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* The DART mission provided the first test of the Kinetic
impactor planetary defense technique, targeting the
Didymos-Dimorphos binary asteroid and' impacting at UT
23:14 2022 September 26.

* We conducted pre-impact and post-impact observations

toward Didymos-Dimorphos with the Atacama Large
Millimeter Array (ALMA).

, , , Post Impact Ejecta Masses
Didymos-Dimorphos + Ejecta 345 GHz

Cotinuum UT 5:20 Sept. 27 (T+6.10 hr) * We calculated dust masses for each ALMA observation

following the methods of Jewitt & Luu (1990) and
Boissier et al. (2012). The dust mass (M) is related to the

measured flux density (S;) by the dust opacity k, as
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the geocentric distance.

* The dust opacity depends on the optical properties of
the material. Optical constants at A = 0.87 mm are not
available for ordinary chondrites, which are likely most
representative of S-type asteroid material (Tsuchiyama
et al. 2011).

* We considered four materials to estimate the range of
optical properties for ordinary chondrites based on the
available optical constants in the literature: pure
crystalline olivine, pure amorphous olivine, pure
amorphous pyroxene, and a mixture of 2/3 amorphous
pyroxene to 1/3 amorphous olivine (Figure 5).

* We calculated the range of dust masses for these
materials, which range from 6x10° — 7x107 kg depending
on the material and assuming the differential particle
size distribution measured with HST (Li et al. 2023).

 Using an average value for all our executions, we obtain
a range of masses from (1-5)x107 kg, representing 0.2-
1.2% of Dimorphos’ total mass (Daly et al. 2023). Our
results are shown in Table 1.
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Observations

* We conducted pre-simpact observations on September 15

- to provide a baseline continuum measurement of
Didymos-Dimorphos and to characterize Didymos’
spectral emissivity.

* We conducted post-impact observations with ALMA and
the Atacama Compact Array (ACA) from approximately
3-9 hours post-impact.

* All observations (executions) utilized the Band 7 receiver
centered near 345 GHz (0.87 mm).

* 'The spatial resolution of ALMA: and the ACA were 50 km
and 200 km, respectively, at the distance of the asteroids,
so neither was spatially resolved.
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Figure 2. Post-impact ALMA image of Didymos-Dimorphos plus the ejecta,
with traces and labels as in Figure 1. The direction of the DART spacecraft
impact (D) and the heliocentric velocity vector have been added.
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5008 I *  Our calculated ejecta masses are consistent with
T . E _§ Graykowski et al. (2023), who estimated ejecta masses
‘s 100 g = 250 = of 0.3-0.5% of Dimorphos’ mass based on optical
i« > ‘g § wavelength observations.
£ E % E * The measured fluxes increase until plateauing during
e
z E % = the third execution of the 12 m array (T+6 hours)
:;é £ @ = followed by a decrease in the fourth execution. This may
2 00 = = £ be due to sub-millimeter sized particles exiting the
= £ o ALMA maximum recoverable scale and may constrain
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the speed of these grains.
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Figure 3. Post-impact ACA image of Didymos-Dimorphos plus the ejecta,

Figure 1. Pre-impact ALMA image of Didymos-Dimorphos. The 16 image with traces and labels as in Figure 2.

RMS is indicated in the upper right, the hatched ellipse in the lower left is
the synthesized beam size, and an illumination diagram: indicates the
direction of the Sun (S). Contours are increments of the image RMS.

Hours Post-Impact
4.77 5.27 7

$  Scan-by-Scan Flux Density (12 m Array)
€@ Entire Execution Flux Density (12 m Array)
‘ Didymos-Dimorphos Elevation from ALMA

Didymos’ Spectral Emissivity

* We utilized our pre-impact measurements to obtain a
baseline continuum flux and characterize the millimeter
spectral emissivity of Didymos. Figure 1 shows our pre-
impact ALMA image of the asteroids.

* We calculated the spectral emissivity, € of Didymos
following Altenhott et al. (2004).

* For Didymos’ flux density of 1.53 = 0.14 mJy, we
calculate € = 0.87 £ 0.08. This emissivity is consistent
with €& of the handful of other siliceous and
carbonaceous asteroids measured at mm wavelengths

(e.g., ALMA Partnership 2015, Chichura et al. 2022)
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Figure 5. Absorption cross-sections for the material mixtures considered to
approximate optical properties of the ejecta assuming a particle
distribution n(a) < a %7, where a is the particle radius. Our ALMA
measurements are most sensitive to sub-millimeter size particles.
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Figure 4. Post-impact fluxes measured for Didymos-Dimorphos and the ejecta with the Tabla 1. Hjecta: Iriux Densitics aud Mass Hetimiates

12 m array. Fluxes are shown on a scan-by-scan basis (black) and when imaging all
scans in an execution simultaneously (red). Fluxes are integrated within the region
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with values on the order of unity.

This likely reflects the silicate-dominated nature of
Didymos (de Leon et al. 2010, Dunn et al. 2013).

Post-Impact Continuum Fluxes

Our post-impact observations sampled continuum
emission at A = 0.87 mm from the asteroids and ejecta
Using the pre-impact emissivity, we calculated the flux
density attributable to Didymos on the impact date as
2.60 mJy and 0.11 mJy for Dimorphos. Hence, Didymos
and the ejecta dominated our measurements. Sample
images are shown in Figures 2 and 3.

We calculated the integrated flux density in our post-
impact images within the region where S/N > 3. Our
results are shown in Figure 4 for the 12 m array.

We subtracted Didymos’ flux to isolate that of the
ejecta. Our results are given in Table 1.

where S/N > 3, approximately 50 km in radius from the asteroids (Figure 2). The
elevation at the midpoint of each 12 m array execution is indicated (blue).
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NoTE—® Time post-impact (hours). PFlux density for Didymos plus the ejecta integrated across the
region where the intensity > 30. Uncertainties include image RMS plus an 8% uncertainty in absolute
flux calibration. “Flux density after subtracting the 2.60 mJy flux density of Didymos. Uncertainties

include an additional 10% to account for the subtraction of Didymos’ calculated flux.

dDust mass

calculated following the methods of (Jewitt & Luu 1990; Boissier et al. 2012) as outlined in Section 3.4.
Masses are given assuming grain compositions of (pure crystalline olivine, pure amorphous olivine, pure
amorphous pyroxene, 2/3 amorphous pyroxene to 1/3 amorphous olivine). Dust mass uncertainties are
directly proportional to those for the calculated ejecta flux. €34 upper limit on ejecta dust mass. 112
m execution. ) Weighted average of all flux measurements (excluding the 30 upper limit from the first
ACA execution). *ACA execution.
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