Planet formation & stellar multiplicity:

(How) Can they coexist?

Gaspard Duchéne
(UC Berkeley, Obs. Grenoble) -~

© NASA/JPL/Caltech



Planets in multiple systems? Really??
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Stellar multiplicity:
A long-known feature in the Galaxy

Miza».own as a binary since 1617 (Galileo)

¢

80 Ursae Majoris (Alcor)

Zeta Ursae Majoris (Mizar A and B)

Alcor and Mizar "The Horse and Rider", Ursa Major (C) D. Nash



Stellar multiplicity:
A long-known feature in the Galaxy

Williaf® Herschel: binaries are physically bound!

XV. Adccount of the Changes that bave bappened, during the last
Twenty-five Years, in the relative Situation of Double-stars ;
with_an_Investigation_of the Cause to which they are owing. Zeta Ursae Majoris (Mizar A and B)

By William Herschel, \LL. D. F. R. S. o

er”, Ursa Major (C) D. Nash

Read June g, 1803.

istence of such binary combinations. I-shall therefore now
proceed to give an account of a series of observations on double
stars, comprehending a period of about ¢4 years, which, if I am
not mistaken, will go to prove, that many of them are not

merely_double in_appearance, but must be allowed to be real
binary combinations of two stars, intimately held together by

the bond of mutual attraction.
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The modern view:
Stellar multiplicity Is pervasive
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The discovery of extrasolar planets

Marois et al. (2010)

© NASA/Kepler, D. Berry



The modern view:
Planetary systems are the norm!
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Planet formation in a nutshell
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Some open questions

Do pl s form in multiple sys'tems?

Is the planet formation process different in

multiple systems cbmpared to single stars?

Herschel SubMillimeter Array



Finding young stars that are hosts to
protoplanetary disks

A The power of
infrared o,esen/ations -

Infrared

A % o P LR e R R

“Starless” Core L1014 Spitzer Space Telescope ¢ IRAC\; MII:SSS:
isible:
NASA / JPL-Caltech / N. Evans (Univ. of Texas at Austin) ssc2004-20a




Studying protoplanetary disks

Observing wavelength
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Primordial disks in binaries: frequency

Close Binaries Wide Binaries

Disks in close iw =
binariesare  HE /s g
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Inner regions: finer properties

1.0F . : . . .
- Disks in binaries have

0.8}
' the same geometry

0.6 —
9:5;

> 1.0F

and dust cantent as others

Pascucci et-al. (2008)

- i)
4 0'8: © s ° o —— 126 binary systems
_ . o} C : X E
O-Gﬂ 1oum silicate feature 0.4F - - - 224 single stars .
0.4¢r . : . : ]
1.0 1.5 2.0 2.5 > 03k - 1-10pm “color” | 3
Peak over Continuum 10um region S : - ;
- 3 C
o 0 2; ol gy S—
~ < [ 1 SE St . . =
A - > Disk flaring
S : = ;
B o.1fF . :
S - i Mls - —
- | |
Q) E ]
S 0] 0]] - [N =,
N
v 0

F
|
o
i



Studying protoplanetary disks

Observing wavelength
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Total mass: the reservoir to form planets

© CfA/D. Aguilar
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Studying protoplanetary disks

— Observing wavelength |
g 1mm

1-2um 10-204m - 100 Um m
V., Y, A A
‘e, ‘e b .
...Q ”0 “ :
0’.. 0" ‘_‘ .
”’0. "‘0’ “. E
L 4 ) ]
..’0 "’, e -
* . n
WA P -
}v(
, density
temperature

" ©5. Dodson-Robinson (UTA



Studying protoplanetary disks

Observing wavelength f
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Focusing on the Taurus Molecular Cloud

Capella -

: J"The Kids"

V. Taurus
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Focusing on the Taurus Molecular Cloud




Focusing on the Taurus Molecular Cloud
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the Taurus Molecular Cloud

Focusing on

14%40™

etal. (2010
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The planet-forming region is unaffected
by the presence of a stellar companion

Ranges for
single stars
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What are “debris disks”?

They are theeequivalent of our zodiacal light, dust-rich disks
replenishe continuous collisions between larger bodies,
and are signposts for young planetary systems

B Pictoris \

Fomalhaut
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How to best probe debris disks

Fomalhaut

HUBBLE daid

0.5 micron 850 microns
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Debris disks in binaries

A sysiematic survey pf ~450 ﬁearby stars
complemented by adaptive optics images from
the Lick Observatory Shane Telescope
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All binaries are not equally disruptive

Companiorgetween s AU

and ~100 AU tend to quench
the debris disk phenomenon
(and planet.formétion?)

© NASA/JPL ™

g et al. (2006); Rodriguez et al. (in prep.)




Planets in multiple systems?

Early s#lveys heavily biased against binaries,
which severely hamper planet detection
And yet _ \.P\SR 1620-26

THE ASTROPHYSICAL JOURNAL,412:L33-L36, 1993 July 20

2 1993. The American Astronomical Society. All rights n
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Planets in multiple systems?

TuE ASTROPHYSICAL JOURNAL, 483 :457- 1997 July 1
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Planets in multiple systems?
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Exoplanets in binaries

nown exoplanet hosts are binaries

~33%
Most pIanets are found around primaries

= Some exceptions (16 Cyg B), but fewer searches

“Tight binary systems (< 100 AU) show a deficit,

Planet: a=2 AU, e=0.2
Companion: a=20/

. ©Tim Jones — McDonald Obs,
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Back to the big picture...




Planetary systems are common, yet diverse,
In multiple stellar systems
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Extra slides




Planets in binary systems:
possible orbits and habitability

@Xe)

close binary

© N. Strobbel (astronomynotes.com)

Habitable zones for stable planet orbits in binary systems
Left: A circumbinary planet (orbiting both stars in a close binary system).
Stable planet orbit is very large in comparison to binary star separation.
Right: A wide binary system, where star-star distance remains very large in
comparison to stable orbits of the planets.
(These drawings are NOT to scale!)




Planets in binary systems:

possible orbits and habitability

© N. Strobbel (astronomynotes.com)
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Habitable zones for stable planet orbits in binary systems
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Planet formation scenarios

A graddl build-up

Evaporation flow

a) Massive flared disk — o b) Settled disk
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Evaporation flow

¢) Photoevaporating disk d) Debris disk

4

Evaporation flow
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Evaporation flow

Williams & Cieza (2011
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Planet formation scenarios

A grad®8l build-up ... or a catastrophic event?

© M. Bate
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The discovery of extrasolar planets

The “dl” way (~15yr): orbital wobble
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The discovery of extrasolar planets

The “./” way: transit.i'ng (eclipse) planets

© NASA/Kepler, D. Berry
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A potentially disruptive influence

7 L S S Sy The companion
P st TSR el truncates the outer
T O vl RO parts of the disk

cessncdaapate . D T

Artymowicz & Lubow (1994)

© L. Cook/Gemini Obs.



The power of Herschel: M78

.« ..t Herschel
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