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L2 Puppis
• M5III, SRa (Mira-like) star with P=141d

• Mass of 0.7 to 2 Msun

• Suspected binary star from Hipparcos 
astrometric wobble)

• Second nearest AGB star (64 ± 4 pc, mV~5) 
after R Doradus (~55 pc)

• Long term, slow dimming event ongoing 
since 15 years (Bedding et al. 2002)
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From AAVSO / S. Oterohttp://www.aavso.org/vsx/index.php?view=detail.top&oid=27181
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Fig. 4. Deconvolved images of L2 Pup using a uniform, 80-step Lucy deconvolution. Orientation, field of view and color scale are the same as in
Fig. 2. The white ellipse represented in the 2.17 µm panel corresponds to the star model derived from the VINCI data (Sect. 2.2.2).
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Fig. 5. Color composite view of L2 Pup assembled from the 12 NACO
narrow-band images in the JHKL bands.

the K band. Considering that we do not detect a significant exten-
sion of L2 Pup’s envelope in the K band NACO images along the
orthogonal direction (i.e. approximately north-south, see Fig. 4),
this upper limit is most probably close to the actual angular size

Fig. 6. Deconvolved image of L2 Pup at 2.17 µm (left) and contribution
from the disk alone (right). The field of view is 1.3300.

of the star within the stated uncertainty domain. The linear limb-
darkening coe�cient computed by Claret & Bloemen (2011) us-
ing the flux conservation method is u = 0.3139 in the K band for
Te↵ = 3500 K, log g = 1.5 and solar metallicity. This value of u
gives a correction (Hanbury Brown et al. 1974)

✓LD/✓UD =

s
1 � u/3

1 � 7u/15
= 1.024. (2)
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VLTI/VINCI

Ohnaka et al.: AMBER-NACO imaging of the half-obscured central star and the edge-on disk of L2 Pup 3

Fig. 2. a: Image of L2 Pup reconstructed from the NACO speckle data alone. b: Image reconstructed from the combined AMBER and NACO
speckle data.

AMBER–NACO aperture-synthesis image directly shows both
the edge-on disk and the half-obscured central star due to the
equatorial dust lane of the disk. At the distance of 64 pc (from
the Hipparcos parallax, van Leeuwen 2007), the imaged size of
the disk corresponds to ∼13 × 6 AU.

Our combined aperture-synthesis image is qualitatively con-
sistent with the disk model of K14. They also found out that the
2–2.4 µm interferometric data of L2 Pup taken in 2001 by the
VLTI/VINCI instrument are better fitted with an ellipse with an
axis ratio of 1.5 with the major axis at a position angle 106◦ (i.e.,
nearly in the E-W direction). This is naturally explained by the
obscuration of the southern half of the central star by the edge-
on disk, which makes the star appear to be elongated in the E-W
direction (note, however, that the elongated appearance of the
northern half of the central star in Fig. 2b is simply due to the
elongated beam, which is shown in the figure).

Our AMBER data cover the wavelength region of the CO
first overtone bands. However, the speckle data were taken only
in the continuum at 2.27 µm, not in the CO bands. This makes
the image reconstruction more difficult, if not impossible, in the
CO bands. Therefore, the analysis of the AMBER data in the CO
bands will be presented in a separate, forthcoming paper.

4. Discussion

To examine whether our aperture-synthesis image of L2 Pup is
quantitatively consistent with the 2-D radiative transfer (RT)
disk model of K14, we compared the measured interferometric
observables—visibilities and closure phases—and the observed
image with those predicted by their disk model. P. Kervella and
M. Montargès kindly provided the best-fit model of their paper.
From their model at 2.17 µm, which is the closest wavelength
to our observations, we computed the visibilities and closure
phases at the u! points of our NACO speckle and AMBER data.

Figure 3 shows a comparison between the observed data
and the RT model of K14. The overall agreement between the
observed data and the model is good, given that the model of
K14 was constructed based on different data. The model image

at 2.17 µm convolved with the beam of our NACO+AMBER
aperture-synthesis imaging (Fig. 3c) shows that the disk appears
fainter and more inclined (i.e., closer to edge-on) compared to
the observed image shown in Fig. 2b (the color scale is the same
for the model and observed images). The intensity of the disk
in our aperture-synthesis image is ∼7% of the central star, while
it is ∼2% in the convolved image of the RT model. This also
explains that the model visibilities are higher than the observed
data at spatial frequencies of (7 − 10) × 106 rad−1. This differ-
ence may be due to time variations in the structure of the disk
between our AMBER and NACO observations (December 2011
and March 2012) and the NACO observations of K14 (March
2013). It is possible that the flux contribution of the disk com-
ponent (or that of the central star) was smaller (or larger) at
the time of the observations of K14 compared to our observa-
tions. Also, while they adopted an axisymmetric model, their
images show asymmetric structures, which can be seen in our
speckle image as well. This can be the reason for the disagree-
ment in the closure phase at long baselines, at spatial frequencies
of (3.2 − 3.6) × 107 rad−1.

Recently Kervella et al. (2015) have found a companion at
∼32 mas (2 AU) in the West of the central star by the adaptive op-
tics polarimetric imaging in the visible with the VLT/SPHERE-
ZIMPOL instrument. However, we do not see a signature of the
companion in our NACO+AMBER image. The possible reason
can be that the companion is too faint at 2.2 µm, and/or our u!
coverage is too sparse in the E-W direction, and therefore, we
might have failed to detect the signature of the companion in the
visibility or closure phase. Or the companion might have been
at a different position at the time of our observations. Kervella
et al. (2015) estimate the orbital period to be 1.4–4.6 years. It is
possible that the companion was behind the near side of the inner
rim of the disk and was invisible at the time of our AMBER and
NACO observations. Aperture-synthesis imaging with a better
u! coverage is necessary to detect the companion in the IR and
study more detailed structures of the disk.

As mentioned in Sect. 1, L2 Pup started a dimming event
around 1994. If dust clouds formed in 1994 move away at a ra-

Ohnaka et al. 2015 A&A, submitted
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Radiative Transfer Modeling

• 3D dust distribution model 
using the RADMC-3D 
code (Dullemond 2012)

• Dusty disk seen almost 
edge-on,  AGB stellar disk 
partly hidden

• Photometry and general 
morphology are well 
reproduced
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Pre-1995

Kurucz modelL2 Pup

• Radius of inner rim: 6 AU

• Total dust mass:  2.4 10-7 MSun ~ 0.08 MEarth

RADMC
model
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• What creates the plumes ?

• How does the AGB wind 
interact with the disk ?

• How do the streamers form ?

• What is the nature of the 
companion ?




