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Abstract. The high resolution spectrum of NML Cyg observe@7.7 km st and an OH shell radius of 3 arcseconds (corre-
with the ISO-SWS in its slow-speed grating mode (2.4#4%9 sponding to &10' cm at 1.8 kpc). NML Cyg also exhibits
shows a wealth of features never seen before in previous 8© maser emission (Snyder & Buhl 1975) angCHmaser
servations. These include ro-vibrational lines efHat 2.7 and emission (Engels, Schmid-Burgk, & Walmsley 1988). The SiO
6.2 um, of OH between 3 and 3.Am and a deep absorptionmaser lines show strong variability on a timescale of a few days
band of CQ at 4.26pm. We also report on the detection of pur@robably related to stellar activity since SiO masers are thought
rotational emission lines of #D between 35 and 4&@m and of to originate very close to the star, within the dust condensation
the 34.6um absorption line of OH which is thought to pumpradius. The central star is rendered invisible by the large dust
the well known 1612 MHz OH maser line. There are two, aolumn density in the circumstellar shell, resulting in a silicate
yet, unidentified features at 33 and4ih which may be related absorption at 9.Zm. Nercessian et al. (1989) have reported the
to silicate dust. detection of CO J=1-0 and HCN J=1-0. The radius of the inner
dust shell was measured in the near-IR by Ridgway et al. (1986)
Key words: stars: AGB and post-AGB — stars: circumstellaand Benson, Turner & Dyck (1989) to b&d® (corresponding
matter — stars: individual (NML Cyg) — stars: late-type — into about 18° cm at 1.8 kpc).
frared: stars NML Cyg is one of the prime objects in the guaranteed time
proposal to study bright AGB stars and cool supergiants (PI T. de
Jong) with the Short Wavelength Spectrometer (SWS) on board
ISO (Kessler et al. 1996), as part of the observing program of
the SWS consortium.
1. Introduction In this letter, we present and discuss the full 248 SWS
grating spectrum of NML Cyg. In Sect. 2 we briefly describe
NML Cyg is one of the brightest sources in the northern sky gife observation and in Sect. 3 we discuss the main molecular
near- infrared wavelengths. It was discovered by Neugebaueatures detected in the SWS spectrum.
Martz & Leighton (1965) during the all-sky survey that eventu-
ally resulted in the InfraRed Catalog (IRC). Later studies have )
shown that it is a cool supergiant (spectral type M6, luminosi Observation
~ 5x 10° L) experiencing strong mass loss 2 x 1074 M,
yr~1) and surrounded by a very thick circumstellar shell at
distance of about 1.8 kpc (Bowers, Johnson & Spencer 19
Ridgway et al. 1986). From its very strong OH maser emissi?
Bowers et al. (1983) determined an OH expansion velocity o

The observation was carried out with the SWS during the per-
'mance verification phase on 8 January 1996 with the slowest
| grating scan speed (AOT 1, speed 4), achieving a spectral
solution ranging from 1400 at 2;3n to 680 at 3Qum.

NML Cyg is a point source for the SWS beam. The data
* Based on observations with ISO, an ESA project with instrumeriié€re reduced using the standard SWS data reduction software
funded by ESA Member States (especially the Pl countries: FranB@ckage provided by the SWS Instrument Dedicated Team. The
Germany, the Netherlands and the United Kingdom) and with the pgfesent reduction should be considered preliminary because
ticipation of ISAS and NASA fine-tuning is still going on. Although flux levels may be af-
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In an attempt to derive molecular column densities and ex-
fected by the uncertainty in the dark current measured duricigation temperatures from the observations we have modelled
the observation, the high flux levels ensure that this effecttige absorption lines assuming thermodynamic equilibrium us-
minimal. The main uncertainty in the observed flux comes froing the computer code and molecular data for CO provided by
the pointing uncertainty and the relative spectral response fuhtelmich (1996 and references therein). The required input pa-
tion (RSRF). The estimated uncertainty in the flux level is sameters for this model are the column density, N, the Doppler
the order of 30% (see de Graauw et al. 1996, this volume faarameterbp and the excitation temperaturesTFor the best
more details of the instrument and observing procedures). fit of this band we estimate an excitation temperature of 300 K

from the extent of the band and the presence of the highest ro-
) ) tational lines. The SWS resolution is sufficiently high to detect
3. Discussion individual ro-vibrational lines but is too coarse to resolve them.

Using the model of Justtanont & Tielens (1992) we have dtence, we have to assurrl1e a line W"fth In p‘r'der to mOdfl the
tempted to fit the observed SWS spectrum supplemented Vﬁmacztrurn. Fobp = 3 km s™*, we find a "best fit" forV = 10*

near-infrared photometry data of Strecker & Ney (1974) arid" - (Fig. 2). The modelled spectrum has been rebinned to the
IRAS data at long wavelengths (Fig. 1). Adopting a distan@WS resolution for comparison with the observed spectrum.

of 1.8 kpc and assuming spherical symmetry in the shell ahfe observations constrain the estimated kinetic gas tempera-
a constant outflow velocity of 27.7 knT& we obtain a dust tUre rather well but the column density is uncertain by at least a
mass loss rate of210 6 M, yr 1, in good agreement with factor of two. We cannot confirm any detection'd€O in our

the observed mass loss rate of 04 M., yr* for a nomi- SPectrum indicating thdBCOA?CO is less than 0.1. Although
nal value of the gas-to-dust mass ratio of 100. The calculafe IS thought to form in the photosphere, the low excitation
infrared luminosity equals & 10° L, with the inner radius of temperature suggests that the band comes from farther out in
the shell placed at 9.Rwhere R = 1.8x10% cm. These val- the circumstellar envelope due to the large dust optical depth at

ues are consistent with the speckle results by Ridgway et IS wavelength.
(1986). The calculated optical depth of the @i silicate fea- Since observations with 1ISO from space do not suffer from
ture in our model is 4.4. Note that there is a large discreparmynospheric absorption we are able to report here the first de-
between ground-based photometry, IRAS photometry and teetion of HO in the spectrum of NML Cyg. In the SWS wave-
SWS spectrum between 12-g2B. We have assumed a dust FIRength range, we see both pure rotational and ro-vibrational lines
efficiency fall off as\—1°. of gas phase yD. For thev, ro-vibrational band at 6.2m
Several molecular absorption features show up very prorffitending mode), we estimate the column density in a similar
nently in the spectrum of NML Cyg. First we discuss the fundaanner as for CO (Fig. 3). The molecular data have been taken
mental ro-vibrational band of CO at 4.6n which is resolved from Camy-Peyret & Flaud (1976), Crovisier (1992) and Hi-
into individual lines spanning 4.5 to 4/8m (Fig. 2). For both tran (Rothman et al. 1987) From the lack of high ro-vibrational
the P- and R-branches, we can see lines up to J=24. In oritegs towards the edge of the band, the excitation temperature
to study the band in more detail we have divided out the cafor this band is relatively low compared to CO. We estimate
tinuum. To do so, we determined the local continuum in thbe excitation temperature to be only 100 K. Assumbgg=
observed spectrum by fitting straight lines to it. 2.0 km st, we find the best fit for a column density 0k20"°
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Fig. 3. The continuum divided spectrum showing theband of RO  Fig. 4. The continuum divided spectrum showing the OH absorp-

in absorption (bottom) and the modelled spectrum with= 100K, tion band. Vertical lines are positions of lines in the= 0 2H3/2

bp=2kms?!andN = x10"° cm~2. tov = 1°II3/, (the upper set) and = 0°I;, tov = 1, °II; ),
ro-vibrational bands.

cm~2. Again, the column density is not as well constrained as
the temperature and may easily be uncertain by a factor 2. 1 ‘ |

There is also anotherJd® ro-vibrational band observed at
2.7 pm. This is a blend of the; andvs stretching bands. We 4 co, Il
have modelled this using the above model in order to derive ' i
the gas temperature and column density. Forthband, we , ‘
assume the same line width and column density as for the 6.26 } ' I
pm band. The excitation temperature for this band is assumed | q
to be about 500 K. We are not, however, able to fit the observed9 !
spectrum because at this temperature, we do not excite the hig%’er ‘
transition lines seen in the observed spectrum. At present, we do
not have molecular data f@r > 500 K. From this, weconcludeo.g2 bt Lo o Lo v b o 1w
that this band must come from a hot region interior to where the +t 4'2VVave?Léigth %ﬁm> +5 +6
6.2 um band is formed, possibly probing the acceleration zone
of the outflow. We also calculated the contribution from the Fig. 5. The continuum divided spectrum showing the afnd. The
band but the absorption lines from this band are weaker tharpaiameters for the fit are-I= 250 K,bp =2 km s™* and N = 2x10'®
thevs band. The fitis as poor as for the band so that no firm cm 2 for **CO;.
conclusions can be drawn.

The spectrum of NML Cyg also shows a series of absorp-
tion bands between 3 - 3/am which we attribute to OH ab- Of absorption which has yet to be identified. We do not detect
sorption. We have confirmed this by comparing wavelengtf¥ 15.2um bending mode of CQ This is not surprising since
of absorption features with those from the Hitran databaiééas a much smaller band strength compared to the stretching
(Rothman et al. 1987) Ro-vibrational lines in the fundamefode at4.2:m and also the strong effect of fringing in the data
tal bands ¢ = 0, 2H3/2 tov = 1, 2H3/2 andv = 0, 2H1/2 to due to the problematic RSRF.
v = 1, 2II,,) of OH observed in the spectrum of NML Cyg are A very important absorption line that we report here is the
shown in Fig. 4. OH absorption at 34.6m (4113, J=3/2 to?Il, ;, J=5/2) which

is thought to be responsible for pumping the OH maser 1612

We have also detected for the first time the 48 CO, MHz satellite line (Elitzur, Goldreich & Scoville 1976) widely
absorption band in NML Cyg (Fig. 5). CQan be formed in observed in AGB stars. Unfortunately,the resolution of our grat-
the warm circumstellar environment via reactions between Gy scan is not high enough to resolve the OH doublet structure.
and OH (Nercessian et al. 1989) because this reaction hagdamman et al. (1986) showed a good correlation between the
activation barrier of about 80K. We do not resolve the bargb and 53um luminosity and the OH maser luminosity for
into individual lines as seen in the gas phase CO. Our modeldiH/IR stars and they confirmed the theoretical pump efficiency
requires Tx=250K,bp =2kms tandN =2x10¥cm 2. The of 25%. From the FWHM of the line, we derive a lower limit
width of the observed spectrum suggests the presedé€6 to the OH column density o 10 cm~2, consistent with
with an upper limit to the column density 0k20'® cm~2. Note  the observed mass loss rate of 20-% M, yr~! and an OH
that the residual spectrum after fitting €fas a regular pattern abundance 7 x 10~° in a masing shell located a&® 0*® cm.
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The long wavelength part of the SWS spectrum shows a
number of narrow emission lines between 30 angdb Given
that the RSRF is relatively featureless in this region, we expect
that many of these lines are real. Here, we present preliminary
identifications of anumber of highly excited pure rotationzgDH
lines in the spectrum of NML Cyg. the ones that we have iden-
tified are indicated in Fig. 6 and listed in Table 1. They appear
in both the up and down scans of the spectrum and, eventhough
formally only detected at the 2 level, are probably real. All
lines require an excitation temperaties00 K therefore they
must originate close to the central star. Detection of these ro-
tational lines is very important since,8 is very efficient in
cooling the gas in the circumstellar envelope by radiative cool-
ing (Goldreich & Scoville 1976; Chen & Neufeld 1995).

Finally, we observe two broad features between 31.586

and 39-42:um. These features are not artifacts of the data reduc-
tion and are also seen in the SWS spectrum of O-rich post-AGB
stars and planetary nebulae (Waters et al. 1996, this volume).
The width of both features suggests that they arise from solid
state material rather than that they are of molecular origin. They
may be due to silicate-type dust or other O-rich dust. Waters et
al. propose that the existence of these features indicates that
some fraction of the silicate in these envelopes is crystalline.
This may mean that dust is formed at higher temperatures than
commonly adopted for amorphous grains, i.e. closer to the cen-
tral star.



