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	 The final architecture of planetary systems depends on the extraction of angular 
momentum and mass-loss processes of the disks in which they form. Recently, there has been a 
growing recognition that magnetic outflows launched from disks (aka ’’MHD disk-winds’’) could 
control the extraction of angular momentum (e.g., Béthune+2017, Lesur+2021). If so, planet 
formation would be profoundly impacted as wind-driven accretion can enhance the growth rate of 
planetary cores, affect the migration pattern of forming planets, and control disk dispersal. 
However, the presence of MHD disk-winds remains an open question. 


	 Now, near-complete surveys of multiple star-forming regions with ALMA and VLT provide us 
with an unprecedented statistical sample of stellar masses, mass accretion rates, and disk (dust) 
masses that can be used to test disk evolution models. In this contribution, we analyze these data 
from the new vantage point of wind-driven accretion. The paradigmatic viscous model of Shakura-
Sunyaev is extended to include MHD disk-winds (Tabone+2022a), and a synthetic disk population 
approach is developed to compare our model to the recent surveys of star forming regions. We 
show for the first time that wind-driven accretion can naturally explain disk dispersal and the 
observed correlation between accretion rates and disk masses (Tabone+2022b, see figure below). 
We will finally discuss the new avenues opened by our ALMA large program AGE-PRO that will 
give access to the secular evolution of disk (gas) sizes and improve our estimates of disk total 
masses. This work constitutes a first step toward the construction of realistic planet formation 
models in the emerging paradigm of MHD disk-winds.


MHD wind-driven accretion models (black) compared to the observed disk demographics (red and blue). Our 
synthetic disk population model based on new disk evolution solutions (Tabone+2022a) reproduce disk dispersal, 
as unveiled be the decline of disk fraction with cluster age (panel a)), and observed correlation between stellar 
accretion rates and disk masses recently unveiled by VLT and ALMA surveys of the Lupus star-forming region (red 
dots, Tabone+2022b). Note that our simple model reproduces the large scatter in the correlation, a feature that is 
difficult to reconcile with viscous accretion.
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Figure 2. Distribution of initial accretion timescale tacc,0 inferred from disc
dispersal. a) Fraction of sources with infrared excess and accretion signatures
towards star-forming regions from Fedele et al. (2010), and the fit adopted in
the present study. b) Inferred distribution of tacc,0. The x-axis is normalized
by tacc,0/! such that the plotted distribution does not depends on !.

with tdisp > 3 Myr. Following this approach, we assume that all the
clusters studied by Fedele et al. (2010) had initially the same dis-
tribution of tacc,0 (or equivalently, tdisp). We further assume that the
transition between "disc-bearing" (Class II) and "disc-less" (Class
III) stage occurs at t = tdisp. The initial distribution of tacc,0 required
to fit the disc frequency with cluster age can then be derived from
the fraction of disc-bearing sources denoted as fD (see supplemen-
tary material). One of the complications is that fD depends on the
criterion used to measure the fraction of Class II sources. The dis-
persal time obtained from accretion signatures is shorter (2.3 Myr)
than that of the inner disc traced by IR wavelengths (3 Myr). This ef-
fect might be the result of dust evolution and/or a di↵erence between
the sensitivity of the two diagnostics. We adopt here a characteristic
disc dispersal time of ⌧ = 2.5 Myr and a disc fraction of fD(t) = e�t/⌧.

The resulting distribution of tacc,0 is shown in Fig. 2-b. The major-
ity of discs are born with tacc,0 of about 1.5/!Myr, which is, by con-
struction, about half the disc dispersal time ⌧. Because disc fraction
is typically measured for clusters older than ' 1 Myrs, the distribu-
tion for short values of tacc,0 (. 0.5/! Myr) is poorly constrained.
However, discs born with these short values of tacc,0 are quickly dis-
persed and do not a↵ect our predictions for ages above ' 1 Myr. In
the following, all the synthetic populations follow the distribution of
tacc,0 shown in Fig. 2-b such that the fraction of disc-bearing sources
in the synthetic populations always reproduces that observed.

3.2 Correlation between accretion rate and disc mass

In this section, we show that given the distribution of tacc,0 inferred
from the disc fraction, the accretion properties observed in Lupus
are naturally reproduced. We first adopt ! = 1, which corresponds
to discs of constant magnetic field strength. The only parameters
that are left free are the distribution of initial disc masses M0, and
the value of fM . In the model, the evolution of disc mass depends
only on tacc,0 (see Eq. (3), and supplementary material). For ! = 1
the median mass of the synthetic population decreases by a factor of
3 in 2 Myr. In order to reproduce the median disc mass inferred in
Lupus, an initial median disc mass of 2 ⇥ 10�3 M� is then adopted.

We then follow the evolution of 200 discs, of which 90 have sur-
vived at the age of Lupus, in line with the disc fraction estimated in
this cluster. Figure 3-a compares the accretion properties of a syn-
thetic population after 2 Myr for fM = 0.6 with the Lupus sample in
the Ṁ⇤ �MD plane. The model reproduces remarkably well the clus-
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Ṁ
�

(i
n

M
�

/
y
r)

omega= 0.50, fM= 1.80

10�5 10�3 10�1

MD (in M�)

10�12

10�11

10�10

10�9

10�8

10�7

Ṁ
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Figure 3. Correlation between accretion rate and disc mass. a) Location of
the discs in the Ṁ⇤ � MD plane after 2 Myr for a synthetic population with
! = 1 and fM = 0.6 (black), and the Lupus disc population (red). b) The
corresponding distribution of the disc lifetime tlt = MD/Ṁ⇤. In order to avoid
statistical fluctuation, a sample of 106 discs has been computed. Synthetic
discs with a mass below the detection threshold of the ALMA survey are
excluded. c) Same as panel b) but for ! = 0.5 and fM = 1.8.

tering of the data. We stress that the model has been constructed to
reproduce disc fractions and the median disc mass. We have made no
adjustment to reproduce the accretion rate distribution nor the dis-
persion in the data, so this is a significant achievement of the model.
We recover the nearly linear relationship between accretion rates and
disc masses found in the Lupus and Chamaeleon regions (Manara
et al. 2016; Mulders et al. 2017). Therefore, this correlation is not a
distinctive feature of viscous evolution. In fact, the correlation found
in our wind model is a consequence of the assumption that the distri-
bution of tacc,0 is independent of M0. The latter assumption amounts
to assume that disks of di↵erent masses are born with a similar dis-
tribution of magnetization and size. It remains to be determined by
future work how much correlation between tacc,0 and M0 can be in-
troduce to remain consistent with the data.

Even more striking is the agreement with the large dispersion of
the data around the mean trend. As explained below, the predicted
dispersion is the result of the dispersion in tacc,0, which has been
independently derived from the disc fraction. Because MD is on av-
erage proportional to Ṁ⇤, it is more convenient to investigate the
accretion properties using the so-called observed disc lifetime:

tlt ⌘ MD/Ṁ⇤. (7)

Indeed, in our model, tlt does not depend on the initial disc mass M0

and the only free parameter that a↵ects its value is fM , tacc,0 being set
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Ṁ
�

(i
n

M
�

/
y
r)

0 5 10

age (Myr)

0.0

0.2

0.4

0.6

0.8

1.0

D
is
c

fr
ac

ti
on

omega=0.100 fM=0.

�2 �1 0 1

log(tacc/�) (Myr)

0.0

0.2

0.4

0.6

0.8

N
or

m
al

iz
ed

d
is
tr

ib
u
ti
on

�4 �2 0
0.0

0.2

0.4

0.6

0.8

1.0

Un
co
ns
tra
ine

d

a) b)
0 2 4 6 8 10 12

t (Myr)

10�4

10�3

M
D

(i
n

M
�

)

omega=0.100 fM=0.

0 2 4 6 8 10 12

t (Myr)

10�10

10�9

Ṁ
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Figure 2. Distribution of initial accretion timescale tacc,0 inferred from disc
dispersal. a) Fraction of sources with infrared excess and accretion signatures
towards star-forming regions from Fedele et al. (2010), and the fit adopted in
the present study. b) Inferred distribution of tacc,0. The x-axis is normalized
by tacc,0/! such that the plotted distribution does not depends on !.

with tdisp > 3 Myr. Following this approach, we assume that all the
clusters studied by Fedele et al. (2010) had initially the same dis-
tribution of tacc,0 (or equivalently, tdisp). We further assume that the
transition between "disc-bearing" (Class II) and "disc-less" (Class
III) stage occurs at t = tdisp. The initial distribution of tacc,0 required
to fit the disc frequency with cluster age can then be derived from
the fraction of disc-bearing sources denoted as fD (see supplemen-
tary material). One of the complications is that fD depends on the
criterion used to measure the fraction of Class II sources. The dis-
persal time obtained from accretion signatures is shorter (2.3 Myr)
than that of the inner disc traced by IR wavelengths (3 Myr). This ef-
fect might be the result of dust evolution and/or a di↵erence between
the sensitivity of the two diagnostics. We adopt here a characteristic
disc dispersal time of ⌧ = 2.5 Myr and a disc fraction of fD(t) = e�t/⌧.

The resulting distribution of tacc,0 is shown in Fig. 2-b. The major-
ity of discs are born with tacc,0 of about 1.5/!Myr, which is, by con-
struction, about half the disc dispersal time ⌧. Because disc fraction
is typically measured for clusters older than ' 1 Myrs, the distribu-
tion for short values of tacc,0 (. 0.5/! Myr) is poorly constrained.
However, discs born with these short values of tacc,0 are quickly dis-
persed and do not a↵ect our predictions for ages above ' 1 Myr. In
the following, all the synthetic populations follow the distribution of
tacc,0 shown in Fig. 2-b such that the fraction of disc-bearing sources
in the synthetic populations always reproduces that observed.

3.2 Correlation between accretion rate and disc mass

In this section, we show that given the distribution of tacc,0 inferred
from the disc fraction, the accretion properties observed in Lupus
are naturally reproduced. We first adopt ! = 1, which corresponds
to discs of constant magnetic field strength. The only parameters
that are left free are the distribution of initial disc masses M0, and
the value of fM . In the model, the evolution of disc mass depends
only on tacc,0 (see Eq. (3), and supplementary material). For ! = 1
the median mass of the synthetic population decreases by a factor of
3 in 2 Myr. In order to reproduce the median disc mass inferred in
Lupus, an initial median disc mass of 2 ⇥ 10�3 M� is then adopted.

We then follow the evolution of 200 discs, of which 90 have sur-
vived at the age of Lupus, in line with the disc fraction estimated in
this cluster. Figure 3-a compares the accretion properties of a syn-
thetic population after 2 Myr for fM = 0.6 with the Lupus sample in
the Ṁ⇤ �MD plane. The model reproduces remarkably well the clus-
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Ṁ
�

(i
n

M
�

/
y
r)

10�5 10�3 10�1

MD (in M�)

10�12

10�11

10�10

10�9

10�8

10�7

Ṁ
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MD/Ṁ� (Myr)

0.0

0.1

0.2

0.3

0.4

0.5

0.6

N
or

m
al

iz
ed

d
is
tr

ib
u
ti
on

�2 �1 0 1 2 3
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Figure 3. Correlation between accretion rate and disc mass. a) Location of
the discs in the Ṁ⇤ � MD plane after 2 Myr for a synthetic population with
! = 1 and fM = 0.6 (black), and the Lupus disc population (red). b) The
corresponding distribution of the disc lifetime tlt = MD/Ṁ⇤. In order to avoid
statistical fluctuation, a sample of 106 discs has been computed. Synthetic
discs with a mass below the detection threshold of the ALMA survey are
excluded. c) Same as panel b) but for ! = 0.5 and fM = 1.8.

tering of the data. We stress that the model has been constructed to
reproduce disc fractions and the median disc mass. We have made no
adjustment to reproduce the accretion rate distribution nor the dis-
persion in the data, so this is a significant achievement of the model.
We recover the nearly linear relationship between accretion rates and
disc masses found in the Lupus and Chamaeleon regions (Manara
et al. 2016; Mulders et al. 2017). Therefore, this correlation is not a
distinctive feature of viscous evolution. In fact, the correlation found
in our wind model is a consequence of the assumption that the distri-
bution of tacc,0 is independent of M0. The latter assumption amounts
to assume that disks of di↵erent masses are born with a similar dis-
tribution of magnetization and size. It remains to be determined by
future work how much correlation between tacc,0 and M0 can be in-
troduce to remain consistent with the data.

Even more striking is the agreement with the large dispersion of
the data around the mean trend. As explained below, the predicted
dispersion is the result of the dispersion in tacc,0, which has been
independently derived from the disc fraction. Because MD is on av-
erage proportional to Ṁ⇤, it is more convenient to investigate the
accretion properties using the so-called observed disc lifetime:

tlt ⌘ MD/Ṁ⇤. (7)

Indeed, in our model, tlt does not depend on the initial disc mass M0

and the only free parameter that a↵ects its value is fM , tacc,0 being set
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