OR!

FTY9O5ACA - ~3010 ™

Astron. Astrophys. 301, 439-446 (1995)

ASTRONOMY
AND
ASTROPHYSICS

Sub-milliarcsecond resolution observations of two carbon stars:
TX Piscium and Y Tauri revisited*
A. Richichi!3, T. Chandrasekhar?, F. Lisi’, R. R. Howell*, C. Meyer>, Y. Rabbia’, S. Ragland?, and N.M. Ashok®

1

(RN

Received 21 December 1994 / Accepted 11 February 1995

Abstract. We recorded lunar occultation events of the two car-
bon stars TX Psc and Y Tau. In the case of TX Psc, seven
lightcurves were recorded from different sites in the period
1992-1994, at wavelengths ranging from 0.55um to 3.6um.
In the case of Y Tau, one occultation event was recorded inde-
pendently at two sites at 2.2um and 3.6um. Our observations
essentially confirm and refine previous photospheric angular
diameter results for these two stars obtained by lunar occulta-
tions (Lasker et al. 1973; De Vegt 1974; Dunham et al. 1975
for TX Psc, and Ridgway et al. 1977; Blow 1982; Schmidtke
et al. 1986 for Y Tau). The good SNR of some of the traces, and
the availability of independent observations, allow us to inves-
tigate at the highest angular resolution ever achieved on these
stars (= 0’0006 on average), details such as possible deviations
from circular symmetry, and possible presence of circumstellar
emission. The weighted average of the best fits to occultation
lightcurves yields a uniform—disc diameter of 8.38 4= 0.05 mas
for TX Psc, and 8.21 4+ 0.08 for Y Tau. However, we also
present the results of model-independent data analysis. At least
for TX Psc these reveal substantial departure from the simple
model of circular disk, which we interpret as due to the presence
of warm dust immediately adjacent to the stellar photosphere,
and/or of large cold spots on the photosphere itself. We sug-
gest that a circular disc is inadequate to describe the brightness
profile of TX Psc at both visual and near—infrared wavelengths.
The recent determination by optical interferometry of the an-
gular diameter of TX Psc by Quirrenbach et al. (1994), based
on such an assumption, may have been biased and the effective
temperature should be correspondingly revised. Our results in-
dicate that it is in the range 3000 — 3150 K, in good agreement
with some recent theoretical estimates. In the case of Y Tau,
somewhat surprisingly, no significant presence of circumstel-
lar emission is revealed at the wavelengths of our observations
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(5 1% of the 3.6y flux in the inner 0”15). Our determination
of the angular diameter is consistent with previous suggestions
(Schmidtke et al. 1986) that a regular pulsation of this star’s
photosphere with the phase in its variability period may have
been detected.
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matter — stars: fundamental parameters — stars: TX Psc — stars:
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1. Introduction

Carbon stars represent a stimulating challenge for our theoreti-
cal understanding of the late evolutionary stages of intermediate
mass stars. Their extended, cool atmospheres are an ideal envi-
ronment for the formation of dust grains, as well as of numerous
chemical species, which in turn strongly affect the appearance of
the carbon star itself, enrich the interstellar medium and are im-
portant in other phases of stellar evolution (Fleischer et al. 1992;
Tsuji 1986). Theoretical models of carbon stars have tradition-
ally lacked sufficient observational data and constraints. This is
partly due to the relative rarity of the carbon star phenomenon,
resulting in most of the sources being relatively far and faint,
and partly to the intrinsic difficulty of developing a homoge-
neous interpretation for stars where variability, mass loss and
chemical composition anomalies are the rule, and where the
individual characteristics of each star play an important role.
Many answers to some of the most intriguing questions can
be given only by investigating carbon stars with sufficient reso-
lution to resolve the stellar surface and its immediate surround-
ings, and by obtaining accurate direct determinations of the ef-
fective temperature. Traditionally, this task could be achieved
only by lunar occultations (LO): over the years, this method
has yielded angular diameters for X Cnc, TX Psc, Y Tau,
IRC —20420, AQ Sgr, SZ Sgr, TW Oph, RT Cap, SS Vir,
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T Cnc (see references in White & Feierman 1987, and Richichi
et al. 1991 for T Cnc). Also IRC +10216 was first studied by
LO (Toombs et al. 1972), although with time other methods
have allowed us to investigate the spatial structure of this pe-
culiar source (Ridgway & Keady 1988). Very recently, optical
long baseline interferometry (OLBI) has reached the potential
to measure at least a few of the brightest carbon stars, adding
UU Aur and Y Cvn to the above list, and providing an indepen-
dent check on TX Psc (Quirrenbach et al. 1994).

In this paper, we describe results obtained from the recent
series of occultations of the carbon star TX Psc by the Moon.
Observations were successfully carried out on several differ-
ent occasions, allowing us to probe the immediate surround-
ings of this star with unprecedented resolution, both at different
wavelengths and at different position angles. For comparison,
we also discuss similar observations on the closely related star
Y Tau. Other carbon stars for which lunar occultations have re-
cently been observed by some of the present authors include
IRC +10216 and IRAS 06088+1909, which however are of a
substantially different nature and will be presented in a separate
work.

2. Observations

Several telescopes were used to observe the occultation events
which constitute the basis of this paper. These include: the 1.5 m
telescope of CERGA near Calern, France; the 1.5 m telescope
of the Italian observatory TIRGO on Mt. Gornergrat, Switzer-
land; a small 35 cm telescope at the Mt. Abu Observatory, In-
dia; the 2.3 m telescope of the Wyoming Infrared Observatory,
USA; the 1.2 m telescope of the German—Spanish observatory
on Calar Alto, Spain; the 1 m telescope of the Vainu Bappu Ob-
servatory, India. A detailed list of the dates and circumstances
of the various events is given in Table 1.

The first three columns are self—explanatory. Columns (4)
through (6) list the filters that were used and their spectral char-
acteristics. The spectral transmission of each filter at the op-
erating temperature was accurately accounted for in the data
reduction. Column (7) lists the sampling time used for each
lightcurve. Columns (8) through (10) list the values of the con-
tact angle (0° when the Moon’s center moves exactly over the
source, and close to £90° for grazing occultations), of the po-
sition angle of the event (i.e., the direction with which the lunar
limb appeared to scan the source), and of the apparent rate of
motion of the limb across the source. This rate can be accurately
measured during the data analysis by fitting the frequency of the
diffraction fringes, and the comparison with the predicted value
allowed us to derive the local slope at the lunar limb. The val-
ues of the contact and position angles of Table 1 are already
corrected for this effect (except for the Calern data, where the
predicted values were used, see Meyer et al. 1994). Column
(11) lists the angular diameter (under the assumption of a uni-
formly illuminated disk) derived by a least squares analysis,
as described in the next section. Finally, column (12) lists the
panels of Fig. 1 where each data set is shown.
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InSb photometers were used at K and L, and photomulti-
pliers for the V and R observations. Details on the instruments,
with particular reference to previous LO-related work, can be
found in Meyer et al. (1994) for the Calern instrument, Richichi
(1987) for the Tirgo instrument, Ashok et al. (1994) for the in-
strument used in the Gurushikhar and Kavalur observations, and
Stecklum et al. (1994) for the Wyoming instrument. At Calar
Alto, the instrument was a photometer expressly developed for
LO work, to be described in a forthcoming paper. In all cases,
observations consisted in recording the lightcurve of the disap-
pearing source with a sufficiently high sampling rate. However,
some differences exist among the various instruments from the
point of view of LO data analysis, and are explained in the next
section.

3. Data analysis

Data analysis was performed in a homogeneous way for all
the various data sets. Two different, complementary approaches
were used. The first is based on the well established least—
squares method, originally introduced in LO work by Nather
& McCants (1970). A recent description of our implemementa-
tion of the method has been described by Richichi et al. (1992).
The second approach is based on a model-independent method,
described by Richichi (1989).

In the first method the 1-D brightness profile of the source is
taken to be a simple analytical parametric function (for the case
of a circular disc, see Eq.4 in Richichi 1989), whose parame-
ters (among them the angular diameter) are varied until the best
fit with the data is achieved. Also a limb—darkening coefficient
could in principle be introduced as a free parameter in the anal-
ysis, but the SNR in LO lightcurves is generally not sufficient
to permit its determination. Therefore, it is necessary to make
an a priori assumption about this parameter. We have chosen a

- uniformly illuminated disc. The main reason for this is that, as

will be shown in the next section, the hypothesis of a simple
circular disc is in any case unsatisfactory, at least for TX Psc.
Secondly, the limb—darkening coefficient is generally believed
to be small for late—type stars expecially at infrared wavelengths
(Manduca 1979; Willson 1987). The choice of a uniform disc
allows a more immediate comparison with previous results, and
can be rescaled easily if required. In the extreme case of a fully
darkened disk, the correction would amount to ~13%. In the
near—infrared, the amount of limb darkening is generally limited
and the required corrections to the uniform disc diameter are of
the order of 4% (see discussion on Y Tau in Sect. 4.2). Another
aspect of the least-squares analysis which must be mentioned
is the correction of scintillation effects by means of fitting the
low—frequency part of the lightcurve by Legendre polynomials,
after a suggestion of Knoechel & von der Heide (1978) and as
described in Richichi et al. (1992). Such correction was neces-
sary for the lightcurves shown in Fig. 1g and 1i. We stress that
without such correction, the derived angular diameter would be
biased towards larger values.

The model-independent analysis is a powerful method to
obtain the brightness profile of the source, when this cannot be
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Table 1. Summary of the occultation events

1 (2) ©)] € (SN @ ©) €)) (10) 11 (12)
Source  Observatory uT Filter Ao AN At Observed Geometry dup

Date Name (m) (ms) CA PA "Is (mas) Fig.

TX Psc Calern® 12-03-92 \% 0.55 0.06 1.000 43°  98° 0.2590 95+1.1 la
Calern® 12-03-92 R 0.71 0.09 1.000 43°  98°  0.2590 8.8+0.7 1b

Tirgo 12-03-92 K 221 035 4.608 35° 92° 02910 9.8240.10 lc
Gurushikhar  27-01-93 K 220 040 1.000 24°  76°  0.2965 75+0.5 1d

WIRO 27-10-93 K 2.18 038 2000 -56° 5° 02017 7.72+0.06 le

Calar Alto 20-12-93 L 356 0.86 2.000 —14° 50° 03864 9.74+0.2 If

Kavalur 13-02-94 K 220 040 1.000 —-29° 40° 04126 8.6+0.5 1g

Y Tau Calar Alto 20-02-94 L 356 0.86 2.000 —27° 73° 0.3384 8.2240.09 1h
Tirgo 20-02-94 K 221 035 2432 —-58° 42° 02311 8.18+0.16 1i

* From Meyer et al. (1994).
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Fig. 1. Data, least-squares best fits and residuals for the occultations of TX Psc and Y Tau listed in Table 1. The horizontal axes report relative
time in ms, the vertical axes intensity in arbitrary units
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easily described by a parametric model as required by the least—
squares analysis. A typical situation would be, for instance, a cir-
cumstellar shell. The starting guess is a flat profile which extends
over a relatively large range of angles (typically +0"15 in the
present cases), and which is modified iteratively based on both
a deconvolution by means of Lucy’s algorithm (Lucy 1974),
and by least-squares fitting of the remaining parameters. There
are two aspects of this method that should not be overlooked.
Firstly, the problem of recovering the brightness profile from
a lunar occultation lightcurve does not have a unique solution.
The method we use converges to the most-likely solution in a
statistical sense (see Lucy 1974, and Richichi 1989), and indeed
our results for the various independent lightcurves of TX Psc
show a high degree of consistency (see Fig. 2). However, in the
case of a “naked” stellar disc the result has to be interpreted
with some caution, as will be the case later in our discussion
of Y Tau. Secondly, since this kind of analysis will attribute to
the sought—for brightness profile any deviation of the observed
lightcurve from the theoretical diffraction pattern of a point—
source, it is clear that fluctuations in the signal caused by scin-
tillation can seriously bias the result. In our experience, we have
found that the recovered profile is actually rather insensitive to
high—frequency noise, however slow fluctuations (timescales
= 0.1 s) are often interpreted as fictitious additional sources.
For this reason, we decided not to use the model-independent
analysis on the lightcurves shown in Fig. 1g and 1i.

A point worth mentioning, and common to both the model~
dependent and model-independent analysis, is the response of
the instrument to rapidly varying signals such as those encoun-
tered in LO lightcurves. With each instrument, we recorded
occultations of point-like sources (i.e., with an expected angu-
lar diameter < 1 mas), and we obtained measurements of the
response to step signals. This information was used during the
data reduction to ensure that fringe smoothing due to the instru-
ment finite frequency response was adequately accounted for.
The procedure has been described in some detail by Richichi
et al. (1992). Also the effects of the filter transmission and of
the telescope aperture were included in the analysis.

4. Results and interpretation
4.1. TX Psc

The results of the disc—fitting analysis for TX Psc listed in Ta-
ble 1 would indicate, if viewed as a homogeneous set and after a
weighted average, an angular diameter ¢ = 8.38 £0.05 mas (we
shall imply always uniform disk values, unless otherwise noted).
This might seem to confirm and strengthen quite remarkably the
previous estimates by LO observations quoted in the abstract,
which yield a weighted average ¢ = 8.6 4 0.7 mas. Quirren-
bach et al. (1994), from a set of 5 OLBI measurements, adopted
¢ = 10.5+ 1 mas; if the same averaging process was applied to
their results the error would be reduced, ¢ = 10.540.2 mas. Be-
fore discussing further these values, however, one cannot over-
look the fact that the differences between the measurements
often exceed the respective formal errors, for both techniques
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and in some cases very significantly. Quirrenbach et al. already
proposed a possible explanation for this, by observing that the
angular diameters appear to correlate with the V' magnitude
of this variable star, in the sense of measured diameters being
larger when the magnitude was brighter. We do not believe that
this alone can completely justify the observed differences. The
range of variations in the diameters is =~40% (8 to 11.1 mas),
while the range in brightness is just 0.16 mag: the relation would
require a drop in temperature of AT ¢ ~400 K, in contrast with
the effort of the same authors to derive a unique accurate value
of the effective temperature for TX Psc. Besides, the diameter
values of Table 1 would not fit at all in the proposed correlation.
In fact, one could postulate that the relatively small brightness
variations, which are known to be irregular, are produced more
simply by local obscuration by dense clumps of circumstellar
matter or by the presence of cold/hot spots on the stellar photo-
sphere, without necessarily a change in diameter.

Here we would like to propose an alternative explanation of
the apparent discrepancy in the diameter determinations, based
on a model-independent analysis of our occultation lightcurves
of TX Psc, which has allowed us to reconstruct the actual bright-
ness profile of this star at the various wavelengths and at different
position angles. The profiles are shown in Fig. 2, where it should
be noted that the position of the zero in the angular scale is arbi-
trary since the observations were obtained independently. Only
in the case of the V' and R profile the two profiles can actually
be reliably superimposed. Furthermore, it should be noted that
the data of Fig. 1g (filter K along PA=40°) could not be used,
since they are drastically affected by scintillation (the event was
observed at 8 airmasses!): while the model-dependent analysis
could still be applied, the model-independent result would be
strongly biased as was explained in Sect. 3. The profiles were
obtained with an angular sampling matched to the resolution of
the lightcurves (columns (7) and (10) in Table 1). This was on
average ~20.6 mas. The noise in each lightcurve was accurately
modelled and used as a constraint to stop the iterations. The 1-D
profiles are plotted so that the positive angular values are in the
direction of the quoted PA. We do not show the corresponding
best fits, which are similar to the model-dependent fits shown
in Fig. 1.

The profile that emerges is different from what would be ex-
pected for a simple circular disc, regardless of limb—darkening.
Only few details can be made out of the V' and R profiles, since
the corresponding lightcurves have relatively low SNR: at the
visual wavelengths, one would conclude that there appears to
be an inner core, surrounded by some amount of extended emis-
sion, possibly asymmetric. With increasing wavelength, how-
ever, the profiles show more structure, and in particular reveal
the presence of side peaks which have a brightness at least com-
parable to the central core in K, and are clearly dominant at L.
It is noteworthy that there seems to be little or no separation be-
tween the side peaks and what presumably could be identified
as the edge of the stellar disc. Finally, although the coverage in
PA is only partial, we believe that the plots of Fig. 2 indicate that
the observed structure is not circularly symmetric. The reader
may want to compare for instance the profiles for the K band,
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Fig. 2. Brightness profiles for TX Psc reconstructed by the model-independent method described in the text from the data shown in Fig. 1. The
profiles are renormalized to the same arbitrary value. Horizontal axes are in milliarcseconds (1 mas ~0.3 AU at the distance to TX Psc). The
zero in the angular position is arbitrary, since the data come from independent lightcurves, except for the V" and R lightcurves

which indicate that the circumstellar emission is more extended
along the E-W than the N-S so direction.

There are at least two possible explanations for the observed
morphology. To begin with, one can postulate the existence of
circumstellar dust, with an inner shell radius very close to, or
even in contact with, the stellar photosphere (S 2R,). At vis-
ible wavelengths the dust emits mostly through scattering of
the light from the central source, and hence we see a broad-
ened brightness profile of the central source and relatively broad
wings around it. In the K band the dust thermal emission be-
comes substantial and at L it is dominant. This scenario would
constrain the range of possible dust temperatures significantly,
since the dust should have T' <1300 K to explain the increase
in emission from K to L, and at the same time would have to be
relatively hot because of the vicinity to the stellar photosphere.
The dust would have to be optically thin, and/or occur in clumps,
since even at the visual wavelengths the central star is clearly re-
vealed in the profiles. An alternative explanation is to postulate
large spots on the stellar surface, either areas of lower temper-
ature, or the result of obscuration by intervening dust clumps
very close to the star. Such spots would not affect the bright-
ness profile significantly in the visual wavelengths, where they
would be essentially dark. If their area is large enough, however,
at longer wavelengths they would contribute significantly to the
total emission. Clearly, the two explanations could co—exist, and
in fact they are very closely related.

In the light of this new findings, it is worth us revisiting
briefly the general picture of TX Psc and its shell, both from
the point of view of theoretical modelling and of the previous

observational efforts to measure its angular diameter and effec-
tive temperature. The star has a quoted spectral type between
Cs, and Cy, (see for instance Richer 1971; Griffin & Red-
man 1960; Kholopov 1985). Estimates of its distance vary from
230 pc (Bergeat et al. 1978) to 370 pc (Loup et al. 1993); we
can then assume that 1 mas corresponds to ~0.3 AU. Bergeat
et al. (1976) regarded TX Psc has having no circumstellar shell,
and predicted on the basis of their model an angular diameter
¢ = 13.5 mas and T = 2560 K. At the other extreme, Scargle
& Strecker (1979) used a method that, in their words, ”...ap-
pears to be more accurate than any known direct measurement”’,
to obtain ¢ = 6.2 mas and T = 3790 K. Jgrgensen (1989)
found that the near infrared spectrum and particularly the 3um
band could be satisfactorily reproduced by his model only if
Tesr = 3100 K, with a very small uncertainty of < 70 K. Obser-
vations in the UV, mid~infrared and millimeter wavelengths now
suggest that while a shell is certainly present around TX Psc, itis
probably far from being conspicuous and the mass loss rate is far
from extreme for this stellar class, < 2 x 10~7 Mg/yr (Eriksson
et al. 1986; Olofsson et al. 1987; Mauron & Caux 1992; Heske
et al. 1989; Volk & Cohen 1989; Zuckerman 1993). Wirsich
(1991) studied the physical properties of this dust shell, and de-
rived an inner radius of 2.25R,, with a peak dust temperature
of 1155 K.

To return to the brightness profiles shown in Fig. 2, it is clear
that the very definition of angular diameter is somewhat uncer-
tain in this case. The photosphere is hard to disentangle from
the extended emission, at least until some convincing quanti-
tative model can be put forward for the nature of the latter.
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Qualitatively, we can state that TX Psc has an angular diameter
close to 9.0 mas, and this yields general agreement with (at least
some of) the most recent theoretical or semi—empirical predic-
tions, in the direction of an effective temperature in the range
3000-3150 K. It is noteworthy that this is also in good agree-
ment with previous LO determinations, at least when viewed
in average. On the contrary, the recent determination by Quir-
renbach et al. (1994), who quote T = 2805 + 126 K, seems
to be somewhat underestimated. The reason is probably that, as
stated by the same authors, the interferometric data do not have
sufficient SNR to include the presence of extended structure in
the source and the result was correspondingly biased towards a
larger diameter for the central star.

It is noteworthy to remember that already Lasker
et al. (1973), commenting on their LO observation of TX Psc,
noted that the fit of a simple stellar disc was less than optimal.
Later, Bogdanov (1979) inferred, from a model-independent
analysis of two LO lightcurves with a method rather different
from ours, that the brightness profile of TX Psc showed evi-
dence of extended outer structure, with a photospheric diameter
of 8.2 mas and emission extending out to ~14 mas. The reader
may find that his conclusions are in qualitative agreement with
the profile that we show in Fig. 2 for the R data. This might be
interpreted as some evidence that the extended features are rel-
atively long-lived, although this point would clearly need more
observational support.

4.2. Y Tau

We believe it might be of interest to compare our findings for
TX Psc with those obtained, with the same methods, for the
similar star Y Tau, where we find a very different situation. The
model-dependent analysis shows an angular diameter which
is identical, within the errors, in both the K and the L band,
along two scan directions that differed by about 30°. This is
indicative already of the fact that the circular disc model is a
good approximation to the actual brightness profile. Also the
model-independent analysis does not reveal any sensible depar-
ture from a symmetrical profile for the L lightcurve, as shown
in Fig.3. In the interpretation of the figure, the reader should
be aware that the apparently gaussian profile is not physical.
This particular situation has been investigated and explained
by Richichi (1989). Following the guidelines of that paper, we
conclude that the observed profile is consistent with a circular
disc having ¢yp = 7.9 mas, in agreement with the disc—fitting
result. This is in agreement with the model-dependent result
given in Table 1, which we shall use in the following. Based on
the noise in the data, we can state that any extended emission
in the inner ~ 0”15 must emit < 1.3% of the total bright-
ness at 3.6um. We decided not to analyze the K lightcurve by
the model-independent method, because of possible bias from
scintillation as was explained in Sect. 3.

Also Y Tau is a cool carbon star, with spectral type gen-
erally quoted as Ce 4 although a slightly cooler classification
has also been reported (Lambert et al. 1986). The effective
temperature of Y Tau is generally believed to be cooler than
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Fig. 3. Normalized brightness profile for Y Tau reconstructed from
the data shown in Fig. 1h (filter L along PA=73°), using the same
model-independent method used for TX Psc (compare with Fig. 2).
The orizontal axis is labelled in units of milliarcseconds (1 mas
~0.5 AU at the distance to Y Tau). The profile is consistent with a
circular disc having ¢up = 7.9 mas, as explained in the text, and very
little or no near—stellar extended emission

that of TX Psc: Lambert et al. summarize the determinations
available for both stars according to several methods (among
them direct measurements by LO), and adopt T = 2600 K
for Y Tau and 3030 K for TX Psc. The distance in this case
is larger, with estimates in the range 300 to 570 Kpc; Young
et al. (1993) adopt 480 pc. Bergeat et al. (1976) invoked a cir-
cumstellar shell around Y Tau, which according to their model
should have an inner radius of 14.5 mas, or just 1.6R,, with
Taust = 1470 K: this is inconsistent with the observational ev-
idence that we have presented. Millimeter observations have
indeed revealed CO(j=10) (Olofsson et al. 1988) and possibly
HCN(j=1-0) (Zuckerman & Dyck 1986), but IRAS observations
failed to resolve a shell around Y Tau, unlike TX Psc (Young
et al. 1993). This might indicate comparatively less massive cir-
cumstellar material, a point that correlates well with our negative
detection of extended emission in the immediate surroundings
of the central star.

An interesting point is that of the possible time variations
of the angular diameter of Y Tau. Unlike TX Psc, this star has
large amplitude fluctuations (my = 6.9 — 9.2), with a defined
period of 240.9 days (Houk 1963). Schmidtke et al. (1986) plot-
ted the LO diameter determinations for this star as a function of
the photometric phase, and found that the diameter could indeed
be thought to vary with the phase, although more observations
were needed. Figure 4 shows the data available to Schmidtke
et al. for their conclusion, as open squares. The authors chose to
use partially limb—darkened diameters at H (1.65um), using the
conversion factors ¢up u/dup x = 1.026 (as measured by them
for Y Tau during a simultaneous observation at H and K), and
¢Lpa/dup,u = 1.04. We have then rescaled our independent
determination at K accordingly, and overplotted it in Fig. 4 as
a solid dot. Note that the error bar was increased to reflect the
uncertainty in the above rescaling, also following Schmidtke
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Fig. 4. Angular diameter of Y Tau as a function of photometric phase,
after Schmidtke et al. (1986, squares). The solid dot represents our
measurement in the K filter obtained at phase 0.22 on February 20,
1994, after the rescaling described in the text. The point at phase 0.21
was measured 28 variability periods earlier than ours

et al. Our measurements were obtained at a predicted phase of
0.22, almost coincident with a previous observation occurring at
phase 0.21 on August 31, 1975. The agreement of the two inde-
pendent determinations, separated by 28 variability periods, is
impressive, and shows that the variations must be quite regular.
In order to lend more support to the reality of such variations, we
can reason that they must be accompanied by variations in the
effective temperature and we note that Dominy & Wallerstein
(1986) obtained a spectroscopic determination simultaneously
to an occultation measurement (January 8, 1982 at phase 0.85).
The spectroscopic result was Te = 2900 4 250K, with the
occultation giving To = 2810 + 70K. If we adopt their same
assumptions on the total flux and on the limb darkening, and use
the weighted average of our K and L measurements, we obtain
¢Lp = 8.46 £ 0.08 mas and To = 2590 = 30K at phase 0.22.
Although the difference is only marginally significant due to the
large error bar of the spectroscopic determination, it provides
an independent hint that the photosphere of Y Tau might indeed
experience variations of /300 K in its effective temperature.

5. Summary and concluding remarks

We have investigated the two carbon stars TX Psc and Y Tau
by means of LO observations, which have provided sub—
milliarcsecond resolution scans of these two sources at different
wavelengths and position angles. Our conclusions are quite dif-
ferent for the two sources.

In the case of TX Psc, we find conspicuous deviations from a
simple circular disc profile, which we interpret as circumstellar
dust of relatively high temperature, possibly clumped and opti-
cally thin, situated in the immediate surroundings of the stellar
photosphere. Also the presence of large cold spots on the photo-
sphere could be postulated. We conclude that previous attempts
to assign an angular diameter and an effective temperature to
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this star, based on lunar occultations and optical long-baseline
interferometry data fitted by simple circular disc models, should
be regarded with care. An accurate determination of the photo-
spheric angular diameter of TX Psc must take into account the
extended emission as well, which appears to be wavelength—
dependent and non—circularly symmetric. We find that a good
agreement between observations and recent theoretical inves-
tigations can be obtained, with a picture where the star has an
angular diameter of ~9.0 mas, and T ~ 3050 K.

In the case of Y Tau, we do not find evidence of conspic-
uous emission from a shell, neither at 2.2 nor at 3.6um, and
we derive a uniform—disc angular diameter of 8.21 & 0.08 mas
(éLp = 8.46 + 0.08 mas), from which Tyt = 2590 4 30K can
be inferred. It is noteworthy that this result would be consis-
tent with the proposed diameter variations suggested first by
Schmidtke et al. (1986).

An immediate consideration that emerges from this work,
is that in spite of the apparent similarity of TX Psc and Y Tau
when only their spectral classification (Cs » to Cy ; for the first,
Ce,4 for the latter) or their fluxes (2.6 x 107% erg s~! cm™2
at ~300 pc, and 1.1 x 1075 erg s™! cm~2 at ~480 pc respec-
tively) are considered, the amount of near-photosphere circum-
stellar emission in the two sources is very different, being rather
conspicuous in the TX Psc and basically negligible in Y Tau. It
is perhaps appropriate to remember that in a similar study for the
C4,5 star T Cnc (Richichi et al. 1991), a somewhat intermedi-
ate situation was found. Clearly, the individual characteristics of
carbon stars are sufficiently varied that detailed studies by high
angular resolution techniques of as many sources as possible
are worthy and necessary.

Modern techniques such as long baseline interferometry are
exciting and promising, expecially when it will be possible to
reach better SNR and fainter sources than at present. Here we
would also like to stress that lunar occultations are relatively
simple to observe, accurate in their result (note that the average
of three measurements of TX Psc in the years 1971-1975 gave
a weighted average ¢yp = 8.6 £ 0.7 mas, while the seven oc-
cultations of this work would yield ¢yp = 8.38 & 0.05 mas if
extended emission is ignored) and offer the best angular reso-
lution ever achieved in the near-IR. Coordinated observations
from several different sites, as was the case in the present work,
can effectively remove some of the intrinsic limitations of the
technique and are highly encouraged. An average of about 30
carbon star occultation events are available every year to tele-
scopes of the 1.5 m class equipped with a fast infrared photome-
ter. Among the most noteworthy occultation series of carbon
stars to begin in 1995 are those of TW Oph and V Ari.
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