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5 Msol ≲ MS mass ≲ 8 Msol 

MIRA & LONG-P PULSATIONS 
(NON-PULSATING OH/IR STARS EXIST!)

2 Engels Etoka, Gérard and Richards

With the Nançay Radio Telescope (NRT) we monitored a sample of 20 OH/IR
stars to measure their phase-lags. For about half of the sample, phase-lags had been
determined by Herman & Habing (1985) and van Langevelde et al. (1990). Some of
the stars served as comparison stars to verify the reported phase-lags. For others a
re-determination was the goal, as the reported phase-lags were inconsistent with each
other. For the remaining stars, phase-lags were determined for the first time. We have
also started to image stars at 1612 MHz with the eVLA and e-MERLIN near maximum
light to determine the angular diameters. We report here on the status of the program
and give preliminary results.

Figure 1. Sample light curves of the OH maser flux integrated over the full velo-
city profile for IRAS 20234–1357 (P = 1.16 yr) and OH 30.1–0.7 (P = 5.95 yr).

2. Light Curves and Phase-lag Determinations

The sample of OH/IR stars was observed with the NRT in the 1612 MHz OH maser
line once every month over 5 years (2008–2012). For several sources with insufficient
coverage of the variation cycle, the monitoring is continuing. Typical integration times
on source were 5–10 minutes, yielding a typical noise level of 100 mJy. The spectra
were baseline fitted and calibrated (nominal error ∼ 5%) and have a velocity resolution
of 0.035–0.070 km s−1. Representative light curves of the integrated flux are shown in
Figure 1. All stars are large-amplitude variables with periods P ≈ 1 − 6 years. The
light curves are smooth with some month-to-month scatter. This scatter is not due to
secular variations of individual maser features in the spectral profile, superposed on the
smooth variation of the flux integrated over all features. Indeed, dividing spectra of
adjacent months showed that any variations affected the full profile, and not individual
features only. We therefore conclude that the month-to-month scatter is dominated by
calibration errors.

The light curves of objects with periods < 2 years are well represented by a sine
curve, except that the level of maximum light is not necessarily recovered in each cycle.
The light curves become increasingly asymmetric with longer periods, with a steeper
rise towards maximum (duration 0.3 − 0.4 · P ) and a gentle decline towards minimum.
Simple analytical functions, such as an asymmetric sine function, are not able to repro-
duce the detailed shapes of these light curves.

ENGELS ET AL. 2015
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DUST-DRIVEN (SUPER)WIND: IR COMPONENT 
(CAN’T MISS ‘EM, THEY’RE THAT BRIGHT!)
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5 Msol ≲ MS mass ≲ 8 Msol 

Thank you
B. de Vries

SW ~ 10-4 Msol/yr pre-SW ≲ 10-5 Msol/yr



SW ~ 10-4 Msol/yr pre-SW ≲ 10-5 Msol/yr
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BRIGHT INDEED. OH30.1-0.7

ISO SWS Herschel 
PACS

Thank you
S. Hony

Thank you
P. Royer



SW ~ 10-4 Msol/yr pre-SW ≲ 10-5 Msol/yr
DURATION OF THE SUPERWIND 

(HAVE TO LOSE THOSE MSOL OF STUFF!)
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104 - 105 yearsor ~40,000 - 400,000 AUfor vwind = 20 km/s

≳ 5 Msol
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104 - 105 years

≳ 5 Msol

B. L. de Vries et al.: The problematically short superwind of OH/IR stars

Fig. 6. Herschel/PACS spectra (in gray) for the OH/IR stars with 69 µm
crystalline olivine band detections. Dashed and solid black lines show
the fitted continuum and the fitted Lorentzian profile.

do not have detected 69 µm bands we also do not find 11.3 µm
bands, or we can not see them because of the self reversal of
the 9.7 µm band. Only IRAS 17010 has a convincing detection
at 11.3 µm while having none at 69 µm.

Most sources show gas lines in the Herschel/PACS range,
which can be attributed to species like ortho- and para-H2O,
12CO, 28SiO, and SO2 (Decin 2012; Blommaert et al., in prep.).
A blent of gas lines, although weak, is situated on top of
the 69 µm band. There are only three sources in our sample for
which we do not detect these gas lines: IRAS 21554, AFGL 4259
and IRAS 17010.

4. Method and observational diagrams

In this study we want to answer specific questions regarding the
distribution of crystalline olivine in the circumstellar environ-
ment of OH/IR stars. We can quantitatively determine how much

and where the crystalline olivine is in the circumstellar environ-
ment by studying the two spectral features at 11.3 and 69 µm. In
this section we discuss which properties of these bands are used,
how we measure them and see how they relate to each other. In
Sect. 6 we compare the properties of the observations with those
of models.

4.1. Selection of spectral properties and motivation

As a probe of the spatial distribution of the crystalline olivine
material we take the width of the 69 µm band. The width of
this band is sensitive to the grain temperature of the crystalline
olivine and thus to the temperature gradient of crystalline olivine
in the circumstellar environment. Using the models in Sect. 5
we indeed show that the width of the 69 µm band can be used
to determine up to what radius crystalline olivine is present in
the circumstellar environment. The sources in our sample are all
outflow sources and if the distribution of crystalline olivine is
the same as the distribution of the other dust species, the width
of the 69 µm band is a probe of the size of the outflow and also of
the timescale of the outflow. The width of the 69 µm band could
also depend on other parameters like the mass loss rate and we
investigate these possible dependencies in Sect. 5.

We also measure the peak-over-continuum strength of
the 69 µm band. The strength of this band is, among others, de-
pendent on the abundance of the crystalline olivine. Because the
wavelength position of the band is at such long wavelengths, all
the line of sights probe deep into the outflow and the abundance
derived from the strength of the 69 µm band is representative of
the average abundance in the whole outflow. This is in contrast
to what de Vries et al. (2010) have shown for the strength of
the 11.3 µm band. de Vries et al. (2010) define the strength of
the 11.3 µm band as:

S11.3 =

∫ (
τcr

τall
− 1

)
dλ. (1)

Where the integral dλ sums over the spectral feature and τcr and
τall are the optical depth of crystalline olivine only and the opti-
cal depth of all dust species together, respectively. In the optical
thick limit, Eq. (1) can be approximated by:

S11.3 =

∫ ∫ (
ρ(R) × Acr × κfo
ρ(R) × κall

− 1
)

dV dλ ∝ Acr. (2)

Where ρ(R) is the density in the outflow, Acr the abundance of
crystalline olivine and κcr and κall the opacity of only crystalline
olivine and that of all dust species together, respectively. The in-
tegral dλ sums over the spectral feature, while dV sums over the
volume of the outflow. In order to make the last step we assume
that the crystalline olivine abundance is constant throughout the
outflow. de Vries et al. (2010) have indeed shown that if the op-
tically thick limit holds, the strength of the 11.3 µm band is only
dependent on the abundance of crystalline olivine in the line of
sight. They show that the optically thick regime is valid when the
mass loss rate is higher than ∼5×10−5 M⊙/yr (with a gas to dust
ratio of 100). This shows that in the optically thick regime, the
strength of the 11.3 µm band is a good probe of the abundance
of crystalline olivine in the line of sight and close to the central
star. The combination of the strength of the 11.3 µm band and
the strength of the 69 µm band are therefore a good probe of a
spatial abundance gradient in the circumstellar material.

In this study we determine the distribution of crystalline
olivine from its spectral features and do not aim to determine
the properties of the amorphous dust or mass loss rates from
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Crystalline Olivine 

Forsterite

Amorphous Silicate
(Olivines and Pyroxenes)



SW ~ 10-4 Msol/yr pre-SW ≲ 10-5 Msol/yr

<103 years !

104 - 105 years

CO lines
≳ 5 Msol

SUPERWIND IS PROBLEMATICALLY SHORT 
(CONSTRAINED BY CO AND CRYSTALLINE DUST)
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According to:

de Vries et al. 2014 
Justtanont et al. 2013

Crystalline Olivine
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CO lines

SUPERWIND IS PROBLEMATICALLY SHORT 
(CONSTRAINED BY CO AND CRYSTALLINE DUST)

The Physics of Evolved Stars - Nice, June 2015

TOO SHORT A TIME! 

How do these stars lose
at least 3 Msol in one SW?

≳ 5 Msol
104 - 105 years

Crystalline Olivine



OH MASERS: SUPERWIND CANNOT BE THAT SHORT 
(CONTRADICTION MUCH?!)
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According to:

Engels et al. 2015

CO lines

O
H

 1612 M
H

z m
aser

OH maser expectedto be in SW

104 - 105 years

≲103 years !

SW ~ 10-4 Msol/yr

pre-SW ≲ 10-5 Msol/yr

≳ 2 x 103 years

Crystalline Olivine



OH/IR STAR!
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Camp Short:  ≲103 years Camp Long:  ≳ 2 x103 years
According to:

Engels et al. 2015
According to:

de Vries et al. 2014 
Justtanont et al. 2006, 2013

CHOOSE 
NOW!



CO lines

Forsterite

O
H

 1612 M
H

z 

The Physics of Evolved Stars - Nice, June 2015

According to:

Engels et al. 2015
According to:

de Vries et al. 2014 
Justtanont et al. 2013

Problems:
OH maser outside SW?

Camp Short:  ≲103 years Camp Long:  ≳ 2 x103 years

Problems:
Forsterite destruction?

CO destruction? 
(enhanced photodissociation?)

 
How do these stars lose
at least 3 Msol in one SW?

≳ 5 Msol
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Cuts through
CO J=1-0 

ALMA 
simulations 

for OH30.1-0.7

Sensitivity attainable with ALMA

SUCH DEADLINE, 
WOW!



ADDITIONAL CONSTRAINTS: DUST EMISSION   
(POPULAR GUY IN SCHOOL: OH26.5+0.6 … )

WAITING TO GET  
ALMA TIME… MEANWHILE!

19
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45
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O. Chesneau et al.: The mid-IR spatially resolved environment of OH 26.5+0.6 at maximum luminosity 565

sky is removed by chopping alone. For some stars for which
the coordinates are not well-defined, it might be difficult to get
the star directly in the MIDI FOV on the first try, which was
the case for OH 26.5+0.6. Therefore, a particular acquisition
mode is used instead. In this mode, images are recorded only
for visualization, and the pointing is done by “hand” between
or sometimes during exposures. In this mode, the number of
frames is larger, 15 000 frames in our case. The cycle rate
is close to 10 ms, so we recorded 15 000 frames in about
2.5 min. We stress that MIDI is not intended as an imager
instrument but as a long-baseline interferometer. Therefore
the majority of the targets are totally unresolved by a single
8 m telescope, providing a wealth of instrumental Point Spread
Function (PSF) images. The PSF files were recorded with
the normal Acquisition_Chop automatic mode and contain
2000 frames (20 s).

In the following section we present the deconvolution treat-
ment applied to the acquisition images.

2.1. Images

Data used to obtain a deconvolved image of OH 26.5+0.6 are
summarized in Table 1. The observations were recorded during
the acquisition process and the source location within the field
of view can be different for each file. The PSFs are generally
well-centered except for PSF#1. STAR#1 was very far from
the FOV center, and the quality of the deconvolution using this
observation is very low but note that the results are consistent
with the other measurements.

Numerous observations of two PSFs (HD 168454 and
HD 177716) were performed before and after the star ac-
quisition. HD 168454 is a bright K3IIIa star exhibiting an
IRAS 12 µm flux of 62 Jy (the IRAS flux of OH 26.5+0.6 is
360 Jy). HD 177716 is a K1IIIb that was observed by IRAS
with a flux of 26.9 Jy. There is a Cohen template available from
the ISO primary calibration database1 (Cohen et al. 1999). The
visual seeing during the HD 168454 exposures was ∼0.′′4; dur-
ing the OH 26.5+0.6 exposures it was ∼0.′′5, and during the
HD 177716 around 0.′′6. The airmass of the three targets ranges
between 1 to 1.16. The pixel size on the sky is 98 mas, a scale
factor defined from the MIDI observations of close visual bi-
naries.

The deconvolution was performed using the
Lucy-Richardson algorithm (1974) embedded in the IDL as-
trolib package developed by NASA. Choosing the right
iteration number for the Lucy-Richardson algorithm is always
a difficult task. Our goal is clearly not to perform the “best”
deconvolution possible but to increase the spatial resolution
of the image that is well resolved by the UTs. The num-
ber of iterations used was between 40 and 60. The levels
where the different deconvolved images begin to disagree are
between 0.3% and 1% of the maximum flux of the image,
depending on the quality of measurement. The level of the
differences between PSF#1 and PSF#6 is about 0.3%. The
level of the differences between the PSFs of HD 168454

1 http://www.iso.vilspa.esa.es/users/expl_lib/ISO/
wwwcal/

Fig. 1. Contours of the mean of STAR#3 and STAR#4 deconvolved
images. The contour levels are linearly spaced for the double square
root of the image I1/4. The last contour is equivalent to 25% of the
maximum of I1/4, i.e. 0.4% of the maximum of I. The three last con-
tours are the most susceptible to reconstruction artifacts. The North is
up and the east to the left.

Table 1. Journal of observations: acquisition images.

Star Name Time Frames texp

HD 168454 PSF#1 06:02:09 2000 20 s
HD 168454 PSF#2 06:03:49 2000 20 s
HD 168454 PSF#3 06:07:34 2000 20 s
HD 168454 PSF#4 06:08:39 2000 20 s
HD 168454 PSF#5 06:14:40 2000 20 s
HD 168454 PSF#6 06:15:50 2000 20 s
OH 26.5+0.6 STAR#1 06:56:24 10 000 100 s
OH 26.5+0.6 STAR#2 07:00:02 5000 50 s
OH 26.5+0.6 STAR#3 07:03:46 15 000 150 s
OH 26.5+0.6 STAR#4 07:07:30 15 000 150 s
HD 177716 PSF#7 08:03:11 2000 20 s
HD 177716 PSF#8 08:04:23 2000 20 s

and those from HD 177716 can reach 2% for an individual
deconvolution but is usually 1%. PSF#7 and PSF#8 are quite
different, with a level of residuals reaching 1.5%.

Statistical properties of the PSFs were carefully inspected
and a sub-set of good ones (5 over 8) have been selected
for deconvolution. Each data set was deconvolved using the
good PSFs, and we examined the statistics of their geometrical
characteristics. A mean deconvolved image was created using
the mean image of STAR#3 and STAR#4, which were located
at the same place in the detector. This reconstructed image is
shown in Fig. 1 to illustrate the quality of the reduction pro-
cess. The position of the target for the two other files was dif-
ferent and we did not attempt any shift-and-add procedure to
create a single mean image, since the useful information is ex-
tracted from the properties individual images. We performed a
2D Gaussian fit for each mean deconvolved image which pro-
vides the image position, extension and the angle of the long

Article published by EDP Sciences and available at http://www.edpsciences.org/aa or http://dx.doi.org/10.1051/0004-6361:20042235

Justtanont et al. 1996

Chesneau et al. 2005
Superwind duration: 150 years

MIDI (UT - VLTI) images:
1) Short SW works!

2) Asymmetries



THE SED OF OH30.1-0.7 — AS OF 2006 
(MOVE OVER, OH26.5+0.6, NEW KID IN TOWN!)
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K. Justtanont et al.: Near-infrared observations of water-ice in OH/IR stars 1055
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IRAS 18100-1915

OH21.5+0.5

IRAS 18361-0647

OH 30.1-0.7

1 10 100

OH 32.8-0.3

IRAS 19067+0811

AFGL 5379

Fig. 3. SED fit to the stars which show ice absorption. The symbols are the same as in Fig. 2. These stars have much lower than expected
near-IR flux and needs a modification to the dust grains to fit the SED (long-dashed line). The near-IR spectrum of OH 32.8+0.3 is taken from
Justtanont & Tielens (1992).

Here, we defined a continuum flux at 9.7 µm as a linear inter-
polation of the fluxes between wavelength of 8 and 12 µm over
the silicate absorption feature. The uncertainty of the relation-
ship is a factor of 0.2 on the log scale (3σ) which translates
to a factor of 1.6 in the mass loss rate. A similar relationship
between mass loss rate and the strength of the silicate feature
has been shown to be the case for optically thin AGB stars and
supergiants using the silicate emission (Skinner & Whitmore
1998). Our derived relation simply extends the estimation of
the mass loss rate into the very optically thick regime, i.e.,
Ṁ ≥ 10−4 M⊙ yr−1.

In Fig. 5, we show the plot of the derived mass loss rate and
the derived optical depth at 3.1 µm, τ3.1 from the SED fitting.
Note that the value of the optical depth in Table 3 is the total
optical depth due to both the pure silicate grains and silicate
core-ice mantle grains hence the values are relatively high. The
correlation is very strong, regardless of whether the star shows
the ice absorption band. We find the same fit even if the stars
in group 1 (those with no water-ice) are not taken into account.
This confirms the correlation seen earlier by Meyer et al. (1998)
for a smaller sample of star. They stipulated a direct trend that

a star with a high mass loss rate shows deeper ice absorption
and hence higher column density of water-ice. It is somewhat
interesting that stars in group 1 also show the same trend of
higher τ3.1 with the mass loss rate. This reflects the very high
silicate dust absorption efficiency without invoking other dust
type. Note here that the optical depth in Table 3 and Fig. 5 is
the total optical depth integrated along the line-of-sight and in-
cludes the contribution of both silicate and water-ice. Most of
the opacity is due to the warm silicate dust which rises with
decreasing wavelength hence giving the correlation seen for
group 1 stars. As can be seen in Fig. 5, not all stars with very
thick circumstellar shell show evidence of ice formation. There
is also a slight hint that the relationship may taper off towards
higher optical depth and mass loss rate.

3.4. Ice condensation

It seems that even though the condition for ice formation is
a highly optically thick envelope (high density) so water-ice
can be shielded from the central stellar radiation field (low
temperature), not all the stars in our sample show the ice

K. Justtanont et al.: Near-infrared observations of water-ice in OH/IR stars 1055
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Justtanont & Tielens (1992).

Here, we defined a continuum flux at 9.7 µm as a linear inter-
polation of the fluxes between wavelength of 8 and 12 µm over
the silicate absorption feature. The uncertainty of the relation-
ship is a factor of 0.2 on the log scale (3σ) which translates
to a factor of 1.6 in the mass loss rate. A similar relationship
between mass loss rate and the strength of the silicate feature
has been shown to be the case for optically thin AGB stars and
supergiants using the silicate emission (Skinner & Whitmore
1998). Our derived relation simply extends the estimation of
the mass loss rate into the very optically thick regime, i.e.,
Ṁ ≥ 10−4 M⊙ yr−1.

In Fig. 5, we show the plot of the derived mass loss rate and
the derived optical depth at 3.1 µm, τ3.1 from the SED fitting.
Note that the value of the optical depth in Table 3 is the total
optical depth due to both the pure silicate grains and silicate
core-ice mantle grains hence the values are relatively high. The
correlation is very strong, regardless of whether the star shows
the ice absorption band. We find the same fit even if the stars
in group 1 (those with no water-ice) are not taken into account.
This confirms the correlation seen earlier by Meyer et al. (1998)
for a smaller sample of star. They stipulated a direct trend that

a star with a high mass loss rate shows deeper ice absorption
and hence higher column density of water-ice. It is somewhat
interesting that stars in group 1 also show the same trend of
higher τ3.1 with the mass loss rate. This reflects the very high
silicate dust absorption efficiency without invoking other dust
type. Note here that the optical depth in Table 3 and Fig. 5 is
the total optical depth integrated along the line-of-sight and in-
cludes the contribution of both silicate and water-ice. Most of
the opacity is due to the warm silicate dust which rises with
decreasing wavelength hence giving the correlation seen for
group 1 stars. As can be seen in Fig. 5, not all stars with very
thick circumstellar shell show evidence of ice formation. There
is also a slight hint that the relationship may taper off towards
higher optical depth and mass loss rate.

3.4. Ice condensation

It seems that even though the condition for ice formation is
a highly optically thick envelope (high density) so water-ice
can be shielded from the central stellar radiation field (low
temperature), not all the stars in our sample show the ice

Justtanont et al. 2006



101 102

� (µm)
101

102

103

F
⌫

(J
y)

DUST RADIATIVE TRANSFER 
(WE CAN DO MUCH BETTER NOW)

WORK-IN-PROGRESS  
WARNING

ISO SWS

Herschel 
PACS

Mineralogy must be understood to constrain
the superwind duration reliably from SEDs

Pyroxene

Olivine

Forsterite



101 102

� (µm)
101

102

103

F
⌫

(J
y)

Grain size distribution: MRN,
with minimum grain size: 0.01 𝝻m

10 𝝻m 
3 𝝻m 
1 𝝻m 
0.1 𝝻m

MINERALOGY: GRAIN SIZE 
(DOWN THE RABBIT HOLE)



101 102

� (µm)
101

102

103

F
⌫

(J
y)

MINERALOGY: METALLIC IRON 
(DOWN THE RABBIT HOLE)

0% 
2.5% 
5% 
10%

Metallic Fe contribution to dust composition
“Continuum opacity source”



101 102

� (µm)
101

102

103

F
⌫

(J
y)

FAR-INFRARED FLUX VS. SW DURATION 
(SED MODELLING ON STEROIDS)

1000 years 
2000 years 

10000 years

10 𝝻m absorption sensitive to SW duration
SED not sensitive to old dust mass loss



The Physics of Evolved Stars - Nice, June 2015

Superwinds remain…
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Studies do not necessarily disagree.
Range in SW durations: ≲ 2 x 103 years?
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LINK TO EXTREME POST-AGB SHELLS 
(THESE ARE ACTUALLY REAL)

Dust properties of IRAS 18276−1431 3113

that mainly fits the MIR flux. They found that the observed fluxes
between 800 and 2.6 mm are roughly proportional to ν2, where ν

is the frequency, indicating the opacity coefficient Qν ∼ 1. Hence,
they concluded that the dust grains with radii a ! 400 µm could
explain the flux slope at these wavelengths.

The dust growth in the circumstellar environment is an interesting
issue. If the ejected material radially expands at typical expansion
velocities of ∼15 km s−1, the dust particles may only grow a little
and retain the properties that were set in the dust formation region.
That is to say, particles with sizes up to a few micron should exist.
This is confirmed in several previous papers (e.g. Jura & Morris
1985). Bipolar objects such as I18276 are expected to have an
optically thick, long-lived dust torus or disc around the central star,
which is thought to have formed because of binary interactions (e.g.
Morris 1987). In such a thick dusty region, the dust grows in size by
mutual collisions. Although the formation of the disc/torus and the
dust processes therein have been studied in various object classes,
they are still under debate and present some intriguing problems.

In this work, we investigate the dust properties in I18276’s cir-
cumstellar dust shell (CDS) by means of two-dimensional (2D)
radiative transfer calculations. An approximate solution was ob-
tained by SC07’s 1D SED model. However, since I18276 exhibits
a striking bipolar lobe, we explore 2D modelling. Furthermore, the
spectral slope of the (sub)millimetre flux is often used to detect
large grains of a few hundred micron or larger. In our modelling,
we encounter difficulties explaining the millimetre flux excess and
the fluxes at far-IR or shorter wavelengths simultaneously with a
reasonable mass of the material in the equatorial region. We will
revisit the spectral slope issue.

2 D U S T SH E L L M O D E L L I N G

We performed 2D radiative transfer modelling of I18276’s CDS.
Our aim is to investigate the dust properties in the envelope and
the equatorial region. An analysis of the arc-like structure and the
‘search light’ feature, which are detected in previous optical and
near-IR (NIR) images (SC07), and the formation of bipolarity are
beyond the scope of this work. A comprehensive discussion on
the morphology can be found in SC07. Our modelling approach is
basically similar to our previous work (Murakawa, Ueta & Meixner
2010a; Murakawa 2010b). We used NIR polarimetric data obtained
with VLT/NACO; these data are particularly useful to estimate the
dust sizes. This is complemented by spectral energy distribution
(SED) data collected from various sources. The results of the HST
and Keck images (SC07) and the VISIR image (Lagadec et al. 2011)
are weighted less to constrain the parameters in our 2D modelling.
In the following subsections, the archival data, model assumptions
and the results for the selected model are presented.

2.1 Observational constraints

Fig. 1 shows the SED of I18276; it has a single flux peak at ∼25 µm
and a weak 10 µm absorption feature. In this plot, the interstellar (IS)
reddening, which is calculated to be 1.6 (±0.5) mag at V (SC07),
is used to correct the measured fluxes for wavelengths shorter than
5 µm.

The upper panels of Fig. 2 present the NIR images, which are
collected from the VLT/NACO data archive. The natural seeing
was 0.5–0.6 arcsec in the optical during the observations, which is
typical for the Paranal site. The H and KS band data were taken
with the Wollaston prism to measure the polarization. The data
were reduced following the same method as before (Murakawa &

Figure 1. The observed SED of I18276, with the model results over plotted.
The solid, dotted and dash–dotted curves denote the total flux, the scattered
light and the thermal emission, respectively. The black lines represent the
model with the torus and envelope. The red line denotes the model with only
the torus. The sources for the photometry are of the order of wavelength, from
the optical to millimetre: Le Bertre (1987), Catalog of Infrared Observations,
Edition 5 (Gezari, Pitts & Schmitz 1999), 2MASS all-sky catalogue of point
sources, Akari/IRC MIR all-sky Survey (Ishihara et al. 2010), the calibrated
data (the data ID of 10802940) of the ISO Short Wavelength Spectrometer
(Kraemer et al. 2002), MSX IR point source catalogue, IRAS point source
catalogue and SC07. For the data where the error bars are not seen, the
uncertainties are smaller than the plot symbols.

Izumiura 2012). Standard star data were used to calibrate the surface
brightness and the polarization, and also served to estimate the size
of the point spread function (PSF). The measured full widths at
half-maximum of the beam are 0.1, 0.058 and 0.063 arcsec in the
J, H and KS bands, respectively. The PSFs were modelled using 1D
Moffat function fitting. The PSF size 2σ and slope β are obtained
to be 0.146 and 1.17 arcsec in the J band, 0.074 and 1.18 arcsec in
the H band, and 0.048 and 1.03 arcsec in the KS band. The model
images are convolved with the model PSF which allows comparison
with the observed images. The intensity images show a striking
bipolar appearance and look similar in the J, H and KS bands,
consistent with previous observations (e.g. SC07). For the H- and
KS-band images, the polarization vectors are overlaid. The vectors
are aligned perpendicularly to the bipolar axis. The polarization
reaches 50–60 per cent and does not change much between the H
and KS bands. There is no significant difference between the upper,
brighter and lower, fainter lobes.

In our modelling, we aim to fit the shape of the SED including
the weak 10 µm silicate feature, the constant bipolar appearance
and degree of polarization in the NIR.

2.2 Model assumptions

The spectral type and the total luminosity of the central star are
estimated to be ∼K5 or earlier and ∼1.5 × 104(D kpc/4.6)2, re-
spectively (Le Bertre et al. 1989). Previous OH maser phase-lag
measurements yielded a distance in the range 3.4–5.4 kpc (Bowers,
Johnston & Spencer 1981, 1983). In our model, the central star is
assumed to have a blackbody spectrum with 7000 K, which is an
intermediate value of the previous estimates of 4000 to 10 000 K
(e.g. Le Bertre et al. 1989). We adopted the distance to be 3 kpc
following SC07, yielding a luminosity of 6380 L⊙. We will start
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Chesneau, Lagadec et al.: A bipolar dusty nebula around the nova V1280 Sco 5

Fig. 4. 2010 NACO K band image after a PSF subtraction. The
color table is inverted.

that the source is seen at high inclination. For our NACO and
SINFONI data, the nebula extension was estimated by deter-
mining the regions of images with the highest gradient before
reaching the noise level (or written differently, by the regions
of densest contour levels before reaching the noise level). The
estimation was performed on the images with and without PSF
subtraction. The extensions measured are reported in Table 2.

The near-IR images were dominated by the central source,
which brightened considerably over the three years of observa-
tions. The apparent size in the K band was 304 x 191 mas in
2009 (t = 877d). Corrected for the PSF extension, this leads to
an angular size of 290±38 x 167±31 mas. After a PSF subtrac-
tion, the position angle (PA) of the major axis is as 105±5◦ with
an axial ratio as ∼ 1.7. However a good estimate of the minor
axis extension was difficult to obtain due to the bright central
source, and the artifacts remaining after the PSF subtraction.

The NACO observations performed in cube mode in 2010 (t
= 1228d) were of excellent quality, and the J, H and K bands
can be fully exploited. An elongation was clearly detected in
each image at PA=105±3◦, 102±3◦and 107±3◦. For instance, the
FWHM of the J band image of V1280Sco is 61±3mas along the
major axis, and 54±3 along the minor axis. The apparent size in
the K band was 404 x 260mas, which, corrected for the FWHM
of the PSF, corresponds to 400±30 x 255±24 mas.

The 2011 SINFONI images (t = 1602d) suggest that the
source is composed of a bright unresolved source and two appar-
ently well-detached polar caps. There seems to be no indication
for extended equatorial material. The extension of the nebula in
the direction of the major axis is estimated to be 637±13mas,
and the larger extent of the caps perpendicular to the major axis
to be 412±13mas (Fig.9 and Table 2).

The VISIR images also provided robust estimates of the PA
at 108.5±2◦ in 2009, 109.1±1.6◦ in 2010 and 108.9±2.5◦ in
2011. The bipolar morphology of our VISIR images was more
clearly seen in the most recent images due in part to the expan-
sion of the nebula. Fig.8 (left) shows a cut of the VISIR im-
ages obtained at 8.59 µm in 2009, 2010 and 2011, together with
a PSF for comparison. This filter provides the shortest wave-
length, hence the best spatial resolution of VISIR and was there-
fore used for providing the extension estimates (Table 2). The
bipolar lobes of V1280Sco are clearly expanding with time, and
in 2011, one could see a double peaked cut generated by the two

Table 2. Extensions of the bipolar nebulae.

Filter Major axis1 Minor axis1 PSF FWHM
2009

K 0.29±0.04” 0.17±0.03” 0.092±0.005”
PAH2 0.31±0.04” − 0.23±0.03”

2010
K 0.40±0.03” 0.26±0.02” 0.057±0.003”
PAH2 0.49±0.05” 0.33±0.05” 0.23±0.03”

2011
K 0.62±0.05” 0.39±0.01” 0.13±0.02”
PAH2 0.64±0.06” 0.37±0.05” 0.23±0.03”

1 Corrected for the FWHM of the PSF

emission peaks of the bipolar nebula. One-dimensionalGaussian
fitting was performed to measure the FWHM of the cuts, and
the results are shown in Table 2. After deconvolution, the VISIR
images provide a size and an axial ratio equivalent to that seen
in the near-IR. The size and appearance of the nebula extension
was nearly unchanged from 8 to 13micron. The deconvolved im-
ages confirm that the object is bipolar and expanding. Our most
resolved images (from our 2011 dataset) show that the intensi-
ties of the two bipolar lobes are different, the southern lobe is
brighter. This is probably due to an absorption effect as a conse-
quence of this lobe being closer to us than the northern one. No
mid-IR emission is seen between the caps. Fig.8 shows a radial
cut along the poles at 8.59. 8.99, 11.25, and 12.81 µm. The sepa-
ration between the two lobes does not depend on the wavelength.
The ratio of the intensity between the two peaks increases with
wavelength due to absorption and optical depth effects.

3.2. Spectroscopy and flux measurements

The V flux has reached a roughly stable plateau at a magni-
tude of about 10.5 over a long period (Naito et al. 2012) and the
central source radiates efficiently in the K band. As shown by
Lynch et al. (2009), the nova is still powering a strong wind, and
extensive nuclear burning is thus thought to have continued.

An unresolved point source dominates the near-IR observa-
tions, whereas no point source contribution is observable in the
mid-IR for the contemporaneous VISIR measurements. In 2009,
the stellar source (i.e. the unresolved flux) accounts for 54±6%,
increasing in 2010 to reach 76±6% (NACO data) and in 2011
87±5% (SINFONI) of the total flux. These numbers are poten-
tially biased by the different Strehl ratio reached by the AOs dur-
ing the observations. These estimates were also possible in the
H and J bands for the 2010 NACO observations, with 96±3%
and 100±3%, respectively. This increase of the central source
contribution indicates a decrease of the circumstellar absorption,
related probably to the expansion and dissipation of the nearby
dust.

The photometry of the central source and its nearby environ-
ment was performed from the NACO, SINFONI and VISIR im-
ages and is provided in Table 3. These instruments or the mode
used are not necessarily optimized to provide accurate photom-
etry but despite the level of errors such information remains of
high interest for these variable sources.

Many lines are detected by SINFONI (t=1609d). Of impor-
tance is the simultaneous detection of relatively high-excitation
lines (mostly from the Balmer series), and the detection of low
ionization species such as NaI and MgI, as already reported
by Das et al. (2008) and Sadakane et al. (2010) for this source.
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