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ROCKY PLANET FORMATION
“GIANT IMPACTS ERA”
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MIGRATION IN GAS DISC RESONANT CHAIN ASSEMBLY
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“middle age” 7 resonant systems/ |5
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CATASTROPHIC COLLISIONS
IN DEBRIS DISKS
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MYSTERIOUS MORPHOLOGIES

WINGED DISKS
HD 61005 (“The Moth”) HD 32297

LOPSIDED DISKS
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ANATOMY OF A GIANT IMPACT
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ANATOMY OF A GIANT IMPACT

face-on edge-on

A’Uejecta/vorbital ~ 0.03

L “collision point singularity”

Collision fragments return to original collision point
for continued grinding

Jackson+14
Kral+15



ANATOMY OF A GIANT IMPACT

dust blown out by radiation+wind pressure

“collision point singularity”

Lee & EC 16
Lin & EC 19
Jones, EC+ 23









T I 2 z?‘§‘ i T S
kink primary wings 100 au

(a) HD 32297

Dust from collision point

(b) Circular progenitor Alt/Az = -10°/0°

-

(c) Circular progenitor Alt/Az = -10°/-10°

(d) Eccentric progenitor Alt/Az = 173°/225°
at quadrature

l— secondary wings—l =

Jones, EC+ 23



PROGENITOR MASS

For catastrophic disruption:  Vejecta = Vesc,surface R < 1000 km
Vejecta S Veollision ™~ 1 km/s » M 5 3 X 10_3M€B
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50 au

HD [5115

| | .3 mm continuum

Dust from two collision points

.

Circular progenitors

Jones, EC+ 23



Fast-Moving Features
in the AU Mic Disk _-<~~' . Krist+05
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l’f ' stellar wind

primary D~ Pw G M, X thioh
l (A 0,2 1g

~ 4km/s (B /20)

(1/2)mbunet vy
S*mfragment

~ 400
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— exp(4) ~ 50
~4 x 107" Mg

Artymowicz 97; EC & Fung 17



log Cumulative Number

GIANT IMPACTS AND DEBRIS DISK SHAPES

Table 1. Possible Explanations for Debris Disk Scattered-Light Asymmetries

Jones, EC+23

Disk ID Giant Impact ISM Sculpting Gravitational Perturber Comments References
HD 15115 Y double needle = double impact 1,2

AU Mic Y collision point avalanches 3
HD 32297 Y ? double wings 1,4,5
HD 61005 ? Y straight wings + vestigial wings 1,4,5,6

8 Pic Y Y needle from giant impact; warp from 8 Picb 7,8, 9, 10

HD 106906 Y Y Occam’s razor prefers HD 106906b 1,11, 12, 13
HD 111520 Y warp analogous to 8 Pic warp 1,9

NOTE—Y = Yes, this seems a viable explanation. 7 = Possibly relevant but probably not a dominant effect.

References—1. This paper 2. Mazoyer et al. (2014) 3. Chiang & Fung (2017) 4. Debes et al. (2009) 5. Maness et al. (2009) 6. Olofsson
et al. (2016) 7. Dent et al. (2014) 8. Janson et al. (2021) 9. Mouillet et al. (1997) 10. Dupuy et al. (2019) 11. Lee & Chiang (2016)
12. Rodet et al. (2017) 13. Moore et al. (2023)
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Connelly+12

.4— Pre-stolar core phase
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CHONDRULES

0.1-1 mm igneous spheres
30-99% volume fraction
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® near-solar composition
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B «— CA condensation and making
Nebular choncrale fomation
Ivpact-generated crondnides — [

Aswroidal difesentiation

4566 4565 1584 4563 1562
Age (Myr)



Campbell+02, Krot 05

CB/CH CHONDRITES FROM GIANT IMPACTS

Late-time formation High-pressure condensation

NATURE|Vol 436|18 August 2005
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CHONDRULE COOLING CURVES

Impact vapor plume expansion

R ~ 200 km

T ~ 3000 K
P ~ 0.1 bar
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CHONDRULE COOLING CURVES

For dT./dt ~ — (100 — 1000) K/hr,

R ~ 10 — 100 km
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RE-ASSEMBLY BY RADIATION-CONDENSATION INSTABILITY
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Linear stability analysis _ 155 10!
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PLANETESIMAL FORMATION BY CAVITATION
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KIC 1255b (Kepler-1520b)
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Normelhized Flux
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An Ultra-Hot Disintegrating VVo
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Mapping the wind from time i to i + 1

(1) Mass loss by evaporation (Clausius-Clapeyron)
M) = c; exp [—c,/T(7)]

(2) Ground temperature and wind optical depth (Eddington two-stream)
1/4
TG) = ¢ | (14 1/7) + (1= 1) exp(=y(i) |
y = ky/Kr
(3) Hysteresis
(i + 1) = ca M (3)

Bromley & EC 23
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Wind map 7(i) = 7(i+ 1)
(i + 1) = p exp(2™""p,) exp{—p,[(1 + 1/y) + (1 — 1/p)exp(—yz(i)]~""*}
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Dust condensation in strong radiation field

Booth+24

4 4
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Wind map with y(7) aromley & EC 23
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Chaotic disintegration

(i + 1) = pyexp(2~"p,) exp{—p,[(1 + 1/y () + (1 = 1y (i)exp(=y )z ()]~}
Bromley & EC 24
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