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ABSTRACT 

Speckle interferometric observations of the pre-main-sequence stellar system T Tauri at 650 and 800 
nm, and at 1.6 (H) and 2.2 ¡im {K) in the infrared using the Palomar 200 in. telescope yield no 
evidence for a tertiary optical companion star as reported in 1985. The present observations were of 
sufficient sensitivity to have detected the object unambiguously if it had remained at its reported bright- 
ness and color. The infrared results provide particularly stringent limits on the presence of a third star 
in the system, since both the optical and southern infrared component are clearly resolved to the 
diffraction limit of the 200 in. telescope, including the H band where the southern component appeared 
~5 mag fainter than the optical primary. We discuss possible resolutions to the conflicting results 
concerning this object, and conclude that if the star is bound to the T Tau system, it has dimmed by at 
least 1-3 mag at R, /, H, and K. In addition, we note that the star is unlikely to be a normal M dwarf as 
reported, and we discuss the possibility that the star could be a Herbig-Haro object. 

i. introduction 

The pre-main sequence stellar system T Tauri contains a 
9th magnitude optical primary (denoted here as T Tau O), 
of approximate visual spectral type K 0, and a secondary star 
(T Tau S), located ~0.7" south of T Tau O, which becomes 
increasingly bright at wavelengths longer than 1 //m; see 
Dyck et aL (1982), Schwartz et al. (1984, 1986), and Ghez 
etal. (1991), and references therein. A third component was 
reported by Nisenson etal. ( 1985 ) to exist 0.27" to the north 
of the visual primary. This object, denoted here as T Tau N, 
was detected using speckle interferometric techniques. T 
Tau N was reported to be significantly fainter than T Tau O, 
with magnitude differences with respect to T Tau O of 5.3 
mag at 520 nm and 3.5 mag at 650 nm. Nisenson et al. sug- 
gested that T Tau N was another star with a spectral type in 
the range M4-M8, and distinct from the primary visual and 
infrared components. Using one-dimensional K band 
speckle measurements made in 1988, Maihara & Kataza 
( 1991 ) report a detection of this source. 

We have made speckle interferometric observations on 
the T Tau system at 650 nm, and 800 nm using the Palomar 
200 in. telescope in an effort to independently confirm the 
existence of a third star in the system. Limits obtained from 
observations at the 1.6 ¡xm (H) and 2.2 ¡xm (K) infrared 
bands are also used. These observations were made to study 
T Tau S; the results are presented in a separate paper (Ghez 
et al. 1991 ). The estimate by Nisenson et al. ( 1985) of the 
very red color of T Tau N prompted us to include the 800 nm 
and infrared observations in the search. In no case did we 
detect a third component anywhere in the range 0.02-1.2" of 
the optical primary. The magnitude limits presented here 
constrain T Tau N in such a way that (a) it must be signifi- 
cantly fainter than reported in 1985 and 1988, due either to 
intrinsic variability or a change in extinction; or (b) the star 
was an emission line source such as a Herbig-Haro object; or 
(c) the star was not bound to the system, appeared by super- 
position, and has since moved away (or to within 20 mas of 
the visual primary) through large proper motion. We con- 
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elude that (a) is the most likely scenario, but (b) is a possi- 
bility that we cannot exclude. 

2. OBSERVATIONS AND DATA REDUCTION 

Both optical and infrared observations were made at the 
//415 Gregorian focus of the 200 in. telescope at Palomar 
Observatory. The optical photon-counting camera and asso- 
ciated electronics are described in Nakajima et al. (1989) 
and Gorham et al. (1989). The scale at the //415 focus is 
0.098 " per mm and the active area of the detector is 25 mm in 
diameter, giving a field of view of 2.45", and an angular sam- 
pling of — 6 mas per 60/zm resolution element on the detec- 
tor. Interference filters centered at 650 and 800 nm, with 
bandpasses of 7.4 and 25 nm, respectively, were used. The 
broader bandpass used at 800 nm helped to compensate for 
the low quantum efficiency ( — 3%) of the detector at this 
wavelength. 

The 650 and 800 nm observations were performed on 10 
September 1990. Observations of 4-6 min duration were in- 
terleaved with observations of two different calibration 
stars, SAO 93887 and SAO 93898, near T Tau. The visual 
seeing during the observations was estimated to be ~1" 
FWHM. During the same observing run, a program to 
search for companions among bright Wolf-Ray et stars 
yielded one detection which provides an excellent cross cali- 
bration of the sensitivity of the search. The star, WR 138 
(HD 193077), was observed both in the red continuum near 
700 nm, and later in a narrowband filter centered on the 
468.6 nm He n line, which is strong in emission for Wolf- 
Rayet stars. A secondary component was detected in both 
bands, as described in the following section. A more detailed 
description of the results of the Wolf-Ray et survey will be 
published separately (Gorham 1992). Table 1 provides 
a log of the observations, including those of WR 138 and its 
calibrators. 

The relevant infrared observations were made over a time 
span from 1988 August to 1990 December, and include sev- 
en different H and K observations, yielding a total of 21 dif- 
ferent images used in the search for T Tau N. The observa- 
tions were made primarily to study T Tau S, and include 
many additional observations spanning the range 1.6-20/zm 
in wavelength, made over a total of 8 yrs in time. These are 
reported in detail in Ghez etal. ( 1991 ). 
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Table 1. Visual observation log. 

Object Type 
Filter, Width 

(nm) 
Ratea 

(cts/s) 
Duration 

(s) UT date 

SAO 69399 
WR 138 
SAO 69727 
SAO 69653 
WR 138 
SAO 49524 
T Tau 
SAO 93898 
SAO 93887 
T Tau 
T Tau 
SAO 93898 
SAO 93887 
T Tau 

calibrator 
source 

calibrator 
calibrator 

source 
calibrator 

source 
calibrator 
calibrator 

source 
source 

calibrator 
calibrator 

source 

700,7 
700,7 
700,7 
467.7, 6 
467.7, 6 
467.7, 6 
650, 7.4 
650, 7.4 
650, 7.4 
650, 7.4 
800, 25 
800, 25 
800, 25 
800, 25 

29 000 
18000 
43 000 
26 000 
10 000 
19 000 
20 000 
26 000 
42 000 
20 000 
15 000 
16 000 
24 000 
15 000 

210 
350 
140 
240 
620 
330 
375 
240 
150 
320 
400 
310 
210 
250 

1990 September 8 

1990 September 9 

1990 September 10 

aThis is the observed rate, uncorrected for deadtime effects. Deadtime corrected rates are 10%-50% higher. 

It is possible to recover complete diffraction-limited im- 
ages from speckle interferometric data, rather than autocor- 
relation functions ( ACFs) or the Fourier equivalent power 
spectra. This may be done by using, for example, techniques 
of bispectral analysis (cf. Lohmann et al. 1983). However, 
the recovered images invariably have a lower signal-to-noise 
ratio than the recovered ACFs when the observations are 
made in the photon-noise-limited regime, where the average 
number of detected photons per atmospheric coherence cell 
per coherence time is less than one. In this regime, which 
obtains for our optical observations, a speckle interferomet- 
ric search for additional unresolved components around a 
star is most sensitive using the ACF (or power spectrum) 
rather than a recovered image of the source structure. 

The data reduction procedure for recovering a diffraction- 
limited ACF of the source structure is described in Gorham 
et al. ( 1990). It makes use of the clean algorithm (Hog- 
bom 1974) to deconvolve the atmospheric seeing effects. As 
shown in Gorham et al, the technique is robust and has 
routinely produced signal-to-noise ratios (SNRs), defined 
as the ratio of the peak value to that of the rms noise in the 
ACF, of > 200 in the recovered ACFs of binary star speckle 
interferometry data obtained with the 200 in. telescope. 
Since the ACFs reported here have typically of order 103 

resolution elements in them, the number of samples is suffi- 
cient to provide a reasonable estimate of the noise. However, 
because clean is inherently a nonlinear technique, due to 
the feedback loop used in subtracting the beam from the 
local maxima, it is necessary to demonstrate that the SNR 
that results from applying clean is consistent with that 
found in the raw data. In fact it is possible for clean to 
improve the SNR under certain restrictions, for example, 
when a stationary telescope or optical aberration is con- 
volved with the source. This is analogous to the way clean 
improves radio interferometer maps, where the sidelobes are 
caused by the shape of the discrete element aperture that is 
used, rather than by aberration. 

3. RESULTS 

5.1 Visual Sensitivity Calibration 

Figure 1(a) shows the recovered 700 nm ACF of the 
Wolf-Ray et star WR 138, with a companion at —0.8" sepa- 
ration. The seeing during this observation was 1.2" FWHM 
as measured in the raw ACF; thus the secondary could not 

be visually resolved. The lowest contours here begin at 
+ 0.4% of the maximum and Am = 4.3 + 0.2 mag between 

the primary and secondary. Since clean is known to have 
the shortcoming of tending to find spurious point sources in 
noise, a highpass-filtered image of the raw ACF was also 
made to be certain that the component was evident in the 
raw data. This filtered ACF is shown in Fig. 1 (b), in which 
one-dimensional slices through the ACF are overlain. Again 
the secondary is clearly evident, though now the noise level 
due to the telescope point-spread function is significantly 
higher than in the clean map. The excess noise near the 
central component is in fact quite stationary and most of it is 
removed in the deconvolution procedure since it appears 
equally in the calibration star ACF. The final confirmation 
of both the presence of the secondary component and the 
sensitivity of our speckle technique is shown in Fig. 1(c), 
which is a contour plot of the recovered ACF of the WR 138 
system in the He n 468.6 emission band. Here the compan- 
ion is detected just near the noise level with Am = 5.3 + 0.3 
mag. The calibration stars for this observation were some- 
what mismatched with the WR star; thus a negative “bowl” 
is seen at the 2% level around the central component. For 
the T Tau observations, the calibration was generally much 
better, matching the low spatial frequencies to 0.5%-l% as 
discussed below. Small mismatches of this sort are common 
in speckle interferometry because of seeing instability. How- 
ever, at this level they do not significantly reduce the sensi- 
tivity to stellar secondary components, since a simple high- 
pass filter can effectively remove the mismatch. 

WR 138 is known to have an absorption line system 
thought to be due to a secondary star (Van der Hucht 1983 ), 
but the secondary has not been resolved previously, and it is 
not clear if the secondary component reported here is suffi- 
ciently bright to provide the necessary absorption lines. The 
star was previously surveyed by Moffat et al. ( 1985) using 
speckle interferometric techniques, but the limiting sensitiv- 
ity of the observations was Am = 2 mag, which is insuffi- 
cient to detect this component, and sets an upper limit on its 
brightness that is consistent with our detection. 

3.2 Visual T Tau Results 

Figure 2 shows the recovered ACF of T Tau as observed at 
800 nm; the cross marks the position of T Tau N in 1984. The 
SNR for this ACF is —350. A diamond marks the position 
of T Tau S in 1990 from Ghez et al. (1991). There is some 
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Fig. 1. (a) Recovered ACF of the Wolf-Ray et binary WR 
138 at 700 nm, with separation ~0.8". Contours at + 0.4%, 
0.6%, 0.8%, 1.0%, 1.5%, 2%, 4%, 8%, 16%, and 32% of 
the maximum. The magnitude difference is 4.3 ± 0.2 mag, 
demonstrating the sensitivity of the contemporaneous T Tau 
observations, (b) A set of overlain slices of a highpass-fil- 
tered image of the raw ACF of WR 138 at 700 nm, showing 
that the secondary is quite evident even in the raw data, with- 
out the use of clean to improve the image quality. The noise 
near the central component is due to stationary telescope 
point spread function, and appears also in similar form in the 
calibrator ACF. (c) Recovered ACF of WR 138, imaged in 
the He H line at 467.7 nm, where the WR star produces 
strong emission. The secondary is again evident at a lower 
signal-to-noise ratio. Contours at — 2%, + 0.4%, 0.5%, 
0.6%, 0.7%, 0.8%, 0.9%, 1 %, 2%, 4%, 8%, 16%, and 32% 
of the maximum. The magnitude difference here is 5.3 ± 0.3 
mag. The 2% negative “bowl” around the central compo- 
nent was caused by seeing mismatches between source and 
calibration star. 

low spatial frequency noise apparent at the 0.5% level (neg- 
ative contours). The highest noise maximum appears at a 
level of 1 % of the central peak. 

Figure 3 presents the recovered ACF of T Tau as observed 
at 650 nm. The SNR of the ACF is ~ 120. Here the domi- 
nant noise is a low spatial frequency saddle at the 1 % level 
which is due to residual mismatches of the seeing calibration. 
To enhance the contrast of this plot for weak stellar compo- 
nents, a high-pass Butterworth filter which passed frequen- 
cies above ~ 3 cycles per arcsecond was applied to the ACF. 
The result is shown in Fig. 4, which now has a SNR of700. In 
both of these ACFs the central peak shows east-west distor- 
tion at the level of —15 mas. as in Fig. 1. This appears to be 
an artifact, and is most likely due to either residual optical 
aberration, or possible seeing effects. 

3.3 Infrared T Tau Results 

Since the spectral energy distribution of an M dwarf on 
the main sequence nominally peaks between the H and K 
infrared bands, and the resolution of the 200 in. telescope is 
adequate at these wavelengths to easily resolve a pair of stars 
at 0.3" separation, the H and K observations were deemed 
the most relevant in our search. However, since both T Tau 

Fig. 2. 800 nm recovered ACF of T Tau. A cross marks the 
position of the T Tau N in 1984, and a diamond marks the 
position of T Tau S in 1990. Contours are in logarithmic inter- 
vals, at +0.5%, 1%, 2%, 4%, 8%, 16%, 32%, 64%, and 
99% of the maximum value. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
92

A
J 

 1
03

. 
. 9

53
G

 

956 GORHAM ETAL. : T TAURI’S COMPANION 956 

Table 2. Magnitude difference limits on T Tau N and T Tau S in 1990. 

Wavelength 
(nm) 

T Tau Na T Tau Nb 

0.03-1.2" 1984 position 
(mag) (mag) 

TTauS 
1989 position 

(mag) 

650 
650 (HP filtered) 
800 
1600 (tf band) 
2200 (ATband) 

>3:5 
>5.4 
>4.7 
>4.9 
>5.7 

>4.0 
>5.4 
>5.1 
>5.2 
>5.1 

>4.2 
>5.6 
>5.5 

a Limits are the minimum magnitude difference allowed for any pointlike 
component with respect to the optical primary star ( T Tau O in the text ), at 
a level corresponding to five times the rms noise in the ACF. b Limits are the minimum magnitude difference allowed, with respect to the 
optical primary star, at the 95% confidence level, for a limited region near 
the 1984 position of the putative T Tau N. The limit is taken from a level 2a 
above the highest value within ~0.08" of the 1984 position. c Variable; see Ghez et al. (1991). 

Fig. 3. 650 nm recovered ACF of T Tau, with positions 
marked as in Fig. 2. Contours are in logarithmic intervals at 
± 1%, 2%, 4%, 8%, 16%, 32%, 64%, and 99% of the maxi- 

mum value. The noise is dominated by a low spatial frequency 
saddle, due to slight seeing mismatches between source and 
calibrator. 

O and T Tau S have spectra with significant infrared excesses 
(Ghez et al. 1991 ), we searched all maps out to 4.8 //m for 
any evidence of T Tau N. In none of the maps was there any 
suggestion of a third stellar component in any part of the 
maps. As the results in Table 2 show, our A'-band limits are 
inconsistent with constant brightness for T Tau N as report- 
ed by Maihara & Kataza ( 1991 ) for T Tau N in 1988. 

A complete set of diffraction-limited images from 1 to 5 
//m of the T Tau system is presented in Ghez et al. ( 1991 ). 
Here we present only the //-band ACF (Fig. 5) which gives 
the most stringent limit on the presence of T Tau N and also 
establishes the high sensitivity of the observations. These H- 

Fig. 4. Highpass filtered 650 nm ACF of T Tau, with contour 
levels at ±0.5%, 1%, 2%, 4%, 8%, 16%, 32%, 64%, and 
99% of the maximum value. The filter passed spatial frequen- 
cies above ~ 3 cycles per ". 

band observations were made prior to the 1989 flare of T Tau 
S reported by Ghez et al. (1991), when T Tau S was — 5 mag 
fainter than T Tau O in the H band. The lowest contour in 
Fig. 5 is at the 0.6% level, corresponding to the 3(7 level in 
the ACF. T Tau S is detected at the 5a level here. There is no 
other significant feature in the map other than an artifact at 
the — 1 % level which appears as a smearing along the x axis 
near the central peak. This artifact is well understood; it is 
due to two bad rows at the edge of the detector pixel array. It 
is correctable by interpolation over the bad rows which do 
not view the object in any case. The interpolation is some- 
what worse in this particular instance than in a typical recov- 
ered infrared ACF. The large magnitude difference between 
T Tau O and T Tau S seen here ( Am—4.8 mag ) is consistent 
with that expected from extrapolation of the results of Ghez 
et al., in the J, K, and L infrared bands, and is indicative of 

lag in RA (arcsec) 

Fig. 5. //-band (1.6 /zm) infrared ACF of T Tau, showing 
both T Tau O and the infrared companion star T Tau S. The 
lowest contour begins at 3 times the rms noise in the ACF, at 
0.6% of the maximum. The contours continue linearly at 
0.5(7 intervals: 0.7%, 0.8%, 0.9%, and 1.0%; then logarith- 
mically at 2%, 4%, 8%, 16%, 32%, 64%, and 95% of the 
maximum. The cross again marks the position of T Tau N in 
1984. The horizontal stripe near the center of the ACF is due 
to a detector artifact discussed in the text. 
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the practical level of sensitivity of the techniques we have 
employed. 

3.4 Derived Limits 

The limits on the magnitude differences for all of the ob- 
servations are given in Table 2. Two different limits are 
quoted for each wavelength band. These are given as the 
minimum allowable magnitude differences of T Tau N with 
respect to T Tau O. The first limit is the 5a limit for the entire 
ACF out to radial lags of ±1.2", where a is the measured 
rms of the noise in the ACF. This limit is typically about 2a 
above the highest noise peak in the ACFs, and represents the 
minimum brightness (relative to T Tau O) a pointlike sec- 
ondary component would be required to have to be consid- 
ered detected. 

The second limit is the 2a confidence level limit above the 
highest noise peak within the given angular radius around 
the position of T Tau N in 1984. This limit is confined to an 
angular radius within which T Tau N should be found if it 
were a star bound to T Tau O, and is described in more detail 
in the discussion section below. 

Table 2 also includes visual limits on the brightness of T 
Tau S relative to T Tau O, using the position derived by Ghez 
etal. ( 1991 ), and a method similar to that used for obtaining 
the limit for T Tau N for its 1984 location. The lack of detec- 
tion of T Tau S in the 800 nm ACF is not surprising; a black- 
body extrapolation of the results of Ghez et al indicate that 
the magnitude difference expected with respect to T Tau O 
at 800 nm is likely to be >6 mag. 

4. DISCUSSION 

This section first addresses the question of the angular 
region which must be searched around T Tau if the tertiary 
star is assumed bound to the system. Following this is an 
evaluation of how the true spectral energy distribution of an 
M dwarf compares to a blackbody, and the consequences of 
this for the search. Finally, a number of possible astrophys- 
ical reasons for our failure to detect T Tau N are considered. 

4.1 Projected Motion for a Bound Object 

The maximum change Asmax in projected angular separa- 
tion over a time A/ that is possible for a binary system where 
the primary is significantly more massive than the secondary 
can be obtained by assuming that the true separation is equal 
to the observed separation, and that the secondary is on a 
radial trajectory at just below the escape velocity. For these 
assumptions, the result can be written 

A^max = AíZ) “VV 1/2(2G^prlmary )
1/2, (1) 

where s0 is the initial angular separation, D* the distance to 
the system, and ^primary the mass of the dominant star (T 
Tau O in our case). Equation ( 1 ) is only an approximation 
for T Tau as a triple system; however, the projected distance 
of T Tau S from T Tau N is more than three times that of T 
Tau O and T Tau N, so the approximation appears to be 
justified. For the parameters reported for the system [Nisen- 
son et al. ( 1985) estimate masses of 2.2 and 0.3 Jt^ for T 
Tau O and T Tau N, respectively], the six year gap in time 
allows A5max = 0.066", just under two resolution elements 
in our optical ACFs, and less than 1 resolution element for 
our infrared data, indicating that the search loci for a bound 
tertiary are confined to be very near the position reported in 

1985. Thus the second limit in Table 2 is the more physically 
interesting one for T Tau N if it is bound to T Tau O. 

4.2 Corrections to the Expected Magnitude Differences 

Since the search sensitivity is limited by magnitude differ- 
ences with the primary star, rather than the intrinsic magni- 
tude of the components, it is important to evaluate the de- 
rived limits in light of the actual infrared behavior of the 
components. 

The blackbody assumption for both T Tau O is a poor one 
since T Tau O has an infrared excess of —1.2 mag at 2.2 fim 
over the expected K0 star extrapolation (Ghez et al. 1991 ). 
Since molecular absorption lines dominate the continuum 
spectra of M dwarfs in the visual and near infrared, infrared 
excesses also tend to be the rule rather than the exception for 
these stars. For example, Tinney et al. (1992) find that a 
sample of —20 extreme M dwarfs typically exceeded the 
expected blackbody values of R — /by 1 mag, and exceeded 
the blackbody R — K values by as much as 2 mag. Thus if T 
Tau N is an M dwarf at 3000 K as reported, the corrections 
to the infrared magnitude differences with T Tau O given 
above tend to be canceled out by the infrared excess that is 
expected for the star. In any case, it appears unlikely that the 
spectral peculiarities of T Tau O could have significantly 
reduced our sensitivity to T Tau N. 

4.3 Critiques of the Reported Infrared Detection of T Tau N 

The results of Maihara & Kataza ( 1991 ), which report T 
Tau N to fall on a blackbody line at K, imply that the star is 
very unusual for its class. Their derived brightness of T Tau 
N was based on a model fitting the relative brightnesses of a 
triple-star system to the one-dimensional averaged Fourier 
power spectrum. We have four separate critiques of this re- 
sult. 

( 1 ) Three independent power spectra of T Tau N were 
averaged by Maihara & Kataza (1991) before performing 
the model fit. Although the variations between the three 
spectra shown are well in excess of the estimated statistical 
errors, the errors used for the averaged spectrum did not 
reflect this additional variance. 

(2) Although a three component model was fit, the recov- 
ered map of the system in which T Tau N appears most 
evident in fact showed four apparently significant compo- 
nents. Of these, T Tau N is the faintest. The brighter object 
between T Tau O and T Tau S in the map was ignored, both 
in the fit and in the discussion. 

(3) Of the three recovered one-dimensional maps (from 
slit scans) presented by Maihara & Kataza ( 1991 ), the two 
which show indications of T Tau N both had very poor chi- 
squared values with respect to the data. The only map which 
appears to be a good fit showed no indication of T Tau N. 

(4) The component identified as T Tau N in the Maihara 
& Kataza (1991) maps appeared displaced 0.12" north of 
the position given by Nisenson etal. ( 1985), a value which 
exceeds the permitted distance for a bound object. There was 
also no east-west information in their map, and their slit had 
an east-west length of 3.6". 

Given these uncertainties, we take the Maihara & Kataza 
(1991) result to be inconclusive as a confirmation of the 
presence of T Tau N. 

4.4 Possible Reasons for Nondetection at Optical Wavelengths 

In this section we consider a range of possible astrophys- 
ical reasons for our nondetection of T Tau N. The possibili- 
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ties fall into two broad categories: variability in the bright- 
ness or color of the T Tau components, and variability in 
their positions. 

4.4.1 Variability in brightness or color 

Since the limits derived here are expressed in terms of 
magnitude difference with respect to T Tau O, it remains to 
be determined whether T Tau O could possibly have bright- 
ened by more than 1-2 mag since 1984. Nisenson et al. 
(1985) did not report photometry of T Tau, but expressed 
their results only in terms of magnitude differences. F band 
photometry compiled by Rydgren et al. (1984) indicates 
that T Tau has slowly brightened from V~ 10.4 mag in 1962 
to F~9.9 mag in 1983, with shorter timescale variations of 
—0.1 mag possible. Photometry compiled from observa- 
tions by the American Association of Variable Star Observ- 
ers (Mattel 1991) spanning the period from 1982 to 1990 
indicates a fairly constant value of F—10.0 + 0.1 mag. Un- 
published measurements by Herbst, reported in Ghez et al. 
( 1991 ), provide similar results for this period. Although no 
photometric standards were observed along with T Tau dur- 
ing our observations, a rough calibration of our optical sys- 
tem efficiency can be used to yield R = 9.0 4: 0.3 mag, which 
gives F= 9.8 + 0.3 mag, using the V— R value of 0.77 mag 
given by Herbst et al. (1983). Our estimated photometry is 
consistent with the values current in 1989, and we thus rule 
out a significant change ( > 0.2 mag) in the visual brightness 
of T Tau O as a possibility for the nondetection of T Tau N. 

Variation of the intrinsic brightness of T Tau N is a possi- 
bility which is not excluded in our results. However Nisen- 
son et al. ( 1985 ) reported a consistent magnitude difference 
at 650 nm for observations separated by almost 1 yr. This 
appears to reduce the likelihood of a large amplitude periodic 
variation, but stochastic variations over longer timescales 
are possible; in fact Ghez et al. (1991) report a 2 mag flare on 
T Tau S in 1989. Given the past history of variability in T 
Tau O, and the recent activity in T Tau S, a significant dim- 
ming of T Tau N is a possible explanation for the results we 
present here. 

Another possibility is that the color of T Tau N has 
changed significantly, rather than its intrinsic brightness. 
However, since the spectral maximum of an object at — 3000 
K is bracketed by the wavelengths of the four bands ob- 
served, a moderate color change should cause a relative 
brightening in at least one of the bands. If the emission is 
blackbody in nature, a moderate color change ( — + 1000 
K) without a change in intrinsic luminosity is thus ruled out 
by our observations. 

4.4.2 Change in brightness due to variable extinction 

The infrared observations probably also rule out a moder- 
ate change in visual extinction which affects both T Tau N 
and T Tau O. An increase of 2 mag of extinction in the visual 
implies only 0.2 mag at K, using the average extinction curve 
given by Savage & Mathis (1979). However, we require 
—1.5-2 mag additional extinction to T Tau at A' to reduce 
the flux density of T Tau N below our minimum detectable 
level. Such a change was not seen in the observations of T 
Tau O of Ghez et al. ( 1991 ). 

A change in extinction which affects only T Tau N is, 
however, quite possible in this system, due to the possible 
presence of a relatively dense Keplerian disk surrounding T 
Tau. This 12" diameter disk is reported by by Weintraub et 

958 

al. (1987, 1989) from mm-wave CO observations. Wein- 
traub et al. (1989) derive neutral hydrogen densities for the 
disk which fall in the range 8-20 X 105 cm ~3, and 13CO col- 
umn densities of 2-6X 1016 cm-2. Such densities are ade- 
quate to produce visual extinctions of 10-30 mag, and K 
band extinctions of —1-3 mag, assuming that the ratio of 
dust/CO in the disk is comparable to that observed in other 
compact clouds (cf. Spitzer 1978). Thus T Tau N may have 
been occulted by a dense clump of the disk material. 

The large density contrast required of the clumps of disk 
material at the radius of T Tau N is perhaps not unexpected 
if the disk is tidally perturbed at the orbit of T Tau S as 
expected by the effects of Lindblad resonance. At the pro- 
jected radius of T Tau N from T Tau O, the Keplerian veloc- 
ity is —7 km s~1, and a clump of disk material 1 AU in 
diameter has an 8 month crossing time. In the absence of 
more detailed modeling of the effects of tidal disruption on a 
dense circumbinary disk, all we are able to say at present is 
that the required time and spatial scales do not appear to be 
implausible. 

4.4.3 Variability in position 

The detection of the object in November 1983 and Oc- 
tober 1984 by Nisenson et al. ( 1985) indicates that the dif- 
ferential motion of the source was not in excess of —0.1" 
yr~1. It thus appears unlikely that the object detected by 
Nisenson et al. was a foreground or background object since 
a proper motion of —0.2" yr "1 is required for it to leave our 
field of view. At the distance of T Tau, this implies a project- 
ed differential velocity of 250 km s \ extremely high for a 
Population I star. Alternatively, a projected velocity of —40 
km s “1 is required to close to within 20 mas of T Tau O, 
where it could not be resolved. Either projected velocity ex- 
ceeds the escape velocity of the system implied by Eq. ( 1 ) by 
at least a factor of —4, and the projected mean velocity of 
stars in the Taurus cloud by a factor of — 3. 

4.4.4 A Herbig-Haro object? 

Since the object seen by Nisenson et al. ( 1985) appeared 
brightest in a filter passband which included Ha emission, it 
is possible that the object reported was an emission line 
source. This possibility is considered by Nisenson et al. with 
respect to jet emission, or reflection nebulosity from emis- 
sion by the central star, but the hypothesis is rejected because 
the apparent luminosity of the source is judged to be too 
high. Herbig-Haro objects (HH) (see Schwartz 1983 for a 
review) can appear pointlike in seeing-limited optical im- 
ages, produce strong Ha emission, and are known to be vari- 
able by factors of 2-6 or more on timescales of years or less. 
They are associated with T Tauri stars, and some have prop- 
er motions which suggest ejection from the central star at 
velocities of hundreds of kilometers per second. The appar- 
ent visual magnitude of the object seen by Nisenson et al. in 
the “continuum,,, under the HH assumption, would be 
-14—15 mag. This value would put it among the brightest 
HH objects, but it it would also be among the closest to the 
source of excitation. In fact a number of HH objects are 
known in the vicinity of T Tau itself. Schwartz (1975) has 
shown that Burnham’s nebula had a spectrum characteristic 
HH objects, and reported an HH object near the reflection 
nebula NGC 1555, about 30" W of T Tau. Recently, 
Schwartz (1990) has reported another HH object on the 
southern edge of Burnham’s nebula, about 15" S of T Tau. 
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Our observations at 650 nm, with a 7.4 nm FWHM band- 
pass, would probably not have included any Ha emission, 
since the required radial velocity is — 1500 km s ~1, too high 
for a HH object. In contrast, the observations by Nisenson et 
al (1984) which used bandpasses ranging from 24 to 74 nm, 
would have included many emission lines in addition to Ha, 
including strong lines of N n (658.3 nm), S II (671.7, 673.1 
nm). The 521 nm observations by Nisenson et al. also could 
include strong emission of Fen (515.8, 526.1, 527.3 nm), 
and N I ( 519.8 nm ). At 450 nm a large number of lines of Ca, 
N, and Fe, among others, would be included with the 50 nm 
bandpass used; these lines would, however, be on average 
considerably weaker than those observed in the red. It thus 
appears that an emission line source such as a Herbig-Haro 
object could account for the detection by Nisenson et al. It 
could also account for our lack of detection, either through 
variability, a large proper motion, or the narrower band- 
passes used in our subsequent experiment. However, since it 
requires that the object be both the closest and among the 
brightest HH objects yet seen, we consider this a less likely 
possibility than that of either intrinsic variability or varying 
extinction to the source. 

5. CONCLUSIONS 

We find no evidence in 1990 September for a third stellar 
component associated with T Tauri and its southern infrared 
companion. If the object seen by Nisenson et al. ( 1985) is a 
star, it has either varied significantly in apparent magnitude 
since its discovery, or is presently in conjunction with the 
optical primary, thus preventing its detection. If the star is 
bound to the T Tau system, then a significant dimming of T 
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Tau N is the most likely explanation for our lack of detec- 
tion, since its position could not have changed more than 
~0.06" between 1984 and 1990 while remaining bound to T 
Tau. Given the gas densities in the local environment of T 
Tau, which may be quite high due to the presence of a bound 
Keplerian disk, occultation of the component by a clump of 
disk material is a possibility. The large density contrast re- 
quired for the intervening clump could be caused by tidal 
disruption of the disk material by the orbit of T Tau S. 

An alternative explanation is that the object seen was an 
emission line source such as a Herbig-Haro object, rather 
than a companion star. In this case, all of the observations 
could be explained, given the known properties of such ob- 
jects. To confirm this hypothesis, future searches will re- 
quire careful choice of filters and passbands to accurately 
measure both the continuum and possible emission lines. 
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