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Abstract: The Kerr/CFT correspondence establishes a correspondence between extremal black holes in higher di-
mensions and a chiral conformal field theory (CFT) in their near-horizon limit. A generalization of this framework,
known as the EVH/CFT correspondence, has been developed for four- and five-dimensional AdS black holes. It was
further proposed in [1] that, for  black holes, a generalized duality between -dimensional geometry
and -dimensional field theory may emerge in a suitably defined extremal vanishing horizon (EVH) limit. In
this work, we show that, in the EVH limit, the near-EVH geometries of these  black holes reduce to lower-
dimensional  black  holes  whose  metrics  are  conformally  related  to  solutions  of  Einstein-Maxwell-Maxwell-dilaton
(EMMD) gravity.  This  structural  resemblance  suggests  a  potential  route  toward  the  microscopic  counting  of  non-
AdS black hole entropy via higher-dimensional AdS/CFT techniques.
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I.  INTRODUCTION

To date, all gravitational-wave observations of black-
hole mergers have been consistent with the Kerr descrip-
tion  of  black  holes  [2]. Understanding  the  quantum  ef-
fects associated with Kerr black holes is therefore crucial
for identifying potential signatures of quantum gravity. A
major  observational  milestone  is  the  confirmation  of
Hawking’s  area  theorem  [3],  which  states  that  the  total
event  horizon  area  of  black  holes  cannot  decrease  over
time.  In  particular,  recent  observations  demonstrate  that
the final  horizon area after  a  merger  exceeds the sum of
the areas of the two initial black holes [4, 5].

Understanding the microscopic states of black holes is
a  cornerstone  test  for  any  candidate  theory  of  quantum
gravity.  Two  main  approaches  have  been  developed  to
study this problem across different frameworks.
 

● The AdS3/CFT2 correspondence provides a particu-
larly  transparent  setting,  since  the  powerful  Virasoro
symmetry  completely  determines  the  microscopic  states
of  black  holes  in  the  near-horizon  region  [6].  This  idea
was  later  generalized  to  higher-dimensional  extremal

black  holes  through  the  Kerr/CFT  correspondence  [7]
(and further  to  the  extremal  black hole/CFT correspond-
ence [8–10]). These correspondences assert that the gen-
eric AdS2 geometry emerging in the near-horizon limit of
extremal  black  holes  admits  boundary  conditions  under
which a  Virasoro  algebra  governs  the  dynamics,  inde-
pendently  of  the  details  of  the  higher-dimensional  black
hole in the UV 1).
 

d = D−1 > 2● Within the AdSd+1/CFTd ( ) framework,
the microscopic  states  of  AdS black  holes  can  be  repro-
duced  by  counting  gauge-invariant  operators  in  the  dual
superconformal  field  theories.  Remarkable  progress  has
been made in understanding black holes in AdS4 [12–16],
AdS5 [17–20], AdS6 [14, 21], and AdS7 [19, 22–24]. See
[25]  for  a  recent  review.  Most  of  these  studies  focus  on
BPS black holes, for which the counting of gauge-invari-
ant states  in  the  dual  weakly  coupled  field  theory  re-
mains  valid.  An  exception  is  [26],  which  undertakes  a
field-theoretic  computation  to  understand  the  entropy  of
near-BPS AdS5 black holes.

The two approaches have been investigated in a uni-
fied framework for BPS black holes in AdSD spacetimes.
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1) There are also extensions of this idea to non-extremal black holes, where the Virasoro symmetry is realized as a geometric symmetry of the phase space of per-
turbations [11]. 
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S 0 ∼ A

cA

Two  possible  perspectives  have  been  considered  in  the
literature.  One  is  to  consider  gravitational  Cardy  limits
[27], in which the charges and angular momenta are res-
caled  so  as  to  render  the  black  hole  ultra-spinning.  The
near-horizon  geometry  in  these  limits  is  generically  of
AdS2 or  AdS3 type [28, 29],  where  the  Virasoro algebra
can determine the dynamics in the near-horizon limit. An-
other  approach  builds  on  earlier  studies  of  the  Extremal
Vanishing  Horizon  (EVH)  limit  of  black  holes  [30–41]
and explores AdS5 black holes in the BPS-EVH limit [1].
In  the  EVH limit,  the  black  hole  area  is  taken to
zero  while  the  central  charge c diverges,  so  that  the
product  remains fixed. Given the expansion of the en-
tropy S in terms of the temperature T: 

S (T,Qi, Ja) = S 0(Qi, Ja)+S 1(Qi, Ja)T +S 2(Qi, Ja)T 2+ · · · ,
(1)

S 0 = 0

S 1 , 0

S ∼ T

N = 4

N = 4

The dynamics of the extremal black hole can be activ-
ated  in  this  limit  by  setting , thereby  circumvent-
ing  the  instability  problem  associated  with  AdS2 geo-
metry  [42],  and  the  geometry  is  enhanced  to  AdS3 if

. In the supersymmetric AdS5 black hole model, an
extremal  pinched  BTZ  black  hole  emerges  in  the  near-
EVH  regime,  consistent  with  the  relation  [1,
30–32, 34–37]. Moreover, since the microscopic states of
the  AdS5 black hole  can  be  computed  via  the  supercon-
formal indices of  SYM, the authors of [1] demon-
strated that  a  Cardy-like formula—used to count  the de-
generacies  of  states  in  an  emergent  CFT2 [43] —can  be
derived from the inverse Laplace transform of the 
superconformal indices.  This  work  represents  a  signific-
ant  step  toward  proving  the  Kerr/CFT  correspondence
from the perspective of AdS/CFT, at least in the BPS lim-
it.  However, neither of these works can be considered to
complete the proof of Kerr/CFT from AdS/CFT, since the
mechanism underlying the emergent Virasoro algebra re-
mains unclear.

An interesting generalization of EVH black holes pro-
posed  in  [1, 30–41] involves  emergent  EVH  configura-
tions  in  the  IR limit  of  AdS6 [44]  and AdS7 black  holes
[45, 46]. These black holes can be appropriately embed-
ded  in  ten-dimensional  string  theory  and  eleven-dimen-
sional M-theory [47, 48]. The extremal limit of higher-di-
mensional AdS black holes requires more charges and an-
gular  momenta  to  be  supported  [8, 49, 50]. This  is  be-
cause gravitational interactions are stronger in higher di-
mensions, which requires more gauge forces or rotations
to balance and achieve extremal black holes.

S ∼ T 2 S ∼ T 3

S 0(Qi, Ja) =
S 1(Qi, Ja) = 0

On the other hand, when more charges and spatial di-
mensions are present, we might expect that (1) can exhib-
it higher-order scalings,  or , by fine-tuning
the charges and angular momenta, i.e., setting 

 [31, 32, 35].  However,  we will  clarify that

D = 6 D = 7

AdS6,7

near-EVH black holes in rotating AdS6 and AdS7 can be
defined without being restricted to the near-BPS limit, as
previously  proposed  in  [1],  and  can  instead  be  realized
through general near-extremal limits. We carefully exam-
ine the scaling relations between entropy S and temperat-
ure T for these black holes. Our analysis shows that their
near-horizon  geometries,  in  both  and , re-
duce to lower-dimensional black holes whose metrics are
conformally  equivalent  to  those  of  Einstein–Maxwell–
Maxwell–Dilaton  (EMMD)  gravity,  suggesting  a  close
connection. These  black  holes  emerging  from EVH lim-
its no longer have AdS asymptotics. However, as the mi-
croscopic  states  of  supersymmetric  black  holes
can  be  reproduced  from  the  dual  SCFT,  we  should,  in
principle,  use  the  higher-dimensional SCFTs  to  under-
stand  the  quantum  states  dual  to  these  EMMD  black
holes. This  may  be  an  essential  step  toward  understand-
ing holographic duals of non-AdS black holes.

S ∼ T 2 S ∼ T
S ∼ T 3

The  paper  is  organized  as  follows.  In  Section  II,  we
review  the  concept  of  near-EVH  limits  for  Kerr–AdS5
black  holes  based  on  [1, 32, 35].  In  Sections  III.A  and
III.B,  we  investigate  the  near-EVH  phases  in  AdS6 and
AdS7 black  holes,  respectively,  within  this  geometric
framework.  Specifically,  for  AdS6,  the  near-EVH geo-
metry  corresponds  to  a  four-dimensional  EMMD  black
hole  with .  In  AdS7,  we  find  both  and

 configurations, which are realized as a BTZ black
hole  and a  five-dimensional EMMD black hole,  respect-
ively.  Finally,  in  Section IV,  we discuss the holographic
implications  of  these  near-EVH  limits,  and  conclude  in
Section V. 

II.  REVIEW OF AdS5

(1)3

Investigations of the (near-)EVH limits of AdS5 black
holes were initiated for static R-charged solutions in [30,
34] and further developed in [31].  Subsequent studies of
the  EVH limits  of  Kerr–RN–AdS5 black  holes  and  their
dual field-theory interpretations began with [32], while an
index-based account of the emergent IR CFT2 and its en-
tropy was later provided in [1]. Generic AdS5 black holes
in U  gauged supergravity carry three charges and two
angular momenta. The most general non-supersymmetric
solution of this type was constructed in [51], building on
earlier  works  [52–56].  However,  the  full  generality  of
these  solutions  renders  them rather  complicated.  For  the
purpose  of  capturing  the  essential  physics  of  near-EVH
limits and  their  holographic  interpretation  via  supercon-
formal indices [1], it suffices to consider the simpler spe-
cial solutions presented in [32, 54]. We therefore restrict
our analysis to these special cases.

The  black  hole  solution  under  consideration,  studied
in [1, 10],  carries  two equal  charges and is  described by
the following five-dimensional metric [54]: 
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ds2
5 = H−

4
3

ñ
− X
ρ2

(dt−asin2 θ
dϕ
Ξa
−bcos2 θ

dψ
Ξb

)2+
C
ρ2

Å
ab
f3

dt− b
f2

sin2 θ
dϕ
Ξa
− a

f1
cos2 θ

dψ
Ξb

ã2

+
Z sin2 θ

ρ2

Å
a
f3

dt− 1
f2

dϕ
Ξa

ã2

+
W cos2 θ

ρ2

Å
b
f3

dt− 1
f1

dψ
Ξb

ã2
ô
+H

2
3

ï
ρ2

X
dr2+

ρ2

∆θ
dθ2
ò
,

H = 1+
q
ρ2
, ρ2 = r2+a2 cos2 θ+b2 sin2 θ, ∆θ = 1−a2 cos2 θ−b2 sin2 θ,

f1 = a2+ r2, f2 = b2+ r2, f3 = (a2+ r2)(b2+ r2)+qr2,

X =
(a2+ r2)(b2+ r2)

r2
−2m+ (a2+ r2+q)(b2+ r2+q),

C = f1 f2(X+2m− q2

ρ2
), Ξa = 1−a2, Ξb = 1−b2,

Z = −b2C+
f2 f3

r2

[
f3− r2(a2−b2)(a2+ r2+q)cos2 θ

]
,

W = −a2C+
f1 f3

r2

[
f3+ r2(a2−b2)(b2+ r2+q) sin2 θ

]
. (2)

The corresponding thermodynamic quantities are as follows:
 

Ωa =
a(r4
++ r2

+b
2+ r2

+q+b2+ r2
+)

(r2
++a2)(r2

++b2)+qr2
+

, Ωb =
b(r4
++ r2

+a
2+ r2

+q+a2+ r2
+)

(r2
++a2)(r2

++b2)+qr2
+

, Φ1 = Φ2 =

√
q2+2mqr2

+

(r2
++a2)(r2

++b2)+qr2
+

,

Φ3 =
qab

(r2
++a2)(r2

++b2)+qr2
+

, Ja =
πa(2m+qΞb)

4GNΞbΞ2
a

, Jb =
πb(2m+qΞa)

4GNΞaΞ
2
b

, Q1 = Q2 =
π
√

q2+2mq
4GNΞaΞb

,

Q3 = −
πabq

4GNΞaΞb
, S =

π2[(r2
++a2)(r2

++b2)+qr2
+]

2GNΞaΞbr+
, T =

2r6
++ r4

+(1+a2+b2+2q)−a2b2

2πr+[(r2
++a2)(r2

++b2)+qr2
+]

,

E =
π

8GNΞ2
aΞ

2
b
[2m(2Ξa+2Ξb−ΞaΞb)+q(2Ξ2

a+2Ξ2
b+2ΞaΞb−Ξ2

aΞb−Ξ2
bΞa)] . (3)

(a,b,m,q)
g = 1 GN

(N) N = 4
π

2GN
= N2

This  solution  is  parametrized  by  four  independent
parameters, , and we set  the cosmological  con-
stant to . Here the Newton constant  is related to
the  rank  of  the SU  gauge  group  in  SYM  by

. These expressions fully characterize the ther-
modynamic  state  of  the  black  hole.  The  solution  and  its
thermodynamic data play a central role in the subsequent
analysis  of  the  near-EVH limit  and the  emergence  of  an
effective two-dimensional conformal description.

The  EVH  and  near-EVH  limits  are  defined  as  in
[32]1) 

EVH : a = r+ = 0; near-EVH : a = λϵ2, r = ϵx , (4)

ϵ→ 0where the  limit is taken alongside the near-horizon
limit. The EVH point is treated as the ground state, while
the near-EVH limit  can be regarded as  an excited sector
of the theory, since it has a non-vanishing temperature of
order ϵ. The corresponding geometries in the (near-)EVH

S ∼ N2ϵ N2ϵ
N→∞

N2ϵ

limits are, respectively, a pinched AdS3 and a BTZ black
hole.  The  entropy  of  the  BTZ  black  hole  scales  as

,  which  remains  finite  if  we  keep  fixed  as
. For the classical description of gravity to be val-

id,  should be taken to be large.
We  are  especially  interested  in  the  near-EVH  limit

combined with the BPS condition, which incorporates su-
persymmetry 

E = Ja+ Jb+Q1+Q2+Q3 , (5)

and the  extremality  condition,  which  requires  the  hori-
zons to be degenerate. The chemical potentials that satis-
fy the supersymmetry condition are generically complex,
and it  is  useful  to  define  the  following  chemical  poten-
tials: 

∆i = β(1−Φi), ωI = β(1−ΩI) , i = 1,2,3; I = 1,2 ,

(6)

Probing decoupled throats of AdSD black holes in D = 6, 7 Chin. Phys. C 50, 075102 (2026)

b = r+ = 0 q = 01) The EVH limit is defined by  in [1] and remains valid in the  limit. Due to the symmetry between the a and b parameters, this does not change the
essential physics.
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and are subject to the linear constraint: 

∆1+∆2+∆3−ωa−ωb = 2πi . (7)

(q,m)This  renders  the  parameters  generically  complex
unless  the  radius  of  the  horizon  is  determined  by  a  real
constraint. 

r2
0 =

ab
1+a+b

. (8)

(q,m)

This condition eliminates closed timelike curves in space-
time. Solutions that  satisfy both the supersymmetry con-
dition  (5)  and  the  horizon-size  condition  (8)  have  real
charges and entropy and are parametrized by  as 

q =
(a+b)(1+a)(1+b)

1+a+b
,

m =
(a+b)2(1+a)(1+b)(2+a+b)

2(1+a+b)
. (9)

Combining the BPS conditions (5) and (8) with the EVH
conditions (4), we find that the entropy of the black hole
is given by 

S =
πb

1−b

…
bλ

1+b
N2ϵ . (10)

The corresponding decoupling metric for  AdS5 takes the
following form: 

ds2 =

Å
h

sinθ

ã− 4
3
ï

h2ds2
3+h2 b2dθ2

1−b2 sin2 θ

+
1−b2 sin2 θ

(1−b)2

cos2 θ

sin2 θ
dψ̃2
ò
,

h = sinθ+
1

bsinθ
, ψ̃ = ψ− (1−b)t , (11)

ds2
3where, in the EVH limit,  is taken to be the metric of

AdS3 

ds2
3 = −

x2

ℓ2
3

dτ2+
ℓ2

3

x2
dx2+ x2dχ̃2, ℓ3 =

b
1+b

, t =
1+b

b
τ ,

(12)

ds2
3In the near-EVH case, however,  is replaced by the ex-

tremal BTZ geometry: 

ds2
3 = −

(
x2− x2

0

)2

ℓ2
3 x2

dτ2+
ℓ2

3 x2dx2

(x2− x2
0)2
+ x2
Å

dχ̃− x2
0

ℓ3x2
dτ
ã2

.

(13)

This  geometry  is  called  pinched  because  the  periodicity

S 1 χ̃ = ϵϕ 2πϵof the  direction, , is .

N = 4

N = 4

We are now ready to explain the entropy (10)  of  the
BPS-EVH  black  hole  from  computations  in  the  dual

 SYM,  using  (13)  and  following  [1].  It  has  been
shown  in  various  works  [17–20, 57]  that  the  entropy
functional in the large-N limit of  SYM is 

S = lnZ+ (Ja+Q3)ωa+ (Jb+Q3)ωb+ (Q1−Q3)∆1

+ (Q2−Q3)∆2+2πiQ3

ln Z =
N2

2
∆1∆2∆3

ωaωb
, ∆1+∆2+∆3−ωa−ωb = 2πi , (14)

∆i,ωa,ωb

where the chemical potentials are taken to be complex to
avoid  cancellations  between  the  bosonic  and  fermionic
degrees of freedom [12]. Upon performing a saddle-point
approximation  with  respect  to  the  chemical  potentials

, one  finds  that  the  entropy  functional  (14)  re-
produces the BPS black-hole entropy [56]. 

S = 2π

…
Q1Q2+Q1Q3+Q2Q3−

N2

2
(Ja+ Jb) . (15)

N = 4

The  entropy  formula  (15)  is  consistent  with  that  for  the
black  hole  with  two  equal  charges  (3)  in  the  BPS  limit.
Therefore, the BPS-EVH limit of the entropy (10) should
also  be  encoded  in  the  superconformal  indices  of 
SYM and in the entropy functional (14).

N2ϵ
Q3 ∼ Ja ∼ N2ϵ2 Q1,2 ∼ Jb ∼ N2

∆1,2 ωb ωa

∆1 = ∆2 = ∆

ωb

As  shown  in  [1],  the  near-EVH limit  splits  the  ex-
tremization  of  the  entropy  functional  within  the  saddle-
point  approximation  into  two steps.  In  the  large-N limit,
with the EVH condition  held fixed, the charges scale
as ,  while . Under  this  scal-
ing,  the  saddle-point  approximation  of  the  functional  in
(14)  is  justified  only  for  and ,  but  not  for .
Therefore, setting  in the solution (2) and per-
forming the  and Δ integrals first, we obtain 

eS =

∫
dωa exp

ñ
N2∆̂2

2ωa

Ç
∆̂

ω̂b
−1

å
+2πiQ3

ô
eωa(Ja+Q3), (16)

∆̂ ω̂b

ω̃a = ϵωa N2ϵ
ω̃a

where  and  denote the values of the chemical poten-
tials  that  satisfy  the  saddle-point equations.  The  expres-
sion (16)  closely resembles  the Cardy formula of  a  two-
dimensional CFT. It may be viewed as a functional of the
rescaled modulus . Since  is fixed and large,
the extremization over  is justified and precisely repro-
duces the near-EVH entropy given in (10).

√
2

This computation strongly supports the emergence of
an  effective  two-dimensional  conformal  field  theory  in
the  near-horizon  limit.  The  resulting  EVH  2D  CFT  is
closely related  to  the  Kerr/CFT  correspondence,  al-
though  their  central  charges  differ  by  a  factor  of ,  a
discrepancy that may stem from different choices of time
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coordinate between AdS5 and AdS3 [1, 30, 32, 34].  This
result should  therefore  be  viewed  as  a  key  first  step  to-
ward uncovering the  microscopic  mechanism underlying
the  Kerr/CFT  correspondence  within  the  framework  of
AdS/CFT.

N = 4
N = 4

(2,2|4)

(3,Z)

However,  this  does not  constitute sufficient  evidence
to claim that the EVH/CFT correspondence (a more spe-
cial  version  of  the  Kerr/CFT  correspondence)  has  been
derived from AdS/CFT. First, although the central charge
in the Cardy formula matches that of Kerr/CFT, its origin
on  the  field-theory  side  remains  obscure.  It  is  unclear
how  this  central  charge,  which  is  geometrically  defined
by the AdS2 throat in the gravity picture,  can be derived
from the algebraic data of  SYM, such as operator
conformal  dimensions  or  the  central  charge  of 
SYM. Second,  it  is  not  understood  how operators  trans-
forming under the 4D superconformal algebra PSU
organize  into  representations  of  the  Virasoro  algebra1).
This  conceptual  tension  is  reflected  in  the  mismatch
between  the  local  symmetries  of  AdS5 in  the  UV  and
AdS3 in the IR. Moreover, it remains unclear whether the
general SL  families of AdS black holes correspond-
ing  to  root-of-unity  configurations  [58–67]  admit  such  a
near-EVH decoupling limit. These issues will not be dis-
cussed in this paper. 

D = 6,7III.  AdS BLACK HOLES IN 

D = 6

d = 5

AdSD black holes in  and 7 dimensions exhibit a
considerably richer structure than their four- and five-di-
mensional counterparts.  Of  particular  interest  are  solu-
tions that  either  possess  known holographic  duals  or  ad-
mit consistent embeddings into string theory. Notable ex-
amples  include  AdS6 black  holes  with  two  independent
angular momenta and one R-charge [44], as well as AdS7
black  holes  carrying  up  to  three  angular  momenta  and
two  distinct  R-charges  [46].  This  classification  closely
mirrors the properties of superconformal field theories in

 and 6 dimensions [68]. Moreover, these black hole
solutions are  of  intrinsic  interest  owing  to  their  realiza-
tions  as  specific  brane  configurations  in  string  theory  or
M-theory [47, 48].

[
D−1

2
] ϕi [

D−2
2

]

yα
D = 2n+1 D = 2n

yα
µi S [D/2]

The metric  of  AdSD can  be  expressed  in  coordinates
comprising  the  time t and  radial  coordinate r,  together
with  azimuthal angles  and  latitude co-
ordinates  on  the  sphere.  To  be  precise,  we  set

 for  odd  dimensions  and  for even  di-
mensions. The coordinates  are related to the direction
cosines  of  the  unit  sphere  via the  Jacobi  trans-
formation: 

µ2
i =

∏n−1
α=1(a2

i − y2
α)∏n

k,i(a2
i −a2

k)
, i = 1, . . . ,

ï
D−1

2

ò
, (17)

∑[D/2]
i=1 µ2

i = 1
ai

ϕi
∏′

an = 0

S D−2

yα

This  automatically  satisfies  the  constraint .
Here,  each  parametrizes a  rotation  in  the  correspond-
ing  direction. The symbol  indicates that the product
omits any vanishing factor. In the case of even D, we set

.  This  coordinate  system,  introduced  in  [50],
provides a natural framework for generalizing Kerr–AdS
black holes to include NUT charges. It also offers several
structural  advantages:  for  example,  the  metric  on 
becomes diagonal  in  these  coordinates,  and  the  coordin-
ates  and r appear  in  a  highly  symmetric  manner
throughout the metric.

D = 6,7

S ∼ T D−4

AdSD−2 CFTD−3

In this section, we describe the corresponding (near)-
EVH  limits  of  the  AdSD black  holes  with .  An
analysis of  the  thermodynamics  of  these  black  holes  in-
dicates that they exhibit  scaling in the near-BPS
and near-EVH limits [1]. These scaling relations between
entropy  and  temperature  were  conjectured  to  hint  at  a
possible /  duality  emerging  in  the  IR.  In
this section,  we  primarily  provide  two  clarifications  re-
garding these models.
 

●  The  near-BPS  condition  is  not  required  to  define
the near-EVH limits.
 

AdSD−2

(D−2)

● The near-EVH geometry is not that of  black
holes, but rather that of black holes which are solutions to
EMMD theories [69] on a -dimensional manifold. 

A.    AdS6 black hole
N = 4The AdS6 black hole is a solution of the  SU(2)

gauged supergravity  theory  in  six  dimensions,  which  in-
cludes  a  graviton,  a  two-form  potential,  a  scalar,  a  one-
form  potential,  and  the SU(2)  Yang–Mills gauge  poten-
tial.  The bosonic part  of  the Lagrangian is  given by [44,
70] 

L6 = R⋆1− 1
2
⋆dφ∧dφ− 1

2X2

Ä
⋆F(2)∧F(2)+⋆F I

(2)∧F I
(2)

ä
− 1

2
X4⋆F(3)∧F(3)+

Å
9X2+

12
X2
− 1

X6

ã
⋆1

−A(2)∧
Å

1
2

dA(1)∧dA(1)+
1√
2

A(2)∧dA(1)

+
1
3

A(2)∧A(2)+
1
2

F I
(2)∧F I

(2)

ã
.

(18)

For convenience,  we  adopt  the  following  ansatz  to  de-

Probing decoupled throats of AdSD black holes in D = 6, 7 Chin. Phys. C 50, 075102 (2026)

Ja +Q3

1) Evidence suggests that the emergence of the Virasoro algebra in the near-EVH limit is tied to the chiral algebra mechanism [1], since one of the components of the
Virasoro generators  is a Schur operator. However, the set of letters contributing to the entropy and transforming under the Virasoro algebra also includes non-
Schur operators. Therefore, a generalization of the chiral algebra mechanism appears necessary to account for the Virasoro symmetry emerging in near-EVH limits.
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scribe the AdS6 black hole solutions of this theory. 

yα = (y,z), (a1,a2,a3) ≡ (a,b,0) . (19)

The  charged,  rotating  AdS6 solution  in  the  asymptotic
static frame is given by 1) [10, 44] 

ds2 = H
1
2

ï
(r2+ y2)(r2+ z2)

X
dr2+

(r2+ y2)(y2− z2)
Y

dy2

+
(r2+ z2)(z2− y2)

Z
dz2− X

H2(r2+ y2)(r2+ z2)
A2

+
Y

(r2+ y2)(y2− z2)
(
(1+ r2)(1− z2)dt̃− (a2+ r2)(a2− z2)dϕ̃1

−(b2+ r2)(b2− z2)dϕ̃2−
qrA

H(r2+ y2)(r2+ z2)

ã2

+
Z

(r2+ z2)(z2− y2)
(
(1+ r2)(1− y2)dt̃− (a2+ r2)(a2− y2)dϕ̃1

−(b2+ r2)(b2− y2)dϕ̃2−
qrA

H(r2+ y2)(r2+ z2)

ã2
ô
,

(20)

where the functions in the metric are explicitly specified 

X = (r2+a2)(r2+b2)+ [r(r2+a2)+q][r(r2+b2)+q]−2mr,

Y = − (1− y2)(a2− y2)(b2− y2),

Z = − (1− z2)(a2− z2)(b2− z2),

H = 1+
qr

(r2+ y2)(r2+ z2)
,

A = (1− y2)(1− z2)dt̃− (a2− y2)(a2− z2)dϕ̃1

− (b2− y2)(b2− z2)dϕ̃2 .

(21)

Without  loss  of  generality,  following  [44],  we  adopt  the
convention  that  the  coordinates y and z are  restricted  to
the region 

−a ≤ y ≤ a ≤ z ≤ b . (22)

ϕ̃i t̃
S 1 ϕi

2π

The coordinates  and  are related to the standard Boy-
er–Lindquist  coordinates,  in  which  the  directions 
are -periodic, via 

t̃ =
t
ΞaΞb

, ϕ̃1 =
ϕ1

aΞa(a2−b2)
, ϕ̃2 =

ϕ2

bΞb(b2−a2)
. (23)

This redefinition  is  introduced  to  simplify  notation,  fol-
lowing [50]. Thermodynamic quantities can be computed

directly from the  metric  (20),  yielding  the  following  ex-
pressions [14, 44, 71, 72]. 

E =
2πm

3GNΞaΞb

ï
1
Ξa
+

1
Ξb
+

q
2m

Å
1+
Ξb

Ξa
+
Ξa

Ξb

ãò
,

S =
2π2[(r2

++a2)(r2
++b2)+qr+]

3GNΞaΞb
,

Ja =
2πma

3GNΞ2
aΞb

Å
1+
Ξbq
2m

ã
, Jb =

2πmb
3GNΞaΞ

2
b

Å
1+
Ξaq
2m

ã
,

T =
2r2
+(1+ r2

+)(2r2
++a2+b2)− (1− r2

+)(r
2
++a2)(r2

++b2)+4qr3
+−q2

4πr+[(r2
++a2)(r2

++b2)+qr+]

Ωa =
a[(r2

++1)(r2
++b2)+qr+]

(r2
++a2)(r2

++b2)+qr+
, Ωb =

b[(r2
++1)(r2

++a2)+qr+]
(r2
++a2)(r2

++b2)+qr+
,

Φ =

√
q2+2mqr+

(r2
++a2)(r2

++b2)+qr+
, Q =

π
√

q2+2mq
GNΞaΞb

.

(24)

GN

27
√

2
5π

N
5
2√

8−N f
=G−1

N N f

The Newton constant  is related to the field-theory

constant  by  [21],  where  de-
notes  the  number  of  flavors.  These  quantities  obey  the
first law of black-hole thermodynamics [44].

N
5
2 ϵ2

D ≥ 6

We are particularly interested in the (near-)EVH lim-
it, where the extremal black-hole horizon scales as ϵ and

 is held fixed so as to retain nontrivial dynamics. In
this  framework,  the  exact  EVH  limit  corresponds  to  the
ground state of the near-EVH geometry, characterized by
a vanishing  horizon.  Achieving  such  a  configuration  re-
quires  careful  parameter  tuning,  particularly  because  in
spacetime  dimensions ,  the  existence  of  extremal
AdS black holes typically requires additional charges and
angular momenta to balance the gravitational potential.

The EVH limit is generically defined as: 

a ≡ 0, r = ϵx, r+ = ϵx+, t = ϵτ, q = 0 . (25)

The blackening factor exhibits a vanishing horizon for the
following choice of parameters: 

X(r) = (r2+b2)(r2+1)r2 , (26)

ϕ̃1

This  indicates  that  the  limit  yields  the  ground-state geo-
metry.  However,  the  function Y and  the  coordinate y in
the metric (20) vanish within the definition domain (22),
while  becomes  singular  in  the  EVH  limit  (25).  They
therefore need to be appropriately normalized.  The solu-
tion  that  is  compatible  with  both  the  definition  domain
(22) and the Jacobi transformation (17) in this EVH limit
is: 

Weichao Bu, Yang Lei Chin. Phys. C 50, 075102 (2026)

ψi1) We use the static frame rather than the other  coordinates, as it is appropriate for computing thermodynamic quantities and is also suitable for taking the near-
EVH limits later.
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y = acosθ1, z = bcosθ2, aϕ̃1 = −
ϕ1

b2
,

0 ≤ θ1 ≤ π, 0 ≤ θ2 ≤
π

2
. (27)

The geometry yields 

ds2 = − (1+ r2)(1−b2 cos2 θ2)
1−b2

dt2+
r2+b2 cos2 θ2

(r2+1)(r2+b2)
dr2

+ r2 cos2 θ2(dθ2
1 + sin2 θ1dϕ2

1)

+
r2+b2

1−b2
sin2 θ2dϕ2

2+
r2+b2 cos2 θ2

1−b2 cos2 θ2
dθ2

2 .

(28)

z→ b
(t,r, θ1,ϕ1)

S 2 (θ2,ϕ2)

A  special  limit  is ,  where  the  geometry  manifestly
decouples  into  global  AdS4,  spanned  by ,  and
an  compact manifold spanned by .

We  are  now  ready  to  explore  the  near-EVH  limit.
This limit is implemented by the following scalings: 

a = λϵ2, q = bx+ϵ +q(3)ϵ3 , r+ = ϵx++ y3ϵ
3 , (29)

q(3)

ϵ3

q(3)

S ∼ T 2

Together  with  the  coordinate  transformation  (27),  the
range (22) is preserved. The scaling between a and ϵ was
proposed  as  a  possible  generalization  of  the  near-EVH
limits found in the AdS5 black hole counterparts [1]. The
parameter  must be chosen to guarantee the existence
of the extremal horizon, where the temperature vanishes.
To see this,  we introduce an -order perturbation of the
radial coordinate in (29). The temperature T does not van-
ish  at  order ϵ for  generic  values  of ,  which  results  in
the scaling relation : 

S =
2π2bx2

+

3GN(1−b)
ϵ2,

T =
−2bx+q(3)+ (3+4b+3b2)x4

+−b2λ2+2y3b2x+
4πb(1+b)x3

+

ϵ +O(ϵ3) .

(30)

q(3)The temperature vanishes at order ϵ if  satisfies 

q(3) =

Å
2+

3
2b
+

3b
2

ã
x3
+−

bλ2

2x+
+ y3b . (31)

Higher-order  terms in ϵ do not  affect  the expansion (30)
or the  extremality  constraint  (31).  By  iterating  this  pro-
cedure to fix the coefficients in the ϵ expansion, the black
hole  becomes  a  decoupled  near-EVH  extremal  black
hole. If the decoupling conditions do not satisfy (31), the
near-EVH black holes are generically non-extremal.

Therefore,  the  near-EVH scaling  relations  are  pos-
sible even without imposing the near-BPS condition pro-
posed in [1].  In the near-EVH limit,  the dynamics of in-

terest is restricted to 

ϵ2

G
∼ N

5
2 ϵ2 fixed, ϵ→ 0 . (32)

S ∼ T 2Although the  scaling relation is not unique to the
EVH limit,  the particular  scaling of a with ϵ was motiv-
ated  by  potential  generalizations  of  near-EVH  limits  in
the context of AdS5 black holes [1]. Meanwhile, the scal-
ing of q with ϵ is  chosen to ensure the persistence of  an
extremal horizon in the limit. Moreover, this ansatz natur-
ally  incorporates  near-BPS  EVH  limits  without  further
adjustment.

The  BPS  limit  of  AdS6 black holes  and  the  corres-
ponding field theory interpretation have been discussed in
[14]. The supersymmetry condition yields 

E = Ja+ Jb+Q . (33)

r0

As in AdS5 [1, 73], the parameter q that satisfies the su-
persymmetry condition is generically complex unless the
BPS value of the horizon size  is chosen: 

q = (a+b+ab)r+− r3
++ i(1+a+b)

(
r2
+− r2

0

)
, r2

0 =
ab

1+a+b
.

(34)

The chemical potentials at the BPS points are defined as
follows. 

∆ = lim
r+→r0

β(1−Φ), ωa = lim
r+→r0

β(1−Ωa), ωb = lim
r+→r0

β(1−Ωb) ,

(35)

which are  generically  complex  and  subject  to  the  condi-
tion 

ωa+ωb−3∆ = 2πi . (36)

This  condition  will  be  crucial  for  reproducing  the  black
hole entropy from the superconformal indices, as will be
discussed  in  Section  4.  As  a  generalization  of  the  EVH-
BPS  limit  of  AdS5,  Ref.  [1]  considered  the  combined
near-BPS  and  near-EVH  limits  of  an  AdS6 black  hole,
where the horizon size reduces to 

x+ =

…
bλ

1+b
. (37)

Besides, in the BPS limit, the entropy of the black hole is
given by: 

S =
2π2b2λ

3GN(1−b2)
ϵ2 , (38)

Probing decoupled throats of AdSD black holes in D = 6, 7 Chin. Phys. C 50, 075102 (2026)
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which  remains  finite  in  the  near-EVH limit.  This  is  pre-
cisely  a  special  case  of  the  near-extremal black  hole  de-
scribed by (30).

The  near-EVH  metric,  with  extremality  determined
by the condition (29), is 1): 

ds̃2 = H
1
2

ï
cos2 θ2ϵ

2x2 dx2

(x− x+)2
+ ϵ2 cos2 θ2x2dθ2

1

+ ϵ2x2 cos2 θ2 sin2 θ1dϕ2
1

− (x− x+)2[b2 sin2 θ2dϕ2− ϵb(1−b2 cos2 θ2)dτ]2

(xbcosθ2+ x+ secθ2)2(1−b2)2

+
b2 cos2 θ2

1−b2 cos2 θ2
dθ2

2

+
b2 sin2 θ2 cos2 θ2(1−b2 cos2 θ2)(bx+ x+)2

(1−b2)2(x++ xbcos2 θ2)2
dϕ2

2

ô
,

H = 1+
x+

xbcos2 θ2
. (39)

θ2

θ2→ 0

(τ, x, θ1,ϕ1)

The decoupled geometry behaves differently for different
values  of .  We  therefore  consider  two  limits.  In  the

 limit  (28),  the  four-dimensional black  hole,  de-
coupled from the IR limit of the AdS6 black hole, is para-
metrized  by  the  coordinates ,  and  its  metric
takes the following form: 

ds̃2 = H
1
2

ï
ϵ2ds2

4+
b2

1−b2
dΩ2

2

ò
, dΩ2

2 = dθ2
2 + sin2 θ2dϕ2

2 .

(40)

The  decoupled  four-dimensional black  hole  can  be  writ-
ten as follows: 

ds2
4 =−

(x− x+)2

(x+
x+
b

)2
dτ2+

x2dx2

(x− x+)2
+ x2dθ2

1+ x2 sin2 θ1dϕ2
1 . (41)

N1 = N2 = 2

Typically,  the  metric  (41)  is  conformally  related  to  the
extremal EMMD black hole solutions [69, 74], which are
also  reviewed  in  Appendix  A.  For  instance,  the  EMMD
solution with  reads: 

ds2
EMMD =

r̃+q2

r̃+q1

ï
− (r̃−µ)r̃

(r̃+q2)2
dt2+

(r̃+q1)2

r̃(r̃−µ)
dr̃2

+ (r̃+q1)2(dθ2
1 + sin2 θ1dϕ2

1)
ò
. (42)

q2 > q1Without  loss  of  generality,  we  assume  that .  The
metric within the square brackets in (42) is precisely the
decoupled near-EVH geometry (41) upon identifying 

µ = 0, x+ = q1,
x+
b
= q2−q1, x = r̃+q1 . (43)

x+If  the BPS condition is  imposed [1],  the horizon size 
and  charge q are  both  fixed  by  the  rotation  parameters,
which  correspond  to  special  values  of  the  two U(1)
charges in the EMMD theory.

r→ 0

x+ = 0

Recall that in AdS5 black hole models, the EVH limit
yields a pinched AdS3 geometry in Poincaré coordinates,
whereas the near-EVH limit leads to a pinched BTZ geo-
metry  [1, 30–32]. This  can  be  understood  holographic-
ally:  the  BTZ  geometry  is  dual  to  thermal  excitations
above the AdS3 vacuum. The situation in the AdS6 black
hole  model  studied  here  is  qualitatively  different.  In  the
exact EVH  limit,  the  geometry  described  by  (28)  con-
tains a decoupled global AdS4 submanifold, whose 
limit  reduces  to  four-dimensional  Minkowski  spacetime.
The decoupled black hole geometry (41) can therefore be
regarded as  an  excitation  above  this  vacuum,  since  set-
ting  indeed recovers  Minkowski  spacetime.  Al-
though the decoupled black hole solution (41) is  asymp-
totically flat at leading order in the near-EVH decoupling
limit,  higher-order corrections  —  following  the  frame-
work of EMMD theory with a cosmological constant [69]
— could, in principle, introduce an effective cosmologic-
al constant. However, such contributions do not affect the
leading  infrared  physics  of  the  near-EVH  limit,  and  we
will not pursue them further in this work.

This  near-EVH  limit  of  black  holes  can  be  further
generalized  to  non-extremal  models,  whose  decoupled
geometries  can  be  conformally  related  to  non-extremal
EMMD  black  holes.  The  corresponding  near-EVH  limit
(29) should be replaced by 

q = b
√

x+x−ϵ +q(3)ϵ3 , (44)

which  yields  the  four-dimensional  decoupled  black  hole
geometry 

ds2
4 = −

(x− x+)(x− x−)dτ2

(x+
√

x+x−
b

)2

+
x2dx2

(x− x+)(x− x−)

+ x2(dθ2
1 + sin2 θ1dϕ2

1) . (45)

This geometry is conformally related to the non-extremal
EMMD black hole (42) under the identification 

q1+µ= x+, x− = q1,

√
x+x−
b
= q2−q1, x= r̃+q1 , (46)

In this context,  the conformal factor can be absorbed
into the dilaton, reflecting a change of frame. 

Weichao Bu, Yang Lei Chin. Phys. C 50, 075102 (2026)

q(3)1) The temperature of an extremal black hole must be zero. We choose  in (29) appropriately to make T identically vanish. However, any such choice does not af-
fect the leading order in the near-EVH limit of AdS6 black holes.
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B.    AdS7 black hole

The  AdS7 black  hole  with  two R-charges  and  three
angular  momenta  possesses  a  richer  parameter  space.

D = 11 S 4

D = 7

Such solutions can be obtained via a consistent reduction
from  supergravity  on  [75–77].  The  bosonic
part  of  the  Lagrangian  of  the  SO(5)  supergravity
theory is given by

 

L7 = R⋆1+2
Å

8X1X2+
4(X1+X2)

X2
1 X2

2
− 1

X4
1 X4

2

ã
⋆1− 1

2

2∑
I=1

dφI ∧⋆dφI

− 1
2

2∑
I=1

1
X2

I
F I

(2)∧⋆F I
(2)−

1
2

X2
1 X2

2 F(4)∧⋆F(4)+F(4)∧A(3)+F1
(2)∧F2

(2)∧A(3) . (47)

(t,r,y,z,ϕi) i = 1,2,3

The most general AdS7 black hole solution of this kind was constructed analytically in [46]; it includes all the known
special solutions with one rotation turned off [78, 79], equal charges [45], or equal angular momenta [80, 81]. The most
general solution to 7d gauged supergravity in the asymptotically static frame , with , is given expli-
citly in [46].
 

ds2 = (H1H2)
1
5

ï
− (1+ r2)(1− y2)(1− z2)

Ξ1Ξ2Ξ3
dt2+

(r2+ y2)(r2+ z2)
U

dr2+
(r2+ y2)(y2− z2)y2

(1− y2)(a2
1− y2)(a2

2− y2)(a2
3− y2)

dy2

+
(r2+ z2)(z2− y2)z2

(1− z2)(a2
1− z2)(a2

2− z2)(a2
3− z2)

dz2+
(r2+a2

1)(a2
1− y2)(a2

1− z2)
Ξ1(a2

1−a2
2)(a2

1−a2
3)

dϕ2
1+

(r2+a2
2)(a2

2− y2)(a2
2− z2)

Ξ2(a2
2−a2

1)(a2
2−a2

3)
dϕ2

2

+
(r2+a2

3)(a2
3− y2)(a2

3− z2)
Ξ3(a2

3−a2
1)(a2

3−a2
2)

dϕ2
3+

1−H−1
1

1− (s2/s1)2
K2

1 +
1−H−1

2

1− (s1/s2)2
K2

2

ò
. (48)

g2 = 1
i, j,k = 1,2,3

where, for simplicity, we also set the cosmological constant to . The factors in the metric are defined as follows
(with  denoting distinct indices).
 

sI = sinhδI , cI = coshδI , Ξi = 1−a2
i , I = 1,2, HI = 1+

2ms2
I

(r2+ y2)(r2+ z2)
,

U(r) =
(1+ r2)

∏3
i=1(r2+a2

i )
r2

−2m+m(s2
1+ s2

2)

(
2r2+

3∑
i=1

a2
i

)
+

4m2s2
1s2

2

r2

− 2m(s2
1+ s2

2)a1a2a3

r2
+

2m(c1− c2)2

r2
(a1+a2a3)(a2+a1a3)(a3+a1a2)+

m(c1− c2)2

2

î
2

3∑
i=1

a2
i +8a1a2a3

+ (a1+a2+a3)(a2+a3−a1)(a1+a3−a2)(a1+a3−a2)
ó
,

K1 =
c1+ c2

2s1
A[y2,z2,0]+

c1− c2

2s1
Y, K2 =

c1+ c2

2s2
A[y2,z2,0]− c1− c2

2s2
Y,

A[y2,z2,0] =
(1− y2)(1− z2)
Ξ1Ξ2Ξ3

dt−
3∑

i=1

ai(a2
i − y2)(a2

i − z2)
Ξi(a2

i −a2
j)(a2

i −a2
k)

dϕi,

Y = (1− y2)(1− z2)[1− (a2
1+a2

2+a2
3)−2a1a2a3]

Ξ1Ξ2Ξ3
dt+

3∑
i=1

ai(a2
i − y2)(a2

i − z2)[1− (a2
i −a2

j −a2
k)+ 2a jak

ai
]

Ξi(a2
i −a2

j)(a2
i −a2

k)
dϕi , (49)

and,  without  loss  of  generality,  the y- and z-coordinates
are taken to lie in the region
 

0 ≤ a1 ≤ y ≤ a2 ≤ z ≤ a3 ≤ 1 . (50)

qI = 2ms2
I

(c1− c2)

The  parameterization  of  this  metric  differs  slightly
from that used in the AdS5 and AdS6 black hole solutions,
for which redefining the charge parameter as  is
particularly convenient. However, this simplification does
not  apply to  the AdS7 solution given in (48),  because of
the  term  in  the  blackening  factor.  The  resulting

Probing decoupled throats of AdSD black holes in D = 6, 7 Chin. Phys. C 50, 075102 (2026)
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r+
U(r) = 0

U(r)

expression  becomes  tractable  only  in  the  equal-charge
case.  The  event  horizon  is  located  at ,  defined  as  the
largest root of . In the AdS5 and AdS6 cases, one
can invert this relation to express m explicitly in terms of
the  horizon  radius,  yielding  a  convenient  form  of  the
blackening factor. In contrast, for AdS7, the function 

is quadratic in m, which significantly complicates such an
inversion. This  increased  complexity  enriches  the  struc-
ture  of  the  parameter  space  and  opens  new  possibilities
for exploring distinct EVH decoupling limits.

The thermodynamic quantities of the AdS7 black hole
(48) are computed using the Komar integral [46]:

 

S =
π3

4GNΞ1Ξ2Ξ3

√
S(r+)
r+

, T =
r2
+U
′(r+)

4π
√
S(r+)

,

J1 =
π2m

16GNΞ1
∏3

j=1Π j

ï
4a1c1c2+4(1− c1c2)(a2+a1a3)(a3+a1a2)

+ (c1− c2)2

(
2a2a3+a1(1+2Ξ1−

3∑
j=1

Ξ j)

)(
1+2a1a2a3−

3∑
j=1

Ξ j

)ò
,

Q1 =
π2ms1

4GNΞ1Ξ2Ξ3

î
2c1− (c1− c2)(a2

1+a2
2+a2

3+2a1a2a3)
ó
, (51)

with the angular velocity given by
 

Ω1 =
1
S(r+)

[
1
2

(
3∏

i=1

(r2
++a2

i )+2ms2
1(r2
+−a1a2a3)

)
×
Ä

a1(1+ r2
+)(r

2
++a2

2)(r2
++a2

3)+2ms2
2(a1r2

+−a2a3)
ä

+
1
2

(
3∏

i=1

(r2
++a2

i )+2ms2
2(r2
+−a1a2a3)

)
×
Ä

a1(1+ r2
+)(r

2
++a2

2)(r2
++a2

3)+2ms2
1(a1r2

+−a2a3)
ä

−m(c1− c2)2(r2
++a2

2)(r2
++a2

3)
¶

2(r2
+−a1)(a1+a2a3)(a2+a1a3)(a3+a1a2)

+(1+a1)2(a1+a2a3)(1−a1−a2−a3)(1−a1+a2+a3)
©ó

, (52)

together with chemical potentials as
 

Φ1 =
2mr2

+s1c1[
∏

i(r2
++a2

i )+2ms2
2(r2
+−a1a2a3)]

S(r+)
− mr2

+s1(c1− c2)
S(r+)

î
(a2

1+a2
2+a2

3+2a1a2a3)

×
(∏

i

(r2
++a2

i )+2ms2
2(r2
+−2a1a2a3)

)
+4ms2

2(a1+a2a3)(a2+a1a3)(a3+a1a2)
ó
, (53)

Swhere the function  is defined as:
 

S(r)=
2∏

I=1

î
(r2+a2

1)(r2+a2
2)(r2+a2

3)+2ms2
I (r2−a1a2a3)

ó
+2m(c1− c2)2(r2+a2

1)(r2+a2
2)(r2+a2

3)(a1+a2a3)(a2+a1a3)(a3+a1a2) .

(54)

The charges, angular momenta, and chemical potentials for other indices can be obtained by permuting the indices. The
energy is given by
 

E =
mπ2

8GNΞ1Ξ2Ξ3

[
3∑

i=1

2
Ξi
−1+

5(s2
1+ s2

2)
2

+
s2

1+ s2
2

2

3∑
i=1

Å
2(1+a2

i −Σ2−2Π1)
Ξi

−Ξi

ã]
+

mπ(c1− c2)2

32GNΞ1Ξ2Ξ3

î
−10Σ2−16Π1+11Σ4

+13Π22+32Π1Σ2−3(Σ6+5Π42+4Π2
1)−16Π1Σ

2
2+Π62+3Π44−5Π2

1Σ2+8Π1(2Π2+Π42)+Π2
1(Σ4+3Π22)

ó
,

(55)

where the factors are defined in [46].
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Σn = an
1+an

2+an
3 , Πn = an

1an
2an

3 ,

Πnm = an
1(am

2 +am
3 )+an

2(am
1 +am

3 )+an
3(am

1 +am
2 ) . (56)

These quantities were checked in [46] to satisfy the first
law  of  thermodynamics,  as  a  consistency  check  of  the
solution's validity. The thermodynamics of more special-
ized  solutions  were  also  studied  in  [73, 82]. The  super-
symmetry condition for this solution1) is given by 

E = Q1+Q2− J1− J2− J3 , (57)

This imposes a relation among the charges: 

a1+a2+a3 =
2

1− eδ1+δ2
. (58)

This is supplemented by a constraint on the horizon size
that satisfies 

r2
0 =

a1a2+a2a3+a1a3−a1a2a3

1−a1−a2−a3
. (59)

To  fully  determine  the  parameters  describing  the  BPS
black hole, we define the chemical potentials in the BPS
limit as 

∆I = β(ΦI +1), ωi = β(Ωi+1) , (60)

which is subject to the constraint 

3∑
i=1

ωi−2
2∑

I=1

∆I = 2πi . (61)

We are  also  interested  in  identifying  potential  (near-
)EVH limits of these black hole solutions. To systematic-
ally  explore  such  limits,  we  adopt  the  following
guidelines:
 

ϵ→ 0
r = ϵx

● The near-horizon limit  is  defined by taking ,
with  the  radial  coordinate  rescaled  as  so  that ϵ is
dimensionless.
 

● The entropy S and the temperature T are assumed to
scale with ϵ as follows: 

S ∼ ϵn, T ∼ ϵm−n+1, m,n ∈ Z , (62)

This, in turn, fixes the scaling of the entropy function

and the blackening factor: 

S(r+) ∼ ϵ2n+2, U ′(r+) ∼ ϵm . (63)

For simplicity, we restrict our analysis to integer-val-
ued m and n.

ai qI

S ∼ T k

Our task is  to determine the scalings of the paramet-
ers  and  that match (63), in order to achieve the near-
EVH scalings of the entropy and temperature (62). In this
paper, we restrict to cases with  for some integer k,
which  can  be  interpreted  within  field  theories  exhibiting
scaling  symmetry,  while  excluding  Lifshitz  scaling  [83]
and hyperscaling-violating scalings [84].

Therefore, the possible solutions are: 

(m,n) = (1,1) : S ∼ T,

(m,n) = (2,2) : S ∼ T 2,

(m,n) = (3,3) : S ∼ T 3 . (64)

S ∼ T

G−1
N

G−1
N

Within these choices, the  near-EVH limits are well
known to produce pinched BTZ-like geometries in the IR.
Just  as  the  near-EVH  BTZ  black  holes  emerging  from
static R-charged  AdS5 black  holes  are  supported  by  two
charges of order  and one perturbative R-charge [30],
the  BTZ geometry  in  the  near-EVH limit  of  AdS7 black
holes can be supported by two angular momenta of order

 and one perturbative angular momentum.
S ∼ T 2 S ∼ T 3

S ∼ T 2 D = 4

S ∼ T 2

S ∼ T 3

More  nontrivial  are  the  scalings  and .
Previous analyses of the near-EVH limit in AdS6 identify

 as  signaling  the  emergence  of  a  EMMD
black hole in the infrared. In AdS7,  however, no suitable
parameter  regime  exists  that  realizes  a  consistent  near-
EVH  limit  with .  On  the  other  hand,  the  case

 has  previously  been  identified  in  the  near-EVH
limit  of  AdS7 black  holes  [1].  In  the  following,  we
present the specific parameter choices that define each of
these limits and describe the corresponding infrared geo-
metries.
 

D = 3Example:  decoupled geometry
It has been observed [27, 50] that AdS3 and the BTZ

geometry  can  appear  in  the  near-horizon  limit  of  AdS7
black  holes.  Such  limits  can  be  achieved  by  taking  two
nonvanishing  angular  momenta  and  treating  the  third  as
perturbative.

We can simply take the near-EVH limit as 

sI ≡ 0, a3 = r+ = 0, r = ϵx, (65)

while the near-EVH limit is defined as 
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a3 = λϵ
2, r+ = ϵx+ . (66)

Note that these solutions reduce exactly to the Kerr-AdS7
black holes [49, 50] and are incompatible with the super-
symmetry condition  (58).  Their  thermodynamic  quantit-
ies are given by 

E =
mπ2

4GNΞ1Ξ2Ξ3

(
3∑

i=1

1
Ξi
− 1

2

)
,

Ji =
maiπ

2

4GNΞi(
∏3

j=1Ξ j)
,

S =
π2

4GNr+

3∏
i=1

r2
++a2

i

Ξi
, Ωi =

aiΞi

r2
++a2

i
,

T =
1

2π

[
r+(1+ r2

+)
3∑

i=1

1
r2
++a2

i
− 1

r+

]
. (67)

The near-EVH limits defined in (66) thus result in 

S ∼ T ∼ ϵ,

lim
ϵ→0

S
T
=

π3a2
1a2

2

2GN(1−a2
1)(1−a2

2)
Å

1+
1
a2

1
+

1
a2

2
− λ

r4
+

ã , (68)

This confirms that the near-EVH limit is reasonable. The
black hole geometry in the limit (66) takes the following
form: 

ds2
7 = ϵ

2 y2z2

a2
1a2

2
ds2

3+
y2(y2− z2)

(1− y2)(a2
1− y2)(a2

2− y2)
dy2

+
z2(z2− y2)

(1− z2)(a2
1− z2)(a2

2− z2)
dz2

+
(1− y2)(a2

1− y2)(a2
2− y2)

y2(y2− z2)

×
Å
− a1(a2

1− z2)
Ξ1(a2

1−a2
2)

dϕ1−
a2(a2

2− z2)
Ξ2(a2

2−a2
1)

dϕ2

ã2

+
(1− z2)(a2

1− z2)(a2
2− z2)

z2(z2− y2)

×
Å
− a1(a2

1− y2)
Ξ1(a2

1−a2
2)

dϕ1−
a2(a2

2− y2)
Ξ2(a2

2−a2
1)

dϕ2

ã2

, (69)

where the three-dimensional part is a pinched AdS3 geo-
metry in the EVH limit. 

ds2
3 = −

x2

l2
3

dτ2+
l2
3

x2
dx2+ x2dϕ̃2

3, l2
3 =

a2
1a2

2

a2
1+a2

2+a2
1a2

2
, (70)

r+ = r−
and a pinched extremal BTZ in the near-EVH limits, with
the extremality condition : 

ds2
3 = −

(x2− x2
+)

2

l2
3x2

dτ2+
l2
3x2

(x2− x2
+)2

dx2+ x2
Å

x2
+

l3x2
dτ−dϕ̃3

ã2

.

(71)

n1

n5

c = 6n1n5

c ∼ Q1Q2

In  string  theory,  a  local  AdS3 geometry  arises  as  the
near-horizon  limit  of  a  bound  state  consisting  of  D1-
branes,  D5-branes, and a momentum charge P along a
common compact direction. The D1-branes, viewed as in-
stantons  inside  the  D5-branes, together  with  the  mo-
mentum charge, give rise to a two-dimensional conform-
al field theory known as the D1–D5 CFT. This theory has
central charge , which counts the number of de-
grees of freedom in the bound state.  We refer the reader
to [85] for a comprehensive review. In the context of R-
charged AdS5 black holes,  a  local  AdS3 geometry simil-
arly emerges in the near-EVH limit when two R-charges
are  present.  The  three R-charges,  corresponding  to  the
Cartan  generators  of  the SO(6) R-symmetry,  represent
different  species  of  giant  gravitons.  The  effective  theory
arising  from  two  species  of  giant  gravitons,  localized  at
their intersection, has degrees of freedom proportional to
the product of the two macroscopic R-charges, yielding a
central  charge  [30, 34].  Similarly,  for  Kerr–
AdS7 black  holes  in  the  near-EVH  limit,  the  central
charge  of  the  dual  CFT2 associated  with  the  emergent
AdS3 is proportional  to  the  product  of  two  angular  mo-
menta: 

c ∼ l3 ∼ a1a2 ∼ J1J2 . (72)

This  suggests  that  the  CFT2 dual  to  the  emergent  AdS3
resides  on  the  intersection  of  dual-giant-like  objects  in
AdS7 [86].
 

D = 5Example:  decoupled geometry
S ∼ T 3

q = 2ms2
1 = 2ms2

2

r+ ∼ ϵ

Since  the  near-EVH  limit  exists  in  equal-
charge AdS  black  holes  with  three  distinct  angular  mo-
menta, we take the equal-charge solution [45] to examine
its near-EVH geometry for simplicity. Therefore, we take

. In particular, in the BPS limit, the hori-
zon  size  is  completely  fixed  by  the  rotation  parameters
(59).  Therefore,  the EVH-BPS limit  associated with tak-
ing  is completely fixed by the scalings of the rota-
tion  parameters,  independent  of  whether  the  charges  are
taken to be equal or not.

S ∼ T 3The EVH limit that yields  is defined as 

a1 = a2 = 0, q = 0, r = ϵx, x+ = 0, t = ϵτ . (73)

To ensure a  well-defined geometry in  this  limit,  consist-
ent with (50), we choose the parametrization 

y2 = a2
1 cos2 θ1+a2

2 sin2 θ1, z = a3 cosθ2 , (74)
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(θ1, θ2)

(t,r, θ1, θ2,ϕi) i = 1,2,3

We can  automatically  translate  from the  Jacobi  coordin-
ates (17) to the spherical coordinates . In these co-
ordinates, the EVH geometry of the AdS7 black hole (48)
is parameterized by  with . 

ds2 = − (1−a2
3 cos2 θ2)

1−a2
3

(1+ r2)dt2+
r2+a2

3 cos2 θ2

(r2+1)(r2+a2
3)

dr2

+ r2 cos2 θ2(dθ2
1 + sin2 θ1dϕ2

1+ cos2 θ1dϕ2
2)

+
r2+a2

3 cos2 θ2

1−a2
3 cos2 θ2

dθ2
2 +

r2+a2
3

1−a2
3

sin2 θ2dϕ2
3 .

(75)

θ2→ 0
(t,r, θ1,ϕ1,2) S 2

(θ2,ϕ3)

In  the  limit ,  the  geometry  decouples  into  global
AdS5,  spanned  by ,  and  an ,  spanned  by

.  We  adopt  the  metric  ansatz  of  [45] and  imple-
ment the following near-EVH limits 

a1 = λ1ϵ
2, a2 = λ2ϵ

2, q = a3x2
+ϵ

2+q(4)ϵ4, r = ϵx+ y4ϵ
3 .

(76)

y = wϵ2It is convenient to define the new coordinate . 

w2 = λ2
1 cos2 θ1+λ

2
2 sin2 θ1 . (77)

The entropy and temperature in the near-EVH limit  (76)
are then determined by the perturbative ansatz (76). 

S =
π3a3x3

+ϵ
3

4GN(1−a3)
+O(ϵ4)

T =
(1+a3+a2

3)x4
++a2

3λ1λ2−q(4)a3+2y4a2
3x+

a3(1+a3)πx3
+

ϵ +O(ϵ2) ,

(78)

S ∼ T 3

q(4) q(4)
confirming  the  scaling  in  this  limit  for  generic
values of . The special value of  for which the tem-
perature vanishes is determined to be 

q(4) =

Å
1+

1
a3
+a3

ã
x4
++a3λ1λ2+2y4a3x+ . (79)

x+ = x0

In this paper, we do not consider such fine-tuned values,
as we are interested in the general near-EVH decoupling
limits. The relations (78) hold even without imposing the
BPS  condition,  thereby  generalizing  the  EVH-BPS limit
of AdS7 proposed in [1]. If the supersymmetry condition
is imposed, the horizon size satisfies , where 

x2
0 =

a3(λ1+λ2)
1−a3

, (80)

and the entropy of the EVH-BPS black hole is given by 

S =
π3

4GN

Å
a3

1−a3

ã 5
2

(λ1+λ2)
3
2 ϵ3 . (81)

θ2 π/2

θ2→ 0

We now apply the near-EVH limit given in (76) to the
AdS7 black hole metric. As in the AdS6 case, the angular
coordinate ,  which  ranges  from  0  to ,  governs  the
emergence of distinct,  decoupled geometries in the near-
horizon region. In the limit , the metric reduces to
the following five-dimensional form: 

ds2
7 = H

2
5

ï
ϵ2ds2

5+
a2

3

(1−a2
3)

dΩ2
2

ò
, dΩ2

2 = dθ2
2 + sin2 θ2dϕ2

3 ,

(82)

where the five-dimensional geometry is given by: 

ds2
5 = −

(x2− x2
+)

2

(x2+
x2
+

a3
)2

dτ2+
x4dx2

(x2− x2
+)2
+ x2dΩ2

3 ,

dΩ2
3 = dθ2

1 + sin2 θ1dϕ2
1+ cos2 θ1dϕ2

2 . (83)

D = 5
(N1,N2) = (1,2)

Moreover, the geometry described by (83) is conformally
related  to  a  EMMD  black  hole  with  exponents

.  In  the  extremal  limit,  the  latter  is  given
by (cf. (A15)): 

ds̃2
5 =

(x2+q2−q1)
2
3

x
4
3

ï
− (x2−q1)2dt2

(x2+q2−q1)2
+

x4dx2

(x2−q1)2
+ x2dΩ2

3

ò
.

(84)

q1 q2

q1 < q2

By identifying the EMMD charges  and  (assuming,
without loss of generality, that ) with the paramet-
ers of the AdS7 solution, we obtain: 

x2
+ = q1,

x2
+

a3
= q2−q1, q2 > q1 . (85)

(D−2)

The near-EVH limit of AdS7 black holes exhibits sev-
eral structural similarities with the AdS6 case analyzed in
Section III.A.  First,  in  both  cases,  the  emergent,  de-
coupled near-EVH geometry of an AdSD black hole is an
asymptotically  flat  EMMD-type  solution  in  di-
mensions.  In  the  formal  limit  in  which  the  Boyer–
Lindquist rotation parameter tends to infinity,  these geo-
metries  reduce  to  Reissner–Nordström black  holes,  a  re-
gime that lies outside the domain of validity of the near-
EVH  approximation.  Second,  as  in  the  AdS6 case,  the
correspondence between the near-EVH limit of the AdS7
black  hole  and  the  five-dimensional  EMMD  description
also extends  to  non-extremal configurations.  This  gener-
alization is achieved by modifying the near-EVH scaling
in (76) to incorporate a subleading correction: 
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q = a3x+x−ϵ2+q(4)ϵ4 , (86)

D = 5

This  yields  the  following  decoupled  five-dimensional
metric,  conformal  to  the  EMMD  black  hole  metric  in

: 

ds2
5 = −

(x2− x2
+)(x2− x2

−)
(x2+ x+x−

a3
)2

dτ2+
x4dx2

(x2− x2
+)(x2− x2

−)
+ x2dΩ2

3 .

(87)

θ2→ 0
S 2 µ2

i S 1

Finally, in both AdS6 and AdS7 settings, the EMMD de-
coupling limit  becomes  fully  explicit  only  when the  dir-
ection-cosine  coordinate  is  fixed  at  the  special  value

. This choice forces z to approach its upper bound,
thereby collapsing  (spanned by ) to . The physic-
al implications  of  this  parameter  restriction  will  be  ad-
dressed in Section III.C. 

C.    Discussion
D = 6 D = 7

S ∼ T D−4

(D−2)

S 1 2πϵ
dr2 ϵ0

AdSD=6,7

The AdSD black holes in  and  analyzed in
this section exhibit  an infrared scaling relation ,
signaling  the  emergence  of  an  effective -dimen-
sional  geometry  in  the  decoupling  limit.  These  on-shell
geometries are conformally related to EMMD black holes
[69]. Furthermore, the rich parameter space of AdS7 also
allows  three-dimensional  BTZ  geometries  to  emerge  in
the decoupling  limit.  The  decoupled  geometries  dis-
cussed in this work can be viewed as ground states—ana-
logous  to  AdS2—that  encode  the  ground-state degener-
acy of the higher-dimensional black holes. A key distinc-
tion, however, is that the near-EVH limit permits excita-
tions  along  additional  directions,  giving  rise  to  a  lower-
dimensional effective  field  theory.  In  this  picture,  ex-
tremal  EMMD  black  holes —characterized  by  vanishing
temperature —correspond  to  the  ground  states  of  these
lower-dimensional  effective  theories.  There  is  also  a
structural  difference  between  the  AdS3-type  near-EVH
geometry  and  the  EMMD-type  geometry.  The  former
corresponds  to  a  pinched,  locally  AdS3 spacetime,  in
which  the  compact  direction  has  period  and  the

 component  remains  of  order  [1, 32, 87]. In  con-
trast,  the  near-EVH limits  of  exhibit a  decoup-
ling structure of the form: 

ds2
D = ϵ

2ds2
EMMD+dΩ2

2 , (88)

This  resembles  a  class  of  non-relativistic  geometries
known as MpT spacetimes [88]. We will revisit these ob-
servations in Section V.

θ2→ 0
S 2 S 1

In both the near-EVH limits of AdS6 and AdS7 black
holes,  the  lower-dimensional  EMMD geometry  becomes
explicit in the limit , which effectively reduces the

 parameterized by the direction cosines to an . Giv-

θ2→ 0

en  the  analogous  structures  in  the  two  models,  we  shall
use  AdS6 to  illustrate  the  underlying  physical  picture.
From a  string-theory viewpoint,  the  AdS6 background is
supported  by  a  D4–D8  bound  state  in  massive  type-IIA
supergravity  [70].  The  limit  selects  a  sector  in
which excitations are confined to modes that do not probe
the  shrinking  direction — i.e.,  collective  low-energy
modes of the bound state that are effectively four-dimen-
sional. The resulting EMMD theory—with its metric, two
gauge fields, and a dilaton—thus provides a consistent in-
frared  description  of  this  non-conformal, decoupled  sec-
tor. Its  microscopic  origin  should  be  traceable  to  an  ap-
propriate  subsector  of  the  dual  five-dimensional  SCFT.
Because a more detailed understanding of  this  system in
terms of giant gravitons is still  lacking, we leave a more
complete analysis for future work.

D = 6,7

Several  limitations  in  our  study  deserve  mention.
First, we have restricted our analysis to (near-)EVH lim-
its  in  which  the  rotation  parameters  scale  with ϵ as in-
teger  powers,  following  the  approach  of  [1, 32].  While
most  generic scaling choices do not  yield a well-defined
decoupling limit with a smooth horizon geometry, it may
be worthwhile  to  explore  more  exotic  scalings—such as
those  involving  non-integer  powers —that  could  be  dual
to other decoupled sectors in the holographic field theory.
Second,  our  discussion  has  been  confined  to  on-shell
solutions of supergravity in  [44, 45]. An interest-
ing open question is whether these supergravity Lagrangi-
ans  (18)  and  (47)  can  be  related  off-shell  to  the  EMMD
theory Lagrangian, for example, (A1). Such a connection
would  help  clarify  how  EMMD  theories  emerge  from
fine-tuned decoupled vacua of ten-dimensional string the-
ory or 11D supergravity via specific brane configurations.

(N1,N2)

As reviewed in Appendix A, the supergravity frame-
work  admits  three  distinct  classes  of  EMMD black  hole
geometries,  labeled by a pair of integers  satisfy-
ing: 

N1+N2 =
2(D−2)

D−3
. (89)

D > 5

N1 < N2

For , this constraint cannot be satisfied by any pair
of integers—a fact that may be related to the observation
that  the AdS7 black hole is  the highest-dimensional AdS
black hole that is embeddable in string theory and admits
a known superconformal field theory dual.  For lower di-
mensions,  the  possible  integer  pairs  (taking 
without loss of generality by symmetry) are: 

D = 4 : (N1,N2) = (2,2), (1,3),

D = 5 : (N1,N2) = (1,2). (90)

AdS6,7

(2,2)
It  remains  unclear  why  the  near-EVH  limits  of 
black holes  yield  EMMD black holes  of  types  and
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(1,2) (1,3)

D = 6

, respectively, whereas the  type—to the best of
our knowledge—does not appear in the near-EVH limits
studied here. It is also possible that such a solution could
emerge  from  the  near-EVH  limit  of  as-yet-unknown su-
pergravity solutions in  or 7, which would be an in-
teresting direction for future work. 

S ∼ T D−4IV.  HOLOGRAPHY WITH 

(D−2)

D = 6

D = 6 S ∼ T D−4

The  entropy  of  BPS  AdSD black  holes  is  known  via
microstate counting in the dual superconformal field the-
ory  [14, 21–24, 89].  These  results  can  be  used  to  study
the entropy of the emergent -dimensional geomet-
ries  that  arise  in  the  near-extremal  vanishing  horizon
(EVH)  limit.  Although  the  extremization  of  the  entropy
functional in  and 7 shares certain similarities, it dif-
fers  from that  in  the near-EVH limit  for  AdS5. This  fur-
ther  confirms  that  the  near-EVH  decoupling  geometries
in  and 7, whose entropy scales as , are not
of BTZ type.

As an example, consider the AdS6 black hole. Its en-
tropy is given by extremizing the functional [14, 21] 

S = i
π

3GN

∆3

ωaωb
+∆Q+ωaJa+ωbJb+Λ(3∆−ωa−ωb+2πi) ,

(91)

where Λ  is  a  Lagrange  multiplier  that  enforces  the  con-
straint  among  the  chemical  potentials.  Extremizing  this
functional via the saddle-point approximation yields 

∂S
∂∆
=
∂S
∂ωa
=
∂S
∂ωb
= 0 , (92)

simplifies the entropy expression to 

S = 2πiΛ . (93)

To  ensure  that  the  entropy  is  real  for  real  physical
charges, Λ must be purely imaginary. This, in turn, leads
to two constraint equations involving S [14]: 

Q
S 2

4π2
+

Ja+ Jb

6GN
S − Q3

27
= 0Å

S
2π

ã3

− π

3GN

Å
S
2π

ã2

− Q2

6π
S +

π

3GN
JaJb = 0 . (94)

Solving these equations  yields  the  BPS entropy in  terms
of the charges and angular momenta: 

S =
π

Q

ñ 
(Ja+ Jb)2 π2

9G2
N
+

4
27

Q3− (Ja+ Jb)
π

3GN

ô
, (95)

subject to the charge constraint: 

1
Q

ñ 
(Ja+ Jb)2 π2

9G2
N
+

4
27

Q3− (Ja+ Jb)
π

3GN

ô
=

2π
3GN

Q2 Q2+ (Ja+ Jb)Q−27JaJb

3(Ja+ Jb)2 π2

G2
N
+3 π2

G2
N

(Ja+ Jb)Q−8Q4
. (96)

Q = Ja = 0In the EVH limit , the right-hand side vanishes
identically, while the left-hand side remains proportional
to the entropy S. Hence, the entropy vanishes in this limit.

N2ϵ
N2 N2ϵ2

In the near-EVH limit specified by (29), together with
the BPS condition, the entropy expression (38) can be re-
produced  by  extremizing  the  functional  in  (91).  This
mechanism differs  significantly  from the near-EVH case
in AdS5 (see (14), where the entropy scales as  due to
an  extremization  between  terms  of  order  and ,
leading to the emergence of a 2D Cardy formula [1]). In
the AdS6 case, the thermodynamic quantities scale as fol-
lows: 

S ∼ i
π

3GN

∆3

ωaωb
∼ N

5
2 ϵ2, ∆ ∼ ωb ∼ ϵ, Q ∼ Jb ∼ N

5
2 ϵ

Ja ∼ N
5
2 ϵ3, ωa ∼ 2πi+O(ϵ) .

(97)

Ja

Jb

Since the angular momentum  is  subleading compared
to  and Q, it  can  be  neglected  at  leading  order.  Incor-
porating the near-EVH scaling relations (97) into the en-
tropy  functional,  together  with  the  chemical  potential
constraint, correctly reproduces the black hole entropy in
the near-EVH limit (38).

The entropy of the AdS7 black hole is reproduced by
the following functional [19, 25, 46, 73] 

= − π2

8GN

∆4

ω1ω2ω3
+Q∆−

3∑
i=1

Jiωi−Λ
(

3∑
i=1

ωi−4∆−2πi

)
.

(98)

N = 2 S 5
This  can  be  derived  from  either  a  6d  SCFT  or  the  5d

 Yang-Mills theory on  [90]. The entropy, evalu-
ated  in  the  saddle-point  approximation,  is  still  captured
by  the  Lagrange  multiplier  (93)  due  to  the  homogeneity
of  this  functional.  To  obtain  a  real-valued physical  en-
tropy for real  charges and angular momenta,  the entropy
is determined by two equations 

S 2 =
4π4(J1J2+ J2J3+ J1J3)−2GNπ

2Q3

π2−8GN Q
,

2S 4

π4
+

Å
J1+ J2+ J3

GN
− 3Q2

π2

ã
S 2+

Q4

8
− 4π2

GN
J1J2J3 = 0 .

(99)
J1,2 = Q = 0In the exact EVH limit where ,  the constraint
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(99) implies that the entropy vanishes, consistent with the
computation  on  the  gravity  side.  In  the  near-EVH  limit
(76), the thermodynamic quantities scale with ϵ as: 

ω1 ∼ω2 ∼ iπ, ∆∼ω3 ∼ ϵ, J1 ∼ J2 ∼N3ϵ4, J3 ∼Q∼N3ϵ2 .

(100)

J1,2

N3ϵ3

Therefore,  the  contributions  from  the  angular  momenta
 are entirely subleading in the near-EVH limit, where

 is held fixed. This phenomenon is reminiscent of the
case in which one extremizes the AdS6 entropy function-
al rather than that of AdS5, in which the subleading angu-
lar momenta are crucial for deriving the Cardy formula.

A few remarks are in order.
 

● First, the contribution from the nearly vanishing an-
gular momenta  is  subleading,  yielding  an  inhomogen-
eous  entropy  functional  that  does  not  decompose  into  a
two-step  extremization  procedure,  which  is  consistent
with  the  fact  that  the  near-EVH  geometry  is  not  of  the
BTZ type.
 

θ2

● Second,  we  propose  interpreting  the  entropy  func-
tional in the limit (97) as that of an EMMD black hole. It
is important to note that EMMD black holes carry no an-
gular  momentum  and  exhibit  no  angular  velocities  [69].
To  establish  this  correspondence,  the  quantities  in  (97)
must be mapped to the thermodynamic variables of EM-
MD black holes in the decoupled limit. Furthermore, the
explicit EMMD metric depends mildly on the coordinate

,  which  is  integrated  out  in  the  near-EVH  black  hole
entropy  expressions  (38)  and  (81).  Consequently,  the
near-EVH black hole entropy effectively averages over a
family  of  EMMD  geometries,  rendering  the  matching
between  the  EMMD  black  hole  entropy  and  the  near-
EVH limit  more  subtle.  This  additional  degree  of  free-
dom can be absorbed into a redefinition of the lower-di-
mensional Newton constant.
 

AdS6,7

● Finally, the EVH limits are defined by setting a cer-
tain subset of charges and angular momenta to zero, lead-
ing to enhanced supersymmetry. This is equivalent to de-
fining appropriate subsectors of the superconformal field
theories dual to the  black holes.

However, all  of these holographic aspects lie beyond
the scope of the present work. 

V.  CONCLUSION AND FUTURE WORK

D = 6,7

In this work, we systematically explore possible near-
horizon decoupled geometries in higher-dimensional AdS
black holes embedded in string theory and M-theory [48].
Thanks  to  their  high  dimensionality  and  rich  parameter
space,  the  black  holes  admit  model-dependent

D ≥ 4decoupled  geometries  of  dimension  that are  con-
formal  to  black  hole  solutions  of  EMMD gravity.  These
generalize  the  universal  AdS2 throats  that  appear  in  the
near-horizon limits of extremal black holes. (Our analys-
is  is  restricted  to  leading  order  in  the  near-EVH  limit,
which may  be  insensitive  to  the  presence  of  a  cosmolo-
gical constant in the decoupled EMMD geometries.)

D = 6,7
AdSD−2

As  summarized  in Table  1,  the  emergence  of  these
distinct decoupled  geometries  has  several  crucial  holo-
graphic  implications.  Most  notably,  the  near-EVH limits
in  yield  EMMD  spacetimes  rather  than  pure

 factors,  directly  indicating  that  the  decoupled
low-energy sectors do not exhibit standard conformal in-
variance. Instead, the presence of a running dilaton in the
EMMD solutions suggests that the dual infrared effective
field  theories  may  be  governed  by  generalized  scaling
symmetries  or  hyperscaling-violating  properties  [84, 91,
92], rather than by traditional CFTs.

S ∼ T D−4

D = 5,6
N = 4

D = 5,6 6d
N = (2,0)

D = 5,6

The first  open  question  is  to  characterize  the  micro-
scopic  states  dual  to  the  classes  of  decoupled  EMMD
black  holes  (41)  and  (83),  which  are  asymptotically  flat
[69, 74].  By  rigorously  embedding  these  non-AdS geo-
metries  into  the  well-defined  near-EVH  limits  of  AdS6
and AdS7, we establish a controlled, top-down holograph-
ic framework. This provides a clear pathway to tackle the
microstate-counting  problem  for  non-AdS  black  holes.
Specifically,  the  distinctive  thermodynamic  scaling

 observed  in  these  limits  offers  a  macroscopic
prediction for  the  density  of  states,  setting  a  precise  tar-
get  for  future  field-theoretic  computations  and  partition-
function evaluations in the dual IR theory. The field the-
ories dual  to  these  black  holes  should  be  viewed  as  de-
coupled subsectors of the higher-dimensional dual SCFTs
in  [21–23]. However, these subsectors are not as
well studied as the well-understood counterpart in 
SYM, namely Spin Matrix theory [93–99]. A major chal-
lenge is that the SCFTs in , and especially the 

 theory,  remain  far  from  fully  understood,  as
they  lack  weakly  coupled  descriptions  [100], though  ef-
forts  to  construct  Lagrangian  descriptions  exist  [101].
Despite  these  challenges,  our  analysis  indicates  that  the
decoupled subsectors of SCFTs in  provide a nat-
ural  framework  for  describing  the  holographic  duals  to
asymptotically flat EMMD black holes. Ultimately, these
models  suggest  a  novel  strategy:  utilizing  higher-dimen-

 

Table  1.    A summary  of  the  decoupled  geometries  that  ap-
pear in the near-EVH limit is provided.

Black hole Allowed near horizon decoupled geometry

AdS4 AdS2, BTZ

AdS5 AdS2, BTZ

AdS6 D = 4AdS2, EMMD in 

AdS7 D = 5AdS2, BTZ or EMMD in 

Weichao Bu, Yang Lei Chin. Phys. C 50, 075102 (2026)

075102-16



sional  AdS/CFT  embeddings  to  decode  the  microscopic
states  of  flat  or  non-AdS black  holes,  thereby offering  a
concrete  example  of  holography  beyond  the  standard
AdS/CFT correspondence.

Analytic solutions for black objects in higher dimen-
sions  are  more  readily  available  in  asymptotically  flat
spacetimes.  Notable  examples  include  the  Myers–Perry
black holes with the maximal number of independent ro-
tations  [102],  the  Cvetic–Youm  solution  incorporating
U(1) charges in arbitrary dimensions [103], and solutions
with  nontrivial  horizon  topologies  such  as  black  rings
[104–106]  and  black  saturns  [107].  For  comprehensive
reviews, see [108]. These configurations may give rise to
even richer geometric structures in the near-EVH regime
[109, 110].

AdSD=6,7

Unlike  AdS5 black  holes,  whose  near-horizon  limits
are pinched AdS3/BTZ geometries [31, 35, 87], the near-
EVH limits  of  black holes  are  of  the  following
forms 

ds2
D = ϵ

2Ω×ds2
EMMDD−2

+ds2
S 2 , (101)

AdS6,7

where Ω is a conformal factor. These geometries are sim-
ilar  to  the  recently  introduced  MpT  geometries,  which
generalize  non-relativistic  Newton–Cartan  geometry  so
that  Dp-brane actions  admit  well-defined non-relativistic
limits  [88, 111].  The  form  of  the  decoupled  geometry
(101) in the near-EVH limits of  suggests that these
backgrounds can be studied from the perspective of non-
relativistic  strings  and  branes.  They  might  provide  non-
perturbative  configurations  in  non-relativistic string  the-
ory at finite temperature.

S 1T
S = S 0+S 1T

S ∼ T D−4

The  EMMD  geometries  emerging  in  the  near-EVH
limits of AdSD black holes are specific to certain gauged
supergravity  models,  whereas  AdS2 throats  universally
appear in the near-horizon region of near-extremal black
holes.  Although  finite-energy  excitations  break  the  strict
AdS2 boundary conditions,  their  dynamics  are  univer-
sally  captured  by  Jackiw–Teitelboim  (JT)  gravity —  a
nearly-AdS2 theory proposed to be dual to the Sachdev–
Ye–Kitaev (SYK) model [112–116]. This framework ac-
counts for the linear term  in the low-temperature en-
tropy expansion ; see [117, 118] for pedago-
gical  treatments.  Extensions  to  three  dimensions  have
also  been  explored,  providing  a  higher-dimensional ana-
logue  of  the  near-AdS2/SYK  correspondence  [119].
These  developments  have  been  further  applied  to  study
the dynamics of near-BPS AdS5 black holes and to identi-
fy  mass  gaps  [120].  In  our  context,  the  EMMD  black
holes  serve  as  novel  low-energy  effective  geometries  in
the infrared, characterized by the higher power-law scal-
ing . They may similarly be understood as grav-
itational  duals  to  strongly  coupled  low-energy  sectors,
much like higher-dimensional generalizations of the SYK

model capturing nontrivial infrared dynamics. 
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APPENDIX A: REVIEW OF EMMD GRAVITY

In  this  section,  we  briefly  review  the  Einstein–Max-
well–Maxwell–Dilaton gravity model studied in [69, 74].
The Lagrangian of the D-dimensional supergravity under
consideration is given by 

1
e
L = R− 1

2
(∂ϕ)2− 1

4
ea1ϕF2

1 −
1
4

ea2ϕF2
2 −V(ϕ), (A1)

a1 a2where  and  are  the  dilaton  coupling  constants.  To
obtain  analytic  solutions  within  this  supergravity  theory,
it is convenient to parameterize the couplings as 

a2
1 =

4
N1
− 2(D−3)

D−2
, a2

2 =
4

N2
− 2(D−3)

D−2
, (A2)

NiHere,  are positive integers in the context of supergrav-
ity.  We  focus  in  particular  on  black  hole  solutions  that
satisfy 

a1a2 = −
2(D−3)

D−2
. (A3)

Under this  condition,  analytic  solutions  with  two  inde-
pendent charges can be constructed, as shown in [69].

The  general  solutions  to  the  field  equations  derived
from the action (A1) take the following form: 

ds2 = − (HN1
1 HN2

2 )−
D−3
D−2 f dt2+ (HN1

1 HN2
2 )

1
D−3

Å
dr2

f
+ r2dΩ2

D−2

ã
,

A1 =

√
N1c1

s1

dt
H1
, A2 =

√
N2c2

s2

dt
H2
,

ϕ =
1
2

N1a1 ln H1+
1
2

N2a2 ln H2, f = 1− µ

rD−3
,

H1 = 1+
µs2

1

rD−3
, H2 = 1+

µs2
2

rD−3
,

(A4)

subject to the constraints 

N1a1+N2a2 = 0, N1+N2 =
2(D−2)

D−3
. (A5)

D = 4In  four  dimensions  ( ), the  possible  solutions  in-
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(N1,N2) = (2,2), (1,3), (3,1)
D = 5 (N1,N2) =

(2,1), (1,2)

clude , while  in  five  dimen-
sions  ( )  the  only  admissible  pairs  are 

. We now examine each of these cases in turn.
 

D = 4 (N1,N2) = (2,2) geometry with 
a1 =

−a2 = 1
This  symmetric  choice  of  parameters,  with 

, yields a particularly simple and elegant solution.
We define the charge parameters as 

q1 = µs2
1, q2 = µs2

2 , (A6)

The metric in (A4) simplifies to 

ds2 = − r(r−µ)
(r+q1)(r+q2)

dt2+
(r+q1)(r+q2)

r(r−µ)
dr2

+ (r+q1)(r+q2)dΩ2
2 . (A7)

q2−q1 = q > 0

To  make  its  underlying  conformal  structure  explicit,  we
factor  the  metric.  Assuming,  without  loss  of  generality,
that , we can recast it in the form 

ds2 =
r+q2

r+q1

ï
− (r−µ)r

(r+q2)2
dt2+

(r+q1)2

r(r−µ)
dr2+ (r+q1)2dΩ2

2

ò
.

(A8)

This conformal representation shows that the solution in-
terpolates  between different  geometries  while  preserving
the same asymptotics; the prefactor plays a crucial role.
 

D = 4 (N1,N2) = (1,3) geometry with 
N1 N2

(1,3) (3,1)
Owing  to  the  symmetry  between  and , it  suf-

fices to analyze the  case, since the  solution is
its direct  counterpart.  The  corresponding  dilaton  coup-
lings are fixed as follows: 

a1 =
√

3, a2 = −
1√
3
. (A9)

In this  asymmetric  configuration,  the  metric  (A4)  re-
duces to: 

ds2 = − r(r−µ)√
(r+q1)(r+q2)3

dt2+

√
(r+q1)(r+q2)3

r(r−µ)
dr2

+
√

(r+q1)(r+q2)3dΩ2
2 .

(A10)

Expressing  this  metric  in  a  conformally  rescaled  frame
yields a clearer geometric interpretation:
 

ds2 =

…
r+q1

r+q2

ï
− r(r−µ)

(r+q1)(r+q2)
dt2

+
(r+q2)2dr2

r(r−µ)
+ (r+q2)2dΩ2

2

ò
. (A11)

D = 5 (N1,N2) = (1,2) geometry with 

(N1,N2) = (1,2)

We  now  consider  a  five-dimensional  example  with
.  The  corresponding dilaton  couplings  are

given by:
 

a1 =

…
8
3
, a2 = −

…
2
3
. (A12)

The full metric in this case reads
 

ds2 = − r2(r2−µ)dt2

(r2+q1) 2
3 (r2+q2) 4

3

+
(r2+q1)

1
3 (r2+q2)

2
3

r2−µ dr2

+ (r2+q1)
1
3 (r2+q2)

2
3 dΩ2

3 . (A13)

A clearer picture of the geometry emerges upon applying
the coordinate transformation.
 

x2 = r2+q1, q = q2−q1 > 0 . (A14)

In  these  new coordinates,  the  metric  takes  the  following
conformally flat form:
 

ds2 =
(x2+ q)

2
3

x
4
3

ï
− (x2−q1)(x2−q1−µ)dt2

(x2+ q)2

+
x4dx2

(x2−q1)(x2−q1−µ)
+ x2dΩ2

3

ò
. (A15)

q = 0

This  final  form reduces  to  the  standard five-dimensional
RN black hole upon setting .
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