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Abstract. 7 Carinaeis one of the most extreme cases of a Lunfias to have a mass exceeding60 M), which again puts it
nous Blue Variable star. A bipolar nebula of’1size surrounds into the realm of the most massive staysCar is a member
the central object. Even further out, a large amount of filameaof the stellar class dfuminous Blue Variable@.BVs), which
tary material extends to a distance of'3@r about 0.3 pc. In start as main-sequence O stars with madggsnis > 50 M¢);
this paper we present a detailed kinematic and morphologitia¢se stars evolve towards cooler temperatures at the end of
analysis of some outer filaments in this nebula which we célydrogen-core burning and may enter an unstable phase at an
strings All strings are extremly long and narrow structuresage of roughly 3 19years (Langer et al. 1994). This so-called
We identified 5 strings which have sizes of 0.058 to 0.177 pcliBV phase starts when the stars reach the Humphreys-Davidson
length and a width of only 0.002 pc. Using high-resolution londimit (Humphreys & Davidson 1979, 1994) in the HRD. Ana-
slit echelle spectroscopy it was found that the strings followlgzing HRDs of the Galaxy and the LMC, Humphreys (1978,
Hubble law with velocities increasing towards larger distanc&979) and Humphreys & Davidson (1979) found a lack of very
from the star. With these unique propertibggh collimation luminous red supergiants. Obviously the most massive stars do
andlinear increaseof the radial velocity the strings represent aot evolve into red supergiants but instead their evolution is re-
newly found phenomena in the structure and evolution of nebrersed towards the blue supergiant part in the HRD when they
lae around LBVs. Finally, we show that morphologically similaapproach the Humphreys-Davidson limit as LBVSs.
strings can be found in the planetary nebula NGC 6543, a pos- One of the most prominent characteristics of the unstable
sible PN-counterpart to this phenomenon. LBV phase is a very high mass loss rate (characteristically
about several(0— Mg yr~! with values even higher during gi-
Key words: stars: individualzy Car — stars: evolution — stars:ant eruptions). Strong stellar winds and giant eruptions peel off
mass-loss — ISM: bubbles — ISM: jets and outflows parts of the stellar envelope and form small circumstellar neb-
ulae around LBVs, so-called LBV nebulae (LBVN; Nota et al.
1995). Inthe same manngCar formed its nebula in a quite dra-
) matic way. Having been & 6™ star for a long time (with only
1. Introduction small changes), Car drastically brightened around 1843 AD
At a present day mass aff ~ 120 M® and a |uminosity of (HerSChe| 1847, Innes 1903, van Genderen &-1[984, Viotti
L ~ 1057 L (Humphreys & Davidson 1994, Davidson &1995) and becamea —1™ star for about 5 years. This giant
Humphreys 1997) Carinae tops the Hertzsprung-Russell Dieruption led to the formation of a nebula that was found only
agram (HRD) and is certainly among the most massive st&&entury later. Nearly simultaneously Gaviola (1946, 1950)
observed as yet. Even if the recently re-discussed binary @ad Thackeray (1949, 1950) photographed the nebula for the
pothesis for, Car (Damineli 1996, Damineli et al. 1997, Davidfirst time. Because of its odd man-like shape Gaviola named it

son 1997) should turn out to apply, at least one compondigHomunculusLater it became clear that the Homunculus is
only the brightest region of a larger bipolar nebula, consisting
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Canadian Astrophysics Data Center (CADC) archive and were
recalibrated using their optimal calibration data. We retrieved
all frames obtained in the F656N {(Hand F658N ([N1]) fil-
terél. The strings were not visible in any other filters. In each
filter the observations were carried out with three different ex-
posure times, 0.011, 4 and 200 s. For reduction, combination of
the images and cosmic-ray cleaning we followed the standard
procedures recommended for WFPC2 data. Frames of the same
filter were combined weighting and scaling with the exposure
time and used to correct the bleeding by substituting the pixels
with bleeding by pixels from frames with a lower exposure time.
Since most of the features seen in the nebula argu@idrinae
have expansion velocities of sevesal0? kms~! (Meaburn et
al. 1987, 1996, Hillier & Allen 1992, Weis etal. in prep., and this
paper) many of the features seen in the F656N filter are con-
: taminated by blueshifted [N]-emission at 6584 and emis-
o . sion seen in the F658N filter originates in redshifted emission
: from the H, line. Due to the Doppler shifts, the two filters are no
N longer genuine | and [N11] filters for the expanding material
s E\f‘ of n Car. This effect is also responsible for the wavelength-
: dependent length of string 1, which is longer in the F656N than

Fig. 1. HST picture of the nebula aroumdCar composed of frames of n the_ F658N image. While we only show images of the F_656N
different exposure times in the F656N filter. The field of view (FOVilter in the paper we always compare the measured sizes in
is 60" x60". The five morpologically identified strings are indicated?0th narrow band images, keeping the Doppler shifts in mind.
North and east markers in the plot indicate the orientation of the imadg.Ll shows a 60x 60" section of the final F656N WFPC2
frame. A north-east vector indicates the celestial directions. We

) ) ) . restrained from rotating the images because of the loss of reso-
Analysis of the kinematics of the Homunculus and the filggo when using the IRAF rotation task. All images therefore

ments has contributed considerably to the understanding of fig o the original HST sampling of 0455 pixel! for the PC
structure and nature of the nebula. Radial velocity (Meaburn gty wgggg pixel! for the WFC.

al. 1987, 1993, 1996, Hillier & Allen 1992) and proper motion
(Walborn 1976, Walborn et al. 1978, Walborn & Blanco 1988, )
Currie etal. 1996, Smith & Gehrz 1998) measurements reveafed- Long-slit echelle spectroscopy

velocities up tol0° kms ™1, _ To obtain kinematic information on the strings we used the
A comprehensive study of the full outer filamentary nebulgcheie spectrograph on the 4 m telescope at the Cerro Tololo
of 5y Car will be found in Weis & Duschl (1999, in prep.). In the ey American Observatory. We observed in the long-slit mode,
present paper we concentrate on several very narrow, long ik ing a post-slit H filter (6563/754) and replaced the cross-
coherent structures which we will refer to sisings As yet, gisperser with a flat mirror. The 791 mm echelle grating was
we investigated in detail the morphology of the 5 most ProMizsed, where the slit-width was 256n (= 1764) resulting in an
nent strings. Moreover, we show additional kinematic analysjsstrumental FWHM at the Hline of about 14 km's!.
of 3 of these strings, including a full velocity coverage of the pata were recorded with the long focus red camera and
longest string. With the high-resolution images of the HST o 9048 x 2048 Tek2K4 CCD was used. The pixel size was
was possiblc_e for the first time to study the LBVN @fCar i 0.08A pixel~! along the dispersion, and'®6 pixel-! on the
such a detail that structures as narrow as the strings could{Bgia| axis. Due to vignetting, the slit length was limited to
resolved and analyzed. This paper describes the morpholagy Seeing was- 2 during the observations and the weather
of the strings_ and presents their k_inematiC properties. We al59s not photometric. Thorium-Argon comparison lamp frames
discuss possible formation mechnism of the strings and addrgsse taken for wavelength calibration and geometric distortion

their uniqueness. correction. The slit positions were referenced with respect to
Thé et al.’s (1980) star #66 in the Trumpler 16 cluster.
2. Observation and data reduction Five positions were observed covering three of the five vi-

i sually identified strings. The spectra were takefl, 32’, 34,
2.1. Imaging

All strings were first detected in the high-resolution images oft FgsgN — program number: 5239: P.I.: J.A. Westphal; dataset
the Homunculus nebula made with the HST, as yet the only te}gmes: U2DH0101T... U2DH0106T; F658N — program number:
scope able toresolve such small scale structures (witiv®4 5188; P.I.: W. Sparks; dataset names: U2410501T, U2410502P
or ~ 1072 pc). All HST images we used were taken from the.. U2410506P
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Fig. 2. Blow up of the HST picture of the nebula aroupdCar for Fig. 3. Blow up of the HST picture of the nebula aroundCar for a
a more detailed presentation of strings 1 (long string to the left),n2ore detailed view of strings 3 (upper) and 4 (lower).
(shortest to the right) and 5 (very faint in the middle).

limit. Therefore, the far end of the strings is not well determined,
36", and 38 south of our reference star (Slits 30S, 32S, 348nd all measured lengths are only lower limits.
36S, and 38S, respectively). The slit was rotated to a position To determine the lengths of the strings we adopt a distance of
angle of PA= 132° to aligne it with the major axis of the Ho- 2.3 kpc tan Car (Walborn 1995, Davidson & Humphreys 1997).
munculus nebula and the general direction of the strings.[Hig$8wever, the distance to the CarinaiHegion still has not
show the spectra at the five positions, the strings are markgéen accurately determined because of the strong and variable
The exposure time was 30s for slit 30S, 90's for slit 32S argddening in this region. In the following, all sizes are measured
180s for the slits 34S, 36S and 38S. as a width at the base rather than FWHM.

String 1lies in the south-eastern part of the nebula (see
Figs[d andR) and is the longest of all detected. The total mea-
sured length i45786 = 0.177 pc ~ 36 500 AU. This length is
A large number of filamentary structures can be identified somparable to the combined size of the two lobes of the central
the deep HST picture of the Homunculus nebula arou@gr. bipolar nebula.

Among allthese morphologically different structures afewlong, We used the PC F658N images to determine the width of
coherent and very narrow features are the most amazing objattsg 1. In this image the inner part (closersidCar) of the

we found. These features are the above introdsteialgs We  string was resolved. The images show a width of about 5 pixels,
identified 5 such strings by visual inspection. On smaller lengtiorresponding t6/23 = 0.003 pc ~ 500 AU). The resolution
scales, morphologically similar features can be seen (Weiso&the WFC is insufficient; at 2 pixels the strings cannot be
Duschl 1999 in prep.). However, due to confusion with backeliably resolved, but the WFC image suggests that the width
ground emission in the spectra, a detailed analysis was not pi@es not change significantly along the string. This leads to a
sible in the work presented here. Of those 5 strings 3 were fouedgth-to-width ratio ofv 70.

in the south-eastern, and 2 in the north-western part of the neb-If the string extends all the way to the star, an assumption
ula. None were detected in the other two quadrants. The strisggported by the orientation of the string with respeat @ar,

are marked and named in Hig). 1. A blowup of the HST imadbe total projected length of the string29”’0 = 0.323 pc ~

in Fig[2 gives a closer view of strings 1, 2 and 5 while Eig. 86 700 AU and the length-to-width ratio would be 128. How-
shows string 3 and 4 in more detail. ever, in the following, when not stated explicitly otherwise, we

The observed lengths of the strings range betwé&érafid always give the observed rather than the extrapolated length-to-
15’9. Towards the center of Car we cannot distinguish thewidth ratio, i.e., a lower limit for this quantity.
strings from the overall emission of other knots and filaments. Even though string 1 seems very straight, small, almost pe-
At the very end of the strings the surface brightness decreasexjic wiggles occur at a scale of several arcseconds as one can
andthe strings might extend further at a level below the detectiege in Fig. P. Atits inner end, string 1 seems either to have a split

3. Identification and morphology of the strings
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Table 1. Properties of the strings

observed

string length VUmin Umax [N 1]\ 6583/H,
[pc] [kms™'] [kms™']
1 0.177 —522 —995 3.3
2 0.044 —442 —591 2.7
3 0.095 - - -
4 0.103 - - -
5 0.058 —383 —565 3.0

of a length of~ 1”5 or to be projected onto another string-like
feature in the fore- or background. The intensity varies alol
the string and decreases rapidly at its outer end. No perio
or symmetric variations were found. Note that String 1 corr:
sponds to the structure callget and spikeby Meaburn et al.
(1987) and Meaburn et al. (1996), respectively.

String 2is shorter than String 1 and has a higher surfac
brightness. It lies close to String 1 in the south-eastern part
the nebula. String 2 is”’® long (= 0.044pc ~ 9000 AU).
The width was determined in the same way as for string 1.Fg. 4. Positions and naming convention of the slits
total width of @13 (= 0.002 pc ~ nearly 400 AU) was derived
leading to a length-to-width ratio of 31. The string’s far end is
located 165 (= 0.184 pc ~ 38 000 AU) from the star. of 18’7 (= 0.208 pc ~ 43000 AU) was obtained for the full

The morphology of string 2 is very different from that ofdistance frony Car to the outer end of string 5.
string 1. In contrast to the nearly straight line image of string String 5 shows more brightness variations along its exten-
1, string 2 shows a prominent kink (Fig. 2) where the directig#ion than the others, giving it a somewhat knotty appearance.
of the string changes by 22-2°. String 2 has a more uniform The three brightest regions of the string can be identified in
surface brightness and has a clearer end where the surface brigigttd. String 5 shows one larger bend, but no small scale wig-
ness drops abruptly. gles are found.

String 3is one of the two strings found in the north-western Note also that at their far ends from the star, strings 1 and 5
part of the Homunculus nebula (Fig. 3). We derive a length Become brighter, in contrast to the other strings. In string 1 this
7'6 (= 0.085 pc ~ 17500 AU). The string is covered in both brightening looks like two knots.
the WFC and the PC images in its full length, so that the width
of the string over its entire observed length can be measurﬁd
The width is0”19 = 0.002 pc (~ 400 AU) and does not change
significantly along the string. This results in a length-to-widtkVe obtained kinematic data for three of the five strings, using
ratio of 42. Extrapolating the string back to the star we deriVeng-slit echelle observations. String 1 was covered in Slits 30S,
a length of 170 (= 0.189pc ~ 39000 AU). String 3 is the 32S,34S and 36S (see Table 2). String 2 was intercepted by Slits
straightest of all strings and shows only one small wiggle at #6S and 38S (Tabld 3), string 5 was found in Slits 36S and 38S
outer end. The string’s surface brightness is very homogeno(igble[4). The positions of the slits are shown in Elg. 4, the

Kinematic analysis

showing nearly no changes in its intensity. cororesponding echellograms in Hig. 5. Tohe spectral axis covers
String 4lies close to string 3 (Figl3) and has similar pa80A and is centred on the Hline at 6563A.
rameters. Its length amounts t63(= 0.103 pc ~ 21 400 AU). In addition to the emission from the Homunculus and

The width measured on the PC image 7140 (= 0.002pc ~ its immediate surroundings, the spectra show prominent H
300 AU) and is approximately constant along the string. The rand [N11] 6548 and [Nif] 6583 lines which are split by about
tio of length-to-width is 68. Altogether, the string extend4$71.8 40 km s~ and which are due to the expansion of the background
(= 0.208 pc ~ 43000 AU) from the star. String 4 bends andnebula (Deharveng & Maucherat 1975).
wiggles slightly but less frequently than string 1. Strings 1, 2, and 5 are marked in Hify. 5 at thal[NSSSSA
String 5is much harder to identify due to its low surfacdine position. All strings show a slope in their respective spectra,
brightness. This might also be the reason why it seems lé@sdicating a linearly increasing velocity towards larger distances
coherent and hard to resolve. It might easily be mistaken af@m the star. The radial velocities of the strings are lowest
number of individual filaments. String 5 was measured to lotosest tay Car and increase to the maximum velocity at their
5’2 long & 0.058 pc ~ 12000 AU) and #'14 (= 0.002pc ~ far ends. Fig.b gives the observed radial velocities as functions
300 AU) wide. This gives a length-to-width ratio of 38. A lengthof the projected distance from the star for the three strings.
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[NI[] 6548  H [NII] 6583

a

Slit 30S

Slit 32S

Slit 34S

Slit 36S

Slit 38S

Fig. 5. Echellograms at the five slit po-
sitions which intercept the strings. Con-
tinuous splitlines indicate the expansion
of the gas in the Keyhole nebula in the
vicinity of n Carinae. String 1, 2 and 5
are marked. The spectra were offset by
2" south. Due to the position angle of
PA=132of the slit the parallel offset is
about 1'5.
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2007 ' ' ' ' Table 2. Position and velocities of string 1

0 -_ slit pOSitiOn Umin VUmax
- from[’] to[”] [kms™'] [kms™]

00 |- Slit 30S -20.1  -14.3 -667 -522
= Slit 32S -254  -14.6 -809 -522
8 L Slit 34S -26.2 -18.0 -853 -631
Z 4001~ Slit 36S -29.4  -23.0 -996 -758
% + string 1
> string 2 i

-600 = O string 3 -] Table 3.Position and velocities of string 2

- Sllt pOSition Umin Umax
800 |- 7 from['] to[’] [kms™'] [kms™']

L . . . { Slit36S -15.6 -11.1 -584 -442
-1000 30 20 0 0 Slit 38S -16.4 -135 -591 -533

Position [arcsec]

Fig. 6. The observed radial velocities as functions of the projected diRable 4. Position and velocities of string 5
tance from the star for strings 1, 2, and 5.

slit position Umin Umax
from[’] to[”] [kms™'] [kms™]

Slit 36S -16.7 -12.4 -529 -383

The velocity increase is very continuous, as seen in(Fig. 5. Afit 38S -18.0 -151 565 -456
velocities of strings 1, 2, and 5 are negative, i.e., all strings in
the south-eastern part are approaching us, in agreement v\\;it[be

the fact that the bipolar lobes of the Homunculus are tilted SU(ﬁ:Wring (if 2.7+ 0.3, only slightly different from that found for
that the south-eastern lobe is closer to the observer. Within the String 5(Tablel@): This string shows the same behaviour as

uncertainties of our results, the extrapolation backwards Ieacgs . L
to a radial velocity of 0 kms'at the position of the star The> M9s 1 and 2’. namely a radial yelomty increase towards the
' outer end. Starting at383 kms! it reaches-565kms™! at

main uncertainty comes from the determination of the Iocati? e tip. This translates into a gradient 2.9kms /17 —
of the star relative to the positions of our spectra; we estima2 00 Ifm s1pcl. The changegin velocit3./ is constant_No

this uncertainty to be abod — 2.
. : . . kpotty substructures were detected.
In the following we describe the kinematic parameters 0 . ; . . .
Measuring the line ratio for string 5 was complicated by a

the individual strings: large amount of diffuse background emission at thdikle (see

String 1 (Table[2): The radial velocities of string 1 range.. ;
- 1 . N igs[®). We measured a ratio of [N M§583/H, ~ 3.0+ 0.3,
from —522km s " at the inner part to-996 kms  at the far taking into account the background contamination.

end. The velocity gradient is the same in all spectra, revealing Based on the assumption that the strings were not acceler-

i —1 /11 _ —1 —1
a steady increase 8.2kms /1" = 2790 km s~ pe™". We ated or decelerated considerably since their formation, and that

will comment on this phenomenon in Sedt. 5. .
Beside the slope, the spectra show that string 1 consistst%?y were formed together with the Homuncuius 50 yrs ago,

knot-like substructures (Figl 5) with distiguishable velocitie%‘.’:./) et;]:sn Ida(rawfror?ltrr‘lee tgé/g?:g;aﬂaf O;;E? if/r;}n;gz m;h ;erzpnfg
The width of the knots in velocity, typically 22 knTs$, is larger P ot f P

. d : ters are defined as follows; := radial velocitys := projected
than the instrumental FWHM of 14 knt$ implying the knots length andt := time since eruption in 1843), and find angles

are atlleast marginally resolved in velocity space. Cor_1t|nuo$ﬁ220 for string 1,27° for string 2, anc20° for string 5, re-
emission connects the substructures and forms the strings. Thé” . . T .
ectively. The accuracy of this determination is determined by

. s S
knotty structures are most prominent n Slits 34S and 36S, ﬂ}é?\é positional accuracy of our velocity measurements relative to

nearly d|s_a_ppear n SI_|ts 328. and 30S. . the star; we estimate the accuracy of the angles #83°. This
In addition to the kinematics, the echelle spectra provide us . . N . .
L } : - . orients the strings roughly in the direction of the major axis of
with information about the nitrogen excitation. For string 1 Wﬁ1e Homunculus
find aratio of [Ni1]A\6583/H, ~ 3.3+ 0.3 (Tablé1). Theratiois T
X L ._For the strings in the north-western part of the Homunculus
constant along the string. It is in the same range as observed in

other regions of the nebula aroundCar (Meaburn et al. 1987, tr;gr?ukl)ic\:/;iscglﬂldens?tei)i:;aiélggr?rgtb;?}:Ougsli(tlir(])?]rsn?)tflctf:r;fosrt:'?r?-s
1996 [c.f., in particular their Fig. 5]) b P 9

gradient in string 2 reaching from442kms! at the inner to
—591km _5_1 at the outer end of the string (Fid. 5). This leads2 an independent determination of the strings’ inclination and ex-
to a velocity increase af8.2kms™! /1”7 = 3420kms ' pc~!. pansion age is not possible as we have the velocity and positional
No knotty substructures were found. [J\6583/H, yields a informations in directions orthogonal to each other only.




K. Weis et al.: The nature of strings in the nebula aroy@hrinae 473

that the strings follow the general tilt of the Homunculus, we azimuthal velocity at their currentlocation as long as they do
would be surprised if strings 3 and 4 do not have positive radial notgain considerable amounts of angular momentum during

velocities. their evolution, which is certainly a reasonable assumption.
Slight deviations from the straight expansion may be due

5. Discussion and conclusions to deflections caused by interaction with the local ambient
medium;

Atthe end of core hydrogen burning the most massive stars en-the narrowness and collimatioof the strings: Most likely,

ter a short £ 25000 yrs) but violent phase of evolution when it js due to their highly supersonic expansion velocities. If
they turninto LBVs. This phase is characterized by a high mass _ 5t pest — the lateral expansion is at thermal speeds, then
loss rate (up td0~*Mg), and even more during giant erup-  this corresponds to “opening angles” of the strings obr
tions) and intermittengiant eruptions During these eruptions  |egs j.e., far less than can be detected in the available body
the star’s visual luminosity increases by several magnitudes. ¢ imaging data. This seems to indicate that the narrowness
The mechanism causing this behaviour is still far from under- jiself was defined in the origin of the strings.

stood. High mass loss and giant eruptions lead to the formatian he Hubble type velocity lawf the strings: While a geomet-

of the nebulae around the LBVs. GaeSegura et al. (1996)  ic projection effect is extremely unlikely, one may think

and Dwarkadas and Balick (1998) showed in a hydrodynamic qf several possible other mechanisms, or combinations of
model that the interaction of an older slow and a younger fast ipem.

wind in the LBV phase may give rise to the structure of the  _ gtellar windsFor stellar winds, for a certain radial range
LBVN. in the vicinity of the star at several, but not many stellar
One finds LBVNSs in very different shapes and sizes. A com- radii, a linear velocity profile is a good approximation.
prehensive compilation of nebulae around LBVs known as yet In our case, however, the geometrical dimension of the
may be found in Nota et al. (1995). Already ground-based im- strings is very much larger than the stellar radius, mak-

agesrevealed thatmostofthe LBVNs have small-scale substruc-  ing such an interpretation again very unlikely. However,
tures like knots and arcs. These features can be seen in detail it the working surface of the acceleration process were

in recent HST images, e.g. of AG Car, HR Car. In particular  mych larger than the star itself and no longer small com-
the Homunculus nebula aroumdCar contains a large variety pared to the radial dimensions of the string, it could give
of substructures and individual knots (e.g., Walborn 1976). Be- rise to such a linear profile.
side the knotty structure of the central bipolar lobes (diameter _ gig|jar explosionsin stellar explosions — rather than
of each lober 0.1 pc) numerous filaments exceed the size of winds — a linear velocity profile is a good approxima-
the central nebula and can be found at distances 3'tar tion for the larger radii, close to the head of the explosion
~ 0.3 pc from the star (see Fig. 1). (Tscharnuter & Winkler 1979). Given the highly super-
When analyzing these structures aroyr@dar, we find that sonic velocities of the strings, such a stellar explosion
the strings show amazing and unexpected characteristics. They may be a viable model for the velocity evolution of the
areextremely narrowvith very high length-to-width ratiggen- strings.
erally very straight and they follow aperfectly linear veloc- — Primordial velocity spectrumAt their formation the

ity increasetowards increasing distances from the star. Back- strings were ejected within a time scale that is short
extrapolation of this linear dependency to the position of the star compared to the time scale of the evolution since then,

a projected distance-radial velocity law of tHebble type velocities.

5.1. The nature of the strings In any case, it is noteworthy that such a linear expansion law is
atlso observed for the proper motion of the main structures of

The physical nature of the strings is far from understood y e Homunculus (Currie et al. 1996)

They may or may not be a s!ngle phyS|caI.ent|ty. .One may think In summary, one has to conclude that the linear velocity law
of a coherent structure, similar to a water jet, for instance. How: . : .
. ; .. of the strings is far from being really understood. However, the
ever, one may equally well envisage a train of many individual. . . . ; .
. rientation of the strings - assuming a certain epoch of formation
knots or bullets following the same path. One also cannot rule ~. .
o . : - points towards a close relation to the event that also created
out the possibility that they are trails or a wakes following
. T oo he Homunculus, as do the results of the Hubble-type law.
object at the strings’ far ends, or even projection effects of the
walls of, for instance, much wider funnels.

Currently, one can only speculate about the reasons for 5.2. Are the strings unique?

— the straightnesf the strings: This may point to an originEven though many of the LBVN show small scale structures
of the strings at a much smaller distance from the star thand knots, no strings were found in other LBVNSs. In partic-
their current location, for instance at or close to the stargar for AG Car and HR Car, on HST images one should be
surface. Then even Keplerian azimuthal velocity and the able to detect narrow strings of the type seen arou@ar, but
companying angular momentum would resultin a negligiblene were found. In the light of the ongoing discussion about
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will be of utmost importance as it has the potential of yield-
ing insight into the differences and into the similarities in the
formation processes of nebular structures around evolved high
(LBV) and low (PN) mass stars.
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