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In this study, we investigate the imaginary potential of heavy quarkonium in the spinning black hole
background. Then, we estimate the thermal width, which is determined by the imaginary part of the finite-
temperature potential. In the ultralocal description, the boosted fluid represents a globally rotating fluid.
Using a holographic approach, we systematically analyze how the boost parameter influences these
quantities. Our results reveal that increasing the boost parameter causes the imaginary potential to emerge
at smaller interquark distances, suggesting that the boost parameter accelerates quarkonium melting.
Furthermore, we find that the boost parameter enhances the thermal width, indicating greater instability of
the bound state at higher boost parameter values. Notably, we observe that the effect of the boost parameter
on quarkonium dissociation is more pronounced when the axis of the quark-antiquark pair is transverse to
the direction of the boost parameter.
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I. INTRODUCTION

Heavy quarkonium consists of a heavy quark and a
heavy antiquark, serving as a powerful probe for under-
standing the properties of quark-gluon plasma (QGP).
The melting of heavy quarkonium is one of the primary
experimental indications of the formation of QGP. One
piece of direct evidence of this is the suppression of heavy
quarkonium due to color screening [1]. Another reason
for the suppression is the imaginary part of the potential.
Some related studies [2–4] suggested that the imaginary
potential may play a more critical role in explaining the
thermal properties of quarkonium within a strongly coupled
medium. The imaginary potential can explain the dissoci-
ation and decay of the bound state. Additionally, it can be
used to estimate the thermal width of quarkonium related to
thermal decay [5–7].
The noncentral heavy-ion collisions experiments have

shown the generation of nonzero angular momentum [8–12].

While part of the angular momentum is carried away by
spectator partons, a significant portion is transferred to the
strongly coupled plasma [13,14]. In [11], the results from
the Star Collaboration on the Λ and Λ− baryons provide
strong evidence and yield an angular velocity average value
ω ∼ 6 MeV. The prediction of heavy-ion collision hydro-
dynamic simulations [12] suggests that the magnitude of
the angular velocity can be larger, ω ∼ ð20–40Þ MeV.
These nonzero angular velocity values result in relativistic
rotation of the strongly coupled plasma. Investigating the
influence of rotation on the thermodynamics of heavy
quarkonium is an attractive research topic.
The AdS/CFT correspondence [15–17] serves as a

powerful nonperturbative method for investigating the
properties of strongly coupled systems and offers valuable
insights into the behavior of heavy quarks in strongly
coupled plasma. In the context of holography, quarks
correspond to the end points of open strings that are
embedded in the bulk of anti–de Sitter (AdS) spacetime.
A quark-antiquark pair is represented by a string that
connects the two end points. This string forms on a
U-shaped configuration and its dynamics are described
by the Nambu-Goto action. By using the AdS/CFT
correspondence, Noronha and Dumitru first calculated
the imaginary potential in N ¼ 4 super-Yang-Mills theory
from thermal fluctuations [18]. The study of the imaginary
potential of heavy quarkonium has gained significant
attention. The authors of Ref. [19] discussed the imaginary
potential and calculated the thermal width from an
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imaginary potential in the static background. The dissoci-
ation of heavy quarkonium in the moving case was studied
in [20]. The usual method is to boost the particle pair into a
reference frame where they appear at rest, while the hot
wind moves toward them. Additionally, the imaginary
potential in the moving cases was studied in [21,22]. In
Refs. [23,24], the authors investigated the influence of
finite ’t Hooft coupling corrections on the imaginary poten-
tial and the thermal width. The imaginary potential and the
thermal width within AdS/QCD can be seen in [25–27].
The imaginary potential in the rotating matter was studied
in [28]. In Ref. [29], the authors explored the imaginary
potential in the anisotropic plasma. Other related works can
be seen in [30–35].
In this work, we want to explore the imaginary potential

and estimate the thermal width from the imaginary poten-
tial in the spinning black hole background from hologra-
phy. It should be mentioned that the authors of Ref. [28]
extended the static black hole to a local rotating back-
ground by the Lorentz transformation [36–38], and calcu-
lated the imaginary potential in the rotating background.
From this Lorentz transformation, the resulting black hole
is a (hyper)cylindrical surface about the symmetry axis and
just represents a small area around the rotating radius L
with a domain range less than 2π. Additionally, the string
breaking and running coupling behavior of heavy quark-
antiquark pairs were systematically investigated in a rotat-
ing background [39]. Furthermore, Refs. [40–42] explored
heavy-quark dynamics in a rotating quark-gluon plasma,
with particular focus on the drag force and jet quenching
parameter in the rotational background.
It is meaningful to examine the imaginary potential and

estimate the thermal width from the imaginary potential
in the spinning black hole background from holography
[43–47]. As discussed in [46], Myers-Perry black holes
(spinning black holes) are the solutions in higher-dimen-
sional spacetimes under Einstein gravity, which describe a
rotating black hole with independent angular momentum.
The boundary of the spacetime is typically compact, which
leads to a gauge theory that lives on a spacetime S3 × R. In
the limit of a large black hole, the Myers-Perry line element
becomes a Schwarzschild black brane boosted along the x3
direction. The component associated with the black hole
dominates and exhibits correspondence with a rigidly
rotating fluid in S3 ×R. When projecting this flow onto
flat spacetime, one observes a fluid exhibiting markedly
nontrivial vorticity and expansion. Local flow analysis
reveals that at leading order in the large black hole expan-
sion, the fluid manifests as a uniformly boosted fluid, while
the next-to-leading-order correction incorporates a rotation
about the boost direction [47]. When investigating rota-
tional effects, we consider zooming in on a small patch and
observe a uniformly streaming fluid. In the ultralocal
description, the boosted fluid represents a globally rotating
fluid. In the dual field theory, the planar black brane is

particularly relevant for understanding the behavior of the
QGP. Inspired by this, we aim to examine the impact of the
boost parameter on the imaginary potential and estimate
the thermal width from the imaginary potential in the
Myers-Perry black hole background.
The paper is organized as follows. In Sec. II, we briefly

review the spinning black hole background. In Sec. III, we
explore the imaginary potential and estimate the thermal
width from the imaginary potential in the Myers-Perry
black hole background. In Sec. IV, we give the conclusion
and discussion.

II. SPINNING MYERS-PERRY BLACK HOLE
BACKGROUND

In this work, we aim to investigate the imaginary
potential and estimate the thermal width from the imagi-
nary potential in the Myers-Perry black hole background.
We first briefly review the metric of a five-dimensional
spinning black hole background, which was proposed by
Hawking et al. [43],

ds2 ¼ −
Δ
ρ2

�
dtH −

asin2θH
Ξa

dϕH −
bcos2θH

Ξb
dψH

�
2

þΔθHsin
2θH

ρ2

�
adtH −

r2H þ a2

Ξa
dϕH

�
2

þΔθHcos
2θH

ρ2

�
bdtH −

r2H þ b2

Ξb
dψH

�
2

þ ρ2

Δ
dr2H

−
ρ2

ΔθH

dθ2H þ 1þ r2H
L2

r2Hρ
2

�
abdtH −

bðr2 þ a2Þsin2θH
Ξa

dϕH

−
aðr2 þ b2Þcos2θH

Ξb
dψH

�
2

; ð1Þ

with

Δ ¼ 1

r2H
ðr2H þ a2Þðr2H þ b2Þ

�
1þ r2H

L2

�
− 2M;

ΔθH ¼ 1 −
a2

L2
cos2θH −

b2

L2
sin2θH;

ρ ¼ r2H þ a2cos2θH þ b2sin2θH;

Ξa ¼ 1 −
a2

L2
;

Ξb ¼ 1 −
b2

L2
; ð2Þ

where a and b are the angular momentum parameters. In
this work, we consider the spinning Myers-Perry black hole
case, namely, the a ¼ b case [44,45]. In addition, ϕH, ψH,
and θH represent angular Hopf coordinates. tH denotes
time, L is the AdS radius, and rH represents the AdS radial
coordinate. M is the mass.
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After adopting the more convenient coordinates [48]

t ¼ tH;

r2 ¼ a2 þ r2H
1 − a2

L2

;

θ ¼ 2θH;

ϕ ¼ ϕH − ψH;

ψ ¼ −
2atH
L2

þ ϕH þ ψH;

b ¼ a;

μ ¼ M
ðL2 − a2Þ3 ; ð3Þ

one can rewrite the metric (1) as

ds2 ¼ −
�
1þ r2

L2

�
dt2 þ dt2

GðrÞ þ
r2

4

�ðσ1Þ2 þ ðσ2Þ2 þ ðσ3Þ2�
þ 2μ

r2

�
dtþ a

2
σ3
�

2

; ð4Þ

with

GðrÞ ¼ 1þ r2

L2
−
2μ
�
1 − a2

L2

�
r2

þ 2μa2

r4
;

μ ¼ r4hðL2 þ r2hÞ
2L2r2h − 2a2ðL2 þ r2hÞ

;

σ1 ¼ − sinψdtdθ þ cosψ sin θdϕ;

σ2 ¼ cosψdθ þ sinψ sin θdϕ;

σ3 ¼ dψ þ cos θdϕ; ð5Þ

where

−∞ < t < ∞; rh < r < ∞; 0 ≤ θ ≤ π;

0 ≤ ϕ ≤ 2π; 0 ≤ ψ ≤ 4π: ð6Þ
The planar black brane can be obtained by the coordinate

transformation [46]

t ¼ τ;

L
2
ðϕ − πÞ ¼ x1;

L
2
tan

�
θ −

π

2

�
¼ x2;

L
2
ðψ − 2πÞ ¼ x3;

r ¼ r̃; ð7Þ
where ðτ; r̃; x1; x2; x3Þ denote new coordinates. These
coordinates can be scaled with a factor β,

τ → β−1τ;

x1 → β−1x1;

x2 → β−1x2;

x3 → β−1x3;

r̃ → βr̃;

r̃h → βr̃hðβ → ∞Þ: ð8Þ

One can derive the metric of a Schwarzschild black
brane, which is boosted in the τ-x3 plane [46],

ds2 ¼ r2

L2

 
−dτ2 þ dx21 þ dx22 þ dx23

þ r4h

r4
�
1 − a2

L2

��dτ þ a
L
dx3

�
2
!

þ L2r2

r4 − r4h
dr2; ð9Þ

where the Schwarzschild black brane can be recovered
when the boost parameter vanishes (a ¼ 0).
Then, we take z (r ¼ 1=z) as the holographic fifth

coordinate for simplified calculations,

ds2 ¼ 1

z2L2

"
−dτ2 þ dx21 þ dx22 þ dx23

þ z4

z4h
�
1 − a2

L2

��dτ þ a
L
dx3

�
2
#
þ L2z4h
z2
�
z4h − z4

� dz2:
ð10Þ

The expression for the temperature is [46]

Th ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
L2 − a2

p

zhπL3
; ð11Þ

where zh denotes the horizon. In the limit of a large black
hole, the angular velocity Ω ¼ a=L2 [46]. In the following
calculations, we take the AdS radius L ¼ 1 for simplicity.

III. IMAGINARY POTENTIAL AND THERMAL
WIDTH IN SPINNING MYERS-PERRY BLACK

HOLE BACKGROUND

In this section, we explore the imaginary potential and
estimate the thermal width from the imaginary potential in
the spinning background, which could be calculated from
the on-shell action of the world sheet. The formulas can be
derived by following the steps in Refs. [18,19,29].
The on-shell Nambu-Goto (NG) action is

S ¼ −
1

2πα0

Z
dτdσ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
− det gαβ

q
; ð12Þ
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where gαβ is the determinant of the induced metric. τ and σ
represent the world-sheet coordinates.
In the following discussion, we explore the impact of the

boost parameter in different directions. The gravitational
metric can be viewed as boosted in the τ-x3 plane,
indicating that the direction of rotation is along the x3
direction. Meanwhile, the axis of the QQ̄ pair in the x1-x2
plane is considered a transverse case, whereas the axis of
the QQ̄ pair aligned with x3 is regarded as a parallel case.
In the transverse case, the world-sheet coordinates can be

parametrized by

τ ¼ ξ; x1 ¼ η; x2 ¼ 0; x3 ¼ 0; z ¼ zðηÞ:
ð13Þ

The Lagrangian density can be obtained as

L ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
AðzÞ þ BðzÞż2

q
; ð14Þ

with

AðzÞ ¼ Aðz⊥Þ ¼
1

z4
−

1

z4hð1 − a2Þ ;

BðzÞ ¼ Bðz⊥Þ ¼
z4h

z4
�
z4h − z4

� − 1�
z4h − z4

�ð1 − a2Þ : ð15Þ

In the parallel case, the world-sheet coordinates can be
parametrized by

τ ¼ ξ; x1 ¼ 0; x2 ¼ 0; x3 ¼ η; z ¼ zðηÞ:
ð16Þ

The expressions for AðzÞ and BðzÞ are

AðzÞ ¼ AðzkÞ ¼
z4h − z4

z4z4h
;

BðzÞ ¼ BðzkÞ ¼
z4h

z4
�
z4h − z4

� − 1�
z4h − z4

�ð1 − a2Þ : ð17Þ

The interquark distance L of QQ̄ is

L ¼ 2

Z
z�

0

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Aðz�ÞBðzÞ

AðzÞ2 − AðzÞAðz�Þ

s
dz; ð18Þ

where z� (0 < z� < zh) is the deepest point of the U-shaped
string.
The imaginary potential can be calculated from the

thermal fluctuations of the string world sheet [18]. One
can incorporate thermal fluctuations δzðxÞ about the
classical world-sheet configuration zcðxÞ, where δzðxÞ
characterizes thermal excitations of the string,

zðxÞ ¼ zcðxÞ → zðxÞ ¼ zcðxÞ þ δzðxÞ: ð19Þ

In the long-wavelength fluctuations approximation for
string fluctuations, where the string end point z� is suffi-
ciently close to the horizon zh, certain fluctuation modes
can penetrate the horizon region. The partition function,
including thermal fluctuation effects, then takes the form

Zstr ∼
Z

DδzðxÞeiSNGðzcðxÞþδzðxÞÞ: ð20Þ

We evaluate the δzðxÞ integral numerically by introduc-
ing a uniform discretization of the interval ½− L

2
; L
2
� with 2N

parts, establishing grid points at xj ¼ jΔx ¼ j L
2N:

Zstr ∼ lim
N→∞

d½δzðx−NÞ� � � � d½δzðxNÞ�

× exp

"
iT Δx
2πα0

X
j

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
AðzjÞ þ BðzjÞz02j

q #
; ð21Þ

where zj ≡ zðxjÞ, z0j ≡ dzðxÞ
dx jx¼xj . Since the thermal fluc-

tuations are predominantly localized near the bottom of the
string (corresponding to x ¼ 0 where z ¼ z�), we can
expand zcðxjÞ around x ¼ 0 while retaining only terms
up to second order in xj. This approximation is justified by
the fact that z0cð0Þ ¼ 0 at this point,

zcðxjÞ ≃ z� þ
x2j
2
z00cð0Þ: ð22Þ

One can expand AðzjÞ and keep terms up to second order
in xmj δzn,

AðzjÞ ≈ A� þ A0�
x2j
2
z00cð0Þ þ A0�δzþ A00�

δz2

2
; ð23Þ

where A� ≡ Aðz�Þ; Aðz�Þ≡ ∂AðzÞ
∂z jz¼z� , etc. The exponent in

Eq. (21) can be approximated as

SNGj ¼ T Δx
2πα0

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
C1x2j þ C2

q
; ð24Þ

where

C1 ¼
z00ð0Þc

2
½2B�z00cð0Þ þ A0��;

C2 ¼ A� þ δzA0� þ
δz2

2
A00�: ð25Þ

The analysis reveals that if SNGj induces an imaginary
component in the potential, the argument of the square root
in Eq. (24) becomes negative. For the jth contribution, this
yields
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Ij ≡
Z

δzjmax

δzjmin

exp

	
iT Δx
2πα0

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
C1x2j þ C2

q 

; ð26Þ

where δzjmin and δzjmax denote the roots of C1x2j þ C2

in δz. The integral can be evaluated via the saddle-point
approximation, with the stationary point occurring when
the argument of the square root in Eq. (26) satisfies the
extremum condition,

DðzjÞ≡ C1x2j þ C2ðδzjÞ; ð27Þ

which happens for

δz ¼ −
A0�
A00�

: ð28Þ

The condition for the square root to develop an imagi-
nary part requires xj < jxcj,

xc ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

C1

�
A0�
2A00�

− A�

�s
: ð29Þ

The complete contribution arises from summing indi-
vidual terms, yielding ΠjIj. This gives the result

ImV ¼ −
1

2πα0

Z
jxj<xc

dx

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
−C1x2 − A� þ

A2�
2A02�

s
: ð30Þ

Integrating Eq. (30) yields the expression for the
imaginary potential ImV,

ImV ¼ −
ffiffiffi
λ

p

2
ffiffiffi
2

p
ffiffiffiffiffiffiffiffiffiffiffi
Bðz�Þ

p �
A0ðz�Þ
2A00ðz�Þ

−
Aðz�Þ
A0ðz�Þ

�
; ð31Þ

where A0ðz�Þ and A00ðz�Þ are the first and second derivative
of Aðz�Þ, respectively.
To obtain the thermal width, one could derive the

expectation value of the imaginary potential using the
nonrelativistic approximation [18,19]

Γ ¼ −hψ j ImVjψi; ð32Þ

where

hr⃗jψi ¼ 1ffiffiffi
π

p
a3=20

e−r=a0 ð33Þ

is the ground-state wave function of a particle and the
particle has a Coulomb-like potential. Thus, one can obtain
the thermal width Γ defined by the imaginary potential.

The thermal width of QQ̄ is

Γ=T ¼ −
4

ða0TÞ3
Z

dωω2e
−2ω
a0T

ImVðωÞ
T

; ð34Þ

where ω ¼ LT and a0 is the Bohr radius. There is an
exact approach and an approximate approach to calculate
the thermal width [19,29]. It should be mentioned that the
authors of [32] studied the effect of gluon condensate on the
thermal width by the exact and approximate approaches.
The qualitative results from the two approaches are con-
sistent. In this work, we adopt the approximate approach
to discuss the effect of the boost parameter on the
thermal width.
We examine the imaginary potential and estimate the

thermal width from the imaginary potential in the spinning
Myers-Perry black hole from Eqs. (18), (31), and (34). For
our calculations, we take λ ¼ 1. According to Ref. [46], the
background geometry features a planar black brane at high
temperatures. Therefore, we choose a high temperature
T ¼ 100=π. Additionally, the background remains stable
when a < 0.75L. Thus, we take a ¼ 0.1, 0.2, 0.3 in the
numerical calculations. It should be mentioned that the
spinning background is dual to the rotating QGP system.
The behavior of QGP flow can be visualized as a uniform
motion, characterized by uniformly rotating circles of
a Hopf fibration within the spatial component of four-
dimensional spacetime [47].
Then, we discuss three restrictions on the imaginary

potential. First, the term Bðz�Þ in Eq. (31) must be positive.
Second, the imaginary potential should be negative. This
requirement implies that ð A0ðz�Þ

2A00ðz�Þ −
Aðz�Þ
A0ðz�ÞÞ > 0 in Eq. (31),

leading to the condition ε > εmin (ε≡ z�=zh). The last
restriction is related to the maximum value of LT, denoted
as LTmax. In Fig. 1(a), we draw the interquark distance LT
versus ε with different values of the boost parameter a. It
can be observed that LT increases monotonically with ε
and reaches a maximum value, LTmax, at ε ¼ εmax. This
feature suggests that the string is a U-shape type. When
ε > εmax, LT decreases monotonically with ε, indicating
that the string configurations solutions no longer satisfy
the NG action [49]. Therefore, we restrict our calculations
to the range εmin < ε < εmax (LTmin < LT < LTmax) in
the calculations. We also find that the presence of the
boost parameter suppresses LTmax, suggesting that the
boost parameter favors the dissociation of quarkonium.
Moreover, the dissociation effect is stronger in the trans-
verse cases.
In Fig. 1(b), we depict the imaginary potential

ImV=ð ffiffiffi
λ

p
TÞ of quarkonium as a function of LT with a

different boost parameter a. The imaginary potential begins
at LTmin and ends at LTmax. It is evident that the imaginary
potential appears at smaller LT as the boost parameter
increases. As noted in Ref. [21], the suppression becomes
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stronger when the imaginary potential occurs at smaller LT.
Therefore, we can conclude that the boost parameter
contributes to the melting of quarkonium. Additionally,
the impact of the boost parameter on the imaginary
potential is more significant in the transverse case com-
pared with the parallel case.
The authors of Ref. [28] extended the static black hole to

a local rotating background by the Lorentz transformation
and calculated the imaginary potential in this local rotating
background. They found that the angular momentum
enhances the dissociation. Although the rotating back-
grounds considered are different, our results coincide with
the results of Ref. [28].
Next, we examine how the boost parameter affects the

thermal width. We plot the thermal width Γ=T against a0T
for various values of the boost parameter a in Fig. 2. One
can observe that the boost parameter enhances the thermal
width, with a more significant effect observed in the
transverse case than in the parallel case. A larger thermal
width indicates that the state is unstable and may break
down into free quarks, whereas a smaller thermal width
suggests a more stable bound state. This phenomenon can

be explained by the binding energy of heavy quarkonium.
The authors of Ref. [50] investigated the thermodynamics
of heavy quarkonium in the spinning black hole back-
ground and calculated its binding energy. They discovered
that the binding energy increases quickly to zero when
increasing the boost parameter, indicating that heavy
quarkonium is more unstable at larger values of the boost
parameter. The authors of Ref. [51] examined the spectral
function of heavy quarkonium within the same spinning
black hole background and found that the boost parameter
facilitates the dissociation of heavy quarkonium. Our
results are consistent with those presented in Refs. [50,51].

IV. CONCLUSION AND DISCUSSION

In this paper, we investigated the imaginary potential and
estimated the thermal width from the imaginary potential in
the spinning black hole background. The imaginary poten-
tial could explain the dissociation and decay of the bound
state. Also, it can be used to estimate the thermal width
related to thermal decay.
We found that the boost parameter suppresses the maxi-

mum value of the interquark distance LT. As the boost
parameter increases, the imaginary potential appears at
smaller LT, indicating that the boost parameter contributes
to the melting of quarkonium. Additionally, we observed that
the boost parameter enhances the thermal width, indicating
that the bound state is more unstable at larger values of the
boost parameter. Furthermore, we concluded that the boost
parameter has a stronger effect on the dissociation of
quarkonium when the axis of the quark-antiquark pair
QQ̄ is transverse to the direction of the boost parameter.
The study of the imaginary potential and the calculation

of the thermal width from the imaginary potential under
rotation is crucial for understanding their behavior in
rotating thermal QGP, which contributes to investigating
the quarkonium suppression and thermalization in heavy-
ion collisions experiments. Finally, investigating the con-
figuration entropy within a spinning black hole may be a
meaningful work. We plan to delve into this topic in our
subsequent studies.

(a) (b)

FIG. 1. (a) LT versus ε with different boost parameter a. (b) Imaginary potential ImV=ð ffiffiffi
λ

p
TÞ of quarkonium versus LT with different

boost parameter a. In panel (a) from top to bottom a ¼ 0.1, 0.2, 0.3, respectively. In panel (b) from right to left a ¼ 0.1, 0.2, 0.3,
respectively. The solid line (dashed line) represents the parallel (transverse) case.

FIG. 2. Thermal width Γ=T versus a0T with different boost
parameter a. From bottom to top a ¼ 0.1, 0.2, 0.3, respec-
tively. The solid line (dashed line) represents the parallel
(transverse) case.
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