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Introduction: Observations of planetary debris 

originating from the destruction of small bodies in 
extrasolar systems is mounting, particularly in white 
dwarf planetary systems [1,2,3]. 

This debris is observed both within and just outside 
of white dwarf photospheres, and originates from the 
accretion of some combination of planets, moons, 
asteroids, comets, boulders, pebbles, and dust. When 
large planetary bodies reside in dynamically stagnant 
locations [4] – unable themselves to accrete onto or 
even closely approach the white dwarf – then smaller 
reservoirs of crater impact debris may become a 
complementary or the primary source of chemical 
enrichment around these stars.  

Procedure: We have taken a first step [5] towards 
exploring this possibility by computing limits on the 
recoil mass that escapes the gravitational pull of the 
target object following a single impact onto an 
atmosphere-less surface. By considering vertical 
impacts only with the full-chain analytical prescription 
from [6], we provide lower bounds for the ejected 
mass for basalt, granite, iron, and water-rich target 
objects across the radii range 1–1000 km.  

Our use of the full-chain prescription as opposed to 
physical experiments or hydrocode simulations allows 
us to quickly sample a wide range of parameter space 
appropriate to white dwarf planetary systems. Our 
numerical results could be used in future studies to 
constrain freshly generated small debris reservoirs 
around white dwarfs given a particular planetary 
system architecture, bombardment history, and impact 
geometries.  

Assumptions:  For our numerical experiments, we 
make three main assumptions: (i) We assume vertical 
impacts on a plane-parallel surface; (ii) We incorporate 
the high-speed cutoff in the regime of normal 
excavation from the full-chain analytical model of [6]; 
(iii) We neglect jetting and spallation. These three 
assumptions place a constraint on the impact velocity, 
which is illustrated in Fig. 1. 

We also assume that the target body contains a 
negligible atmosphere, the target body is not destroyed, 
and the amount of vaporized mass at the impact site is 
negligible. We exclude results for which the latter two 
assumptions are not satisfied.  

 
Figure 1:  The required impact velocity to satisfy the 
condition that the majority of the total ejecta mass 
arises from normal excavation. The radius on the x-
axis is that of the target body. The circles show the 
mean impact speed on the bodies in the Solar system. 
The shaded region indicates where the results of [6] are 
applicable to the current study.  
 

Outputs:  We produce tables of ejected mass 
values. These tables are reported in [5]. A few visual 
representations are reported in Figs. 2 and 3, where we 
show how the magnitude of the escaped mass varies 
with streamtube shape, target shape and impact speed 
for basaltic impactors and targets. 

Observational constraints: Observationally 
testing the efficacy of the impact mechanism would 
require observations of cold dust which resides at a 
distance that is beyond several times the white dwarf 
disruption, or Roche, radius. Such constraints are 
available in only two extrasolar systems. 

 [7] placed limits on the dust mass in the G29-38 
planetary system as a function of dust temperature. 
They showed that at, for example, a distance of about 
11 au, the dust mass cannot be higher than that of 
Haumea (3 × 1021 kg). Another system with constraints 
is the heavily enriched GD 362 system: [8] established 
limits on the dust mass (1022 −1026 kg) for separations 
ranging between 5 and 30 au.   
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Figure 2:  How the magnitude of the escaped mass 

varies with the entire range of Z (streamtube shape) 
and impact speed, for a target radius of 1000 km, an 
impactor radius of 0.1 km, and basaltic composition 
impactors and targets.  

 

 
Figure 3:  How the magnitude of the escaped mass 

varies with the impact speed and target radius, for the 
same system as in Fig. 2. The peaks arise partly 
because of the impact speed-dependent functional form 
of the dimensionless shock decay exponent from [8] 
that we adopted in our models. 
 

 The lack of (a substantial amount of) cold dust in 
these two systems at distances of several to tens of au 
suggests that a distant collision event with ejecta mass 
exceeding that of the largest minor planets in the Solar 
system has not occurred recently relative to the white 
dwarf ages. However, these systems represent only 
about 0.2 per cent of all known debris-enriched white 
dwarf systems. Therefore, although we cannot make 
any sweeping conclusions about the efficacy of the 
impact mechanism for producing observable debris by 
using these constraints, we certainly appeal for 
additional observations of cold dust in debris-enriched 
white dwarf planetary systems.  

Possible scenarios: In [5], we outline two 
scenarios where the results of our models may be 
especially applicable. The first is the case of a cool 

white dwarf with an asteroid on a compact orbit (tenths 
of au) and the second is the case of a hot white dwarf 
with an asteroid on a wide orbit (beyond 10 au). In 
both cases, the asteroid may be hidden from view, but 
the debris from crater impact ejecta could be observed 
in the photosphere of the white dwarf. 

Discussion: The results of our work can be used to 
help constrain dynamical models of planetary system 
evolution which leads to debris-enriched white dwarfs. 
Despite the mounting observations of planetary debris 
in a white dwarf’s immediate circumstellar 
environment, understanding the dynamical history of 
these systems remains an important but largely 
outstanding task. Current treatments that involve only 
dynamical interactions between major and minor 
planets as pollution sources may be too simplistic. 

Debris in the interplanetary environment represents 
another pathway for chemical enrichment, particularly 
in cases when exo-asteroids themselves are rarely 
perturbed towards the white dwarf, or perturbed 
towards the white dwarf only in concentrated periods 
of time (which are unlikely to be observed). We have 
shown that a net gain of interplanetary debris can 
easily be generated by a single collision on an 
atmosphere-less target. 

Summary: We report our minimum crater ejecta 
mass estimates in a series of tables in [5], which 
provide values that can constrain future dynamical 
modelling studies. Our results may be applied within 
any exoplanetary system, not just those containing 
white dwarfs.  
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