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Abstract
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In this brief review, we will address acoustic black holes arising from quantum field theory in the Lorentz-violating and
non-commutative background. Thus, we consider canonical acoustic black holes with effective metrics for the purpose of
investigating Hawking radiation and entropy. We show that due to the generalized uncertainty principle and the modified
dispersion relation, the Hawking temperature is regularized, that is, free from the singularity when the horizon radius goes to

zero. In addition, we also find logarithmic corrections in the leading order for entropy.

J

Introduction

Gravitational analogue models are topics of great
interest and have been widely studied in the literature
due to the possibility of detecting Hawking radiation in
the table experiment. In particular, acoustic black holes
were proposed by Unruh [1,2] in 1981 for the purpose of
exploring Hawking radiation, as well as investigating other
issues to understand quantum gravity effects. It is well
known that an acoustic black hole can be generated when
fluid motion reaches a speed greater than the local speed of
sound. These objects can exhibit properties similar to the
laws of thermodynamics of gravitational black holes, such
as a Hawking-like temperature and entropy (entanglement
entropy). Besides, it has been conjectured that phenomena
that are observed in black holes may also occur in acoustic
black holes. Furthermore, with the detection of gravitational
waves [3,4] and the capture of the image of a supermassive
black hole [5,6], a window of possibilities in the physics
of black holes and also in analogous models was opened.
Acoustic black holes have applications in various branches of
physics, namely high energy physics, condensed matter, and
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quantum physics [7,8]. On the experimental side, Hawking
radiation has been successfully measured in the works
reported in Mufioz and Isoard M [9,10]. And also carried out
in other branches of physics [11-16]. However, in the physics
of acoustic black holes, the first experimental measurement
of Hawking radiation was devised in the Bose-Einstein
condensate [17].

In a recent paper, acoustic black holes embedded
in a curved background were constructed by applying
relativistic Gross-Pitaevskii and Yang-Mills theories [18]. In
Yu C, et al. [19] an acoustic black hole of a D3-black brane
was proposed. On the other hand, relativistic acoustic black
holes in Minkowski space time were generated from the
Abelian Higgs model [20-24]. Also, relativistic acoustic black
holes have emerged from other physical models [25-28]. In
addition, these objects have been used to analyze various
physical phenomena, such as superradiance [29-33], entropy
[34-38], quasinormal modes [39-44], and as well as, in other
models [45-55]. Moreover Zhang B [56], was reported that
there is a thermodynamic-like description for acoustic
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black holes in two dimensions. In this sense, an analogous
form of Bekenstein-Hawking entropy (understood as an
entanglement entropy) was addressed in Rinaldi M [57] by
analyzing the Bose- Einstein condensate system. In addition,
the dependence of entropy on the area of the event horizon
of the acoustic black hole was explored in Steinhauer ] [58].
Also, in the entanglement entropy of an acoustic black hole
was examined Giovanazzi S [59].

In this brief review, we are interested in investigating
modified acoustic black holes that have been constructed
from field theory by considering the Abelian Higgs model
in the Lorentz-violating [21] and noncommutative [22]
background. To this end, we will explore canonical acoustic
black holes with modified metrics to examine the effect of
Lorentz symmetry breaking and noncommutativity on
Hawking radiation and entropy. In addition, by applying the
generalized uncertainty principle and a modified dispersion
relation, we show that the Hawking temperature singularity
disappears when the horizon radius vanishes. Besides, we
also find logarithmic correction terms for entropy. Recently,
the stability of the canonical acoustic black hole in the
presence of noncommutative effects and minimum length
has been addressed by us in Anacleto MA [60]. Thus, it was
verified that the noncommutativity and the minimum length
act as regulators in the Hawking temperature, that is, the
singularity is removed. Also, it was shown that for a certain
minimum radius the canonical acoustic black hole presents
stability. This briefreview is organized as follows. In Sec. I, we
briefly review the steps to find the relativistic acoustic black
hole metrics. In Sec. 11, we briefly review the steps to find the
relativistic acoustic black hole modified metrics. In Sec. 1V,
we will focus on canonical acoustic black holes with effective
metrics to compute Hawking temperature and entropy. In Sec.
V, we will introduce quantum corrections via the generalized
uncertainty principle and the modified dispersion relation in
the calculation of Hawking temperature and entropy. Finally
in Sec. VI we present our final considerations.

Acoustic Black Hole

In this section we review the steps to obtain the
relativistic acoustic metric from the Lagrangian density of
the charged scalar field. Here we will follow the procedure
adopted in Ge XH, et al. [20].

Relativistic Acoustic Metric

In order to determine the relativistic acoustic metric, we
start by considering the following Lagrangian density:

L=0,p*"¢+m’|g]~blg|*
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Now, we decompose the scalar field as

¢= W@xp(iS(x,t)) such that
L= ,0('3‘,56”5'+m2,o—b,o2 +%(ayau) \/; 2)

Moreover, from the above Lagrangian, we find the equations
of motion for S and p given respectively by

0,(p0"8$)=0 (3)

and
1

N

0,0"\[p +0,50"S+m* —2bp =0 (4)

Where the Eq. (3) is the continuity equation and Eq. (4) is an
equation describing a hydro dynamical fluid, and the term,

(\/;)_l 6ﬂ6"\/; called the quantum potential can be
neglected in the hydrodynamic region. Now, by performing
the following perturbations on equations of motion (3) and
(4):

p=p0+gp,+0(£2) (5)

S=S,+ey+0(e’)  (6)
We obtain

0, (pug + py0"w)=0, (7)
and

uyo,w—bp, =0, (8)

where we have defined /' = 0“S,, Hence, solving (8) for p,
and substituting into (7), we have

0, [uluy +bp, g |0, =0. (9)

We can also write the above equation as follows:

2 i i
3, {wﬁ[%*ig‘i}@,w%@,w}mf {*@?Zj‘)ﬁ,waaf[f:";f 5"’}6] V/}:O,
0 0 0 0

(10)
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Where o, =9'S, and v, =0,S, (the local velocity field). In
addition, we define ¢! =bp, /2@, to be the speed of sound
andV' =, / @,. However, the equation (10) becomes

s

(11)
In this way, the above equation can be written as a Klein-
Gordon equation in (3+1) dimensional curved space as
follows:

ﬁaﬂ (\/ngav )y/ =0, (12)

Hence, by determining the inverse of g, we find the
relativistic acoustic metric given by

bp,

g‘uv =
2 2 2
2c A1+, —v _

The metric depends on the density p,, the local sound
speed in the fluid cs, the velocity of flow V. This is the
acoustic black hole metric for high ¢, and vV speeds Note
that, in the non-relativistic limit, up to an overall factor, the
metric found by Unruh is obtained.

(1+c2)57

The relativistic acoustic metric (14) has also been
obtained from the Abelian Higgs model [20].

The Dispersion Relation

Here we aim to examine the dispersion relation. Hence,
we will adopt the notation written below

T 61// N
~Re| & " | =", k=Vy.(16
v [ ] Y . (16)

So we can write the Klein-Gordon equation (11) in terms
of momentum and frequency as follows:

(142 +2(v ko~ (c] =v*)k* =0.(17)

Now, by making k' =6", we have
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v ktekl+cl -  —vk* csk\/l +(c, =v) (e, +v)
w = =
1+c’ 1+¢
(18)
In the limit of small v;, we find the modified dispersion
relation

>

sz(H%‘j, (19)

Where E=c k is the linear dispersion relation.

Modified Acoustic Black Hole

In this section, we review the derivation of the
relativistic acoustic metric from the Abelian Higgs model in
the background violating-Lorentz and noncommutative

The Lorentz-Violating Model

At this point, we consider the Abelian Higgs model with
Lorentz symmetry breaking that has been introduced as a
change in the scalar sector of the Lagrangian [61]. Moreover,
the relativistic acoustic metric violating Lorentz has been
found in Anacleto MA, et al. [21]. Then, the corresponding
Lagrangian for the Abelian Higgs model in the Lorentz-
violating background is written as follows:

L= —%FMF”V +[D,g[ +m?|gf" ~blg| +k* D, 4" D,g. (20)
being F,, =0,4, —0,4,the field intensity tensor,
D,$=0,p —ied,¢ the covariant derivative and &, a constant

tensor implementing the Lorentz symmetry breaking, given
by Anacleto MA, et al. [21].

p a a «a

k,uv =la IB a a ’(21)
a a f «
a a o f

where o and g are real parameters.

Next, following the steps taken in the previous section
to derive the relativistic acoustic metric from quantum
field theory, we consider ¢=,/p(x,?) exp(iS(x,t)) in the
Lagrangian above. Thus, we have

1 v ) wg 2 .
L :7ZFWF‘ +p0,80"S —2ep A,0"S+e’p A, A" +m’ p—bp’

+k" (0,50, S —2e4, 0,5+ eZA“A/)+ip(a#é“)\/Z (22)

=
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Where 0 = 6* +k""0,. Then, the equations of motion
for S and p are:

ou pu* + pk*u, ] =0,(23)
and

(0,7)4

N

where we have defined u, =0,S —ed,.Now, by linearizing
the equations above around the background ( p,,S, ), with

v 2
+u u’ + k" uu, +m”=2bp =0, (24)

p=p+ep+0(&7) (25
S=8,+ey+0(£”),  (26)
and keeping the vector field 4, unchanged, we have
o, [ (ut k) py (& k)2, ] 0. @)
and
(g +Kk*"u,, )0 0 —bp, =0, (28)

by solving (28) for p, and replacing into equation (27), we
obtain

d, [u(’;u(‘)’ + k" ugul +ul'k™uy, +bp, (g”v +EY )J o,y =0.(29)
Hence, we find the equation of motion for a linear

acoustic disturbance y given by a Klein-Gordon equation
curved space

ﬁaﬂ (Veeg=a)w=0.  (30)

where g, is the relativistic acoustic metrics. For f# 0

and =0, we have Anacleto MA, etal. [21]

2 5.2
—;—“+ﬂI‘Tv : -V
i bpo\/z A
G == (31)
2¢24/Q 5
-/ Y N L R VY
B
2 g2 B By
here QZI-‘FC,‘.—S—Tand ==t
" A R B A )
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The acoustic line element in the Lorentz-violating
background can be written as follows

ds’® _[ﬁ—g{—[%ﬁ—%}dﬁ —2\7-d)?dt+%(17-d)?)2 +fy dfz}

+

(32) o
Now changing the time coordinate asdr =dt+ f,v-dx,

we find the acoustic metric in the stationary form

ds> :M{_[‘}z _ﬁjdﬁ +_F[M+%§”jdxidx”}

2040 | \B. B, A
(33)
N 2 0 2
where F :&+€—“—’B’Tv For f =1, we recover the result

- + +

found in Ref Ge XH, et al. [20].
Next, for f=0and a # 0, we have Anacleto MA, et al. [21]

where
g, = —[(1+ a)cl v +a’ (1- v)z} (35)

g, =—(1-av)’, (36)
g, :—(1—0?17)\/, (37)

g; = [(1—&'\7)2 +c? —vz}ﬁif +v'v/, (38)

(39)
Thus, the acoustic line element in the Lorentz-violating
background can be written as

(40)
where f, =(1-@¥)" +c¢ —v*Now changing the time

coordinate as

dr=dt+ (
a

Copyright© Anacleto MA, etal.
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We find the acoustic metric in the stationary form

b —viy/ y S
ds? = 2P {g”dr2 +A[L+£§”jdx’dx’} (42)

ZCS \/7 8y

where A=(1-Gv) —g,. For =0, the result found in Ge

XH, et al. [20] is recovered.

Noncommutative Acoustic Black Hole

The metric of a noncommutative canonical acoustic
black hole has been found by us in Anacleto MA, et al. [22].
Here, starting from the noncommutative Abelian Higgs
model, we briefly review the steps to generate the relativistic
acoustic metric in the noncommutative background.
Thus, the Lagrangian of the Abelian Higgs model in the
noncommutative background is given by Ghosh S [62].

L= R s (D el -l )

%MFW [(Dﬂﬁ)+ Dg+(D*g) Dﬁﬂ (43)

beingx, =1£0"'F,, /2,F, =0,4, 0,4, the field intensity
tensor and D, ¢ =0,¢ —ied, ¢ the covariant derivative. The
parameter 6*%is a constant, real-valued antisymmetric
DxD -matrixin D -dimensional spacetime with dimensions
of length squared. Now, we use ¢ = W@xp(iS(x,t)) in

the above Lagrangian, such that Anacleto MA, et al. [22].

K v oMV 7] 2] It
[, = _TF'L Fuv +pg‘ ’D/¢SDVS+0mZp_6bp2 +Lg” a/lan’

I

(44)

whereDy =8ﬂ —eAﬂ /S, g"=0g"+6", O6=1+0-B,
B=VxA4 and ®" =™ F . In our analysis we consider the

case where there is no noncommutativity between space and
time, that is¢” =0and use&’ =¢”g,, F"=Eand

F"=¢"B, . In the sequence we obtain the equations of

motion for S and p as follows:
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0, [Gpou* + p6™u, |=0, (45)
and

L §"0,0,Jp+8"uu, +0m* -20bp=0,  (46)

7
where g« — (@/W +O™ ) /2. Hence, by linearizing the
equations of motion around the background (po’ So ), with

p=p,+p, S=S,+v and keeping the vector potential
unchanged, such that

0, PE o, +py (8" +6" )0 |=0 47)

(6w +6"u,)0,p —blp =0. (48)

and

Then, by manipulating the above equations, we obtain
the equation of motion for a linear acoustic disturbance w
in the form

Lo, (egma,)w=0. (49
\/—ﬂ(\/Eg v)w (49)

where

g =LPo_gw (50)

2,1

is the relativistic acoustic metric with noncommutative
corrections in (3+1) dimensions and with g** given in the

form Anacleto MA, et al. [22].

(51)

& =~ (0xE) (¢ +l)—[2(1+2§~1§)—(éxE)‘V}%+—(9~§)+—‘(B~V),
(52)

g = —1(éxE)' (e +1)—[2(1+29~B)—(éXE)v}iJrif(ev)fl(B‘v),

(53)

(55)
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Setting# =0, the acoustic metric above reduces to the
acoustic metric obtained in Ref Ge XH, et al. [20].

Modified Canonical Acoustic Black Hole

In this section, we shall address the issue of Hawking
temperature in the regime of low velocities for the previous
cases with further details. Now we consider anincompressible
fluid with spherical symmetry. In this case the density is a
position independent quantity and the continuity equation
implies that v ~1/7°. The sound speed is also a constant. In
the following we examine the Hawking radiation and entropy
of the usual canonical acoustic black hole, as well as, in the
Lorentz-violating and noncommutative background.

Canonical Acoustic Metric

In this case the line element of the acoustic black hole is
given by

ds*=—f (v,)dr* +—"—dr’ +r* (d0’ +sin’0d¢’ ), (56)

fhﬂ
where the metric function, f (vy ) takes de form

Fv)=c - f(r):e,f[l—@j (57)

Here we have defined v, = ¢, /r* being T, the radius of

the event horizon. In this case we compute the Hawking
temperature using the following formula:

r, =0 _ < (g

H
4 Ty,

By considering the above result for the Hawking
temperature and applying the first law of thermodynamics,
we can obtain the entropy (entanglement entropy [38]) of
the acoustic black hole as follows

dE dA A
— (59
I j4 7T, 4cf (>9)
being A =4z the horizon area of the canonical acoustic

black hole.

Canonical Acoustic Metric with Lorentz

Violation

In the limitc <landv’ <lcan be written as a
Schwarzschild metric type. Thus, for f# 0and o =0 and up
to an irrelevant position-independent factor,
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2 ﬂ 2 2 .2 2
ds dr e dr + d9 +sin"9d¢° ),
T 5o A ( )
(60)
where
f(v)= &{Cﬁ _N’Bv’z}ef(r): &[Cf [1— N:L:ﬂ,
(61)
The Hawking temperature is given by
T, :f’(”h) (l £) (1_3ﬁ) (62)
Ar o (1+p) @ i,

Therefore, the temperature is decreased when we vary
the parameter f. For £=0the usual result is obtained.
Hence, from the above temperature, we have the following
result for the entropy of the acoustic black hole in the
background violating Lorentz.

5_(1039)
4c

s

4, (63)

Now, for f#=0and a # 0, we find for & sufficiently small we
have up to first order

where@ =1+a  Forv, =c, 17 /r’withc, =1, the metric

function becomes

4 2 2
f(r) =g {d— %[1+a%j+a%} (65)

7

In the present case there is a richer structure such as
charged and rotating black holes. The event horizon of the
modified canonical acoustic black hole is obtained from the
following equation:

4
r

4 2 2
- I"h I"l 17
a- —(1+a’—2J+ai2: 0 (66)
r r
which can also be rewritten in the form

-1 _4_2
P rarirt—=al'nr —arf =0 (67)

we can also write
r (rz —r+2)(r2 —I’,z)—m”h6 =0, (68)
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where

2 =rf[—%iﬁj (69)

Now, arranging the above equation (68), we have

6
¥ =r O/ — (70)
r (r2 -r )

Therefore, we can find the event horizon by solving the
above equation perturbatively. So, up to the first order in «
we obtain

6
T e — :[1—5};--- (71)
?) 2

- [, @
Fo=r, I—E+~- (72)

For the Hawking temperature, we obtain

T, =L~(1+3—“j (73)
v 2

+

Then, we have

In terms of 7, , we have

1 T
T, = _[HTJ (74)

T,

In this situation the temperature is increased when we vary
the parameter a For a =0 one recovers the usual result.

In this case for entropy, we find
Ta )\ A
S={1-—|—= (75
(1-2)4 0s)

Noncommutative Canonical Acoustic Metric

The noncommutative acoustic metric can be written as
a Schwarzschild metric type, up to an irrelevant position-
independent factor, in the nonrelativistic limit as follows
Anacleto MA, et al. [22],

4 :_]:_(vy)dz_z+[vff+2~+.7-—(vr)/1]drz+r2(d32+sinzlgd¢z)
F(v) NG
(76)
where
- f(vr) 1 B o i
Fv)= = 1-30-B)c2 —(1+30-B—-20.B, )v} —0E.v,
o) S(v) f(v’_)|:( ) ( ) }

(77)
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f(v,)=1-20-B-30¢v, (78)

A(v,)=1+0-B-0¢&v, (79)
I'(v,)=1+46-B-20€v, (80)
Z(Vr): [95,4 —(Brvr)Hr —(6v,)B ]v, (81)

Being 6€ :H(ﬁxE) . Now, by applying the relation
v, =c,r} /7, wherer,is the radius of the event horizon
and makingc, =land so, the metric function of the
noncommutative canonical acoustic black hole becomes

4 2 2712
ﬁ(r)—|:1—39~§—(1+3§~B—2Q‘B,‘)r”4—9& @}{1—25?—39& r’z}
r r r

(82)
Next, we will do our analysis considering the pure
magnetic sector first and then we will investigate the pure
electric sector.

Hence, for 6. =0,0-B=6,B,#0,05, =0 (orE=0) with
small 6,5, ,
1+36,B
TH=( \By) 1 _1+40,B, 83)
J1-20,B, 7, zr,

For @ =0 the usual result is obtained. Here the temperature
has its value increased when we vary the parameter 6.

However, for the temperature in (83) we can find the
entropy given by

1-46,B,) A
s=[dE_[ a1 _(Z408)4 g,
T 4rr, T, 4
where A =477 is the horizon area of the canonical acoustic
black hole.

At this point, we will consider the situation where B =0 and
0& +#0.So, from (82), we have

7

r4 rz 72 -1/2
ﬁ(r){l—%—es,riz}{l—wa#} (85)

For this metric the event horizon is obtained by solving
the equation below

4 2
1-2—pg =0 (86)
r r

or
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rt—0Er -1 =0 (87)
So, solving the above equation, we obtain

r, = (1+ 6’5, ]rh (88)

For the Hawking temperature, we find

1-6€. /2
:( ' /2) 1 _ 1468, _1+436€ /4 (89)
\/1—3498,, Ty,  wr, T,

H

We also noticed that the temperature is increased when we
vary the @ parameter. For entropy we have

(1-6€) 4

S = (90)

where 4 =471,

Quantum-Corrected Hawking Temperature
and Entropy

In this section, we implement quantum corrections in
the Hawking temperature and entropy calculation arising
from the generalized uncertainty principle and modified
dispersion relations.

Result Using GUP

At this point, we introduce quantum corrections via the
generalized uncertainty principle (GUP) to determine the
Hawking temperature and entropy of the canonical acoustic
black hole in the Lorentz-violating and noncommutative
background. So, we will adopt the following GUP [63-70].

272

h Al )
AxAp>H1-Z2 ap+ 22 (4 91
XPZ( -Ap hz(p)J()

Where « is a dimensionless positive parameter and/, is the
Planck length.

In sequence, without loss of generality, we will adopt the
natural units G=c=k, =h=I[, =1and by assuming that
Ap ~ E and following the steps performed in Anacleto MA, et
al. [38] we can obtain the following relation for the corrected
energy of the black hole

A A2

1-—=—+

E >F —+-- | (92
aw 2 2(Ax) 2(Ax)z+ (52)

Thus, applying the tunneling formalism using the
Hamilton-Jacobi method, we have the following result for the
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probability of tunneling with corrected energy E,,, given by

B B 47:Egup
I'=exp (93)
K

where «x is the surface gravity. Comparing with the
Boltzmann factor, e™*'” we obtain the following result for the
Hawking temperature with quantum corrections

A A2

So, by applying it to temperature (58), we have the following
result

2
cx

{ YR }(95)
Tlh——+ -
4

@.

T =

Therefore, whenr, =0the singularity is removed and
the temperature is now zero. Next, we analyze the effect of
GUP in the Lorentz-violating and noncommutative cases.

For this case we can calculate the entropy, which is given by

P i_m/?zwiﬂ,zzlm

4c? 4c? 8¢’

+-- (96)

So due to the GUP we get a logarithmic correction term
for the entropy.

Violation-Lorentz Case: In the situation where S = 0and
a =0, the corrected temperature due to GUP is

5 -1
T=T, {1_%+2§/1—2+”1 (97)

7, 7

where
T, _1=36 (98)
zh,
Thus, we have
T= 1235 (99)

Note that whenr, — 0the Hawking temperature tends
to zero, T — 0. In the absence of the GUP the temperature,
T, diverges when 7, = 0. Therefore, we observe that the GUP

Copyright© Anacleto MA, etal.


https://medwinpublishers.com/PSBJ

has the effect of removing the singularity at », =0 in the
Hawking temperature of the acoustic black hole.
Now computing the entropy, we find

2
S=(1+35) £74\/;ﬂ\/2+7rﬂ, 4| 100
4 4
For f=0and o # 0, we have
7o 1+3a/2 (101)
. A A7
T\ F ——

4 8&r

In terms of 7, , we obtain
a 1+3a/2 (102)

(-5
|l n|l=——|=—+—| 1+— |-
4) 4 8 4

In this situation, we can also verify the effect of the GUP
on the temperature that goes to zero when , — 0(7, — 0).In
addition, we note thatin both cases the Hawking temperature
reaches a maximum value before going to zero, as we can see
in Figure 1. Therefore, presenting a behavior analogous to
what happens with the corrected Hawking temperature of
the Schwarzschild black hole.

For entropy, we obtain

s:[1_3_“1(1_2)&_M+[l+ﬁjm+..1

2 4)a 4 4) 8

(103)
Again we find a logarithmic correction term and also the
contribution of the parameter to the entropy.

-

Figure 1: The Hawking temperature 7,, — zA7,, in function
ofr, / 1. Note that the temperatures Th2 (95), Th3 (99)
and Th4 (102) reach maximum values, and then decreases
tozeroasr, /1 —0.
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Noncommutative Case: For the magnetic sector, the GUP-
corrected Hawking temperature is given by

1+46,B,

A A7
A

4 8

Note that, the GUP acts as a temperature regulator
by removing the singularity whenrz =0. In addition, the
temperature goes through a maximum value point before
going to zero fors, =0.

In this case entropy is given by

T =

(104)

2
S :(1—49333)H—4‘/;;1*/Z LT 81“/1 +

} (105)

Next, for the electrical sector, we find the following GUP-
corrected Hawking temperature

1+6€,

A A
Tlr, ——+—"-
T4 8

In terms of 7, , the temperature becomes

T 1+6¢, (107)

( .9&) A /12[ Hsrj
ARANES -——+—1-
4 ) 4 8 4

Hence, as has been verified in the violating-Lorentz
case, here in both cases the temperature-corrected magnetic
and electric sectors have the singularity removed when the
horizon radius goes to zero. Also, in this case we can observe
that the temperature reaches a maximum value and then
goes to zero when the horizon radius is zero.

T =

(106)

At this point, when determining the entropy, we have

95,]4_4&1«/2{1_05,]”%1nA+_.1

S:(l—t%’r)KH
4 )4 4 4 ) 8

(108)

Result Using Modified Dispersion Relation

Near the event horizon the dispersion relation (19)
becomes

2
= E(H%} (109)

7,

where g, is a parameter with length dimension. By assuming

Copyright© Anacleto MA, etal.


https://medwinpublishers.com/PSBJ

k ~Ak ~1/ Ax=1/r,, we can write

272

a):E[H ak j (110)
2

Thus, in terms of the energy difference, we have

AE _w-E _ak’
E E

Next, by using the Rayleigh’s formula that relates the phase
and group velocities

(111)

dv

£ (112)

dk

where the phase velocity (v,) and the group velocity (v, ) are
given by

v, :vp+k

272

k
v =2 -149% (113
k 2

P

and

. do _ 3ak’
¢ dk
However, we find an expression for the velocity difference as
following

1+

(114)

v

s % _ 242 (115)

Vp

which corresponds to the supersonic case (vg >v, ) .

Furthermore, the Hawking temperature (58) can be corrected
by applying the dispersion ratio (109), i.e
2

CS
a2
Tl +—2>
2r,
Note that the singularity is removed, whenr and the

temperature vanishes. In addition, the temperature reaches
a maximum value before going to zero, as we can see in

T, = (116)

Figure 2.
Now, by calculating the entropy, we find
A 2rmallnA
S=—+—"—"2—— (117
4c? 4c? (117)

Here a logarithmic correction term arises in entropy
on account of the modified dispersion relation. In order
to correct the Hawking temperature and entropy for the
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Lorentz-violating and non-commutative cases, we will apply
the modified dispersion relations obtained in Refs Anacleto
MA, et al. [21,22].

Figure 2: The Hawking temperature 7, — 7a,T}, in
function of7, /a,. Note that the temperatures T2 (116),
T3 (119) and T4 (123) reach maximum values, and then

decreases to zeroasz, /a, > 0.

-

Violation-Lorentz Case: In the situation where £ =0 and
a # 0, we have the following dispersion relation:

+

2
w=E[1+%+%J (118)

So for temperature (73), we get

T 14+3a/2 (119)

. a  aa
T\ A+
2 7
Furthermore, the result shows that the temperature
reaches a maximum point and then goes to zero when the
horizon radius is zero. Moreover, entropy is given by

2 4)4 4 8

S:(1_3_05}{(1_&)£+2\/;a«/2+47ma§ 1nA+“1 (120)

Again due to the contribution of the modified dispersion
relation, a logarithmic correction term arises in the entropy.

Noncommutative Case: At this point we consider the
dispersion ratio for the pure electrical sector. So we have

HEIag
121
47> ] ( )

+

a;=E(1+
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For the temperature (89), we find

T= M (122)

0 a;
Tl +—"
4r,
which in terms of , becomes

e (1+6¢€.) (123)

( Hg"] o€ a’
|1+ ot
4 4r,

Here, we can see that the temperature goes through a
maximum value before going to zero fors, =0. Hence, the
result for entropy is

2
ngjé_i_ﬂQElao lnA} (124)

S:(I—HSV)KH "

In the above equation a logarithmic correction term
arises in entropy as a consequence of the noncommutativity
effect on the dispersion relation.

Conclusion

In summary, in this work, we have reviewed the steps
to generate relativistic acoustic metrics in the Lorentz-
violating and noncommutative background. In particular,
we have considered the modified canonical acoustic metric
due to the contribution of terms violating Lorentz symmetry
and noncommutativity; to examine Hawking radiation and
entropy. Moreover, we have verified, in the calculation of
the Hawking temperature, that due to the presence of the
GUP and the modified dispersion relation, the singularity is
removed. In addition, we have shown that in these cases, the
temperature reaches a maximum value and then vanishes
when the horizon radius goes to zero. Furthermore, entropy
has been computed, and we show that logarithmic correction
terms are generated due to the GUP and also the modified
dispersion relation. Therefore, the presented results show
a behavior similar to what happens in the case of the
Schwarzschild black hole.
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