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Annotation

The thermodynamic properties of the Horava-Lifshitz black hole are investigated
with new and simple methods. Hawking radiation and the life time of Horava-
Lifshitz black hole has been studied. An exact analytical expression for the
Bekenstein-Hawking’s entropy, the temperature and specific heat capacity have
been found. Time dependence of thermodynamic quantities of black hole has been
studied
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Introduction

Combining the Einstein’s theory of relativity with quantum mechanics or obtaining a
theory of quantum gravity (QG) remains an unsolved problem in physics. Several
attempts have been made in this regard [1]. In 2009 Peter Horava proposed his theory
for QG which is based on the explicit violation of local Lorentz invariance [2]. This
model is, higher order gravity model and degenerates into the General Relativity (GR)
at large distances.

Nowadays the Horava-Lifshitz gravity theory has been widely investigated. For
example, [3] the authors investigated the Dirac quasinormal modes of the black hole.
And in [4] authors studied the Quantum Gravity effects on HLG model. Some static
spherically symmetric black hole solutions have been obtained in the HL gravity
theory [5]-[7]. Also 2D black holes with vanishing horizon area are discussed in
references. [8]-[11].

Thermodynamics of different black holes with hyperscaling violation are studied in
the references [10]-[11]. Recently the stability and Hawking-Page phase transition of
the massive black holes with energy dependent spacetime are studied [12]-[14].

In this paper, we have studied the Hawking radiation and life time as well as the
thermodynamic properties of the Horava-Lifshitz black hole with simple methods.
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The paper is organized as follows. Section 2 is devoted to the study of the Hawking
radiation and life time of Horava-Lifshitz Black hole. In section 3, we present the basic
equations for the description of the black hole thermodynamics in the Horava-Lifshitz
garaity. The summary of the obtained results is reported in section 4.

Throughout the paper we employ the convention of a metric with signature (-,+,+,+).
We use units in which G=c=#7=k=1, but we restore then when we have to compare our
findings with observational date.

Hawking Radiation and Life Time of Horava-Lifshitz Black Hole

In this section we study Hawking radiation and life time Horava-Lifshitz black hole
and evaluate the effect of the »free parameter on the life time of the Horava-Lifshitz
black hole. Before studying Hawking radiation, we need to determine the temperature
of the black hole. In the spherical coordinates (r6,0) the spacetime metric for a

spherical symmetric, static Horava-Lifshitz black hole is given by [15]

ds? =—f (r)dt? +%dr2 +r?(d6’ +sin#*dgp?) (1)

£(r) =1+a)r{l— /1+4—M3}, (2)
wr

Where M is the total mass of black hole and «is a free parameter that regulates the
ultraviolet behavior of the theory.

When taking into account the quantum properties of light (which were so far ignored),
Hawking discovered in 1974 that newly formed black holes are not black [16]. Indeed,
he found that they spontaneously emit a steady thermal flux of radiation at a
temperature given by

with

kT, =ho (3)
and he showed that temperature is would be
hc?
T = gk, GM (4)

But the equation (4) does not determine the relationship between temperature and
another parameter of black holes. Therefore, we use from the temperature of the black
hole (Hawking temperature) which can be evaluated via the surface gravity method at
the horizon for determined the relationship between temperature and ofree
parameter of the Horava-Lifshitz black hole:

1dg
Th =:—Z, Ks :Ed_rn (5)

where«, is surface gravity factor andr is the radius of the outer horizon of the black
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hole. The radius of an outer horizon of Horava-Lifshitz black hole can be calculated

by condition, i.e. f(r)=0, that is
1
r+-M{1+ /1—2(0M2}£2M, (6)

which is further than Schwarzschild radius. Recalling equation (5) Hawking
temperature over the surface of the Horava-Lifshitz black hole can be

‘ B=0.5
010} /"A 1.0

e e
Log{M]
Figure 1.The dependence of the temperature of the Hotava-Lifshitz black hole on its mass, for
different values of the parameter # =1/ oM Z

T, iﬁ[u[lﬁj[\/nsziﬁﬁ 1—£J ]>L, (7)
27M B Yij B\ 2 87M

where we used following notation
- , B | _1
A=1+]1 5 Z oM?’ (8)

In fig.1 shown that the dependent of the temperature on its mass. Hawking radiation
for a black hole is follows from Stephan-Boltzmann’s law for the thermal radiation of
absolute black body, i.e.

Z—'tz 0 oAT" = 4zr?oT (9)

whereos=7%/60 is the Stephan-Boltzmann constant, Ais the surface area of black hole
horizon. Given that £=m-c?and using equations (6,7) we can easily find following, i.e.

d—M;A—G{1+(1§j(J1+32A+§ 1—£]
dt  240zM?* p* B B\ 2

(10)
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From equation (10), we can determine the relationship between life time and free

parameter of black hole:
— T VI 2F + _E 8 f - | N

by assuming that p=1/oM? =const is constant, we can determine the lifetime of the
Horava-Lifshitz black hole, by calculating the integral (11).

T=2407Z’M3ﬂ—: 1+[1—§] \/1 32£+E 1—3 (12)
A B g B

where we used following notations

14 B __1
A=lep-f, pe—r, (13)

In fig. 2 shows the graph of the life time of the Horava-Lifshitz black hole for various
values of the parameter p-1/0M?, depending on its mass.Note that case the general
relativistic limit of life time takes the standard value as obtain in ref [16]

7, = limz =51207M* (14)

W—>0

For small parameter g=1/oM? of life time of Horava-Lifshitz black hole takes as aform

r= ro(1+121/3 —/32 Z_)zﬂj +o(B)" (15)

which shows that the life time of Horava-Lifshitz black hole will be shorter with
increasing of the parameter (p=1/oM?).

Thermodynamic Properties of Horava-Lifshitz Black Hole

In this section we briefly study thermodynamic properties of the Horava-Lifshitz black
hole. The surface of an outer horizon can be found as A=4zr’>. Once we have the surface
of the horizon then area entropy of black hole can be easily calculated as

2
s= A _m?1s /1— L > | <4zM?, (16)
4r 20M

According to the definition of the value of the free energy F=m-Ts of the
thermodynamic system one can have

F= M-%%{1+(1-%j[J1+3zﬂi+% 1—£Jl], (17)
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Figure 2. The dependence of the lifetime of the Hotava-Lifshitz black
hole on its mass, for different values of the parameter 3 =1/ @M ?.
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Figure 3. Dependence of free energy of the Hotava-Lifshitz black hole on its f =1/ oM 2
parameter, for different values of the mass.

Absence of p=1/oM® parameter one can obtain F=m/2 that is free energy in

Schwarzschild spacetime. Figure 3 shows dependence of the free energy from the
p=1oM* parameter.

Now we consider the specific heat capacity of the Horava-Lifshitz black hole.
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Considering the following dg=c’dm and in a system of geometrical units ¢?=c =1

C:d_Q:d_M:—Zﬂ:Mﬁ 1+(1+§j \/1+32A2+§ 1—£ ) (18)
A yij B

MdT ~ MdT A

Figure 4 shows dependence of the specific heat capacity of Horava-Lifshitz black hole
from the p-=yoM? parameter.

M=10"(gr)
M=10"(gr)
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Figure 4. Dependence of the module specific heat capacity of the Horava-Lifshitz
black hole on its mass, for different values of the =1/ @M ? parameter

Conclusions

In this paper thermodynamic properties of the black hole, in the Horava-Lifshitz
gravity model in particular the Hawking radiation and evaporation of the Horava-
Lifshitz black hole have been studied. Our main results can be summarized as follows:
We have studied the thermodynamic properties of black hole in the Horava-Lifshitz
gravity model. In the presence of the free parameter that regulates the ultraviolet
behavior of the theory, an exact analytical expression for the thermodynamic
quantities such as the temperature, entropy, heat capacity and free energy have been
found.

We have also studied the Hawking radiation and the life time of Horava-Lifshitz black
hole. It is argued that at small values of the () parameter, the Horava-Lifshitz black
hole temperature is increased, hawking thermal radiation process is accelerated and
its lifetime is shortened.
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