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Quiescent

ot Jupiters

Ex situ formation
Disk Eccentricity

‘ disappears __excitation
L ——> S

l Disk
In situ migration

formation

. - Disk disappears

(Dawson+18)
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ot Jupiters
The case for Stellar ZLK

. A key diagnostic: stellar obliquity

w =0
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ot Jupiters
The case for Stellar ZLK

- Many aligned systems: tides or quiescent? IIII Il

- But many misaligned too! Likely dynamical — sCauer/smNm

observed

. Stellar von Zeipel-Lidov-Kozai (ZLK; e.g. Wu &

WUI’I’OY 2008) S Ott ”CICJEIVG 1 Spin Res Crossing (A18)
- Retrograde obliquities! L
gy

- Sec Chaos (T19)
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= “0 Stellar Kozai (A16)
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O J_‘—\_“ Planet Kozai P16

—_— ]
(Albrecht+22)
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ot Jupiters

The case for Stellar ZLK

- Many aligned systems: tides or quiescent?

- But many misaligned too! Likely dynamical

.« Stellar von Zei

nel-L

Murray 2003) |

S att

idov-Kozai (ZLK; e.g. Wu &

‘active:

. Retrograde obliguities!
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Stellar ZLK

The Missing Companions Problem

0.7 , s
5.0 AU
FRIENDS OF HOT JUPITERS. IV. STELLAR COMPANIONS 006!
BEYOND 50 au MIGHT FACILITATE GIANT PLANET &"6
FORMATION, BUT MOST ARE UNLIKELY TO CAUSE KOZAI- ¢ 0.5
LIDOV MIGRATION = 0
Henry Ngo, Heather A. Knutson, Sasha Hinkley, Marta Bryan, Justin R. Crepp, Konstantin Batygin, § Ml g
lan Crossfield, Brad Hansen, Andrew W. Howard, John A. Johnson « Show full author list N 03
(- . B S
Published 2016 August 3 - © 2016. The American Astronomical Society. All rights reserved. ®)
c -9- _+_Bo und
T 0.2} .
Q companions
5
O 0.1
Candidate
0.0 companions
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Projected Separation [AU]

We determine that less than 20% of hot Jupiters have stellar companions capable of inducing
Kozai-Lidov oscillations assuming initial semimajor axes between 1 and 5 au, implying that the
enhanced companion occurrence is likely correlated with environments where gas giants can form

efficiently.
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AT-P-7

The Archetypal Missing Companion to HAT-P-/b

VN4
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s = 1240 au

_ 5.5
w = 94.6737

P = 2.2 day
M, = 1.5M,
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AT-P-7C: A Star 1s Discovered

Year
2008 2010 2012 2014 2016 2018 2020 2022
I I I I I I I
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A

P-/b: Options

1'wo options

(i) Ignore outer star: ZLK with inner star

(requires large misalignment at ~32 AU)

or Migration

(i) Dynamics with outer star
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A

-P-7: Options

Triple scenarlio: (1) naively...

or Migration

(i) Dynamics with outer star
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A

-P-70: Options

or Migration

ITiple scenario: (1) cannot misalign inner system!

912

(i) Dynamics with outer star
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A

-P-7: Options tor Migration

ITiple scenario: (1) outer ZLK + scattering?

Scattering & many ejections?

No! Eccentricity Cascade!
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A

>-/: Options |

or Migration

ITiple scenario: (1) outer ZLK + scattering?
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Scattering & many ejections?
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Digression: .

Hccentricity Coupling

Eccentricity Cascade

® c,.cqCan slowly vary, but

Is constant except due to
scattering!
e When ecis large
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Eccentricity Cascade

ITiple scenario: (i) EC = outer ZLK + scattering
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Eccentricity Cascade

ITiple scenario: (i) EC = outer ZLK + scattering

Quadrupole-only ZLK
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Octupole ZLK: Gradual approach!
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By analogy to the Chirikov-Taylor standara
map, the instability boundary lies at...

3/2 np —1 1 2
K o— 37r§(a1/ap) e—ZH(cosh (—1)— —el) Z ()1
\/1 +m1/M*
C B 37’(’2 ™m1 2
- ef(1—ef)3 \ My +my
2\3/271 T 2 }
np /M1 ey - n,/ny

EC and Circumbinary Stabil

ITiple scenario: Onset of the Eccentricity Cascade (YSW in prep)

18Y

WIP!!
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Summary

- Some HJs are probably formed dynamically.
- We identity the Eccentricity Cascade (EC) mechanism to form HJs in stellar triples
- EC = Stellar ZLK + weak scattering
. Inspired by our discovery of HAT-P-/C, (0.2 Msun, 28 AU; YSW25)
- We derive analytical boundaries for the EC mechanism based on the circumbinary stability

- Typically, ~tens of AU companions across a wide mass range
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