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Global Monopole with Cosmological Term
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Abstract. The article deals with the investigation of the space-time of a global
monopole in presence of the cosmological term. The monopole exerts a gravi-
tational force on surrounding matter and the space around it has a deficit solid
angle.

PACS number: 04.20jb, 04.50, 98.80cq

It is well known that different types of topological objectsmay have been cre-
ated by the vacuum phase transition in the early Universe [1]. In the cosmo-
logical arena, the defects have been put forward as a possible mechanism for
structure formation [2]. The recent discovery of a non-Gaussian signature in the
microwave background leads that the defects were around at some point in the
evolution of the Universe [3]. These include domain walls, cosmic strings and
monopoles. Among them, cosmic strings and monopoles seem tobe the best
candidates to be observed. A global monopole is a heavy object formed in the
phase transition of a system composed of a self coupling scalar field tripletϕa

whose original global 0(3) symmetry is spontaneously broken to U(1).

From topological point of view they are formed in the vacuum manifold when
the latter contains surfaces, which cannot be shrunk continuously to a point.
These monopoles have a goldstone field with their energy density decreasing
with the distance asr−2.

In a pioneering work Barriola and Vilenkin (BV) [4] showed that the existence
of such a monopole solution resulting from the breaking of global S0(3) symme-
try of a triplet scalar field in a Schwarzschild background. They found a peculiar
result: The space-time produced by a global monopole has no Newtonian grav-
itational potential in spite of the geometry produced by this heavy object has a
non-vanishing curvature.

There has been a fairly large amount of discussion on the gravitational field of
global monopole beginning with the work of Barriola and Vilenkin [5].

Recent observations of Type Ia supernovae [6] and measurements of the CMB
anisotropy [7] indicating an accelerating Universe have once more drawn atten-
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tion to the possible existence, at the present epoch, of a positive Λ-term (cos-
mological constant). It is believed that a positiveΛ-term may dominate the total
energy density in the Universe.

Observations of high red shift Type Ia supernovae appear to suggest that our
Universe may be accelerating with a large fraction of the cosmological density
in the form of a cosmologicalΛ-term [8].

The confliction of observations with the standard COBE normalized cold dark
matter (CMD) model of the structure formation of the Universe with Ωm = 1
is remedied if the Universe is flat, most of matter smoothly distributed in the
form of cosmological constant and only a small fractionΩmH ≈ 0.2 in the
clustered matter (here H is the Hubble constant in units of 100 km/s/Mpc). Thus
cosmological constant may play a significant role in the structure formation of
the Universe, in other words, theΛ-term might be involved in the formation
and evolution of the topological defects. So it is quite justified to study the
topological defects withΛ-term.

In this article, we shall investigate the space-time of the global monopole with
cosmological term. The simplest model that gives rise to global monopole, is
described by the Lagrangian (we closely follow the formalism of Barriola and
Vilenkin)

L =
1

2
∂µφa∂µφa

−
1

4
λ(φaφa

− η2)2 (1)

whereφa is a triplet of scalar fields,a = 1, 2, 3 (whereη is the energy scale of
symmetry breaking andλ is a constant). The model has a global 0(3) symmetry,
which is spontaneously broken to U(1).

The field configuration describing a monopole is

φa = ηf(r)(xa/r) (2)

wherexaxa = r2.

Since the space-time here is static and spherically symmetric, the metric is taken
in the form

ds2 = eγdt2 − eµdr2
− r2dΩ2

2. (3)

whereµ, γ are functions ofr – alone. Under reasonable conditions the energy
momentum tensor due to monopole field outside the core (whereδ = λ−1/2η−1

is the core radius of the monopole) becomes [4]

Tt
t = Tr

r = (η2/r2); Tθ
θ = Tφ

φ = 0. (4)

The Einstein field equation with cosmological constant can be written as

Rab −
1

2
Rδab + Λgab = −8πGTab (5)
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The main motivation behind introducing the cosmological constant to study
the gravitational field of monopole comes from the fact that the latest
BOOMERANG and MAXIMA data [6-8] favors a spatially flat Universe whose
energy density is dominated by a cosmological constant typeterm, i.e., theΛ-
term can play an important role in the early Universe when topological defects
like cosmic strings, monopoles and domain walls may have existed.

The general solution of the Einstein field equation (5) withTa
b in (4) is

e−µ = eγ = 1 − 8πGη2
− (Λ/3)r2

− (M/r) (6)

whereM is an integration constant and can be considered as the mass of the
monopole core.

Here the metric describes a black hole of massM carrying a global monopole
charge.

This black hole can be formed if a global monopole is swallowed by a ordinary
black hole.

To check the occurrence of the curvature singularity in the space-time, one has
to calculate the Kretschmann curvature scalar for the line element:

K = RabcdRabcd =
4

r2

[3M2

r2
+

5

9
Λ2r2

−
2ΛM

3r
+ (1 − 8πGη2)2

−
2Λ

3
(1 − 8πGη2)r2

−
2M

r
(1 − 8πGη2) +

2ΛMr

3

]

(7)

Here one can check easily that the Kretschmann scalar is finite for all values
r > δ and diverges only atr = 0. Hence once can conclude that the singularity
located atr = 0 and the metric for the space-time outside the core of a global
monopole is nonsingular.

Also the Kretschmann scalar becomes finite asr → ∞. Hence the solution is
asymptotically well behaved.

Before ending our study we would like to point out two important properties:
the gravitational force acts on surrounding the monopole and bending the light
in the above field.

The radial component of the acceleration of the monopole is given by

V
·

1 = V1
;0V0.

For a co-moving particleV a = [1/
√

(g00) ]δa
0 .

Hence, using the line element (6) one can calculateV
·

1 which becomes

V
·

1 =
1

2

−(2Λr/3) + (M/r2)

1 − 8πGη2 − (Λ/3)r − (M/r)
(8)
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Here one can see that the gravitational force varies with theradial distance.

Due to the presence of the cosmological termΛ, the monopole exerts repulsive
gravitational force for large value ofr ≫ δ. This result is in agreement with the
nature of the cosmological constantΛ as becauseΛ has a repulsive nature which
is responsible for accelerating Universe. For small value of r ∼ δ, the monopole
has a tiny gravitational force, which is attractive in nature.

Now we calculate the bending of light in the above field.

The equation for the light track in the planeθ = (π/2) is

(dU/dφ)2 = (g2/h2) − U2(1 + 8πGη2) + (Λ/3) − MU3 (9)

whereeγ(dt/dp) = g; r2(dφ/dp) = h, r = (1/U) and p being the affine
parameter along the light path.

Neglecting the mass termM , like Barriola and Vilenkin, we get

[1/
√

(1 + 8πGη2)] cos−1(U/A) = φ (10)

whereA2 = [(g2/h2) + (Λ/3)]/[(1 + 8πGη2)]. ForU = 0, one can get,

φ = (π/2)[1/
√

(1 + 8πGη2)].

And the bending comes out as

∆ = 4π2Gη2. (11)

In conclusion, one can note that our monopole shows important contradictory
results with the analogue in BV type monopole (which exerts no gravitational
force and bending comes out as8π2Gη2) due to the presence of the cosmologi-
cal constant. A detailed analysis of the different topological defects in presence
of theΛ-term will certainly give more insight in the prospect of thecosmological
constant which is responsible for the acceleration of the Universe.
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