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Abstract We present a cylindrically symmetric solution,
both charged and uncharged, which is known as a black
string solution to the nonlinear ghost-free massive gravity
found by de Rham, Gabadadze, and Tolley (dRGT). This
“dRGT black string” can be thought of as a generalization
of the black string solution found by Lemos. Moreover, the
dRGT black string solution includes other classes of black
string solution such as the monopole-black string ones since
the graviton mass contributes to the global monopole term
as well as the cosmological-constant term. To investigate the
solution, we compute mass, temperature, and entropy of the
dRGT black string. We found that the existence of the gravi-
ton mass drastically affects the thermodynamics of the black
string. Furthermore, the Hawking—Page phase transition is
found to be possible for the dRGT black string as well as the
charged dRGT black string. The dRGT black string solution
is thermodynamically stable for r > r. with negative ther-
modynamical potential and positive heat capacity while it is
unstable for r < r, where the potential is positive.

1 Introduction

In general relativity (GR), where the corresponding gravi-
ton is a massless spin-2 particle, is the current description
of gravitation in physics and has importantly astrophysical
implications. One of the alternating theory of gravity, which
follows a very simple idea of generalization to GR, is known
as massive gravity where interaction terms, corresponding to
graviton mass, are added into GR. The result of such an intro-
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duction is that the model of gravity is modified significantly
at a large scale so that, from the cosmological point of view,
a system like our universe can enter the cosmic accelerating
expansion phase. Not only that; the gravity at smaller scale is
not altered much by such a modification to ensure the same
predictions as GR makes.

However, adding generic mass terms for the graviton on
given background usually brings about various instabilities
and ghosts for the gravitational theories. To avoid the appear-
ance of the ghost in massive gravity suggested by Boulware
and Deser [1], the set of possible interaction terms is con-
structed accordingly by de Rham, Gabadadze and Tolley
(dRGT) [2,3]. In particular, the interaction terms are con-
structed in a specific way to ensure that the corresponding
equations of motion are at most second order differential
equations so that there is no ghost field. The allowed inter-
action terms for the four-dimensional theory consist of three
kinds of combination; the quadratic, the cubic, and the quar-
tic orders of the metric. Unfortunately, such nonlinearities
involve complexities in the calculation as a price to pay for
eliminating the ghost and usually make it cumbersome to find
an exact solution. Nevertheless, there have been plenty inter-
esting approaches to tackle the complexity to obtain spheri-
cal symmetric solutions in massive gravity theories [4-26].
In particular, it was found by Vegh [4] that a spherically
symmetric black hole with a Ricci flat horizon is a solution
to the four-dimensional massive gravity and then the solu-
tion was studied in the aspect of thermodynamical properties
and phase transition structure [5,6]. The spherically symmet-
ric solutions for dRGT were also considered in [9,10]. The
extension of the solution in terms of electric charge was found
in [11,12]. Moreover, the bi-gravity extension of the solution
was found in [13] which covers the previously known spher-
ically symmetric solutions (see [14—16] for reviews on black

@ Springer


https://core.ac.uk/display/206151842?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://crossmark.crossref.org/dialog/?doi=10.1140/epjc/s10052-017-5426-0&domain=pdf
mailto:l\protect _tannukij@hotmail.com
mailto:pitbaa@gmail.com
mailto:sgghosh@gmail.com

846 Page2of8

Eur. Phys. J. C (2017) 77:846

holes in massive gravity). Recently, other extensions of the
dRGT massive gravity solution were explored [27-36].

In astrophysics, it is commonly known that black holes
can be created by the gravitational collapse of massive stars.
However, the famous Thorne [37] hoop conjecture states that
gravitational collapse of a massive star will yield a black hole
only if the mass M is compressed to a region with circum-
ference C < 4w M in all directions. If the hoop conjecture
is true, cylindrical matter will not form a black hole. How-
ever, the hoop conjecture was given for a spacetime with
a zero cosmological constant. When a negative cosmolog-
ical constant is introduced, the spacetime will become an
asymptotically anti-de Sitter spacetime. Indeed, Lemos [38]
has shown a possibility of cylindrical black holes from the
gravitational collapse with cylindrical matter distribution in
an anti-de Sitter spacetime, violating in this way the hoop
conjecture. This cylindrically static black hole solutions in
an anti-de Sitter spacetime are called black strings. The pio-
neering work on the black string is due to Lemos [39-41],
and soon its charged and rotating [42] counterpart were also
obtained.

The main purpose of this paper is to present an exact black
string solution, including its generalization to the charge case
in dRGT massive gravity, and also to discuss their thermody-
namical properties with a focus on thermodynamic stability.
The possibility to obtain a Hawking—Page phase transition is
explored. We use units which fix the speed of light and the
gravitational constant via G = ¢ = 1, and use the metric
signature (—, +, +, +).

2 dRGT massive gravity

In this section we review an important ingredient of dRGT
massive gravity theory, which is a well-known nonlinear gen-
eralization of a massive gravity and is free of the Boulware—
Deser ghost by incorporating higher order interaction terms
into the Lagrangian. The dRGT massive gravity action is the
well-known Einstein—Hilbert action plus suitable nonlinear
interaction terms as given by [3]

1
S = /d4x =2 3[R +m} U ). (1)

where R is the Ricci scalar and ¢/ is a potential for the graviton
which modifies the gravitational sector with the parameter
m, interpreted as the graviton mass. The effective potential
U in four-dimensional spacetime is given by

Ug, o) = Uz + a3lhs + aalhs, (2)

where a3 and a4 are dimensionless free parameters of the
theory. The terms U», U3 and Uy can be written in terms of
the physical metric g,,,, and the reference (or fiducial) metric

Sfuv as
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U = K] — [K?], 3)
Us = KPP = 3[KIK] + 20K, )
Uy = [K1* — 6[K1P[K2] + 8IKIIKC3] + 3[K21* — 6[K*],

)
where

Ky =8l — /g fuvs (6)

where the rectangular brackets denote the traces, namely
[K] = Kl and [K"] = (K™)};. Note that we choose the uni-
tary gauge in our consideration [4]. One can see that there
are no kinetic terms for the fiducial metric. It seems to play
the role of the Lagrange multiplier to help us to construct the
suitable form of the mass term. Conveniently, we redefine the
two parameters o3 and o4 of the graviton potential in Eq. (2)
by introducing two new parameters « and g, as follows:
o—1 B 11—«

, = — . 7
3 ay 4+ B @)

a3 =

The equation of motion of the theory can be obtained by
varying the action with respect to the dynamical metric g,
as

G/w + méxuv =0, 8)

where X, is obtained by varying the potential term with
respect to g, known as the effective energy-momentum ten-
sor. This effective energy-momentum tensor can be written
explicitly as

U
Xy = Ky — Kguy — @ (wa — KK + {guv)

u U
+38 (/cfw - KK, + TZIC,W - ?38;11)) )

and it obeys a constraint by using the Bianchi identities as
follows:

VX, =0, (10)

where V# denotes the covariant derivative which is compat-
ible with g,,,. In the next section, we will find the solution
to this equation of motion by imposing the static and axial
symmetry.

3 Black string solution in dRGT massive gravity
In this section, we will look for a static and axially symmet-

ric solution of the modified Einstein equations (8) with the
following physical metric ansatz:

2
ds? = —n(r)dt®> + 2d(r)dtdr + % + L(r*de?, A1
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and with the Minkowski flat fiducial metric,

ds? = —dr? + dr? + r2d2>. (12)

Here d2? = d¢? + ocgdz2 is a metric on the 2-D surface.
The 2-D surface is chosen to be compatible with the black
string solution [40,43]. The solutions in this ansatz can be
classified into two branches: d(r) = 0 or L(r) = lyr, where
lp is a constant, in terms of the parameters o and 8 as

<a+3ﬁj:\/m>
20+38+1 '

From this stage, it is convenient to investigate the branch
d = 0. Even though we choose to investigate the sim-
ple branch, the equation is still difficult to investigate ana-
lytically. Since the fiducial metric seems to play the role
of a Lagrange multiplier to eliminate the BD ghost, one
can choose an appropriate form to simplify the calculation.
Indeed, the suitable form of the fiducial metric significantly
provides the analytical form of the physical metric, for exam-
ple [4] for a spherically symmetric solution and [44] for a
cosmological solution. In the present work, we choose the
fiducial metric to be

lo = (13)

fuv = diag(0, 0, h(r)?, a7h(r)?), (14)

where A (r) is an arbitrary function. The line element of the
corresponding physical metric in this branch can be written
as

dr?

f)

From this ansatz, the components of the Einstein tensor can
be written as

ds? = —n(r)d? + + L(r)*d>. (15)

_ Lf/L/+2fLL//+f'L/2

G! e (16)
fL (nL'+ Ln’)
G =", {17)
GV G — nf' (2nL'+Ln') + f (4n>L"+2nL'n'+2Lnn"—Ln"*)
L 4Ln? '
(18)

Computing the effective energy-momentum tensor in Eq. (9)
with this ansatz, the tensor X ,,, can be written as

thxrzhocif_ﬂ—tha hayQL—h) 3L —2h
PO Lag L L2ay L
3hoy(L —h)  3(L—h)
p(F - ) (19)
h 2h 3h
X = ﬂ—3+a< s —3)+,3< it —3),
Log Layg Loy
(20)

_ (h=3L _a@h-3L) 3p(h—L)
xg_(L+L+L).(21)

By substituting these components into the modified equa-
tion in Eq. (8) and then using the equations for the (¢, ¢) and
(r, r) components, we found the constraint

i(f”) _o.
dr n

In order to obtain the black hole solution with f = n, the
function L () mustbe proportional to r. Therefore, we can set
L = r for the following investigation. By using this setting,
we have only two independent functions, f and /. The two
independent equations for these two functions are the con-
servation of the energy-momentum tensor in Eq. (10) and the
(¢, t) component of the modified Einstein equation in Eq. (8),
which can be expressed, respectively, as

W (r(142a+3B)(af +ag) —2hay(a+3p)) _

(22)

ogr? 0,
(23)
rf'+ f . 2fhay 3r—h
2 S\ agr r
har2r —h 3r —2h
+a< 7( - ) 3r )
ol r
3har(r—h) 3(r —h)
+ﬁ( I )) (24)
ogr r

From Eq. (23), two exact solutions of & can be written as

hr) = r(1+42a +3B8)(ay +ay)
2a ¢ (a +3P)

h(r) = hg = constant,

, (25)
(26)

and with these solutions of 4 (r), Eq. (24) admits the follow-
ing two solutions:

m2(1+ot+0l2—3/3) b
N LT 2
fl(”)—( 3@ 13p) re——, 27

f)=—2 4 m? ((1 +o+ p)r?
agr

—ho(1 + 20 + 3B)r + hi(« +3,3)), (28)

where b is an integration constant. Note that we have used
the component (¢, ¢) of the modified Einstein equation in
Eq. (8) to obtain the constraint o y = a. The first solution in
Eq. (27) coincides with the black string solution in general
relativity [39,40,43] with an effective cosmological constant
A as
2 2
ms (1 +a+a—38
A=-—-% ( ). (29)
3(a +38)
Note that in [39,40,43], the constant a§ is chosen to be Dl§ =
—A/3, and
5 mé (I4+a+a®—3p)

T @t (30)

@ Springer



846 Page 4 of 8

Eur. Phys. J. C (2017) 77:846

[
T
1

f@r) o

r

10 T T T T T

—-10n
0

Fig. 1 The left panel shows the horizon structure of the AdS solution for specific values of the parameters where a2, = 4, co = 6, ¢| = 5. The
right panel shows the horizon structure of the dS solution for the value of the parameters as a2, = —4, ¢y = —3, ¢ = |

The integration constant b can be obtained by using the
solutions in the Newtonian limit which can be expressed as
b = 4M, where M is the ADM mass per unit length in z
direction. Mathematically, the solution (27) is exactly the
same as the one in general relativity which is already widely
investigated. Moreover, its charged and rotating counterparts,
and their properties including thermodynamics, have also
widely been investigated [37-42]. Although the solution (27)
coincides mathematically with that of Lemos [39,40,43],
the dRGT solution naturally generates the cosmological-
constant-like term from the graviton mass while for Lemos’
black string solution [39] the cosmological constant is intro-
duced by hand. Hence, the properties of the solution (27)
can be analyzed as in the previously mentioned cases, and
hence we shall not address them here. The second solution in
Eq. (28) is new. We can redefine the variables and parameters
as follows:

aM
@) = ot,znr2 - — = a,znclr + a,znco, 3
agr
where
ho(1 +2a 4+ 38)
2 2
= 1 5 = 0
o, =my (1 +a+p) I +atp
h? 3
= M. (32)
l+a+8

The solution in Eq. (31) is an exact black string solution
in dRGT massive gravity which, in the limit ;, = o, and
co = c1 = 0, naturally goes over to Lemos’ [39] black string
in general relativity. Henceforth, for definiteness, we shall
call this massive gravity solution (31) a dRGT black string.
In particular, it incorporates the cosmological-constant term
naturally in terms of the graviton mass m, which should not
be surprising since the graviton mass serves as the cosmolog-
ical constant in the self-expanding cosmological solution in

@ Springer

massive gravity. The graviton mass also generates a constant
term which is known as the so-called global monopole term.

It is important to note that the strong coupling scale of
the dRGT massive gravity theory is A3 = (miM p)'/3. This
is fixed by the construction of the mass terms of the theory
[45], which may not be obvious from the action in Eq. (2).
However, this scale can be simply seen through this solu-
tion. From this solution, the nonlinear scale known as the
Vainshtein radius can be written as

M 1/3 < M )1/3 1 (33)
ry = = —
v Oégmlzg agMp; A3

The parameter M is dimensionful with mass per unit length
scaled by ozg’l. Therefore, M /a, is the mass of the black
string. By taking the values within the solar system and
mg ~ H,one found thatry ~ 10'%km > A3_1 ~ 103km. In
particular, this indicates that we do not have to worry about
the strong coupling issue in dRGT massive gravity for a sys-
tem of scale below A3 (or of length scale beyond ~ 103 km).
The same situation also occurs in the spherically symmetric
case [45].

One can see that the horizon structure depends on the sign
of a2 .If a2, > 0, corresponding to an anti-de Sitter-like solu-
tion, the maximum number of horizons is three. If 0131 < 0,
corresponding to de Sitter-like solution, the maximum num-
ber of horizons is two. The generic behavior of the horizon
structure is shown in Fig. 1. This solution modifies the black
string solution in general relativity with cosmological con-
stant [39] by the three parameters cg, ¢ and a,zn.

3.1 Thermodynamics of dRGT black string

Now, we analyze the thermodynamics of the new dRGT black
string (31). By definition, the horizons are zeros of f(r;) =
0. Depending on the parameters, there may exist up to three



Eur. Phys. J. C (2017) 77:846

Page 5 of 8 846

real roots. The horizon radius (r4) and black string mass
(M) are related via

1
My = Zaalr (r_{ ey + co) . (34)

The mass M depends on the parameters cq, c1, 0‘31 and ozg.
To have a positive definite mass, one may require the term
a,znr+ (r_%r —cir+ + co) to be positive. Such a consideration
yields the following conditions:

a2 >0, ¢t —4cy<0. (35)

m

The second condition is obtained from the requirement that
r42_ — c1r+ + co cannot be factorized so that, including the
condition o, > 0, the term a2 ry (r3 — ciry + co) will
be positive definite. The Hawking temperature of the dRGT
black string can be obtained by using T = «/(27), where
k = f'(r)/2],=r, is the surface gravity of the black string.

As aresult, the temperature can be written as

2
o 2
T, = 47'[nr1+ (3}’+ —2ciry + co) . (36)

We can determine a condition for a positive definite temper-

ature by using the same procedure as we did for the mass.
Consequently, we obtain

c% — 3¢y < 0. 37

These positivity conditions for both the mass and the temper-
ature can narrow down the parameter space. The minimum
temperature can be found at 7y = /co/3. At this point, the
temperature can be written as

2
o
Tin = 5™ (V3o —ar). (38)

The square root of cg is well defined through the conditions
in Eq. (35) and/or in Eq. (37). Next, we can find its entropy
via the first law of thermodynamics, dM = T..dS; it reads

1 5 A
S=§7T0lg7+=z, (39)
A= 2nang2r, (40)

and it turns out to satisfy the area law. Now we find the
thermodynamical stability of the black string. For the local
thermodynamical stability, we find the heat capacity of the
system, which can be expressed as

dT 3rt — o

C— (Td_S> _ mxgri (3ri —2cir4 + co). @
r=rq

There exists a minimum temperature; C diverges at that tem-

perature, where the corresponding radius obeys r = /co/3.

Moreover, the heat capacity is negative when ry < /co/3

and positive when r > +/co/3. This suggests that the local

thermodynamical stability of the black string requires the
condition 7, > +/co/3. Apart from the local one, the global
thermodynamical stability can be analyzed by considering
the Helmholtz potential

F=M-TS (42)

2
OlgOl ry 2
= —8m (C() — r+) . (43)

The black string will be stable if the Helmholtz potential is
negative. Thus, the global thermodynamical stability condi-
tion can be expressed as

re > re = Jao. (44)

Note that this condition also satisfies the local stability condi-
tion. As aresult, the Hawking—Page phase transition, the tran-
sition from the hot flat space state to the black hole or black
string state [46], occurs at the critical point, r4 = r. = /co.
It is interesting to note that the phase transition can be real-
ized only for the asymptotic AdS solution. Moreover, the
existence of the phase transition depends only on the gravi-
ton mass. This can be seen clearly when we consider the
case ¢; = cg = 0. In this case, the Helmholtz potential does
not change sign, which means that the Lemos black string is
always thermodynamically stable.

4 Charged dRGT black string

Even though the astronomical objects are neutral, the charged
black holes are intensively investigated. For spherically sym-
metric solutions, the charged black hole is a useful toy model
since the structure of the horizon usually differs that of the
neutral one in a quite drastic way. Moreover, study of ther-
modynamics of the charged black holes can be significantly
extended, since it usually involves an open system such as a
grand canonical system where the charge can play the role
of the chemical potential. In this section, we extend our con-
sideration by adding the electric charge to the theory. As a
result, the action can be obtained by adding a gauge field
term as follows:

1 a 1 v
S:/d4X\/_g[§ |:R+m§u(gv¢ ):I_E HVFMsz

(45)

where F),, = (VMAU — VVA#), A, = (a(r),0,0,0) and
a(r) is an arbitrary function. By using the same procedure as
in the non-charged case, the solutions still can be divided into
two branches according to Egs. (25) and (26). The equations
of motion of the electric field, the Maxwell equations, provide
the constraint to the function a(r) of

@ Springer
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a(r) = -~ (46)
agr

where y is an integration constant. In order to reduce the the-
ory to the electromagnetic theory in flat spacetime, the inte-
gration constant can be written in terms of the linear charge
density, g, in the z direction as y2 = 4¢°. By solving the
modified Einstein equations, the solutions for both branches
can be written as

FD = (_mg (I+a+a?- 3,3)) P

3(a + 3B)
b Y2
oy T ap “n
f@0)=3£——li+wﬁQl+a+mﬂ
2 agrz ol 8
—h“1+2a+3mr+haa+3m). 48)

As we have mentioned before, we will focus on the second
branch of the solutions which can be written in terms of the
parameters in Eq. (32) as
4M  4q?
2.2 2 2
— — . 49

o T e Tomar tameo (49
The solution (49) is the charged dRGT black string solu-
tion. The linear mass density M can be expressed by solving
f(ry) =0 as follows:

2

MD = lagoz,znu (rJzr —ciry + co> + L (50)
4 Qgry

For a charged dRGT black string, it can be treated as two

kinds of thermodynamical systems; grand canonical and

canonical systems. We will separate our considerations into

the two following subsections.

4.1 Grand canonical black string

In this aspect of treatment, a charged dRGT black string is
considered to be an open system where charge transfer or
creation/annihilation are allowed. The energy gain/loss from
the increase/decrease of charge is determined by the chemical
potential,

2
=L, (51)
otgr

evaluating at the horizon. The charged dRGT black string
mass and the Hawking temperature can be written as

1 I
M = ooy (r} =iy + o) + gaerin’, (52)

ot,%l (3& —2ciry + co) — ,u2

(9)
T =
G 47'rr+

(53)

@ Springer

The positive definite of both mass and temperature can be
found by following the same step as done in the non-charge
case. As a result, the condition can be expressed as

2

a;>0,c%—3Q@—55)<0. (54)
m

From these thermodynamic quantities, one found that they

satisfy the first law of thermodynamics and the area law in

which the entropy of the charged dRGT black string in the

grand canonical system can be written as

, A
Tagry = —. (55)

@
Sg = 1

1
2
For the thermodynamical stability of the system, one can
proceed finding the heat capacity and the Gibbs potential.
By following the same strategy as done in the non-charge
case, the heat capacity and the Gibbs potential can be found
as

C(‘]) — (T§> _ ﬂagrf_ [O{%l (3}’_2‘_ — 2C1r+ +C0) — /"'2]
¢ N, P e S
(56)
@ = - - = _& 2 2 2
GYV=M-TS—uQ = 3 [am (r+ CO>+M ] (57)

The thermodynamical stability conditions can be found by
requiring C g] ) > 0and G@ < 0. The resulting condition
can be expressed as

2
Fy > T = (co — “—2> (58)

am

This suggests that it is possible to obtain the Hawking—
Page phase transition for charged dRGT black string in mas-
sive gravity theory, when considered in the grand canonical
aspect. Note that this phase transition cannot be provided by
using a Lemos black string solution. This issue can be seen by
setting ¢; = ¢o = 0, from which it turns out that the Gibbs
potential is always negative for AdS solution while the dS
solution does not satisfy the requirement of positive definite
of the charged dRGT black string mass and temperature.

4.2 Canonical black string

For the canonical aspect of the black string, charge transfer or
charge creation/annihilation are not allowed. The Hawking
temperature can be found as

@ _ 1

¢ 4rry

42
52}. (59)
otgr+

From this expression, we found that one of requirements to
obtain the positive definite of the black string temperature is

|:ail (31& —2ciry + co) —
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oz,zn > (. This corresponds to the asymptotic AdS solution. By
following the strategy as done before, we found that the sys-
tem still obeys the first law of thermodynamics and the area
law in which the entropy of the black string can be written as
1 , A

C :ETCOlgr_i_Zz. (60)
For the stability issue of this thermodynamic system, the local
stability can be analyzed by considering the heat capacity
which can be found as

4 2
magrt I:ot,zn (3}’_%r —2cir4 + o) — Otﬁqrii|

(q)
¢’ = o (61)
ot‘gr?F

a3 (312 —co) +

By using Téq) > 0, the positivity of the heat capacity will be
guaranteed by requiring

14442 v
o> |24 1- o (62)
6 agogcg

The Helmholtz potential of the system can be written as

2

Aglrt | 5 (2 12¢q

F@ = ——g |%m <r+ - co) — 7| (63)
g+

To investigate the global thermodynamical stability, one

requires that F@ < 0. The condition turns out to be as

follows:

1/2
1442 1"

2 )

(64)
alacg

ry>re= |co |14+ |1+

which is stronger than the one for the local stability condi-
tion. This suggests that, for the canonical system, it is pos-
sible to provide the Hawking—Page phase transition for the
charged black string in massive gravity theory. However, for
this system, the AdS black string solution can also provide
the phase transition. This can be seen by setting c; = ¢o = 0,
from which it turns out that the phase transition occurs when
2 29

r =
+ 3022
3otmccg

5 Concluding remarks

The dRGT massive gravity describes nonlinear interaction
terms as a generalization of the Einstein—Hilbert action when
the graviton is massive. It is believed that dRGT massive
gravity may provide a possible explanation for the accelerat-
ing expansion of the universe that does not require any dark

energy or cosmological constant. In this paper, we have pre-
sented a class of black strings, both charged and uncharged,
in dRGT massive gravity where the effective cosmological
constant is negative, and we studied the thermodynamics and
phase structure of the solutions in both the grand canonical
and the canonical ensembles. The black string obtained is
immensely simplified due to the choice of the fiducial metric.
As expected the solution contains the Lemos solutions [39]
as a particular case. Our dRGT black string solution can be
identified, e.g., as a monopole-black string of general relativ-
ity for a suitable choice of the parameters of the theory where
the graviton mass in massive gravity naturally generates the
cosmological constant and the global monopole term.

We have also analyzed the thermodynamical properties of
the dRGT black string solution. The thermodynamic quan-
tities have also been found to contain corrections from the
graviton mass except for the black string entropy which is
unaffected by massive gravity and still obeys the area law. By
analyzing the thermodynamical properties of the black string
solution, we found that it is possible to obtain the Hawking—
Page phase transition in the dRGT black string case, while
this is not possible for Lemos solution. The conditions to pro-
vide such a transition were explored. In fact, we determined
the phase transition in both charged and non-charged case by
analyzing the sign of the potential at r = r., with the stable
(unstable) branch for r > (<)r..

The results presented here are a generalization of previous
discussions of Lemos [39—41], on the black string, in a more
general setting. The possibility of a further generalization of
these results to higher dimensions is an interesting problem
for future research. The rotating dRGT black string solution is
also interesting, since most astronomical objects are rotating.
We leave this investigation for further work.
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