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Using the semiclassical WKB approximation and Hamilton-Jacobi method, we solve an equation of motion for the Glashow-
Weinberg-Salam model, which is important for understanding the unified gauge-theory of weak and electromagnetic interactions.
We calculate the tunneling rate of the massive charged W-bosons in a background of electromagnetic field to investigate the
Hawking temperature of black holes surrounded by perfect fluid in Rastall theory. Then, we study the quantum gravity effects on
the generalized Proca equation with generalized uncertainty principle (GUP) on this background. We show that quantum gravity

effects leave the remnants on the Hawking temperature and the Hawking radiation becomes nonthermal.

1. Introduction

General relativity is analogously linked to the thermody-
namics and quantum effects which strongly support it [1-
3]. Black holes are the strangest objects in the Universe and
they arise in general relativity, a classical theory of gravity,
but it is needed to include quantum effects to understand the
nature of the black holes properly. After Bekenstein found
a relation between the surface area and entropy of a black
hole [4], Hawking theoretically showed that black holes with
the surface gravity «x radiate at temperature /27 [5-7]. On
the other hand, Bekenstein-Hawking radiation causes the
information loss paradox because of the thermal evaporation.
To solve the information paradox, recently soft-hair idea has
been proposed by Hawking et al. [8].

Since Bekenstein and Hawking great contribution to
the black hole’s thermodynamics, the radiation from the
black hole gets attention from researchers. There are many
different methods to obtain the Bekenstein-Hawking radi-
ation using the quantum field theory or the semiclassical
methods. The quantum tunneling method is one of them [9-
16]. Nozari and Mehdipour [17] have studied the Hawking

radiation as tunneling phenomenon for Schwarzschild BH
in noncommutative space-time. Nozari and Saghafi [18]
have investigated the tunneling of massless particles for
Schwarzschild BH by considering quantum gravity effects.
The semiclassical tunneling method by using the Hamilton-
Jacobi ansatz with WKB approximation is another way to
obtain the Bekenstein-Hawking temperature and the tun-
neling rate as I' = exp[-2ImS] [19]. Different kinds of
particles such as bosons, fermions, and vector particles are
used to study the tunneling of the particles from the black
holes and wormholes and obtain their Hawking temperature
[20-46]. Nozari and Sefidgar [47] have discussed quantum
corrections approach to study BH thermodynamics. Nozari
and Etemadi [48] have investigated the KMM seminal work
in case of a maximal test particles momentum. They showed
that, in the presence of both minimal length and maximal
momentum, there is no divergence in energy spectrum
of a test particle. Moreover, the uncertainty principle is
modified as a generalized uncertainty principle (GUP) [49,
50] to work on the effect of the quantum gravity which
is applied to different areas. The important contribution of
the GUP is to remove the divergences in physics. On the
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other hand, GUP can be used to modify Proca equation and
Klein-Gordon equation to obtain the effects of the GUP on
the Hawking temperature and check if it leaves remnants
[51-54]. Nozari and Mehdipour [55] have discussed BH
remnants and their cosmological constraints. Moreover, GUP
is used to modify the thermodynamics of N-dimensional
Schwarzschild-Tangherlini black hole, speed of graviton, and
the Entropic Force. Feng et al. [56] have studied the difference
between the propagation speed of gravitons and the speed
of light by using GUP. They have also investigated the
modified speed of graviton by considering GUP. Rama [57]
has studied the consequences of GUP which leads to varying
speed of light and modified dispersion relations, which are
likely to have implications for cosmology and black hole
physics.

Since Maxwell, it was the dream of theoretical physicist
to unify the fundamental forces in the nature in a single
equation. Glashow, Weinberg, and Salam unified the theory
of weak and electromagnetic interactions as an electroweak
interaction in the 1960s. They assumed that the symmetry
between the two different interactions would be clear at very
large momentum transfers. However, at low energy, there is a
mass difference between the photon and the W, W_, and Z,
bosons which break the symmetry.

This paper is organized as follows: In Section 2, we
investigate the Hawking temperature of the black hole solu-
tions surrounded by perfect fluid in Rastall theory using the
tunneling of the massive vector particles. For this purpose we
solve the equation of the motion of the Glashow-Weinberg-
Salam model using the semiclassical WKB approximation
with Hamilton-Jacobi method. In Section 3. we use the GUP-
corrected Proca equation to investigate the tunneling of
massive uncharged vector particles for finding the corrected
Hawking temperature of the black hole solutions surrounded
by perfect fluid in Rastall theory. In Section 4, we conclude
the paper with our results.

2. Tunneling of Charged Massive
Vector Bosons

In this section, we study the tunneling of the charged massive
bosons from the different types of black holes surrounded by
the perfect fluids in Rastall theory.

2.1. 'The Black Hole Surrounded by the Dust Field in Rastall
Theory. First we study the line element of the black hole
surrounded by the dust field [58]:

M @ N
2_ (12 x . fYd 2
ds” = (1 . T2 T Jaeniae )dt

dr? 1)
" 1-2M/r + Q*/r? - Nd/r(l—sm)/(ksm\)

+1% (d6® +sin*0d¢’ ),

where M is a mass of black hole, x and A are the Rastall geo-
metric parameters, N, is the dust field structure parameter,
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and Q is a charge of black hole. Now, we can rewrite (1) in the
following form:

ds’ = -G (r)dt* + B(r)dr’ + C(r)d6* + D (r) d¢*, (2)
where G(r), B(r), C(r), and D(r) are given below:

oM @ N,
G(r)=1- o + 72 1=exd)/(1-3kA)°
C(r) =17
3)
1
B(r) =

1- 2M/T + QZ/rZ _ Nd/r(l—éx/l)/(l—&c/l) ’
D (r) = r*sin®6.

The equation of motion for the Glashow-Weinberg-Salam
model [59-61] is

1 m? i i

——0, (\~gP™) + =D + —eA O + —eFHO

Vg " R h 0 )
= O’

where |g| is a coefficients matrix, m is particles mass, and ®*”
is antisymmetric tensor, since

AD —LeA @,

i
= 0,0, - 0,0, + 1A, B, — A, D,

(5)
F = AFA” - AV AF,

where A, is the vector potential of the charged black hole and

Ay and Aj; are the components of A, e is the charge of the

particle, and A, is covariant derivative. The values of ® and

@™ are given by

o= 2o
G)
o =D
B)
o= &
C)
e
D’
@01_%
GB’
(6)
@022%
GC’
@03_%
GD’
@122&
BC’
@13=%
BD’
o - 0o
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Using WKB approximation for the wave function ansatz [62],
ie,

®, =c,exp —Io(tr6¢)+Zh<I(tr0¢>) (7)
{=1

to the Lagrangian (4) (where I, and I; correspond to particles
action, for i = 1,2,3,...) and neglecting the higher order
terms, we get the following set of equations given below:

% [Cl (1) (011p) + eAgcy (911,) — ¢ (allo)z]

+ é [Q (901p) (9:15) = (8210)2 +eAq, (8210)]

(8)
1
+ D [% (901p) (951,) + eAgcs (0515) — 6 (6310)2]
eA,
+ D [C3 (01p) +eAgc; — 6 (051p)] - mzco =0,

G( ) [Co (8 Io) (8 10) eAgq (a Io) ! (8 10) ]

- é [cz (011) (0:1p) — & (8210)2]

+ % [6; (0,15) (951y) — ¢ (051y) — eAscy (051y)] ©)

! (8310)] - ”"261

A
+ FS [6 ((0,1y) —eAs)

=0,

[Co (01o) (8:15) = & (91, ) (aolo)%]

G()

1
- () (8110)2

B [ -6 (0,1) (8210)]

- % [53 (0,15) (951p) — ¢ (6310)2 —eAsq (8310)] (10)

A0 16 @.10) - & (3plo) - creA]

el

eA
+ 33 [53 (8210) ) (8310) - eA3%] - mzcz =0,

G( ) [Co(a Iy) (0, 10)_53(61) +eA ;6 (9p1p)

—eAyg (0, IO)] 5 (011,)”

[cl(al)(aI)

+eAsc (0, 10)] [Cz (3,10) (B51o) — & (3,1,)” (1)

e @u10)] + 525 o (0s10) s (3ol)

+eAsc — eAyc] —mie = 0.

We can choose I, by using separation of variables technique,
ie,

I=—(E-aQ)t+W () +ap+v(),  (12)

where Q is the angular momentum of the BH and E and @
represent particle energy and angular momentum, respec-
tively. From (8)-(11), we can obtain the following matrix
equation:

K (6 15606)" =0, (13)

which provides “K” as a matrix of order 4 x 4 and its
components are given by

KOO——WFZ—%—%—DeA3—m,
%, - _W(EI;(I) ) . W‘;Ao
_ E-aQ
g, - e
_ o(E-aQ _
Ky = +eAg0+eA; (E—-aQ) +eA,,
- -~ W
Ky = (E-a9Q) Goy
_ -(e-a0)" (E-a0)ed, &@ o
= —Gm """ G6m ¢ b
_ 61;1)31) —eA;0 - e2A23 - mz,
= Wa
12 ?’
K= % +eA;W,
_ 0(E-aQ
K, = ( ) )+6A0Gl()r)’
K, = -Wu,
R, - _Gtr) [( —G)Q) +eA, (E— wQ)] + =W
~ = [v-eAs0] - == [0 +eA;] - m?,
Ky = %E)v + eASE),
K, = Gtr) [(E-@Q)0+eA; (E-aQ)]




4
Ry = 3 [Wo+ea, ],
K, = é [@0 + eA;0],
Ky = —Gtr) [(E-aG) +(E-a0)ea,] - %WZ
—%2—% (E-@Q) +eA,] -,

(14)

where W = 0,1, v = 9gly, and @ = 9. For the nontrivial

solution |K| = 0 and solving above equations one can yield

P 2
E—eAy-@0-eA,) +X
ImWiziJ (E-edo =00 - eAs) dr, 1)
G(r)B!

where + and — represent the outgoing and incoming particles,
respectively, whereas, “X” is the function which can be
defined as

I (ImW™*) = Prob [emission] _

exp [-2 (ImW" + Im®)]
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G(r) » 2 ~=
——0"=m"G(r) + 2eA; (E - @Q
v —m r e 3( @ ) )

+26°AgA; - &A%

X:

and @ is the angular velocity at event horizon.
By integrating (15) around the pole, we get

(E-eAy- @0 - eA;)
2p(r,)

ImW® = +in (17)

>

where the surface gravity x(r,) of the charged black hole is
given by

2
Ndr3k)l/(3x/\—1) ) (18)

r=r,

~ 2M_2Q2+ 1 - 6K\
T 2 r3 1-3kA

(r,)

r

The tunneling probability T' for outgoing charged vector
particles can be obtained by

= exp [-4ImW ]

Prob [absorption]

exp [-2 (ImW~ — Im®)]

(19)

21 (E—eAy - @0 - eA;)

=exp |-

Now, we can calculate the T (ImW™) by comparing the

TImW™) with the Boltzmann formula Tz(ImW*) =
—(E-eAy-@Q—eAs;)/Ty(ImW™*

e ), and we get
Ty (ImW™)
2
- M Q_Z + 1 - 6xA 3xA/(3kA-1) (20)
2w’ 2m(1-3kA) @ .

The result shows that the T(ImW™) is dependent on r, the
vector potential components (A, and A3), energy E, angular
momentum Q, and mass of black hole M; x and A are the
Rastall geometric parameters; and N; and Q are dust field
structure parameter and charge of black hole, respectively.

2.2. The Black Hole Surrounded by the Radiation Field.
Second example of the line element of black hole surrounded
by the radiation field [58] is given below:

2_
dszz—(l—ﬂ+Q—ZNT)dt2
r T

.\ dr? (21)
(1-2M/r+(Q*-N,) /r?)

+17(d6 +sin’0d¢’ ),

(2M/r? = 2Q%/r3 + (1 - 614) / (1 - 3xcd)) NyrMGed-n)? |

where M is a mass of black hole, N, is the negative radiation
structure parameter, and Q is a charge of black hole.

Following the procedure given in Section 2.1 for this
line element, we can obtain the surface gravity «(r,) of this
charged black hole surrounded by the radiation field in the
following form:

[2m 2Q* #’N,-2rN,
r3 r

2
; ] . @)

+

where N, = ON,/0r. The tunneling rate of particles can be
calculated as

477 (E— eAM —6@) I~

T (ImW") = exp l— (23)

[2Mr —2Q2 = N, + 2N, ]’

and the corresponding Hawking temperature at horizon can
be obtained as

T(r,)= % [2Mr - 2Q* - rN, + 2Nr]2

47r (24)

r=r,

This temperature depends on radiation structure parameter
N,, mass M, and black hole charge Q.
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2.3. The Black Hole Surrounded by the Quintessence Field.
Third example of the line element of the black hole sur-
rounded by the quintessence field [58] is given below:

2 :M o Q N, 2
ds” = - (1 T Y2 T Jcmenaee dt

+ dr’ (25)
“1-20h) /(1A
(1-2M/r + Q22 — N /r-1-2)/(-x1) )

+1* (d6® +sin’0d¢’ ),

I'=ex

—4m (E - eAM - 6)5)

where N, is a quintessence field structure parameter. By
following the same process and using the vector potential for
this black hole, the surface gravity can be derived as

x(r,)

oM 2Q? <1+ 2;<A> /e | (26)
=|—-—F/—-|—|N,r .
1-x) 1

r=r,

The corresponding tunneling probability

and Hawking temperature

[ [2M/r? = 2Q2/73 + ((1 - 6KA) / (1 = 3KA)) Nr¥/(3ed-D)?

] (27)

= [ (2M/r* = 2Q%/r* = (1 + 2A) | (1 - kA)) N, 4=49)?

are derived and given in the above expressions. The Hawking
temperature depends on M, Q, and N, i.e., quintessence
field structure parameter, mass, and charge of black hole,
respectively.

2.4. The Black Hole Surrounded by the Cosmological Constant
Field. Fourth example of the line element of black hole
surrounded by the cosmological constant field is given below
[58]:

2M @
ds® :—(1——+Q—2—Ncr2>dt2
r T

dr? (29)
+
(1-2M/r + Q*/r? = N_r?)

+17(d6 + sin’0d¢’ ),

where N is a cosmological constant field structure parameter.
For this black hole, the surface gravity at outer horizon is
obtained by following the above-mentioned similar proce-
dure; i.e.,

2
oM 2Q°
—2-%-21\7;] . (30)

<) - |2

Moreover, the required tunneling probability of particles
_ —4rr (E-eA, - Q)

I'=exp 5

(2M/r? = 2Q?/r® = 2N.r)

, (31)

] (28)

+

and their corresponding Hawking temperature is calculated
in the following expression:

(2M/r? - 2Q% ) = 2Nr )’
= . 3

+

This temperature depends on N, M, and Q, i.e., cosmological
constant field structure parameter, mass, and charge of black
hole, respectively.

2.5. 'The Black Hole Surrounded by the Phantom Field. Last
example of the line element of black hole surrounded by the
phantom field is [58]

M Q@ N.
2 _ e T 2
ds” = (1 . T2 T JGeenare dt

. dr’ (33)
(1 _ 2M/1" + QZ/,,Z _ Np/r(—3+2K/\)/(1+KA))

+17(d6 +sin’0d¢’ ),

where N, is a phantom field structure parameter. For vector
potential A, of this black hole, the surface gravity can be
derived as

x(r.)

2
| 2Mm 2Q° (3 —2kA ) N 236D/ (1d) (34)
= r .
1+xA P




The tunneling probability of particles
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—4m (E - eAM - 6@)

I= exp 5 (35)
(2M/1? = 2Q%[r* = (3 = 2kA) [ (1 + KA)) N, rG-3/(+x))

and the required Hawking temperature of particles can be
obtained as given below:

- [ (2M/r? = 2Q2 1 = (3= 2A) [ (1 + 1ed)) N, 30/ (reh) )2 }
" : (36)

The Hawking temperature depends on M, Q, and N,; these
are phantom field structure parameter, mass, and charge of
black hole, respectively.

3. GUP-Corrected Proca Equation and
the Corrected Hawking Temperature

In this section, we focus on the effect of the GUP on the
tunneling of massive uncharged vector particles from the
black hole solutions surrounded by perfect fluid in Rastall
theory. Firstly we use the GUP-corrected Lagrangian for the
massive uncharged vector field y, given by [63]

1 » y
Leup = =5 (Duy, = Doy, ) (Dy" = D'y¥)

) (37)

My
e
One can derive the equation of the motion for the GUP-

corrected Lagrangian of massive uncharged vector field as
follows [63]:

2
v m v
% (Va¥") - Vg
+ ﬁhzaoaoao (\/_—ggooww) (38)
- pr9,0,0, (Hgii‘//w) =0,
with
¥, = (1= BH°0;) 0.y, — (1 - BH0)) 3,y (39)
Itis noted that we use the Latin indices for the modified tensor
¥, as follows: i = 1,2, 3; on the other hand, for y,,, we use
the 0 for the time coordinate. Moreover, we note that =

1/ (3M]2(), where M s the Planck mass and m,, stands for
the mass of the particle.

+

3.1. The Black Hole Surrounded by the Dust Field in Rastall
Theory. The metric is given by

ds’ = =G (r) () df’ + B(r)dr’ + C(r) dO

(40)
+ D (r)d¢’,
where G(r), B(r), C(r), and D(r) are given below:
2M @ N,
G(r)=1- - T2 =GN /(1-36A) (4)
C(r)= T
1
B = —
(r) 0
- ! (42)
1- 2M/7’ + QZ/rZ _ Nd/r(l—ﬁx/\)/(l—?ﬂd) >
D (r) = r*sin’6.
Using the WKB method, we define the y, as follows:
i
¥, = ¢, (t,r,0,¢)exp [ﬁl (t,1,6, (/))] , (43)
where I is defined as
I(t,r,0,¢)=1,(t,1,0,¢) + Al (t,7,0,9)
(44)

+ WL (t,7,0,¢) +--- .

We use (43), (44), and the metric (40) into (38), and then
we only consider the lowest order terms in # to calculate the
equations with the corresponding coefficients ¢,:

G(r) [Co (arlo)z 'in -6 (9,1) (0,1p) ﬂvdo]

+ 0] [Co (3910)2 5 - ¢, (991) (9,1 ﬂzﬂo] "
1 2
* 50 [0 (010)" 73 = s (0410) (3uko) 37,

+com‘24, =0,
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G( ) [a (0,1,)" 2 - ¢ (8,1,) (3,1) dogfl]

C( ) [cl (3910) A — ¢, (9p1,) (3,1,) dzgfl]

1
D( ) [Cl (a¢10)

(46)
-G (a¢10) (0,1p) A3d1:|
+ clm‘z,v =0,
- G( ) [Gz an) d =6 (1) (91,) ﬂodz]

+G(r) [Cz ©,1)° = ¢ (0,1) (91p) 5271*972]
1 2
+ m [(‘2 (a¢10) ;Q{3

+czm‘2,, =0,

(47)
-G (a¢10) (091,) 5273*972]

- G( ) [Cs an) d CO(atIO) (a¢10) *Qiods]

+G(r) [% (arlo)z df - (0,1) (a¢10) ‘52{1'9{3]

(48)

C( ) [C3 8910 — &, (91)) (a¢10)9725273]

2 _
+ gmy,, =0,

where the &/ S are defined as

do—l"'ﬁG( )(atso)z’

d,=1+BG(r)(2,5),

R (49)
(96S)" >

d2—1+ﬁc()

dy=1+ /3% (2550)’ -

Using the semiclassical Hamilton-Jacobi method with WKB
ansatz, we separate the variables as follows:

I, =-Et+R(r)+©(6,¢) + k. (50)

Note that the energy of the radiated particle is defined with
E. Afterwards, we obtain a matrix equation as follows:

U (co,cl,cz,c3)T =0, (51)

where U is a 4 x 4 matrix, the elements of which are

2 ]
]9 d2+¢.s2i2 2

Uy = G(r)Ro + o

Uy, = -G (r)R' (—E) o, oA,

7
Jo (-E
13~ 7 eC((r)) 24
Js (=E)
4=~ ?)(r) 3% s
-E)R
21 = (G()r) o1
COCE? o JE T
Uy, = G0 +C(r) +D()Q{ +mW,
JoR
Uy = _% 2»Q71’
JsR'
Uy DO 3915
-EJ,
Uz = G(r )52705272,
Uy, = =G (r) R Jpdl o,
Uy = -2 2 ~ oy +G(r)R*of} +—]2 ol + myy,
G(r) D(r)
JoJ.
34 = _D(;b) 395,
(-E) ]
41 = G(r)¢ 0!973’
Uy, = =G () Ryl o5,
JoJ.
Uy = _Ce(r)dzﬂp
_ (-By P 5
Uy = G()ﬂ G()RA C()d +mw,
(52)
where R' = 0,R, J, = 9,0, and Jo = 040.

It is noted that, for the condition of detU = 0, we find the
nontrivial solution of (51). First, we consider only the lowest
order terms of 8 and then calculate the detU = 0. Our main
aim is to obtain the radial part of the equation so that we
integrate it using the complex integral method around the
event horizon as follows:

ImR, (1)

2 2
= +Im J dr\|-—— + E__
G(r)  G(r)

).

Ja + 15 1
GmDm< (53)

9

+

N

2

where

= -3G (r)m*C (r) + 6m°C (r) (E)*
T 6G (r) J5
D(r)) C(r)

—6G(r)m2 <]§+



8
Ty 7G (r) I 5
2 2 ¢ ) 0’¢
+6(E) (]9+D(r)> Do)
3G (r) ]g]qz5 5G (r) ]:;csc46
" 2mD (r)? - C(r)
3G (1) I3
+ —)
2m2D (r)?

(54)

2
T, =-G(r)m*r* +r* (E)* -G(r) <J§ + %) (55)

We rewrite the metric close to the event horizon to obtain
solution for the integral:

A T (rh)
rhz

G(ry) = (r—r4). (56)

Afterwards we manage to obtain the solution of the
integral (53) for the radial part as follows:

2
"h

A,r (rh)

(E) x (1+ BE), (57)

ImR, (r) = tim

where B = 6m® + (6/1’;)(]; + ]icscze).

It is quite clear that 2 > 0. We note that R, represents
the radial function for the outgoing particles and R_ is for the
ingoing particles. Thus, the tunneling rate of W bosons near
the event horizon is

Poutgoing _ €Xp [_ 2/h) (ImR+ + Im@)]
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If we set i = 1, we find the corrected Hawking temperature
as follows:

A,r (rh)

T, = ——r W
M 4mr (1 + BE)

=T, (1-PE), (59)

where Ty = [M/nr* - Q*/nr® + (1 - 6xA)/27(1 — 3x]))
N GK}H)]ZT:r+ is the original Hawking temperature of
a corresponding black hole. We find the corrected Hawking
temperature with the effect of quantum gravity. In addition,
the Hawking temperature is increased if one uses the quan-
tum gravity effects, but then these effects are canceled in some
point and black hole remnants occur.

3.2. The Black Hole Surrounded by the Radiation Field.
Following the procedure given in Section 2.1 for this line
element, we obtain the corrected Hawking temperature with
the effect of quantum gravity for this charged black hole
surrounded by the radiation field in the following form:

T _ A ;T (rh)
e-H 4mr} (1 + BE)

where original Hawking temperature is

=Ty (1-BE), (60)

Ty= — [aMr-2Q" - 1N, + 2N, |’
07 47r6 ’ TP EN

(61)

r=r,

This temperature depends on radiation structure parameter
N,, mass M, and black hole charge Q. Moreover, the quantum
effects explicitly counteract the temperature increases during
evaporation, which will cancel it out at some point. Naturally,
black hole remnants will be left.

3.3. The Black Hole Surrounded by the Quintessence Field.
By following the same process, we calculate the corrected

I'= = Hawking temperature under the effect of quantum gravity as
Pygoing  €xp [ (2/h) (ImR_ + Im®)] follows:
4
- [-Elm&] (58) A, ()
Tey= YN Ty (1 - /35) > (62)
4 7 4mr} (1 + BE)
= exp [—— (E)x(1+[35)].
hoA(ry) with the original Hawking temperature
(2M/r? = 2Q3 [ = (1 + 2A) / (1 - eh)) N,r M (-49)?
T, = ) (63)
derived and given in above expressions. The Hawking tem- T - Ay(m) T, (1 - BE) (64)
perature depends on M, Q, and N_, i.e., quintessence field M 4nr2(1+pE)  ° -

structure parameter, mass, and charge of black hole, respec-
tively. Naturally, black hole remnants will be left.

3.4. The Black Hole Surrounded by the Cosmological Constant
Field. One can repeat the process just for this black hole to
calculate the corresponding corrected Hawking temperature
with the quantum gravity effects as follows:

with

(2M/? = 2Q%/r* = 2Nr )’
0= s (65)

r=r,
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This temperature depends on N, M, and Q, i.e., cos-
mological constant field structure parameter, mass, and
charge of black hole, respectively. Again here, remnants are
left.

3.5. The Black Hole Surrounded by the Phantom Field. Last
example is the line element of black hole surrounded by the

phantom field. Now we again repeat the same process to
obtain the following corrected Hawking temperature:

A
TE_H _ R (rh)

—mzn(l—ﬁa), (66)

with

.| (2Myr = 2Q3 P = (3= 2k0) [ (1 +x))) 1\1},r<2*3")“/<“"”)2

The Hawking temperature depends on M, Q, and N s these
are phantom field structure parameter, mass, and charge of
black hole, respectively.

4. Conclusions

In this research paper, we have successfully analyzed the
GUP-corrected Hawking temperature of W* boson vector
particles using the equation of motion for the Glashow-
Weinberg-Salam model. First of all, we analyzed the mod-
ified Hamilton-Jacobi equation by resolving the modified
Lagrangian equation utilized for the magnetized particles in
the space-time. We have analyzed the GUP effect on the
radiation of black holes surrounded by perfect fluid in Rastall
theory.

As the original Hawing radiation, the Hawking tempera-
ture Ty of the black holes is associated with its mass M and
charged Q. However, these results indicated that the effect of
quantum gravity is counted and the behavior of the tunneling
boson vector particle on the event horizon is observed
from the original event. The Hawking temperature Ty; and
tunneling probability T' quantities are not just sensitively
dependent on the mass M and charged Q of the black
hole. The Hawking temperature T}, tunneling probability T,
and surface gravity x are only dependent on the geometry
(structure parameter) of black hole. Moreover, the corrected
Hawking temperature T,_;; = T;(1 — BE) has been calculated
with the effect of quantum gravity. The Hawking temperature
is increased if one uses the quantum gravity effects, but
then these effects are canceled in some point and black hole
remnants occur.
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