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Dust dynamics of the plume evolution (close and far-field) after the DART impact

Ojectives:
To study the dust dynamics of/in the plume:

- to compute the dust velocity of the particles based on : :
their physical properties: size, mass and shape. Considered active forces:

gravity-and solar radiation
pressure, n@@as drag and
no'gas preSuliiees

- to compute the distance and time at which the dust
particles reach the upper limit of 5 m/s (a scientific
constraint for LICIACube measurements) as a
function of their physical properties.

- to determine the size of the acceleration region after
the impact and the time needed to reach its boundary
when particle rotates.

- to study the initial dynamical conditions that constrain

the further dynamical evolution of the plume and Dust particles of the plume: spheroids with the aspect ratio k=a/b
therefore the plume density structure.

Method: non spherical dust dynamical model that solves the Euler dynamical and kinetic equations
(updated from Ivanovski+2017) and analytical model for single dust particle expansion without dust collisions

Model setup: three body problem - solar radiation pressure, initial velocity of the ejecta, gravity field
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Geometry of the plume evolution and model setup of rotating particles

v' Single particle motion ejected from the surface
with different initail orienation 45- 135 degrees

v' The different particle cross section will change
the optical thickness of the plume. It is not only
the size distrubution but the particle shapes and
their orientation.

v In case of relatively strong solar radiation pressure,
if the particle has initial torque will rotate during
the plume evolution and its speed will be different
than the non-rotating one of the same mass,
shape and size.

v’ Solar radiation pressure will affect its motion at
large distances — far-field simulations. At what
distance the particles achieve their terminal
velocities or eventually stop
acceleration/deceleration?
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Courtesy A. Cheng X>Ys with_a<0 and b<0;.LOS
through ejecta cone twice
Consider x-y plane defined as plane containing axis of 45° ejecta cone and vector
(X, Ys) to LICIACube; origin is DART impact site. Line-of-sight LOS is also considered
within x-y plane. Calculate optical depth of ejecta along LOS. Three geometries are
illustrated, defining angle b between LOS and direction to DART impact.
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Non-spherical dust dynamics using scaling laws input [ =%

Ejecta model non-spherical simulations

. Particle size [m] 1.0x10* 1.0x10*
Impactor AT
@ radius = g o ) Initial orientation[degrees] 45 45
velocity = U Particle density [kg/mA3] 2600 2600 .
density = ¢ » . oL
mass = m P Initial angular velocity [#rot/s] 0O 50% E_kin A
L Initial velocity [m/s] 5.0 5.0
< A "'l/t}' /h\‘—\__ Aspect ratio 0.2,50 0.2;5.0
] e A e RO Tﬂrggt
(_,I'ﬂtﬁ'r ::::::.:.:.:::'.:.:.:." SHEHgt]lZY Sr 10

volume, V' —» density = p I |

‘W-..,_____ s i -
> 98T H-0002 @
] o
Increase the initial | 3
Table 1: Impact ejecta scaling parameters of Weakly Cemented Basalt material (see rotational energy up to 9D 496} . 1y
Housen & Holsapple 2011 for the parameter definitions). o . . E 0004 5
50% of the kinetic energy > el
a(m) [R(m) 5(3/ ) g/ ) T C k p v m n. leads to less than few 5 1ot | g
g/cc g/cc . . = 4. L
0.5 10 0.57 | 2.6 0.46 |0.18 [o0.3 0.3 0.4 1.2 1 precent difference in the 2 : 5
velocity under considered —]-0-:006 =
AIM: Didymos and ejecta Reference model V5 0.02 m/s <V, =59.0 m/s initial conditions. 4.92 | o

0.6=yx<10 ]

—-0.008
' 419 , ™ ] Pl NPT RNRT SRR
Input -> Scaling laws Housen and Holsapple 2011 0 1000 2000 3000 4000 5000 6000 7000

Time [s]
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Dust dynamics using scaling laws with different T,,., 1/3

Parameters of the current case studies

Vr
Particle size [m] 1.0x10* 1.0x10*4 o
Initial orientation [degrees] 45 45 WCB C3
. . Cheng et al. 2016
Particle density [kg/m”3] 2600 2600
Initial angular velocity [#rot/s] O 10% E_kin ICE:heATg etal. 2016
. : q. 4
Initial VeIOCIty [m/S] 2.5;5.0 2.5;5.0 The speed of ejecta v, non-dimensionalized by the incident
velocity U, that are released at radial distance x from the central
Aspect ratio 0.2;5.0 0.2;5.0 point of impact is
v E p
Distance [km] 55.25 55.25 5= 58] "(1-2) @
Dust temperature [K] 280; 360 280;360
Table 1: Impact ejecta scaling parameters of Weakly Cemented Basalt material (see 0.02m / s <V =<59.0m / S
Housen & Holsapple 2011 for the parameter definitions).
0.6 <y< 10
a(m) |[R(m) |6 p 0 C: k ) v n; No
(g/cc) | (g/cc) ] ]
0.5 10 0.57 |2.6 0.46 |0.18 |0.3 0.3 0.4 1.2 1 AIM: Didymos and ejecta Reference model V5
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Dust dynamics using scaling laws with different T,,., 2/3

Ca SES A 5.02 7 0.02

5 0015
1 )
. . 4001 B
Spheroid (a/b = 0.2, 100 um) in the 4.98 ] 4%
considered cases with initial velocity = Dust Vel o Td = 560K 10005 -
. . Y - == == = Dust Velocity for Td = 1Y o
5 m/S or h'gher decelerate with less g 4.96 —————— Rotational frequency for Td = 560K 5
than few % at 55.25 km from - = Dust Velocity for Td = 280K 0 =
Dimorphos. Therefore, the initial S Lo —— Rotational frequency for Td = 280K £
velocity is the key initial parameter. S 1.0.005 ®
The increase of dust temperature of ] IS
100% does not decrease the I A 1001 B8
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Dust dynamics using scaling laws with different T,,,, 3/3

Case B ; 7
278
, , 4.95 1
Spheroid (a/b = 0.2, 100 um) in the 1
considered cases with initial velocity - 1
5 m/s or higher decelerate with less = o276
than few % at 55.25 km from ;49 B :
Dimorphos. Therefore, the initial S} ]
velocity is the key initial parameter. °© [ 1274
: > | -
The increase of dust temperature I |
with 100% decreases the initial 485 - ]
rotational frequency of few precents. - ggf;t‘l'::;f';\r/em :ni’cif’?d_ 280K H27.2
:— = = = Dust velocity Td= 560K -
i Rotational Frequency Td= 560K 5
| IIIIIIII | IIII[III Ll [IIIlIl | IIIIIIII | I]Il[l]l | L1l
4802 10 10° 10' 10° 10° o
Time [s]
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Chained modelling of ejecta dynamics using impact iISALE [~

05 Ejecta model non-spherical simulations
6 -

Table 1. The dust model initial parameters.
Input parameter Parameter value Comments Pa rticle Size Of a . r. 0.2 [m] 4.75X10-2
'E‘ Particle parameters
4 4 04a Tmred.. e amaims Initial orientation i
s Eee e 5 Gompatible with Chang o ot 2017 [degrees]
Particle temperature, Ty [K]: 280 Yu et al. 2017
E Initial ejecta speed, vie [m/s]: 200 Yu et al. 2017 .
j 6583 Didymos system parameters La u n Ch p05|t|0 n [m] 1 1
0 . 3 a ?icfm g?amctcr og t:c }.)rimadry-dig.ydmo& D, [[Jm] 7176531 l?gc zu et a: ggi; .
U [Tt e e N | v SO v Particle mass [kg] 7.45x102
[ Solar distance on the impact date Oct 5 2022, rj, [AU] 0.97 - 1.03 Yu et al. 2017
u_ Surface temperature of the secondary, Tyidymoon [K] 280 Yu et al. 2017 L. )
v Initial velocity [m/s] 0.94
02® |
a Aspect ratio (a.r.) 0.2
—
g _ _ Dust Temperature 280
01 © Velocity of an oblate particle (a. r. a/b =0.2).
.
— The complete set of parameters is given in the 1
tables above. The gravity of the whole binary !
0 5 4 6 8 0.0 was considered (binary was approximated as a ook
mass point). i
r[m] i
— 08
Fig. 1: A snapshot of the formation of the crater resulting from the iSALE modelling performed with E i
parameters reported in Table 1. The colorbar represent the peak pressure of the ejecta tracer — -
particles. 2071
Description Symbol Target o[
Strength model ROCK/LUND St
Tracer Velocity Poisson ratio v 0.25 > :
o o Strength at zero pressure (intact; MPa) Yo 0.1 0.6 -
Launch angle (35 -49 ) Strength at inf. pressure (intact; MPa) Yo 1000 [
] Friction coefficient (damaged) tq  0.60 -
Launch position Initial porosity $o  30% 05
Mass Initial distension ap 1.30 L
THI L III\HII L IIHHII L \IHI\II L I\IH\II L
Input -> iSALE simulations Planetary Defense Conference 202 107 10° o 1EJ2] 10° 10°
Ime |S



Chained modelling with SPH impact output

Study case A: Ejecta model non-spherical simulations

o t=0ms © t=10ms % t=20ms DenSIty 2800 kg/m'3
) ; a _ _ Assumed size 0.1m -> 1.03x10° kg
: . . . Consistent with Scaling Laws Estimation
" " o §  Density
F — 2~
5 : s s ; kg m i Particle size [m] 1.0x10?
0 0 o 0 ‘ - - iom  3.060e+03 !
O-WD o‘% e o b e w 2.757e+03:| i Initial orientation [degrees] 70
2.453e+03 _ 108
2.149e+03 : ;
) t = 30ms ) t = 40ms § = 50ms = : 1'846;03— Particle density [kg/mA3] 2800
: . | . ’ Velocity (V) range 1oszes03 Initial torque [#rot/s] 0
.o 1.238e+03 _| —=1.96
20 ' 20 20 M 2 = 3500m/5 9.349e+02 = L )
. . : x B Initial velocity [m/s] 2.0
g g , g : 6.312e+02 8 |
. ' B 3.276e+02 o | :
10 10 L o mode(V) =1.77 m/s 2.400”01] >1 os Aspect ratio 5.0
s 8 sl # . I
i‘ i i f ’ i Dust Temperature [K] 280
cl0 5! X1/0R 15 20 00 5 x1/0R 1 20 00 5! X}TR 15 20 Wlder angle Spectrum B
up to 70 degrees 192
Input -> G. Zanotti‘s master thesis - SPH simulations I . ! .

Il L L L 1 L 1 L Il L 1 1 I\ 1 \——:—5 " L L |
0 1000 2000 3000 4000 5000 6000 7000
Time [s]
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Main research objectives and ongoing work

» To investigate how much different particle shapes and sizes could change the optical depth
(because of the dust scattering, geometry and dynamics)

» By varying the initial angular velocity of the ejected particles, provided with the obtained
dependence on the assumed particles’ temperature, we study what amount of dust
particles’ rotational energy after the thermal shock due to the impact is necessary to
intrude the rapidly expanding plume.

Ongoing work

» What minimum initial threshold speed for a given type of dust (in terms of size, density and
launch angle) is sufficient to govern the plume evolution independently from the intensity
of the thermal shock and rotation state of the ejected dust particles.

«3ACub?
» Validity of collision-free ejecta evolution assumption ' \'

» Constrain the momentum transfer enhancement parameter (B)
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