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Abstract

We derive the Hawking radiation power equations for black holes in asymptotically flat, asymptotically
Anti-de Sitter (AdS) and asymptotically de Sitter (dS) black holes. This is done by using the greybody
factor for these black holes. We observe that the radiation power equation for asymptotically flat black
holes, corresponding to greybody factor at low frequency, depends on both the Hawking temperature and
the horizon radius. However, for the greybody factors at asymptotic frequency, it only depends on the
Hawking temperature. We also obtain the power equation for asymptotically AdS black holes both below
and above the critical frequency. The radiation power equation for at asymptotic frequency is same for both
Schwarzschild AdS and Reissner—Nordstrom AdS solutions and only depends on the Hawking temperature.
We also discuss the power equation for asymptotically dS black holes at low frequency, for both even or
odd dimensions.
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1. Introduction

The evaporation of a black hole can be understood in terms of the black body factor and
the greybody factor. The black body factor is calculated from the probability of a particle being
created in the vicinity of a horizon, and the greybody factor is calculated from the probability
that this particle penetrates the potential barrier and escapes to infinity. The analysis of the black
hole greybody factors shows that Hawking emission from a highly rotating black hole is strongly
spin dependent, with particles of highest spin (gravitons) dominating the energy spectrum [1].
Gravitational greybody factors are analytically computed for static, spherically symmetric black
holes, including black holes with charge and in the presence of a cosmological constant [2].
In this context, the greybody factors for both asymptotically dS and AdS spacetimes can be
obtained. There are many distinct models with exact black hole solutions in literature, which
in turn implies the need for concrete calculations of the corresponding greybody factors (some
recent developments can be found in [3—14]).

These greybody factors were studied long ago in [15,16]. It is very simple to understand the
basic set-up of the calculations. It might be of some difficulty to extract exact results by such
set-up. Black holes scattering is described via linearized wave equations, which governs the
particle perturbation in the black hole geometry [17]. The equation describing particle pertur-
bations in black hole geometries, in this spherically symmetric context, can always be written
as a one-dimensional Schrodinger-like equation. The quantum Hawking evaporation of near-
extremal Reissner—Nordstrom black holes is studied recently, where the effective curvature
potential causes distortion in the familiar radiation spectrum of genuine (3 + 1)-dimensional
perfect black-body emitters [18]. The Hawking radiations of black holes in asymptotically flat,
AdS and dS spacetimes though greybody factors are subject of interesting investigations. With
the help of radiation power expression, one can compute total energy emitted as Hawking radi-
ation by multiplying the power with black hole evaporation time scale and this must be equal to
the total mass of the black hole by virtue of energy conservation. This may provide an insight to
the process of black hole evaporation.

It may be noted that we use a formalism that depends on the frequency, and it can be consis-
tently applied as the greybody factors are functions of all frequencies [2]. So, we use a form of
the greybody factor which is defined for all the frequencies. Here we note that the low energy
expression for the greybody factor for scalar fields in the background of a higher-dimensional
Schwarzschild black hole have been obtained derived in [19]. The low-energy greybody factor
for a higher-dimensional dS black hole have also been studied [20]. The emission of Hawking
radiation of higher-dimensional black holes in the bulk (greybody factors and radiation spectra)
are studied in details for the emission of scalar modes, and the ratio of the missing energy over
the visible one is calculated for different values of the number of extra dimensions [21]. The pro-
cess we consider here is the absorption of a scalar wave by a black hole. Since the scalar wave
propagates from infinity throughout spacetime, is partly reflected by the potential barrier of the
black hole, and close to horizon the transmitted wave seems as the incoming radiation into the
black hole. In fact, the greybody factor for low frequency scattering is identical to the absorption
probability of the black hole as the scattering and absorption processes are reverse to each other
and therefore we consider real frequencies at low energy. We shall mainly work with the results
of [2] for our paper, where it is shown that the leading contribution to the greybody factor, in the
low frequency limit, comes from the / = 0 mode.
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With this motivation, in this paper, we calculate the Hawking radiation power equation for
black holes in d + 1-dimensional asymptotically flat, AdS and dS spacetimes with the help of
following equation' [22,23]

pd+1 _ T—H/dwy(w)x (0

2 e —1’
0

where x = %, Ty is the Hawking temperature and y (w) represents greybody factor (the prob-
ability for an outgoing wave, in the w-mode, to reach infinity). First, we consider the greybody
factor at the low frequency limit for black holes in asymptotically flat spacetime and compute the
respective Hawking radiation power equation which depends on both, the Hawking temperature
and horizon radius Ry under different power law. Then, we derive the Hawking radiation power
equation corresponding to the greybody factor at asymptotic frequency for Schwarzschild solu-
tion and find that it depends on the Hawking temperature only and does not depend on horizon
radius. Interestingly, we observe that the radiation power equations corresponding to greybody
factors at asymptotic frequency are same for all spacetime dimensions as it does not depend on
the dimension d. In fact, it depends on Hawking temperature only with power law. Further, we
compute the Hawking radiation power equation along greybody factor at the low frequency limit
for asymptotically AdS black holes. We consider here both cases for which the frequencies are
much lower and higher than the critical frequency (at which the black hole absorbs all of the radi-
ation which is sent towards it). The radiation power equations for asymptotically AdS black holes
at asymptotic frequency are also derived for both the Schwarzschild and Reissner—Nordstrom so-
lutions which are found same and depend on the Hawking temperature only. Corresponding to
greybody factor at the low frequency, we demonstrate the Hawking radiation power equations
for asymptotically dS black holes for both even and odd spacetimes. Here, we find that the radi-
ation power equation in five-dimensional dS spacetimes depends on both the horizon radius and
Hawking temperature. In case of even spacetime dimensions, we get simpler form of it, however
it has an infinite sum series of Hurwitz Zeta function for the case of odd spacetime dimensions.
It may be noted that as the greybody factors depend on all frequencies [2], our formalism can be
applied for any given greybody factors. We have plotted diagrams also to understand the behav-
ior of the radiation power equation with respect to both the Hawking temperature and horizon
radius.

This paper is organized as following. In section 2, we compute the radiation power equa-
tion for asymptotically flat spacetimes. Specifically, we derive radiation power equation for
the black holes with the help of greybody factors at both the low frequency and asymptotic
frequency for Schwarzschild solution. In section 3, we evaluate the Hawking radiation power
equations for the asymptotically AdS black holes. Here, the radiation power equations corre-
sponding to greybody factors at both low and asymptotic frequencies for Schwarzschild solution
and Reissner—Nordstrom solution are discussed. Further, in section 4, we derive the radiation
power equation for greybody factors at low frequency only for asymptotically dS black holes in
even and odd spacetimes. In the last section, we draw conclusion with final remarks.

1 We use the unit system in which G=h=c=kp =1.
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2. Asymptotically flat spacetimes

In this section, we analyse the radiation power equation for asymptotically flat black holes.
First, we shall derive the radiation power equation for greybody factor at low frequency limit
o K Ty, wRy < 1 for Schwarzschild solution. Here, the low frequency limit precisely means
that the wavelength of the scalar wave is much larger than any of the characteristic scales asso-
ciated with the black hole. Then, we discuss the radiation power equation for greybody factor at
asymptotic frequency for the case of Schwarzschild solution.

2.1. Power equation for greybody factors at low frequency

In this subsection, we compute the radiation power equation for greybody factor at low fre-
quency. Since the greybody factor in the low frequency limit for asymptotically flat black holes
is given by [2]

d—2 pd—2
dr " Ry
2420 (5P
where Ry is the horizon radius. Here we clarify that to the above greybody factor is calculated by
assuming that the scalar wave propagates from infinity throughout spacetime, is partly reflected
by the potential barrier of the black hole, and near the horizon the transmitted radiation appears
as purely incoming radiation into the black hole. We note that, as the scattering and absorption
processes are reverse to each other, the greybody factor for low frequency scattering is identical
to the absorption probability of a black hole.

For a convenience, we change dimension d — (d 4 1)” and, hence, the greybody factor for
d + 1 dimensional black hole takes following form:

d—1 pd—1
drw’ Ry
271 (P
For greybody factor in the low frequency limit as given in (2), the Hawking radiation power
equation for asymptotically flat black holes is given by

x —1 pd—1
P(d+1)_T_H/' w4na)d 'RS; w
2-1NEP Ty —1)

y(w) =

y(w)= 2

low — 2
0

where we have utilized relation (1). After further simplification, this reduces to the following
expression:

o

Rd—l wd

d

pth - i /dw . 3)
2 Z[F(g)]zo eTn — 1

In order to solve above equation, we recall Riemann Zeta function, which is given by,

ysfl
- for Re(s) > 1. 4

1 o0
C(S)Im/dye
0

2 Throughout the paper d — (d + 1) represents that d is being replaced by (d + 1), where d stands for an arbitrary
number of dimensions.
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Fig. 1. Left: Hawking radiation power versus Hawking temperature for d =3 and Ry = 1. Right: Hawking radiation
power versus horizon radius for d =3 and Ty = 1.

To match this Zeta function with the desired integral, we replace y = % in above equation to
get,

£(s) ! ]Od ol Re(s) > 1 (5)
- " w—y .
FINCN R

Now, exploiting (3) and (5), the Hawking radiation power equation for asymptotically flat black
holes is given by

low low

where explicit form of Cl(ij Visc };’Lj D— %W
2

power equation depends on both the Hawking temperature and horizon radius with different
power law. For example, for a black hole in four dimensional spacetime, the Hawking radiation
power equation is proportional to TI‘_} and R%I. The behavior of Hawking radiation power with
respect to Hawking temperature and horizon radius can been seen from Fig. 1.

. Here we see that the Hawking radiation

2.2. Power equation for greybody factors at asymptotic frequency

In this subsection, we determine power equation for greybody factors at asymptotic frequency
for Schwarzschild solution. In order to determine the radiation power equation, we first write the
Schwarzschild greybody factor at asymptotic frequency by [2],

@
Ty — |
w

e
Y =—7.

(7

The poles of above greybody factor precisely correspond to the asymptotic quasinormal frequen-
cies. Now, using binomial theorem, we can write the greybody factor at asymptotic frequency
as

0 )n+l
n

(e%—l> (3+e%)_1=27(_; <e%—e%>. (8)

n=1
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With the help of expression (1) and greybody factor (8), the radiation power equation corre-
sponding to the greybody factors at asymptotic frequency for Schwarzschild solution takes the
following form:

nw e ¢] (n—Dw

00 Jw
dil (=1t weTn we T
Pa(v;n)—ZnZT do—g——— [ do—7G—|. ©
0 0

— eTh — 1 el — 1

In order to simplify the above integral, we can use the Hurwitz (generalized Riemann) Zeta
function® as it has the following definition:

yi=ler(i=a)

1
f(S,C])=F(S)/dy o1 for Re(s) > 1.
0

In order to match the form of above Hurwitz Zeta function integral with the radiation power equa-
tion (9), we make the following identification: y = % With such identification, the expression
of Hurwitz Zeta function results to

W~ 1 TH(l q)

Tsr() T 1

(s, q) = for Re(s) > 1. (10)

Comparing expressions (9) and (10), one can easily derive the radiation power equation corre-
sponding to greybody factors at asymptotic frequency for Schwarzschild solution as

@+1) _ (="t _ (1) T2
Pl = znZ S [P@ 1= T —T@¢ 21— =1) T}

n=1

= Ciown Tit» (1)

asym

where, coefficient Cé’f;,,ll) = % 20:1 [ )Hl €2,1—n)—¢(2,2—n))|. Here, we have
used 'n)=(m — ! for F'QR) =1!=1. Remarkably, we find that the radiation power equa-
tions corresponding to greybody factors at asymptotic frequency in any arbitrary dimensions are
same as it does not depend on the dimension d. Also, we notice that the radiation power equation
corresponding to greybody factors at asymptotic frequency depends on Hawking temperature
only with power law TIE, and does not depend on horizon radius. However, for greybody factor
at low frequency, it depends on both the Hawking temperature and horizon radius.

3. Asymptotically AdS spacetimes

In this section, we derive the radiation power equation of black hole in asymptotically AdS
spacetimes corresponding to the greybody factors at both the low frequency and asymptotic
frequency.

3 Here we note that for this type of Zeta function there are two different forms exists 1) ¢ (s, g) = 210 (a+q)~* for

g >0and?2)¢(s,q)= Zgozo[(a + q)z]_% for ¢ < 0. We also note that both are identical for Re(g) > 0.
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3.1. Power equation for greybody factors at low frequency

The greybody factor for asymptotically AdS black holes, in the low frequency regime ® < 1
is given by [2],

. 1-z@)
V(w)=1—‘— (12)
where @ = ¢ is a dimensionless variable for the frequency and quantity
R T a)dfl
z(w) = 13)

2d—1[1'*(%)]2 kzd_zR?;] ’

Now, we define =, so that we can write z(®) = aw?~!. Here note that

T .
2d71[1—(%)]2k2d’2R?{_1 .
we have used d — (d + 1) in original form (which can be derived back by using d — (d — 1)
in above expressions). For this greybody factor for asymptotically AdS black holes in the low
frequency regime (12), the radiation power equation (1) takes the following form:

T oo 2
pUth - /dw e —/dw( _Z> ———— (14)
2r eTn — 1 I+z/) 10 1
0 0
Here we see that the first integral of above expression can be solved by using (5), as a result we
get fo do—2— =T Q)T = z T” . With this simplification, the expression for radiation

—1
power (14) reads

o0 2
1 1— d—1
Pt = TH /d“)( awd—l) ; ’
12 2 J 14 ow eTn — 1

here we have utilized z = aw?~1. Now, taking aw?™! = §, the above expression can further be
simplified as follows,

d+D T 1 1
P =—T —_—
low 12 H 27 d— l)a%

w
&

Q.

l

x7d8<1 4 + 4 ) o
148 (1+6)2 o

Here, exploiting binomial expansion for (1 + 81 and (1 4+ 8)72, we find that (1 +8)~! —
148 2= ZZO: 1 (=1)"*H1ps". With this result, the above expression for the radiation power
equation reduces to,

@+ _ 42 1 1
low 12 H 2w (d 1)0501i

x/d8(1—42(—1)"+]n8”) 5 1 . (15)
0 exp[ﬁ( ]—1
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8

In order to solve above integral, we plug y = ﬁ ( -

and we have

)m in the expression of Zeta function (4),

s—d+1

1 17 5
d—1
TST(s) gaT /d‘s 1
HT®) amTd 1)) exp[L(g)dl}_l

{(s)= for Re(s) > 1. (16)

Tn

Finally, using (15) and (16), we get simplified expression for the radiation power equation corre-
sponding to greybody factor in low frequency limit as

00 Tnd7n+2

(d+1) _ (d+1) H
Frow == X; Clou k(@1 =1 (17
n=

where, céth _ 2 (=Dt L{(md —n—+2)['(nd —n +2) |. Here, the radiation
low T 2n(d71)|:r(%):|2n

power equation has an infinite sum series with terms depending on Hawking temperature and
horizon radius differently. Also, we notice that, contrary to flat spacetime case, the radiation
power equation depends on horizon radius with inverse power law.

Here, we note that there exists a critical frequency &, for which there is no reflection of
radiation for black hole i.e., the black hole absorbs all of the radiation which is sent towards it.
Alternatively, in the reverse process, i.e., for emission of radiation from the black hole, all of the
emitted radiation at critical frequency will reach the asymptotic region.

In this condition, z(@.) = 1 and critical frequency @, simplifies from (13) as [2]

2

2[r ()]
é\)c = —kRH

Td-2

Here we note that only for small AdS black holes one can achieve the critical frequency. Now,
there are two cases possible in calculation of power radiation equation for AdS black hole. Firstly,
if we now consider frequencies much lower than the critical frequency (@ << @,) and secondly,
if we now consider instead frequencies much higher than the critical frequency (@ >> @.).

3.1.1. Casel: when & << o,
In this case, the greybody factor for @ << &, is given as follows,

T c?)d_z

2-2[r (d_;)]z (kR)*=

Here we notice that the greybody factor is inversely proportional to the area of the black hole,
whereas it is proportional to w? 2. Therefore, the frequencies much lower than the critical fre-
quency is identical to @ << kRpy. This means that large AdS black holes (with kRy >> 1) are
always in a frequency regime much lower than the critical frequency. For convenience (without
loss of generality), we rewrite the above expression of the greybody factor for d — (d + 1) as,

y(®) =4z(0) =

T a)d—l

241 [r (§)] K2R

y(@) = (18)
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Fig. 2. Left: Hawking radiation power versus Hawking temperature for d = 3 and k = Ry = 1. Right: Hawking radiation
power versus horizon radius ford =3 and k =Ty = 1.

For this greybody factor, the power radiation equation (1) is given by

oo

1 1 w?

(d+1)

P = /da) — ,
low—1I 24T (%)]2 kZd—ZR;’I_l ¢

0

Ty — |

here, subscript low — I stands for low frequency in region I (i.e. ® << @.). In order to obtain
explicit expression for the power radiation, we need to solve the integral, which can be done
easily with the help of Zeta function (5). Hence, we get

P(d+1) —_ cd+D H (19)
low—1I low—1I kz(d—l)R?{_l ’

_ d+DHrd+

where the constant C'¢ " D Here we observe that the radiation power correspond-

e
ing to greybody factor for frequencies much lower than the critical frequency depends on both
the Hawking temperature with power law ~ Tf]+1 and horizon radius with power law ~ Rgl_l.

. . . i . 3 Th
In four-dimensional spacetimes, the radiation power equation reduces to Pl(oduil; =% E g%{ . The
behavior of Hawking radiation power with respect to Hawking temperature and horizon radius

can be seen in Fig. 2.

3.1.2. Case ll: when & >> @,
In this case of frequencies much higher than the critical frequency, the greybody factor for
d — (d + 1) is given by,
_ d\12 nd— _
_ 20-1[1 (4)] R 1242

T wi—1

v (&) (20)
Here, greybody factor is proportional to the area of the black hole, whereas it is instead inversely
proportional to w?~2. Here we note that this frequency regime is possible for small AdS black
holes with kRy << 1 only. Now, we follow the same procedure as discussed in case I and get
the following expression for radiation power equation:

d+1) _ ~d+1) p—d+37,2(d—1) pd—1
Prow—11 = Clon—11T s )RH . 21
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arn _ 2] i

where constant C;_ /", = Tg(—d + 3)I"'(—d + 3). Here subscript low — I stands
for low frequency in region II (i.e. ® >> @,). Remarkably, we observe that the radiation power
depends both on Hawking temperature with power law ~ T~*3 and horizon radius with power
law ~ Ri,_l. This clearly means that for four-dimensional spacetimes the radiation power de-
pends only on horizon radius and does not depend on Hawking temperature. However, for space
dimensions d # 3, the radiation power depends on temperature with different nature. For d > 3,
it depends on temperature with inverse power law and, for d < 3, it depends on temperature with
direct power law.

3.2. Power equation for greybody factors at asymptotic frequency

Remarkably, the greybody factor at asymptotic frequency for the Schwarzschild solution and
the Reissner—Nordstrom solution is same and given by [2],

y(w)=1. 22)

For this greybody factor, the Hawking radiation power equation reads,

1 o0
w
= fao
meon To _
o en —1

The above integration can be performed with the help of (5). Thus, we find the value of radiation
power equation in simplified form as

pUtD — cd+tl 72 (23)

asym asym

where the coefficient C‘%;r,,ll) = {(2;71; @ = Z Here we conclude that the radiation power equa-

tion corresponding to greybody factor at asymptotic frequency depends on Hawking temperature
only.

4. Asymptotically de Sitter spacetimes

In this section we shall find the Hawking radiation power equation corresponding to the grey-
body factor, at low frequencies, for black holes in asymptotically dS spacetimes. The greybody
factor (after considering d — (d + 1)) in this case is given by [2]

y (@) = 4h(@)(kRm) D72 = 4h(&) (kRp)" ™", (24)
where function A (@) for even (d 4+ 1) > (3 + 1) is expressed by

d+1H-2 —1

R - »? = »*

mar= 11 (1+<2n—1>2)=,[[1(1+(2n—1>2>’ @
however, for odd (d 4+ 1) > (4 4+ 1) we have,
(@+)=3 d=2

A 2 A A
h(®) = 700th< ) 1_[ < (2n)2> ?coth(?)

n=1 n=1
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Here we see that h(@®) — 1 and h(®) — 0 as @ — 0, for even and odd spacetime dimension
respectively. Now, we shall calculate the power radiation equation for the given greybody factor
by considering specific cases. For example, we shall study (a) (d +1) =4 and (b) (d +1) =6
for the even spacetimes, and (c) (d + 1) =5 and (d) (d + 1) = 7 for the odd spacetimes.

4.1. Even Spacetimes case l: (d +1) =4

In this case, the function (@) (25) leads to

~ A2 w?

hw)=14+o =1+ﬁ'

With this value of h(®), the greybody factor, at low frequencies, for asymptotic dS black holes
(24) reads,

y () = 4k>R2, + 40”RY,. (27)

Now, exploiting relation (1), we write the power radiation equation for four-dimensional dS black
hole as follows:

oo oo

2 w w3
(B3+D 2 2
Plow—even = ;RH k /dw o +/dw o : (28)

en —1 en —1

The integrals of above expression can be solved very easily with the help of Riemann Zeta
function (5). After simplification the expression (28) reduces to

2 1 6

3+1) 2 2722 44

Plowfeven:;RH <67T k TH+%7T TH)’
1 2p2 2 2 3p2 4

It is evident that the radiation power for four-dimensional asymptotically dS black hole corre-
sponding to greybody factor at low frequency depends on both the Hawking temperature and
horizon radius. The behaviors of radiation power for four-dimensional asymptotically dS black
hole corresponding to greybody factor at low frequency with respect to Hawking temperature
and horizon radius can be seen in Fig. 3.

4.2. Even Spacetimes case Il: (d +1) =6

In case (d + 1) = 6, the expression for i (@) given in (25) has the following form:

h@oy=14 0, @
®) = — 4+ —.
9k2  9k*
With this value of h(®), the greybody factor, at low frequencies, for asymptotically dS black
holes (24) is given by

40 4
y(w) = 4k*RY; + 3wzszi, + §w4Ri,. (30)
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Fig. 3. Left: Hawking radiation power versus Hawking temperature for d =3 and k = Ry = 1. Right: Hawking radiation
power versus horizon radius ford =3 and k =Ty = 1.
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Fig. 4. Left: Hawking radiation power versus Hawking temperature for d =5 and k = Ry = 1. Right: Hawking radiation
power versus horizon radius ford =3 and k =Ty = 1.

Once the expression for the greybody factor is known, it is matter of calculation to obtain the
radiation power equation which utilizes relation (1). For the greybody factor (30), the expression
for the radiation power equation is given by

2 r 0,1 3 i 5
w w w
PIEJSJ—])even:;R;’Li k4/dwT+jk2/dwT+§/dwT -3
efn — 1 0 eln — 1 0 efn — 1

In order to solve the integrals in above expression, we utilize the Zeta function (5). After doing
s0, the expression for the radiation power equation simplified to

2 10k I
Plou-even = K [k4c<2>r<2)T§ + 5 ST @T + 54(6)F<6)T2} ,

1 4 16
= gnkA'R‘,‘{TEI + En3k2R§,Tl‘1‘, + ﬁn51e;‘1,TE,. (32)
Here, we see that the expression for the radiation power equation depends on both the horizon
radius and Hawking temperature. In particular, it depends on the sum of different powers of
Hawking radiation. In order to see behavior of the radiation power equation with respect to
horizon radius and Hawking temperature, we plot Fig. 4.
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4.3. Odd Spacetimes case I: (d +1) =5

The expression for (@) given in (26) for Odd Spacetimes (d + 1) = 5 takes following value:

h@) =" coth (22) (14 o’ (33)
®) = — coth ( — — ).
2k 2k 4k2
Now, in order to simplify above expression we utilize following definition: coth(x) = ifi:ii
With this definition, we have
w w _l
coth(j;—;:)z(l+e_”?)(l—e_”?) . (34)

[} -1 2]
With the help of binomial expansion, we can write (1 —e 7 F) =Y e17MTE As a

result, the expression (34) reduces to coth (%2) = > (e_m”% + e(l_’")”%) By inserting

this value of coth (5) into (33), the function / (%) takes the following expression:

2 00
w Tw w @ ®
h(—) — 1 ( —mn g (l—m)rr?>.
)= ( +4k2>m§_l e +e

Plugging this value of & (%) in (24), the greybody factor for five-dimensional asymptotic dS
black holes at low frequencies reduces to

21 2\ & o ®
y(w) = Tw(kRH)3 (1 + 46"—]{2) Z (e*m"z + e(‘*'")ﬂz). (35)
m=

Now, it is matter of calculation to evaluate the radiation power equation for a given greybody
factor. So, utilizing relations (1) and (35), we write the radiation power equation for black hole
in five-dimensional dS spacetimes as

e¢]

(2 2k2R3 ) 2
T Tw w o ®
4+1) H H —mm ¢ (1—m)m 2
P =— |do—F—F |1+ — ( k4 ‘>,
low—odd 277 J Ty (em 1) ( 4k2> Z € €

oo | ¥ 2 2 4
@ w k 1
=R}y ) /dw<e""”7 +e<1"")”7)< - +7 = ]) . (36)
m=1 0

m=1

en —1 el —

In order to simplify the integrals, we utilize the Hurwitz Zeta function (10) and by doing so, we
get the following explicit expression for the radiation power equation:

oo
(@+1) 2p3 3 my (I —m)m
Plowfodd =2k RHTH Z |:§ <3a 1+ TTH) +¢ <3, 1— TTH
m=1

+6R§,T§,Z[g (5,1+”;—”TH)+;<5,1_%TH>] 37)

m=1
Here, it is evident that although the radiation power equation in five-dimensional dS spacetimes
depends on both the horizon radius and Hawking temperature but has an infinite sum series of
Hurwitz Zeta function as well.
Next, we shall derive the radiation power equation for the (d + 1) =7.
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4.4. Odd Spacetimes case Il: (d + 1) =7

The expression for function i (@) (26) for Odd Spacetimes (d + 1) =7 is given by:

w 502 w*
(@) = =2 coth 1422 2 ). 38
@)= ¢ o <2k ) ( T2 64k4> %)

Now, plugging the value of coth ( ) calculated in the above last subsection, the above function
h(®) reduces to the following form

2 4

w Tw Sw w N )T @
h(;):§<l+@+m>’;(e mrE 4 el m)ﬂk), 39

With this value of 4 ( ) (39), the greybody factor for seven-dimensional asymptotically dS black
holes at low frequencies (24) has following value:

2 4N ®

— 8 5 Sw w —mm $ (1—m)m &
y(@) =21 (kRy) (1+—16k2 +64k4>;(e tt+e ) (40)

Once the expression for greybody factor of black hole is known, the Hawking radiation power
equation can easily be calculated from relation (1). For a given greybody factor (40) at low
frequency in (d + 1) = 7 dimensions, the Hawking radiation power equation reads,

o0

[ee)

1 27m)2k4R5) 502 o ., }
6+1) - Aemy®
it = a0 T (14 2 ) 3 (e,

0

T
Ho—1 m=1

(e—mn% + e(l—m)n %)

5 1
=R kK o? Ko® .41
HZ/ - <w+6w+64 41)

m=1 en —1

In order to simplify the above expression, we can use Hurwitz Zeta function (10). By doing so,
we get following expression for the Hawking radiation power equation:

mx (1 —m)m
Pl ja = 2K Ry T Z [ (3, 1+ TTH> +¢ <3, 1— TTH)]
15k> 1 —m)m
+—R5 TgZ[ (5 1+—TH>+§<5,1—%TH)]

+2 R5THZ[(71+—TH)+g<7,1—%TH>] (42)

Here, we can see that the Hawking radiation power equation in (d + 1) = 7 dimensions also de-
pends on both the horizon radius and Hawking temperature but with different power law. Similar
to the previous case, here also, Hawking radiation power has an infinite sum series of Hurwitz
Zeta function.
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5. Conclusions

In this paper, we have evaluated the Hawking radiation power equations for given greybody
factors in asymptotically flat, AdS and dS black holes in (d + 1) dimensions. First of all, we have
derived the Hawking radiation power equation for asymptotically flat Schwarzschild solution of
black hole corresponding to the greybody factor at low frequency. We have solved the Hawking
radiation power equation with the help of Zeta function and found that it depends on both the
Hawking temperature and horizon radius with different power law. Moreover, we compute the
same for the greybody factor at asymptotic frequency and found that in this region of frequency
the Hawking radiation power equation depends on the Hawking temperature only with square
power law and remains same for all spacetime dimensions.

Furthermore, we have evaluated the radiation power equations for black hole in asymptoti-
cally AdS spacetimes. Here, also we have considered the greybody factors in different regime
of frequency in order to calculate power equations. For the low energy regime, we note that
the critical frequency exists only for small AdS black holes at which there are no reflection of
radiation for black hole and/or no emission of radiation from the black hole. Here, we have dis-
cussed the cases: 1) if one considers frequencies much lower than the critical frequency, and 2) if
one considers instead frequencies much higher than the critical frequency. For former case, we
have observed that the radiation power depends on both the Hawking temperature with power
law and horizon radius. However, for later case, remarkably, we observed that though it de-
pends on both Hawking temperature and horizon radius but with different power law. In fact,
for four-dimensional spacetimes the radiation power depends on horizon radius only but not on
the Hawking temperature. The radiation power for greybody factors at asymptotic frequency is
independent of horizon radius and dimensionality of spacetime, however, depends on Hawking
temperature only.

For asymptotically dS spacetime, the Hawking radiation power corresponding to greybody
factor at low frequency highly depends on dimensionality of spacetime. We have computed this
for even and odd spacetimes. In case of even dimensions, we have obtained simpler form of
the radiation power equation which depends on both the horizon radius and Hawking tempera-
ture. However, the radiation power equation in odd dS spacetimes although depends on both the
horizon radius and Hawking temperature but has an infinite sum series of Hurwitz Zeta function.

It is known that by multiplying the radiation power expression of black hole with black hole
evaporation time, one can estimate the total energy emitted as Hawking radiation which must
be equal to the total mass of the black hole by virtue of energy conservation. This might give
an insight to understand the process of black hole evaporation. Such analysis a subject of future
work.
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