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Abstract: In this paper, we investigate the R? corrections to the dissociation of heavy quarkonium in the Gauss-

Bonnet gravitational background. We analyze the impact of Gauss-Bonnet parameter Agp on the spectral function of

charmonium and bottomonium, and examine how Agp affects the dissociation of heavy quarkonium. Our results
show that Agp reduces the peak height and increases the peak width of the spectral function, suggesting that Agp en-

hances the dissociation of heavy quarkonium. We also discuss how the dissociation of heavy quarkonium varies with
the ratio of shear viscosity to entropy density and find the dissociation will be easier in more perfect plasma. Addi-
tionally, we observe that the temperature decreases the peak height and widens the peak, thereby accelerating the dis-

sociation.
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I. INTRODUCTION

Experimental studies at the Relativistic Heavy lon
Collider (RHIC) and the Large Hadron Collider (LHC)
offer unique opportunities to investigate quantum chro-
modynamics (QCD) matter under extreme conditions
[1—4]. The high energies produced in heavy ion 'colli-
sions create a hot and dense environment, leading to the
formation of a new state of matter called quark-gluon
plasma (QGP) as expected due to the deconfinement
phase transition. Heavy quarkonium (J/¥ and T(1S))
plays a crucial role in probing the properties of QGP and
provides valuable insights into the behavior of strongly
coupled plasma. The suppression of heavy quarkoniums
serves as evidence of their interaction with QGP and has
garnered significant attention from researchers [5, 6].
Thermal dissociation of heavy quarkonium refers to the
process in which a particle peak in the spectral function
disappears.

The results of lattice QCD suggest that J/¥ could ex-
ist as distinct resonances even up to temperatures around
1.6T. (T. is the critical temperature), and then dissociate
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in the temperature range of 1.6, to 1.97. on anisotropic
lattices [7]. Further research indicates that on isotropic
lattices, J/¥ gradually dissociates and disappears at
around 37, according to lattice QCD [8]. Additionally, in
a potential model, it has been found that the 1S state of
charmonium dissociates at 1.27. and the excited states
melt below T. [9]. Furthermore, lattice QCD predicts that
the lower bound of the Y(1S) state dissociates at around
2.3T. [10], and it suggests that the ground state of bot-
tomonium could survive in a range from approximately
0.42T, to 2.09T, [11]. The thermal behaviors of quarkoni-
um states have been discussed using QCD sum rules [12,
13].

AdS/CFT correspondence [14—16] could also provide
valuable insights into the dissociation of heavy quarkoni-
um. Studies on the dissociation of scalar glueballs and
scalar mesons at finite temperature from a holographic
perspective have been conducted [17, 18]. Additionally,
the influence of a magnetic field on the dissociation of
heavy quarkonium has been explored in [19-21]. The ef-
fects of temperature and chemical potential on the melt-
ing of heavy quarkonium have been analyzed in several
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studies [22—26]. Furthermore, discussions on the masses
and decay constants of heavy quarkonium have been
presented in [27, 28]. Studies have also been conducted
on the quasinormal modes of heavy quarkonium within
the framework of holographic QCD models [29—-31]. The
analysis of the spectral functions of heavy quarkonium in
a rotating background has been explored in [32—34].
Moreover, the effects of anisotropy on the dissociation of
heavy quarkonium have been discussed in [35]. The spec-
tra of light-flavor hadrons in the dynamical holographic
QCD model have been examined in [36]. For the dilepton
decays of vector mesons, the authors of [37] calculate the
relationship between production rates and the spectral
function of mesons within the holographic model. The
spectral function of the J/¥ meson in the soft wall mod-
el is discussed in [38]. The dissociation of scalar and vec-
tor mesons in two-flavor holographic QCD has been in-
vestigated in [39]. Additionally, the analysis of the spec-
tral functions of fermions in instantonic plasma has been
conducted in [40].

In string theory, it is widely recognized that there may
be higher derivative corrections due to the complex inter-
play between string or quantum effects [41]. The correc-
tions, such as the curvature squared corrections (R?), are
associated with the leading 1/N, corrections when a D7-
brane is present [42—44]. The R? corrections can contrib-
ute to a more accurate description of interactions, includ-
ing quantum gravitational effects or higher-dimensional
operators. The R? term often represents higher derivative
corrections or modifications to the action. The Gauss-
Bonnet term naturally emerges when exploring higher-di-
mensional theories of gravity. In these frameworks, the
action typically involves higher derivative corrections,
and the Gauss-Bonnet term is one of the simplest correc-
tions that can be made to the gravitational action. These
higher derivative corrections are important for under-
standing various physical phenomena, including their im-
pact on the ratio of shear viscosity to entropy density
(n/s) in gravity theories with R? corrections [45—47].
Furthermore, higher derivative corrections have been
studied in relation to the quark potential [48, 49], drag
force [50], jet quenching parameter [51, 52], and energy
loss of light quarks [53]. The Gauss-Bonnet term contrib-
utes to the formation of black hole solutions, exhibiting
various asymptotic behaviors and thermodynamic proper-
ties. In addition to the Graviton-Dilaton-Maxwell model,
there are some researches on the QCD thermodynamics
and QCD phase diagram through Einstien-Gauss-Bonnet
gravity models in recent years [54—56]. The inclusion of
the Gauss-Bonnet term offers new insights into the beha-
vior of strongly-coupled gauge theories. Additionally,
higher derivative corrections have been examined in the
context of analytic structure of thermal correlators, trans-
port coefficients [57—59], and other quantities [60—68].

The authors of Ref. [23] investigate the melting of

heavy mesons in the context of AdS/QCD at finite tem-
perature. However, the spectral functions of heavy
quarkonium within Gauss-Bonnet gravity have not yet
been explored. We want to expand upon the findings of
Ref. [23] by considering both finite temperature and fi-
nite Agp cases. In this paper, we focus on studying R?
corrections to the spectral functions of heavy quarkoni-
um in the Gauss-Bonnet gravity and examining the influ-
ence of the Gauss-Bonnet parameter Agz on the dissoci-
ation of heavy quarkonium. The results of Refs. [45—47]
show that n/s decreases as Agp increases, indicating that
the fluid behaves more like a perfect fluid when increas-
ing Agp. Thus, studying the connection between n/s and
the dissociation of heavy quarkonium may be an interest-
ing research.

The paper is organized as follows. In Sec. II, we dis-
cuss the holographic model with higher derivative correc-
tion. In Sec. III, we study the spectral function with high-
er derivative correction. In Sec. IV, we give the conclu-
sion and discussion.

II. HOLOGRAPHIC MODEL WITH HIGHER DE-
RIVATIVE CORRECTION

When the R? correction is present, the Gauss-Bonnet
term is generally introduced as a correction to Einstein's
general relativity. The R? corrections are associated with
the leading 1/N, corrections when a D7-brane is present
[42—44]. The effective action to leading order can be giv-
en as [45, 46]

1
d’x+=g|R { — +L2(mR?
1 61G- / X + + (my
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where R, R,, and R,,,, denote Ricci scalar, Ricci tensor
and Riemann tensor respectively. Gs represents Newton
constant. In higher-dimensional theories, adding the
Gauss-Bonnet term is important for ensuring consistency
and stability in the theory. This addition helps avoid cer-
tain types of singularities in the equations of motion and
guarantees that the theory remains well-defined. L de-
notes AdS radius at leading order in m;, where
m; ~ % < 1. It should be mentioned that only m; is unam-
biguous, while m; and m, could be arbitrarily altered
from the field redefinition [45, 46]. In order to avoid this
issue, one can consider the Gauss-Bonnet gravity, where
m; are fixed by parameter Asp. Gauss-Bonnet gravity is
one special case of the action (1), and the action with Agp
term in Gauss-Bonnet gravity can be given as
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where Agp is valid in 3 <Agp < Too range. The lower

bound of the range is from the requirement that the
boundary energy density should be positive-definite [69].
The metric of Gauss-Bonnet gravity is [70]

ds* = i‘—j <—n2 fdf* +d 3%+ %dzz), (3)

with
fo= g (1 1-4a(1-5)). @

and
n = %(1 +/1-426p), 5)

where X denotes the boundary coordinates xi, x, and x3.
z is the coordinate of fifth dimension. z, denotes the hori-
zon. The temperature is [70]

(6)

III. SPECTRAL FUNCTION WITH HIGHER DE-
RIVATIVE CORRECTION

In this section, we will examine the spectral function
of charmonium and bottomonium in Gauss-Bonnet grav-
ity. The formulas for the spectral function can be derived
by referring to the work in Ref. [20]. We can represent
heavy quarkonium using the vector field V,, =(V,,V,),
which is dual to the gauge theory current J* = ¥y*¥. The
gravitational action is defined as follows [20]:

1
I= /d4xdz \—ge @ {— —2F,,,,,F""’} , )
4g5

where F,, =0,V,-8,V,. We assume the value of g to
be one for simplicity in this work. The dilaton field ¢(z)
can choose the following form [20]

80 =+ Mzrtanh (- 22 ). ®)

Mz AT

where w and I' denote the quark mass and string tension

respectively. M represents the mass scale which is re-
lated to the non-hadronic decay. These parameters can be
fixed by fitting the spectrum of masses [20]. The values
of these parameters for charmonium and bottomonium
are

w.=12GeV, VI[=0.55GeV, M,.=22GeV; ©)
wy =2.45GeV, T, =1.55GeV, M, =6.2GeV.

The spectral function of heavy mesons can be ob-
tained from membrane paradigm [71]. We rewrite the
background form (Eq.(3)) of Gauss-Bonnet gravity

ds® = —g,dff + .., dx; + 8., dX5 + g, dX5 + g.dz*. (10)
From Eq.(7), one can get the equation of motion
ey )
" <— F..) =0, 11
h(z) (h

where h(z) = @,
The conjugate momentum of the gauge field in the
case of z-foliation is

J=—-QF%. (12)

The background of Gauss-Bonnet gravity in X -direc-
tion is isotropic. Here we can consider that the equations
of motion has longitudinal fluctuations along (¢,x;) and
transverse fluctuations along (x;,x;). The longitudinal
components of Eq.(11) are

A= n‘gxxza)@ szt — O,

BEAEE
-0.j% + %g”gmafﬂ, =0.
0, +0,j =0, (13)
Applying the Bianchi identity, one can get
9.F oy h(z) h() (14)

ﬁgzzgxx_;arjz - ﬁgngug 0y, J' =0.

The conductivity of longitudinal channel and its de-
rivative are

7w, Ph2)
Fo(w,P,2)

I o _ii(
0,0 = —iw 2, {2(z) Q) 1

EL(O)’?, Z) =

2, XX3
P38
- )} (15)
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In the same way, one can get the result of transverse
72

channel
8z p3 g™
a7y =i\ [ T5 30 (1-BE2 ).
Or=ioyf s T HO T g g

In zero momentum (p3=0) case, one can find
o =07 =0, and the form is

o5 552

From the Kubo formula, one can find AC conductiv-
ity o is relevant with Retarded Green function

=(w,0,0, p3) and

(16)

0,0=1i

(17)

o(w) = _Gr@) _ =5 (w,z =0). (18)
iw
Then one can get the spectral function
p(w) = —ImGr(w) = wReT(w,0). (19)

Using the parameters of Eq.(9), we can calculate the
spectral function of charmonium and bottomonium with
numerical method. In calculations, we set AdS radius L to
be 1.

In Fig. 1, we present the spectral functions for char-
monium at 7 =0.15 GeV for various values of Agz. The

4 6
w(GeV)
Fig. 1.

4

quasiparticle state is characterized by the bell-shaped pro-
file of the spectral function. The first and second peaks
correspond to the 1S state (J/¥) and the 28S state, respect-
ively. From the results shown in Fig. 1, it is evident that
increasing Agp leads to a reduction of the 2S state.

In Fig. 2, we plot the spectral functions for charmoni-
um at 7 =0.3 GeV for different values of As3. The peak
width is inversely proportional to decay rate, suggesting
the stability. It is obvious that increasing Agp causes the
spectral function peak to decrease in height and broaden
in width, indicating the promotion of the dissociation ef-
fect of J/¥.

In Fig. 3, we-present the spectral functions for bot-
tomonium at 7 = 0.2 GeV with different values of Agj.
The first and second peaks represent the 1S state (7(15))
and the 28 state, respectively. The results shown in Fig. 3
indicate that the 2S state gradually diminishes as Agp in-
creases.

In Fig. 4, we show the spectral functions for bot-
tomonium at 7 =0.3 GeV for various Agp values. The
peak corresponds to the 1S state (Y(1S)). We observed
that the peak height decreases as Agp increases, while the
peak width increases with increasing Agp. It indicates that
Ags enhances the dissociation effect of Y'(1S5).

From the results of Figs. 1-4, we can conclude that
Agp promotes the dissociation of heavy quarkonium in
Gauss-Bonnet gravity. In the works of Refs. [45—47], the
authors investigate how the parameter Agp affects the ra-
tio of shear viscosity to entropy density (/s) in Gauss-
Bonnet gravity, ? = ;-(1-44gp). They find that n/s de-
creases as Agp increases, indicating that the fluid behaves
more like a perfect fluid when increasing Agp. Con-

(b)Age =

A
100

w(GeV)

(color online) Spectral functions of charmonium at 7 =0.15 GeV for different values of Agp.
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P (w)

w(GeV)

(color online) Spectral functions of charmonium at
T =03 GeV for different values of Agp. The black, red and

Fig. 2.

ative results of our work are consistent with the results of
Refs. [31, 64].

In the work of [72], the authors examine the confine-
ment/deconfinement transition within the soft wall model,
incorporating Gauss-Bonnet corrections. They determine
that the phase transition temperature 7, ~ 0.19GeV at zero
chemical potential and zero Gauss-Bonnet term. The au-
thors also note that the effect of the Gauss-Bonnet term
on the phase transition temperature is minimal. Therefore,
for the purposes of this study, we will adopt the phase

transition temperature. T, ~ 0.19GeV at Ags = 100 for

simplicity.
In Fig. 5, we analyze the spectral functions of char-

11 9 . .
blue line denote A6s =~¢. 755 and 75 respectively. monium at Agsz = 100 for different temperatures. From
sequently, we can conclude that the dissociation of heavy 140
quarkonium will be easier in more perfect plasma. 120k
Moreovler, 77/6 decreases 38.56% when increasing Agp 100l
from 6 100 The peak of J/¥ decreases 24% and thle 80
0 increasi - §‘ 3 O}
‘Y’(l% ) decreases 64.29% when increasing Agp from 6 e sol
to 100" 40
In Ref. [31], the authors calculate the configuration 2ol
entropy of bottomonium in Gauss-Bonnet gravity and
find that A;z enhances the dissociation effect. In Ref. %.0 65 70 75 80 85 90
[64], the authors study the impact of gz on the entropic
: . w(GeV)
force of the heavy quarkonium. The entropic force can be
Fig. 4. (color online) Spectral functions of bottomonium at

seen as one mechanism that melts the heavy quarkonium.
It is found that Agp increases the entropic force and en-

T =0.3 GeV for different values of Agp. The black, red and

hances the dissociation of heavy quarkonium. The qualit- blue line denote Acs = ‘é’ ﬁ, and %, respectively.
ol . . . . .__.1. g0l . . . . _L
(@)Aee =-7 (b)Ags = —
5 60} ] 5 60t ]
=3 =3
20} 1 20¢ :
o~
O . . " " " N O " .J " " " "
4 6 8 10 12 14 4 6 8 10 12 14
—wGeV) w(GeV)
80t =1 80¢ =2
(c)Ace = 3 (d)Aee = =
5 60} ] 5 60} ’ ]
|3 =3
Q 40 [ 1 Q | 40 [
20¢ 1 20¢ J
0 0
4 6 8 10 12 14 4 6 8 10 12 14
w(GeV) w(GeV)

Fig. 3. (color online) Spectral functions of bottomonium at 7 = 0.2 GeV for different values of Agp.
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Fig. 5 (a), we observe that the 2S state and J/¥ coexist at
low temperature. As Agp increases, the 285 state gradually
disappears, with total melting occurring at 7 =0.175GeV
(T =0.92T,) as shown in Fig. 5 (b). This finding is con-
sistent with results from the potential model [9]. Addi-
tionally, the J/¥ also disappears as temperature in-
creases, with complete melting occurring at 7 = 0.6GeV

(T =3.16T,), as illustrated in Figs. 5 (c) and (d). This res-
ult aligns closely with findings from lattice QCD [8].
In Fig. 6, we examine the spectral functions of bot-

. Aop = ——
tomonium at Ags 100

Fig. 6 (a), we observe that the 28 state and Y(1S) coexist
at low temperature. As Agp increases, the 2S state gradu-

for various temperatures. From

12 . . 12 . .
10} (a)T=0.1 10} (b)T = 0.175'
3|3 6} {133 6
Q 4t 1< 4t
2t 2t
0 " " O " "
0 2 4 6 8 0 2 4 6 8
12 w(GeV) w(GeV)
_ . 14F . . . 7
10} (€)T=0.4 1ol (d)T = 0.6 |
3. g 1=, 10} ;
< 4} Y 6} -
i \, 4t ]
0 " " " "
0 2 4N\ 9 8 0 2 4 6 8 10
w(GeV) w(GeV)
Fig. 5. (color online) Spectral functions of charmonium at Az = % for different values of 7. T is in units GeV.
30¢ - 3 30¢ =0.35]
o (a)T = 0.16] o » (b)T = 0.35
3 20¢ 3 20¢
3| S 15 13| S 15
10¢ ] 10§
0 h " " " O " " " " " "
0 2 4 6 8 1012 14 0 2 4 6 8 101214
35 wGev) 35 wGev)
30 _ ] 30 _ ]
3 @T=05§ 3 (d)T = 0.9]
3 20¢ 13 20¢
E 3 15¢ ] E‘ 3 15t E
10¢ 10¢ 3
5 3 5 3 3
0 b T T T
0 2 4 6 8 1012 14 4 6 8 10 12 14
w(GeV) w(GeV)
Fig. 6. (color online) Spectral functions of bottomonium at A6z = %.0 for different values of 7. T'is in units GeV.
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ally diminishes, with total melting happening at
T =0.35GeV (T =1.84T,), as shown in Fig. 6 (b). This
indicates that the r'(1S) also begins to melt at 7 = 1.84T,
which closely aligns with the results from lattice QCD
[10]. Furthermore, the T(1S) continues to disappear as
the temperature rises, with complete melting occurring at
T =0.9GeV (T =4.74T,.), as shown in Figs. 6 (c) and (d).
From the results of Fig. 5 and Fig. 6, one can summarize
that the temperature promotes the dissociation effect of
heavy quarkonium.

IV. CONCLUSION AND DISCUSSION

In this paper, we investigate the R? corrections to the
spectral functions in Gauss-Bonnet gravity, specifically
focusing on the effect of the Gauss-Bonnet parameter Agp
on the dissociation of heavy quarkonium.

It is clear that increasing Agp causes the peak of the

spectral functions to decrease in height and broaden in
width. These findings indicate that the dissociation effect
of heavy quarkonium is promoted. Thus, we can con-
clude that Agp promotes the dissociation of heavy
quarkonium in Gauss-Bonnet gravity. Moreover, it is ob-
served that as the temperature increases, the peak height
decreases, and the peak width increases. This suggests
that the temperature promotes the dissociation effect of
heavy quarkonium. We also discuss how the dissociation
of heavy quarkonium varies with the ratio of shear vis-
cosity to entropy density and find the dissociation will be
easier in more perfect plasma.

We expect this work can provide valuable insights in
the behavior of strongly coupled plasma. Finally, it is also
interesting to study the effect of R* corrections on the
spectral functions. We hope to report this work in the fu-
ture.

References
[11 1. Arsene et al. [BRAHMS Collaboration], Nucl. Phys. A
757, 1 (2005)

K. Adcox et al. [PHENIX Collaboration], Nucl. Phys. A
757, 184 (2005)

B. B. Back et al., Nucl. Phys. A 757, 28 (2005)

J. Adams et al. [STAR Collaboration], Nucl. Phys. A 757,
102 (2005)

[5] T.Matsui and H. Satz, Phys. Lett. B178, 416 (1986)
[6] H. Satz, J. Phys. G 32, R25 (2006)
[71 M. Asakawa and T. Hatsuda, Phys. Rev. Lett. 92, 012001

(2004)

S. Datta, F. Karsch, P. Petreczky and 1. Wetzorke, Phys.
Rev. D 69, 094507 (2004)

A. Mocsy and P. Petreczky, Phys. Rev. Lett. 99, 211602
(2007)

[10] K. Suzuki, P. Gubler, K. Morita and M. Oka, Nucl. Phys. A
897, 28 (2013)

[11]  G. Aarts, C. Allton, S. Kim, M. P. Lombardo, M. B. Oktay,
S. M. Ryan, D. K. Sinclair and J. I. Skullerud, JHEP 11, 103
(2011)

[12] C. A. Dominguez, M. Loewe, J. C. Rojas and Y. Zhang,
Phys. Rev. D 81, 014007 (2010)

[13] C. A. Dominguez, M. Loewe and Y. Zhang, Phys. Rev. D
88, 054015 (2013)

[14] J. M. Maldacena, Adv. Theor. Math. Phys. 2, 231 (1998)

[15] E. Witten, Adv. Theor. Math. Phys. 2, 253 (1998)

[16] S. S. Gubser, I. R. Klebanov and A. M. Polyakov, Phys.
Lett. B 428, 105 (1998)

[17]  P. Colangelo, F. Giannuzzi and S. Nicotri, Phys. Rev. D 80,
094019 (2009)

[18] A. S. Miranda, C. A. Ballon Bayona, H. Boschi-Filho and
N. R. F. Braga, JHEP 2009(11), 119 (2009)

[19] D. Dudal and T. G. Mertens, Phys. Rev. D 91, 086002
(2015)

[20] N. R. F. Braga and L. F. Ferreira, Phys. Lett. B 783, 186
(2018)

[21] Y. Q. Zhao and D. Hou, Eur. Phys. J. C 82(12), 1102 (2022)

[22] L. A.H. Mamani, A. S. Miranda, H. Boschi-Filho and N. R.

F. Braga, JHEP 2014(3), 58 (2014)

[23] N. R. F. Braga, M. A. Martin Contreras and S. Diles, Eur.
Phys. J. C 76(11), 598 (2016)

[24] N. R. F. Braga and L. F. Ferreira, Phys. Lett. B 773, 313
(2017)

[25] N. R. F. Braga, L. F. Ferreira and A. Vega, Phys. Lett. B
774,476 (2017)

[26] L. A. H. Mamani, D. Hou and N. R. F. Braga, Phys. Rev. D
105(12), 126020 (2022)

[27] N. R. F. Braga, M. A. Martin Contreras and S. Diles, Phys.
Lett. B 763, 203 (2016)

[28] N. R. F. Braga, M. A. Martin Contreras and S. Diles, EPL
115(3), 31002 (2016)

[29] N. R. F. Braga and L. F. Ferreira, Phys. Lett. B 795, 462
(2019)

[30] N.R.F. Braga and R. Da Mata, Phys. Lett. B 804, 135381
(2020)

[31] Y. Q. Zhao and D. Hou, Phys. Lett. B 847, 138271 (2023)

[32] Y. Q. Zhao and D. Hou, Eur. Phys. J. C 83(11), 1076 (2023)

[33] N. R. F. Braga and Y. F. Ferreira, Phys. Rev. D 108(9),
094017 (2023)

[34] Z.R.Zhu, M. Sun, R. Zhou, Z. Ma and J. Han, Eur. Phys. J.
C 84(12), 1252 (2024)

[35] W. B. Chang and D. f. Hou, Phys. Rev. D 109(8), 086010
(2024)

[36] R. Chen, D. Li, K. Bitaghsir Fadafan and M. Huang, Chin.
Phys. C 47(6), 063106 (2023)

[37] X.L.Sheng, Y. Q. Zhao, S. W. Li, F. Becattini and D. Hou,
Phys. Rev. D 110(5), 056047 (2024)

[38] Y. Q. Zhao, X. L. Sheng, S. W. Li and D. Hou, JHEP 08,
070 (2024)

[39] A. Ballon-Bayona, S. Bartz, L. A. H. Mamani and D. M.
Rodrigues, [arXiv: 2410.23471 [hep-ph]].

[40] S. w. Li, Y. p. Zhang and H. q. Li, [arXiv: 2406.11557
[hep-th]].

[41] M. R. Douglas and S. Kachru, Rev. Mod. Phys. 79, 733
(2007)

[42]  O. Aharony, J. Pawelczyk, S. Theisen and S. Yankielowicz,

Phys. Rev. D 60, 066001 (1999)


https://doi.org/10.1016/j.nuclphysa.2005.02.130
https://doi.org/10.1016/j.nuclphysa.2005.02.130
https://doi.org/10.1016/j.nuclphysa.2005.02.130
https://doi.org/10.1016/j.nuclphysa.2005.02.130
https://doi.org/10.1016/j.nuclphysa.2005.02.130
https://doi.org/10.1016/j.nuclphysa.2005.02.130
https://doi.org/10.1016/j.nuclphysa.2005.02.130
https://doi.org/10.1016/j.nuclphysa.2005.02.130
https://doi.org/10.1016/j.nuclphysa.2005.02.130
https://doi.org/10.1016/j.nuclphysa.2005.03.086
https://doi.org/10.1016/j.nuclphysa.2005.03.086
https://doi.org/10.1016/j.nuclphysa.2005.03.086
https://doi.org/10.1016/j.nuclphysa.2005.03.086
https://doi.org/10.1016/j.nuclphysa.2005.03.086
https://doi.org/10.1016/j.nuclphysa.2005.03.086
https://doi.org/10.1016/j.nuclphysa.2005.03.086
https://doi.org/10.1016/j.nuclphysa.2005.03.086
https://doi.org/10.1016/j.nuclphysa.2005.03.086
https://doi.org/10.1016/j.nuclphysa.2005.03.084
https://doi.org/10.1016/j.nuclphysa.2005.03.084
https://doi.org/10.1016/j.nuclphysa.2005.03.084
https://doi.org/10.1016/j.nuclphysa.2005.03.084
https://doi.org/10.1016/j.nuclphysa.2005.03.084
https://doi.org/10.1016/j.nuclphysa.2005.03.084
https://doi.org/10.1016/j.nuclphysa.2005.03.084
https://doi.org/10.1016/j.nuclphysa.2005.03.084
https://doi.org/10.1016/j.nuclphysa.2005.03.084
https://doi.org/10.1016/j.nuclphysa.2005.03.084
https://doi.org/10.1016/j.nuclphysa.2005.03.085
https://doi.org/10.1016/j.nuclphysa.2005.03.085
https://doi.org/10.1016/j.nuclphysa.2005.03.085
https://doi.org/10.1016/j.nuclphysa.2005.03.085
https://doi.org/10.1016/j.nuclphysa.2005.03.085
https://doi.org/10.1016/j.nuclphysa.2005.03.085
https://doi.org/10.1016/j.nuclphysa.2005.03.085
https://doi.org/10.1016/j.nuclphysa.2005.03.085
https://doi.org/10.1016/j.nuclphysa.2005.03.085
https://doi.org/10.1016/0370-2693(86)91404-8
https://doi.org/10.1016/0370-2693(86)91404-8
https://doi.org/10.1016/0370-2693(86)91404-8
https://doi.org/10.1016/0370-2693(86)91404-8
https://doi.org/10.1016/0370-2693(86)91404-8
https://doi.org/10.1016/0370-2693(86)91404-8
https://doi.org/10.1016/0370-2693(86)91404-8
https://doi.org/10.1016/0370-2693(86)91404-8
https://doi.org/10.1016/0370-2693(86)91404-8
https://doi.org/10.1016/0370-2693(86)91404-8
https://doi.org/10.1088/0954-3899/32/3/R01
https://doi.org/10.1088/0954-3899/32/3/R01
https://doi.org/10.1088/0954-3899/32/3/R01
https://doi.org/10.1088/0954-3899/32/3/R01
https://doi.org/10.1088/0954-3899/32/3/R01
https://doi.org/10.1088/0954-3899/32/3/R01
https://doi.org/10.1088/0954-3899/32/3/R01
https://doi.org/10.1088/0954-3899/32/3/R01
https://doi.org/10.1088/0954-3899/32/3/R01
https://doi.org/10.1088/0954-3899/32/3/R01
https://doi.org/10.1103/PhysRevLett.92.012001
https://doi.org/10.1103/PhysRevLett.92.012001
https://doi.org/10.1103/PhysRevLett.92.012001
https://doi.org/10.1103/PhysRevLett.92.012001
https://doi.org/10.1103/PhysRevLett.92.012001
https://doi.org/10.1103/PhysRevLett.92.012001
https://doi.org/10.1103/PhysRevLett.92.012001
https://doi.org/10.1103/PhysRevLett.92.012001
https://doi.org/10.1103/PhysRevLett.92.012001
https://doi.org/10.1103/PhysRevLett.99.211602
https://doi.org/10.1103/PhysRevLett.99.211602
https://doi.org/10.1103/PhysRevLett.99.211602
https://doi.org/10.1103/PhysRevLett.99.211602
https://doi.org/10.1103/PhysRevLett.99.211602
https://doi.org/10.1103/PhysRevLett.99.211602
https://doi.org/10.1103/PhysRevLett.99.211602
https://doi.org/10.1103/PhysRevLett.99.211602
https://doi.org/10.1103/PhysRevLett.99.211602
https://doi.org/10.1016/j.nuclphysa.2012.09.011
https://doi.org/10.1016/j.nuclphysa.2012.09.011
https://doi.org/10.1016/j.nuclphysa.2012.09.011
https://doi.org/10.1016/j.nuclphysa.2012.09.011
https://doi.org/10.1016/j.nuclphysa.2012.09.011
https://doi.org/10.1016/j.nuclphysa.2012.09.011
https://doi.org/10.1016/j.nuclphysa.2012.09.011
https://doi.org/10.1016/j.nuclphysa.2012.09.011
https://doi.org/10.1016/j.nuclphysa.2012.09.011
https://doi.org/10.1103/PhysRevD.81.014007
https://doi.org/10.1103/PhysRevD.81.014007
https://doi.org/10.1103/PhysRevD.81.014007
https://doi.org/10.1103/PhysRevD.81.014007
https://doi.org/10.1103/PhysRevD.81.014007
https://doi.org/10.1103/PhysRevD.81.014007
https://doi.org/10.1103/PhysRevD.81.014007
https://doi.org/10.1103/PhysRevD.81.014007
https://doi.org/10.1103/PhysRevD.81.014007
https://doi.org/10.1103/PhysRevD.81.014007
https://doi.org/10.1103/PhysRevD.88.054015
https://doi.org/10.1103/PhysRevD.88.054015
https://doi.org/10.1103/PhysRevD.88.054015
https://doi.org/10.1103/PhysRevD.88.054015
https://doi.org/10.1103/PhysRevD.88.054015
https://doi.org/10.1103/PhysRevD.88.054015
https://doi.org/10.1103/PhysRevD.88.054015
https://doi.org/10.1103/PhysRevD.88.054015
https://doi.org/10.1103/PhysRevD.88.054015
https://doi.org/10.4310/ATMP.1998.v2.n2.a1
https://doi.org/10.4310/ATMP.1998.v2.n2.a1
https://doi.org/10.4310/ATMP.1998.v2.n2.a1
https://doi.org/10.4310/ATMP.1998.v2.n2.a1
https://doi.org/10.4310/ATMP.1998.v2.n2.a1
https://doi.org/10.4310/ATMP.1998.v2.n2.a1
https://doi.org/10.4310/ATMP.1998.v2.n2.a1
https://doi.org/10.4310/ATMP.1998.v2.n2.a1
https://doi.org/10.4310/ATMP.1998.v2.n2.a1
https://doi.org/10.4310/ATMP.1998.v2.n2.a1
https://doi.org/10.4310/ATMP.1998.v2.n2.a2
https://doi.org/10.4310/ATMP.1998.v2.n2.a2
https://doi.org/10.4310/ATMP.1998.v2.n2.a2
https://doi.org/10.4310/ATMP.1998.v2.n2.a2
https://doi.org/10.4310/ATMP.1998.v2.n2.a2
https://doi.org/10.4310/ATMP.1998.v2.n2.a2
https://doi.org/10.4310/ATMP.1998.v2.n2.a2
https://doi.org/10.4310/ATMP.1998.v2.n2.a2
https://doi.org/10.4310/ATMP.1998.v2.n2.a2
https://doi.org/10.4310/ATMP.1998.v2.n2.a2
https://doi.org/10.1016/S0370-2693(98)00377-3
https://doi.org/10.1016/S0370-2693(98)00377-3
https://doi.org/10.1016/S0370-2693(98)00377-3
https://doi.org/10.1016/S0370-2693(98)00377-3
https://doi.org/10.1016/S0370-2693(98)00377-3
https://doi.org/10.1016/S0370-2693(98)00377-3
https://doi.org/10.1016/S0370-2693(98)00377-3
https://doi.org/10.1016/S0370-2693(98)00377-3
https://doi.org/10.1016/S0370-2693(98)00377-3
https://doi.org/10.1016/S0370-2693(98)00377-3
https://doi.org/10.1016/S0370-2693(98)00377-3
https://doi.org/10.1103/PhysRevD.80.094019
https://doi.org/10.1103/PhysRevD.80.094019
https://doi.org/10.1103/PhysRevD.80.094019
https://doi.org/10.1103/PhysRevD.80.094019
https://doi.org/10.1103/PhysRevD.80.094019
https://doi.org/10.1103/PhysRevD.80.094019
https://doi.org/10.1103/PhysRevD.80.094019
https://doi.org/10.1103/PhysRevD.80.094019
https://doi.org/10.1103/PhysRevD.80.094019
https://doi.org/10.1088/1126-6708/2009/11/119
https://doi.org/10.1088/1126-6708/2009/11/119
https://doi.org/10.1088/1126-6708/2009/11/119
https://doi.org/10.1088/1126-6708/2009/11/119
https://doi.org/10.1088/1126-6708/2009/11/119
https://doi.org/10.1088/1126-6708/2009/11/119
https://doi.org/10.1088/1126-6708/2009/11/119
https://doi.org/10.1088/1126-6708/2009/11/119
https://doi.org/10.1088/1126-6708/2009/11/119
https://doi.org/10.1088/1126-6708/2009/11/119
https://doi.org/10.1088/1126-6708/2009/11/119
https://doi.org/10.1088/1126-6708/2009/11/119
https://doi.org/10.1103/PhysRevD.91.086002
https://doi.org/10.1103/PhysRevD.91.086002
https://doi.org/10.1103/PhysRevD.91.086002
https://doi.org/10.1103/PhysRevD.91.086002
https://doi.org/10.1103/PhysRevD.91.086002
https://doi.org/10.1103/PhysRevD.91.086002
https://doi.org/10.1103/PhysRevD.91.086002
https://doi.org/10.1103/PhysRevD.91.086002
https://doi.org/10.1103/PhysRevD.91.086002
https://doi.org/10.1016/j.physletb.2018.06.053
https://doi.org/10.1016/j.physletb.2018.06.053
https://doi.org/10.1016/j.physletb.2018.06.053
https://doi.org/10.1016/j.physletb.2018.06.053
https://doi.org/10.1016/j.physletb.2018.06.053
https://doi.org/10.1016/j.physletb.2018.06.053
https://doi.org/10.1016/j.physletb.2018.06.053
https://doi.org/10.1016/j.physletb.2018.06.053
https://doi.org/10.1016/j.physletb.2018.06.053
https://doi.org/10.1140/epjc/s10052-022-11065-7
https://doi.org/10.1140/epjc/s10052-022-11065-7
https://doi.org/10.1140/epjc/s10052-022-11065-7
https://doi.org/10.1140/epjc/s10052-022-11065-7
https://doi.org/10.1140/epjc/s10052-022-11065-7
https://doi.org/10.1140/epjc/s10052-022-11065-7
https://doi.org/10.1140/epjc/s10052-022-11065-7
https://doi.org/10.1140/epjc/s10052-022-11065-7
https://doi.org/10.1140/epjc/s10052-022-11065-7
https://doi.org/10.1140/epjc/s10052-022-11065-7
https://doi.org/10.1140/epjc/s10052-022-11065-7
https://doi.org/10.1140/epjc/s10052-022-11065-7
https://doi.org/10.1007/JHEP03(2014)058
https://doi.org/10.1007/JHEP03(2014)058
https://doi.org/10.1007/JHEP03(2014)058
https://doi.org/10.1007/JHEP03(2014)058
https://doi.org/10.1007/JHEP03(2014)058
https://doi.org/10.1007/JHEP03(2014)058
https://doi.org/10.1007/JHEP03(2014)058
https://doi.org/10.1007/JHEP03(2014)058
https://doi.org/10.1007/JHEP03(2014)058
https://doi.org/10.1007/JHEP03(2014)058
https://doi.org/10.1007/JHEP03(2014)058
https://doi.org/10.1007/JHEP03(2014)058
https://doi.org/10.1140/epjc/s10052-016-4447-4
https://doi.org/10.1140/epjc/s10052-016-4447-4
https://doi.org/10.1140/epjc/s10052-016-4447-4
https://doi.org/10.1140/epjc/s10052-016-4447-4
https://doi.org/10.1140/epjc/s10052-016-4447-4
https://doi.org/10.1140/epjc/s10052-016-4447-4
https://doi.org/10.1140/epjc/s10052-016-4447-4
https://doi.org/10.1140/epjc/s10052-016-4447-4
https://doi.org/10.1140/epjc/s10052-016-4447-4
https://doi.org/10.1140/epjc/s10052-016-4447-4
https://doi.org/10.1140/epjc/s10052-016-4447-4
https://doi.org/10.1140/epjc/s10052-016-4447-4
https://doi.org/10.1140/epjc/s10052-016-4447-4
https://doi.org/10.1016/j.physletb.2017.08.037
https://doi.org/10.1016/j.physletb.2017.08.037
https://doi.org/10.1016/j.physletb.2017.08.037
https://doi.org/10.1016/j.physletb.2017.08.037
https://doi.org/10.1016/j.physletb.2017.08.037
https://doi.org/10.1016/j.physletb.2017.08.037
https://doi.org/10.1016/j.physletb.2017.08.037
https://doi.org/10.1016/j.physletb.2017.08.037
https://doi.org/10.1016/j.physletb.2017.08.037
https://doi.org/10.1016/j.physletb.2017.10.013
https://doi.org/10.1016/j.physletb.2017.10.013
https://doi.org/10.1016/j.physletb.2017.10.013
https://doi.org/10.1016/j.physletb.2017.10.013
https://doi.org/10.1016/j.physletb.2017.10.013
https://doi.org/10.1016/j.physletb.2017.10.013
https://doi.org/10.1016/j.physletb.2017.10.013
https://doi.org/10.1016/j.physletb.2017.10.013
https://doi.org/10.1016/j.physletb.2017.10.013
https://doi.org/10.1103/PhysRevD.105.126020
https://doi.org/10.1103/PhysRevD.105.126020
https://doi.org/10.1103/PhysRevD.105.126020
https://doi.org/10.1103/PhysRevD.105.126020
https://doi.org/10.1103/PhysRevD.105.126020
https://doi.org/10.1103/PhysRevD.105.126020
https://doi.org/10.1103/PhysRevD.105.126020
https://doi.org/10.1103/PhysRevD.105.126020
https://doi.org/10.1103/PhysRevD.105.126020
https://doi.org/10.1103/PhysRevD.105.126020
https://doi.org/10.1103/PhysRevD.105.126020
https://doi.org/10.1016/j.physletb.2016.10.046
https://doi.org/10.1016/j.physletb.2016.10.046
https://doi.org/10.1016/j.physletb.2016.10.046
https://doi.org/10.1016/j.physletb.2016.10.046
https://doi.org/10.1016/j.physletb.2016.10.046
https://doi.org/10.1016/j.physletb.2016.10.046
https://doi.org/10.1016/j.physletb.2016.10.046
https://doi.org/10.1016/j.physletb.2016.10.046
https://doi.org/10.1016/j.physletb.2016.10.046
https://doi.org/10.1016/j.physletb.2016.10.046
https://doi.org/10.1016/j.physletb.2016.10.046
https://doi.org/10.1209/0295-5075/115/31002
https://doi.org/10.1209/0295-5075/115/31002
https://doi.org/10.1209/0295-5075/115/31002
https://doi.org/10.1209/0295-5075/115/31002
https://doi.org/10.1209/0295-5075/115/31002
https://doi.org/10.1209/0295-5075/115/31002
https://doi.org/10.1209/0295-5075/115/31002
https://doi.org/10.1209/0295-5075/115/31002
https://doi.org/10.1209/0295-5075/115/31002
https://doi.org/10.1209/0295-5075/115/31002
https://doi.org/10.1209/0295-5075/115/31002
https://doi.org/10.1016/j.physletb.2019.06.050
https://doi.org/10.1016/j.physletb.2019.06.050
https://doi.org/10.1016/j.physletb.2019.06.050
https://doi.org/10.1016/j.physletb.2019.06.050
https://doi.org/10.1016/j.physletb.2019.06.050
https://doi.org/10.1016/j.physletb.2019.06.050
https://doi.org/10.1016/j.physletb.2019.06.050
https://doi.org/10.1016/j.physletb.2019.06.050
https://doi.org/10.1016/j.physletb.2019.06.050
https://doi.org/10.1016/j.physletb.2020.135381
https://doi.org/10.1016/j.physletb.2020.135381
https://doi.org/10.1016/j.physletb.2020.135381
https://doi.org/10.1016/j.physletb.2020.135381
https://doi.org/10.1016/j.physletb.2020.135381
https://doi.org/10.1016/j.physletb.2020.135381
https://doi.org/10.1016/j.physletb.2020.135381
https://doi.org/10.1016/j.physletb.2020.135381
https://doi.org/10.1016/j.physletb.2020.135381
https://doi.org/10.1016/j.physletb.2023.138271
https://doi.org/10.1016/j.physletb.2023.138271
https://doi.org/10.1016/j.physletb.2023.138271
https://doi.org/10.1016/j.physletb.2023.138271
https://doi.org/10.1016/j.physletb.2023.138271
https://doi.org/10.1016/j.physletb.2023.138271
https://doi.org/10.1016/j.physletb.2023.138271
https://doi.org/10.1016/j.physletb.2023.138271
https://doi.org/10.1016/j.physletb.2023.138271
https://doi.org/10.1016/j.physletb.2023.138271
https://doi.org/10.1140/epjc/s10052-023-12250-y
https://doi.org/10.1140/epjc/s10052-023-12250-y
https://doi.org/10.1140/epjc/s10052-023-12250-y
https://doi.org/10.1140/epjc/s10052-023-12250-y
https://doi.org/10.1140/epjc/s10052-023-12250-y
https://doi.org/10.1140/epjc/s10052-023-12250-y
https://doi.org/10.1140/epjc/s10052-023-12250-y
https://doi.org/10.1140/epjc/s10052-023-12250-y
https://doi.org/10.1140/epjc/s10052-023-12250-y
https://doi.org/10.1140/epjc/s10052-023-12250-y
https://doi.org/10.1140/epjc/s10052-023-12250-y
https://doi.org/10.1140/epjc/s10052-023-12250-y
https://doi.org/10.1103/PhysRevD.108.094017
https://doi.org/10.1103/PhysRevD.108.094017
https://doi.org/10.1103/PhysRevD.108.094017
https://doi.org/10.1103/PhysRevD.108.094017
https://doi.org/10.1103/PhysRevD.108.094017
https://doi.org/10.1103/PhysRevD.108.094017
https://doi.org/10.1103/PhysRevD.108.094017
https://doi.org/10.1103/PhysRevD.108.094017
https://doi.org/10.1103/PhysRevD.108.094017
https://doi.org/10.1103/PhysRevD.108.094017
https://doi.org/10.1103/PhysRevD.108.094017
https://doi.org/10.1140/epjc/s10052-024-13628-2
https://doi.org/10.1140/epjc/s10052-024-13628-2
https://doi.org/10.1140/epjc/s10052-024-13628-2
https://doi.org/10.1140/epjc/s10052-024-13628-2
https://doi.org/10.1140/epjc/s10052-024-13628-2
https://doi.org/10.1140/epjc/s10052-024-13628-2
https://doi.org/10.1140/epjc/s10052-024-13628-2
https://doi.org/10.1140/epjc/s10052-024-13628-2
https://doi.org/10.1140/epjc/s10052-024-13628-2
https://doi.org/10.1140/epjc/s10052-024-13628-2
https://doi.org/10.1140/epjc/s10052-024-13628-2
https://doi.org/10.1140/epjc/s10052-024-13628-2
https://doi.org/10.1140/epjc/s10052-024-13628-2
https://doi.org/10.1103/PhysRevD.109.086010
https://doi.org/10.1103/PhysRevD.109.086010
https://doi.org/10.1103/PhysRevD.109.086010
https://doi.org/10.1103/PhysRevD.109.086010
https://doi.org/10.1103/PhysRevD.109.086010
https://doi.org/10.1103/PhysRevD.109.086010
https://doi.org/10.1103/PhysRevD.109.086010
https://doi.org/10.1103/PhysRevD.109.086010
https://doi.org/10.1103/PhysRevD.109.086010
https://doi.org/10.1103/PhysRevD.109.086010
https://doi.org/10.1103/PhysRevD.109.086010
https://doi.org/10.1088/1674-1137/acc92d
https://doi.org/10.1088/1674-1137/acc92d
https://doi.org/10.1088/1674-1137/acc92d
https://doi.org/10.1088/1674-1137/acc92d
https://doi.org/10.1088/1674-1137/acc92d
https://doi.org/10.1088/1674-1137/acc92d
https://doi.org/10.1088/1674-1137/acc92d
https://doi.org/10.1088/1674-1137/acc92d
https://doi.org/10.1088/1674-1137/acc92d
https://doi.org/10.1088/1674-1137/acc92d
https://doi.org/10.1088/1674-1137/acc92d
https://doi.org/10.1088/1674-1137/acc92d
https://doi.org/10.1088/1674-1137/acc92d
https://doi.org/10.1103/PhysRevD.110.056047
https://doi.org/10.1103/PhysRevD.110.056047
https://doi.org/10.1103/PhysRevD.110.056047
https://doi.org/10.1103/PhysRevD.110.056047
https://doi.org/10.1103/PhysRevD.110.056047
https://doi.org/10.1103/PhysRevD.110.056047
https://doi.org/10.1103/PhysRevD.110.056047
https://doi.org/10.1103/PhysRevD.110.056047
https://doi.org/10.1103/PhysRevD.110.056047
https://doi.org/10.1103/PhysRevD.110.056047
https://doi.org/10.1103/PhysRevD.110.056047
https://doi.org/10.1103/PhysRevD.110.056047
https://doi.org/10.1103/RevModPhys.79.733
https://doi.org/10.1103/RevModPhys.79.733
https://doi.org/10.1103/RevModPhys.79.733
https://doi.org/10.1103/RevModPhys.79.733
https://doi.org/10.1103/RevModPhys.79.733
https://doi.org/10.1103/RevModPhys.79.733
https://doi.org/10.1103/RevModPhys.79.733
https://doi.org/10.1103/RevModPhys.79.733
https://doi.org/10.1103/RevModPhys.79.733
https://doi.org/10.1103/PhysRevD.60.066001
https://doi.org/10.1103/PhysRevD.60.066001
https://doi.org/10.1103/PhysRevD.60.066001
https://doi.org/10.1103/PhysRevD.60.066001
https://doi.org/10.1103/PhysRevD.60.066001
https://doi.org/10.1103/PhysRevD.60.066001
https://doi.org/10.1103/PhysRevD.60.066001
https://doi.org/10.1103/PhysRevD.60.066001
https://doi.org/10.1103/PhysRevD.60.066001
https://doi.org/10.1103/PhysRevD.60.066001

Zhou-Run Zhu, Manman Sun, Rui Zhou et al.

Chin. Phys. C 49, (2025)

[43]
[44]
[45]
[46]

[47]
(48]

[49]
[50]
[51]
[52]
[53]

[54]
[55]

[56]

[57]

O. Aharony and Y. Tachikawa, JHEP 01, 037 (2008)

A. Buchel, R. C. Myers and A. Sinha, JHEP 03, 084 (2009)

M. Brigante, H. Liu, R. C. Myers, S. Shenker and S. Yaida,
Phys. Rev. D 77, 126006 (2008)

M. Brigante, H. Liu, R. C. Myers, S. Shenker and S. Yaida,
Phys. Rev. Lett. 100, 191601 (2008)

Y. Kats and P. Petrov, JHEP 01, 044 (2009)

J. Noronha and A. Dumitru, Phys. Rev. D 80, 014007
(2009)

K. Bitaghsir Fadafan and S. K. Tabatabaei, J. Phys. G 43(9),
095001 (2016)

K. B. Fadafan, JHEP 12, 051 (2008)

K. Bitaghsir Fadafan, Eur. Phys. J. C 68, 505 (2010)

Z. q. Zhang, D. f. Hou, Y. Wu and G. Chen, Adv. High
Energy Phys. 2016, 9503491 (2016)

Z. q. Zhang, X. Zhu and D. f. Hou, Eur. Phys. J. C 83(5),
389 (2023)

S. N. Sajadi, Eur. Phys. J. C 83(1), 89 (2023)

S. N. Sajadi and H. R. Safari, Eur. Phys. J. C 83(8), 750
(2023)

X.y. Hu, Y. z. Cui and W. Xu, Eur. Phys. J. C 84(8), 780
(2024)

S. Grozdanov, N. Kaplis and A. O. Starinets, JHEP 07, 151

[58]
[59]

[60]
[61]

[62]
[63]
[64]
[65]
[66]
[67]
[68]
[69
[70

[71
[72

(2016)

S. Grozdanov and A. O. Starinets, JHEP 03, 166 (2017)

J. Casalderrey-Solana, S. Grozdanov and A. O. Starinets,
Phys. Rev. Lett. 121(19), 191603 (2018)

S. I. Finazzo and J. Noronha, JHEP 11, 042 (2013)

S. Waeber, A. Schifer, A. Vuorinen and L. G. Yaffe, JHEP
11, 087 (2015)

S. Grozdanov and W. van der Schee, Phys. Rev. Lett.
119(1), 011601 (2017)

F. Li, Z. Q. Zhang and G. Chen, Chin. Phys. C 42(12),
123109 (2018)

Z. q. Zhang, Z. j. Luo and D. f. Hou, Annals Phys. 391, 47
(2018)

A. Buchel, Phys. Rev. D 98(6), 061901 (2018)

S. Waeber and A. Schifer, JHEP 07, 069 (2018)

A. Folkestad, S. Grozdanov, K. Rajagopal and W. van der
Schee, JHEP 12, 093 (2019)

S. Dutta and' G. S. Punia, Phys. Rev. D 106(2), 026003
(2022)

D. M. Hofman and J. Maldacena, JHEP 05, 012 (2008)

R. G. Cai, Phys. Rev. D 65, 084014 (2002)

N. Igbal and H. Liu, Phys. Rev. D 79, 025023 (2009)

S. Sachan and S. Siwach, Can. J. Phys. 99 no.7, 513-520.


https://doi.org/10.1103/PhysRevD.77.126006
https://doi.org/10.1103/PhysRevD.77.126006
https://doi.org/10.1103/PhysRevD.77.126006
https://doi.org/10.1103/PhysRevD.77.126006
https://doi.org/10.1103/PhysRevD.77.126006
https://doi.org/10.1103/PhysRevD.77.126006
https://doi.org/10.1103/PhysRevD.77.126006
https://doi.org/10.1103/PhysRevD.77.126006
https://doi.org/10.1103/PhysRevD.77.126006
https://doi.org/10.1103/PhysRevD.77.126006
https://doi.org/10.1103/PhysRevLett.100.191601
https://doi.org/10.1103/PhysRevLett.100.191601
https://doi.org/10.1103/PhysRevLett.100.191601
https://doi.org/10.1103/PhysRevLett.100.191601
https://doi.org/10.1103/PhysRevLett.100.191601
https://doi.org/10.1103/PhysRevLett.100.191601
https://doi.org/10.1103/PhysRevLett.100.191601
https://doi.org/10.1103/PhysRevLett.100.191601
https://doi.org/10.1103/PhysRevLett.100.191601
https://doi.org/10.1103/PhysRevLett.100.191601
https://doi.org/10.1103/PhysRevD.80.014007
https://doi.org/10.1103/PhysRevD.80.014007
https://doi.org/10.1103/PhysRevD.80.014007
https://doi.org/10.1103/PhysRevD.80.014007
https://doi.org/10.1103/PhysRevD.80.014007
https://doi.org/10.1103/PhysRevD.80.014007
https://doi.org/10.1103/PhysRevD.80.014007
https://doi.org/10.1103/PhysRevD.80.014007
https://doi.org/10.1103/PhysRevD.80.014007
https://doi.org/10.1088/0954-3899/43/9/095001
https://doi.org/10.1088/0954-3899/43/9/095001
https://doi.org/10.1088/0954-3899/43/9/095001
https://doi.org/10.1088/0954-3899/43/9/095001
https://doi.org/10.1088/0954-3899/43/9/095001
https://doi.org/10.1088/0954-3899/43/9/095001
https://doi.org/10.1088/0954-3899/43/9/095001
https://doi.org/10.1088/0954-3899/43/9/095001
https://doi.org/10.1088/0954-3899/43/9/095001
https://doi.org/10.1088/0954-3899/43/9/095001
https://doi.org/10.1088/0954-3899/43/9/095001
https://doi.org/10.1140/epjc/s10052-010-1375-6
https://doi.org/10.1140/epjc/s10052-010-1375-6
https://doi.org/10.1140/epjc/s10052-010-1375-6
https://doi.org/10.1140/epjc/s10052-010-1375-6
https://doi.org/10.1140/epjc/s10052-010-1375-6
https://doi.org/10.1140/epjc/s10052-010-1375-6
https://doi.org/10.1140/epjc/s10052-010-1375-6
https://doi.org/10.1140/epjc/s10052-010-1375-6
https://doi.org/10.1140/epjc/s10052-010-1375-6
https://doi.org/10.1140/epjc/s10052-010-1375-6
https://doi.org/10.1140/epjc/s10052-023-11428-8
https://doi.org/10.1140/epjc/s10052-023-11428-8
https://doi.org/10.1140/epjc/s10052-023-11428-8
https://doi.org/10.1140/epjc/s10052-023-11428-8
https://doi.org/10.1140/epjc/s10052-023-11428-8
https://doi.org/10.1140/epjc/s10052-023-11428-8
https://doi.org/10.1140/epjc/s10052-023-11428-8
https://doi.org/10.1140/epjc/s10052-023-11428-8
https://doi.org/10.1140/epjc/s10052-023-11428-8
https://doi.org/10.1140/epjc/s10052-023-11428-8
https://doi.org/10.1140/epjc/s10052-023-11428-8
https://doi.org/10.1140/epjc/s10052-023-11187-6
https://doi.org/10.1140/epjc/s10052-023-11187-6
https://doi.org/10.1140/epjc/s10052-023-11187-6
https://doi.org/10.1140/epjc/s10052-023-11187-6
https://doi.org/10.1140/epjc/s10052-023-11187-6
https://doi.org/10.1140/epjc/s10052-023-11187-6
https://doi.org/10.1140/epjc/s10052-023-11187-6
https://doi.org/10.1140/epjc/s10052-023-11187-6
https://doi.org/10.1140/epjc/s10052-023-11187-6
https://doi.org/10.1140/epjc/s10052-023-11187-6
https://doi.org/10.1140/epjc/s10052-023-11187-6
https://doi.org/10.1140/epjc/s10052-023-11187-6
https://doi.org/10.1140/epjc/s10052-023-11913-0
https://doi.org/10.1140/epjc/s10052-023-11913-0
https://doi.org/10.1140/epjc/s10052-023-11913-0
https://doi.org/10.1140/epjc/s10052-023-11913-0
https://doi.org/10.1140/epjc/s10052-023-11913-0
https://doi.org/10.1140/epjc/s10052-023-11913-0
https://doi.org/10.1140/epjc/s10052-023-11913-0
https://doi.org/10.1140/epjc/s10052-023-11913-0
https://doi.org/10.1140/epjc/s10052-023-11913-0
https://doi.org/10.1140/epjc/s10052-023-11913-0
https://doi.org/10.1140/epjc/s10052-023-11913-0
https://doi.org/10.1140/epjc/s10052-024-13163-0
https://doi.org/10.1140/epjc/s10052-024-13163-0
https://doi.org/10.1140/epjc/s10052-024-13163-0
https://doi.org/10.1140/epjc/s10052-024-13163-0
https://doi.org/10.1140/epjc/s10052-024-13163-0
https://doi.org/10.1140/epjc/s10052-024-13163-0
https://doi.org/10.1140/epjc/s10052-024-13163-0
https://doi.org/10.1140/epjc/s10052-024-13163-0
https://doi.org/10.1140/epjc/s10052-024-13163-0
https://doi.org/10.1140/epjc/s10052-024-13163-0
https://doi.org/10.1140/epjc/s10052-024-13163-0
https://doi.org/10.1103/PhysRevLett.121.191603
https://doi.org/10.1103/PhysRevLett.121.191603
https://doi.org/10.1103/PhysRevLett.121.191603
https://doi.org/10.1103/PhysRevLett.121.191603
https://doi.org/10.1103/PhysRevLett.121.191603
https://doi.org/10.1103/PhysRevLett.121.191603
https://doi.org/10.1103/PhysRevLett.121.191603
https://doi.org/10.1103/PhysRevLett.121.191603
https://doi.org/10.1103/PhysRevLett.121.191603
https://doi.org/10.1103/PhysRevLett.121.191603
https://doi.org/10.1103/PhysRevLett.121.191603
https://doi.org/10.1103/PhysRevLett.121.191603
https://doi.org/10.1103/PhysRevLett.119.011601
https://doi.org/10.1103/PhysRevLett.119.011601
https://doi.org/10.1103/PhysRevLett.119.011601
https://doi.org/10.1103/PhysRevLett.119.011601
https://doi.org/10.1103/PhysRevLett.119.011601
https://doi.org/10.1103/PhysRevLett.119.011601
https://doi.org/10.1103/PhysRevLett.119.011601
https://doi.org/10.1103/PhysRevLett.119.011601
https://doi.org/10.1103/PhysRevLett.119.011601
https://doi.org/10.1103/PhysRevLett.119.011601
https://doi.org/10.1103/PhysRevLett.119.011601
https://doi.org/10.1088/1674-1137/42/12/123109
https://doi.org/10.1088/1674-1137/42/12/123109
https://doi.org/10.1088/1674-1137/42/12/123109
https://doi.org/10.1088/1674-1137/42/12/123109
https://doi.org/10.1088/1674-1137/42/12/123109
https://doi.org/10.1088/1674-1137/42/12/123109
https://doi.org/10.1088/1674-1137/42/12/123109
https://doi.org/10.1088/1674-1137/42/12/123109
https://doi.org/10.1088/1674-1137/42/12/123109
https://doi.org/10.1088/1674-1137/42/12/123109
https://doi.org/10.1088/1674-1137/42/12/123109
https://doi.org/10.1016/j.aop.2018.02.004
https://doi.org/10.1016/j.aop.2018.02.004
https://doi.org/10.1016/j.aop.2018.02.004
https://doi.org/10.1016/j.aop.2018.02.004
https://doi.org/10.1016/j.aop.2018.02.004
https://doi.org/10.1016/j.aop.2018.02.004
https://doi.org/10.1016/j.aop.2018.02.004
https://doi.org/10.1016/j.aop.2018.02.004
https://doi.org/10.1016/j.aop.2018.02.004
https://doi.org/10.1103/PhysRevD.98.061901
https://doi.org/10.1103/PhysRevD.98.061901
https://doi.org/10.1103/PhysRevD.98.061901
https://doi.org/10.1103/PhysRevD.98.061901
https://doi.org/10.1103/PhysRevD.98.061901
https://doi.org/10.1103/PhysRevD.98.061901
https://doi.org/10.1103/PhysRevD.98.061901
https://doi.org/10.1103/PhysRevD.98.061901
https://doi.org/10.1103/PhysRevD.98.061901
https://doi.org/10.1103/PhysRevD.98.061901
https://doi.org/10.1103/PhysRevD.98.061901
https://doi.org/10.1103/PhysRevD.98.061901
https://doi.org/10.1103/PhysRevD.106.026003
https://doi.org/10.1103/PhysRevD.106.026003
https://doi.org/10.1103/PhysRevD.106.026003
https://doi.org/10.1103/PhysRevD.106.026003
https://doi.org/10.1103/PhysRevD.106.026003
https://doi.org/10.1103/PhysRevD.106.026003
https://doi.org/10.1103/PhysRevD.106.026003
https://doi.org/10.1103/PhysRevD.106.026003
https://doi.org/10.1103/PhysRevD.106.026003
https://doi.org/10.1103/PhysRevD.106.026003
https://doi.org/10.1103/PhysRevD.106.026003
https://doi.org/10.1103/PhysRevD.65.084014
https://doi.org/10.1103/PhysRevD.65.084014
https://doi.org/10.1103/PhysRevD.65.084014
https://doi.org/10.1103/PhysRevD.65.084014
https://doi.org/10.1103/PhysRevD.65.084014
https://doi.org/10.1103/PhysRevD.65.084014
https://doi.org/10.1103/PhysRevD.65.084014
https://doi.org/10.1103/PhysRevD.65.084014
https://doi.org/10.1103/PhysRevD.65.084014
https://doi.org/10.1103/PhysRevD.65.084014
https://doi.org/10.1103/PhysRevD.79.025023
https://doi.org/10.1103/PhysRevD.79.025023
https://doi.org/10.1103/PhysRevD.79.025023
https://doi.org/10.1103/PhysRevD.79.025023
https://doi.org/10.1103/PhysRevD.79.025023
https://doi.org/10.1103/PhysRevD.79.025023
https://doi.org/10.1103/PhysRevD.79.025023
https://doi.org/10.1103/PhysRevD.79.025023
https://doi.org/10.1103/PhysRevD.79.025023
https://doi.org/10.1103/PhysRevD.79.025023

	I INTRODUCTION
	II HOLOGRAPHIC MODEL WITH HIGHER DERIVATIVE CORRECTION
	III SPECTRAL FUNCTION WITH HIGHER DERIVATIVE CORRECTION
	IV CONCLUSION AND DISCUSSION
	REFERENCES

