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Planets are Common

• Nearly 10% of FGK stars have at least one 
Jovian planet within 10 AU  (>200 detected).  

• Tip of the iceberg? Saturn? Neptune? Earth?

• We will know much more in the next 
decade.
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Binaries have Planets too

• 20-30% of stars with planets have a stellar 
companion (e.g., Raghavan et al. 2006).

• Most orbits have separations >100 AU.

• However,  wide systems selected:

⇒ Unresolved

D = 10–50 pc
separation < 10–50 AU⇒ θ ! 1′′
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An extrasolar giant planet in a close triple-star
system
Maciej Konacki1

Hot Jupiters are gas-giant planets orbiting with periods of 3–9
days around Sun-like stars. They are believed to form in a disk of
gas and condensed matter at or beyond ,2.7 astronomical units
(AU—the Sun–Earth distance) from their parent star1,2. At such
distances, there exists a sufficient amount of solid material to
produce a core capable of capturing enough gas to form a giant
planet. Subsequently, they migrate inward to their present close
orbits3. Here I report the detection of an unusual hot Jupiter
orbiting the primary star of a triple stellar system, HD 188753.
The planet has an orbital period of 3.35 days and a minimum
mass of 1.14 times that of Jupiter. The primary star’s mass is 1.06
times that of the Sun, 1.06M(. The secondary star, itself a binary
stellar system, orbits the primary at an average distance of 12.3 AU

with an eccentricity of 0.50. The mass of the secondary pair is
1.63M(. Such a close and massive secondary would have trun-
cated a disk around the primary to a radius of only,1.3 AU (ref. 4)
and might have heated it up to temperatures high enough to
prohibit giant-planet formation5,6, leaving the origin of this planet
unclear.
The most massive short-period planets (orbital period

Porb , 40 d) orbit stars from binary stellar systems7,8. Altogether,
among ,130 extrasolar planets9 discovered with the spectroscopic
precision radial velocity (RV) technique10,11, over 20 belong to stars
that also have stellar companions8. It is quite surprising, given that
binary stars with separations smaller than ,2 arcsec have been
excluded from the surveys. The stars from binary stellar systems
known to harbour planets have a distant (widely separated in the sky)
and/or faint stellar companion that does not contaminate the
primary star spectrum and makes precision RV measurements
much easier. The theories of planet formation in binary or multiple
stellar systems are still at early stages, but such planets once formed
would enjoy awide range of dynamically stable orbits12,13. The subject

of planet formation in binary stellar systems is an important issue,
and not only because the frequency of binaries among field stars older
than 1Gyr is ,60% (ref. 14) and is even higher among pre-main-
sequence stars15. If we believe that the same basic processes lead to the
formation of planets around single stars and components of binary
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Figure 1 | Adaptive optics image of HD 188753. The image was taken with
the NIRC2 camera at the Keck-II telescope on 25 March 2005
(MJD ¼ 53454.65813) in the K band (K s, l ¼ 2.146mm). HD 188753 was
also observed in theH (l ¼ 1.633mm) and J (l ¼ 1.248mm) bands to obtain
the brightness ratios of the primary to the secondary (Table 2). Only the
central part of the image is shown, as the entire field of view is 10 arcsec. The
size of the slit usedwithHIRES is 0.574 £ 3.5 arcsec. The scale of the image is
9.9 mas per pixel, which corresponds to 0.45 AU per pixel at the distance of
HD 188753. The position of the secondary with respect to the primary is
r ¼ 313.16 ^ 0.42 mas, v ¼ 1238.16 ^ 0.068; r is the length of the
separation vector AB, and v is the position angle of that vector measured
from north through to east. The semi-major axis of the stellar companion to
the secondary is ,1.5 pixels. The solid line represents the most up-to-date
orbit of the pair AB, determined on the basis of Hipparcos data and almost a
century of archival astrometry22. The apparent semi-major axis is
0.27 arcsec, the orbital period is 25.7 yr, the orbital inclination is 348 and the
eccentricity is 0.50. Their formal 1j errors are not available in literature, but
are not larger than a few per cent (ref. 22). This orbit is grade 1 (‘definitive’)
in the ‘Sixth Catalog of Orbits of Visual Binary Stars’ (http://
ad.usno.navy.mil/wds/orb6.html). As one can see, the orbit is indeed very
good as the predicted position of the secondary agrees very well with the
observed one. I adopt a conservative error estimate of 10% for the
eccentricity, as its values available in literature range from 0.52 (1927) to
0.47 (1990) and 0.50 (1999). At the 3j level in the K band, I can exclude any
additional companions (physically associated with the system or chance
alignments) in the entire field of view to amagnitude difference ofDm ¼ 5.0
compared to the primary. They might have ‘hidden’ in front of or behind the
two stars, but the probability of such an alignment is only 0.015%, for a
randomly placed star in the 10 arcsec field of view. Therefore, the spectrum
of HD 188753 is probably not contaminated by any other sources.

Table 1 | HD 188753 AB radial velocities

Date
(HJD22400000)

RVA

(kms21)
Error

(kms21)
RVB

(km s21)
Error

(km s21)

52863.91581 222.131 0.0254 214.785 0.0430
52961.73546 221.935 0.0206 236.133 0.0451
52962.71782 221.762 0.0195 236.182 0.0595
53095.12668 222.101 0.0253 232.810 0.0351
53205.86331 222.207 0.0202 210.566 0.0553
53276.75041 222.238 0.0187 234.406 0.0398
53277.81261 222.168 0.0308 234.017 0.0728
53328.70280 222.526 0.0193 214.014 0.0458
53328.75964 222.510 0.0187 214.116 0.0539
53329.70192 222.572 0.0185 213.511 0.0511
53329.75728 222.512 0.0182 213.547 0.0572

The radial velocities of the primary (RVA) and the secondary (RVB) spanning 466 d and their
1j errors in the barycentric reference frame. Larger velocity errors for the secondary which is
two times fainter than the primary are typical for the velocities derived with the cross-
correlation technique.
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HD 188753

(Konacki 2005)
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aB = 0.7 AU
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Alas...

• Eggenberger et al. (2007) find no evidence 
for a planet in HD 188753.

• But same ideas apply.
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Influence of the Companion
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Rt ~1 AU
in HD 188753

Truncation 
radius

Roche lobe
Disk

(CM)

Rt ~ 0.3 a(1-e)1.2

(Pichardo et al. 2005)

Truncation Radius



Binaries are Hostile to Planets
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Tidal truncation inside ‘snow line’ at 1-3 AU.
(Hayashi 1981; Sasselov & Lecar 2000)

Insufficient mass/time within Rt.
(Jang-Condell 2007)

Stirring/Heating of the disk.
(Thébault et al. 2004, 2006)



Binaries are Hostile to Planets
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• Spiral waves dissipate 
as thermal energy.

• Gas temperature, 
particle velocities 
increase.

• Collapse and core-
accretion less likely.

Even binaries with a ~ 50 AU (Rt ~ 10 AU) are 
potentially hostile to giant planet formation.

(Nelson 2000)

50 AU



‘Close’ Binary Defined
Eric Pfahl — MSF — 2007

Binaries with a/D < 2′′ tend to be cut.

D ~ 20-50 pc ⇒ cut on a < 40-100 AU.

We expect that Rt > 5-10 AU a requirement.

a/Rt ~ 3-4 ⇒ problems for a < 20-40 AU.   

‘Close’ Binary ➔ Binary a < 50 AU.



‘Close’ Binaries with Planets
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TABLE 1

Close Binaries with Planets.

Object a(AU) e M1/M2 Rt(AU)

HD 188753 . . . . . 12.3 0.50 1.06/1.63 1.3
γ Cephei . . . . . . . 18.5 0.36 1.59/0.34 3.6
GJ 86 . . . . . . . . . . ∼20 · · · 0.7/1.0 ∼5
HD 41004 . . . . . . ∼20 · · · 0.7/0.4 ∼6
HD 196885 . . . . ∼25 · · · 1.3/0.6 ∼7

*

†
‡

* Secondary a binary!  (Konacki 2005; but see Eggenberger et al.)
† Secondary a white dwarf.   (Mugrauer & Neuhauser)
‡ Secondary orbited by a brown dwarf in the desert.  (Zucker et al. 2004)

(Pfahl & Muterspaugh 2006)

4 of ~3000 stars surveyed

Selection Effects 
+ ⇒ Fcbp ~ 1%

(Bonavita & Desidera 2007)



A Dynamical Backdoor
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Maybe AB was much wider initially.

Perhaps A initially had a different 
companion in a wide orbit.

What if A was born single?

All require birth in a cluster!



Dynamical Pathways

A: Planet Host

B: Binary Companion

C: Catalyst Star

The Players

I: AB+C → AB+C

II: AC+B → AB+C 

III: A+BC → AB+C

The Plays

AB

AB

C

C(I) (II)

AC

C

AB

B

A C

AB

BC

(III)

(AB shrinks)
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Stellar Birth Clusters
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~90% of all stars form in clusters 
with 102-103 members.

(e.g., Lada & Lada 2003)

Most clusters dissolve in <100 Myr.
(e.g., Wielen 1985)

Within 100 pc, there are ~105 binaries 
from thousands of clusters.



Star Cluster Basics
Cluster of Stars
(and Gas and Dust)

Mean Properties

Velocity
Dispersion

Mean density 
within rh

- nh = 3N/(8πrh3) -

- σ = (GMc/rh)1/2 -

- N -
Number of stars

Radius containing
half of the mass

- rh -

Mc ~ 3N<m>
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Star Cluster Basics
Cluster of Stars
(and Gas and Dust)

Mc ~ 3N<m>

Embedded Phase

rh ~ (N/100)1/2 pc

nh ~ 10(N/100)-1/2 pc-3

σ ~ (N/100)1/4 km s-1

⇓

Lifetimes < 5-10 Myr. 

Set by gas/dust expulsion.

Only ~10% of clusters survive.
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Star Cluster Basics
Cluster of Stars
(and Gas and Dust)

Mc ~ 3N<m>

Open Clusters

rh ~ 1 pc

nh ~ 10(N/100) pc-3

σ ~ (N/100)1/2 km s-1

⇓

Lifetimes set by dynamics. 

trel ~ (rh3/GMc)1/2 (0.1N/ln N)

~ few (N/100)1/2 Myr

N drops with

T1/2 ~ 100 (N/100)1/2 Myr 
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Star Cluster Basics
Cluster of Stars
(and Gas and Dust)

Mc ~ 3N<m>

All Clusters

Eric Pfahl — MSF — 2007

p(N) ∝ N-2

p(a) ∝ a-1

fb ~ fs ~ 0.5

fcb ~ 0.5



Scattering Dynamics
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Cross Section:  Σ ~ π[a2 + 2aGM123/u2]  (u~σ)

For close binaries:  GM12/[aσ2] >> 1

⇒ Σ ~ 2πaGM123/σ2

(Approximate exchange cross section.)

➔



Scattering Statistics
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Rate per binary:  fp ns <Σσ>   
(average over singles)

Sum over clusters: 

Number per cluster: ∫dt ∫dV nb fp ns <<Σσ>>   
(average over singles and close binaries)

~0.003 (N/100)2

Fcbp(theory) ~ 0.001



Result
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Fcbp(theory) ~ 0.1 Fcbp(obs)

Maybe nature knows how to make giant 
planets in close binaries.

???



What’s Next?
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• More observations.
(Konacki; Eggenberger et al.;  Lane, Muterspaugh, et al.)

• Better calibration of dynamics.
(few-body; full N-body models)

• Census of stellar birth clusters.
(Taurus or Orion?)


