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trometer observations of the planetary nebula (PN) BD+30◦3639. We observedthis X-ray bright, young PN for 300 ks in 2006, using the Chandra X-ray Ob-servatory's Low Energy Transmission Gratings in 
ombination with its Advan
edCCD Imaging Spe
trometer (LETG/ACIS). The well-resolved emission lines in thedispersed spe
trum and the spatial stru
ture in the 0th order image provide 
on-straints on the origin of the X-ray emitting plasma and the pro
esses responsible forthe stru
ture of the nebula, respe
tively.Key words: stars: mass loss, planetary nebulae: individual (BD+30◦3639), X-rays:individual (BD+30◦3639)1 Introdu
tionThe Chandra X-ray Observatory (CXO) and the XMM-Newton X-ray observatorieshave observed and dete
ted many planetary nebulae (PNe) sin
e their laun
hes,providing new 
onstraints on PN shaping me
hanisms (see review by Kastner, thesepro
eedings). To make further progress in our understanding of the physi
al pro-
esses governing the origin and shaping of PNe, sensitive X-ray observations at veryhigh spatial and spe
tral resolution are essential.BD+30◦3639 is a well known, X-ray bright 
ompa
t PN with a 
arbon-ri
h Wolf-Rayet ([WC℄-type) 
entral star. It is relatively nearby (distan
e 1.2 kp
; Li et al.2002), and has a young dynami
al age (∼ 700 yr; Li et al. 2002). Kastner et al.(2000) reported well-resolved, extended X-ray emission in an image of BD+30◦3639obtained using Chandra's Advan
ed CCD Imaging Spe
trometer (ACIS). These re-sults serve as strong eviden
e of the existen
e of a hot bubble 
reated via sho
kedwind intera
tions, although one 
annot rule out other possibilities, su
h as the in�u-en
e of a 
lose 
ompanion (Ba
hiller et al. 2000; Soker & Kastner 2003). Furthermore,
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e and pre
ise (evidently non solar) abundan
es of the X-ray emitting gasin BD+30◦3639 remain to be determined (Maness et al. 2003; Georgiev et al. 2006).To adequately address the question of abundan
e anomalies in the X-ray-emitting plasma of BD+30◦3639, and to understand the nature of this X-ray-emitting region, we need to exploit higher resolution X-ray spe
tros
opy and imag-ing.2 Observation and data analysisWe obtained observations of BD+30◦3639 totaling 300 ks exposure time with theLow Energy Transmission Gratings (LETG) and ACIS in 2006 February (85.4 ks),Mar
h (61.8 ks) and De
ember (53.9 ks, 77.1 ks and 19.9 ks). In addition to thedispersed spe
trum (∼ 5800 
ounts), the 300 ks observation with LETG/ACIS pro-du
ed a highly sensitive, undispersed 0th order image (∼ 6000 
ounts). The datawere subje
t to standard pro
essing by Chandra X-ray Center pipeline software(CIAO, ver. 3.4). To optimize the spatial resolution of the 0th order image, we re-moved pixel randomization, and then applied subpixel event position 
orre
tionsand maximum likelihood de
onvolution (Li et al. 2003). We extra
ted the dispersedX-ray spe
trum of BD+30◦3639 as des
ribed in Kastner et al. (2006).3 Results3.1 LETG/ACIS 0th-order ImageIn both the 2000 and 2006 Chandra/ACIS images, BD+30◦3639 shows apparently
ompa
t and bright emission toward the east-northeast and weaker emission towardthe southwest (Figure 1, top four panels). To determine whether the apparent varia-tions between 2000 and 2006 observations (and between the two epo
hs of the 2006observation) are real, we formed di�eren
e images and divided ea
h by its respe
tiveroot mean square error image (Fig. 1, bottom two panels). In 
ontrast to the �salt andpepper� appearan
e of the 1st vs. 2nd epo
h 2006 di�eren
e image, the 2006−2000di�eren
e image exhibits a general trend wherein the nebula is brighter around therim and fainter in the 
enter. This trend is suggestive of an expansion signature, buteven the largest measured 
hanges are at somewhat less than the ∼ 3σ level. Theother, more subtle variations in both di�eren
e images are only measured at the
< 2σ level, i.e., well within the range expe
ted due to photon 
ounting statisti
s.3.2 LETG/ACIS Dispersed Spe
trumFigure 2a shows the merged, 300 ks exposure, 1st-order LETG/ACIS 
ounts spe
-trum of BD+30◦3639 overlaid with a model spe
trum obtained from the Astrophys-i
al Plasma Emission Database (APED; Smith et al. 2001; see below). The brightestlines in the spe
trum are the resonan
e lines of H-like O VIII (λ 18.97) and C VI (λ33.6) and the He-like triplet line 
omplexes of Ne IX (λ 13.45, 13.55, 13.7) and O VII(λ 21.60, 21.80, 22.10). Other H-like resonan
e lines, su
h as N VII (λ 24.78), and
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Fig. 1. X-ray images (0.3 - 3.0 keV) of BD+30◦3639. Panels a-d show the 2000and 2006 images on a linear grey s
ale, with the dates of data a
quisition indi
ated.Error-normalized di�eren
e images are displayed in the bottom two panels (2ndminus 1st epo
h 2006, panel e; 2006 minus 2000, panel f). The linear grey s
ale inthese di�eren
e ranges from −3σ to +3σ.lines of highly ionized Fe, are weak or absent. The �ux-
alibrated spe
trum makesapparent the strength of C VI (λ 33.6) relative to the other strong lines (Ne IX, OVII and O VIII; Figure 2b).To investigate plasma physi
al 
onditions, we used the Intera
tive Spe
tral In-terpretation System (ISIS; Hou
k & Deni
ola 2000) to 
onstru
t APED models withvarying plasma elemental abundan
es and with O �xed at solar. With respe
t tosolar abundan
es (Anders & Grevesse 1989), the preliminary model �tting indi
atesthat C is very overabundant (C/O ∼ 50) and Ne is overabundant (Ne/O ∼ 4.5) butFe and N are quite depleted (Fe/O and N/O ∼ 0.3). We note that the high N/Oratio inferred by Murashima et al. (2006) from Suzaku satellite X-ray CCD spe
tramight be 
aused by 
ontamination from high order C VI lines 
learly seen in theLETGS spe
trum between 25 ∼ 26 Å (Figure 2). The plasma temperature obtainedfrom the �tting, ∼ 2.3×106 K, is somewhat lower than the lower limit obtained from
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Fig. 2. (a) Combined positive and negative �rst-order LETG/ACIS-S 
ountsspe
trum of BD+30◦3639 overlaid with a representative APED model. (b) Flux-
alibrated �rst-order LETG/ACIS-S spe
trum. In ea
h panel, bla
k shows the sour
espe
trum and red indi
ates the model.preliminary model �ts to the �rst 150 ks LETG/ACIS exposure by Kastner et al.(2006). The derived intervening absorbing 
olumn is log NH ∼ 21.4 (
m−2).4 Dis
ussionKastner et al. (2000) had previously demonstrated that the well resolved and ex-tended region of X-ray emission from BD+30◦3639 is fully 
ontained within theinterior of the photoionized bright rim seen in opti
al and IR images. Our newX-ray image (�gure 1) shows a 
onsistent result.The 
omparison of the 2000 and the merged 2006 images in Figure 1 (panels aand d) suggests a 
hange in the intensities and positions of the X-ray �hot spot� andother X-ray bright blobs inside the nebulae over the past 6 years. However, we �ndthese 
hanges are most likely due to photon 
ounting statisti
s. The merged 2006image appears slightly (∼ 0.5′′) wider than the 2000 image, suggesting an expansionspeed of ∼ 200 km s−1 for the X-ray nebula. Su
h a large expansion velo
ity isnot expe
ted theoreti
ally; the �hot bubble� formed by the intera
tion of fast (post-AGB) and slow (AGB) winds should expand at approximately the same speed asthe bright rim of opti
al nebulosity (∼ 50 km s−1). Hen
e, we tentatively attributethe apparent expansion signature to the somewhat greater sensitivity (greater total
ounts) of the (300 ks, 0th-order) 2006 image relative to the 2000 image; furtherstudy is required.The produ
ts of nu
leosynthesis in the progenitor AGB star (see review in Herwig2005) likely play an important role in the non solar 
omposition of the sho
ked, X-rayemitting gas in BD+30◦3639. Spe
i�
ally, it seems likely that the large abundan
eof 
arbon we infer from the X-ray spe
tral modeling (C/O ∼ 50; Se
. 3.2) originatedwithin the intershell region (i.e., the region between the H-and He-burning shells)present during the AGB stage. Meanwhile, the observed enhan
ed Ne/O and lowFe/O and N/O abundan
e ratios 
an perhaps be explained as a natural 
onsequen
e
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ess within the �pulse driven 
onve
tion zone� (Herwig 2005). The Nemay be predominantly 22Ne, whi
h 
an be readily generated (at the expense of 14N)within the He burning shell. The 22Ne 
an then serve as an iron-depleting neutronsour
e during the s-pro
ess. In su
h a s
enario, one expe
ts Ne to be enhan
ed whileiron (Fe) and Nitrogen (N) are depleted, as observed.A
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