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ABSTRACT 
We study scenar ios where comets a re not o r ig ina l members 

of the Solar System but have been acquired from the surround
ing medium through dynamical evolu t ion . This l e ads to es t ima
t e s of the present day number dens i ty of comets in the i n t e r 
s t e l l a r medium which a r e not in con t rad ic t ion with obse rva t 
ional upper l i m i t s . We also consider the dynamical t ransfer 
of Oort Cloud comets into short period comets. The process i s 
very s e n s i t i v e to the i n c l i n a t i o n of t h e comet o r b i t which 
l e ads to strong b i a s in favour of low i n c l i n a t i o n s in short 
comet o r b i t s . 

INTRODUCTION 

Comets a r e in many ways odd members of the Solar System. 
The major i ty of t h e comets, forming the so ca l led Oort Cloud, 
a re very weakly bound to the Sun. Also t h e i r o r b i t s a re r a n 
domly incl ined to the plane of the p lane ta ry system in c o n t 
r a s t to the smaller number of s t rongly bound short period c o 
mets which follow mostly low inc l ina t ion o r b i t s . This poses a 
problem if one cons iders the short period comets a s captured 
members of the Oort Cloud (Duncan, Quinn and Tremaine 1988). 
Also t h e r e a re ques t ions about the adequancy of the capture 
r a t e (Joss 1973). The s t r u c t u r e and o r i g i n of the Oort Cloud, 
a s well a s i t s a b i l i t y to survive through the age of the So
l a r System have been under d iscuss ion in recent years (Eailey 
et al . 1986, Stagg and Eailey 1989). 

In t h i s paper we summarize several dynamical s t ud i e s 
which may shed l i g h t on t h e above cometary problems. We con
sider the o r i g i n of the Oort Cloud, i t s a b i l i t y to survive 
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s t e l l a r pe r tu rba t i ons and the capture of short period comets 
from the Oort Cloud. 

CAPTURE OF OORT CLOUD COMETS 

The extreme looseness of the clouds of comets which sur 
rounds the Solar System gives a c lue to the o r i g i n of the sy
stem. If t he comets were born with the r e s t of the solar sy s 
tem we might expect a d i s k - l i k e d i s t r i b u t i o n of comets some
where at the periphery of the p lanetary system (Kuiper 1951). 
This kind of disk \rould be a natura l source of short period 
comets (Fernandez 1980) but i t i s unclear how the o r b i t s of 
the Oort Cloud comets could evolve from a Kiiiper d i sk . I t may 
be a t t r a c t i v e to consider the opposi te trend where the comets 
become more s t rongly bound when time goes on. I n i t i a l l y comets 
are captured from the i n t e r s t e l l a r medium and form an Oort 
Cloud. S t e l l a r pe r tu rba t ions then dev ia te some of o r b i t s to 
the inner Solar System and a group of short period comets i s 
formed. 

The s t a r t i n g point of our scenario i s a s t a r c l u s t e r 
where the Sun i s one of the newly formed s t a r s . The c l u s t e r 
may have several t en s of o ther s t a r s of d i f fe ren t masses,and 
in addi t ion to t h a t , a swarm of comets a s a l e f t over from 
s ta r formation (McCrea 1975, Donn 1976) . We then follow what 
happens to the comets during the dynamical evolution of the 
s tar c l u s t e r . In p a r t i c u l a r , we a re i n t e r e s t ed in the number 
of comets which a t t a c h themselves to a typ ica l s t a r such as 
the Sun, and the number of comets which end up a s f ree members 
of i n t e r s t e l l a r medium. 

Our c a l c u l a t i o n s , reported in more d e t a i l by Zheng,Val
tonen and Valtaoja (1991) and Valtonen and Zheng (1991), show 
tha t t y p i c a l l y an Oort Cloud of 101 2 comets (Oort 1950, 
Weissman 1982) i s a t tached to a s ing le , escaping s t a r if t h e 
c l u s t e r has about 101 6 comets i n i t i a l l y . Most of these comets 
are dispersed in the i n t e r s t e l l a r space. If t he process i s 
common and occurs in a l l s t a r c l u s t e r s , a comet mass densi ty 
of about 1 0 - 3 solar mass per cubic parsec a r i s e s in the Galaxy 
The upper l imi t derived from not having ever observed a c l e a r 
l y i n t e r s t e l l a r comet comes to about the same number(Sekanina 
1976). Thus acquir ing of the Oort Cloud by dynamical p roces s 
es in a s t a r c l u s t e r i s at l e a s t pos s ib l e . Such a l a rge comet 
densi ty would have important e f f e c t s in the evolution of the 
Galaxy (Bailey 1988). The s t ruc tu re of the Oort Cloud formed 
by t h i s process i s not un l ike the cloud deduced o r i g i n a l l y by 
Oort (1950), but does not include the unobservable extension 
of the cloud inward ("inner Oort Cloud") which i s often d i s 
cussed (Bailey 1986). 

STABILITY OF THE OORT CLOUD OF COMETS 

The survival of the Oort Cloud of comets has been studied 
by several au thors , see e .g . Bailey (1983). Zheng (1989) c a l -
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c u l a t e s the cumulative effect of 23000 s t e l l a r pe r tu rba t ions 
on comet o r b i t s of d i f fe ren t k inds . In the simulation the 
per ihe l ion d i s t ance s of the passing s t a r s a re randomly d i s t 
r ibuted between 0 and 1 pc, the o r b i t s are randomly or iented 
and the masses of t h e per turbing s t a r s a re randomly d i s t r i 
buted between 0.8 and 1.2 so lar mass. During the s t e l l a r en
counter , t h e comet and t h e Sun suffer changes in v e l o c i t y g i 
ven by 

AVc = (K/D) * (D/D) 

(1 ) 
AVQ = (K/DQ) * (DQ/Do). 

and the cometary velocity relative to the Sun gains an incre
ment 

AV = AV„ - AV„ . (2) 
c o 

where K = 2GM/V, (GM i s g r a v i t a t i o n a l mass of the passing 
- * - - * • 

s t a r s , V i s encounter v e l o c i t y ) , and D i s the vector of the 
-*• 

c loses t d i s tance between t h e comet and t h e s t a r , D being 
tha t between t h e Sun and the s t a r . 

I t i s found tha t only about 3-9% of the Oort Cloud sur
vive through the age of the Solar System if t he aphelion 
d is tance of the comets i s 40000 AU. At the aphelion d is tance 
of 10000 AU i t i s found tha t 26 - 80% of the comets survive, 
depending on the e c c e n t r i c i t y of the o r b i t . Therefore we must 
assume tha t t he present day Oort Cloud i s only a remnant of a 
more populous i n i t i a l Oort Cloud which had many t imes more 
comets than t h e Oort Cloud of today. 

While many of the Oort Cloud comets leave the Solar Sys
tem, o t h e r s enter the p lane ta ry region. Figure 1 shows the 
f rac t ion of comets which escape, enter the p lanetary region 
or survive at the aphelion d i s tance of Q = 40000 AU, when the 
per ihe l ion d i s t ance i s var ied from q = 40AU to q = 40000 AU. 

CAPTURE OF SHORT PERIOD COMETS 

I t has been genera l ly assumed tha t short period comets 
are captured members of t h e Oort cloud comets. However, in 
recent years t he re has been a debate whether a random d i s t r i 
bution of i n c l i n a t i o n s such as i s found in the Oort Cloud 
could develop into the low i n c l i n a t i o n d i s t r i b u t i o n of the 
short period comets (Stagg and Bailey 1989). In our numerical 
s tud ie s of the capture p robab i l i t y as a function of i n c l i n a 
t i on we have found about 2:1 excess of zero i n c l i n a t i o n cap
t u r e s over the re t rograde o rb i t captures (Valtonen and Inna-
nen 1982) . This may be compared with the observed d i s t r i b u 
t i on of i n c l i n a t i o n s of short period comets which show about 
7:1 excess of d i r e c t (cos i > 0.8) o r b i t s over re t rograde 
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Figure 1: The f ina l s t a t e s of the Oort Cloud at aphelion d i s 
tance Q = 40000 AU at d i f fe ren t pe r ihe l ion dis tances 
q. 

o r b i t s (comets with aphel ia > 10 AU; Stagg and Bailey 1989). 
If the comet capture proceeds only through the a s s i s t ance of 
a s ingle p lane t , then indeed the observed i nc l i na t i on d i s t r i 
bution i s d e f i n i t e l y too s t rongly biased towards low i n c l i n a 
t i o n s . Ifawever, if t h e comet i s passed from t h e influence of 
one planet to the one lower to i t and so on, then the above 
p r o b a b i l i t i e s should be ra i sed to power N of the number of 
p lane t s involved. For example, N = 3 l eads us to expect an 
8:1 b ias in favour of d i r ec t o r b i t s . 

268 

https://doi.org/10.1017/S025292110006615X Published online by Cambridge University Press

https://doi.org/10.1017/S025292110006615X


CONCLUSIONS 

We have out l ined a p i c t u r e of the o r i g i n of both short 
period and long period comets s t a r t i n g from an i n t e r s t e l l a r 
populat ion of comets in a s ta r c l u s t e r in which the Sun was 
born. F i r s t the Sun accumulates a cloud of loosely bound co
mets, many of which are subsequently l o s t to the i n t e r s t e l l a r 
space due to s t e l l a r p e r t u r b a t i o n s . Some comets are diver ted 
to the inner Solar System and are captured via p lanetary i n 
f luences . These form a cloud of short period comets with p r i 
mari ly low i n c l i n a t i o n o r b i t s . 

The primary t e s t of t h i s p i c t u r e i s to find a t r ue in te r 
s t e l l a r comet, a member of the Galact ic populat ion which must 
necessa r i ly a r i s e during the process of break-up of a c lu s t e r 
of s t a r s and comets. Other t e s t s include more de ta i l ed s tud
i e s of capture of short period comets from the Oort Cloud, 
including t h e influence of several outer p l a n e t s . 
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