Planets and WDs
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What is the problem with planets
around WDs?
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Orbital evolution
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Villaver & Livio (2009); Gallet et al. (2017); Sun et al. (2018); Rao et al. (2018)



AGB evolution
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Orbital Evolution cont...

Final location of the innermost surviving planets
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Primary Mass (Mg)

Primary Mass (Mg)
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How can we bring material close to the WD to
explain WD pollution?



Gravitational assistance:

Keeping material (asteroids/moons/fragments of planets) far
from the star at several au + major planet to perturb the orbit



Single planet far away interacting gravitationally with a disk

Planet on circular orbit + Kuiper belt: Bonsor et al. (2011, 2012)

Planet MMR + asteriod belt: Debes, Walsh & Stark (2012)
Single planet with varying e and mass: Frewen & Hansen (2014)

Circular orbits do not work: Antoniadou & Veras (2016) see as well
Veras et al. (2014, 2018a)



Giant Planet in Transit: vanderburg et al. (2020)
Giant planet as acretor: Gansicke et al. (2019)



How can we bring planets close to the WD?

-multiple planets
-multiple stars

or...

-common envelope evolution



Multiple planetary systems



Stability of multiple planetary systems
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3-planet system instability
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Number of planets lost in the three-1 MJ runs



fraction of belt accreted/Myr

fraction of belt [%]
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Maldonado et al. (2021)




Ejection

Planet-planet collision
Planet-star collision

Orb. crossing (no planet loss)
Total WD pollution
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Maldonado et al. (2021)



Binaries

As perturber
Hamers & Portergies Zwart (2016); Petrovich & Mutioz (2017);
Stephan, Naoz & Zuckerman 2017

r—————

Veras, Xu & Rebassa-Mansergas (2018)
binary distance for accretion



i=1’2+ = cst.

WD 1856b 1.4 days orbit
Kozai migration:

—Munoz and Petrovich (2020)
—QO "Connor, Liu and Lai (2020)
—Stephan, Daoz and Gaudi (2020)



Time =1.20 x10° Years, mass = 1.48 Time =1.70 x10° Years, mass = 0.91

O, —4.82 C,-4.03
O * o %
Time =1.75 x10° Years, mass = 0.72 Time =2.27 x10° Years, mass = 0.55
C';=3.78 C'; =4.09
@ ok ° %
Kratter & Perets (2012)

See also Perets (2010), Veras & Tout (2012), Moekel & Veras (2012)



Gabi Perez/IAC

Engulfment
Common Envelope Evolution
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Common Envelope Evolution

o Stable binary system

If orbital energy leads to envelope
ejection.
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Villaver & Livio (2007) Nordhaus et al. (2006, 2010) :
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— Planet

Sun-like star

Hot B subdwart



Eclipsing timing variations in

Post-Common Envelope Binaries

=

I Sub dwarf B binaries Hw Vir (Lee et al
- 2009)

Normal Star

I Pre-CVs NN Ser (Beuermann et al. 2010)

LI GV HU Agr (Quian et al 2011)

6 single planet systems
6 two-planet systems
in PCEB

Accretion
Disk




Semi-major axis

NN Ser pre-CV

We evolve 76 545 binary systems changing M1, Z, binary
separation, ejection efficiency x binding energy.
369 ok but GE par. between 0.5 to 2.0.

3690 separate integrations only 16 survive 10 Myr
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WD 1856b |.4 days orbit

Survivor of Common Envelope:

—1Lagos et al. (2021)
—Chamandy et al. (2021)
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