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ABSTRACT. The study of the relationships between various activity dia-
gnostics in T Tauri stars (TTS) suggests that the CaIl K, MgII k and

H, lines are formed in a similar region of TTS' atmosphere. For the more
active TTS, an extended circumstellar region seems to be the major sour-
ce of the emission, whereas a solar-type atmosphere alone may be able

to account for the emission spectrum of low-activity TTS.

1. INTRODUCTION

The atmosphere of TTS is the seat of a high degree of non-radiative hea-
ting which results in a number of emission lines (Call, MgII, H,) typi-
cal of the spectrum of these low-mass pre-main-sequence stars and in

a strong X-ray emission, up to 10° times larger than the X-ray flux ob-
served in late-type dwarfs. Two broad classes of models have been propo-
sed to account for TTS' emission line spectrum. The 'deep chromosphere"
model assumes that TTS possess a solar-like chromosphere beginning how-
ever at higher optical depth than in the Sun /1/. The second class of
models assigns the origin of the emission line spectrum to an extended
circumstellar region of a few stellar radii /2/. It seems now widely ac-
cepted that both a chromosphere and an extended envelope are needed to
describe the various features of TTS' emission spectrum. However, the
detailed structure of the immediate circumstellar environment of TTS
remains unclear.

2. ACTIVITY DIAGNOSTICS

Informations about the structure of stellar atmospheres can be gained
from the analysis of relationships between activity diagnostics formed
at different atmospheric levels. Such relationships are known to exist
for late-type dwarfs where the intensities of various chromospheric dia-
gnostics (Call, MgII, H,) are linearly correlated /3,4/ whereas coronal
X~-ray emission varies with the intensity of chromospheric diagnostics
following a power-law with a slope of 2.6 /5/. The existence of these
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Fig. 1. Call K-line luminosity versus
MgII k-line luminosity for dwarfs(+)
and T Tauri stars(o).
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tight correlations between
various activity criteria
implies that the different
atmospheric layers are physi-
cally associated by a unifi-
ing mechanism which, in the
case of late-type dwarfs as
in the solar case, is belie-
ved to be the magnetic fieldf6/
In Figures 1 to 4 we study
the relationships between se-
veral activity criteria in
TTS and compare them to those
found in dwarfs. In each fi-
gure, the crosses represent
late-type dwarfs and the open
circles represent TTS. The
bars associated with TTS re-
flect the range of observed
variability between consecu-
tive measurements. The axis
are luminosities expressed

in erg/s on a logarithmic
scale. In figure 1 we have
plotted the stellar luminosi-
ty observed in the Call K-
line versus that measured in
the MgII k-line. The one-to-
one correlation appears clea-
ly for dwarfs and seems also
to be fulfilled by TTS. Al-
though this result doesn't
indicate a similar atmosphe-
ric structure between dwarfs
and TTS nor does it mean that
the heating mechanism is the
same in the two stellar
groups, it suggests that the
Call K and MgII k lines are
formed in the same region of
TTS's atmosphere. This con-
clusion appears to be valid
also for the H,-line, the
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Fig. 2. Hy-line luminosity versus
Call K-line luminosity for dwarfs(+)
and T Tauri stars(o).
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of which is plot-
the Call K-line
in Figure 2. Al-
scatter, both for
for TTS is much

higher than in Figure 1, the-
se two diagnostics seem to be
linearly correlated. The in-
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creased scatter may arise from
{1the fact that, in dwarfs, the
Hy-line forms at higher chro-
mospheric level than Call K-

711line so that these two lines

are more loosely connected

| than are the Call K and MgII k

lines. Remarkable is that the
above relationships are valid

4 over almost five decades and

appear to remain the same for
low-mass and high-mass TTS.

1In Figure 3 and 4 we plotted

the stellar luminosity obser-
ved in the X-ray range versus
the one observed in the Call
K and H, -line respectively.

| In dwarfs the luminosities of

these activity diagnostics

LCr:l|| K

Fig. 3. X-ray luminosity versus Call K
line luminosity for dwarfs(+) and TTS
(o). Solid line: Lxec(Lgayl K)2'6 .
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Fig.4. X-ray luminosity versus H, -line
luminosity for dwarfs(+) and TTS(o).
Solid line: Ly x;(LH“)2-6.

are related by a power-law
with a 2.6-slope which is re-
presented in both figures by
a solid line. Obviously this
statistical relationship
breaks down when dealing with
TTS: whereas the intensity
measured in the Call K and H,
lines describes almost four
decades, the X-ray luminosity
varies only over one decade.

3. DISCUSSION

Clearly, most of the TTS in
our sample namely the more ac-
tive ones, do not appear to
fit the solar-like atmosphere
assumption. The failure
appears in Figure 3 and 4 whe-
re the departure of a number
of TTS from the correlation
found in dwarfs goes in the
direction of an excess of
emission line intensity rela-
tive to X-ray emission. More-
over, emission line intensity
and X-ray emission seem to a
large extend uncorrelated in
TTS contrary to what is expec-
ted in the case of a solar-
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like atmosphere governed by magnetic fields. Thus it appears necessary

to call for an extended circumstellar envelope as the main contributor

of the emission line intensity observed in the more active stars of our
sample. And the conclusions drawn from the one-to-one correlations exis-
ting between CaIl K, MgII k and H,-line intensities in TTS seem to indi-
cate that these three activity diagnostics form mainly in the circum-
stellar envelope. However, few TTS displaying lower emission characteris-
tics lie on the extrapolation of the correlation between coronal and
chromospheric diagnostics verified by dwarfs, a result that suggests

that these low-active TTS do not possess large circumstellar envelopes
and that the emission arises mainly from a solar-like atmosphere.

4. CONCLUSION

The study of various activity diagnostics reinforces the growing eviden-
ce that two different circumstellar regions may play a leading role in
the emission characteristics of T Tauri stars. For low-active TTS a
solar-like atmospheric structure may account for the behaviour of the
different activity diagnostics although a larger non-radiative heating
input than in the Sun is necessary to reproduce the observed activity
level /7/. For more active TTS an hot, extended circumstellar region
seems to be the main contributor to the intense emission line spectrum,
keeping in mind that the additive contribution of an underlying solar-
type atmosphere cannot be dismissed.
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