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Abstract. An attempt has been made to estimate the rate of destruction of the Oort cloud by stars 
passing through it. Two different mechanisms of cloud dispersion have been investigated. Numeri
cal estimates show that the cumulative dispersing mechanism plays the leading role. The lower limit 
for the half-life of the cloud is 1.1 x 109 yr. 

1. Introduction 

Recently there have appeared works (Sekanina, 1968; Vsekhsvyatskij, 1967; Zal'kalne, 
1969) investigating the problem of destruction of the Oort cloud by stars passing 
through it. In these works it has been usual to discuss a model in which the total 
influence of the Galaxy is not taken into account; the cloud is considered to be a local 
formation whose properties and behaviour are fully determined by the Sun and 
passing stars. 

New possibilities for research appear when the Oort cloud is regarded as the total 
collection of comets in the vicinity of the Sun within Hill's sphere, i.e., when the Jacobi 
integral is used for the system Sun-Galaxy centre-comet (Chebotarev, 1964, 1966; 
Antonov and Latyshev, 1972). With such an approach the stability of the cloud may be 
investigated without knowledge of the cometary orbits themselves. Trajectories of 
particles in the cloud are crucial for the investigation of the cloud's evolution, 
although (1) they are not known, and (2) in the general case, at least in the cloud's 
periphery, they differ significantly from conies (Chebotarev, 1964, 1966). 

The need for statistical analysis of variations in cometary motion and of destruction 
of the cloud by the random passage of stars naturally evolves directly from the formu
lation of the problem. However, in stellar astronomy similar problems have been 
formulated and studied with sufficient profundity. 

In this work an attempt is made to study the stability of the Oort cloud by the 
methods of stellar astronomy. 

2. Model for the Oort Cloud 

The following simplified model is discussed. The centre of the Galaxy and the Sun 
are taken to be two material points describing circular orbits about their common 
centre of mass (Ogorodnikov and Latyshev, 1969), at which point is located the origin 
of the rotating system of coordinates xyz. The xy plane is taken to be that of the motion 
of these two points, while the jc-axis is directed along the line connecting them. The 
coordinates of the Sun and Galaxy centre are x = du y = z = 0 and x= -d2, y = z = 0, 
respectively (where d1 >0, d2 = 0, since the mass of the Galaxy ra2»w0). 

The Oort cloud is formed by particles of infinitely small mass located in the vicinity 
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of the Sun within the Hill surface, and for which the Jacobi constant C>C0 (where C0 

is the value of the Jacobi constant at the libration point L}). 

3. Mechanism for Sweeping Particles from the Oort Cloud 

The passage of stars through the Oort cloud or near it causes variations in the Jacobi 
constants of the particles. Particles whose Jacobi constants Cx become less than 
C0 are unstable in Hill's sense (Moulton, 1914; Subbotin, 1968; Chebotarev, 1969) and 
therefore will not be regarded as belonging to the cloud, an assumption allowing us to 
evaluate the lower limit of the half-life of the Oort cloud. 

If a particle belonged to the Oort cloud prior to the passage of a star and then left 
the cloud, the following inequality can be written: 

whence 

where 

C > Co > d ; 

(Co -C) + (C-

C = 2Q - v2, 

C, = 2Q, - vl 

cx) > o, 

(1) 

(2) 

(3) 

Q = ±nXx*+y*) + k*(^+^)}, (4) 

x, y9 z being the coordinates of a particle prior to the star's passage; xl9 yl9 z1 the co
ordinates of the particle after the star's passage; r1 = \/[(x — d1)2+y2 + z2], r2 = 
y/{x2+y2 + z2)9 v2 = x2+y2 + z2\ k2 is the gravitational constant, and n the angular 
velocity of the Sun. [In a more general case, if the Galaxy is considered to be more than 
a point mass (Antonov and Latyshev, 1971), the factor m2/r2 in Equation (4) is re
placed by 9>(r2, z).] Inserting Equations (3) and (4) into (2) we obtain 

(C0 - C) + 2{Q - QJ - (v2 - v2) > 0. (5) 

During the passage of a star through the cloud the coordinates of the particle 
change but little (since the velocity of the particle is several orders lower than that of 
the passing star). It can therefore be assumed that the perturbing star gives the particle 
a sudden impulse, changing only the latter's velocity: 

Q - Qx = 0, (6) 

v1 = v + Av. (7) 

The inequality (5) can then be rewritten 

(C0 -C) + 2vAv + (Av)2 > 0. (8) 

Obviously, the change in the Jacobi constant of the particle depends on the distance 
at which the star passes the particle. Let us therefore estimate the distance that would 
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cause the latter's Jacobi constant Cx to become less than C0 and the particle to leave 
the cloud. 

If Av»v, the principal terms in inequality (8) are 

(C0 - C) + (Av)2 > 0. (9) 

Variation in the velocity of the particle (Av) can be expressed (Ogorodnikov, 1958) in 
terms of the mass m and velocity V of the passing star, and the least distance/? to it: 

A 2k2 m /1/v. 
Av = - w - (10) 

Inserting this into the inequality (9) gives 

P2< (^)V-Co)-1. (n) 

We have thus obtained the radius of the tunnel all the particles of which are swept 
out by the passing star. 

Let us now assume that a certain star consistently remains within the Oort cloud and 
moves with an average velocity V, sweeping particles out of a tunnel of average radius 
p. The density v(t) is the same throughout the cloud but it changes with time. It 
should be noted that as soon as the star has passed the tunnel is again filled with par
ticles. 

Designating by 7=const and M(t) the volume and mass, respectively, of the Oort 
cloud, we have 

M = vT (12) 

_r J = nfVv9 dt y 

and integrating, 

v = v0exp i — f - n -
If qv = vo = v(0), then 

f - ^ l n * (13) 

Equation (13) shows how long will elapse, under the above conditions, before the den
sity of the cloud decreases by a factor of q. 

If we designate by r the average time spent by a star in crossing the Oort cloud, we 
may estimate, using formulae (11) and (13), the average number r of stars that would 
pass through the cloud before its density would decrease by a factor of q as the result 
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of the sweeping out of particles. The result is 

r = TVXnq , (14) 
47Tk*m2r(C - Co)"1 

where (C—C0) l is the average value of (C—C0) 1 for the particles of the Oort 
cloud. 

4. Cumulative Mechanism for Dispersion of the Cloud 

A passing star usually has a negligible effect on the velocity of most particles, and thus 
their Jacobi constants C usually remain larger than C0. However, the cumulative 
effect of the passage of several stars can eject the particle from the Oort cloud. 

It can be seen from the inequality (8) that in order for a considerable fraction of the 
particles to leave the cloud the mean square value of the increments in the particle 
velocities should be of the order 

(Si;)2 = C - C0. (15) 

We now derive a formula for (Sv)2. (For more detail see Ogorodnikov, 1958.) For 
greater simplicity, let the distribution function f(V) with respect to the relative 
velocities of stars have spherical symmetry, i.e., be independent of direction. Then in 
time t there will be on the average 

lirptVdp f{V) dV 

passages of stars with velocities from V to V+dV at distances from p to p + dp 
from the particle. Assuming that the masses of all the passing stars are similar, we 
have 

P2 00 

(fc)2 = H (Av)227rptVdp f(V) dV 
PlO 

or, using Equation (10), 
00 p 2 

w-to**^Jm^:j&, d6) 
0 Pi 

where p1 and/?2 are the minimum and maximum distances, respectively, to the passing 
star. Let us assume that px =p is the average radius of the tunnel given by inequality 
(11) and p2 = d is the average distance between stars. (If p2 > d, multiple passages occur, 
i.e., several stars pass by a particle simultaneously at similar distances. It may there
fore be supposed that such multiple passages do not produce any significant variations 
in the Jacobi constant.) 

In so far as we are interested only in order of magnitude results, we may take 
00 

/ 
mdv 
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where v is the root mean square residual velocity of the stars. Then 

(8v)2 = S7Tk*m2tvlln^' (17) 
v Pi v J 

Using Equations (15) and (17) we find the cumulative half-life of the cloud to be 
(C - CQ)V 

%7rk*m2v>\n(p2/Pl) u ° ; 

5. Numerical Estimates 

We shall now estimate the half-life of the Oort cloud. For this purpose we take the 
following data (Ogorodnikov, 1958; Antonov and Latyshev, 1972): d2=\0* Pc> 
d=2.\5 pc, m=103 3 g, ™© = 2 x l 0 3 3 g , w2 = 2.6x 1044 g, v = 0.\ st pc~3. The mean 
radius of the Oort cloud is 1 pc, T=3.35 pc3, K=20 km s_ 1 , £ = 20 km s_ 1 , T = 
6.4 xlO4 yr, q = 2. 

Using Equation (14) we see that the density of the cloud will be decreased by half as 
the result of sweeping if 5.5 x 104 stars pass through the cloud. This will occur (Ogorod
nikov, 1958) in 8.6 x 109 yr. On the other hand, from Equation (18) we find that the 
cumulative half-life of the Oort cloud is at least 1.1 x 109 yr. The cumulative effect is 
thus the more important mechanism, although more precise estimates will undoubtedly 
result in a much greater half-life. 
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Discussion 
G. N. Duboshin: Your assumption that the passing stars do not influence the Sun would seem to be 
a very rough approximation. 
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E. M. Nezhinskij: If a large number of stars pass the Sun at considerable distances in various 
directions, they can be considered to have no net influence on the Sun's motion. 

B. Yu. Levin: If each star produces a narrow tunnel, whereas total destruction stems from the 
passage of a large number of stars, it seems to me that Duboshin's objection is not important, 
because a star has a decisive effect only on the region very close to it. 
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