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hetype of bipolar proto-planetary nebulae, yet we la
k a 
oherent model that 
an explain the morphologyand kinemati
s of the nebular and dusty 
omponents observed at high-spatial andspe
tral resolution. Here, we report on two sets of observations obtained with theKe
k Adaptive Opti
s Laser Guide Star: H to M-band NIRC2 imaging, and narrowbandpath K-band OSIRIS 3-D imaging-spe
tros
opy (through the H2 2.121µm emis-sion line). While the 
entral star or engine remains un-dete
ted at all bands, we
learly resolve the dusty 
omponents in the 
entral region and 
on�rm that peak Ais not a 
ompanion star. The spatially-resolved spe
tral analysis provide kinemati
information of the H2 emission regions in the eastern and 
entral parts of the nebulaand show proje
ted velo
ities for the H2 emission higher than 100km s−1. We dis
ussthese observations against a possible formation s
enario for the nebular 
omponents.Key words: CRL 2688, post-AGB, PPN, Adaptive Opti
s1 Introdu
tionThe Egg Nebula is a prototypi
al bipolar pre-planetary nebula (PPN): in the op-ti
al, the dire
t light from the 
entral star is obs
ured by dust, while two lobesaligned along a �polar axis� s
atter the starlight towards the observer [1℄. Yet, atlonger wavelengths, the Egg Nebula reveals a more 
omplex geometry: multiple COout�ows in the equatorial plane and at higher latitude [2℄; dusty knots (peak A) anda dark lane at a PA=140◦ [3℄; and H2 (2.12µm) emission line spatially 
oin
identwith the obs
uring dust in the equatorial plane [4℄. The models presented in [5℄ or [3℄don't explain some of these features su
h as the existen
e of the multiple out�ows.We present some of the near-infrared imaging and imaging-spe
tros
opy results athigh spatial (≤0.1′′) and spe
tral (≈60kms−1) resolution from the Egg Nebula ob-tained with the Ke
k II Laser Guide Star Adaptive Opti
s (LGS-AO) System. TheseLGS-AO images of the 
entral regions show details on the dusty knots and the H2
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edent spatial resolution. Combined with ACS/HST F606Wimages and LGS-AO 3-D imaging spe
tros
opy through the H2 line, we analyze thedetailed stru
ture of the out�ows for the eastern part of the nebula. We tentativelypropose that multiple highly 
ollimated out�ows, laun
hed by intermittent and pre-
essing me
hanism 
ould explain the Egg morphology. A paper des
ribing the fullNIRC2 imaging data set, 
ompared to visible HST ACS and in
luding an analysisof the 3-D imaging spe
tros
opy over all out�ows is in preparation [6℄.2 NIRC2 imaging and OSIRIS imaging-spe
tros
opyIn July 2004, we used the AO-dedi
ated near infrared 
amera NIRC2 behind theKe
k II Laser Guide Star (LGS) Adaptive Opti
s (AO) system [8℄, [9℄, to re
ordbroad-band and narrow-band images. Earlier LGS-AO observations of the Egg werereported in [7℄ and su�ered from variable image quality. Later in 2006, we wereallo
ated Dire
tor's Ke
k II LGS time for imaging spe
tros
opy of the Eastern andCenter regions of the CRL2688 using OSIRIS, the AO-dedi
ated Integral Field Unit[10℄. Table 1 summarizes the observations presented here.Table 1. Ke
k LGS-AO observations of the Egg Nebula reported in this workRegion Instrument Spatial sampling Filter λ0 ∆λ5′′×5′′
entered NIRC2 0.′′01/pix Lp 3.78 0.705′′×5′′
entered NIRC2 0.′′01/pix Ms 4.67 0.2410′′×10′′
entered NIRC2 0.′′01/pix Kp 2.12 0.3540′′×40′′
entered NIRC2 0.′′04/pix H2ν=1−0 2.121 0.03440′′×40′′
entered NIRC2 0.′′04/pix K
ont 2.270 0.0304′′×6′′
entered OSIRIS 0.′′1/lenslet Kn2 2.089 0.1054′′×6′′on east OSIRIS 0.′′1/lenslet Kn2 2.088 0.1052.1 Results from NIRC2 ImagingA spatial resolution of 70 milli-ar
se
 was estimated from the NIRC2 wide-
ameraimages. All NIRC2 wide 
amera images were registered against ar
hived ACS WFC1F606W observations from O
tober 2002 (data set j8gh55010, P.I. R. Sahai) Fig. 1displays a 
olor-
ombined NIRC2 and HST image and a 
olor-
ombined NIRC2image (see 
aption). There are a few noti
eable features: 1) the visible (blue) lightis primarily s
attered inside the two N and S lobes and along the two sear
hlightbeams [1℄; the s
attered light in the K 
ont., Lp and Ms band is also seen along theN and S lobes and 
loser to the 
entral hidden star. Ex
ept for the N/S lobes, theonly other lo
ation where s
attered light is seen in the NIR is around peak A [11℄;there is no dete
tion of K, Lp or Ms 
ontinuum emission in the equatorial region,indi
ating a total absen
e of 
ontinuum s
attered light in this region; 2) the H2emission regions appear as dense knots, �laments and ar
s spatially 
oin
ident withthe edges of the obs
uring/s
attering dust knots seen along the N/S lobes, at the tips
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Fig. 1. Left: 20′′× 20′′false-
olor image 
onsisting of ACS F606W POL-0 (blue),NIRC2 H2 (green) and NIRC2 K
ont (red) images. Right 5′′× 5′′false-
olor NIRC2image of the 
entral region using Kp-band (blue), Lp-band (green) and Ms-band(red) images; The display intensity s
ale is I0.25. The s
ale bar is 1′′. The 
rossmarks the 
entral star lo
ation, and a light 
ir
le surrounds peak A.of the out�ows in the equatorial region, and at the tips of the mid-latitude multipleout�ows, some of them, G1, E1, D1, reported in the lower resolution CO maps from[2℄; 3) the 2004 Lp and Ms images show that peak A is now well-resolved into a 0.′′5dusty knot with a 
omplex stru
ture, possibly indi
ative of a nas
ent out�ow in thedire
tion towards the observer; in the same image, there is a unresolved wiggling�lamentary stru
ture bridging from the N lobe onto peak A that 
ould be indi
ativeof highly-
ollimated pro
esses (e.g., a pre
essing jet) in the vi
inity of the 
entralengine.2.2 Results from OSIRIS Imaging Spe
tros
opyTwo regions in the Egg nebula were observed using OSIRIS: one 
entered on the
entral star, the se
ond one 
entered on the East H2 emission region. The lenslet
hoi
e of 0.′′1 (in order to 
over 4′′×6′′ area at on
e) de�nes our spatial resolution.The data was redu
ed using the OSIRIS Data Redu
tion Pipeline. Fig. 2 (upperrow) shows a mosai
 of the two regions observed, as the average over the 
ube orover the H2 (2.12µm) line. A 421-
hannel spe
trum for ea
h 0.′′1×0.′′1 spaxel overthe 2.036�2.141µmrange was extra
ted and 
orre
ted for telluri
 absorption. Theemission features in
lude H2 S(1) (1,0) (2.1218µm), H2- S(3) (2,1) (2.073µm) andHeI (2.1298µm) whereas the He I 4s 3S-3p 3P0 (2.1133µm) is dete
ted in absorption.A spe
tral resolution of 60 kms−1 has been measured on the unresolved telluri
 OHlines. For ea
h spaxel, we �t a 
ontinuum and a gaussian pro�le through the H2emission line and extra
ted relative integrated intensity, velo
ity dispersion and linepeak 
entroid.The map of 
ontinuum-subtra
ted H2 �ux (see Fig. 2 bottom left) shows that the H2emission is not uniformly distributed over the observed region, but rather appearsas 4 to 6 
lumpy knots of angular size of ≈ 1′′ or less, roughly aligned along an ar
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Fig. 2. Upper row The left mosai
 image 
orresponds to the average over the 421spe
tral 
hannels, therefore dominated by s
attered light, while the right mosai
image is the average over the H2 line (no 
ontinuum has been subtra
ted). The imageintensity s
ale is I0.25. Bottom left Map of the 
ontinuum-subtra
ted integrated�ux for the sho
ked H2 emission line (using linear intensity s
ale). Bottom rightMap of the H2 line peak 
entroid shift in kms−1 (using linear intensity s
ale). Thevelo
ity shift 
overs a range of 100 kms−1. � Ea
h mosai
 image is 8′′×8′′with 0.′′1spatial resolution.joining the East lobe to the N lobe. None of these 
lumps is superimposed with peakA lo
ation.The shift in peak 
entroid is displayed on the right-most image. We measure avelo
ity shift amplitude for this part of the nebula of 100kms−1, a fa
tor 2 higherthan previous work [12℄. The highest proje
ted velo
ities are found near (but notat) peak A, at smaller spatial s
ales (≤ 0.′′3) whi
h 
ould not be probed in earlierstudies. The high-velo
ity out�ows north of the 
entral star (
ross) 
oin
ide withthe 
lumpy H2 knots 
loser to the N lobe and 
ould be asso
iated with a pre
essingjet, suggested in 2.1.3 Dis
ussion and 
on
lusionFrom the preliminary analysis of our data sets, we 
on
lude 1) the absen
e of 
ontin-uum light in most out�ows, 2) a distribution of H2 emission 
oin
ident with dense,dusty 
lumps, 3) a possible nas
ent out�ow at the peak A lo
ation, and 4) theexisten
e of fast highly-
ollimated out�ows, possibly jets. We stress that any quali-tative model must a

ount for the non-dete
tion of 
ontinuum light in the equatorial
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ontrast to the polar ones. The 
ontinuum light from the 
entral starmust be heavily obs
ured either in the equatorial out�ow 
avity or before it rea
hesthe 
avity. We spe
ulate a possible shaping me
hanism that 
ould a

ount for theseobservables: the 
entral engine of the Egg is heavily obs
ured by a 
o
oon of dustand intermittent jet-like out�ows may be laun
hed by MHD me
hanisms within thevi
inity of the 
entral engine [13℄. An out�ow would break through the dust 
o-
oon, heating and dissipating the surrounding dust and expands for a few hundredsof years [14℄. The 
ontinuum starlight would propagate through the 
avity and bes
attered. H2 sho
ked emission would be dete
ted primarily at the tip of the out-�ow. Eventually, the 
ontinuum starlight be
omes heavily obs
ured by dust again.In addition, new out�ows would be laun
hed rapidly and a

ount for the multipleout�ows with 
omparable dynami
al age [2℄. The out�ows where only H2 sho
kedemission is dete
ted would 
orrespond to past out�ows.We are 
urrently 
ompleting LGS high-spatial imaging spe
tros
opy over theentire nebula to further 
onstrain the kinemati
s and dis
uss the possible laun
hme
hanism for the out�ows.Referen
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