PHYSICAL REVIEW D, VOLUME 62, 107501

Global monopoles in the Brans-Dicke theory
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A gravitating global monopole produces a repulsive gravitational field outside the core in addition to a solid
angular deficit in the Brans-Dicke theory. As a new feature, the angular deficit is dependent on the values of
¢.. andw, where¢., is the asymptotic value of the scalar field in spacelike infinity anid the Brans-Dicke
parameter.

PACS numbgs): 04.50:+h, 14.80.Hv, 95.30.Sf

The phase transitions in the early Universe can give risatant,¢? is a triplet of the Goldstone field, ared=1,2,3. The
to topological defects of various kind4]. The idea that a Goldstone field configuration describing a global monopole
monopole ought to exist has proved to be remarkably duis
rable. The first ones to study the effects of gravity on the
global monopole were Barriola and VilenKig]. When grav- X2
ity is taken into account, the linearly divergent mass of a o= no(r)—, with xx3=r? 2
global monopole has an effect analogous to that of a tiny

mass at the origin. Harari and Loug®)], and Shi and L[4] h i v h | lutionsits 1
have shown that this small gravitational potential is actuallySO that we will actually have a monopole solutiorr at

repulsive. Recently, Liet al. [5—7] have described a new spatial infinity. The general static metric with spherical sym-
class of cold stars, which are call@i stars(defect stars MLy can be written as

Compared tdQ stars, one further requires, as a new feature, ]

that in the absence of matter field the theory has monopole ~ d5°=—B(p) +A(p)dr?+ p?(d6*+siods?)  (3)
solutions. This requirement is such that the characteristics of

these objects, for instance a deficit angle, differ quite subwith the usual relation between the spherical coordinates
stantially from those of) stars. On the other hand, there hasp, 6, ¢ and the “Cartesian” coordinates®. Let us now in-
been renewed interest in the Brans-Di¢B®) theory[8], in troduce a dimensionless parametet np. From the action
which the usual metric gravitational field is augmented by a1) and the definition foro, the equation of motion is as
scalar field¢ which couples to the curvature via a parameterfollows:

. The modern studies of BD theory are motivated by the

fact that they appear as the low energy limit of string theory 1 B) '

theory have also been investigated beffité—14. In this A

paper, we study global monopoles in the BD theory. We . , , ) L i

show that the monopole produces a repulsive gravitationalith the prime denoting dlfferentlavmon with respect fo
field outside the core in addition to a solid angular deficit. As¥arying the action with respect " and ¢ we obtain the

[9,10]. Spherically symmetric charge distributions in BD KU"+
a new feature, the angular deficit is dependent on the valudield equations
of ¢., and w, where ¢.. is the asymptotic value of scalar

2 1

2
1 _ _ 2_ —
Ar +—ZB o'— 20 No“—=1)o=0, (4)

field in spacelike infinity. 3 _ 8w o a1 «
To be specific, we shall work within a particular model in Ruv=28,,R= ) Tun® ¢2(¢’#¢’” 298 b.)
units G=C=1, where a globaD(3) symmetry is broken 1
down to U(1) in the framework of BD theory. Its action is = _
g|Ven by + ¢(¢1,u,;v g;LVD (l)) (5)
1 . ® and
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where the energy-momentum tensor is

whereg=det(g,,). R is the scalar curvaturey is a con-
T/,Ll/: 5vl//a3u¢a_ %gyv[gaﬁaawagﬁl/[a_'— %)\( lﬁawa_ 772)2(] )
7
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"Email address:jzlu@shtu.edu.cn andTis trT,,. Using Eqs.(2) and(3), we have
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, Arn?c'?2w+1) 8mn*ARw—1) The equation for the metric coefficieA(r) reads
A 2013 #(20+3) : r N
o2\ B,¢, wd),z 1 (K +Q(r)(x)=1—A(r) ol+ ZI’Z(O'Z—].)2 ,
22— 1)2] - _ _
X\yztzlo 1)) 86 24 2t A)}' (14)
(8)  where
B o2\ _4770’2772(2w+1)r_ B'¢' wo'?
’=m 8w nlc'?—8mn’A r_2+Z("2_1)2) Q(r)= 20+3) B4 + 28 (15)
Lo Loz 22 an 9 "
Fd) gqﬁ r_2( i ® A(r) = 87n*(2w—1) 16
P(2w+3)
v A" B 2 2A7% | 20% o'? _
= SA B T 2e73 A We define
A=p(w)= BT R0 an
+Maz—1)21. (10) $.(20+3)

_ ~and we will show belowA describes a solid angular deficit
Equations(8)—(10) can be reduced to the general relativistic in the BD theory. Integrating Eq14), A(r) can be written as
(GR) ones[2—-4] when w— = and ¢— 1. We introduce the

“scalar charge” of BD theory A-T_1_A 2M(r) 18)

r

. (11)

do¢
N H 2
S=lim (r ar

r—o

where

Note that this is not, in general, a conserved quantity. We 1 1 '

define it here since it is included in the expression for the M (N =Z[A(N=AJr+ zex;{— fOQ(y)dy}
mass of the monopole which we will give below. The equa-

tion for ¢ can be formally intergrated, we have an alternative % ' dvl A
expression for the scalar charge 0 y|AY)

2

(6°—1)+ )\Ty(az—l)z

» A’ B’ 2A772 ¢, ] fy
= NP ——|—-—— +[1-A Q +87—A QO(z)dz|.
s fodrr[¢(2A 25) o [1-AW) Q) | +87 A | | @)z
20° o'? (19
= 7 2_1\2
X( r2 + A +tao"=1) )] (12 One can show that IiplxM(r)=MADM, which is the

] ) ) o Arnowitt-Deser-Misner masgl5,16 of the monopole. Let
Expanding the metric and the scalar field equation in powerg§g first discuss the GR case. When-« and b1, we
of r~! aboutr=« one can write the field equations in a haveA =87G7? and ’
linearized form. Using the boundary condition of the asymp-

totically flat A A (r
M(r)= - ex ——f dya'?(y)y
A~A,+0 r_”)' r v 2
X J dy| (62— 1)+ = (0?—1)?>+(1-A) % 0o'?
1 0 4 2
B~B,+0O r—n), Ay
X ex —f dzo'?z|, (20)
1 270
¢~ ¢t O r_“)’ (13 which is known as a formula in Reff3]. Analogously,
wheren=1 and the subscript¢” denotes values at space- 2Mpg(r)
B(r)=1—-A— (22)

like . We also requirer— 1 at least as fast as *. In fact,
as we will show below, the conditions above imply that
—1 exponentially ag— . with
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Mg(r)= M(r)ex;{Aerya’zy

r r
+(1-4)5 1—exp(Af dya’zy”. (22
One finds the asympototic expansions
1 3/2-A
f(r)=1-—- +0(r9),
r r4
A
M(r):MADM+E+O(r73)=
Al (1-A) A _
MB(I')=MADM 1_r_4 +Tr_3+o(r )
(23)

Solving Eqs(8)—(10) in a linearized form, we find the scalar

field has the following asymptotic form:

S
b=~ +O

1
r_2> , (24)

while the line element in this limit is

2M 1 2M
dszz—[l—A— —+0 r—z) dt2+|1-a— =221
1 -1
+o(r—2” dr?+r2(d6?+sirfode), (25)
where
S
MK:MADM_¢_ (26)

is the Keplerian mass of the monopole. THg is the active
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1
o=1-r"Pe X 1+0 r_f” (28)
where
k=[2)\(1+A)]l/2,
Y 1/2
b=1+ m) M apm - (29

Therefore,o field tends to one exponentially within the
asymptotic region.

Neglecting the mass term in Eq4.8) and (21), and res-
caling variables andt at a large distance off the core, the
monopole metric can be rewritten as

ds?=—dt?+dr2—(1—A)r?(d6>+sirfod¢p?). (30)
This metric describes a space with a deficit solid angle: the
area of a sphere with radiuss not 4zr2, but a little smaller.

In the BD theory, angular deficit is dependent on the values
of ¢, andw.

Note that the integrand in E¢L9) contains a nonpositive
definite term, saMi(r) may be negative. The strongest con-
strains on BD theories are usually assumed to come from the
solar system weak field test$5]. As it is well known, ob-
servations constrain the BD parameter to have a value of
>500. Using numerical integratioM (r) is indeed negative
all the way from the origin and quickly approaches an
asymptotic value of ordeM~—677?(2w—1)/[¢..(2w
+3)]. However, one has taken= —1 in the simplest string
effective actior{10], which is relevant to the study of global
monopole in very early Universe, although in this case
=1 is physically unrealistic: to approximate a monopole em-
bedded in the string dominated Universe, we should choose a
value ¢,,<1. In this case, we havA=—24%?/¢.,. This
means that there is not angular deficit, but angular surplus in
the string dominated cosmology.

gravitational mass measured by a non-self-gravitating test Finally, the general scalar-tensor gravitational theories
particle in a circular orbit at spacelike infinity about the arise from dimension reduction of higher dimensional theo-
monopole. Substituting the metric components appearing ines [17] and string theon{10]. The general theories can

the asymptotic form of the line element in Ed), we have

2 2M
(1—0')”+F(1—0')’—2)\(1+A+ ADM)(l—o-)
1
+0 r—z =0. (27

We obtain the asymptotic solution

satisfy the rather strict constraints determined at the current
epoch, while still differing considerably from Einstein’s
theory in the pasf18]. Details of the monopole in more
general scalar-tensor theories will be considered elsewhere.
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