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Abstract. We present ISO SWS and LWS observations of the symbiotic star HM Sge. The infrared emission
longward of ~5pum is dominated by a silicate dust shell. There is a number of high ionization emission lines
superimposed on the dust continuum. The ISO continuum spectra can be fitted with a single, optically thick
silicate dust shell but such a model does not fit other known properties of this system, such as the observed
JHK colours, the optical visibility of the red giant and the occurrence of a dust obscuration event. We favour a
two component model in which in addition to a partial Mira dust shell, a second dust component is associated
with the hot source. This second shell is located at the interface between the Mira dust shell and the dust free
region carved out by the hot component. This picture corresponds closely to that deduced independently from
radio observations. The two dust components are very different. The dust envelope associated with the Mira
is very extended and optically thin, whereas the second dust component is geometrically rather thin but dust
rich. The model not only fits the ISO data reasonably well, but is also compatible with other IR properties of
HM Sge. The thin dust shell contributes strongly to the dust emission over most of the ISO range. It may be the
combination of the two shells that makes a symbiotic a D type. The general agreement of the present models with
ISO observations indicate that radiation (rather than collisions) as the main dust heating mechanism is sufficient.
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1. Introduction
1.1. Preamble

Symbiotic stars are a heterogeneous group of objects, hav-
ing in common the presence of a hot (~10° K) and a cool
(e.g. a red giant or Mira) component (see Mikolajewska
1997, for a review). They have been postulated as possi-
ble proto-planetary nebulae (e.g. Lutz et al. 1989; Corradi
1995) and as precursors to Type Ia supernovae (Munari
& Renzini 1992). They are also closely related to classical
and recurrent novae and indeed, a small subset of symbi-
otics are known to have undergone a nova-like eruption.
The cause of the eruption is most likely the same as that
for classical novae, namely thermonuclear runaway on the
surface of the hot component.
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Symbiotics are further subdivided on the basis of their
infrared (IR) properties, into S-types (in which the stellar
emission dominates in the IR) or D-types (in which dust
emission dominates). The cool component in symbiotics
may be oxygen- or carbon-rich, and we would expect the
dust (in D-types) to be correlated with abundances in the
underlying star.

A number of symbiotic stars were observed by the
Infrared Space Observatory ISO (see Eyres et al. 1998;
Schild & Vogel 1998; Schild et al. 1999, for some pre-
liminary discussion) and we describe here observations of
HM Sge with ISO (Kessler et al. 1996).

1.2. HM Sge

HM Sge is a D-type symbiotic, in which the cool compo-
nent is a M 7 Mira (Miirset & Schmid 1999) with 527 day
pulsation period (Munari & Whitelock 1989). It is one
of the best-studied of the symbiotics and, in common
with a number of other symbiotic systems (e.g. RR Tel,
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V1016 Cyg), HM Sge has undergone a nova-like eruption
(in 1975).

The distance of HM Sge has been the subject of
much discussion. Whitelock (1987) suggests a distance
D = 2.3 kpc by applying the Period-Luminosity relation
for LMC Miras to the Mira component in the HM Sge
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Table 1. Log of ISO observations.
A range Date UT start  On-target
(pm) time time (s)
SWS 2.4-45.2 1996-10-01  02:02:39 1140
LWS 43.1-195.7  1996-10-01  02:22:23 822
LWS*  43.1-195.7 1996-10-01  02:37:01 823
SWS 2.4-45.2 1997-05-16  01:37:43 1912

system (see e.g. Feast et al. 1989; and Feast 1996 for a
comparison between LMC and Galactic P—L relation-
ships for Miras). Miirset et al. (1991) suggest a distance
of 2.9kpc, with reddening E(B— V') = 0.65; a smaller dis-
tance (1.3kpc) and E(B — V) = 0.35 is deduced by Eyres
et al. (2001, see below).

Near IR photometry is presented by Munari &
Whitelock (1989) and by Munari et al. (1992). Munari &
Whitelock find that, superimposed on the normal pulsa-
tions of the Mira, the visual and JHK light curves showed
distinct fading and reddening, starting around 1985, which
they interpreted as a dust-obscuration event. Intermediate
resolution K-band spectroscopy taken in 1990 showed a
flat continuum and in particular, no trace of stellar CO ab-
sorption features (Schild et al. 1992).

IRAS observations of HM Sge are discussed by
(amongst others) Anandarao et al. (1988), who model the
IRAS LRS (8-23 pm) spectrum in terms of an isother-
mal (Tqust ~ 380K) silicate dust shell which obscures
the Mira; they further find that a second, cooler (Tyust =~
70K) shell is needed to fit the far-IR (A > 25 ym) IRAS
photometry. They further conclude that, in the case of
symbiotics displaying nova-like behaviour, the dust-shell
temperatures are anti-correlated with the time since the
last eruption.

Spectropolarimetry of HM Sge is described by Schmid
et al. (2000). They find that significant changes in the
spectrum have occurred between 1995 and 1998. In the
near IR the spectrum of the Mira has appeared, but the
nebular emission line spectrum is essentially unchanged.
They concluded that these changes indicate that the dust
content in the environment of HM Sge is rapidly diminin-
shing, and that the dust obscuration period which began
in 1985 has come to an end. They further find that the
Mira is intrinsically polarized at the 0.5% level, and that
there is polarization structure across the TiO bands. They
also determimed the orientation of the binary axis, and
found it to be parallel or perpendicular to certain features
of the surrounding nebulosity.

HM Sge has been extensively studied at radio wave-
lengths. Kwok et al. (1984) interpreted their radio data in
terms of the interaction between the winds of the hot and
cool components (see in particular their Fig. 5); they fur-
ther concluded that the eruption in 1975 was merely the
clearing of the circumstellar environment and the subse-
quent ionization of the cicumstellar shell.

More recent radio observations are discussed by
Richards et al. (1999), who analysed VLA and MERLIN
images. They also found the data to be consistent with a
colliding winds model, in which the cool outflow from the
giant component interacts with the hot, fast wind from
the hot component. This predicted a projected binary

* Background observation.

separation of 25 AU; for reasonable stellar masses, this
implies an orbital period 2100 years. The radio images
showed the central regions of the nebula filling, suggesting
ongoing but irregular mass loss from the central binary.
Extended non—thermal radio emission was also confirmed,
and shown to be consistent with synchrotron emission in
a pT magnetic field.

HST imaging of the nebula associated with HM Sge
is described by Eyres et al. (2001). These authors deter-
mine the variation in extinction across the nebula, and
hence the distribution of circumstellar dust, over a region
~1 arcsec?. They find that the extinction seems to be
clumpy, and argue that the greatest concentration of dust
is associated with the cool component wind, while a de-
ficiency of dust is associated with the central binary and
wind interaction region. The mazimum E(B—V') ~ 1, cor-
responding to an optical depth in the visual of 7, >~ 3 for a
reasonable reddening law; since this estimate is based on
[O 1] line ratios it must include both circumstellar and
foreground extinction. Furthermore, they deduce a pro-
jected binary angular separation of 40 4+ 9 mas, consistent
with the results of Richards et al. (1999) if the distance
is ~600 pc.

The X-ray emission from HM Sge is discussed by
Miirset et al. (1997) who find X-ray emission arising in
shocked gas at Tyas ~ 1096 K; the plasma luminosity
is 1070936 L. The hot (stellar) component is found to have
effective temperature T, ~ 200000K and L, ~ 9200 Lg;
the corresponding radius is ~ 0.08 Ry, characteristic of a
white dwarf.

2. Observations

The observations described here were made with the
ISO Short Wavelength Spectrometer (SWS; de Graauw
et al. 1996; Salama et al. 1997) and Long Wavelength
Spectrometer (LWS; Clegg et al. 1996; Burgdorf et al.
1997). The two observations were obtained on ISO rev-
olutions 319 (1996 October 1 = JD2450357.6) and 547
(1997 May 16 = JD 2450584.6). The visual light curve for
HM Sge at this time, obtained from the VSNET archive
(VSNET 1999), is shown in Fig. 1. Our observations were
228 days apart, while the period of the Mira variable in
the HM Sge system is 527 days, corresponding to a phase
shift of 0.43. Using the ephemeris of Yudin et al. (1994) we
find that the observation on ISO revolution 319 was taken
at phase 0.65 (i.e. shortly after the photometric maximum
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Fig. 1. Visual light curve of HM Sge at the time of the ISO
observations; data from VSNET (1999). Vertical lines indicate
times of the ISO observations presented here.

in the Mira variations) and that on revolution 547 was at
phase 1.08, close to Mira minimum.

The observation log is given in Table 1. The obser-
vations employed a full grating scan with the SWS us-
ing the Astronomical Observational Templates (AOT)
SWS-01 Speed 1 and LWS-01; a background LWS observa-
tion was carried out at a position 6" N-W of the position
of the target. Background emission is detectable above
60 pm; it rises in intensity from shorter wavelengths and
reaches a maximum (~4 x 107* Wm~=2 pym~1) at 90 ym,
then slowly declines, reaching a constant value of ~2 x
10" Wm=2ym~! above 130um. The background is
stronger than the emission from HM Sge above 80 um,
and dominates completely above about 100 ym. HM Sge
is detectable up to 110 gm. The [CII]A158 line is clearly
present, but is entirely of interstellar origin.

The data are shown in Fig. 2. The dust emission long-
ward of ~2 um is clearly visible, and the silicate features
at 9.7 um and 18 ym are also prominent. There may be
differences in the spectrum around the 18 pm silicate fea-
ture at JD 357.6 and JD 584.6 but they are marginal. If the
changes are real, it would indicate that the optical depth
of the dust shell decreased, which would be consistent with
recent optical observations (Schmid et al. 2000) in which
the TiO bands in the Mira are seen for the first time. The
implication is that the Mira component is slowly becoming
visible in the optical. This effect most likely arises from
the thinning out of the dust shell, as the orbital period
is too long for it to be an orbital effect. However, while
there is no conclusive evidence that the dust emission has
changed, there are almost certainly changes in the near IR
(<2 pm) which are likely due to Mira variability.

There are also several emission lines superimposed on
the dust continuum. There is no evidence that the emis-
sion line strengths changed between the two ISO obser-
vations. This would be consistent with the view that any
changes in the dust emission arise from changes in the
Mira component, while the hot component — which pow-
ers the emission lines — is constant.
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3. The dust emission

The ISO SWS spectra of HM Sge are clearly dominated
by the emission of a dust shell. The LWS spectrum also
shows the decreasing emission of the dust up to 60 um but
beyond that wavelength, background radiation becomes
important (see Sect. 2); accordingly we confine the mod-
elling to wavelengths <50 pm.

We first note the absence of any conspicuous molecular
absorption features below 5 ym (e.g. the CO fundamental
at ~4.8 ym) that one might expect to see in the near IR
spectrum of a Mira variable. This, together with the fact
that HM Sge is a D-type symbiotic, suggests that there
must be appreciable dust emission down to the shortest
wavelengths observed (<3 um).

3.1. Dust models

In a first attempt to interpret these spectra we have used
the DUSTY code (Ivezi¢ & Elitzur 1997), in which the ra-
diation from a central source of radiation is transported
outwards through a spherically symmetric dusty envelope.
Processes that are included are thermal emission, scat-
tering and absorption. We acknowledge that DUSTY cal-
culates the emission of spherically symmetric, complete
dust shells and that the geometries we consider are for
the present constrained by the program; clearly more re-
alistic geometries should in due course be explored but are
beyond the scope of the present work.

Given the nature of the Mira in HM Sge (see Sect. 1.2)
we chose an input model atmosphere with Teg = 3000 K
and logg = —0.29. The Mira temperature was kept con-
stant and the stellar spectrum was taken from the library
of stellar spectra by Lejeune et al. (1997). In the case of
M giants, these are based on model atmospheres of Fluks
et al. (1994).

The density law in the dust shell [n(r) oc r~%, where n
is the number density of grains] is a free parameter and
we explored models with 1.0 < z < 2.0.

In all models the dust particles have a standard size
distribution as described by Mathis et al. (1977), n(a)
a~3® with minimum and maximum grain sizes of 0.005 ym
and 0.25 pm respectively. We use silicate dust with optical
properties given by Ossenkopf et al. (1992).

3.1.1. Single shell

We first tried to fit a single shell model to our ISO data
and it is indeed possible to find a model that is in rea-
sonable agreement with both observations (Fig. 2). The
corresponding dust shell parameters are listed in Table 2.
The density slope x of 1.8 is close to what is expected
from a freely expanding extended atmosphere and the
dust condensation temperature Tyong of 1600 K is slightly
higher than that which is typical for this type of object
(e.g. Lobel et al. 2000). The dust shell is large with an
outer radius 10? times the inner radius and also the opti-
cal thickness at 5500 A, 7, ~ 29 is very large. In fact this
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Fig. 2. ISO observations (thick lines) with single shell dust
model (thin line); see Sect. 3.1.1.

high optical depth poses a problem because the associ-
ated high extinction (230 mag) for the Mira is incompat-
ible with contemporaneous JHK photometry by Kamath
& Ashok (1999). In addition, as mentioned above, opti-
cal spectra from June 1998 show the TiO features of the
red giant (Schmid et al. 2000). The true absorption col-
umn in the line of sight towards the Mira must therefore
have been very much smaller. Although the dust distribu-
tion is probably clumpy (Eyres et al. 2001) it is unlikely
that such large gradients can be maintained in a circum-
stellar medium that, in all likelihood, is highly turbulent.
Alternatively, the radiation from the hot component must
have evaporated or otherwise removed large parts of the
Mira dust envelope such that the line of sight towards the
Mira is now cleared of dust. Indeed it is very likely that
the hot stellar component has removed large parts of the
Mira dust envelope since its outburst. On the other hand,
it was not the case that the optical thickness towards the
red giant has steadily decreased — on the contrary a dust
obscuration event started in 1985 (Munari & Whitelock
1989) which lasted until recently.

In summary, although a single dust envelope model
can be found that fits the ISO spectrum it is difficult to
reconcile it with the above facts about the IR properties
of HM Sge. It may also be too simplistic since the Mira
has a hot companion star with its own wind which pre-
sumably leads to a highly compressed wind collision zone.
We therefore also investigated a series of models with two
dust components.

3.1.2. Two shell models

It is evident that the hot star will evacuate a cavity in the
dusty wind of the red giant, either by ionisation or a wind
by its own. At the interface between the giant wind and
the cavity, there will be a heated layer of dust which has
radial symmetry and which is centred on the hot compo-
nent. We therefore explore a 2-component model in which
each stellar component has its own dust shell; we further
suppose that neither component heats the dust shell of the
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Table 2. Summary of DUSTY fits to HM Sge data. Shell “M” is
the dust shell associated with the Mira component, Shell “H”
that associated with the hot component. x is the exponent
of the dust density law, T¢ona is the temperature at the inner
edge of the dust shell, Y is the ratio of outer-to-inner dust-shell
radius, 7y is the dust shell optical depth in the visual; see text
for details. Values marked with an asterix were pre-determined
and fixed.

Single shell Two shells
M H
Slope x 1.8 1.6 0"
Teona (K) 1600 1400 * 800
Y 1000 1000 1.1
Ty 29 1.5 13
Inner radius (cm) 5.6 x 10" | 6x 10" 2.8 x 10"®
Thickness (cm) 6 x 10" |6x 10 3 x10™
Relative contribution - 10 1

other. DUSTY calculates the emission of spherically sym-
metric, complete dust shells. In order to allow for partial
shells we combine the two dust shells with a partition fac-
tor p such that the observed flux

Fobs = 8 (Fshen 1 + D Fshell M)-

The scaling factor s converts the model flux at the distance
of HM Sge into the observed flux.

In order to limit the parameter space, we specify that
the optical depth of the red giant dust shell should be
small to take into account the fact that the Mira in
HM Sge became optically observable shortly after our ISO
observations. Its optical depth in the visual was therefore
required to lie in the range 0.5 < 7, < 3.5. The dust con-
densation temperature was fixed at 1400 K because this
represents a value typical for red giant dust shells (e.g.
Habing 1996). We used a grid of 28 models for the dust
shell associated with the Mira. The main free parameter
was the slope of the density law.

We also imposed on the dust shell associated with the
hot component the constraint that its thickness should
not be excessively large (Y = {outer radius}/{inner ra-
dius} < 5) and therefore it could be approximated with a
flat density distribution (z = 0). We explored dust con-
densation temperatures in the range 600 K to 2000 K, and
optical depth 7, in the range 1 to 50. The hot compo-
nent temperature was set to 200000K (cf. Sect. 1.2). We
calculated about 500 models for the shell associated with
the hot component. The main free parameters were the
shell thickness, optical depth and the dust condensation
temperature.

For each combination the relative contributions of the
two shells (partition factor p) was varied to match the
slope of the observed spectrum. This factor describes
the relative contributions (Mira dust shell/hot component
dust shell) that gives the best agreement with observa-
tions. It reflects not only the relative size of the shells but
also accounts for partial shells. For both shells the stan-
dard dust size distribution of Mathis et al. (1977) and the
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Fig. 3. Mean of ISO spectra of HM Sge with a model fit de-
scribed in the text (see Sect. 3.1.2). Contributions to the model
spectrum are: Shell H (associated with the hot component;
dashed line), Shell M (associated with the Mira; dot-dashed).
The dotted line is the red giant continuum.

Ossenkopf et al. (1992) optical properties of warm silicates
were adopted.

In total some 420000 model combinations were gener-
ated and compared with the ISO spectra. The best model
fit is obtained with the parametrisation given in Table 2,
and the resulting model fit is shown in Fig. 3 together
with the averaged SWS ISO spectra of HM Sge. The best
fit is obtained with a partition factor p of 10 and a scaling
factor s of 1.5 x 107, The two resulting dust shells are
very different: one is geometrically thick and optically thin
and the other is geometrically thin and optically thick (see
Table 2).

We note that this configuration, deduced from our ISO
data, is consistent with that deduced by Kwok et al. (1984)
for the interaction region between the winds of the hot and
Mira components. In their model a silicate emission com-
ponent is associated with the Mira wind and a geomet-
rically thin ‘interaction region’ is roughly centred on the
hot component. We can plausibly associate our optically
thin, geometrically thick shell with the Mira wind, and
the geometrically thin, optically thick shell with the inter-
action region. Their proposed geometry (see their Fig. 5)
gives us confidence that our approach to the modelling of
the ISO data, with two spherically symmetric dust shells,
is valid.

We note that DUSTY uses scaling properties such that
the stellar luminosities are not required as input parame-
ters. In order to convert e.g. the inner radii onto an abso-
lute scale these luminosities are needed. For the red giant
we applied the period luminosity relation for Miras by
Feast (1996) and find Lcoo = 5000 L and for the hot
component we adopted the data of Miirset et al. (1997)
which lead to Lyt = 9200 L. With these luminosities the
respective absolute inner shell radii in Table 2 follow.

In Fig. 3 we also plot the flux contributions of the indi-
vidual dust shells. Dust emission contributes over the full
wavelength range, and starts to dominate above around
6 pm. Even at 3 um there is a contribution from the dust
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to the total emission, which is consistent with the appar-
ent lack of molecular features from the Mira atmosphere
at these wavelengths.

3.2. Results

As noted in Sect. 1.2, Eyres et al. (2001) deduce a max-
imum value E(B — V) ~ 1 from the HST data. If we
combine this with the foreground reddening of E(B —
V) ~ 0.35 (Eyres et al. 2001), a circumstellar compo-
nent E(B — V) ~ 0.65 is implied. We see in Table 2
that our DUSTY modelling implies circumstellar extinc-
tion for Shell M of =, = 1.5, implying a circumstellar
E(B —V) ~ 0.5 for a reasonable reddening law. Given
the inherent uncertainties, this is gratifyingly close to the
value in Eyres et al. (2001).

We also note that the large 7, for Shell H implies a
high absorbing column, but such a thin shell is likely to
be patchy and in fact provides a natural explanation for
dust obscuration events.

The overall agreement between the DUSTY model and
the observations is generally satisfactory. The greatest dis-
crepancies occur at short wavelengths (A < 7pm) and
can certainly partly be attributed to the variability of the
Mira. According to the ephemeris of Yudin et al. (1994)
our observations were obtained at Mira phases 0.65 and
1.08. The Mira peaks at phase 0.4 and the minima occur
(by definition) at phase 0.0. Our later ISO observation was
thus obtained close to minimum phase (see Fig. 1) and our
first ISO observation was taken shortly after photometric
maximum. DUSTY generates model dust shells that are in
equilibrium with the central star and improvements in the
spectral fit may be possible if an averaged Mira spectrum
were used as stellar input spectrum.

A second source of discrepancy may be related to our
treatment of the dust shell associated with the hot compo-
nent (Shell H). It is certainly much thinner than Shell M
but it is also by no means clear whether its dust distribu-
tion is flat. Also the proximity of a wind collision zone with
hard X-ray radiation may affect the dust properties and
the optical constants of Ossenkopf et al. (1992) may not
be entirely appropriate for the dust in this environment.
For example, any newly-formed dust in the Mira wind may
be processed in the hard radiation of the hot component.
Indeed Eyres et al. (1998) have noted the similarity of the
silicate feature in some symbiotic stars to those seen in
some classical novae, where the radiation field is hard, and
in which the 9.7 ym silicate feature suggest some degree
of crystallinity.

Further evidence for the effect of the hot component
on the dust may be seen in the slope of the density distri-
bution in the shell associated with the red giant. A steady
state wind originating at the Mira and having a constant
expansion velocity is expected to generate a density falling
away with distance r as r~2. Our fit suggests a much flat-
ter distribution, which might be a crude reflection of the
hydrodynamical influence exercised by the hot companion.
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Table 3. Line fluxes in the SWS spectrum of HM Sge.

A (pm) ID Transition Integrated Flux
(107'° Wm™?)
Rev 319  Rev 547
4.0522 Hr 54 66+04 58+0.6
4.33 [Niv]
[Crxv1l] <77 5.1+0.7
45295 [Arvi] *P3,p—"Py; 6.6+£1.1 87+1.8
5.6099  [MgV] P1—*Py 141+£0.9 164416
6.4922  [Sivi] 5Po—3P4 <5 <5
7.6524  [Nevi] *P3,5—°Py» 74.0£0.6 71.1+26
8.6106  [Navi] P>—*P;  7.240.6° <3
9.5267  [Fevri] SF3—%F,  3.7+0.5 <3
10.5105  [Sitv]  *Pzp—"Pi» 3.1+£04 3.0+£0.3
12.8135 [Nem] °Py/p—>Py)o <5 31403
14.3217  [NeV] P,—*P; 97407 123409
15.5551  [Nerii] P1—*P> 61408 7.8+04
24.3175  [NeV] Pi—*Py  46+03 47406
25.8903 [O1v]  ?P3—"Py;» 7.0+£02 64401
¢ Blended.

The emerging picture of the the dust distribution in
HM Sge is thus that of a partial Mira dust shell that is
not too different from those of single Miras but in addi-
tion, there is a thin dust-rich layer at the interface be-
tween the Mira dust shell and the dust-free region carved
out by the hot component. It is this geometrically thin
shell that makes a symbiotic a D-type. The “M” shell only
marginally affects the stellar spectrum at JHK. The pro-
posed model not only fits the ISO spectrum, but also eas-
ily accomodates the facts that (a) HM Sge suffered a dust
obscuration event (see discussion), (b) the red giant is no
longer very deeply embedded in a dust shell and (c) the
radio data (Kwok et al. 1984).

3.3. Caveats

While reasonable fits to the data have been obtained, we
should note some caveats:

(a) DUSTY implicitly assumes that the situation being
modelled is an equilibrium state, but it is not clear
that this applies to the case of HM Sge because of the
relatively rapid changes that are occurring in the Mira
component. The thermal inertia of the grains ensures
that they will reach equilibrium with the radiation
field on a time-scale that is negligible by comparison
with the pulsation period of the Mira; however there
may be bulk motions in the dust shell as a result of the
Mira pulsations and wind interactions which pDUSTY
does not take into account.

Richards et al. (1999) determine the binary separation
to be ~25 AU ~3.8 x 10'* cm. With a dust conden-
sation tempertature of 1500 K the inner boundary of
the Shell M is ~4 stellar radii from the stellar pho-
tosphere so that the outer boundary is ~4000 stellar
radii ~5 x 10'6 cm. It is therefore an ad hoc assump-
tion that there are two separate dust shells, although
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the configuration deduced by Kwok et al. (1984) from
radio observations shows that this approximation is a
good one. Nonetheless a more meaningful treatment
would have the hot component embedded in the red
giant dust shell, but this is beyond the scope of cur-
rent versions of DUSTY.

(¢) There is only radiative heating of the dust and each
star heats only its own shell.

Despite these caveats, we emphasize that the model fit
presented here is by far the most sophisticated treatment
of the HM Sge dust shell to date.

4, Emission lines

A number of emission lines are clearly detected in the SWS
wavelength range, and which were seen in both observa-
tions; these are listed in Table 3. In order to determine the
fluxes the lines were fitted with Gaussians and the flux er-
rors given in Table 3 are the formal errors from the fit.
In general these seem consistent with the uncertainties to
be expected on the basis of the absolute calibration accu-
racy of the SWS (Leach et al. 2000). Where upper limits
are given they are 30. We conclude that there is no evi-
dence for line flux changes between the two observations,
within the quoted accuracy. At shorter (optical/near IR)
wavelengths the line widths are typically ~100-200kms~!
(Solf 1984; Mueller & Nussbaumer 1985). At the resolution
of SWS-01 speed 1 observations the lines are not resolved.

We note that H1 Br-aA4.0522 is detected in both ob-
servations but we do not see H1 Hu-aA12.3719 to a limit
of 5 x 107" Wm™2. However this is not surprising be-
cause, at an electron temperature of 10*K, and assum-
ing that both transitions are optically thin, the flux ra-
tio is in the range ~6.5—10 for electron densities in the
range 10—10° cm =3 (Storey & Hummer 1995). The pre-
dicted Hu-« flux is therefore ~107'° Wm™2.

The spectrum is dominated by high-ionization forbid-
den lines, particularly of Ne (see Table 3) and it is evident
that high ionization neon lines (such as [Ne v] and [Ne vi])
are much stronger than those of low ionization (such as
[Ne1r]). We defer an analysis of the emission lines to a
later paper.

5. Discussion

We have presented ISO SWS/LWS observations of the
symbiotic star HM Sge, obtained at a time when the
dust shell formed in 1985 was beginning to disperse. We
have made the first attempt at a detailed fit to the dust
emission, and find that the deduced circumstellar dust
shells are broadly consistent with the known properties
of HM Sge.

We favour a model of two dust components: An ex-
tended but optically thin shell typical for a red giant is
combined with a thin dust rich layer. This combination
of shells may well be responsible for the defining criterion
of D-type symbiotic systems i.e. noticeable dust emission
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at JHK. The 2-component model can physically be justi-
fied with the following scenario: A strong UV light source
placed in the expanding dust shell of a red giant will firstly
destroy the dust grains and generate an ionised nebulosity.
Radiation pressure from the companion will secondly slow
the red giant wind and generate a compression wave in the
transition zone. In this compression wave the conditions
for dust formation are very favourable and we can identify
our thin dust rich layer with this structure. The compres-
sion can still be increased if the hot companion has its
own wind and a layer of shocked material is generated in
a wind-wind collision zone. Such a scenario is supported
by X-ray observations (Miirset et al. 1997) which demon-
strate a hot plasma of low luminosity is present. The ques-
tion of how dust can be formed in such an environment
is an interesting one that has already been addressed in
the context WR+O binaries (e.g. Marchenko et al. 1999;
Folini & Walder 2000a) that occasionally suffer prolific
and episodic dust formation events. Simulations of wind
collision zones show that, inside the collision zone, an un-
stable, radiatively cooled high density layer forms (Folini
& Walder 2000b). In this layer large density and temper-
ature gradients occur such that pockets of dust formation
seem possible. In this context it is interesting to note that
our dust models are consistent with pure radiation heating
of the dust and do not need additional collsional heating.

There still remain discrepancies between our models
and the observations, which presumably can be resolved
by more refined modelling and the inclusion of more ap-
propriate stellar atmospheres, dust shell geometries and
perhaps silicate optical constants.

We also see, as at shorter wavelengths, a strong emis-

sion line spectrum, dominated by high ionization states
of Ne, Si, Fe and Mg. A complete understanding of the
ISO spectrum of HM Sge must include rigorous and self-
consistent modelling of both dust shell and emission line
region.
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