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Abstract
Here we revisit the derivation of the instability of dense shocked layers, originally developed by Vishniac and Ryu.
Our motivation is that density pro�les found in actual astrophysical and laboratory systems often do not match the
assumptions in that paper. In order to identify the anticipated theoretical growth rates for various circumstances,
one must �rst revisit the derivation and allow for the possibility that the density scale length differs, in magnitude
and/or in sign, from the isothermal scale height. This analysis leads us to �nd regimes of purely convective
instability and also of Vishniac stabilization of this instability, in addition to some new regimes of Vishniac
behavior. We also identify a typographical error in the original paper that matters for quantitative evaluation of
growth rates.
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1. Introduction

Thin layers of matter are common in the universe. They are
found wherever radiative losses of energy become large, for
example, in old supernova remnants (Blondin et al. 1998) and in
shocks as they emerge from supernovae (Ensman & Bur-
rows 1992). They may perhaps also be found elsewhere, for
example, in collisions of porous asteroids with dense objects.
They are also found in laboratory systems that produce strongly
radiating, shocked layers (Reighard et al. 2006) or blast waves
in certain gases (Grun et al. 1991; Ditmire & Edens 2008).
Since these layers are typically moving, they tend to accumulate
mass and to decelerate. Vishniac (1983) recognized that there is
an important imbalance between the internal pressure driving a
thin layer and the ram pressure associated with accumulating
matter. The �rst always acts along the normal to the surface of
the thin layer, while the second acts in the direction of the
incoming �ow. In the presence of a modulation in the layer, this
imbalance causes mass to accumulate in the lagging material.
In response, the lagging material decelerates less rapidly than
the leading material at lower density, causing the modulation
to invert, after which the process repeats. Under various
geometrical assumptions, this fundamental process can produce
either power-law or exponential growth. Bertschinger (1986)
explored the problem of a thin dense layer accumulating mass
behind a radiative shock, solving for the internal pro�le of the
layer. He con�rmed the results of Vishniac (1983) and also
showed that the layer must in fact be pressure-driven in order to
have instability.

A few years later, Vishniac & Ryu (1989) examined the
behavior of a thin layer with internal structure. In the following,
we refer to Vishniac and Ryu as VR and to their seminal paper
on instabilities in shocked, decelerating layers as VR89.
In VR89, VR also examined the stability of self-similar,
spherical shock waves. Our focus here will be on the evolution
of thin, planar layers, which might represent a phase in the

evolution of a small segment of a spherical system or the
evolution of a laboratory system.

A number of simulation studies have explored the behavior
of such layers. Strickland & Blondin (1995) found �uctuations
growing in a cool dense layer produced by a radiative shock.
Blondin et al. (1998) examined the transition from a Sedov–
Taylor blast wave to a radiatively collapsed shock. Michaut
et al. (2012) and Cavet et al. (2011) examined the long-term
behavior of a similar system, using a distinct value of � for the
dense shell, to approximate the behavior of a cooling layer.
Their work concluded, as did Mac Low & Norman (1993) for
the blast-wave case, that the instability develops as anticipated
by Vishniac, but then dies out in the long run as the shell
thickens and the Mach number of the shock decreases, leaving
behind only some internal structuring.

Some other related works are also worth mentioning. Badjin
et al. (2016) have noted that care must be taken in simulations
if one is to avoid the excitation of numerical instabilities that
can mimic the physical instabilities of interest here. Vishniac
(1994) considered shock-bounded slabs, later simulated by
Blondin & Marks (1996). They found a similar instability,
which has been called the Nonlinear Thin Shell Instability, but
it is not of direct interest here. Robinson & Pasley (2018) have
recently emphasized that ionization and other real-gas (i.e.,
non-polytropic) effects can enhance the onset of VR-type
instabilities in systems that might otherwise be thought to be
stable. This is consistent with our view that most of the relevant
large-scale mechanics depend only on length scales which, for
real gases, may not be well described by simple polytropic
closures.

Of note here is that VR assumed the shocked layer to be
isothermal. In the presence of deceleration, this leads to an
exponential density pro�le that decreases behind the shock
front. However, there are good reasons to consider other
possibilities. There are many other possible pro�les. Depending
on the heat transport dynamics, the pro�le might be adiabatic.
In general, the density in the pro�le may be determined by
physics other than simple hydrodynamics and might not be
described well by any value of polytropic index, �. If the
maximum density after radiative collapse is limited by the
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