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Tecnicas de investigación

Espectroscopía con MEZCAL

Espectroscopía de alta resolución espectral (Echelle) con resolución espacial
(rendija larga).

Peso del Telescopio: 65 lbs

Pedestal: Columna de concreto (peso 479.17 kg), ligada a una zapata de cimentación

(peso 1 440 kg)

El telescopio estará equipado con un sistema electrónico de posicionamiento y guiado

para facilitar su uso. En un futuro al telescopio se le instalará un filtro neutro para poder

hacer observaciones del Sol mediante pantallas de proyección, con el propósito de atender

a visitantes que no puedan permanecer durante la noche. Con este filtro se podrán obser-

var las manchas solares, eclipses solares, tránsitos planetarios (ver figura 5), etc.

Figura 5: (a): Elipse Solar (Mayo-2012) b): Tránsito de Venus (Junio-2012)

Se planea, además, que en el interior del edificio se localicen sendas maquetas de modelos

a escala de los 3 telescopios con los que actualmente cuenta el observatorio (Figura 6) e

información sobre la historia y futuro del mismo. También, se les impartirá a los visitan-

tes del Parque Nacional pláticas de divulgación pregrabadas en los eventos del IA-UNAM

Ensenada, tales como las pláticas de “Las Noches del Observatorio” que se llevan a cabo

el primer viernes de cada mes en dicha institución.

84 cm

Telescopios del OAN!SPM

1.5 m 2.1 m

Figura 6: Telescopios del OAN-SPM
Espectroscopía de baja resolución B&Ch

Imagen directa

Fotometría integral de campo con el instrumento RATIR
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Construcción y Manejo de Cubo de Datos

Parámetros

1 Brillo superficial de línea,
2 Velocidad media,
3 Raíz cuadrática media,

Momentos de velocidad:

Mk =

∫ V2

V1

VkI(V)dV

S = M0

< V >= M1/M0

σ2 = (M2/M0)− < V >2
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Modelo Mofo-cinemático

Steffen et al. (2011; 2017)

Definir la forma geométrica

Distribución de emisividad para cada
objeto

Ley de velocidad en función de
posición.

Los parámetros del modelo se ajustan
iterativamente hasta obtener una
solución satisfactoria

Resultado: una imagen bidimensional y arreglos PV sintéticos

Una de las ventajas de SHAPE es que permite modelar elementos de forma
independiente con diferentes leyes de velocidad para cada componente de la NP.
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A DETAILED MORPHO-KINEMATIC MODEL OF THE ESKIMO, NGC 2392: A UNIFYING VIEW WITH THE
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ABSTRACT

The three-dimensional and kinematic structure of the Eskimo nebula, NGC 2392, has been notoriously difficult to
interpret in detail given its complex morphology, multiple kinematic components and its nearly pole-on orientation
along the line of sight. We present a comprehensive, spatially resolved, high-resolution, long-slit spectroscopic
mapping of the Eskimo planetary nebula. The data consist of 21 spatially resolved, long-slit echelle spectra tightly
spaced over the Eskimo and along its bipolar jets. This data set allows us to construct a velocity-resolved [N ii]
channel map of the nebula with a resolution of 10 km s−1 that disentangles its different kinematic components.
The spectroscopic information is combined with Hubble Space Telescope images to construct a detailed three-
dimensional morpho-kinematic model of the Eskimo using the code SHAPE. With this model we demonstrate
that the Eskimo is a close analog to the Saturn and the Cat’s Eye nebulae, but rotated 90◦ to the line of sight.
Furthermore, we show that the main characteristics of our model apply to the general properties of the group of
elliptical planetary nebulae with ansae or FLIERS, once the orientation is considered. We conclude that this kind
of nebula belongs to a class with a complex common evolutionary sequence of events.

Key words: ISM: jets and outflows – ISM: kinematics and dynamics – planetary nebulae: individual (NGC 2392,
NGC 7009, NGC 6543) – techniques: spectroscopic

Online-only material: color figure

1. INTRODUCTION

Planetary nebulae (PNe) are formed by low- to intermediate-
mass stars. At the end of their lives, during the thermally
pulsating asymptotic giant branch (AGB) stage, these stars
expel their chemically enriched outer layers and begin a rapid
transformation of their degenerate carbon–oxygen core toward
their final evolution as a white dwarf. Along this route, the
previously expelled, cold, neutral, molecular, and dusty shell
is fully ionized by the progenitor star in only several hundred
to a few thousand years while the system suffers a transition
stage known as a planetary nebula. Once the central star
(CS) leaves the AGB the stellar wind gradually develops
supersonic velocities and shocks the freshly ionized shell,
contributing important thermal and hydrodynamic effects to the
shell development. During this process the nebula also suffers
constant changes in terms of optical depth of the expanding shell
and ionizing conditions, and evolutionary shaping takes place.
All these changes are reflected in the varying spectral emission
conditions and morphology of the PN as this evolves.

The Eskimo is a moderately evolved, high-excitation PN
that presents a roundish outline on the sky, although it is well
known that this appearance is only due to its polar orientation
toward the observer since the real morphology of its main shell
approximates a prolate spheroidal (e.g., Weedman 1968). O’Dell
& Ball (1985) and Gieseking et al. (1985) discovered the first
bipolar jet in a PN in the Eskimo; a highly collimated, high-speed
outflow directed nearly toward (and away from) the observer.
The bipolar jet is not detected in optical images due to its
particular orientation and it is only apparent in high-resolution,
spatially resolved spectra. In addition to the former authors,
conceptual models of the Eskimo based on high-resolution
spectroscopy and narrow-band images have been presented
by Reay et al. (1983), Balick (1987), O’Dell et al. (1990),

Phillips & Cuesta (1999), and Dufour et al. (2012). Although
with some differences in their models, they all consider a fast
expanding, prolate spheroidal inner shell, an outer disk and an
outer envelope, the fast bipolar outflow and the knotty structure
in the fur of the Eskimo. However, Zhang et al. (2012) have
recently argued that NGC 2392 is a twin to the tight-waist
bipolar planetary Mz-3, but they built their model mostly on
arguments rather than data, and as we will show here that their
model does not agree with the most salient features present in
our data.

NGC 2392 is also a point and diffuse X-ray source (Guer-
rero et al. 2005; Kastner et al. 2012), the latter produced by
a wind-shock generated hot bubble and likely related to the
fast expansion of the inner shell. The origin of the X-ray point
source is less clear. The CS of the Eskimo has been studied by
several authors. Heap (1977) classified the CS in the Eskimo
as spectral type O6f with Teff = 35,000 K, a result in conflict
with that derived from the He ii Zanstra temperature that yields
≈ 92,000 K. This discrepancy led Heap to suggest that there must
be a second, hotter star responsible for the nebular ionization.
Several authors have calculated an effective temperature, Teff ,
in the range 40,000–45,000 K (Méndez et al. 2012; Pauldrach
et al. 2004; Kudritzki et al. 1997). However, this temperature is
not high enough to explain the high stages of ionization from
some ions such as O iv and Ne v which have been observed
in the nebula (Pottasch et al. 2008; Natta et al. 1980). Other
studies have suggested that the effective temperature of the CS
must be around 74,000 to 80,000 K (Tinkler & Lamers 2002;
Pottasch et al. 2008). Pottasch et al. (2008) found that the CS
must have evolved from a 1.7 M⊙ progenitor. Ciardullo et al.
(1999) detected a possible faint companion to the CS with the
Hubble Space Telescope (HST) in the I band but invisible in
the V band. Recently, Danehkar et al. (2012) used photoioniza-
tion models to estimate that the companion star must have a
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CASCARON INTERNO: Elipse de velocidad inclinada y distorcionada (forma de
cacahuate)
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Rendija central j: Vexp ≈120 km s−1.
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CASCARON EXTERIOR: La forma del elipsoide de velocidad es uniforme y
suave, indicando que el cascarón exterior es parecida a una esfera en expansión
(Vexp ≈16 km s−1.)
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NUDOS cometarios: La velocidad de los nudos cometarios coincide con la vsys
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CAPS: Formado de nudos brillantes y material difuso
Los caps se localizan en 3 grupos extendidos.
Vexp = ±55 km s−1.
Estos caps se parecen mucho a las regiones de emisión de baja ionización como
las presentes en NGC 7009 y NGC 6543 (Balick et al. 1987, Reed et al. 1999)
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Los jets se aprecian en la rendija u. Vhel = −95 y +235 km s−1, Vexp = ±165
km s−1.
Los jets continuan aumentando su velocidad con la distancia hasta alcanzar
velocidades de Vhel = −110 y +250 km s−1, Vexp = ±180 km s−1.
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Aproximadamente a 12′′donde los jets parecen salir del cascarón interno. La
emisión del jet sufre una discontinuidad y se desdobla en dos secciones en
ambas direcciones, en este punto los jets parecen sufrir una ligera aceleración.
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Mapa de brillo superficial
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Modelo 3-D

Combinamos la información espectroscópica con una imagen del HST para construir
el primer modelo detallado 3-D del Eskimo.

Esferas: región interna y externa

Cilindros: nudos cometarios situados en un toroide plano, y jets

Caps: secciones de esferas
The Astrophysical Journal, 761:172 (11pp), 2012 December 20 Garcı́a-Dı́az et al.

Bipolar jet (blue)

Blue cap

Outer shell

Inner bubble

Red cap

Bipolar jet (red)

Disk and cometary knots
Figure 7. SHAPE mesh model of the Eskimo, rotated 90◦ to the line of sight, before rendering. The individual main components are labeled.

in a homologous way. For example, the bipolar jets may have
a larger extent than observed or the caps may be located either
at the border of the outer shell, as in NGC 6543, in between
the inner and the outer shells or even closer to the inner shell,
as in NGC 7009 (see Figure 9). For these reasons our global
solution is not unique in these details; however, since in this
case there is a very good spectral coverage and the nebula has
so many independent complex elements, the solution is very
well constrained by the excellent match of the synthetic P–V
arrays to the actual data.

The resultant SHAPE mesh model for the Eskimo, rotated
90◦ to the line of sight, before rendering is shown in Figure 7,
where the individual main components are labeled.

The results of the final rendered model are shown in Figure 8,
where the top panels show first the synthetic P–V array for
the central position, slit j, then the synthetic image from the
model for the Eskimo as seen on the sky and next to it the same
model image but rotated 100◦ into the plane of the sky and also
rotated clockwise 45◦. A composite HST image of the Cat’s
Eye nebula, NGC 6543 is presented alongside for comparison.
In the bottom panels, we have used the SHAPE model from
Steffen et al. (2009) for NGC 7009, the Saturn nebula. That
model has been rotated 90◦ for this work to show how its central
line profile would appear if we were looking at it pole-on, as
in the case of the Eskimo. The corresponding model image is
next and to its right is the model image of NGC 7009 as seen
on the sky. Finally a color composite HST image of the Saturn
nebula is shown in the last panel for comparison. The structural
similarities between the Eskimo, the Cat’s Eye and the Saturn
nebulae are apparent and striking.

As an additional point of comparison among these PNe, in
Figure 9 are presented the observed P–V arrays for NGC 6543
and NGC 7009 obtained along their major axes, the data have
been drawn from the SPM Kinematic Catalogue of Galactic
Planetary Nebulae (López et al. 2012b), together with a synthetic
P–V array of the Eskimo obtained also along its major axis after
rotating the model nebula 90◦ to derive the corresponding bi-
dimensional line profile. The velocity scale for the synthetic
P–V array has been squeezed by a factor of two and blurred
with a Gaussian filter to make it comparable with the rest. It is

clear that all these P–V arrays (nebulae) share similar structural
elements.

6. DISCUSSION AND CONCLUSION

Our aim in this work has been to disentangle in detail the main
morphological and kinematic elements of the complex Eskimo
nebula, NGC 2392. In order to present the results in an easy
to visualize form we have paid particular attention to relating
key structures in the projected morphology of the Eskimo from
HST images with spatially resolved, long-slit, echelle spectra.
Channel maps and kinematic moment maps have been created
from the set of long-slit spectra to help visualize the kinematic
structure of the Eskimo. This relation between morphology and
kinematics has been modeled using the code SHAPE in order
to produce a 3D model of the object. We find that many of
our results are in general agreement with early works on the
Eskimo, cited in the introduction, that gave the first insights into
the actual structure of this PN. However, our data and model do
not agree with the recent suggestion by Zhang et al. (2012) that
the Eskimo is a twin of Mz-3, a bipolar nebula with a very tight
waist and a complex outflow structure external to the main lobes.
The present work presents the largest published collection of
spatially resolved, long-slit, echelle spectra for the Eskimo that
together with the SHAPE model provide a first, clear, data-based
3D representation of this complex pole-on oriented nebula.

The data and modeling presented here yield the following
results for the different main components of the Eskimo: the
outer shell is an oblate spheroid with Vexp = 16 km s−1. This
is probably the only structural element that preserves some
memory of continuous evolution from the end of the AGB stage
to date. For an outer shell of angular radius r = 23′′, Vexp=
16 km s−1, and adopting a distance D = 1.4 kpc, the estimated
mean kinematic age would be 9300 years.

The inner shell is a deformed (peanut-like) prolate spheroid
with Vexp = 120 km s−1 along its major axis. Its orientation
is nearly pole-on, tilted 9◦ with respect to the line of sight
and pointing toward P. A. = 205◦, i.e., to the south and west.
Multiple bright filaments are distributed over its surface that
under ground-based seeing conditions give it the appearance of

8
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Sky view

EskimoEskimo Rotated

NGC 7009

NGC 6543Sky View

NGC 7009

Eskimo

RotatedNGC 7009NGC 7009
Pole on

Figure 8. Upper panels, from left: the synthetic line profile for the central slit j; the Eskimo image, as seen on the sky, derived from the model; the previous image
rotated 100◦, into the plane of the sky and 45◦ clockwise; a composite Chandra + HST image of NGC 6543, shown for comparison. Lower panels: a synthetic line
profile from a slit located at the center of a pole-on view of NGC 7009, from the SHAPE model of Steffen et al. (2009); the corresponding model image of NGC 7009
as it would appear if seen pole-on; the model image of NGC 7009 as seen on the sky; the HST image of NGC 7009 shown for comparison. Image credits for the HST
images: NGC 6543, J. P. Harrington and K. J. Borkowski. NGC 7009, B. Balick, NASA/HST.
(A color version of this figure is available in the online journal.)

a continuous bright border rim. Its side view shape from the
model (see Figures 8 and 9) is very similar to the shape of the
inner shells in NGC 6543 and NGC 7009. The velocity law in
our model assumes a homologous expansion with a Hubble-type
velocity law of the form v = k · r/r0, where k is a constant, r is
the distance from the center, and r0 is the distance at which the
velocity k is reached. The model does not require a poloidal
velocity component in order to match its current expansion
conditions and shape, only different values of k are applied
to the different components of the nebula. If the outer and inner
shell formed at approximately the same time, at the current
expansion rate of the latter along its major axis it would have
overtaken the outer shell in only 1250 years. Therefore, either
the inner shell had a much slower acceleration in the past or its
present expansion rate has been in operation for a relatively short
time compared to the development of the outer shell. Although
the current exact separation between the approaching tip of the
inner shell and the border of the outer shell cannot be discerned,
our model assumes that the inner shell has not yet reached the
border of the outer shell. The fast expansion of the inner shell
along a preferred symmetry axis occurred at a much later time
than the exit from the AGB stage, once the envelope was fully
ionized and the CS had developed a sufficiently fast wind to
influence the expansion of the shell through the mechanical
and thermal energy produced by the shocked wind on the
previously expelled matter. Once the fast expansion of the inner
shell started, this clearly took a non-isotropic mode. The inner
shell harbors a hot bubble with extended X-ray emission but
Guerrero et al. (2005) point out that the stellar wind velocity
does not seem to be high enough to account for the X-ray
luminosity and briefly discuss the possible contributions from a

binary companion and/or the fast bipolar outflow to resolve this
discrepancy.

The bipolar jet is detected emerging right from the star at Vexp

= 165 km s−1, it has a near pole-on orientation, with its axis
tilted some 5◦ further to the southwest than the major axis of
the inner shell; the jets get split into two sections as they leave
the inner shell and then reach Vexp = 180 km s−1; they show
an approximately constant width all along its detected length,
indicating a high degree of collimation. Its projected length
is 25′′ but tilted some 30◦ with respect to the line of sight;
assuming a constant velocity, the jets have been expanding
for approximately 1800 years, without considering possible
episodic events.

The caps are distributed in three main extended sections that
in projection form most of the fur of the Eskimo’s hood. Each
of these sections has a bright portion that is conspicuous in the
fur of the Eskimo’s hood, but the real extent of each of them is
larger than the bright portions as indicated by the spectroscopic
information. Two of these sections are in the back part, mainly to
the north and west of the inner shell and show the corresponding
receding velocities. The third section is in the front and to the
south of the inner shell and shows the expected approaching
velocity; the caps are expanding at Vexp = 55 km s−1. These
caps correspond to what O’Dell & Ball (1985) called wisps and
later O’Dell et al. (2002) called the north, west and south fuzz.
The caps are not aligned with the axis of the bipolar jet; a similar
situation occurs in NGC 6543 (see Figure 9). Considering that
the inner shell expands twice as fast as the caps and these seem
to be located beyond the tips of the inner shell, this suggests
that either the caps (perhaps together with the equatorial disk of
cometary knots) were part of a pulse of mass loss that occurred

9
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Figure 9. Left and central panels: the observed line profiles for a central slit in NGC 6543 and NGC 7009, respectively. Right panel: the synthetic line profile for
NGC 2392 showing how it would look along the axis from a side view, as in the former cases.

some time after the formation of the PN or are part of the outer
shell. In our model the caps are placed at the edge of the outer
shell; if their expansion velocity had been constant through time,
it would take them 2700 years to reach the outer envelope from
the star and, as mentioned before, the inner shell would have
caught up with them in half that time. The reasonable alternative
is that they are originally part of the outer envelope. The structure
of the caps in our model is very similar to that of the caps in
NGC 6543 (see Figure 9).

The cometary knots are distributed over an equatorial disk,
external to the inner shell at a radius of ∼17′′ that projects them
over the fur of the Eskimo’s hood and mixes them with the
caps; these knots are at the systemic velocity, i.e., they seem
inert or have no radial velocity component; it is likely that
they are slowly expanding radially with respect to the CS and
have been formed close to its current location, or near the main
ionization front, as discussed by O’Dell et al. (2002). Note that
a similar equatorial knotty ring is present in NGC 6543 (see
Figure 9) and traces of a similar structure are discernible in
NGC 7009.

Our model has led us in a natural way to compare the striking
similarities of the Eskimo nebula with NGC 6543 (the Cat’s Eye)
and NGC 7009 (the Saturn) nebulae, and by extension with the
rest of the group of elliptical nebulae with ansae or FLIERS (e.g.,
NGC 3242, NGC 6826 and NGC 7662). Balick et al. (1998) have
described in detail the characteristics of these PNe; they all show
a closed inner shell with a bright rim, an outer shell with low
ionization emission regions and a collimated bipolar outflow.
Comparing the images in Figure 8 it is straightforward to relate
the curious peanut-like shape of the inner shell in the Eskimo

with the inner shells in NGC 6543 and NGC 7009. An equatorial
disk of cometary knots such as the one described for the Eskimo
is apparent in the image of NGC 6543 and the structures related
to the caps in the Eskimo can also be clearly identified in
NGC 6543 and NGC 7009, though in the latter they seem to
be distributed over a cylindrical shell right outside the inner
shell. In both cases they also have bipolar collimated outflows.
With these analogies in mind it becomes easy to visualize how
the Cat’s Eye nebula and the Saturn nebula would look if viewed
pole-on: very much like the Eskimo. Steffen et al. (2009) have
made a model of the Saturn nebula and its pole-on view is shown
in the second frame of Figure 9.

This group of elliptical nebulae with ansae or FLIERS is
particularly interesting since, as Kastner et al. (2012) show, all
the members of this group are among the relatively small number
of PNe where extended X-ray emission has been detected. In
addition, they all lie at distances from the Galactic plane that
range from ≃450–800 pc, exceeding the PN scale-height of
250 pc for elliptical PN. This suggests that the progenitors are
old-disk stars of relatively low mass but still massive enough
so their post-AGB winds evolve at an adequate pace to be
able to develop a closed inner shell and a hot bubble. If the
remnant stellar mass is too low, the stellar wind will accelerate
at a very slow rate, keeping the initial two-wind interaction
in a momentum-conserving state and the shocked wind region
remains isothermal, allowing the shell to evolve and expand,
thus never reaching conditions to form a hot, X-ray emitting
bubble.

Although no binary companion has been found in the CS of
the Eskimo, there are strong arguments in favor of its existence.

10
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Animación 3-D


eskimo-image-pv-gray.mov
Media File (video/quicktime)
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Nebulosa Kn 61

Kn 61 fué descubierta por Kronberger et al. (2011)

PN con núcleo binario, periodicidad de 6 dias (Long et al. 2013, Kronberger et al.
2011)

1’

E

N

E

N[OIII] Hα

1’

No se detectó emisión en
[N II], o [S II].

A 30 y A 78: [O III]
expulsado en un último
pulso térmico.

Kn 61 Cáscara deficiente
de H al dejar la AGB
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Espectro echelle de rendija larga

Velocidad de expansión de ≈ 68 km s−1.

Velocidad sistémica: ≈ − 25 km s−1

Anisotropía: Con el tiempo tendremos una morfología
elíptica (−29 a −12 km −1)

Edad cinemática 1.6 × 104 yr, tomando una distancia
de 4 kpc (Gemini observatory).
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Espectro nebular (Observatorio Astrofísico Especial de la Academia de Ciencias de
Rusia)
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Figure 6. Panels (a) and (b): OAN-SPM one-dimensional stellar and nebular spectra of Pa 5, respectively, taken with a 600 l mm−1 grating. Panels (c) and (d):
OAN-SPM one-dimensional stellar and nebular spectra of Pa 5, respectively, taken with the 1200 l mm−1 grating.
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Figure 7. SAO-RAS spectra. Left panel: stellar spectra of SDSS J192138.93+381857.2. Right Panel: nebular spectrum of Kn 61.
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Figure 3. Kn 61 Bi-dimensional P − V array, the continuum from a field star
has not been subtracted.

expansion velocity of 67.6 km s−1, which is high for PNe like
this (Pereyra et al. 2013). The systemic heliocentric velocity,
as measured from the midpoint between the line splitting,
is −25.4(±2) km s−1. A departure from perfect spherical or
isotropic expansion is indicated by a small but definitive tilt in
the line profiles. This tilt runs from −29.73 km s−1 in the south
(bottom of the profile) to −12.07 km s−1 (top) in the north. This
must be produced by a slightly anisotropic expansion of the
bubble, i.e., receding velocities in the northern part dominate
over the approaching ones in the southern section of the bubble,
with respect to the systemic velocity. If this trend continues, it
is then expected that Kn 61 will become an elongated nebula,
tending to an elliptical shape with time. A crude estimate of the
kinematic age for the nebula is calculated considering that the
angular diameter of the nebula is 104′′. For an assumed distance
of 4 kpc, its linear radius is 0.96 pc. Considering as constant the
expansion velocity quoted above, this yields a kinematic age for
the bubble of 1.6 × 104 yr.

Likewise, the medium-resolution nebular spectrum for Kn 61
(Figure 5, righthand panels) shows only [O iii] 4959, 5007 Å,
Hα, and very weak HeII 4686 Å and Hβ nebular emission
lines. The sky lines have been removed. The nebular medium-
resolution spectrum from the SAO-RAS (Figure 7, right panel)
confirms the previous results for the corresponding wavelength
ranges. A list of the main emission lines and their fluxes are
presented in Table 3. The nebular spectrum of Kn 61 does not
show measurable [O iii] 4363 Å for either of the [N ii] lines. No
other diagnostic line ratios are available within this wavelength
range, therefore it is not possible to derive electron temperature
or electron density and, consequently, ionic abundances. It is
interesting to notice, however, that the low Hα/Hβ flux ratio

Figure 4. Pa 5 Bi-dimensional P − V array. The continuum from the central star
has been subtracted from the Hα P – V array.

Table 3
Fluxes of the Main Emission Lines

Kn 61 Pa 5

ID Wavelength Rest Fλ/F(Hβ) ID Wavelength Rest Fλ/F(Hβ)
Å measured Å measured

He ii 4685.68 0.88 H i 4340.47 0.53
O iii 4958.93 4.27 He ii 4685.70 1.27
O iii 5006.85 14.42 Ar iv 4711.33 0.24
H i 6562.82 2.69 Ar iv 4740.19 0.18

O iii 4958.93 1.35
O iii 5006.85 4.16
He ii 5411.57 0.14
H i 6562.82 2.94

logF(Hβ) −14.49 erg cm−2 s−1 logF(Hβ) −13.66 erg cm−2 s−1

measured seems to indicate that Kn 61 is at least partially
optically thin to Lyman photons (e.g., Osterbrock, 1974), which
would contribute to explain the very faint Hα emissivity of this
nebula.

3.1.1. Central Star of Kn 61

Figure 5 (left panels) shows the spectra from OAN-SPM of
the central star of Kn 61. The spectrum has been binned ×4 in
the spectral axis to improve signal to noise and help highlight
photospheric lines. The stellar spectra show lines characteristic
of a Group 3 = lg E (low-gravity central star) class of PG 1159

4
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Espectro estelar (Observatorio Astrofísico Especial de la Academia de Ciencias de
Rusia)
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Figure 6. Panels (a) and (b): OAN-SPM one-dimensional stellar and nebular spectra of Pa 5, respectively, taken with a 600 l mm−1 grating. Panels (c) and (d):
OAN-SPM one-dimensional stellar and nebular spectra of Pa 5, respectively, taken with the 1200 l mm−1 grating.
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Figure 7. SAO-RAS spectra. Left panel: stellar spectra of SDSS J192138.93+381857.2. Right Panel: nebular spectrum of Kn 61.

6Líneas características: C IV 4647 Å, C IV 5801, 5812 Å.

Estrella central deficiente de hidrógeno tipo PG 1159

Estrella PG 1159: Muy calientes, estrellas post-AGB deficientes de H.
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Curva de luz

Fotometría integral de campo con el instrumento RATIR del OAN-SPM

16 noches.

Periodo 5.7 (± 0.4) dias

Núcleos binarios: Kn 61 no tiene flujos colimados y es simetricamente esférica.
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PG 1159

NGC 7094 a

1’

1’

a
Abell 43

Burbujas esféricas filamentarias

Estrellas tipo PG 1159

vexp ≥ 50 km s−1

Pulso térmico tardío durante la AGB

Trazas evolutivas en el diagrama HR
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Nebulosa del Búho

α

Inner shell

[OIII]

H

H [OIII]

1’
Outer shell

[NII]

[NII] α

N

W

Frew et al. (2016): 0.87±0.26 kpc

Cavidad interna bipolar: ojos de Búho.

Detalles finos de las cavidades de la
nebulosa: imagen del observatorio de
Calar Alto.
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Cinemática
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Espectroscopía de alta resolución

Rendija 150 µm

Separación 20′′

I+S MEZCAL

Nueva información crucial en la estructura espacio cinemática 3D

Elipses cerradas, expansión radial homóloga

vsys = +3 km s−3, vexp = 39 km s−3
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Arreglo P-V en Hα
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vexp = 28.5 km s−1

Guerrero et al. (2003) estructura bipolar.

Elipses cerradas: d, e, g, h

Cavidades corridas al azul: d – f (abajo), f – g (superior), i - j

Dedos en g

Cavidades corridas al rojo: h – j
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Mapas de canal de isovelocidad
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Figure 10. A H↵ image of NGC 3587 (top, left) is compared to three grey-scale synthetic H↵ image (top, right) derived from the
multipolar, tripolar and bipolar models, respectively. Note the matching structure of the multipolar inner cavities. At the bottom the
corresponding 3-D multipolar mesh model structure is shown with two di↵erent viewing directions first panel: view from within the plane
of the sky with the camera located toward the west of the nebula, second panel: view from Earth. third panel: 3-D mesh of the tripolar
model image (view from Earth) and Fourth panel: 3-D mesh of the bipolar model (view from Earth)

shell nebulae (Stanghellini & Pasquali 1995). Instead, it is
the inner shell that is broad and di↵use, while the outer shell
is narrow and more structured. In the case of the Owl, the
ionized masses of the two shells are approximately equal. A
theoretical perspective on structure and kinematics of this
evolutionary stage is given in § 6 of Schönberner et al. (2014).

The strigiforms are also very homogeneous in their mid-
infrared 24 µm emission characteristics, being classified as
Group 3, or centrally concentrated, according to the taxon-
omy of Chu et al. (2009). In this group of objects, dust con-
tinuum emission is very weak or absent, and the Spitzer and
WISE bands are both dominated by high-ionization [O iv]
line emission (Brown et al. 2014). Figure 13 compares maps
of the [O iv] mid-infrared line (contours) with optical emis-
sion (grayscale) for two of the strigiforms.7 In both cases,
the holes in the optical emission coincide with a reduction
in brightness in the infrared, which means that variable dust
extinction can be conclusively ruled out as an explanation
for the apparent cavities.

All these common elements suggest the existence of a
cohesive group of PNe, with common evolutionary paths
that have not been properly investigated and warrant fur-
ther study. In addition to the Owl and the three nebulae
shown in Figure 12, other nebulae that are candidates for
inclusion in the strigiform family include NGC 6894, K 1-20
and IC 1454, which bear a strong morphological resemblance
to the class, but for which we possess no slit spectra.

7 Abell 50 is not included because its small angular size means
that its mid-infrared emission is unresolved.

4.3 Nature of the cavities

The inner multipolar cavities that we find in the Owl and
the other strigiform nebulae are clearly deficient in photoion-
ized gas with the same density and temperature (100 cm�3

and 104 K) that is typical of the rest of the nebula. The
question then arises whether the corresponding shortfall in
thermal pressure is made up for by other means, or if the
cavities are unsupported structures that are currently un-
dergoing dynamical collapse. We find no kinematic evidence
in the line profiles for such a collapse, but the low veloci-
ties involved (⇡ 10 km s�1) would not be easily detectable.
However, the size of the smallest scale structures we see in
the Owl’s fingers is roughly 10% of the radius of the inner
shell, which is expanding at 2–3 times the speed of sound.
This means that the sound crossing time of these structures
is no more than one-quarter of the expansion age of the neb-
ula, so even if the cavities are not actively supported in the
present day, they must have been so-supported in the recent
past. The missing pressure in the cavities could conceivably
be provided in various forms: ram pressure of active winds
or outflows from the star, thermal pressure of a hot bubble,
or magnetic pressure.8 The most plausible origin of all these
is the fast stellar wind from the central star.

There are three principal lines of evidence for the im-
portance of the fast stellar wind in the evolution of plane-
tary nebulae: kinematic and morphological signatures in the

8 Other possibilities can be immediately ruled out: direct radi-
ation pressure (central star is insu�ciently luminous) and non-
thermal particles (no evidence for synchrotron emission).
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Figure 10. A H↵ image of NGC 3587 (top, left) is compared to three grey-scale synthetic H↵ image (top, right) derived from the

multipolar, tripolar and bipolar models, respectively. Note the matching structure of the multipolar inner cavities. At the bottom the
corresponding 3-D multipolar mesh model structure is shown with two di↵erent viewing directions first panel: view from within the plane

of the sky with the camera located toward the west of the nebula, second panel: view from Earth. third panel: 3-D mesh of the tripolar

model image (view from Earth) and Fourth panel: 3-D mesh of the bipolar model (view from Earth)

shell nebulae (Stanghellini & Pasquali 1995). Instead, it is
the inner shell that is broad and di↵use, while the outer shell
is narrow and more structured. In the case of the Owl, the
ionized masses of the two shells are approximately equal. A
theoretical perspective on structure and kinematics of this
evolutionary stage is given in § 6 of Schönberner et al. (2014).

The strigiforms are also very homogeneous in their mid-
infrared 24 µm emission characteristics, being classified as
Group 3, or centrally concentrated, according to the taxon-
omy of Chu et al. (2009). In this group of objects, dust con-
tinuum emission is very weak or absent, and the Spitzer and
WISE bands are both dominated by high-ionization [O iv]
line emission (Brown et al. 2014). Figure 13 compares maps
of the [O iv] mid-infrared line (contours) with optical emis-
sion (grayscale) for two of the strigiforms.7 In both cases,
the holes in the optical emission coincide with a reduction
in brightness in the infrared, which means that variable dust
extinction can be conclusively ruled out as an explanation
for the apparent cavities.

All these common elements suggest the existence of a
cohesive group of PNe, with common evolutionary paths
that have not been properly investigated and warrant fur-
ther study. In addition to the Owl and the three nebulae
shown in Figure 12, other nebulae that are candidates for
inclusion in the strigiform family include NGC 6894, K 1-20
and IC 1454, which bear a strong morphological resemblance
to the class, but for which we possess no slit spectra.

7 Abell 50 is not included because its small angular size means

that its mid-infrared emission is unresolved.

4.3 Nature of the cavities

The inner multipolar cavities that we find in the Owl and
the other strigiform nebulae are clearly deficient in photoion-
ized gas with the same density and temperature (100 cm�3

and 104 K) that is typical of the rest of the nebula. The
question then arises whether the corresponding shortfall in
thermal pressure is made up for by other means, or if the
cavities are unsupported structures that are currently un-
dergoing dynamical collapse. We find no kinematic evidence
in the line profiles for such a collapse, but the low veloci-
ties involved (⇡ 10 km s�1) would not be easily detectable.
However, the size of the smallest scale structures we see in
the Owl’s fingers is roughly 10% of the radius of the inner
shell, which is expanding at 2–3 times the speed of sound.
This means that the sound crossing time of these structures
is no more than one-quarter of the expansion age of the neb-
ula, so even if the cavities are not actively supported in the
present day, they must have been so-supported in the recent
past. The missing pressure in the cavities could conceivably
be provided in various forms: ram pressure of active winds
or outflows from the star, thermal pressure of a hot bubble,
or magnetic pressure.8 The most plausible origin of all these
is the fast stellar wind from the central star.

There are three principal lines of evidence for the im-
portance of the fast stellar wind in the evolution of plane-
tary nebulae: kinematic and morphological signatures in the

8 Other possibilities can be immediately ruled out: direct radi-
ation pressure (central star is insu�ciently luminous) and non-

thermal particles (no evidence for synchrotron emission).
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Figure 10. A H↵ image of NGC 3587 (top, left) is compared to three grey-scale synthetic H↵ image (top, right) derived from the

multipolar, tripolar and bipolar models, respectively. Note the matching structure of the multipolar inner cavities. At the bottom the
corresponding 3-D multipolar mesh model structure is shown with two di↵erent viewing directions first panel: view from within the plane

of the sky with the camera located toward the west of the nebula, second panel: view from Earth. third panel: 3-D mesh of the tripolar

model image (view from Earth) and Fourth panel: 3-D mesh of the bipolar model (view from Earth)

shell nebulae (Stanghellini & Pasquali 1995). Instead, it is
the inner shell that is broad and di↵use, while the outer shell
is narrow and more structured. In the case of the Owl, the
ionized masses of the two shells are approximately equal. A
theoretical perspective on structure and kinematics of this
evolutionary stage is given in § 6 of Schönberner et al. (2014).

The strigiforms are also very homogeneous in their mid-
infrared 24 µm emission characteristics, being classified as
Group 3, or centrally concentrated, according to the taxon-
omy of Chu et al. (2009). In this group of objects, dust con-
tinuum emission is very weak or absent, and the Spitzer and
WISE bands are both dominated by high-ionization [O iv]
line emission (Brown et al. 2014). Figure 13 compares maps
of the [O iv] mid-infrared line (contours) with optical emis-
sion (grayscale) for two of the strigiforms.7 In both cases,
the holes in the optical emission coincide with a reduction
in brightness in the infrared, which means that variable dust
extinction can be conclusively ruled out as an explanation
for the apparent cavities.

All these common elements suggest the existence of a
cohesive group of PNe, with common evolutionary paths
that have not been properly investigated and warrant fur-
ther study. In addition to the Owl and the three nebulae
shown in Figure 12, other nebulae that are candidates for
inclusion in the strigiform family include NGC 6894, K 1-20
and IC 1454, which bear a strong morphological resemblance
to the class, but for which we possess no slit spectra.

7 Abell 50 is not included because its small angular size means

that its mid-infrared emission is unresolved.

4.3 Nature of the cavities

The inner multipolar cavities that we find in the Owl and
the other strigiform nebulae are clearly deficient in photoion-
ized gas with the same density and temperature (100 cm�3

and 104 K) that is typical of the rest of the nebula. The
question then arises whether the corresponding shortfall in
thermal pressure is made up for by other means, or if the
cavities are unsupported structures that are currently un-
dergoing dynamical collapse. We find no kinematic evidence
in the line profiles for such a collapse, but the low veloci-
ties involved (⇡ 10 km s�1) would not be easily detectable.
However, the size of the smallest scale structures we see in
the Owl’s fingers is roughly 10% of the radius of the inner
shell, which is expanding at 2–3 times the speed of sound.
This means that the sound crossing time of these structures
is no more than one-quarter of the expansion age of the neb-
ula, so even if the cavities are not actively supported in the
present day, they must have been so-supported in the recent
past. The missing pressure in the cavities could conceivably
be provided in various forms: ram pressure of active winds
or outflows from the star, thermal pressure of a hot bubble,
or magnetic pressure.8 The most plausible origin of all these
is the fast stellar wind from the central star.

There are three principal lines of evidence for the im-
portance of the fast stellar wind in the evolution of plane-
tary nebulae: kinematic and morphological signatures in the

8 Other possibilities can be immediately ruled out: direct radi-
ation pressure (central star is insu�ciently luminous) and non-

thermal particles (no evidence for synchrotron emission).
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Figure 10. A H↵ image of NGC 3587 (top, left) is compared to three grey-scale synthetic H↵ image (top, right) derived from the
multipolar, tripolar and bipolar models, respectively. Note the matching structure of the multipolar inner cavities. At the bottom the
corresponding 3-D multipolar mesh model structure is shown with two di↵erent viewing directions first panel: view from within the plane
of the sky with the camera located toward the west of the nebula, second panel: view from Earth. third panel: 3-D mesh of the tripolar
model image (view from Earth) and Fourth panel: 3-D mesh of the bipolar model (view from Earth)

shell nebulae (Stanghellini & Pasquali 1995). Instead, it is
the inner shell that is broad and di↵use, while the outer shell
is narrow and more structured. In the case of the Owl, the
ionized masses of the two shells are approximately equal. A
theoretical perspective on structure and kinematics of this
evolutionary stage is given in § 6 of Schönberner et al. (2014).

The strigiforms are also very homogeneous in their mid-
infrared 24 µm emission characteristics, being classified as
Group 3, or centrally concentrated, according to the taxon-
omy of Chu et al. (2009). In this group of objects, dust con-
tinuum emission is very weak or absent, and the Spitzer and
WISE bands are both dominated by high-ionization [O iv]
line emission (Brown et al. 2014). Figure 13 compares maps
of the [O iv] mid-infrared line (contours) with optical emis-
sion (grayscale) for two of the strigiforms.7 In both cases,
the holes in the optical emission coincide with a reduction
in brightness in the infrared, which means that variable dust
extinction can be conclusively ruled out as an explanation
for the apparent cavities.

All these common elements suggest the existence of a
cohesive group of PNe, with common evolutionary paths
that have not been properly investigated and warrant fur-
ther study. In addition to the Owl and the three nebulae
shown in Figure 12, other nebulae that are candidates for
inclusion in the strigiform family include NGC 6894, K 1-20
and IC 1454, which bear a strong morphological resemblance
to the class, but for which we possess no slit spectra.

7 Abell 50 is not included because its small angular size means
that its mid-infrared emission is unresolved.

4.3 Nature of the cavities

The inner multipolar cavities that we find in the Owl and
the other strigiform nebulae are clearly deficient in photoion-
ized gas with the same density and temperature (100 cm�3

and 104 K) that is typical of the rest of the nebula. The
question then arises whether the corresponding shortfall in
thermal pressure is made up for by other means, or if the
cavities are unsupported structures that are currently un-
dergoing dynamical collapse. We find no kinematic evidence
in the line profiles for such a collapse, but the low veloci-
ties involved (⇡ 10 km s�1) would not be easily detectable.
However, the size of the smallest scale structures we see in
the Owl’s fingers is roughly 10% of the radius of the inner
shell, which is expanding at 2–3 times the speed of sound.
This means that the sound crossing time of these structures
is no more than one-quarter of the expansion age of the neb-
ula, so even if the cavities are not actively supported in the
present day, they must have been so-supported in the recent
past. The missing pressure in the cavities could conceivably
be provided in various forms: ram pressure of active winds
or outflows from the star, thermal pressure of a hot bubble,
or magnetic pressure.8 The most plausible origin of all these
is the fast stellar wind from the central star.

There are three principal lines of evidence for the im-
portance of the fast stellar wind in the evolution of plane-
tary nebulae: kinematic and morphological signatures in the

8 Other possibilities can be immediately ruled out: direct radi-
ation pressure (central star is insu�ciently luminous) and non-
thermal particles (no evidence for synchrotron emission).
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Figure 10. A H↵ image of NGC 3587 (top, left) is compared to three grey-scale synthetic H↵ image (top, right) derived from the

multipolar, tripolar and bipolar models, respectively. Note the matching structure of the multipolar inner cavities. At the bottom the

corresponding 3-D multipolar mesh model structure is shown with two di↵erent viewing directions first panel: view from within the plane

of the sky with the camera located toward the west of the nebula, second panel: view from Earth. third panel: 3-D mesh of the tripolar

model image (view from Earth) and Fourth panel: 3-D mesh of the bipolar model (view from Earth)

shell nebulae (Stanghellini & Pasquali 1995). Instead, it is
the inner shell that is broad and di↵use, while the outer shell
is narrow and more structured. In the case of the Owl, the
ionized masses of the two shells are approximately equal. A
theoretical perspective on structure and kinematics of this
evolutionary stage is given in § 6 of Schönberner et al. (2014).
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omy of Chu et al. (2009). In this group of objects, dust con-
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sion (grayscale) for two of the strigiforms.7 In both cases,
the holes in the optical emission coincide with a reduction
in brightness in the infrared, which means that variable dust
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cohesive group of PNe, with common evolutionary paths
that have not been properly investigated and warrant fur-
ther study. In addition to the Owl and the three nebulae
shown in Figure 12, other nebulae that are candidates for
inclusion in the strigiform family include NGC 6894, K 1-20
and IC 1454, which bear a strong morphological resemblance
to the class, but for which we possess no slit spectra.

7 Abell 50 is not included because its small angular size means

that its mid-infrared emission is unresolved.

4.3 Nature of the cavities

The inner multipolar cavities that we find in the Owl and
the other strigiform nebulae are clearly deficient in photoion-
ized gas with the same density and temperature (100 cm�3

and 104 K) that is typical of the rest of the nebula. The
question then arises whether the corresponding shortfall in
thermal pressure is made up for by other means, or if the
cavities are unsupported structures that are currently un-
dergoing dynamical collapse. We find no kinematic evidence
in the line profiles for such a collapse, but the low veloci-
ties involved (⇡ 10 km s�1) would not be easily detectable.
However, the size of the smallest scale structures we see in
the Owl’s fingers is roughly 10% of the radius of the inner
shell, which is expanding at 2–3 times the speed of sound.
This means that the sound crossing time of these structures
is no more than one-quarter of the expansion age of the neb-
ula, so even if the cavities are not actively supported in the
present day, they must have been so-supported in the recent
past. The missing pressure in the cavities could conceivably
be provided in various forms: ram pressure of active winds
or outflows from the star, thermal pressure of a hot bubble,
or magnetic pressure.8 The most plausible origin of all these
is the fast stellar wind from the central star.

There are three principal lines of evidence for the im-
portance of the fast stellar wind in the evolution of plane-
tary nebulae: kinematic and morphological signatures in the

8 Other possibilities can be immediately ruled out: direct radi-

ation pressure (central star is insu�ciently luminous) and non-

thermal particles (no evidence for synchrotron emission).
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Abell 50
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Abell 33
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Nebulosas Estrigiformes

Nebulosa evolucionada

Doble cáscara

Estrella de baja luminosidad

No hay presencia de viento estelar

Estructura interna compleja
axisimétrica a pesar de su etapa
tardia de evolución
Estrella central

L = 100 L�
Teff = 100kK
vexp = 30 – 40 km s−1

Binarias de largo periodo

NGC 6894, K 1-20, IC 1454, NGC
1360
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Discusión

Intensos campos magnéticos de estrellas en la Rama Asintótica de Gigantes
(García-Segura et al. 1999; García-Díaz et al. 2008): La mayoriía de las NPs no
presentan campos magnéticos intensos.

Estrellas binarias (Balick 1987, Corradi & Schwarz 1995, Livio & Sokerr 1988):
Este sigue siendo un tema de debate, puesto que los núcleos binarios constituyen
sólo el 20 % de las estrellas centrales de NPs.

Después de 30 años aún no se conoce el mecanismo que causa la expulsión de
la masa que se aleja de la simetría esférica.
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