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Abstract. The properties of Classical Τ Tauri (TTS) winds - their mass 
loss rate, temperature, origin, and energetics - are reviewed and interpreted 
in terms of the most recent observational evidence. TTS winds seem to 
have their origin in the disk and are powered by accretion. Most TTS have 
Mw < 1 O " 9 M 0 yr" 1 and Mw/M ~ 0.1, with Τ ~ 10AK. 

1. Introduction 

From very early on it was recognized that the characteristic blueshifted 
absorption component in the emission line profiles of Τ Tauri stars (TTS) 
indicated the presence of winds (Kuhi 1964). However, the interpretation 
of the wind and its origin has changed with the understanding of the origin 
of the activity in TTS. When TTS were thought to posses an amplified so-
lar type kind of activity, winds were expected to be spherically symmetric, 
emerging from the stellar surface. As it became apparent that the energy 
source for the activity was accretion energy, and the presence of an accret-
ing circumstellar disk became the natural scenario, the evidence pointed to 
the disk as the source of material and power in the wind. Two important 
points have arisen in this latest picture. First, the wind is far from spher-
ically symmetric, at least at small spatial scales. Second, emission lines as 
a whole should no longer be seen as wind indicators, i.e., the bulk of the 
line probably arises in the magnetospheric infalling flow joining the disk 
and the star (see Edwards, this volume), and do not trace the outflowing 
material. 

In this review, I will refer mostly to the properties of mass ejected near 
the star, at scales smaller than 100 AU, as inferred from present day obser-
vations, and discuss the observational constraints that theoretical models 
should explain to be applicable to TTS winds. In section 2, I discuss the 
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Fzpwre 1. Typical Ηα line profiles of TTS 

appropriate wind indicators within the present picture of TTS. In the fol-
lowing sections, I review the region of formation (section 3), and the phys-
ical conditions of the wind (section 4) based on the information provided 
by those indicators. I will refer only to the Classical Τ Tauri stars (CTTS), 
and call them TTS. The weak line Τ Tauri stars show no indication of the 
presence of a wind, at least of the same nature as that of CTTS (Hartigan, 
Edwards, & Ghandour 1995, HEG hereafter), and will not be discussed. 

2. W i n d Indicators. Separating Magnetosphere and W i n d 

Figure 1 shows Ha line profiles for a sample of TTS. The typical features 

of the line profiles are: (1) An emission peak at nearly zero velocities; (2) A 

blueshifted absorption component (BAC), at velocities ~ —50 — 150km s - 1 . 

A few stars, like AA Tau, show a strong central absorption, which is yet 

to be explained; (3) Extended blue and red wings, to velocities up to 

± 2 5 0 k m s _ 1 . Stars without accretion, as the W T T S DI Tau in Figure 1, 

show a narrow line profile. 

Original interpretations sought to explain the whole emission line profile 

as produced in the wind. Spherical wind models (Hartmann, Edwards, & 

Avrett 1982; Lago 1984, 1986; Natta, Giovanardi, & Palla 1988; Hartmann 

etal 1990; Giovanardi etal 1991; Johns & Basri 1995a) can successfully 
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explain the fluxes of emission lines, but generally fail in explaining the line 
profiles. As shown in Calvet, Hartmann, & Hewett (1992, their figure 3) 
profiles from spherical winds are typically Ρ Cygni type, with deep, below 
the continuum, BACs and redshifted emission peaks, unlike the observed 
profiles (cf. Figure 1). The stochastic spherical wind of Mitskevich, Natta, 
& Grinin (1993) can explain the observed line profiles, basically because 
these authors assumed that the wind decelerated outwards. However, it 
is very difficult to find theoretically a hydrodynamic wind solution with 
this property (Holzer etal 1983). Spherical winds also fail in explaining the 
decreasing depth of the BAC going up the Balmer series. Generally, in wind 
models, the source function falls steeply in the outer regions relative to the 
Planck function, and this effect gets stronger for lower opacity lines. As a 
result, the depth of the BAC increases for higher series lines, contrary to 
the observations. 

Given the failure to explain the observed emission line profiles with 
classical winds, other alternatives were explored. Since the middle 80s, it 
is generally accepted that TTS are surrounded by disks responsible for the 
infrared excess, a model originally proposed by Lynden-Bell and Pringle 
(1974). In this picture, the disk material joined the star through a narrow 
boundary layer, where it slowed down from Keplerian to the slow rotation 
of the stellar surface. Nearly half of the accretion energy was supposedly 
dissipated in this layer; turbulent motions [and shocks] were expected, and 
winds could potentially be produced (Pringle 1989; Bertout & Regev 1992). 
Calvet, Hartmann, Sz Hewett (1992) explored the feasibility of this model 
by calculating line profiles from a configuration near the star with char-
acteristics appropriate to boundary layers. The resultant line profiles still 
could not reproduce the observed profiles (cf. Figure 3 of Calvet, Hart-
mann, & Hewett [1992]). They were too broad, due to rotation, the peak 
of the emission was still too redshifted, and at typical inclinations to the 
line of sight, the BAC was too deep. 

In recent years, it became apparent that, given the expected mag-
netic field strengths in the stellar surface (~ few KG; Basri, Marcy, &; 
Valenti 1992; Guenther, this volume), and typical mass accretion rates 
(~ l O - 8 M 0 y r _ 1 , Gullbring etal 1997), the inner disks of TTS would be 
disrupted by the magnetic field and matter will move into the star along 
the field lines in nearly free fall (Bertout, Basri, & Bouvier 1988; Krautter, 
Appenzeller, Jankovics, 1990; Königl 1991; Calvet & Hartmann 1992; Shu 
etal 1994). 

One of the most important evidences in favor of the magnetospheric 
model is that this model can successfully reproduce the observed profiles of 
emission lines. In the magnetospheric flow, the bulk of the emission comes 
from material moving at low velocities far from the star, while the wings 

https://doi.org/10.1017/S0074180900061829 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900061829


420 NURIA CALVET 

1.5 

—1—ι—ι—ι—ι— 

M = 10-β 

. EW = 10.3 A ι 

1 1 1 1 1 ι Ί 

i=75" 
1.6 

_ 1 . . . . 
_WL 16 i 

; 1992 / 

—ι—ι—ι—ι— ι— 

/ 1.4 
- EW = Β.Θ A 1 

\ - -

/ 1 ; 1.2 J V •: 
\ ; 1 L k : 1 

- ι , . . . i Υ , . ι - • ι . . . . i 1 , I , 1 " 
-500 0 500 

velocity (km s _ 1) 
-500 0 500 

velocity (km s"1) 

Figure 2. ΒΓ7 line profiles. Left: magnetospheric profile from Muzerolle etal (1997). 
Right: profile of WL 16 from Najita etal (1996) 

are produced by the material close to the stellar surface, moving at the 

free-fall velocity. Therefore, the peak at nearly zero velocity and the line 

width are naturally explained. Magnetospheric profiles can explain very 

well the main features of Balmer lines (Hartmann, Hewett, & Calvet 1994). 

The multilevel, extended Sobolev radiative transfer in the magnetospheric 

flow by Muzerolle etal (1997) has extended this early treatment to higher 

Hydrogen series. Figure 2 compares the observed Br 7 line profile for WL16 

(Najita etal 1996) with a magnetospheric profile of Muzerolle etal (1997). 

The magnetospheric profile reproduces very well the main features of the 

observed profile. 

The success of the magnetospheric model in explaining the observed line 

profiles has important consequences. First, the bulk of the line flux comes 

from the infalling, magnetospheric material, and it is not formed in the 

wind. Therefore, the hydrogen emission line fluxes are not indicators of the 

wind. The only true wind signature in permitted lines is the blueshifted ab-

sorption, which cannot be explained in terms of the magnetospheric model. 

Second, all the mass loss rate estimated based on the flux of the hydrogen 

emission lines, both optical and infrared lines (Natta etal 1988; Hartmann 

etal 1990) are meaningless, since those lines do not arise in the outflowing 

region. 

Only analysis of the BAC can render an estimate of the rate of mass 

loss in TTS from permitted lines. On the other hand, the low excitation 

forbidden lines seen in TTS (Hamann 1994; HEG) do probe the outflowing 

material; in the cases where a spatially extended jet has been resolved, 
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Figure 3. Total luminosity in [01] 6300 vs. accretion luminosity, from data in HEG 

the forbidden emission at the stellar position merges smoothly with the jet 
emission (Solf & Böhm 1993; Hirth, Mündt, & Solf 1993). Analysis of the 
forbidden lines provides the best available estimates so far of the mass loss 
rate in TTS. 

3. Origin of the W i n d 

Since most of the flux of the permitted emission lines comes from the magne-
tospheric flow, they are no longer a tool to infer the physical characteristics 
of the wind. The forbidden lines provide the required information at large 
scales, but probably will be quenched in the densest, innermost zone, and 
we only have the profile of the BAC to analyze this region. Nonetheless, the 
analysis of these observational indicators provides clues to discern between 
the different models that have been discussed for the region where the wind 
is ejected and powered. 

A wind is present whenever the disk is present. Stars that have near 
infrared excess have forbidden [01] emission, while stars without excess do 
not show forbidden lines (Cabrit etal 1990; HEG). A near infrared excess 
is evidence that a disk with a range of temperatures (in contrast to the 
single temperature stellar flux) is present (Hartmann, this volume, and 
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references therein), but a correlation with the infrared excess only proves 

that the disk presence is an essential ingredient for the existence of the wind, 

because the disk can be heated externally by stellar irradiation (Kenyon & 

Hartmann 1987; Calvet etal 1992). However, the correlation between the 

forbidden line luminosity and the accretion luminosity, as measured from 

the veiling of absorption lines (HEG), shown in Figure 3 strongly suggests 

that in addition to having a disk origin, TTS winds are powered by accretion 

energy. The form into which accretion energy is transmitted to the wind in 

TTS is still a question of debate. 

3.1. THE FU ORI WIND 

The case of the FU Ori objects can give some insight into the origin of the 

wind of the less energetic TTS. FU Ori objects are thought to be high mass 

accretion disks that surround a low mass star (Hartmann & Kenyon 1996; 

Hartmann, this volume). In one case, a strong line CTTS was observed 

previous to the disk outburst, so by looking at FU Ori we are in principle 

observing the same physical system, subject to a higher release of potential 

energy. 

FU Ori objects prove to be the best clear case of a disk wind, in that 

we can see the wind accelerating region. The energy released by viscous 

processes in FU Ori disks heats the inner disk regions to temperatures 

~ 70001ÏT, so the spectrum of the disk atmosphere shows metallic absorp-

tion lines with a wide range of strengths. The weak lines are formed deeply 

in the disk atmosphere, in a region where the Keplerian rotational velocity 

is larger than the slow expansion velocity, so their line profile shows the 

characteristic double peak structure expected from a rotating disk. On the 

other hand, the strong lines are formed high up in the atmosphere, where 

the expansion velocity is larger than the rotational velocity; their line pro-

files are single and blueshifted (Calvet etal 1993). The upper panel Figure 4 

shows the result of detailed modeling of metallic lines of differing strengths 

for the case of FU Ori, from Hartmann & Calvet (1995). As the strength 

of the line increases, the peaks of the double profile merge into one. The 

lower panel shows observed positions of the peaks of absorption lines in 

the spectrum of FU Ori (also reported by Petrov & Herbig [1992]). The 

observations behave as predicted by a rotating accelerating disk wind. 

A mass loss rate M of ~ l O ~ 5 M 0 y r _ 1 is found for FU Ori (Croswell, 

Hartmann, & Avrett 1987; Calvet etal 1993), yielding a ratio Mw/M ~ 0.1. 

3.2. THE REGION OF ORIGIN OF TTS WINDS 

Figure 5 shows observations of the Ha and Na I D lines for a sample 

of young stellar objects arranged from top to bottom in decreasing order 
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Figure 4- Line profiles for FU Ori disk wind (from Hartmann & Calvet 1995) 

of mass accretion rate. At the top, the lines in FU Ori show very strong 

blueshifted absorption. As the mass accretion rate in the disk decreases, 

the lines develop emission, probably associated with the emergence of the 

magnetosphere, which is thought to be crushed out by the rapid accretion 

rates in FU Ori (Hartmann 1997). At the same time, the strength of the 

BAC decreases appreciably, to the extent that it is almost absent in the 

Na I D lines of the lowest mass accretion rate TTS. 

Although the profiles shown in Figure 5 have been chosen to show the 

maximum effect, they agree with the previous conclusion that the winds 

are powered by accretion, in the sense that they are stronger in the highest 

mass accretion rate objects. Similarly, since the BAC has to be formed very 

near the star to absorb the stellar and magnetospheric background light, 

the profiles shown indicate that the density in the inner accelerating wind 

region decreases with mass accretion rate. 

From the observations of individual BAC, however, it is difficult to 

deduce the exact region of formation of the wind. Two possibilities have 

been advanced so far. The wind may arise in the inner disk region, similarly 

to the case of the FU Ori objects ( Blandford &; Payne 1982; Pudritz & 

Norman 1983; Königl 1989; Camenzind 1990; Pelletier & Pudritz 1992; 

Gomez de Castro & Pudritz 1993; Safier 1993; Paatz & Camenzind 1996). 
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Figure 5. Line profiles of Ha and Na I D for objects arranged by mass accretion rate. 
From top to bottom: FU Ori, Μ ~ 1 0 " 4 Μ Θ yr" 1, DG Tau, M ~ 2 χ 1 0 " 6 M o yr" 1, DK 
Tau, M ~ 4 χ 1 0 " 7 Μ Θ yr" 1, DN Tau M ~ 3 x 1 0 ~ 8 M o yr" 1. HEG data. The sharp lines 
at 0 velocity in the Na I D profiles are of interstellar origin. 

Alternatively, the wind may be produced at the same point where the 

magnetospheric flow is launched, at the radius where the disk corotates 

with the star, as envisaged by the X-wind model (Shu etal 1994; Najita 

Sz Shu 1994; Shu etal 1995). It has proven difficult to device observational 

tests to distinguish between both kinds of models, especially because the 

origin of the heating and therefore, the temperature structure, are not well 

known. 

However, variability analyses of line profiles with time baselines cover-

ing significantly several stellar periods have provided strong clues as to the 

location of the wind formation region. The time series analyses comprise 

several aspects: (a) Search for periodicities in different parts of the line 

profiles, and compare them with the stellar period; (b) Determine charac-

teristic time scales for variability; (c) Search for correlations between the 

variations in different parts of the line profiles, to indicate relationships 

between the physical regions where each arise. 

A long time baseline of 37 nights with hundreds of spectra has pro-

vided important indications for the characteristics of the BAC and thus of 

the wind (Johns etal 1992; Giampapa etal 1993; Johns & Basri 1995a,b; 
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Johns-Krull & Basri 1997). In a sample of 7 stars where the profiles of the 

strong emission lines have been monitored, the BAC has been found to 

vary periodically with the same period as the star in one case. This obser-

vation supports the view that the wind comes from the corotation radius, in 

agreement with the predictions of the X-wind model. However, in the rest 

of the sample, six stars, the BAC is uncorrelated with other parts of the 

line profile; it is either not periodical, or if periodical, does not vary with 

the stellar period. Moreover, it shows a longer variation time scale than 

the rest of the line profile. The authors conclude from these observations 

that (1) the wind formation region is detached from the region of formation 

of the main emission, and (2) the wind formation region is exterior to the 

formation of the main emission. This evidence supports the view that the 

wind is produced in the disk, in a region exterior to the magnetosphere. 

Since the one star where the BAC varies with the stellar period is not a 

representative TTS, in that it has a higher mass and few evidences of the 

TTS activity (Edwards, this volume), while the rest of the sample consists 

of more typical TTS, the variability studies carried out so far indicate a disk 

origin for the Τ Tauri wind. It is important, however, to increase the sample 

of TTS with significant time series coverage to confirm this indication. 

3.3. FORBIDDEN LINES. EXTENDED REGION 

The forbidden lines probe the extended, lower density regions of the wind. 
However, the information they provide on the geometry of the wind region 
is not yet conclusive. 

The line profiles of forbidden lines in TTS are generally blueshifted. 
The overall blueshift of the line has been interpreted as indicative of the 
presence of a disk, which hides the receding flow of the line (Jankovics, 
Appenzeller, &; Krautter 1983; Appenzeller, Jankovics, & Ostreicher 1984; 
Edwards etal 1987). In addition, the line profiles of forbidden lines in TTS 
are often double peaked. Following HEG nomenclature, the peak at veloci-
ties > — 60km s - 1 is called the low velocity component, LVC, while the peak 
at larger negative velocities is referred to as the high velocity component, 
HVC. 

Figure 6 shows the number of stars where the LVC or the HVC peak 

is present in the HEG sample, arranged in order of mass accretion rate. 

The HVC is clearly present only in the high mass accretion stars, while 

the low velocity component is more ubiquitous. Line ratios indicate that 

the excitation conditions for both components in a given star are different, 

with a higher density in the LVC (Hamann 1994; HEG; Solf, this volume). 

In addition, the HVC is generally spatially resolved, and extends into jets 

when they can be seen (Solf & Böhm 1993; Hirth, Mündt, & Solf 1993; 
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Figure 6. Number of stars with given mass accretion rate where a LVC peak (right 
panel) or a HVC peak (left panel) is present in [01] 6300. The dotted line is the total 
number of stars in the sample, for comparison. Data from HEG 
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Figure 7. Luminosity of the HVC vs luminosity of the LVC of [01] 6300. Data from 
HEG. 

Hirth etal 1994). The LVC in general is not resolved, except in [Sil] in a 

few cases (Solf & Böhm 1993). 

These observations have led to the suggestion that the two components 

arise in two distinct physical regions, in contrast to the models that pro-

pose geometric or/and inclination effects to explain the profiles (Edwards 
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etal 1987; Raga 1989; Safier 1993; Hartmann & Raymond 1989; Ouyed 
& Pudritz 1994). In this view, the HVC would correspond to the jet it-
self while the LVC would come from a wind arising in outer disk regions 
where the escape velocity is low (Kwan & Tademaru 1988; 1995). However, 
as shown in Figure 7, the luminosities of the two components are tightly 
correlated. Moreover, the slope of the correlation is greater than one, sug-
gesting a density effect: at low luminosities, only the higher density low 
velocity component is present; at high luminosities the wind overall has 
higher densities, and the low velocity component, produced in the densest 
regions, may be quenched. This behavior is in agreement with the sugges-
tion that there is only one main emitting region, seen at different scales 
(Camenzind, this volume). The issue of the origin of the forbidden lines is 
still an open question. 

4. Mass Loss Rates 

The determination of mass loss rates in the winds of TTS requires the 
knowledge of the excitation conditions in the emitting region, as well as of 
its geometry. As these quantities are very uncertain, mass loss rate deter-
minations are only order of magnitude estimates. In this section, I discuss 
the mass loss rates from the study of the forbidden lines. In addition, I 
use the BAC of lines with differing ionization and excitation characteristics 
to constrain the density and temperature of the inner accelerating region 
of the wind. With these quantities, I derive crude estimates of the mass 
loss rate from the permitted lines and find them to be consistent with the 
forbidden line results. Again, these estimates are only appropriate to order 
of magnitude, and detailed analysis of simultaneous spectra of individual 
stars should be made to obtain more accuracy. 

4.1. FORBIDDEN LINES 

Mass loss rate estimates of TTS have been obtain by HEG. They use only 
the HVC of [01] 6300 for their calculations, since this is the component 
clearly associated with the jet. They include as HVC any emission at large 
negative velocities, even if there is no line maximum associated with it. 
They also assume that the forbidden emission is produced in a shock. 

The line luminosity is given by 

Li ~ nuAuihuV (1) 

where nu is the upper level of the transition producing the line of frequency 
z/, Aui is the Einstein coefficient, and V is the emitting volume. 

At the same time, the total emitting mass is 

https://doi.org/10.1017/S0074180900061829 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900061829


428 NURIA CALVET 

where η Ε is the total density of the element producing the line and TIE1 

is the density of this element in the corresponding ionization stage. To 
evaluate this expression, HEG take ν from the observed velocity shift and 
I from the size of the slit. The abundance of the element gives η # / η # . To 
evaluate the ionization stage, ΠΕ/ΠΕ1 and the relative population of level u, 
fiE1 Ι^η, knowledge of the temperature and the electron density is required. 
HEG assume a temperature of 8000K, arguing that this is the temperature 
where 01 emits the most in shocks. They also assume that most of the 
oxygen is neutral and most of the sulphur once ionized. To estimate the 
electron density, they use the ratio of the H VC fluxes of [S II] 6731 and 
[01] 6300, and a two level atom formulation. 

With these assumptions HEG analyze a sample of 31 stars with ac-

cretion, of which 25 have measurable high velocity emission in [01], for 

which they obtain mass loss rates in the range between l O ~ l o M 0 y r _ 1 and 

3 x l O - 7 M 0 y r _ 1 , with a median value of ~ l O ~ 9 M 0 y r _ 1 . In the case of 

RW Aur, HEG derive Mw ~ 3 x 1 O ~ 8 M 0 y r - 1 , in good agreement with 

the independent determination of mass loss rate from direct analysis of the 

resolved jet (Bacciotti, Hirth, & Natta 1996). 

The mass loss rate increases with mass accretion rate. Using the mass 

accretion rate determined by HEG, Mw/M is < 10~ 2 . However, more recent 

determinations of mass accretion rate seem to indicate that the HEG mass 

accretion rates are overestimated by a factor ~ 10 (Gullbring etal 1997, 

Hartmann, this volume). If this is the case, then Mw/M ~ 0.1 is a more 

typical value. 

(4) 

Combining these equations, we get a relationship between the mass loss 

rate and the line luminosity, 

(3) 

where μ os the mean atomic weight, and η H is the total hydrogen density. 

The usual symbols are used for other atomic constants. 

If the observations are limited to a region of size Z, in which the material 

is moving at velocity v, then the mass loss rate can be estimated as 

(2) 
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4.2. PERMITTED LINES 

Analysis of the BAC of emission lines is difficult because there are many 
parameters involved: temperature and density, velocity field, geometry, and 
inclination. Theoretical models give indication on some of these parameters, 
like the geometry and the velocity field. However, both the basic uncertainty 
in the excitation characteristics in the theoretical models and the lack of 
reliable inclination estimates for individual stars make comparison with 
observations difficult. 

However, even with these uncertainties, order of magnitude estimates 
can be done. The BAC has to form within a few stellar radii from the star, 
since the atoms producing it have to absorb the stellar plus magnetospheric 
background. We can safely assume that this may still be the accelerating 
region of the flow, so that we can use the Sobolev approximation to estimate 
the optical depth at velocity v: 

ne2 fc ni(v) 
TV = ι / ι (5) 

mc v0 dv/dz 
where / is the oscillator strength of the line with center frequency i / 0 , ni(v) 

is the density of the lower level of the transition of atoms moving at velocity 
v, and dv/dt is the acceleration of the region moving at that velocity. 

The mass loss rate can be estimated as 

Mw ~ ΑΑυμτηΗΠΗ(ν) (6) 

where A A is the area crossed by the atoms moving at v. Since ni(v)/riH(v) ~ 

ni/nH is a function of njj and T, if we have an estimate of Δ A and v, we 
can calculate the optical depth of a given line at that velocity as a function 
of Mw and T, using these two expressions. As the absorption occurs very 
close to the star, we take AA ~ 7r(2i?*)2, and with typical velocities and 
radii, ν ~ 1 0 0 k m s - 1 and dv/dz ~ 100kms - 1 /R* . 

With this procedure, we can calculate optical depths at the center of the 
BAC, and compare with observations to determine the physical conditions 
of the region producing the BAC. Several observations can be used: (a) 
r(Ha) ~ 1 - 10. Natta (1996) measured the optical depth at the center 
of the BAC in Ha for a range of TTS with differing mass accretion rates. 
She found it to be of order 1 or less, except in the most energetic objects; 
(b) r(Brj) « 1. Najita, Carr, & Tokunaga (1996) observed line profiles 
of Br(7) for a sample of TTS, generally of high mass accretion rate. They 
found no hint of the presence of a BAC, even in objects that show it very 
strongly in Ha; (c) τ(Ραβ) « 1. Folha etal (1997) find that Pa/3 does 
not show the BAC either, except possibly in one case of a star, CW Tau, 
which has a high mass loss rate as determined from the forbidden lines. 
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Figure 8. Mw vs. T diagram with lines indicating typical values of the optical depth of 
Ha, Br7, Pa/9, and Na I D. 

(d) r(NalD) « 1 for most Τ Tauri stars, of order 1 for the high mass 
accretion rate objects; (cf. spectra in Edwards etal 1994). These constraints 
can be incorporated in a (MW1T) diagram as shown in Figure 8. τ ~ 10~ 2 , 
which corresponds to ~ 1% of the neighboring flux, has been adopted as 
an upper limit when the absorption is not seen. 

As noted by Natta & Giovanardi (1990), the Na I D lines are good indi-
cators of density. Objects which show Na BAC have Mw ~ few χ 1 0 ~ 8 Μ Θ y r - 1 , 
while for objects that do not show Na I absorption, Mw < l O ~ 9 M 0 y r _ 1 . 
The hydrogen lines, on the other hand, are good indicators of temperature. 
In particular, the absence of absorption in the infrared lines, especially Pa/?, 
puts strong constraints on the temperature of the absorbing region. The 
temperature has to decrease as Mw increases, in agreement with the low 
values of τ ( ϋ α ) , since a lower temperature is required to have τΗ(α) ~ 1. 
This behavior is expected, since radiative cooling increases with density 
(cf. Hartmann, Edwards, & Avrett 1982). For the high Mw objects, which 
show strong BACs in Ha and Na I D, the temperature of the absorbing 
region has to be lower than ~ 6000K. In contrast, for the lower Mw ob-
jects to show BAC in Ha, the temperature has to be ~ 8000K or higher. 
Theoretical models of heating have to be able to explain these constraints. 
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5. Summary and Conclusions 

The present observational evidence suggests that: 

- The winds of TTS have their origin in the disk, in a region exterior to 
the magnetosphere. They are powered by accretion. 

- The indicators of the wind - forbidden lines and blueshifted absorption 
components in permitted emission lines - give consistent results for the mass 
loss rate: for most TTS, the winds are weak, Mw < 1 O ~ 9 M 0 y r - 1 . The mass 
loss rate increases with the rate of accretion in the disk, approximately as 
MwjM ~ 0.1. The most massive winds have Mw ~ 1 O ~ 7 M 0 y r - 1 . 

- Analyses of the blueshifted absorption component of permitted emission 
lines indicate that the temperature in the inner regions of the wind de-
creases as Mw increases. The temperature must be ~ 10 4 K for the low Mw 

objects, but less than 6000K for Mw ~ 1 O " 7 M 0 y r - 1 . 
- Although all CTTS have winds insofar as they have a disk, the winds 
of most of them are too tenuous to produce spatially extended observable 
jets. 
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