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The so-called transition discs show evidence for an inner hole and are interpreted as discs caught in the final act of dispersal. An emerging picture is 
that they are sculpted by a giant planet. Little effort has been put however up to now to study their evolution in time. I have studied the effect of 
photo-evaporation in a disc with a planet embedded in a suite of 2d hydrodynamical simulations. The interplay of the planet with photo-evaporation 
can significantly shorten the lifetime of the disc, starving the inner disc of material resupply from the disc outside the planet. I have expanded the 
parameter space investigated by previous simulations with the goal of making comparisons with observations. In addition, while before the 
simulations were run only up to hole opening, the updated model includes thermal sweeping, needed for studying the complete dispersal of the disc. 
The suite of simulations allows me to construct predictions about the fraction of transition discs that are expected to accrete.
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Motivation
X-ray photoevaporation 
cannot account
for these.
D o t h e y  h a v e  a 
d i f fe rent phys ica l 
origin?

GPR, Ercolano, Owen, Armitage, MNRAS 430, 2, p.1392-1401

Outlook: Disc reformation by Bondi-Hoyle accretion (Scicluna, GPR, Dale, Testi, A&A, 566, L3)

Abstract

From Owen+ 11. Points 
a r e o b s e r v a t i o n s o f 
t r ans i t i on d i scs , t he 
colored region is where 
o n e e x p e c t s t o fi n d 
transition discs according 
to X-ray photoevaporation 
theory.

Effect of a giant planet on disc dispersal
4 G. P. Rosotti et al.
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Figure 1. Top row: surface density in the disc at three different times from simulation M20. Bottom row: same quantities for simulation M20o, which do not
include photoevaporation. While in the first snapshot the inner disc is still there also in the case including photoevaporation, it is caught in the act of clearing
in the second snapshot. Finally, we are left with a disc with the outer part only in the last snapshot. In the control simulation instead the inner disc is left.

we test also a situation with a 10 times slower accretion timescale.
Table 1 summarises the simulations run.

Lastly, it should be noted that the inclusion of a photoevapora-
tion profile breaks down the degeneracy of the dimensionless units
used by FARGO. In the pure hydrodynamical case, we have one free
mass scale and the results can then be scaled to different central star
masses. This is no longer the case including photoevaporation, be-
cause �̇w depends on the (physical) radius in the disc and on the
mass of the star.

2.2 Results

2.2.1 Qualitative picture

The surface density in the disc at three different times from runs
M20 and M20o is plotted in figure 1. In the left panel, at an age of
approximately 2.1 Myrs, the dynamical gap cleared by the planet is
evident, but photoevaporation has not yet started to clear the disc.
The surface density at this stage is very similar to a control run
without photoevaporation, the most notable differences are visible
at the gap edges. The planet acts like a dam for the viscous flow,
reducing the mass accretion rate in the inner part of the disc. This
permits photoevaporation to take over, and clear the inner disc, as
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including
photoevaporation

no 
photoevaporation

W e r u n s i m u l a t i o n s 
including the effect of 
photoevaporation with a 
giant planet embedded 
in the disc.
Comparing with a control 
r u n w i t h n o 
photoevaporat ion, the 
inner disc is dispersed at 
earlier times.
We use the code FARGO. 
The initial mass of the 
planet is 0.7 M_jup and it 
is located at 20 AU from 
the star.

An inner hole 
has opened
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Estimating the duration of accretion (GPR, Ercolano, Owen, in prep.)
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Fig. 1. Cumulative fraction of the stellar population that has ac-
creted mass as a function of total accreted mass. The full blue
line indicates a filling-factor of 10�2, the dotted magenta line
10�3, the dashed red line 10�4, and the dot-dashed green line
10�5.

mass. Under the influence of an e↵ective viscosity ⌫ that redis-
tributes the angular momentum in the disc, the spreading ring
solution (Lynden-Bell & Pringle 1974) describes the evolution
in time of this initial surface density:

⌃(r, t) =
GM⇤(rr0)1/4
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where ⌫ is the kinematic viscosity of the gas, ⌦ the keplerian
angular speed, I1/2 the modified Bessel function of order 1/2,
� = 2r

3/2/(3(GM⇤)3/2⌫tr0), and we have specialized the expres-
sion for the ⌫ / r case. From this analytical solution, it is possi-
ble to compute the mass accretion rate onto the star Ṁkernel. To
derive the mass accretion rate history onto the star, we convolve
this function with the mass accretion rate history onto the disc:

Ṁ⇤(t) =
Z

ṀBH(t0)Ṁkernel(t � t

0)dt

0. (5)

Given a stellar mass, the loading radius, and a law for viscosity,
the evolution in time is now completely determined. We fix the
viscosity by using the well-known Shakura & Sunyaev (1973)
prescription: ⌫ = ↵(h/r)2

r

2⌦, where ↵ is the Shakura-Sunyaev
parameter and h/r the aspect ratio of the disc. We choose typical
values of ↵ = 0.01 and h/r = 0.05(r/1AU)1/4 (Armitage 2011).
Operationally, we sample Eq. 4 numerically on a space and time
grid. We integrate over space to get the mass of the disc and we
numerically di↵erentiate the result to get the mass accretion rate
kernel, which can be convolved with the Bondi-Hoyle history
(Sect. 2.1).

3. Results

Our model indicates that a fraction of the population ⇠
40 � 50 ⇥ fV encounter dense regions and accrete more than
0.001M�material by the end of the simulation (Fig. 1). The me-
dian accreted mass is typically ⇠ 0.01M�, similar to the mass
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Fig. 2. Fraction of the population that would be detected as an
“old” accretor at a given time, plotted as a function of the instan-
taneous accretion rate. The models are indicated using the same
colours and line-styles as Fig. 1.

of discs around young pre-main sequence stars, with strong de-
pendence on the stellar mass. In extreme cases, however, more
massive stars (>2M�) with low v⇤ that encounter several clumps
can capture �M�. Our treatment of the disc formation and evo-
lution is probably inadequate for these extreme cases.

Converting the Bondi-Hoyle accretion into stellar accretion
rates, we find Ṁ⇤ . 10�6 M� yr�1 after the formation of the disc.
Due to the assumptions inherent in our model, this rate declines
from the peak as a power law as in primordial discs.

By calculating the time each star spends accreting above a
certain threshold accretion rate, one can derive a mean time per
star as a function of the threshold and hence an estimate of the
fraction of the population which one expects to observe accreting
at a given time. As shown in Fig. 2, for a threshold rate of 10�8

M�yr �1 we typically find that the cumulative probability is ⇠
20 fV, i.e. the fraction of a stellar population that one expects to
observe as old accretors at a given time is an order of magnitude
larger than the volume filling-factor of dense clumps.

4. Discussion

Our primary goal is to assess whether the Bondi-Hoyle mecha-
nism may contribute significantly to observations of “old” ac-
cretors in regions with ongoing star formation, under a num-
ber of simple assumptions. This involves stars from a previ-
ous star-formation episode, after their primordial discs have dis-
persed, interacting with a clumpy molecular cloud. Our model
indicates that up to several percent of the population passing
through a region containing dense clumps may accrete more
than 0.001M� of material. Due to a number of factors indicated
above, the model is likely to overestimate the total accreted
mass. However, since the Bondi-Hoyle accretion is well a un-
derstood process, the largest sources of uncertainty derive from
the parameters assumed as input to the model, and in particular
the clump geometry and filling factor, as well as the assumption
that the accreted material will form a thin disc.
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Our model indicates that a fraction of the population ⇠
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of discs around young pre-main sequence stars, with strong de-
pendence on the stellar mass. In extreme cases, however, more
massive stars (>2M�) with low v⇤ that encounter several clumps
can capture �M�. Our treatment of the disc formation and evo-
lution is probably inadequate for these extreme cases.

Converting the Bondi-Hoyle accretion into stellar accretion
rates, we find Ṁ⇤ . 10�6 M� yr�1 after the formation of the disc.
Due to the assumptions inherent in our model, this rate declines
from the peak as a power law as in primordial discs.

By calculating the time each star spends accreting above a
certain threshold accretion rate, one can derive a mean time per
star as a function of the threshold and hence an estimate of the
fraction of the population which one expects to observe accreting
at a given time. As shown in Fig. 2, for a threshold rate of 10�8

M�yr �1 we typically find that the cumulative probability is ⇠
20 fV, i.e. the fraction of a stellar population that one expects to
observe as old accretors at a given time is an order of magnitude
larger than the volume filling-factor of dense clumps.

4. Discussion

Our primary goal is to assess whether the Bondi-Hoyle mecha-
nism may contribute significantly to observations of “old” ac-
cretors in regions with ongoing star formation, under a num-
ber of simple assumptions. This involves stars from a previ-
ous star-formation episode, after their primordial discs have dis-
persed, interacting with a clumpy molecular cloud. Our model
indicates that up to several percent of the population passing
through a region containing dense clumps may accrete more
than 0.001M� of material. Due to a number of factors indicated
above, the model is likely to overestimate the total accreted
mass. However, since the Bondi-Hoyle accretion is well a un-
derstood process, the largest sources of uncertainty derive from
the parameters assumed as input to the model, and in particular
the clump geometry and filling factor, as well as the assumption
that the accreted material will form a thin disc.

De Marchi and collaborators found old, accreting 
pre-main sequence (PMS) stars in different star 
forming regions (see left plot). This is at odd with the 
common knowdlege that the lifetime of a proto-
planetary disc is ~ 3 Myr.
We propose that old stars can encounter with a 
dense clump in a star forming region and 
accrete material from it, reforming a disc.
The plot on the right shows the fraction of accretors 
in a simplified model, as a function of the 
observational detection threshold; the different lines 
correspond to different filling factors of the clumps. 
Within the observational uncertainties, the numbers 
are roughly consistent with a fraction of 0.1-1% of 
old accretors.
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The schematic evolution of a transition disc in our 
simulations is shown on the left. Photo-evaporation 
opens a gap in the disc around ~1AU and then 
removes disc 2. Disc 1 drains onto the star, ending the 
accreting phase of the disc. The disc 3 is finally 
cleared by thermal sweeping.
The plot on the right shows the lifetime of the discs in 
our simulations, decomposed in accreting (red) and 
non-accret ing (blue) phases. At high X-ray 
luminosities, the discs are rapidly destroyed by 
thermal sweeping. Conversely, at low X-ray 
luminosities they have long non accreting phases.
I am currently working in extracting from my 
simulations a statistical prediction for the expected 
fraction of accretors in the observed population of 
transition discs.


