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a de Canarias, Tenerife, SpainSummary. This opening talk is dedi
ated to the memory of our friend and 
olleagueHugo S
hwarz, who tragi
ally died a few months before �Asymmetri
al PlanetaryNebulae IV� was held, and to whom the 
onferen
e is dedi
ated. Hugo has been apioneer �rst, and a very a
tive resear
her later, in the study of the morphologi
aland dynami
al properties of planetary nebulae and nebulae around symbioti
 stars.I present here a short review of Hugo's most signi�
ant s
ienti�
 
ontribution inthese �elds, during the journey through s
ien
e and life that we have done together.Key words: planetary nebulae: morphology and kinemati
sI �rst met Hugo on February 1991 in Santiago de Chile, when I arrivedfor a 2-yr studentship of the European Southern Observatory (ESO). In theESO guesthouse, I found a letter stating: �I am Hugo S
hwarz, and will beyour supervisor in Chile. I will pi
k you up at 5 p.m. and will go to a s
ien-ti�
 meeting with astronomers of the Tololo Observatory�. Being young andsomewhat shy, I dressed with my most elegant shirt and well ironed trousers,and waited for Dr. S
hwarz to 
ome. At the expe
ted time, I heard a loudnoise 
oming from outside the guesthouse, and a long-hair man, dressing aHarley-Davidson leather ja
ket and riding a noisy motorbike, was waiting forme. �Bad 
hoi
e of trousers�, I thought, �but 
ertainly a very interesting be-ginning�. And it was indeed the start of a relation lasting many years duringwhi
h Hugo and I have been working together, as my supervisor �rst (who
aught me into the fas
inating world of planetary nebulae), as a 
ollaboratorlater, and always as a fantasti
 friend.1 The ESO 
atalogue of images of planetary nebulaeMy �rst task as Hugo's student was to help him to 
omplete the ESO atlasof CCD narrow-band images of planetary nebulae [13℄. It was in those years,mainly thanks to the advent of the CCD dete
tors in teles
opes with ex
ellent
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Fig. 1. Sele
ted images from the Hugo S
hwarz's atlas of planetary nebulae [13℄image quality, that the extraordinary variety of shapes of planetary nebulae(PNe) was fully revealed. Besides other CCD surveys (e.g. [9℄ [2℄ [1℄), our ESOatlas [13℄ 
ontributed to the development of the 
on
ept that the PNe shapingis a 
omplex pro
ess whi
h 
ontains valuable and unexpe
ted informationabout the physi
s of mass loss in evolved stars.The ESO atlas 
onsisted of [OIII℄ and Hα + [NII] images of 255 PNe ob-tained during the 
ommissioning of the ESO 3.5m New Te
hnology Teles
ope(NTT). Many of them were of sub-ar
se
 seeing quality, whi
h allowed us notonly to reveal the overall morphology of the nebulae, but also to highlight thepresen
e of small-s
ale or faint stru
tures [5℄ whi
h provide additional 
luesto understand the mass loss phenomenon in all its aspe
ts. A few examples ofimages from the ESO atlas are shown in Figure 1. Note that, 15 years later,this is still the largest available 
olle
tion of CCD images of PNe.



A tribute to Hugo S
hwarz 5The ri
hness of information 
ontained in these morphologi
al surveys
alled for both detailed studies of the individual obje
ts and for statisti
alstudies of the global properties of the nebulae and their progenitor stars.2 Bipolar PNe and the similar nebulae around symbioti
starsWe started by studying one of the most remarkable morphologi
al 
lasses,the bipolar PNe. Besides an intrinsi
 
uriosity on how these extreme shapesform, there was Hugo's strong interest in binary stars, and in parti
ular sym-bioti
 binaries and their link with PNe. In 1989, Hugo had in fa
t dis
overedthe magni�
ent nebula around the symbioti
 star Hen 2-104, that he namedas �the Southern Crab� [11℄. Morphologi
ally, the Southern Crab (Fig. 2) is

Fig. 2. The Southern Crab (Hen 2-104). On upper left 
orner, Hugo's 1989 dis
overyimage [11℄. Below, our 1999 HST [NII℄ image [7℄.very similar to several (supposedly) genuine PNe with bipolar shape, like e.g.



6 Romano L.M. CorradiMyCn 18 in Fig. 1. The NTT teles
ope, with its long slit spe
trograph andsuperb image quality, o�ered us the opportunity to study the kinemati
alproperties of a number of (symbioti
 and non-symbioti
) bipolar nebulae (seee.g. [3℄ [7℄), and pursue the idea that the physi
al pro
esses a
ting in inter-a
ting binaries are the main way (and the only one?) to produ
e markedlybipolar out�ows.The main result was to highlight the simpli
ity of the kinemati
 patternof this 
lass of nebulae: most of them show a self-similar expansion pattern,produ
ed by apparently �ballisti
� motions of the gas parti
les whi
h are welldes
ribed by an �Hubble law� (expansion velo
ity proportional to the distan
efrom the 
entral star). This is an important 
lue on the origin of the nebulae,be
ause su
h an expansion pattern indi
ates that the nebular shaping mustbe done in a short lapse of time 
ompared to the nebula lifetime, whi
h inturn points to �explosive� or �erupting� events at the origin of these nebulae.This is naturally explained in the 
ase of symbioti
 stars by the nova-likeexplosions (slow novae) that this 
lass of obje
ts su�er as a 
onsequen
e ofmass a

retion on their white dwarfs, and by analogy points to the presen
eof intera
ting binary stars in all markedly bipolar PNe.Simultaneously, we 
ontinued our sear
h for extended nebulae around sym-bioti
 stars, in
reasing the total number of known system to a dozen of obje
ts[6℄ (very few were known before). The vast majority of them 
ontain a Miravariable (i.e. a star with a strong mass loss) as the 
ool 
omponent. With thisin
reased sample, it be
ame 
lear the one-to-one relation between binarityand 
ollimation of the mass out�ow in these systems.2.1 A spe
ial gem: M 2-9Hugo was fas
inated (and so am I) by M 2-9, the butter�y nebula. Its �dentistmirrors� and �rotating lighthouse� are unique among bipolar nebulae. Theformer are produ
ed by high-velo
ity dusty blobs at the tip of the faint outerlobes of the nebula (Fig. 3, deep image at the top), whi
h re�e
t the light fromthe bright 
entral star and nebular 
ore. The 
ombination of dust re�e
tionand the relative motions of the 
ore, blobs, and observer, makes them toappear red-shifted on both sides of the nebula, as explained in [15℄.Fig. 3 (sequen
e at bottom) illustrates the rotating pattern within theinner lobes of M 2-9. Hugo started its imaging monitoring on 1987, and morere
ently we have taken advantage of the image quality of the 2.6m Nordi
Opti
al Teles
ope at La Palma, of whi
h Hugo was the Astronomer in Chargefrom 1995 to 2000. The lighthouse is produ
ed by a beam of ionizing radiationor of fast parti
les rotating with a period of about one hundred years, hittingthe walls of the inner bulbs of the nebula (Fig 4, left panel), and ex
itingthe gas. As O++ re
ombines within a matter of a few months at the typi
aldensities of the bulbs, its emission is at any epo
h a very good tra
er of theposition of the ex
iting beam (green emission in the sequen
e at the bottom ofFig. 3). On the 
ontrary, H+ and N+, with their longer re
ombination times,
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Fig. 3. Top: a deep Hα+[NII℄ image of M2 9 showing the outermost lobeswith their high-velo
ity dusty blobs (the �dentist mirrors�). Bottom: the evolu-tion of the rotating pattern of M 2�9 as observed in the last ten years from the2.6m Nordi
 Opti
al Teles
ope on La Palma. Red is Hα+[NII℄ emission, greenis [OIII℄500.7 nm. A gif animation of the sequen
e of images 
an be found athttp://www.ia
.es/proje
t/apn4/media/images/m29_video.gifleave a visible and long-standing trail that 
an be re
ognized as enhan
edred emission in Fig. 3. Whether the beam is produ
ed by parti
les (a jet) orphotons is still a 
ontroversial issue. However, if we assume that the beamitself is not bended, there is a 
lear delay in ex
iting positions in the bulbsat the same longitude but at di�erent latitudes; the delay is estimated to beof ∼2 years between the brightness enhan
ements N1 and N2, and betweenS1 and S2 (Fig. 4, right). This would 
orrespond to a traveling speed of morethan 5000 km s−1 (Corradi et al., in preparation), indi
ating that the sour
eof the ex
itation might indeed be a high-velo
ity jet, as originally proposedby [8℄, and not a light beam.3 Morphology tra
ing gala
ti
 populations of PNeAn other important point that needed to be addressed with the large imagedatabase of PNe that be
ame available in the 90's, was to understand if mor-
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Fig. 4. Left: the 2006 [OIII℄ image of M 2-9. Superimposed to the image is theoutline of the inner bulbs, as well as a representative longitude line whi
h helps tohighlight the bending of the rotating pattern. Right: the longitude measured byGaussian �tting along the horizontal axis for the emission at N1, N2, S1 and S2 atthe di�erent epo
hs (upper graphs). In the bottom graph, the longitude di�eren
eis plotted, whi
h 
an be interpreted as due to a delay in the ex
itation be
ause ofthe traveling time of the ex
iting beam to go from N1 to N2, and from S1 and S2.phology is related to any other distin
tive property of the nebulae and theirstellar progenitors. As a �rst step, Hugo proposed a morphologi
al s
hemeto 
lassify PNe in the ESO atlas [14℄. The adopted philosophy was to avoidany a priory assumption on the intrinsi
 3D shapes of the nebulae and on thephysi
al pro
esses produ
ing them. PNe were therefore divided into �ve main
lasses (Fig. 5): ellipti
al nebulae (e, this in
ludes truly spheri
al ones, whi
hwere a minority in the 1992 ESO atlas), bipolar obje
ts (b, a somewhat stri
tde�nition was adopted, whi
h requires the nebulae to have a narrow waistfrom whi
h two opposite lobes depart), point-symmetri
al ones (p), irregular(i) nebulae, and unresolved (�stellar�=st) obje
ts.The di�eren
e between the stellar populations produ
ing bipolar PNe,whi
h represented 14% of the nebulae in the ESO atlas, and ellipti
al nebulae
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Fig. 5. Hugo's morphologi
al 
lassi�
ation of PNe [14℄.(64%), be
ame evident as soon as we start 
orrelating the nebular morpholo-gies with their distribution and kinemati
s in the Galaxy (s
ale height on thedis
 and velo
ity dispersion from the Galaxy rotation 
urve) [16℄ [4℄. BipolarPNe were then found to 
learly belong to a younger stellar population thanellipti
al PNe, or in other words to be produ
ed by more massive progeni-tors. This was further supported by the 
hemi
al enri
hment in He and Nof bipolar PNe (produ
ed by the e�
ient dredge-up episodes expe
ted in themost massive progenitors), and by their hot 
entral stars (the most massiveprogenitors move qui
kly to large temperatures in their post-AGB evolution).These results were later re�ned by several other studies, but their substan
ehas remained basi
ally unvaried. Some doubts have been re
ently raised aboutthe fa
t that bipolar PNe have 
entral stars whi
h are statisti
ally hotter thanellipti
al PNe; however, the 
larity of the result obtained from the sample in[4℄ 
alls for further investigation of the issue.4 Point-symmetryAnother morphologi
al property that attra
ted Hugo's interest was the point-symmetri
al geometry displayed by a number of PNe. This symmetry 
anshow up as the main morphologi
al 
hara
teristi
 of a nebula (e.g. IC 4634,see Fig. 1), or superimposed to an overall bipolar stru
ture (e.g. NGC 6309and Hb 5, also in Fig. 1). In order to explain it, Hugo's belief was very de
ided:point-symmetry implies pre
ession of the 
ollimating sour
e, most likely ana

retion dis
 in an intera
ting binary star. He strongly defended this opinionduring the lively 
onferen
e that he organised in La Serena (Chile) on 1992[12℄.



10 Romano L.M. Corradi5 Other worksHugo's interests in Astronomy were multiple. He was an expert of stellar po-larimetry and of astronomi
al instrumentation in general, and deeply involvedin the defense of astronomi
al observatories from light pollution (see e.g. [10℄).In our �eld, like many of us he has always been annoyed by our 
hroni
inability of measuring distan
e to individual PNe in our own galaxy. For thisreason, he started an ambitious programme of 3-D photoionization modelingof PNe using multi-slit or integral-�eld spe
tros
opy (see the 
ontributionby H. Monteiro in this 
onferen
e), demonstrating that the method providesindeed a very good way (albeit quite expensive in terms of observing andmodeling time) to determine distan
es.In summary, it is impossible to 
ondense, in the little spa
e of this 
on-tribution, all the work done by Hugo in Astronomy. But it is also 
lear thatthere is no real need to do it, be
ause his ideas are well present in our minds,espe
ially in all of us who had the pleasure to meet Hugo in one o

asionor the other. In all 
onferen
es that Hugo has attended, he has always 
on-tributed a lot to both s
ien
e and atmosphere. His s
ienti�
 and publi
 talks,and his private 
onversations were infused with humor and wonder. We havemissed him a lot during APN4, and we will miss him a lot in future.Referen
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