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Introduction: The Stardust collector [1] carried 

aluminium foils which have provided a wealth of data 

regarding the composition of particles from comet 

Wild-2 [2, 3, 4]. Identification of possible interstellar 

and/or interplanetary dust particle impacts on the foils 

located on the interstellar side of the collector have 

recently been published, or submitted [e.g. 5, 6, 7], but 

the analysis is complicated due to possible impacts by 

ejecta generated by impacts into spacecraft compo-

nents (solar cell cover glass and Al structures) up-

stream of the collector – termed secondary ejecta im-

pacts herein. These ejecta may be target, or projectile 

material, or a mixture of both. 

In order to help investigate possible means of 

quickly distinguishing between the impacts produced 

by secondary ejecta from the target and that from the  

original impactor (the interstellar/interplanetary dust 

particles) we have carried out experiments and com-

plementary hydrocode modelling of impacts of 1 mm 

diameter zirconia (ZrO2) spheres into glass and Al tar-

gets at 45°. Here, we have studied the distribution of 

the different ejecta materials collected by a Cu witness 

plate perpendicular to the target plane and located 

~3cm from the point of impact. This work is a con-

tinuation of work first described in [8]. 

Fig. 1: Photograph showing the experimental setup and 

the Cu witness plate and Al target after removal from the 

target chamber. The impact speed was 6 km s-1and the im-

pact occurred ~3cm from the witness plate. The same setup 

was adopted for the impact into glass. Inset: how the witness 

plate pattern has been measured with a fan half-angle, θ and 

a maximum width, W.  
 

Hydrocode modelling:We used Ansys’ AUTODYN 

hydrocode [9] to perform the modelling and, in order 

to track both target and projectile fragments, the model 

was constructed using SPH particles. The projectile 

was modelled using a ‘floatglass’ material model (de-

scribed in full in [10] and [11]) with a modified 

strength model to reflect the stronger zirconia projec-

tile. The targets were modelled using AUTODYN li-

brary models for floatglass and Al-2024 respectively. 

Results: Fig. 2 shows comparisons between the 

modelled (left panel) and experimental (right panel) 

ejecta patterns for both target (Al/glass) and projectile 

(Zr) materials impacting the Cu witness plates. Note, 

that only half the ejecta fan is presented for ease of 

comparison. 
 

TABLE 1: Comparison between experimental (‘e’) and 

simulated (‘AD’) fan half-angles (θ) and central widths (W). 

 θe We(mm) θAD WAD (mm) 

Zr [Al] 33° 6.9 37° 5.3 

Al [Al] 38° 5.8 40° 4.6 

Zr [glass] 37° 7.5 35° 9.4 

Si [glass] 40° 9.6 39° 9.6 
 

Discussion: The overall appearance of the fans, the 

measurements of fan half-angles and the central width 

of fans for different ejecta materials are reasonably 

well reproduced by the models (Table 1).This gives 

confidence in the accuracy of the modelling, in particu-

lar for the Al ejecta pattern as seen in Fig. 2)ii), which 

reproduces the large ‘clumping’ observed experimen-

tally. Together they suggest that for impacts into Al, 

the areal distribution of target ejecta significantly over-

laps with that of the impactor. Thus, for such impacts 

we conclude that it is not possible to identify impactor 

and target ejecta based solely on location relative to the 

target impact site. For the glass targets however, the 

areal distribution of impactor ejecta does appear to be 

concentrated in an area directly uprange where target 

ejecta is largely missing. It may therefore be possible, 

given adequate knowledge of the geometry involved, 

to predict the location of original impactor material 

amongst the resulting secondary ejecta fans. As the 

modelling suggests that the target ejecta is travelling 

slower than the impactor ejecta, the morphology of the 

impact craters on the Stardust foils may also be an 

indicator of both impact angle and impact speed [12, 

13]. 

Conclusions: Validated hydrocode modelling is 

proving to be an invaluable tool in helping to constrain 

the origin of the impactor craters found on the Stardust 

interstellar collector. These results presented here give 

further confidence in the accuracy of the modelling, 

and new experimental data are providing insight into 

the role of strain rates at micron-scales [14]. 
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Fig. 2: Simulated (left panel) and measured (right panel) ejecta distributions. The impact angle was 45° and impact speed was 6 km 

s-1 for both targets. i) Zr ejecta from impact onto Al target; ii) Al ejecta from impact into Al target; iii) Zr ejecta from impact onto 

glass target; iv) Si ejecta from impact onto glass target. Note the scale is the same in all cases. 
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