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In this paper, we investigate the thermodynamics of the global monopole anti-de-Sitter black hole in the grand

canonical ensemble following the York’s formalism. The black hole is enclosed in a cavity with a finite radius where

the temperature and potential are fixed. We have studied some thermodynamical properties, i.e. the reduced action,

thermal energy and entropy. By investigating the stability of the solutions, we find stable solutions and instantons.
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I. INTRODUCTION

In recent years some authors have concentrated on
studying the thermodynamics of the black hole.[1=29]
Hawking[**~17] studied the thermodynamical proper-
ties of black holes with micro-canonical ensemble us-
ing the path-integral approach. York et al.18:21 fur-
ther developed the canonical ensemble by defining
the boundary conditions. Braden et al.?? used this
method to study the charged black hole in the grand
canonical ensemble and the black hole in asymptot-
ically anti-de-Sitter (AdS) space-times.['9~ 21 Hawk-
ing and Pagel®?33 have investigated the thermody-
namics of black holes for fixing the Hawking tempera-
ture at infinity, and York et al.'822:23] have done this
by fixing local temperature at finite radius. Louko
and Winters-Hilt!** studied the thermodynamics of
the Reissner—Nordstrom (R-N) AdS black hole by fix-
ing a renormalized temperature at infinity. Peca and
Lemos?! have studied the thermodynamics of the R-

N black hole following York’s formalism.18:22:23]

In the grand canonical ensemble, York et al.[*8] as-
sumed that a black hole is put in a finite-sized ‘box’,
as Bosel®® did in general relativity. The boundary
conditions are chosen according to the thermodynam-
ical ensemble under study, and the thermodynamical
action for the black hole can be calculated in a given
thermodynamical ensemble. In the canonical ensem-
ble the thermodynamical potential is the Helmholtz

free energy, and in the grand canonical ensemble it

is the grand canonical potential,['¢??] so we can in-
vestigate all the thermodynamical quantities from the

thermodynamical action.[®!]

In this paper, we follow York’s formalism to in-
vestigate the global monopole AdS black hole in the
grand canonical ensemble. The paper is organized as
follows. In the next section, we introduce York’s for-
malism. In section III, we investigate some thermody-
namical properties of the global monopole AdS black
hole in the grand canonical ensemble. In section IV,
we analyse the numerical solutions under difference
boundary conditions. In section V, we investigate the
stability of solutions, and find stable solutions and in-

stantons. In section VI, some special cases are given.

II. THE ACTION

The Euclidean action in general relativity'®! is
given by
1 1

= — [ 4a Ry —24) + — d*zvh K
I=-15; ), Lovalie )+87r/3M zVh

_ / d*e/G Lo — Louvirs (1)

where M is a compact region with boundary OM, R is
the scalar curvature, A is the cosmological constant, g
is the determinant of the Euclidean metrics, K is the
trace of the extrinsic curvature of the boundary M,
h is the determinant of the Euclidean induced met-
rics on the boundary, L., is the Euclidean Lagrangian

density of the matter fields and I, is an arbitrary
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term that can be used to define the zero of the energy
to be seen later.

Barriola and Vilenkin®*3%! considered the gravi-
tational field of a global monopole formed as a result
of global O(3) symmetry breaking. The simple mode
of such a monopole is described by the Lagrangian

1/0wa\? A n?\ 2
Ly == ——| PPt —-— |, 2
2 < oxb ) 4 < 87r> 2)
where ¥? is the iso-scalar triplet and a=1,2,3. The

topologically nontrivial self-supporting Ansatz de-

scribing a monopole is

a_ N z°
- = (3)

The stress-energy tensor is given by

0 1 n?
Ty =Ty = 2 (4)

2

where r* = z%z®. It was shown that spherically sym-

metric space-time with the metric

2M A
ds? = — <1 . §r2>dt2

r
2M A\
+ (1 - - §r2> dr? + r2d2*(5)
r

has the stress-energy tensor given by (4) (T = T5=0)
and can approximately describe a global monopole
with charge n and mass M. We consider the spher-
ically symmetric gravitational collapse of the matter
around the monopole. It can easily be seen that a
black hole is formed. Now we can change the spher-
ical symmetric static metric of the global monopole

into the following Euclidean form
ds? = b2dr? + a®dy?® + r?d0?, (6)

where a, b and r are functions of only the radial co-
ordinate y €[0,1]. The Euclidean time 7 is chosen to
have a period 27, and the angles 6 and ¢ are the usual
coordinates of the unit sphere. By “black hole topol-
ogy” we mean that the four geometries (M, g) are
regular with the product topology R? x S%, boundary
St x §% at y=1, and Euler number y=2.

The boundary at y=1 has a standard round two-
This

sphere may be thought of as a cavity wall at rg en-

sphere S? with area 4nr3, where rg = r(1).

closing a spherical system with a black hole at the
centre and through which heat can flow in either
direction to maintain a temperature of the wall at

T = T(rg) = B~!. The inverse temperature is related

to the proper length of the round S! of the boundary
by

B=T""'= /:w b(1)dr = 27b(1). (7)

(We use units with G = h = kg = ¢ = 1 unless other-
wise noted.) Of course there must be radiant energy
between the surface of the black hole at ;. = r(0) and
the cavity wall rg even in order to speak of a temper-
ature B! describing the system. The explicit effect
of this radiation (black reaction) will be neglected in
this paper,3®! but this will in no way effect the state-
ment of boundary conditions, the method of analysis,
We see that these

boundary conditions specify the three geometries of

and the qualitative conclusions.

the boundary S' x S2? and furnish the thermodynam-
ical data @ and rp that are needed for a canonical or
grand canonical description.

The centre y=0, r; = r(0), which represents the
horizon of the black hole, is not a component of the
three-dimensional boundary of M. Rather, it is a reg-
ular two-sphere with nonzero area 47rr3_, and we can
think of y=0 as a degenerate leaf of a foliation of M
by three-dimensional hyper-surfaces y=const. These
leaves have the topology S!x S2%. Asy — 0, S! shrinks
smoothly to zero to give S? at the centre. Thus we
have

b(0) = 0. (8)
This description in the context of a smooth geometry
requires that the y — 7 plane near y=0 be isometric to
a flat disk. The corresponding regularity condition is
b/

~ = )

y=0

where a prime denotes 9,. Combing Eqs.(8) and (9)
shows that for a point y = § very near y = 0, the

proper radial distance is

/ " ady = b(y). (10)

The regularity conditions Egs.(8) and (9) will not be
varied in the action principles.

From the Gauss—Bonnet—Chern formula applied
to the metric Eq.(6), the Euler number of M is de-
duced to be

(TI)2:|
y=0

A

where Eq.(8) was used to obtain the second form of
Eq.(11). For x=2, so
(7‘/)2

a2

)

o0, (12)
y=0
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for the metric Eq.(6), we can show that

a

- 1 r’? !

The other non-vanishing components of the Ein-

2 /r2\’ -
R=—— <—> —2GT, (13)

where

stein tensor are

2b'r! \? 1
GZ:%—F(—) - 3 (15)

ar r

1 2\ b\’ "\ 2
GY=G¥ = - — — ) . (16
0 ¥ abr2< a ) +a<abr> +<ar> (16)

The trace of the extrinsic curvature of a y=const

hyper-surface is

1

K=—
abr?

(br2)'. (17)

Evaluating the gravitational part I, of the action
(1) using the conditions (3)—(6), we have

1
Iy=—— [ d* R-24
g 167 J,y 33\/.6( )
1
+ _7[' d3$\/ﬁ K — Isubtr

81 Jom
1 27 2b/l bl
:*/ dT/dy<_”_T_ab+Aabr2>
2 Jo a a
1 2\’
Le(®)
2 a

The thermodynamical quantities and relations are

— lsubtr- (18)
y=0

obtained from the “classical action” I (defined as the
reduced action evaluated at its locally stable station-
ary points) using the well-known relation between the

classical action and the thermodynamical potential
T=pF, (19)

where F' is the grand canonical potential since we are
All the

thermodynamical quantities can be obtained from F

considering the grand canonical ensemble.

using the classical relations.[®!]

II. THE GLOBAL MONOPOLE ANTI-DE-
SITTER BLACK HOLE
The global monopole AdS black hole in the grand
ensemble is obtained using a negative cosmological
constant A and the boundary condition T = T'(rg)
and ¥ = ¢(rg), where rp is the boundary radius of the
spherical cavity, T is the temperature at the boundary

and 1 is the monopole potential difference between the

horizon and the boundary. Instead of T', we can also
use its inverse [.

The reduced action of the global monopole AdS
black hole is obtained from the Euclidean action I
given in Eq.(1). In section II, we split the action into
two terms

I =1I;+ I, (20)

where I, is the gravitational term given in Eq.(18) and
I, is the matter field term.
Now, we evaluate I, in the spherical coordinate

system
I, :/ d*z\/g L. (21)
M

We use Eq.(2)
IHI = _ﬂ"?d)/Z? (22)

where 7 is the charge of the black hole and v is the
difference of the potential between y=0 and y=1.
To evaluate the gravitational term I, of Eq.(18),

we use the constraint
GT + Agl = 87T, (23)

where the stress-energy tensor component 777 is given

by
2
n
=1
T 8mr2

The component of the Einstein tensor G for the

(24)

metric (6) is

r'2 1 2r’"" 2a'r!
e e 25
T a?r?2 2 + a’r asr (25)

Substituting Eqgs.(24) and (25) into Eq.(23), we
obtain

A n? r'? 1 2r"  2ar’
r2  a?r2  r?2  a?r adr

(26)

Rearranging the terms in Eq.(26)

borenre[((Z) ) e en

and integrating the equation, we have

g(r?’) +n?r’ + <<%/>2 - 1>7‘ =-2M, (28)

where —2M is an integrative constant. We rearrange
the above equation as
' A, 2M

If given a? = —A/3, we obtain

12 2M
2—2:1+a2r2—n2—7, (30)
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then we use Eq.(12), so
2M =ry +a’rd —n’ry. (31)

This is the well-known relation between the ADM
mass of the global monopole AdS black hole and its
event horizon radius.

Substituting Eq.(26) into Eq.(18) and wusing
Egs.(9), (12), (17) and (31),

2,.3 2
I*:—ﬂT‘B 1+O{2T2—772—T—+_—a r+ —7] T+
g B B B B
1
- 55771/) - 7T’f‘3_ - Isubtr- (32)

Adding Eq.(26) into Eq.(32), we get the reduced ac-

tion

2.3
I*_ﬂrB\/1+a2r%n2r—+—a i + —
- /an - 7"-7‘-2‘,- - Isubtr- (33)

The term I b, is of the form BE upbir, where Egups; is
a constant that does not depend on 3 or ¥, since Iyptr
is an arbitrary term that can be used to fix the zero of
the energy, but does not affect other thermodynami-
cal variables.['¥ For convenience, we use for the zero

of the energy
Eaps = E(ry =0,7=0) =0, (34)

where FApgs is the thermal energy of AdS space-time.

To evaluate I, we compute the thermal energy
of the global monopole AdS black hole for Eq.(33) and
use the condition Eq.(34). The thermal energy is given
by31]

oF oF
E=r ﬂ(%%; (%)WB
_<a_f> _g@_f)
o5/, 5\ov),,,

2,.3 2

T4 a’r n'r
:—TB\/1+a2T123—772————++—
B B B

- Esubtr . (35)

For Egs.(28) and (35), we have

Equbte = —Ty/1+ a?rd. (36)

Substituting Eq.(36) into Eq.(33), we finally obtain

the reduced action for the monopole AdS black hole

I* =fBrp [\/1 + a?rd

2,.3 2

r a”r n-r
_\/1+a27«]23_n2__+—++_+
B B B

— By — 7r7‘_2|_. (37)

Similarly, substituting Eq.(36) into Eq.(35), we

obtain its thermal energy

E =TB |:w/1 —f—OézT%

2,3 2
—\/1+a2r%—n2—T—+—&+H . (38)
B B B
The entropy is obtained from
oOF oI - Ay
-r((5), ), i
OB/ e \OB/) pm 4

(39)

where A, is the area of the event horizon. This is the

usual Bekenstein-Hawking entropy. 278!

Once the values of (3, ¥ and rg are fixed by the
boundary conditions, then the reduced action is a
function of only ry and n, i.e. I* = I*(ry,n). The
local stability conditions are then: (1) §I* = 0 and
(2) the Hessian matrix is positive definite. The latter
condition corresponds to a condition of dynamical as
well as thermodynamical stability[??! and will be dis-
cussed in section V. We will start by investigating the

first condition.

The condition of stationary 61* = 0 gives

=~ (1= 2]

B
a2r3 2
/[2\/1+a2T123772T—+ + 41 ”]
B B B

- By =0, (40)

or* 1—n2 3022
(15222

ory B B

—2mry =0. (41)
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Solving Eqgs.(40) and (41), we obtain

(0 Zﬁ(TB - 7“+)
2,.3 2
/¢L+ﬁ%_nlxi_21i+zﬁaua
B B B
4 4mry

:1—n2+3a2ri
2,3
o’r
-\/1+a2r]23—n2—r—+——++

which are the differences of the global monopole po-

I (43)

tential between r; and rg and the inverse Hawking
temperature, respectively.
We define the more convenient variables

r+ & B —2 22 T _ ¥
N /B , & a'Tg, 1:b = -
rB 4mrg B

T

(44)

In terms of these variables, Eqgs.(42) and (41) are writ-

ten as

D= —2)/\/(1— )1 —2) +a —a%?, (45)

xT

b= 1—n2 + 3a’z2

V- 1)1 2) +a - @,
(46)
The elimination of the variable 7 in Eqgs.(44) and (45)

yields the fifth degree equation

FO-a0) 4aB v (1-a%)a
(1432 —6°B + ¢ +a0 +62°B ¢
—4a'B Y )2 + (1 - a%) — 12a'F 9 ")a
+@2(9a%F - )at + @ = 0. (47)

However, not every solution of this equation cor-
responds to a physical solution of black hole. This is
because the radius of the event horizon of the global
monopole AdS black hole must satisfy the following

condition
1—n?+3a@%2? > 0. (48)

Comparing Eq.(48) with Eq.(42), we obtain
P2 < (rg + 3a2rirB)/[a2(2r+ + )] (49)

With the coordinate given in Eq.(44), the inequality
(49) becomes

P < (1+3a%)/[@(1 + 22)). (50)

This is the condition that solutions of Eq.(47)
must satisfy in order to correspond to physical black

hole solutions.

Equation (47) has no analytical solutions. How-
ever, it can be numerically computed and presented in

graphics. This will be done in the following section.

IV.ANALYSIS OF THE BLACK HOLE SO-
LUTIONS
In this section we present in graphics an analysis

of the solutions of the equation (47).

1.0

0.8

0.6

0.4

0.2

Fig.1. Solutions of Eq.(47) for @=0.1 as a function of
the global monopole at the boundary for fixed values
8=0.1, 0.3, 0.6, 0.9, 3, 9 (from left to right); ¥ < 10, as
imposed by condition (50). The stable solutions corre-
spond to the upper branch of the curves. This means
that for given values of 8 and %, only the solution with
a higher value of z is stable.

1.0
0.8
0.6
8
0.4
0.2
0.5 1.0 15 2.0
b

Fig.2. Solutions of Eq.(47) for @=0.2 as a function of
the global monopole at the boundary for fixed values
B8=0.1, 0.3, 0.6, 0.9, 3, 9 (from left to right); ¥ < 5, as
imposed by condition (50). The stable solutions corre-
spond to the upper branch of the curves. This means
that for given values of B and ¥, only the solution with

a higher value of z is stable.

In the Figs.1-4, for fixed 1, there is a maximum
of Bax- When B > B, (i), there are no solutions.
When (3 < ... (1), there are two or one solutions, de-
pending on the value of 3. In the limiting case § — 0
(i.e. BT — o), we find that there is a solution with
z =ry/rg =1 (we will see in section V that this is a
stable solution). For ¥=0 and 3 > f,,..
solutions; for 1 # 0, with fixed v, we can see that x

there are no
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increases as  has a higher value. Also, when we fix

B, we can see that  increases as ¢ has a higher value
for a stable black hole.

1.O/—/—/——

08—

0.6

0.4

0.2

0.2 0.4 0.6 0.8 1.0

Fig.3. Solutions of Eq.(47) for @a=1 as a function of
the global monopole at the boundary for fixed val-
ues 8=0.1, 0.3, 0.6, 0.9, 3, and 9 (from left to right);
¥ < 1, as imposed by condition (50). The stable so-
lutions correspond to the upper branch of the curves.
This means that for given values of B and v, only the

solution with a higher value of z is stable.

Fig.4. Solutions of Eq.(47) for a@=10 as a function
of the global monopole at the boundary for fixed val-
ues 8=0.1, 0.3, 0.6, 0.9, 3, and 9 (from left to right);
¥ < 0.1, as imposed by condition (50). The stable so-
lutions correspond to the upper branch of the curves.
This means that for given values of 3 and %, only the
solution with a higher value of z is stable.

The solutions at T' = 0 (i.e. 8 = 00) correspond to
extreme black holes. This can be analytically verified

by replacing 8 = oo in Eq.(47) and obtaining
1 - &% — 2a%P a + 3az? = 0. (51)

This corresponds to the condition of the extreme
global monopole AdS black hole, which is in agree-
ment with the known fact that only the extreme black
hole has zero temperature.

Now, we investigate the solutions of Eq.(51). Tt

has two solution if

a2 >2/3 ¥ > (1+3a%)/362, (52)

or
a<2/3 § <1/a (53)
It has one solution if
a?>2/3 1/a2 <P < (1+3a2)/3a%,  (54)
or
a?<2/3 (1+3a%)/3a®<¢ <1/a%  (55)
And it has no solution if
a2>2/3 ¥ <1/a

or

a2 <2/3 ¥ < (1+3a2)/35% (56)

The solutions for @=0.5 are presented in Fig.2.
We can see that the maximum value of 3, 3., for
which there are solutions is increasing, i.e. there are
solutions for lower values of the temperature at @=0.5
rather than @=0.1.

Condition (50) implies for @* < 2/3
)< 1/a. (57)

This condition corresponds to the upper limit of the
interval given in Eq.(53), which in this case is 1 < 10.
Notice that if in Eq.(47) we make 2=0, we obtain pre-
cisely 1 = 1/@ as we can see in Fig.1.

At the same time, for @=0.5, 1 and 10, Figs.2,
In these

figures we find that 3, () increase as @ increase,

3 and 4 show similar properties as Fig.1.

i.e. there are solutions for slightly lower values of the
temperature where @ is increasing.

An important value of f, first studied by York!'*
in connection with the Schwarzschild black hole is
B = 8nrg/ V/27. For higher values of 3, hence lower
temperature values, there are no black hole solutions.
This is a quantum effect and, following York,8! it
can be understood as follows. One can associate a
Compton-type wavelength A to the energy kT of the
thermal particles by A = hc/(kgT), or in Planck units,
if A > 871'7‘3/\/? ~ 4.8rg. Then the thermal particles
cannot be confined within the cavity and do not col-
lapse to form a black hole. Using Eq.(46) (with =0,
i.e. n=0), we can show that York’s criterion for the

absence of a black hole becomes

A=p> OB (1 - ia%«g) (58)
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So, for a given temperature, it is more difficult to con-
fine the thermal particles and harder to form a black
hole. This accords with the idea that a negative cos-
mological constant shrinks space.

If we extend our previous analysis, we obtain

_ % _3 22 | 12
)\—ﬂ>m<l a“rg + 1/)). (59)

We can see that the global monopole potential

has the opposite effect of the cosmological constant.
V. STABILITY

As mentioned previously, there is a second con-
dition of local stability that has not yet been inves-
tigated. We will follow the same procedure as given
in Ref.[22]. This is the condition that the Hessian
matrix of reduced action be positively defined. For
convenience in this analysis, we will use the variable
S = mr? instead of r;.. The Hessian matrix of 1*(S,n)

is

I I*
I:;j — Iy nS . (60)
s Iss

The matrix is positively defined if its pivots are all
positive.
The pivots of Eq.(60) are

Lo (61)
and
det(Ifij)/Ifnn. (62)

From the first condition of local stability, VI*=0
yields

or OH oH
(5),=2(G), -0 =0=v=(5),

(63)

8I*> B <8H> B _1_<8H>
—8(%=5) —1=0=p8"= (52 ) .
<as ) 25 ), 25 ),

(64)

These are well-known thermodynamical relations.!3!

From Eq.(64), we compute the second derivative

of I'* at the stationary points

82I* 82H <a¢>
—3(Z¥) 65
. 5\ 3, ) (65)
82 H
=5

on? on?
So(2) = 1)
eq onosS eq oS " B\on)s

(66)

=0

eq

02r*
ondsS

0*H
052

oI+
0852

=p

eq

), -

where ‘eq’ represents quantities evaluated at equilib-

eq

rium, i.e. the stationary points of the reduced action
I
The first pivot (61) is simply the first of these

equations.

The second pivot (62) is easily obtained from
Eqgs.(65)—(67)

), ), (). /5
r,, — B\as), " s\on)s\0s), [/ \on)
_1[[98 ap an
_ﬁ[<35>n+<&7>5<35>J
19\ 1
T E <%>¢ B CL/J,TB’ (68)

where Cy ., is the heat capacity at constant ¢ and rg.

Notice that in all these calculations we have implicitly
held rg constant, since in the grand canonical ensem-

ble, the dimension of the system is held constant.

Imposing positive pivots for local stability yields

oy
— 0 69
< 877 > S,rB 2 ’ ( )

Cyry > 0. (70)

These conditions are identical to the classical
thermodynamical stability conditions.[3!! Therefore
we can conclude that the dynamical stability condi-
tions given in Egs.(64), (69) and (70) are identical to

the thermodynamical stability conditions.??]

For the global monopole AdS black hole, the piv-
ots obtained from Eqgs.(65)—(68) are

ki — (e — B S O R
(), o= (-5) - (-5

[0
2,2
+a¥rf - —+

[6-5)-C-3)r

2.2 azrf_ w3
+afrg — > 0, (71)
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which is positive, and

Cyry =Am[rg — vy + a2(rf — r3)]
. (2a2r3_1p2 —a?r3y? +rp
+ 3a2rirB — a21/J27‘+7"B)
/- 3a4¢2r+rB + a?(3r + 2¢?)
+3ryr(1 — a®rgy?) + 2r3 (1 + a®rd)
(=1 4+ %3y +a r+(2rB — 202
— 5a%rgY?) + « r+rB(67‘B
+ 60213 + 3¢9% + 4a’r3y?)). (72)

We have investigated Eq.(72). When rg — oo,
Cy,rs < 0, that is to say, the lower branches of the
curves presented in Figs.1-4 correspond to the unsta-
ble solutions. However, rg = ary, Cy.p > 0 (ais a
finite constant), i.e. the upper branches of the curves
presented in Figs.1 to 4 correspond to the stable solu-
tions. Therefore we can say that in general only the
solutions with a higher value of z, i.e. with a larger
event horizon radius, are stable.

In more detail, we can distinguish three cases:
(1) for low @ (see Figs.l and 2) and for values of 3
and 1), there is one solution which corresponds to a
lower branch, therefore this solution is unstable; (2)
for a higher value of @ (see Figs. 3 and 4), whenever
there is only one solution, it corresponds to an up-
per branch and therefore this solution is stable; (3)
whenever there are two solutions, for given values of
B, ¥, @, the smaller is an instanton (unstable solution)
and that with a larger event horizon radius is a stable

black hole.
VI.COMMENTS ON SPECIAL CASES

Several black holes may be considered as the spe-
cial cases of the global monopole AdS black hole.

(1) For ¢=0 and A=0, we obtain the Sch-
warzschild black hole studied in Ref.[18], so Eq.(47)
becomes BZ — 22 4+ 23 = 0. Only the solution with a

larger event horizon radius is stable.

(2) For A=0, we obtain the global monopole black
hole. Equation (47) becomes 32 —(1 +E2):c2 +ad =
Under proper conditions, only the solution with a
In the limit
rB — 00, the heat capacity Cy 5500 = =27 < 0

larger event horizon radius is stable.

is negative and the solution is unstable.

(3) For ¥ = 0, we obtain the Schwarzschild AdS
black hole. This black hole has been studied previ-
ously in Refs.[23] and [38]. Equation (47) becomes
ﬁ -(1 +52—6a2ﬁ )22 + 23 +9a4ﬁ z* + a2’ = 0.
This black hole has two solutions for 3 < f3,,., and
only the one with a larger horizon radius is stable.
The horizon radius is 74 = crp and the temperature

drry (14 6a%r2 + 9atrd )z 1
= goes to zero as

a? B

B — OO.
VII. CONCLUSIONS

We have studied the thermodynamics of the
global monopole AdS black hole in York’s formalism.
In the grand canonical ensemble where the tempera-
ture and the global monopole potential are fixed at the
boundary with a finite radius, we have found one or
two black hole solutions, depending on the boundary
conditions and the value of the cosmological constant.
In general, when there are two solutions, only the
black hole with a larger event horizon radius is stable;
the other is unstable. For the fixed global monopole
potential, the radius of the thermodynamical equilib-
rium region becomes smaller as the temperature of
the black hole becomes higher. For the fixed tem-
perature of the black hole, the radius of the thermo-
dynamical equilibrium region becomes smaller as the

We also

found that the negative cosmological constant makes

global monopole potential becomes higher.

the temperature of a stable black hole higher, and the
global monopole potential makes the temperature of
a stable black hole lower.

References

[1] Frolov V P and Fursaev D V 1998 Class Quantum Grav.
15 2041

[2] Solodukhin S N 1995 Phys. Rev. D 51 618

[3] Fursaev D V 1994 Class. Quantum Grav. 11 1431

[4] Cognola G, Kirsten K and Vanzo L 1994 Phys. Rev. D 49
1029

[5] Jing J L and Yan M L 1999 Phys. Rev. D 60 084015

[6] Jing J L and Yan M L 2000 Phys. Rev. D 61 044016

[7] Jing J L and Yan M L 2000 Phys. Rev. D 62 104013
[8] Jing J L and Yan M L 2001 Phys. Rev. D 63 024003
[9] Jing J L and Yan M L 2001 Phys. Rev. D 63 084028
[10] Wang L F and Zhu J Y 1999 Chin. Phys. 8 109
[11] Luo J Z and Zhu J Y 1999 Acta Phys. Sin. 48 395
[12] Li C A 2001 Acta Phys. Sin. 50 986
[13] Zhao Z and Zhu J Y 1999 Acta Phys. Sin. 48 1558
[14] Hartle J B and Hawking S W 1976 Phys. Rev. D 13 2188



No. 11

Thermodynamics of global monopole anti-de-Sitter black hole in ...

1079

(15]

[16]

(17]
(18]
(19]

(20]
[21]
(22]

(23]

Hawking S W 1979 General Relativity: An Einstein Cen-
tenary Survey ed S W Hawking and W Israel (Cambridge:
Cambridge University Press)

Gibbons G W and Hawking S W 1977 Phys. Rev. D 15
2752

Hawking S W 1976 Phys. Rev. D 13 191

York J W 1986 Phys. Rev. D 33 2092

Brown J D and York J W 1976 The Black Hole 25 Years
After ed C Teiteboim and J Zanelli (New York: Plenum)
‘Whiting B F and York J W 1988 Phys. Rev. Lett. 61 1336
Whiting B F 1990 Class. Quantum Grav. 7 15

Braden H W, Brown J D, Whiting B F and York J W
1990 Phys. Rev. D 42 3376

Brown J D, Creighton J and Mamn R B 1994 Phys. Rev.
D 50 6394

Louko J and Winters-Hilt S N 1996 Phys. Rev. D 54 2647
Peca C S and Lemis J P S 1999 Phys. Rev. D 59 124007
Jing J L 2000 Chin. Phys. 9 389

Jing J L 1997 Chin. Phys. Lett. 14 495

Jing J L 1997 Chin. Phys. Lett. 14 81

Chen J H, Jing J L and Wang Y J 2001 Chin. Phys. 10
467

Bose S, Parker L and Peleg Y 1997 Phys. Rev. D 56 987
Callen H B 1985 Thermodynomics and Introduction to
Thermo-statistics (New York: Wiley)

Hawking S W and Page D N 1983 Commun. Math. Phys.
7 577

Page D N 1992 Black Hole Physics ed V D Sabbata and
7 Zhang (Dordrecht: Kluwer Academic)

Barriola M and Vinlenkin A 1989 Phys. Rev. Lett. 63 341
Dadhick N, Narayan K and Yajnik U A 1997 Schwarzchild
Black Hole with Global monopole Charge Report No
IUCAA-20197

York J W 1985 Phys. Rev. D 31 775

Hawking S W 1975 Commun. Math. Phys. 43 199

Bekenstein J D 1973 Phys. Rev. D 7 2333



