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Background — Collisions Iin Planet Formation 2

Key Points: ool \
Traditional approach

Collisions is important for understanding planet
formation

Disruption Eimp > Epin
Traditional approach:

o

Impact energy vs. Binding energy - Q ‘ » e, ¢
.. o

° ‘ ° .

\______\

(impact velocity) (cohesion + gravitation) ~ ~ <

= Oversimplified

Limitations:

Ignores the dissipation process

(ex. friction, partial destruction)
X Cannot address impact angle or mass ratio

Accretion

= e = = == =

v'Therefore, numerical simulations are
required to properly study realistic collisions.



Recent progress & their problems 3

H Recent progress > 1 Previous research
@ Elastic-body SPH + fiction model (Sugiura18, Jutzi+15) | .

— Assumed Monolithic rock

Bl Primordial planetesimals: e
Suglura+18

® Formed from sub-pm dust, no crystal structure M0n0|lthIC rock
® Cohesive strength due to dust grain interactions VS
® Properties differ from fluid or rock K‘% |1 This research

B Limitations of previous studies:
Neglected microscopic behavior of dust

This study:

Understand collisional physics of primordial
planetesimals Focus on dust-aggregate planetesimals Dust-agg regate

Primordial
planetes mal




Simulation Methods

B We assume SPH particles represent dust-aggregates

Actual dustf' \

aggregate % ”

@ Basic equations
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® In SPH formulation
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Modeling Pressure of Dust Aggregates 5

Pressure (resist compaction)

‘ ‘ .— SPH particle

B Our Pressure model

® \When particles compressed:

Ptotal = Pcomp

roll pO Po -3
Peomp =3 (5 = 5.0)
T\ G ® When neighbor particles separated:

Negative pressure

Work only
neighbor particle
d b o

Piensile = ( pO)

Piotal = Pcomp — Piensile

® When the distance is far enough:

Piotal = 0 2)

dv; P P
b 2 m] < total,i i totzal] n Hu) VW(xl xj’ hi) —g
dt - p; P;

(Tatsuuma+23)



Test Calculation — Hydrostatic Equilibrium 6

Density vs. Distance from Center (Time: 1.657168e+02)
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We verified the gravitational equilibrium solution for the dust-aggregate using the SPH method.



Simulations of planetesimal collision 7
arget Radius : 25 km




Result — How to see graphs 8
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Time = 0.00
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Result —-Dependence on impact angle
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« 3 cases: 30°, 45°, 60°

|
: « More oblique — less disruptive (survive at higher v/v.s.)
[

« Cohesive dust-aggregate model shows milder disruption than no-cohesion




Result —Dependence on mass ratio |Impactangle:30°(10
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- With cohesion: less mass loss in high-velocity energy (compression) and overlap geometry

. velocity with Mass ratio :i « Analytical understanding with dissipated E



Summary

B Implemented a dust-aggregate equation of state and
performed SPH simulations of planetesimal collisions.

B Correctly reproduced equilibrium shapes under self-
gravity and pressure-gradient forces.

B Confirmed that dust cohesion strongly affects collision
outcomes.

Future work

B Develop a general collision model through energy
dissipation and geometric analysis to understand the
physics of primordial planetesimal collisions.
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Dependence of resolution
Sugiura+18
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Sound speed VS inverse of density

Dust Aggregate Cs-phi

Cs [cm/s]
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Pressure VS inverse of density

Dust Aggregate P-phi
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Appendix for SPH



' Continuum element
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Method What is the SPH method?

2. Physical quantities are represented a convolution with a kernel function.

Definition of density in SPH method : Kernel function :
X) = m:Wix — x;, h 1 \¢ 2
,U( ) z ] ( ] ) W(x,h) = (_) exp _x_2
J hy/m h 2h
(m; : Particle number in j-th SPH particle ) /

Image of density field

Definition of physical quantities in SPH method :

f(x) Ejf(x) W(x—xj,h) dx

5
p(x) = Zlm,W(x—x,, h))
J=

X XXy Xy Xs Genda 2015
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