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PLANETS IN DOUBLE STARS: THE 
 CEPHEI SYSTEM

R. Dvorak,1 E. Pilat-Lohinger, 1 E. Bois,2 B. Funk,1 F. Freistetter,1 and L. Kiseleva-Eggleton3

RESUMEN

Hasta ahora se tiene evidencia de unos 15 planetas en �orbita alrededor de estrellas dobles. Todos pertenecen
al llamado tip o S, esdecir, orbitan en torno a la primaria. S�olo dos de las binarias, Gliese86 y 
 Cep, tienen
separacionesdel orden de las dimensionesde las �orbitas en el SistemaSolar. En esteestudio, investigamosla
estabilidad del planeta en 
 Cep en relaci�on a los par�ametros orbitales de la binaria y del planeta. Adem�as,
investigamosla regi�on dentro y fuera de la �orbita del planeta (a = 2.1 AU). A�un si la masa de un planeta
adicional a 1 AU fuera del orden de la masade J�upiter, el planeta descubierto tendr��a una �orbita estable.

ABSTRA CT

Up to now we have evidencefor some15 planets moving in double stars. They are all of the so-calledS-type,
which meansthat they are orbiting oneof the primaries. Only two of the binaries have separationsin the order
of the distanceswherethe planets in our Solar systemorbit the Sun, namely Gliese86 and 
 Cep. In this study
we investigate the stabilit y of the recently discovered planet in 
 Cep with respect to the orbital parameters
of the binary and of the planet. Additionally we check the region inside and outside the planet's orbit (a =
2.1 AU). Even when the massof an additional planet in 1 AU would be in the order of that of Jupiter, the
discovered planet would be in a stable orbit.

Key Words: STARS: INDIVIDUAL ( 
 CEP) | STARS: PLANET AR Y SYSTEMS

1. INTR ODUCTION

The existenceof stable planets in binaries, where
one is a solar-type star, with a separation compara-
ble to the sizeof the orbit of Uranus is quite impor-
tant for our search for stable planets in habitable re-
gions. Recently a Jupiter-sizedplanet wasdiscovered
(Cochran et al. 2002) in the binary 
 Cep orbiting
the more massive primary at a distance of about 2
AU. In a search for substellar companionsCampbell,
Walker & Yang (1988) conjectured that 
 Cep may
host a third body with M sin i = 1:7M J up . Later
Walker et al. (1992) rejected this assumption and
madethe rotation of the sun-like star responsible for
that period of 2.1 years in the radial velocity curve.
Using observations dating back to 1896,Gri�n, Car-
quillat & Ginestet (2002) did a thorough reduction
of the data and found a period of 66 years for this
spectroscopicbinary. We already know another bi-
nary { Gliese86 which hostsa planet at a distanceof
a = 0:11 AU { where the separation of the two stars
is in the order of 20 AU. Out of some15 examplesof
binaries hosting planets theseare the only oneswith
orbits smaller than 100 AU (seeUdry et al. 2004).
Here we report of an extension of a recent publica-
tion (Dvorak et al. 2003)dealing with the dynamics

1Univ ersity of Vienna.
2Observatoire de Bordeaux.
3St. Mary's College of California.

of planets in 
 Cep.

2. METHOD OF DYNAMICAL STABILITY
STUDIES

The dynamics of planets in double stars is in a
certain sensemore interesting than stabilit y studies
of planetary orbits around single stars. The pres-
enceof a massive secondstar causesimportant con-
straints on the regionsof motion wherea planet may
move in binaries. In principle two types of orbits
can be realized, namely planets orbiting both pri-
maries(P-t ype orbits) and planets orbiting onecom-
ponent of the binary staying always in the vicinit y
of its host star (S-type orbits). In a simpli�ed model
one can study these orbits in the restricted three-
body problem, where a masslessbody moves in the
gravitational �eld of two primary bodies in circu-
lar orbits around their common barycenter. Taking
into account that most binaries have elliptic orbits,
the elliptic restricted three body problem (=ER3BP)
is the appropriate model. A possible extension is
that the third body does not move in the orbital
plane of the primaries (for details seee.g. Szebehely
1967). Already some 25 years ago, when no plan-
ets around other stars were known to astronomers,
dynamical studiesof possibleplanets in double stars
were accomplished(e.g. Harrington (1975), Szebe-
hely (1980), Dvorak (1984)). As a simple rule it
turned out that P-types may move in stable orbits
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PLANETS IN DOUBLE STARS 223

with semimajor axes larger than 2.5 times the sep-
aration of the binary; this value will increasewhen
the binaries move in eccentric orbits. For S-types
the samesimple stabilit y limit for a stable planetary
orbit is approximately 1=4 of the separationof the bi-
nary, which again dependsalsoon the eccentricit y of
the binaries. In the elliptic restricted problem there
exist detailed studies of numerical experiments (e.g.
Dvorak, 1986; Dvorak, Froeschl�e & Froeschl�e 1989;
Pilat-Lohinger, 2000aand 2000b; Pilat-Lohinger &
Dvorak, 2002) which are of special interest for the
S-types, becauseup to now we only know S-type
planets in binaries. An empirically stabilit y limit in
extension of a work by Rabl & Dvorak (1988) was
establishedby Holman & Wiegert (1999)

ac = ab (0:464� 0:380� � 0:631e+

+0 :586�e + 0:150e2 � 0:198�e 2; (1)

whereac is the critial semimajor axis, de�ned as the
maximum value for still stable, initially circular, or-
bits, ab is the binary semimajor axis, e is the binary
eccentricit y, and � is the massratio.

What are the methods to get results concern-
ing this question? Becauseno analytical solutions
are available one has to use numerical experiments.
The advantage is that the straightforward integra-
tion of the equations of motion { we used the
Lie-integration method with an automatic step-size
control (Hanslmeier & Dvorak, 1984; Lichtenegger,
1984) { allows us also to treat more sophisticated
models. Besidesthe ER3BP we used the dynami-
cal model of three massive bodies (binary + massive
planet + masslessadditional planet) and also a 4
body model, where we also investigated the gravita-
tional force of a �ctitious 4th body on the existing
planet besidesthe perturbation of the secondstar.
We have undertaken this kind of studies using dif-
ferent models and also di�eren t indicators for sta-
bilit y. It turned out that a measureof instabilit y is
the possiblecrossingof the planet with the �ctitious
planet. Such an encounter would lead to instabili-
ties and therefore such orbits were classi�ed to be
unstable. To check the results we usedthe Fast Lya-
punov Indicators (Froeschl�e, Lega & Gonczi 1997),
which is a quite well-known tool for stabilit y investi-
gations. Although we are aware that chaosdoesnot
automatically mean instabilit y all our di�eren t com-
parison studies (e.g. Pilat-Lohinger, Funk & Dvorak
2003) lead to the conclusion that a chaotic orbit al-
ways coincideswith an unstable oneclassi�ed by the
\crossing criteria"; this means that sooner or later
the chaotic orbit will in fact becomeunstable. As

TABLE 1

THE 
 CEP PLANET ARY SYSTEM

Host Star A Star B Planet
Temp erature [K] 4900 3500 |

Radius [Solar Radii] 4.7 0.5 |
Distance to Primary [A U] 0 12 - 32 1.7 - 2.6

Perio d [years] 70 70 2.47
Mass [Solar masses] 1.6 0.4 0.00168

Semi-ma jor Axis [A U] 0 21.36 2.15
Eccentricit y 0.44 0.44 0.209

an additional criterion we used the variation of the
Delaunay element H =

p
a(1 � e2) 4, which turned

out to be very sensitive with respect to the stabilit y
of an orbit.

3. STABILITY STUDY OF A POSSIBLE
PLANET ARY SYSTEM IN 
 CEPH EI

In the former study the main results were that
the discovered planet is far inside a stable region in
the parameter spaceand that there exists a small re-
gion of stable motion { a stable window { closeto 1
AU for an additional planet, which could even have
a massof the order of Jupiter. But this is very un-
likely becausethen in the radial velocity curves the
variation would have been discovered. As a conse-
quencewe can say only that \the dynamics of the
systemsallows an Earth-sized planet to move at a
distance comparableto the Earth from the Sun in 

Cephei".

In this new paper we show the results of an ex-
tension of the former work: we studied the dynam-
ics of the system for di�eren t eccentricities of the
binary and the planet. The grid for eccentricit y ep

(p labels the discoveredplanet, f labels the �ctitious
planet and b labels the binary) was 0:1 < ef < 0:3
with � e = 0:01; for the binaries we �xed the ec-
centricities eb = 0:3; 0:4; 0:5. The initial semimajor
axes for the �ctitious masslessplanets were set to
0:45 AU � a � 1:55 AU with � a = 0:05 AU .

Fig. 1 shows how the orbits of �ctitious planets
develop closeto the stabilit y window for the param-
eters given in the table. As a check of stabilit y we
made useof the Delaunay element de�ned above.

Wedepictedsomeunstableorbits with large vari-
ations in H (thin lines) and show a stableorbit (thick
line) which has variations in the eccentricit y in the
order of 0 < e < 0:2.

In Fig. 2 we show, for initial eccentricities of the
binary eb = 0:5 and the planet ep = 0:5 as an ex-
ample, the dynamical evolution of planetary orbits

4becausein this study we concentrated on the plane prob-
lem we omitted in H the term cosi
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Fig. 1. Development of the Delaunay element H (y-axes)
for the orbital parameters given in Table 1 for orbits close
to the stable window for a � 1 for 105 years (x-axes).

located in the larger rangebetween0:5 AU < aini <
1:35 AU . One recognizesonly small variations in H
between 0:55 AU < aini < 0:7 AU but then we see
large variations in H even after a very short time of
integration. This is an exampleof the disappearance
of the stable window due to the large eccentricit y of
the binary(!), which meansthat even far away from
the secondstar there is a dramatic in
uence on or-
bits located there.
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Fig. 2. Development of the Delaunay element H (y-axes)
for the orbital parameters eb = 0:5 and ep = 0:19 for
orbits betweenwith 0:55AU < a < 1:35AU for 105 years
(x-axes) as examples of stable and unstable motion.

In Fig. 3 we depict how the stabilit y of the or-
bits located there changeswith the eccentricit y of
the discoveredplanet (note that the orbits of the �c-
titious planets were circular and that the motions
were con�ned to the plane where the binary and the
discovered planet move). For values of ep < 0:08

we can seethat the region is stable up to a = 1.3
AU (black means that for orbits of �ctitious plan-
ets started there the eccentricit y never exceeded0.1
ef < 0:1), then small strips of instabilit y appear.
For 0:08 < ep < 0:12 we still seevery stable orbits
close to 1 AU; for larger ep the region decreasesin
extent with respect to the initial semimajor axis of
the �ctitious planets. For the \real" eccentricit y of
eb there are two small windows left there (dark grey
stands for ef < 0:2) but for larger eb no stable zone
is left for 0:9 < af < 2:0; only orbits close to the
primary survive there.

Fig. 4 shows the region outside the planet. It is
evident that for the actual valuesthere areno regions
whereplanetary orbits may survive. There is a small
strip of stable motion for ep < 0:1 which disappears
later. In this region the perturbations of the second
star and the planet do not allow planetary motions
stable for signi�cant times at all.

Fig. 3. Stabilit y diagram of orbits in 
 Cephei. The
stabilit y of orbits (initial semi-major axes of the �cti-
tious planets (x-axis) versusinitial eccentricit y of the real
planet (y-axis)) is labeled as follows: Black regions are
orbits with ef < 0:1, dark grey regions ef < 0:2, light
grey and white stand for orbits with eccentricities su�er-
ing sooner or later from closeapproaches to the massive
planet and which are unstable.

4. CONCLUSIONS

We continued the exploration of the stabilit y of
orbits in 
 Cepand extendedthe dynamical study to
valuesof the eccentricit y parameterscovering partly
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PLANETS IN DOUBLE STARS 225

Fig. 4. Stabilit y diagram of orbits outside the discovered
planet in the binary 
 Cephei. For labels seeFig. 3

the uncertainty in the observed valuesof eb and ep.
It turned out that the stable window close to a =
1 AU disappears for values of eb di�eren t from the
one given in Table 1. An interesting point is that
the role of the binary's eccentricit y seemsto be more
important for the stabilit y of additional planets than
the eccentricit y of the discovered planet moving in
the binary. The possibleconstraint for the formation
of planets in 
 Cep is the following: planets could be
formed only at distancesas closeas 3 AU from the
more massive star. According to our studies there is
a chance of additional planets with semimajor axes
smaller than the orbit of discovered planet in the
habitable zoneof 1 AU.
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226 DVORAK ET AL.

DISCUSSION

Scarfe { How well do we know the properties of the secondarystar? How do those properties a�ect your
conclusions?

Dvorak { Wechecked the parameter spacefor the binary, and even for di�eren t massratios and eccentricities
the real planet would bestable (asshown in oneof my �gures). This is not sofor the �ctitious planet. According
to e and m1/m2 this region would be large or completely disappears (with the exception of very closeorbits
around the star A).

Zinnecker { I noticed that the primary star of 
 Cephei is a 1.6 M � star. Is it an evolved star? This
possibility leadsme to askwhether you have alsoinvestigatedthe stabilit y of planetary systemsaround evolving
stars (with massloss,etc.)

Dvorak { No, we haven't done it.

Mardling { You are studying dynamical stabilit y rather than secularstabilit y, sinceyou only integrate for
� 106 orbits. Long term stabilit y is another matter.

Dvorak { Our "dynamical stabilit y" is equivalent to your de�nition of secular becausewe checked all our
computations by direct numerical integrations independently with the aid of the Liapunov exponents.

Clarke { If the planet would not be stable outside 3.8 A.U., presumably the same limit would apply to
particles in a proto-planetary disc. This placesa rather �rm upper limit on the radius at which a Jupiter-mass
object could have formed. This is interesting becausepeopleoften argue that giant gasplanets must form at
large radii (�> 5 A.U.) An alternativ e explanation would be that the planet formed before the binary, but that
would be unconventional.

Dvorak { I agreethat the fact of unstable orbits with a > 3.8 A.U. (for the actual parametersof the system)
would NOT allow planetary formation in this region. I share your opinion that the binary formed before the
planet.

Gri�n { I too am concernedabout the orbit that you have adopted for the stellar companion. How certain
are you that the period is about 70 years? I was rash enoughto publish a very tentativ e orbit with about that
period a year or two ago,but Gontcharov wrote to me to tell me that if the period wereas long asthat it would
imply transversemotion that ought to be visible, but it is not in historical astrometric data. He favoured an
alternativ e interpretation of the radial velocities (which I cannot refute) with a period of about 30 years. If
that is true, it will vitiate your conclusions. It will vitiate mine too!

Dvorak { In fact, with a period of 30 yearsof the binary the planet would be on the edgeof the region of
stabilit y. If so, then the presenceof the planet can be regardedas con�rmation of the 70-year period.


