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Abstract

Prior to the DART spacecraft impact into Dimorphos, our group performed impact tests
into rock structures measuring momentum enhancement [1,2]. One of these targets
was a collection of rocks held in place by cement. A binder was required since our
targets are hung in a vertical pendulum inside an evacuated target chamber to
measure momentum enhancement 3. In particular, the measured $ in that test was
3.4 for an impact of a 3-cm-diameter aluminum sphere at 5.44 km/s.

After the DART spacecraft impact, and upon examination of the photographs of the
Dimorphos surface, our group worked to produce simulants so that we could measure
the momentum enhancement due to hypervelocity impact on these surfaces. Within
the DART community, nearly all computations are being performed with basalt as a
surrogate for the Dimorphos surface material. Because of this, it is very relevant to
pursue building targets of basalt since 1) basalt is viewed by many as an appropriate
analog to the asteroid material and 2) basalt is being used by DART Investigation
Team members and others in their computations. Thus, basalt-based targets will be
directly comparable to the DART Impact Modeling Working Group computations (of
which we are a part).

We constructed targets whose primary constituent is basalt. Crushed basalt was
obtained in a variety of sizes. Initial measurements of density of these pieces was
performed. We explored a number of approaches to holding the material in place for
our vertical pendulum, and we will report on the different mixtures of grout and sand
that were used and the resulting target strength. We mix sand with the grout to reduce
the cohesive strength. The DART Impact Modeling Working Group is exploring a wide
range of cohesive strengths from the matrix, ranging from lows of 1 to 10 Pa, to
midrange of 10s of kPa, to some even larger values on the high end. The various
modeling groups state that reasonably good 3 values can be obtained with each of
these scales of numbers.

Using our large two-stage light gas gun, we impacted 3-cm-diameter aluminum
spheres into five large targets made of crushed basalt held together with grout and
sand (Figure 1). The size of the targets is on the order of 60 x 60 x 30 cm. The impact
speeds exceeded 5 km/s. Different crushed basalt rock size distributions were used
in the target assemblies, with the largest characteristic size being smaller, comparable,
or larger than the impactor. The paper will report the resulting measured momentum
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enhancement Bs and any dependences observed based on the distribution of
characteristic rubble size vs. impactor size.

These experiments will hopefully play an important role in the DART analysis by
pinning down some specific B data points with a well characterized experiment at
impact speeds of interest for the DART program with targets made of distributed rocks.
We will present some of our related computations.

Figure 1. Left: A target hanging in the pendulum before impact showing the crushed

basalt held in place by a mixture of grout and sand. Right: roughly 20 microseconds
after impact (projectile came from right to left). (LGG 407)
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