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ABSTRACT

Horseshoe-shaped bright-
ness asymmetries of sev-
eral transitional discs are
thought to be caused by
large-scale vortices, (see
Figures on the right, Regaly
et al. 2012). Here we
present an investigation on
the long-term evolution of
the large-scale vortices
formed at the viscosity
transition of the discs' dead
zone outer edge by means
of two-dimensional hydro-
dynamic simulations taking
disc self-gravity Iinto ac-
count. The effect of disc self-gravity iIs found to be
essential even for relatively low-mass discs. The vor-
tex stretching can be explained by a combined ac-
tion of a non-vanishing gravitational torque caused
by the vortex, and the Keplerian shear of the disc.
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INTRODUCTION

Dozens of transitional discs show remarkable
brightness asymmetries. The horseshoe-shaped

asymmetries seen in the mm-wavelength images
are thought to be caused by large-scale anticy-
clonic vortices, although other phenomena can
also lead to the development of such features.

Vortex formation can be triggered by the baro-
clinic instability or by the Rossby wave instability
(RWI, first described by Rossby et al. 1939] via
the coagulation of smaller scale vortices. The
RWI Is excited at the vortensity minimum, which
can develop at the pressure bumps in protoplan-
etary discs, e.g., at the edges of a gap opened by
a giant planet, at the edges of the accretionally
Inactive zone of discs, or In the outer regions of
protostellar discs accreting from natal clouds.

Here we present an investigation on the effect of
disc self-gravity on both the formation and long-
term evolution of vortices developed at the disc
dead zone outer edge by means of 2D (thin-disc])
hydrodynamic simulations assuming gravitation-

ally stable discs with 0.001=Mudisc/ M.+.<0.01.

VORTEX STRETCHING

\We observed a delayed vortex formation and a
weaker vortex at a sharp viscosity transition, if

disc self-gravity Is taken into account similarly to
what was found for the gap-edge vortices by Lin

& Papaloizou (2011) and Lin 2012.
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Concerning the vortex morphology, we found that
the full-fledged vortex becomes azimuthally elon-
gated In self-gravitating discs. The aspect ratio of

this vortex, y, Is proportional to the disc mass in

self-gravitating discs and its value at the strong-
est stage of the vortex lies in the 10=sy<40 lim-

its. In contrast, y ~10 is independent of the disc

mass In non-self-gravitating discs.

The azimuthal density contrast, 62, across the

vortex I1s also sensitive to the disc mass and
about 50 percent lower If self-gravity Is included.

n particular, §X<3(2) and 6X<5(3) for a=104

a=10") In the non-self-gravitating and self-gravi-

tating models, respectively.

VORTEX EVOLUTION

The full-fledged vortex I1s subject to decay due to

disc viscosity. Moreover, vortex decay Is acceler-
ated by disc self-gravity compared to the non-self-
gravitating case. The rate of the vortex decay Is
proportional to the disc mass and becomes sig-

nificant for Muisc/M=0.005, where Qint=50 at

the vortex radial distance initially.

The accelerated vortex decay can be explained
by azimuthal stretching of the vortex caused by
the vortex's non-vanishing gravitational torque
and the Keplerian shear of the disc. Since the
magnitude of the vortex gravitational torque Is
proportional to the disc mass, the vortex lifetime
decreases with increasing disc mass. It disc self-
gravity Is neglected, an opposite correlation Is
observed between the vortex lifetime and the
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disc mass, which can be explained by the dis-
placement of the barycentre of the star-disc sys-
tem caused by the vortex itselt ([Mittal & Chiang
2019; Zhu & Baruteau 2016; Regaly & Voroby-
ov 2017].

We also found that vortices developed at sharp
viscosity transitions of self-gravitating discs can
be well described by the GNG model (Goodman
et al. 138/] as long as the disc viscosity Is low,
.e for ay4,<10°

Conclusion

Based on our results, we conclude that the for-
mation of long-lasting vortices (e.g., more than a
thousand orbital periods]) requires a relatively

small disc-to-star mass ratios being less than
0.5 percent and low disc viscosity in the dead
zone, a<104. Previous Investigations proposed

that large-scale vortices formed in gravitationally
stable discs can collapse to massive planets,
however as we showed that this can not be a
plausible pathway to planet formation. This Is be-
cause of the vortex stretching caused by disc
self-gravity, which tends to decrease the density
enhancement at the vortex centre.
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