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Abstract. We present the 2:445 ym 1SO-SWS spectrum of the continuum energy distribution of Be stars is dominated
the Be stary Cas (B0.5 IVe). The spectrum is characteriseloly free-free and bound-free emission from the high-density
by a thermal continuum which can be well fit by a powerircumstellar gas, which also causes the Emission. Di-

law S, x -9 over the entire SWS wavelength range. For amct imaging of the circumstellar material at radio wave-
isothermal disc of ionized gas with constant opening angle, thesigths |(Dougherty & Taylor 1992) and in thenHine, (e.g.
correponds to a density gradiert) oc r—2-%. We report the de- |Stee et al. 1998) shows that the gas is in a disc-like geometry.
tection of the Humphreys (6e) bound-free jump in emission atThis flattened geometry is also evident from the optical contin-
3.4um. The size of the jump is sensitive to the electron temperum linear polarisation (e.g. Poeckert et al. 1979) due to elec-
ature of the gas in the disc, and we find<19 000 K, i.e. much tron scattering.

lower than the stellar effective temperature (25000-30 000 K). The physical mechanism responsible for the disc-like ge-
The spectrum is dominated by numerous emission lines, mogilyetry is related to the rapid rotation of the star. Models pro-
from H1, but also some Helines are detected. Several spectrgdosed in the literature include the wind compressed disc model
features cannot be identified. The line strengths of thefdis- (Bjorkman & Cassinelli 1993), viscocity-driven outflow in the
sion lines do not follow case B recombination line theory. Thequatorial regions (Okazaki 1999) and non-radial pulsations
line strengths and widths suggest that many lines are opticg\fpat et al. 1983). Which of these models is correct can be tested
thick and come from an inner, high density region with radiusy investigating the density and kinematical structure of the disc.
3-5 R, and temperature above that of the bulk of the disc mat&/e use the infrared spectral region to explore the structure of
rial. Only thea, 8 and~ transitions of the series lines contain &8e star discs. At these wavelengths disc emission dominates
contribution from the outer regions. The level populations déhe spectrum, and a rich hydrogen and helium emission line
viate significantly from LTE and are highly influenced by thepectrum is available. The infrared lines probe the inner re-
optically thick, local (disc) continuum radiation field. The innegions of the disc, and their strength and width are important
disc may be rotating more rapidly than the stellar photosphemiagnostic tools for the density and kinematical structure of the

Key words: stars: circumstellar matter — stars: emission-lin§iSc- Ground-based infrared spectrg @as were previously re-

Be — stars: individualy Cas — stars: mass-loss — infrared: staROrted by e.d. Chalabaev & Maillard (1983). Lowe et al. (1985)
and Hamann & Simon (1937). The Infrared Space Observatory

(ISO) (Kessler et al. 1996) with its Short Wavelength Spectrom-
1. Introduction eter (SWS)|(De Graauw et al. 1996) is very well suited to ex-

. . . ) glore the infrared part of the spectrum of Be stars.
Be stars are rapidly rotating main sequence or giant stars In this study we present a preliminary analysis of the ISO-
that are characterized by the presence of (variabte)ehhis-

SWS spectrum of one of the brightest and best studied Be stars

sion, caused by high-density circumstellar gas. Often the B the sky,y Cas (BO.5IVe). We will show that the Hemis-

line profile is double-peaked and its width correlates with trgqon line spectrum of Cas is not well represented by Menzel
projected rotational velocity_(sjn 1) of the underlying Star case B recombination line theory. Many line fluxes correlate
(e.g.Dachs et al. 1986). At infrared and radio Wavelengtlwith the local continuum and are independent of the intrinsic
Send offprint requests 1. Hony (hony@astro.uva.nl) line strength (Einstein A coefﬁmgnt). The observgd Ilng fluxes

* based on observations obtained with ISO, an ESA project wighd widths suggest that these lines are formed in an inner re-
instruments funded by ESA Member states (especially the Pl countrigi®n with well-determined size, and that only the intrinsically
France, Germany, the Netherlands and the United Kingdom) with ts&ongest lines have a contribution from outer layers. This paper
participation of ISAS and NASA




188 S. Hony et al.: The infrared spectrum of the Be st@assiopeiae

[ ‘ ‘ T T T ‘ ‘ q
140~ Humphreys .
120 L T A N | -
100 —
— 80 M| E
> r ]
— 60 Pfund -
> E L | L L L | L | L | L | 4
%’ 2.5 3 3.5 4 4.5
g 80f ~,J 7
A L — J
é 60 1 Fig. 1.SWS AOTO01 speed 4 spectrum of
- - My Cas between 2 and J#n. The spec-
L 3.6 J trum is dominated by numerous emis-
40~ Wi -] sion lines from hydrogen. A few He
F - 4 lines are also observed. The inset shows
ool ¢ oeries ] the region aroud the Humphreys jump.
C | | | | 7 The dashed line shows the jump in the
6 8 10 12 continuum level due to the jump in
Wavelength [pm] bound-free opacity near 3.4m.

is organized as follows. In Sect. 2 we briefly discuss the obsgalue varies with wavelength. To determing;, we use mea-
vations and data reduction. Sect. 3 discusses the continuum sumebd line widths of emission lines of planetary nebulae; NGC
Sect. 4 deals with the line spectrum. Sect. 5 discusses some7@27 and NGC 6302, observed in the same observing mode.
plications of our measurements for the structure of the discgb significant line profile variations are observed. We show the
~ Cas. final AOTO1 spectrum in Fid]1.

2. Observations and data analysis 3. The continuum energy distribution

The Be stary Cas was observed with the SWS on boarglhe continuum energy distribution of Cas at IR wave-
ISO on July 22nd, 1996, as part of the SWS guaranteed tifgigths is dominated by free-free and bound-free emis-
programme BESTARS. A full spectral scan (2.4-48) us- gjon from the ionized part of the circumstellar gas (e.g.
ing Astronomical Observation Template (AOT) no. 1, spegsheckert & Marlborough 1978; Waters et al. 1987). The stellar
4 (De Graauw et al. 1996) was obtained, while also seveggniribution to the total flux is about 20 per cent at2m, based
AOTO2 line scans were taken. The observations were reduggflextrapolation of a Kurucz model atmosphere fitted to the UV
using the SWS Interactive Analysis ({Asoftware package, continuum|(Telting et al. 1993). The spectrum can be well rep-
with callbratpn files gquwalent to pipeline version 7.0. F”rr'esented by a single power-law, & v, with a = 0.99+ 0.05.

ther processing consisted of bad data removal and rebinnifigs spectral slope is slightly, but significantly flatter, than that
onan ngdlstant wavelength grid. The flux levels are accurgigrived by Waters et al. (1987), based on IRAS broad-band pho-
to within 5 per cent for the wavelengths shortward ofM.  ometry taken in 1983. We have used the simple isothermal disc
The observations between 7 and A (band 2C) suffer from moge| of Waters (1986) to estimate the radial density gradient
memory effects; this has little influence on the measured ligeihe disc, assuming a power-lawr) = po(1/R.)~", and find
properties but does increase the uncertainty of the contianrg 2.84 0.1. The value ofy, depends on the assumed opening
flux level to 15 per cent. At even longer wavelengths the sigrgieq of the disc, as well as on the stellar radius and disc tem-
nal to noise ratio decreases dramatically and only the stron ature. We use R= 10 Ry, and T, = 10* K (see below).
lines can be measured with reasonable accuracy. Most of Kigy\ysis of the optical linear polarisation and interferometric
emission lines are partially resolved with a ratio of FWHM t?maging of ¢ Tau (Wood et al. 1997) suggests a half opening

the FWHM of the instrumental profile between 1.4-3.5. Only Qngle of 2.5. We use a 1 half opening angle. The derived den-
of the emission lines are considered unresolved having this rabljg, atthe stellar surface jig = 3.5x 10~ g cm3; an emission

below 1.4. Since the SWS instrumental profile is approximatgleasure EM = 1.510°! cm—3 was found.

Gaussian (Valentijn et al. 1996) and the observed lines are well There are some wavelength ranges that show a devia-

fitted by Gaussians, we estimate the original line width froms;q, from the power-law behavior of the continuum discussed

1) above. Near 3.28m the merging of the emission lines of the
Humphreys series, with lower quantum level= 6, causes a

wherew,ys is the observed FWHMy,,, is the original FWHM  jump. This Humphreys jump (seen in emission), which is sim-

andw;, is the FWHM of the instrumental profile. The latteiilar to the Balmer jump at optical wavelengths, can be used to

2 2 2
Wobs~ = Worg™ + Winst ™,
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derive the average electron temperature of the emitting region.
The difference in flux on both sides of the Humphreys jump s
caused by a discontinuity in bound-freg:( 1,t) opacity of the
gas in the disc. We write for the total continuum opacity.

-

Flux -
Excess

\

Feabt < A2 x (1 — e ARTY [(eh  NKT) x T73/% x \

{g()‘7T)+b()\7T)}a (2) e
Wavelength - Wavelength -

where gf,T) and b, T) are the free-free and bound-free gaunt
factors, respectively. B(T) is a sensitive function of the temper_Fig. 2.Schematic representation of the method used to derive the tem-

ature: the jump in b, T) (and in flux) increases towards IOWerperature from the Humphreys jump. On the left the observed flux

electron temperature. The change ing) is negligible over (qrayn line) and the photospheric contribution (dotted line) are shown.
the wavelength range of interest. The jump inB) is thus a o, the right the normalized excess flux is shown. Also indicated is the
diagnostic of the temperature in the disc. We use the followigivelengthi’) longward of the jump where the excess is equal to the
method to determine the size of this jump: We define the neasxcces at the jump.

malized excess flux as\Zz-1 = (F\-F .)/F» «, where F, . isthe
stellar photospheric flux, see Hig. 2, Z1 is normalized to the

source function of the gas in the disc modulo a constant singf:s. We find the series limit of the Humphreys and Hansen-
both the disc and the star radiate in the Rayleigh-Jeans ligitong series, as well as those from lower levels 8, 9 and 10.
in this wavelength regime and thus have the same waveleng@eral lines with lower levels above 10 were also identified.
dependence. On the blue side of the discontinuity B(has e find a few He lines (notably at 2.4861, 2.5729, 4.2960

a certain value, with a corresponding value«@f,vr, Of 71 b and 4.0367:um). No forbidden lines could be found, although
for each line of sight through the disc and thus a correspongsyeral emission features are unidentified and could perhaps be
ing value of 2 —1. Beyond the discontinuity there is a drop inyriputed to forbidden lines. The strongest unidentified line is
b\ T), £sitve, Ttve @nd Z,—1. Since there is a wide range ofy; 2 8934,m, close to the 2.8964 [Ni] line. The lack of fine-

Ti+be for different lines of sight 21 isnota simple function stricture lines is consistent with the optical spectrury 6fas.
of b(A,T). Howeverk 1 Steadily increases with wavelengthy js ikely that the high density of the ionized gas causes col-

e.g. Eql?, and thus there is a wavelengtt) (where the loss in |isjonal de-excitation of the fine-structure transitions. This sit-
b(A.T) is compensated by the increase\imt A’ the ki1 IS yation is markedly different for the hypergiant P Cygni, whose
equal to the previous value, sg.,r and Z,—1 are also equal. infrared spectrum is also dominated by técombination lines

We can determing’ directly from the observations, e.g. Aig. 2from circumstellar gas, but which also shows prominent emis-

Using\’ = 3.470+0.005 xm and the gaunt factors calcU-gion from e.g. [Fer], [Ni 11] and [Sit1] in its ISO-SWS spectrum
lated by Waters & Lamers (1984) we find an electron tempgamers et al. 1996).

ature in the disc of 9508 1000 K. This temperature would  \we have measured the line fluxes with respect to both the
cause a weak but measurable jump at the Hansen-Strong s§ggs continuum and thstellar photospheric continuum at line
limit (near 4‘_..5um) but none is observ_ed. However, we nOtgentre. The measured line properties are given in Table 1. In
that near this wavelength two strong tines are present that rig [7 we show the resulting curve of growth for the emission
may mask an otherwise detectable jump. The disc temperafigs where we plot the equivalent width EW divided by wave-
agrees well with a density-weighted temperature of 10 700 Kngth versus log X,.. This last quantity is proportional to the
derived by Millar & Marlborough (1998) from an energy baljine optical depth|(Zaal et al. 1995). The observed line fluxes
ance calculation using the Poeckert & Marlborough model fgﬁig.B) are all much smaller (a factor 10 or more) than ex-
the disc ofy Cas. Note that the inner regions of the disc Mgyacted on the basis of the continuum emission measure de-
have considerably higher temperatures, because this methqdigination and the optically thin case B recombination line
insensitive to contributions of those parts of the highest de”SBVedictions (Hummer & Storey 1987). This shows that even for
parts of the disc where the continuum is optically thick. (S§Re weakest lines the emission is optically thick: the combined
also Sect. 4). A second region which deviates from the powgfie and continuum opacity is much larger than 1. This is not
law is near 4.3um. We cannot find a reasonable |dentn‘lcat|ogurprising given the shape of the continuum energy distribution:

for this spectral feature. The GGtretch mode band is at 4.2\wters et al. (1991) show that the continuum becomes optically
pm. However, the interstellar extinction towargsCas is very thick near 0.8.m.

low which implies that we must rule out this possibility.

The shape of the empirical curve of growth is very dif-
ferent from that expected on the basis of LTE line for-
mation in a rotating, partially optically thick disc. Model
calculations show that under these conditions the curve of
The entire SWS spectral region, but especially bands 1 andrdwth has a linear part (where line emission is optically
(2.4-12um), is dominated by strong and partially resolved emighin and proportional to line strength), and a power-law part
sionlines. The vast majority of these lines arerelcombination whose slope depends on the radial density gradient of the

4. The emission lines
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Table 1. Properties of hydrogenic emission linesis the peak wavelength of the Gaussian fit. Typical errors on these are 1/2500th of the
wavelengthwidth is the FWHM of the line after deconvolutiofi.is the integrated line-fluxcont. is the mean continuum level underneath the
line. The errors on the continuum level are dominated by the absolute flux calibration uncertainty of the SWS instrument.

(1) 2 (3) (4) (5) (6) (1) (8) 9) (10)
trans. A width 1 cont. trans. A width I cont.
- [wm]  [kms™'] [W/m?) [Jy] - [wm]  [kms™] [W/m?] [Jy]
5-4 4.052 25442 5.45e-146% 614+-6% 10-7 8.761 24239 3.70e-15:10% 24t£10%
64 2.626 226-56 7.14e-14-5 91+ 5 12-7 6.772 36440 8.21e-15:8 35+ 8
6-5 7.460 22665 9.51e-15-8 28+ 8 13-7 6.292 41441 1.02e-14:7 37+ 7
7-5 4.654 200Gt 43 1.58e-14f 6 56t 6 14-7 5,957 30% 64 9.1le-15t7 40+ 7
8-5 3.741 26448 2.69e-14-6 64t 5 15-7 5712 37656 1.12e-14-7 42+ 7
9-5 3.297 28423 3.33e-14:5 77+t 5 16-7 5525 39% 13 1.34e-14:7 45+ 6
10-5 3.039 27332 3.73e-14t5 80+ 5 17-7 5380 36A& 16 1.21e-14t7 46+ 6
11-5 2.873 30933 4.53e-14t5 84t 5 18-7 5.264 33518 1.13e-14-7 47+ 6
12-5 2.758 31336 4.73e-14:5 86t 5 19-7 5.169 39& 16 1.09e-14:7 48+ 6
13-5 2.675 324-37 5.37e-14:5 88t 5 20-7 5.091 39617 1.16e-14:6 49+ 6
14-5 2.613 34#& 12 5.20e-14-5 95+ 5 21-7 5.026 45415 1.1le-14:6 49+ 6
15-5 2564 3413 5.38e-14-5 95+ 5 22-7 4971 44116 9.04e-15-7 50+ 6
16-5 2526 344-14 5.68e-14+5 96t 5 23-7 4,923 42517 8.34e-15-7 50+ 6
17-5 2495 37% 13 5.53e-14-5 97+ 5 24-7 4,883 55113 8.86e-15-7 51+ 6
18-5 2470 40#& 12 5.66e-14:5 98t 5 25-7 4,847 44117 6.69e-15-7 51+ 6
19-5 2449 386:-13 5.17e-14+5 98t 5 26-7 4817 4218 5.18e-15+-8 52+ 6
20-5 2431 39@ 13 4.83e-14:5 99+ 5 27-7 4,789 45517 4.39e-15-8 52+ 6
21-5 2416 44# 12 4.79e-14:5 99+ 5 28-7 4,765 551 14 5.45e-15-8 52+ 6
22-5 2404 41#& 13 4.24e-14+5 100+ 5 29-7 4,744 706-11 5.59e-15+8 52+ 6
23-5 2.393 414-13 3.20e-14:5 100+ 5 12-8 10.504 28%22 2.88e-15-13 2012
24-5 2.383 49111 4.03e-14:5 1015 13-8 9.393 20441 2.97e-15t11 23+11
7-6 12.371 31313 4.34e-15+15 15+15 14-8 8.666 33%29 4.40e-15+-10 24+10
9-6 5.908 295-67 8.8le-15-7 41+ 7 15-8 8.156 34533 4.69e-15-10 26+ 9
10-6 5129 32520 1.46e-14t6 48+ 6 16-8 7.781 29144 4.87e-15:£9 27+ 9
11-6 4.673 304:27 1.57e-14-6 56+ 6 18-8 7.272 25260 4.24e-15+9 29+ 8
12-6 4,377 32630 1.98e-14f 6 57+ 6 19-8 7.093 32149 4.83e-15-9 30+ 8
13-6 4,171 34832 2.33e-14-6 61+ 6 20-8 6.947 48428 5.67e-15:8 34+ 8
14-6 4.021 304t 35 2.52e-14+6 60+ 6 21-8 6.827 445-32 4.48e-15+9 35+ 8
15-6 3.908 33235 2.73e-14:6 62+ 5 22-8 6.724 37639 3.67e-15:9 36+ 8
166 3.820 35635 2.77e-14t6 63t 5 23-8 6.639 42136 3.47e-15:9 36+ 7
17-6 3.750 36@:35 2.68e-14+6 64+ 5 24-8 6.566 528 29 3.82e-15t9 35+ 7
18-6 3.693 37235 2.63e-14t6 65+ 5 26-8 6.447 671 24 4.53e-15:8 36+ 7
19-6 3.646 39234 2.54e-14t6 65+ 5 15-9 11.539 27518 2.71e-15t14 1414
20-6 3.607 34440 2.08e-14t 6 66+ 5 16-9 10.805 30%19 2.26e-15-14 20+13
21-6 3574 38436 2.06e-14f 6 67+ 5 17-9 10.261 43% 15 4.07e-15:12 21412
22-6 3546 38@-38 1.95e-14f 6 67t 5 18-9 9.848 29225 2.36e-15-12 22+11
23-6 3.522 408:36 1.69e-14+ 6 67+ 5 19-9 9.522 33424 2.21e-15t12 23+11
24-6 3.501 46632 1.75e-14t6 68t 5 20-9 9.261 36423 2.18e-15k12 22+10
25-6 3483 476:31 1.49e-14t6 68t 5 21-9 9.047 28% 32 2.05e-15+12 23+10
26—6 3.467 43834 1.18e-14+6 68+ 5 22-9 8.870 42222 1.96e-15t12 24+10
27-6 3.452 62124 1.40e-14t6 69t 5 23-9 8.721 41624 1.88e-15k12 24+10
28-6 3.440 63% 24 1.29e-14t6 69t 5 24-9 8.594 37527 1.82e-15t12 25+10
29-6 3.429 64124 1.08e-14+6 69+ 5 25-9 8.485 43@24 1.36e-15t14 25+ 9
9-7 11.309 394- 13 2.96e-15-14 1713 20-10 12.156 43%9 1.91e-15+16 16£15

gas (Zaal et al. 1995), see also Wellmann (1952). The obseresdess. Finally, a rising part for the strongest lines in the spec-
curve of growth however shows a very steep rise of EWtrum (log X;,. > —35.0) is seen. The flat part of the curve of
with Xy, Up to log Xine =~ —36.5, followed by a flat part growth is surprising and suggests that these lines have saturated
for —36.5< log Xji,e < —35.0 whose slope is close to zeroand are formed in a region with a well-defined outer radius. We
i.e. much smaller than 0.4 expected on the basis of the densitye that the size of this region is not the same for every series,
gradient derived from the continuum free-free and bound-freat increases with lower quantum level.
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the locus where the measured fluxes would equal the predictions. @ independent of line strength between lagX~ —36 and—35.
crosses correspond to Bracketand3, the open squares to the Pfund

series, the filled squares to the Humphreys series, the open triangles to

the Hansen-Strong series, the stars te 8, and the filled triangles to

n=9. If we assume that the line and continuum source functions

are equal, no line emission from the layers witgh> 1 should

be detectable. However, the large line width of the weakest

In order to understand better the nature of the line formatitines strongly suggests that this line emission is originating from
in v Cas, we show in Fi]5 the line strengi/\, whereEW  rapidly rotating parts of the disc. The fact that the line FWHM
is the line equivalent width measured with respect toltiwal decreases with increasing line strength shows that the broad,
continuum, as a function of wavelength. Also shown in Eig. 5 iseak lines are formed closest to the star. In the 2.5 v
the line FWHM versus wavelength. Baffi1//\ and the FWHM wavelength region, where most of the weakest lines in[Fig. 5
show a characteristic wavelength dependence: for each sewes,located, the continuum is optically thick out to a radius of
EW /X increases and then saturates to a value ok3@*, 2.5to 3 R. Assuming Keplerian rotation in the disc, the part
while the line FWHM decreases and reaches a roughly constahthe disc which is not optically thick for continuum radiation
value of 250-300 km s'. In other words, the lines reach arotates at projected speeds less than ahgsitni/1.7, where y
constant line over continuum ratio of about 1.3 at a constéathe Keplerian velocity of the disc at the stellar surface. Using
FWHM of 250-300 km s'. Only thea and 3 lines of each reasonable values for the mass and radius for a BO.5 IV star of
series deviate from this behaviour: their line over continuuR,=10 R, and M.=15 M, we find a maximum speed of about
ratio is larger and their FWHM smaller. 220 km s!. Emission lines in the disc whose source function
The decrease of FWHM with increasing line strength is eis equal to that of the continuum therefore should havZ|

pected for lines formed in a rotating disc in which the rotation#ss than 440 kms', but even the FWHM of the weak lines
velocity decreases with distance; as more line flux is comimgsignificantly higher than this. It is unlikely that rotational ve-
from the outer, more slowly rotating regions, the line width willocities are as high as 250-300 km'sas far out as 2.5-3 R
decrease. This is direct proof of the rotating nature of the linmless the rotational velocity field deviates significantly from
emitting region. It is remarkable that the weakest lines of eaBleplerian. We conclude that we detect line emission from those
series have a very high FWHM of more than 550 kmh.sSuch parts of the disc that are optically thick for continuum radiation,
high velocities are not expected given the photosphediicvof  and hence the line source function in these inner regions must
230 km s! (Slettebak 1982). This suggests that the inner disgceed that of the continuum (which is the Planck function at
is rotating more rapidly than the star. However, line broadetie local electron temperature). Several effects can cause such a
ing due to electron scattering could also cause these large lerger source function: NLTE level populations, or an enhanced
widths, but we do not observe prominent electron scatteriefpctron temperature near the upper part of the disc. If the lat-
wings. ter effect is important, temperatures in the line forming regions
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koo T Fig. 5. Top panel EW/X of the Hr lines
Br—a Hu-a in the ISO-SWS spectrum of Cas as a
function of wavelength. Symbols are the
same asin Fi¢] 3. The EWs have been de-
termined with respectto the local contin-
uum. The EWs for all series behave in a
similar way. For moderately strong lines
the EWA does not depend on wave-
length and is about 5 x 10~* irrespec-
tive of the series. Only the strongestlines
of each series deviate from this trend.
Bottom panelobserved full width at half
maximum of the H lines versus wave-
length. The symbols refer to the same
series as in the upper panel. The lines
become narrower with increasing line
strength as expected in a rapidly rotat-
ing disc in which the rotational veloc-
ity decreases with distance. The FWHM
does not decrease further for moderately
4 6 8 10 12 stronglines. These lines also showacon-
Wavelength[um] stant EWA (upper panel).
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may be as much as 30 per cent higher than in the bulk of ttine weaker lines from high upper levels), but reaches a line over
disc, since the stronger lines are 1.3 times the continuum. continuum ratio determined by the ratio of source functions of

As pointed out above, the observed line fluxes of every dare and continuum.
ries first increase with intrinsic line strength, but then reach
a constant value with respect to the local continuum, both jin . .
EW /X and in the line to continuum ratio. This effect occurs fo%r'1 Discussion
transitions from upper levels roughly between 15 and about Hamann & Simon (1987) discuss the near-IR spectrum@ds
to lower levels between 9 and 5. The line fluxes are no longamd note that the line flux ratios of the weak Pfund lines to the
determined by the intrinsic line strength, butthg local contin- Br~ line are very difficult to reconcile with those of Band Bix
uum!The contribution from outer regions, with lower rotationalor any reasonable choice of radial density gradient in the disc.
velocities, is absent. This can be seen from the FWHM's of thée confirm this result and show that it is a general property of
lines with constant line over continuum ratio, that no longer d#ie line fluxes ofy Cas to behave in a highly non-standard way,
crease but are constant at about 250-300 kin his could be probably caused by a combination of non-LTE and tempera-
due to a finite outer radius of the disc. However, the ISO-SW@&re effects. We do not confirm the lack of correlation between
spectrum as well as ISO-PHOT photometry ap®d(Trams et line strength and line width noted by Hamann & Simon (1987);
al., in preparation) show that there is no change in continudhe ISO data clearly show such a correlation for all series in our
slope over a wide wavelength range. Such a change in slgpectrum. This may be due to the Earth atmosphere affecting the
would be expected in the case of a finite outer radius. We castimate of the weak high level Pfund series lines in the spectrum
clude that the lack of line emission from the outer regions canraftHamann & Simon. The line widths of their stronger lines (e.g.
be due to a finite outer disc radius. We note that the fact that Bey) agree well with those of our spectrum. They also agree well
line to continuum ratio is constant for certain lines, irrespectiweth the line widths derived from high-resolution spectra pub-
of the strength of the local continuum and thus of the size lished by Lowe et al. (1985) and Chalabaev & Maillard (1983).
the continuum emitting region, also argues against a finite outer The FWHM of the weakest Hines (more than 500 knTs)
radius. significantly exceeds that of the photospherign of 230

The lack of line flux from the outer regions therefore mustBem s—1. While electron scattering may affect the width of the
due to a change (decrease) in the line source function compastedngest lines (especially at short wavelengths where free-free
to the inner regions. For a certain range of intermediate eneryacities are small compared to the electron scattering opacity)
levels in the atom, the optically thick IR free-free disc radiatiotihe IR lines do not show evidence for prominent electron
field in the inner regions is able to maintain significant levelcattering wings. This suggests that the line width is mainly
populations, but these levels rapidly become de-populated witkre to kinematical broadening, which would imply that the disc
the local free-free continuum becomes optically thin. Therefoigrotating more rapidly than the underlying star (ignoring errors
the line flux does not increase with intrinsic line strength (as do
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