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Abstract. The temporal changes of T Tauri disks can be used to
derived properties of protoplanetary disks and provide valuable
constraints on their models. Using data from published surveys
of T Tauri stars, we show that observations are consistent
with a disk evolving according to the standard �-disk model
providing that � � 10�2 and the viscous evolution starts with
a disk that is about 1/3 of the mass of the central star and
has angular momentum, j / M

3=2
? �1=3. Using the best-fit

parameters we have constructed a complete time-dependent
model of protoplanetary disk. Such a model constitutes a
good point of departure for various theoretical studies aimed
at the issue of planetary systems formation and their character.

Introduction. The usual approach to gain some insight into
the physics of protoplanetary accretion disks is through their
infrared spectral energy distributions (SEDs), which can be ob-
tained both observationally and theoretically. Unfortunately, it
is well known that the SED calculated for a geometrically thin
disk is completely independent of the disk driver, a specific
process responsible for accretion. Thus, about the only infor-
mation we can infer from an agreement between observed and
calculated SEDs is that protoplanetary disks are geometrically
thin, and thus Keplerian. Here, we advance the idea that much
better characterization of protoplanetary accretion disks can be
obtained by linking observations and theory through an evo-
lutionary history. Specifically, we propose that properties of
disks around many different T Tauri stars of identical or sim-
ilar masses can be arranged into a sequence, indexed by the
increasing age of the star, to simulate subsequent snapshots
in the evolution of a single disk around a star of that mass.
Such an evolutionary interpretation of available data provides
a new, powerful tool to study basic properties of protoplanetary
disks, and in particular, to diagnose the character, if not the
ultimate origin, of their driver. We fitted the time-dependent
�-disk model of the viscous protoplanetary disk, characterized
by five free parameters, to the available data. This procedure
yields estimates of all model parameters, and, in particular, an
estimate of the strength of a driver, as expressed by a magnitude
of �.

Observations, the model, and results. The observed global
properties of T Tauri disks that are suitable for reconstructing
an evolutionary history of a single disk are their accretion rates
(denoted by Ṁ ) and masses (denoted by Md). For Ṁ data we
use the survey by Hartigan, Edwards, & Ghandour (1995,
hereafter HEG), who measured accretion rates, ages, and star
masses for 42 T Tauri stars in the Taurus-Auriga complex. We
have sorted the HEG sample into five different groups: 9 stars
with masses of 0.1-0.3 M�, 10 stars with masses of 0.3-0.4
M�, 13 stars with masses of 0.4-0.5 M�, 6 stars with masses
of 0.5-0.72 M�, and 5 stars with masses of 0.85-1.62 M�.
For 28 of those stars estimations of disk masses are available
from the survey by Beckwith, Sargent, Chini & Güsten (1990,

hereafter BSCG). The distribution of stars with known disk
masses among the five groups described above is, 8, 6, 8, 4,
and 3, respectively.

On the theoretical side, we use an analytic solution to the
standard model constructed by Stepinski (1997), the only cur-
rently available algorithm capable of producing evolutionary
tracks quickly and reliably for a broad range of parameters.
The model has five major parameters, M?, Md0, j, �, and
t0. The mass of the star M? (in units of M�) is assumed
to be constant during disk evolution despite the fact that the
accretion process explicitly requires a transfer of mass from
the disk to the star. The initial state of the disk is given by
its initial mass, Md0 (in units of M�), and its angular mo-
mentum, j (in units of 1052g cm2 sec�1). The disk driver is
described in terms of an effective viscosity arising from an
unspecified collective process, and characterized by the di-
mensionless parameter �, which is assumed to be uniform and
constant. The initial time, t0, is used to relate all events to a
common reference event, the stellar birth. Theoretical evolu-
tionary tracks are the functions Ṁ = Ṁ(t;M?;Md0; j; �; t0),
and Md = Md(t;M?;Md0; j; �; t0). They constitute multi-
parameter families of curves on the t�Ṁ and t�Md diagrams,
respectively. Our goal is to establish the family of tracks (the
fitting subsets) that are most compatible with the observations
in the sense of the least-squares method. The fitting subset is
defined by a tolerance, ", expressed in terms of a percentage
of the distance between the data and the actual “best-fit" track.
The fitting procedure is done for each group separately. The
mass of the star is not fitted, instead we use an average, hM?;ki,
over the masses of stars in a particular group. To establish the
fitting subsets we use IDL volume visualization software. We
have found that the best fits are obtained when we set Md0 and
t0 to their largest allowable values. This effectively reduces
the parameter space to only two dimensions, � and j.

Fig. 1 shows the results for the group of stars with masses
of 0.1-0.3M� . There is a well-defined family of models that fit
the Ṁ data almost equally well. These models cluster around
the relationship j � 2:5�0:29. The tracks for four different
models fulfilling the relation j � 2:5�0:29 are plotted against
the accretion rate data and also against the disk mass data. Note
that models that fit well the Ṁ data yield disk masses higher
than indicated by the Md data. We also calculated the fitting
subset for the Md data, which clusters around the relationship
j � 0:63�0:4. The two fitting subsets, the one for the Ṁ

data and one for the Md data, are disjoined. The tracks for
two different models fulfilling the relation j � 0:63�0:4 are
plotted against the Md data and against the Ṁ data. Note that
models that fit well theMd data yield accretion rates lower then
indicated by the Ṁ data. Thus, it seems that Ṁ and Md data
sets are incompatible with each other within the framework of
a standard model. The simplest explanation is that the BSCG
data underestimates disk masses by not accounting for the dust
depletion factor.
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Figure 1: The results of fitting theoretical evolutionary tracks, Ṁ(t) and Md(t), to the observational data for stars with masses of
0.1-0.3M�. On the left, the fitting subset for the accretion rate data (upper) and the fitting subset for the disk mass data (lower) are
shown on the �� j diagram. Different shades indicate different values of "; the lightest area is " � 0:2, the intermediate is " � 0:1,
and the darkest is " � 0:05. On the right, evolutionary tracks selected from the crest of fitting subsets are plotted against the data.
Solid lines correspond to � = 10�4, dotted lines to � = 10�3, dashed lines to � = 10�2, and dash-dotted lines to � = 10�1.
Observational data is denoted by diamond symbols.

The short format of this paper precludes presentation of
the results for different groups. However, the results for all
groups are qualitatively the same, although both the accretion
rate and the disk mass data for groups 2 to 5 do not show
the same high degree of correlation found for the lowest-mass
stars.

Conclusions. Both Ṁ data and Md data for the lowest-mass
stars, those with masses of 0.1-0.3 M�, clearly support the
hypothesis that the evolution of a single protoplanetary disk
could be represented by many different disks indexed by their
increased ages. Data for the other groups of stars is more scat-
tered. However, Ṁ data show a definite negative correlation
for all groups, indicating that, on average, an accretion rate
decreases with time. This scatter is probably due to episodic
phenomena and the spread in initial conditions. Presently, it is
not clear why the data for the lowest-mass stars do not show
the scatter exhibited by all the other groups of stars.

If we accept the premise that the idea of reconstructing an
evolutionary track from measurements of individual stars has
merit, we may use this technique to gain information about
the values of the parameters describing the standard model.
We have found that Ṁ data and Md data point to different
values of parameters. On the basis of more reliable Ṁ data
we have found the following. (1) The initial mass of the
disk is about 1/3 of the stellar mass. (2) The available data

cannot pinpoint specific, “best-fit" values of � and j because
different models produce similar evolutionary tracks, and the
quality of the data is insufficient to distinguish between them.
Instead, the data yields a “best-fit family" of models that is
described by a function j(�). (3) Using typical values for the
specific angular momentum of disk-forming matter, we arrive
at the conclusion that the protoplanetary disk driver must be
characterized by � � 10�2 in order for the standard model to
be compatible with the observations.

Using the estimations of �, j, and Md0 derived from an
evolutionary interpretation of available observations, we can
calculate a “representative" evolutionary model of a protoplan-
etary disk which gives temporal changes of radial distributions
of disk quantities. This is directly applicable to studies of
the various modes of planet formation and the issue of the
existence and character of planetary systems.
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