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We present the exact regular solution of vacuum Einstein equations, which may be interpreted as “mass without

mass” (geon – in terminology of J.A. Wheeler), moving along a straight line with constant velocity. The feature

of this classical object, localized in three-dimensional space, is that its scalar invariant constructed of two Riemann

curvature tensors does not impose any restrictions on the velocity of the object.

PACS: 04.20.Ib, 11.27.+d

1. INTRODUCTION

Wheeler [1] was the first who suggested, that vac-
uum Einstein equations allow the existence of regu-
lar, localized in curved space-time classical objects –
geons, such that the distant observer sees the curva-
ture concentrated in the central region with persisting
large-scale structure. However, various attempts to
construct such objects as static or stationary curved
space-time, possibly coupled to other zero-mass fields
such as massless neutrinos or the electromagnetic
field [2, 3], so far not been successful. In particu-
lar, these geons are however believed to be unstable,
owing to the tendency of massless fields either to dis-
perse to infinity or to collapse into a black hole [4].

In 1985, Sorkin [5] generalized Wheeler’s geon into
a topological geon by allowing that its central re-
gion may have complicated topology. This geon has a
regular Euclidean-signature section, but the topolog-
ically nontrivial central region may evolve into black
hole [6]. So, recent researches in this area are study-
ing the properties of families of geon-like black holes
in D ≥ 4 space-time dimensions [7].

2. THE REGULAR VAQUUM GEON

All the above mentioned objects, described by non-
linear differential equations, are static. This means
that there exists a system of reference, in which parts
of the structure under consideration are in rest rel-
ative to each other. It is interesting to consider the
localized nonlinear object, in which separate parts
move relative to one another. In the simplest case it
can be assumed, that a three-region of a curved four-
dimensional space-time is moving relative to another
with a constant 3-velocity �υ (υ, 0, 0)

In such a space-time the spatial direction x as well
as the plane (yz), perpendicular to it, are selected, so

the space-time metric can be chosen in the form:

ds2 = uc2dt2−fdx2−χ (
dy2 + dz2

)
+2ψcdtdx, (1)

where u, f, χ, ψ are functions of the parameter:

ξ =
√

(x− υt)2 + y2 + z2.

Determinant of this metric tensor is

g = −(uf + ψ2)χ2. (2)

Vacuum Einstein equations:

Rik = 0 (3)

have the following exact solution:
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where a1, . . . , a4 are the integration constants.
The scalar invariant, composed of two curvature

tensors, for this space-time has the form:

I =
1
48
RiklmR

iklm =
(

2ξ3

a1a2

)2 (
1 +

ξ

a1

)−12

. (5)

In contrast to the Schwarzschild solution, for which
this invariant is of the form:

ISchw =
( rg

2r3
)2

, (6)

where r is the distance to the center of the object,
rg is Schwarzschild radius, the invariant (5) is regu-
lar everywhere in the space-time: it goes to zero as
r6, when the center of the geon is approached, and
behaves like r−6 on large distances from it.
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3. CONCLUSIONS

We obtain exact solution for vacuum Einstein equa-
tions, which is asymptotically flat and regular every-
where in the space-time. The scalar invariant (5) as
well as the determinant of the metric tensor (2) con-
tains the velocity of the geon only through the para-
meter ξ. The integration constant a4 is not included
in (2) and (5) at all. As is seen from (5), this invari-
ant does not include any limitations on the velocity
of the geon. The question of stability of this object
requires further study.
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