bocchino et al. (1999), we have esti- L95
mated a filling factor of the high-T component0.1 in the soft Kesteven M.J., Caswell J.L., 1987, A&A 183, 118
X-ray regions and).2-0.9 in the other SW regions. We have-ampton M., Margon B., Bowyer S., 1976, ApJ 208, 177
estimated an upper limit of the swept-up mass not directly rlee::;‘&”tsz Eé':/;i’rt\;\?gz'gng‘];& ;?833;'8MLN1R3AS 204,273
I[;i;e(;jft%/tgs ::l;?’v?gi(\:,lvoep?(t)kllr: 2;;;2?2;:? E’O?e&lé?gfvl\érm ?anzo G., Giarrusso S., Santangelo A., et al., 1997, A&AS 122, 341

- s . ) ' McKee C.F., Hollenbach D.J., 1980, ARA&A 18, 219
the detection of the emission from ejecta favors ¢ = 1 \jine D.. 1970, AuJP 23, 425
solution in Tablé 17, which is compatible with the connectiofyjyata E., Tsunemi H., Pisarski R., Kissel S.E., 1994, PASJ 46, L101
with SN185, thus weakening the also proposed connection\ata E., Tsunemi H., Kohmura T., Suzuki S., Kumagai S., 1998,
a more evolved RCW86 with a more distant OB association at PASJ] 50, 257
2.8 kpc. Morrison R., McCammon D., 1983, ApJ 270, 119
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