Planet
Formation
and

Evolution

Eve J. Lee
(UC San Diego)




Join Astronomy & Astrophysicgsi
UC San Diego!

.....

https://astro.ucsd.edu/

o L]

—

-
Hi, I'm Quinn

S CONGRATULATIONS
)\\ SARAH JIANG
+ Konopacky. © |

] I Research Fellow
I( 4 \

UC San Diego
School of Physical Sciences

The courtship of two black holes can last
for billions of years — yet it always ends
in a collision

, kel r
' bl - : " 2025 NSF
N e N g 4 Graduate

B POSTS ® REELS [ SAVED @ TAGGED

CONGRATULATIONS
PROFESSOR

CHRIS THEISSEN




Cumulative Counts vs Discovery Year

exoplanetarchive.ipac.caltech.edu, 2025-07-17
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First detection of an
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Ida & Lin (2004)

Pre-Kepler, theorists thought we should see rocky planets and gas giants and

very few in between



Pre-Kepler, theorists thought we should see rocky planets and gas giants and
very few in between
Post-Kepler, most (of the

| discovered) planets in our

M, [Earth mass]
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Some gas

blown away r

Some gas
accreted
onto the star Some gas accreted by
cores and become
planetary atmospheres

NASA/JPL-Caltech/T. Pyle (SSC)



Physics of gas accretion
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Physics of gas accretion

EJL & Chiang ‘15

1.7 0.4
Mgas ~ 0.06 (L)OA M (%)
M_yre ' 1 Myr 5Mg Z
Strong dependence
from central mass
concentration
Radiative
Convective E1L 10 Meore/ Mg
Advective

Thermally unimportant

Savignac & EJL ‘24



Physics of gas accretion

EJL & Chiang ‘15

1.7 0.4
Mgas 0.06 ( t )0-4 M ore (0.02)
M ore 1 Myr SMg Z
Strong dependence
from central mass
concentration
Radiative
Convective
Advective

Thermally unimportant

Savignac & EJL ‘24

EJL & Connors ‘21



EJL & Connors ‘21
EJL, Karalis, & Thorngren ‘22



Observation

Formation alone can carve
out the radius gap
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Observation

Top-heavy

Bottom-heavy
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Occurrence rate Occurrence rate

Occurrence rate

Formation alone can carve
out the radius gap

Hotter disk; smaller Bondi
radius; gap shifts to larger

radius
J QaV

—— 30 days
——— 100 days
—— 300 days

EJL, Karalis & Thorngren (2022)



H/He envelope vs. waterworld
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Post-formation
evolution

Photoevaporative mass loss

<30-50 days

Tidal orbital decay

Occurrence rate

1073

<1-3 days

Magnetic decay & heating

<1 days




Post-formation
evolution
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Short-period small planet population
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Raw data from NASA Exoplanet Archive



Short-period physics: tides

Star is on the main sequence
So spin period > 1 day

For stellar spin and orbital motion to

become synchronous:
Lspin < Lorb/3

For a 5Mg planet orbiting
a solar mass star:
Lspin~1OOLorb

M, R:

a o« —q 11/2 72
Bulge lags behind because M. Q.
of “friction” inside the star t

Tidal quality factor: hiding all
the uncertain physics of
Murray & Dermott dissipation b
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Fully
convec
tive

0.09=M./Ms <0.35

Period (days)

Stronger tidal dissipation

Early-mid M
0.35<M. /Mo < 0.60

Period (days)
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0.60=M./Ms <0.90
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Sun-like stars
090=M./Ms <1.20
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EJL & Owen ‘25 data from NASA Exoplanet Archive; <2 Rearth; precise mass measurement




Stronger tidal dissipation

Fully Radi

ative

convec
tive

Late M Early-mid M K dwarfs Sun-like stars
0.09 =M M 025 028 =M M =060 0.60=M./Ms <0.90 090=M./Ms <1.20

. | dissipation for cooler stars

Y
Lighter planets drive
less tides so more

likely to survive 100 10!
Period (days) [ Period (days)

EJL & Owen ‘25 data from NASA Exoplanet Archive; <2 Rearth; precise mass measurement



Short-period small planet population
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Raw data from NASA Exoplanet Archive



Short-period physics: electromagnetism

The entire system is losing energy through Joule heating

//_\\k«- Planet is losing orbital angular momentum to stellar spin
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Slow rotators >~ 30-40 days
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Consequence of
magnetic drag

Normalized Flux

0.990

' Planet destroyed!
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MJID - 55000

Catastrophically
disintegrating planet

Heat flux ~10 W/m2: (Rappaport+12)
comparable to Io

Period (days)
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Magnetic volcanism?
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EJL & Owen ‘25; Raw data from NASA Exoplanet Archive



