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We study various types of holographic solutions from five-dimensional N ¼ 4 gauged supergravity
coupled to three vector multiplets with SOð2Þ × ISOð3Þ gauge group. This gauged supergravity can be
obtained from the maximal gauged supergravity in seven dimensions on a Riemann surface. For a
negatively curved Riemann surface H2, the resulting five-dimensional gauged supergravity admits a
supersymmetric N ¼ 4 AdS5 critical point. This AdS5 vacuum is dual to an N ¼ 2 superconformal field
theory (SCFT) arising from M5-branes wrapped on H2. We study holographic RG flows between this
SCFT and N ¼ 2 nonconformal phases by deformations involving relevant, marginal and irrelevant
operators. Solutions describing conformal interfaces between these nonconformal phases and singular
boundaries are also given. We finally study a number of supersymmetric AdS5 black string and black hole
solutions holographically dual to RG flows across dimensions from the N ¼ 2 SCFT to two-dimensional
SCFTs and superconformal quantum mechanics in the IR. A number of solutions describing black strings
and black holes in asymptotically domain wall space-time are also found. All of the solutions can be
uplifted to M-theory by a consistent truncation on H2 × S4.

DOI: 10.1103/s1c8-shzl

I. INTRODUCTION

The anti–de Sitter/conformal field theory (AdS/CFT)
correspondence [1–3] provides a very useful tool for
investigating many aspects of strongly coupled conformal
field theories. The study of this holographic duality
between a (dþ 1)-dimensional gravity theory and the dual
field theory in d dimensions has been effectively achieved
via different types of solutions to gauged supergravities in
various dimensions. These holographic solutions include
domain walls with Minkowski and AdS slices describing
RG flows and conformal interfaces within the dual super-
conformal field theories (SCFTs). Another class of super-
gravity solutions interpolates between AdS spaces of
different dimensionalities. In the dual field theories, these
solutions describe twisted compactifications of higher-
dimensional conformal field theories on a compact mani-
fold to other conformal field theories in lower dimensions.
In this paper, we are interested in holographic solutions

from half-maximal N ¼ 4 gauged supergravity in five
dimensions with SOð2Þ × ISOð3Þ gauge group. This
gauged supergravity is obtained by coupling the pure

N ¼ 4 supergravity to three vector multiplets resulting in
SOð1; 1Þ × SOð5; 3Þ global symmetry. By embedding the
SOð2Þ × ISOð3Þ gauge group in SOð5; 3Þ, we obtain the
N ¼ 4 gauged supergravity with a supersymmetric N ¼ 4
AdS5 vacuum at the origin of the scalar manifold. This
gauged supergravity has been shown to arise from a
compactification of the SOð5Þ maximal gauged super-
gravity in seven dimensions on a Riemann surface with
genus greater than one, H2, in [4]. Using the consistent
truncation of eleven-dimensional supergravity on S4 to the
N ¼ 4 seven-dimensional gauged supergravity [5,6], the
SOð2Þ × ISOð3Þ gauged supergravity in five dimensions
can be embedded in eleven dimensions via a consistent
truncation on H2 × S4. Furthermore, with the formulation
of exceptional field theory (ExFT), it has also been shown
that this is the only consistent truncation of M-theory on an
S4 fibration over a Riemann surface to N ¼ 4 gauged
supergravity in five dimensions [7]. We will study holo-
graphic solutions from this gauged supergravity that
describe various deformations of the N ¼ 2 SCFT dual
to the aforementioned supersymmetric AdS5 vacuum.
We will first study holographic RG flows between the

N ¼ 4 AdS5 vacuum and nonconformal phases of the
N ¼ 2 SCFT, see Refs. [8–19] for holographic RG flow
solutions in other five-dimensional gauged supergravities.
Since there is no other supersymmetric AdS5 vacua in this
SOð2Þ × ISOð3Þ N ¼ 4 gauged supergravity, all super-
symmetric RG flows essentially break conformal symmetry
leading to solutions that interpolate between a conformal
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fixed point and nonconformal phases corresponding to
domain wall geometries. These solutions describe defor-
mations of the N ¼ 2 SCFT to nonconformal field theories
or RG flows from nonconformal phases to a conformal
fixed point in the IR depending on the types of deforma-
tions being relevant or irrelevant. In addition, we will
also study supersymmetric Janus solutions in the form of
AdS4-sliced domain walls in contrast to the flat or Poincaré
domain walls in the case of RG flows. These solutions
are dual to three-dimensional conformal interfaces, see
Refs. [20–27] for Janus solutions in five-dimensional
gauged supergravities.
The final class of solutions considered in this paper is

supersymmetric black strings and black holes in asymp-
totically AdS5 space. These solutions interpolate between
the AdS5 vacuum and AdS3 × Σ and AdS2 ×M3 geom-
etries in the IR. Σ is a Riemann surface, and M3 is a
3-manifold with constant curvature. Holographically, the
solutions describe RG flows across dimensions fromN ¼ 2
SCFT in four dimensions to two-dimensional SCFTs and
superconformal quantum mechanics in the IR. In order for
these solutions to preserve some amount of supersymmetry,
it is necessary to perform a topological twist by turning
on certain gauge fields to cancel the spin connections on Σ
and M3 [28,29]. Accordingly, the IR theories arise from
twisted compactification of the N ¼ 2 SCFT on Σ or M3.
Similar solutions in other five-dimensional gauged super-
gravities can be found in [30–43].
The paper is organized as follows. In Sec. II, we review

five-dimensional N ¼ 4 gauged supergravity coupled to
three vector multiplets with SOð2Þ × ISOð3Þ gauge group.
Holographic RG flow solutions will be considered in
Sec. III. In Sec. IV, we look for supersymmetric Janus
solutions describing three-dimensional conformal interfa-
ces within four-dimensional field theories. We also give a
number of numerical Janus solutions. In Secs. Vand VI, we
find supersymmetric AdS5 black strings and black holes
with near horizon geometries AdS3 × Σ2 and AdS2 ×M3,
respectively. We give some conclusions and comments in
Sec. VII. In the Appendix, we collect some relevant
formulas for obtaining the eleven-dimensional metric.
This is a useful tool to identify possible dual field theories
and to determine whether a given IR singularity is physical
or not.

II. FIVE-DIMENSIONAL N = 4 GAUGED
SUPERGRAVITY WITH SOð2Þ × ISOð3Þ

GAUGE GROUP

In this section, we give a brief review of N ¼ 4
gauged supergravity constructed in [44,45]. We mainly
focus on bosonic Lagrangian and supersymmetry tran-
formations of fermionic fields which are relevant for
finding supersymmetric solutions. The complete con-
struction can be found in [44,45] to which we refer for
more detail.

A. Five-dimensional N = 4 gauged supergravity

The N ¼ 4 supergravity multiplet consists of the grav-
iton eμ̂μ, four gravitinos ψμi, six vectors ðA0

μ; Am
μ Þ, four spin-12

fields χi and one real scalar Σ, the dilaton. Space-time
and tangent space indices are denoted respectively by
μ; ν;… ¼ 0, 1, 2, 3, 4 and μ̂; ν̂;… ¼ 0, 1, 2, 3, 4.
The fundamental representation of SOð5ÞR ∼ USpð4ÞR
R-symmetry is described by m; n ¼ 1;…; 5 for SOð5ÞR
and i, j ¼ 1, 2, 3, 4 for USpð4ÞR. A vector multiplet
contains a vector field Aμ, four gauginos λi and five scalars
ϕm. For N ¼ 4 supergravity coupled to n vector multiplets,
we will use indices a; b ¼ 1;…; n to label these multip-
lets ðAa

μ; λai ;ϕ
maÞ.

In supergravity coupled to n vector multiplets, there
are 6þ n vector fields denoted collectively by AM

μ ¼
ðA0

μ; Am
μ ; Aa

μÞ and 5nþ 1 scalars in the SOð1; 1Þ ×
SOð5; nÞ=SOð5Þ × SOðnÞ coset manifold. For later con-
venience, we have introduced a collective index M ¼
ð0;MÞ as in [44]. The 5n scalars parametrizing the
SOð5; nÞ=SOð5Þ × SOðnÞ coset can be described by a
coset representative VA

M transforming under the global
G ¼ SOð5; nÞ and the local H ¼ SOð5Þ × SOðnÞ by left
and right multiplications, respectively. We use the global
SOð5; nÞ indicesM;N;… ¼ 1; 2;…; 5þ n while the local
H indices A; B;… can be split as A ¼ ðm; aÞ. The coset
representative can then be written as

VM
A ¼ ðVM

m;VM
aÞ: ð1Þ

It is also useful to define a symmetric and SOð5Þ × SOðnÞ
invariant matrix

MMN ¼ VM
mVN

m þ VM
aVN

a: ð2Þ

All fermionic fields are symplectic Majorana spinors
subject to the condition

ξi ¼ ΩijCðξ̄jÞT ð3Þ

with C and Ωij being the charge conjugation matrix and
USpð4Þ symplectic matrix, respectively.
As in other dimensions, gaugings of N ¼ 4 supergravity

in five dimensions are efficiently obtained by using the
embedding tensor formalism. In the present case, the
corresponding embedding tensor has the components ξM,
ξMN ¼ ξ½MN� and fMNP ¼ f½MNP�. These components deter-
mine the embedding of a gauge group G0 in the global
symmetry group SOð1; 1Þ × SOð5; nÞ. In this paper, we
will consider only gaugings with ξM ¼ 0 which admit
supersymmetric AdS5 vacua as shown in [46]. We will then
set ξM ¼ 0 from now on. This also leads to considerable
simplification in various expressions. In particular, the
quadratic constraints on the embedding tensor simply
reduce to
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fR½MNfPQ�R ¼ 0 and ξM
QfQNP ¼ 0: ð4Þ

Furthermore, for ξM ¼ 0, the gauge group is embedded
entirely in SOð5; nÞ with the corresponding gauge gen-
erators in SOð5; nÞ fundamental representation given by

ðXMÞNP ¼ −fMQRðtQRÞNP ¼ fMN
P and

ðX0ÞNP ¼ −ξQRðtQRÞNP ¼ ξN
P: ð5Þ

We have chosen SOð5; nÞ generators of the form
ðtMNÞPQ ¼ δQ½MηN�P with ηMN ¼ diagð−1;−1;−1;−1;−1;
1; 1;…; 1Þ being the SOð5; nÞ invariant tensor. The gauge
covariant derivative reads

Dμ ¼ ∇μ þ AM
μ XM þ A0

μX0 ¼ ∇μ þ AMXM ð6Þ

with ∇μ being a space-time covariant derivative including
SOð5Þ × SOðnÞ composite connection.
The bosonic Lagrangian of a general gauged N ¼ 4

supergravity can be written as

e−1L ¼ 1

2
R −

3

2
Σ−2DμΣDμΣþ 1

16
DμMMNDμMMN − V

−
1

4
Σ2MMNHM

μνHNμν −
1

4
Σ−4H0

μνH0μν þ e−1Ltop

ð7Þ

where e is the vielbein determinant.
The covariant gauge field strength tensors read

HM
μν ¼ 2∂½μAM

ν� þ XNP
MAN

μ AP
ν þ ZMNBμνN ð8Þ

with

ZMN ¼ 1

2
ξMN and Z0M ¼ −ZM0 ¼ 1

2
ξM ¼ 0: ð9Þ

In the embedding tensor formalism, the two-form fields
BμνM are introduced off-shell. These fields do not have
kinetic terms and couple to vector fields via the topological
term Ltop. It is useful to note the first-order field equations
for these two-form fields

ZMN

�
1

6
ffiffiffi
2

p ϵμνρλσH
ð3Þρλσ
N −MNPHP

μν

�
¼ 0 ð10Þ

with M00 ¼ Σ−4, M0M ¼ 0, and MMN ¼ Σ2MMN . This
gives a duality relation between vectors and two-form

fields. The field strength Hð3Þ
M is defined by

ZMNHð3Þ
μνρN ¼ ZMN

�
3D½μBνρ�N

þ 6dNPQA
P
½μ

�
∂νA

Q
ρ� þ

1

3
XRS

QAR
ν AS

ρ�

��
ð11Þ

for d0MN ¼ dMN0 ¼ dM0N ¼ ηMN and

XMN
P ¼ fMN

P; XM0
0 ¼ 0; X0M

N ¼ ξM
N: ð12Þ

The scalar potential is given by

V¼−
1

4

�
fMNPfQRSΣ−2

�
1

12
MMQMNRMPS−

1

4
MMQηNRηPS

þ1

6
ηMQηNRηPS

�
þ1

4
ξMNξPQΣ4ðMMPMNQ−ηMPηNQÞ

þ
ffiffiffi
2

p

3
fMNPξQRΣMMNPQR

�
ð13Þ

where MMN is the inverse of MMN , and MMNPQR is
obtained from

MMNPQR ¼ ϵmnpqrVM
mVN

nVP
pVQ

qVR
r ð14Þ

by raising the indices with ηMN .
As mentioned above, Ltop is the topological term

describing the kinetic terms for two-form fields and the
coupling between two-form and gauge fields. Since all
solutions given in this paper have vanishing two-form
fields, we will not give the explicit form of Ltop here. This
can be found in [44]. Supersymmetry transformations of
fermionic fields are given by

δψμi ¼ Dμϵi þ
iffiffiffi
6

p ΩijA
jk
1 γμϵk

−
i
6

�
ΩijΣVM

jkHM
νρ −

ffiffiffi
2

p

4
δkiΣ−2H0

νρ

�
× ðγμνρ − 4δνμγ

ρÞϵk; ð15Þ

δχi¼−
ffiffiffi
3

p

2
iΣ−1DμΣγμϵiþ

ffiffiffi
2

p
ΩijA

kj
2 ϵk

−
1

2
ffiffiffi
3

p
�
ΣΩijVM

jkHM
μνþ

1ffiffiffi
2

p Σ−2δkiH
0
μν

�
γμνϵk; ð16Þ

δλai ¼ iΩjkðVM
aDμVij

MÞγμϵk
þ

ffiffiffi
2

p
ΩijA

akj
2 ϵk −

1

4
ΣVM

aHM
μνγ

μνϵi ð17Þ
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in which the fermion shift matrices are defined by

Aij
1 ¼ −

1ffiffiffi
6

p
� ffiffiffi

2
p

Σ2ΩklVM
ikVN

jlξMN þ 4

3
Σ−1Vik

MVjl
NVP

klfMN
P

�
;

Aij
2 ¼ 1ffiffiffi

6
p

� ffiffiffi
2

p
Σ2ΩklVM

ikVN
jlξMN −

2

3
Σ−1Vik

MVjl
NVP

klfMN
P

�
;

Aaij
2 ¼ −

1

2

�
Σ2VM

ijVN
aξMN −

ffiffiffi
2

p
Σ−1ΩklVM

aVN
ikVP

jlfMNP
�
: ð18Þ

VM
ij is defined in terms of VM

m and SOð5Þ gamma
matrices Γmi

j as

VM
ij ¼ 1

2
VM

mΓij
m ð19Þ

with Γij
m ¼ ΩikΓmk

j. Similarly, the inverse Vij
M can be

written as

Vij
M ¼ 1

2
Vm

MðΓij
mÞ� ¼ 1

2
Vm

MΓkl
mΩkiΩlj: ð20Þ

We will use the following representation of SOð5Þ gamma
matrices

Γ1 ¼ −σ2 ⊗ σ2; Γ2 ¼ I2 ⊗ σ1; Γ3 ¼ I2 ⊗ σ3;

Γ4 ¼ σ1 ⊗ σ2; Γ5 ¼ σ3 ⊗ σ2 ð21Þ

with σi, i ¼ 1, 2, 3, being the Pauli matrices.
The covariant derivative on ϵi is given by

Dμϵi ¼ ∂μϵi þ
1

4
ωab
μ γabϵi þQμi

jϵj ð22Þ

with the composite connection defined by

Qμi
j ¼ Vik

M
∂μVM

kj − A0
μξ

MNVMikVN
kj

− AM
μ Vik

NVkjPfMNP: ð23Þ

B. N = 4 gauged supergravity with SOð2Þ × ISOð3Þ
gauge group

In this paper, we will consider N ¼ 4 gauged
supergravity coupled to n ¼ 3 vector multiplets with
SOð2Þ × ISOð3Þ ∼ SOð2Þ × ðSOð3Þ ⋉ R3Þ gauge group.
This gauged supergravity arises from a consistent trunca-
tion of eleven-dimensional supergravity on H2 × S4 [4]. In
the notation of [7], the corresponding embedding tensor is
given by

ξm̂n̂ ¼ g1ϵm̂n̂; m̂; n̂ ¼ 1; 2;

fm̃ñp̃ ¼ gϵm̃ñp̃; m̃; ñ; p̃ ¼ 3; 4; 5;

faþ5;bþ5;cþ5 ¼ −2gϵabc;

faþ2;bþ5;cþ5 ¼ −gϵabc; a; b; c ¼ 1; 2; 3 ð24Þ

with the gauge coupling constants g1 and g. We have split
the indices m; n ¼ 1; 2;…; 5 as m ¼ ðm̂; m̃Þ with m̂ ¼ 1, 2
and m̃ ¼ 3, 4, 5. From the embedding tensor, we find
that the SOð2Þ factor is generated by ξ12 while the
compact SOð3Þ ⊂ ISOð3Þ is diagonally embedded in
SOð2Þ × SOð3Þ × SOð3Þ ⊂ SOð5; 3Þ with gauge genera-
tors Xm̃ ¼ ðX3; X4; X5Þ. The three-dimensional translation
group R3 is generated by Xm̃ − Xaþ5 ¼ ðX3 − X6;
X4 − X7; X5 − X8Þ. At this point, it is useful to note that
the truncation constructed in [4] is valid for any Riemann
surfaces Σ ¼ S2; H2;R2. We have taken a particular case of
Σ ¼ H2 corresponding to l ¼ −1 in [4] since this trunca-
tion leads to a supersymmetric AdS5 vacuum.
To give an explicit parametrization of the scalar coset

SOð5; 3Þ=SOð5Þ × SOð3Þ, we take the SOð5; 3Þ noncom-
pact generators to be

Yma ¼ tm;aþ5; m ¼ 1; 2;…; 5; a ¼ 1; 2; 3: ð25Þ

Accordingly, the coset representative can be written as

V ¼ eϕ
maYma : ð26Þ

As shown in [4], at the origin of SOð5; 3Þ=SOð5Þ × SOð3Þ
with ϕma ¼ 0, the SOð2Þ × ISOð3Þ gauged supergravity
admits a supersymmetric AdS5 vacuum with

Σ¼−
�

gffiffiffi
2

p
g1

�1
3

; V0¼−3
�
g2g1
2

�2
3

; L¼
�
−
4

ffiffiffi
2

p

g2g1

�1
3

:

ð27Þ

The AdS5 radius L is related to the cosmological constant
V0 via

L ¼
ffiffiffiffiffiffiffiffiffiffi
−

6

V0

s
: ð28Þ
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By choosing g ¼ −
ffiffiffi
2

p
g1 or equivalently scaling Σ to

Σ ¼ 1, we find

V0 ¼ −
3

2
g2 and L ¼ 2

g
ð29Þ

in which we have chosen g > 0. The AdS5 vacuum
preserves N ¼ 4 supersymmetry and SOð2Þ × SOð3Þ ⊂
SOð2Þ × ISOð3Þ symmetry. This vacuum can be identified
as an AdS5 ×H2 × S4 solution of eleven-dimensional
supergravity.
It is also useful to note all scalar masses at this N ¼ 4

vacuum given in [4]. These are shown in Table I. We
denote scalars by the representations under the residual
symmetry SOð2Þ × SOð3Þ at the vacuum. The dilaton Σ is
the singlet ð1; 1ÞΣ. The other representations are obtained
by considering the embedding of SOð2Þ × SOð3Þ in
SOð5Þ × SOð3Þ ⊂ SOð5; 3Þ. Under SOð5Þ × SOð3Þ, the
15 scalars transform as (5; 3). By branching SOð5Þ →
SOð2Þ × SOð3Þ with 5 → ð2; 1Þ þ ð1; 3Þ, we find that

ð5; 3Þ → ð2; 1; 3Þ þ ð1; 3; 3Þ ð30Þ

under SOð2Þ × SOð3Þ × SOð3Þ. Finally, by taking the
diagonal subgroup of the two SOð3Þ factors, we end up
with

ð5; 3Þ → ð2; 3Þ þ ð1; 1Þ þ ð1; 3Þ þ ð1; 5Þ: ð31Þ

In the table, we have also given the dimensions of the
operators dual to these scalars given by the relation
m2L2 ¼ ΔðΔ − 4Þ. The three massless scalars in (1; 3)
are Goldstone bosons corresponding to the symmetry
breaking ISOð3Þ → SOð3Þ at the vacuum.
Furthermore, it has also been pointed out in [4] that there

are no other supersymmetric AdS5 vacua.

III. HOLOGRAPHIC RG FLOWS

We begin with the simplest holographic solutions
describing RG flows from the N ¼ 2 SCFT dual to the
supersymmetric AdS5 vacuum. To simplify the computa-
tion, we consider a truncation to SOð2Þdiag singlet sector.
This SOð2Þdiag is a diagonal subgroup of SOð2Þ × SOð2Þ ⊂
SOð2Þ × SOð3Þ ⊂ SOð2Þ × ISOð3Þ generated by ξ12 þ X3.
There are five singlets under SOð2Þdiag symmetry with the
corresponding coset representative given by

V ¼ eϕ1ðY12þY23Þeϕ2ðY13−Y22Þeϕ3ðY42þY53Þeϕ4ðY43−Y52Þeϕ5Y31 :

ð32Þ

In this section, we are interested in holographic RG flow
solutions with the metric ansatz given by

ds2 ¼ e2AðrÞdx21;3 þ dr2: ð33Þ

dx21;3 is the flat metric on the Minkowski space in four
dimensions with the warp factor A depending only on the
radial coordinate r. To preserve four-dimensional Poincaré
symmetry of dx21;3, we take the nonvanishing scalars to
depend only on r and set all the other fields to zero.
It turns out that in order to consistently truncate out all

the vector fields, we need to set ϕ2 ¼ ϕ4 ¼ 0. The latter
lead to nonvanishing Yang-Mills currents that become the
sources for the gauge fields. With ϕ2 ¼ ϕ4 ¼ 0, we find the
scalar potential

V ¼ 1

8
g21cosh

2ϕ3sinh2ϕ1Σ4ð3þ cosh 2ϕ1 þ 2 cosh 2ϕ3sinh2ϕ1Þ þ
ffiffiffi
2

p
g1gΣðcosh2ϕ1cosh2ϕ3 coshϕ5 þ 2sinh2ϕ3 sinhϕ5Þ

þ 1

256
g2Σ−2½42 − 48 cosh 2ϕ1 þ 6 cosh 4ϕ1 þ 4 coshð4ϕ1 − 2ϕ3Þ − 24 coshð2ϕ1 − 2ϕ3Þ þ coshð4ϕ1 − 4ϕ3Þ

− 152 cosh 2ϕ3 − 2 cosh 4ϕ3 − 24 coshð2ϕ1 þ 2ϕ3Þ þ coshð4ϕ1 þ 4ϕ3Þ
þ 4 coshð4ϕ1 þ 2ϕ3Þ þ 128cosh2ϕ1sinh22ϕ3 sinh 2ϕ5 þ f2ð5þ 4 cosh 2ϕ1 þ cosh 4ϕ1Þ cosh 4ϕ3

þ 6 cosh 4ϕ1 þ 8 cosh 2ϕ3sinh2ϕ1ð5þ 4 cosh 2ϕ1Þ−6 − 4 cosh 2ϕ1g4 cosh 2ϕ5�: ð34Þ

The Aij
1 tensor takes a diagonal form

Aij
1 ¼ diagðα; β; α�; βÞ ð35Þ

TABLE I. Scalar masses at the N ¼ 4 supersymmetric AdS5
vacuum with SOð2Þ × SOð3Þ symmetry and the corresponding
dimensions of the dual operators.

Scalars m2L2 Δ

ð1; 1ÞΣ −4 2
(1; 1) 12 6
(1; 3) 0 4
(1; 5) 0 4
(2; 3) 5 5
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with

α ¼ 2ffiffiffi
2

p Σ−1ðcoshϕ3 þ i sinhϕ1 − coshϕ1 sinhϕ3Þ½g1Σ3ðcoshϕ3 − i sinhϕ1 þ coshϕ1 sinhϕ3Þ

−
ffiffiffi
2

p
gfcoshϕ3 coshϕ5 þ ðcoshϕ5 − 2 sinhϕ5Þðcoshϕ1 sinhϕ3 − i sinhϕ1Þg�; ð36Þ

β ¼ 1

16
ffiffiffi
3

p Σ−1½
ffiffiffi
2

p
ge−ϕ5f11þ 4e2ϕ5ðsinhϕ3 − coshϕ1 coshϕ3Þ2 − 6 cosh 2ϕ1cosh2ϕ3 − cosh 2ϕ3 þ 4 coshϕ1 sinh 2ϕ3g

− 2g1Σ3ð3þ cosh 2ϕ1 þ 2 cosh 2ϕ3sinh2ϕ1Þ�: ð37Þ

The real eigenvalue β gives rise to the superpotential W in terms of which the scalar potential can be written as

V ¼ 3

2
Σ2

�
∂W
∂Σ

�
2

þ 9

4
sech2ϕ3

�
∂W
∂ϕ1

�
2

þ 9

4

�
∂W
∂ϕ3

�
2

þ 9

2

�
∂W
∂ϕ5

�
2

− 6W2 ð38Þ

withW ¼
ffiffi
2
3

q
β. It should be noted that for ϕ1 ¼ 0, we have

α ¼ −β. In this case, the solutions preserve N ¼ 4 super-
symmetry. In general, the solutions preserve only N ¼ 2

supersymmetry corresponding to the Killing spinors ϵ2

and ϵ4.
Setting ϵ1 ¼ ϵ3 ¼ 0 and imposing the projector

γr̂ϵ2 ¼∓ iϵ4 and γr̂ϵ4 ¼ �iϵ2; ð39Þ

we find the BPS equations from the conditions δψ i
μ̂ ¼ 0

with μ̂ ¼ 0, 1, 2, 3, δχi ¼ 0 and δλia ¼ 0 of the form

ϕ0
1 ¼∓ 3

2
sech2ϕ3

∂W
∂ϕ1

; ϕ0
3 ¼∓ 3

2

∂W
∂ϕ3

;

ϕ0
5 ¼∓ 3

∂W
∂ϕ5

; Σ0 ¼∓ Σ2
∂W
∂Σ

; A0 ¼ �W: ð40Þ

Throughout this paper, we use 0 to denote r-derivatives.
The condition δψ i

r ¼ 0 leads to the usual Killing spinors of
the domain wall of the form

ϵ2;4 ¼ e
A
2ϵ2;40 ð41Þ

with ϵ2;40 being constant spinors satisfying the projector (39).

A. Holographic RG flows with SOð2Þ × SOð3Þ symmetry

We begin with a simple solution with SOð2Þ × SOð3Þ
symmetry. In this case, we set

ϕ1 ¼ 0 and ϕ5 ¼ ϕ3: ð42Þ

With ϕ1 ¼ 0, all the eigenvalues of Aij
1 are degenerate up to

an overall sign. The solutions then preserve N ¼ 4 super-
symmetry corresponding to ϵi with i ¼ 1, 2, 3, 4. However,
the γr projector, which in this case takes the form of

γrϵi ¼∓ ðσ2 ⊗ σ3Þijϵj; ð43Þ

will reduce the number of supercharges from 16 to 8.
We also note that setting ϵ1 ¼ ϵ3 ¼ 0 in this projector,
we recover the projector given in (39). Therefore, the
solutions preserve N ¼ 2 Poincaré supersymmetry in four
dimensions. These solutions would describe holographic
RG flows from the N ¼ 2 SCFT to nonconformal N ¼ 2
field theories.
The explicit form of the relevant BPS equations are

given by

ϕ0
3 ¼ gΣ−1e−2ϕ3 sinhϕ3;

Σ0 ¼ −
1

6
½ge−3ϕ3ð1 − 3e2ϕ3Þ − 2

ffiffiffi
2

p
g1Σ3�;

A0 ¼ −
1

6
Σ−1½gðe−3ϕ3 − 3e−ϕ3Þ þ

ffiffiffi
2

p
g1Σ3�: ð44Þ

We have chosen a specific choice of sign in (43) such that
the UV N ¼ 2 SCFT appears in the limit r → ∞. From
Table I, we know that the dilaton Σ and the SOð2Þ × SOð3Þ
singlet scalar given by ϕ5 ¼ ϕ3 are dual to operators of
dimensions Δ ¼ 2 and Δ ¼ 6, respectively. This is also
confirmed by linearizing the BPS equations given above
which results in

ϕ3 ∼ egr ∼ e
2r
L and Σ ∼ −

�
gffiffiffi
2

p
g1

�1
3 þ e−

2r
L ð45Þ

in which we have used the relations g1 ¼ − gffiffi
2

p and L ¼ 2
g.

This behavior implies that Σ corresponds to a vacuum
expectation value of an operator of dimension Δ ¼ 2 while
ϕ3 leads to a source or deformation by an irrelevant
operator of dimension Δ ¼ 6.
We first consider an RG flow solution with only a

relevant deformation given by an operator of dimension
Δ ¼ 2 dual to Σ. In this case, the N ¼ 2 SCFT dual to the
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AdS5 vacuum appears in the UV of the RG flow. We then
set ϕ3 ¼ 0 and obtain a simpler set of BPS equations

Σ0 ¼ 1

3
ðgþ

ffiffiffi
2

p
g1Σ3Þ and A0 ¼ 1

6
Σ−1ð2g −

ffiffiffi
2

p
g1Σ3Þ:

ð46Þ

With g1 ¼ − gffiffi
2

p , the solution can be readily obtained

2gðr − r0Þ ¼ 2
ffiffiffi
3

p
tan−1

�
1þ 2Σffiffiffi

3
p

�
þ ln

�
1þ Σþ Σ2

ðΣ − 1Þ2
�
;

ð47Þ

A ¼ lnΣ −
1

2
lnðg − gΣ3Þ: ð48Þ

In this solution, we have neglected an additive integration
constant for A that can be absorbed in rescaling of dx21;3
coordinates. The r0 constant is also irrelevant and can be set
to zero by shifting radial coordinate r.
As r → ∞, we find

Σ ∼ 1þ e−gr and A ∼
g
2
r ð49Þ

as expected from the AdS5 asymptotic geometry. The
solution is singular at Σ ¼ 0. Near this singularity, we find

Σ ∼
2

3
gðr − r�Þ and A ∼ lnðr − r�Þ ð50Þ

with r� ¼ r0 þ
ffiffi
3

p
π

6g . We can determine whether the IR
singularity is physically acceptable or not by using the
criterion given in [47]. Near the singularity, as r → r�, the
scalar potential is bounded from above

V ∼ −
1

8ðr − r�Þ
→ −∞: ð51Þ

Therefore, the singularity is physical, and the solution
describes an RG flow from the N ¼ 2 SCFT to a non-
conformal field theory in the IR.
Since the gauged supergravity under consideration here

is a consistent truncation of eleven-dimensional super-
gravity on H2 × S4, we can also determine whether the
singularity in the uplifted solution is physical by the
criterion of [29]. We will choose the S4 coordinates μâ,
â ¼ 1; 2;…; 5, to be

μ1 ¼ cosϑ cos θ; μ2 ¼ cosϑ sin θ; μ3 ¼ sinϑ sin β cos ξ;

μ4 ¼ sinϑ sinβ sin ξ; μ5 ¼ sinϑ cosβ ð52Þ

which satisfy μâμâ ¼ 1. Using the relations given in the
Appendix, we find

ĝ00¼ðe−6λcos2ϑþe4λsin2ϑÞ13e2A−4φ∼ðr−r�Þ2→0 ð53Þ

which also implies that the IR singularity is physical.
We then consider the solution with nonvanishing ϕ3. In

this case, there is a source of an operator of dimension
Δ ¼ 6 near AdS5 geometry. Therefore, the dual N ¼ 2
SCFT must be an IR fixed point. We now explicitly solve
the BPS equations given in (44). By combining Σ0 and ϕ0

3

equations, we can solve for Σ as a function of ϕ3. The result
is given by

Σ3 ¼ −
2geϕ3ðe2ϕ3 − 1Þffiffiffi
2

p
g1e4ϕ3 þ 2gC0

ð54Þ

with an integration constant C0. In order to make the
solution approach the N ¼ 4 AdS5 vacuum, we need to
choose the constant C0 to be

C0 ¼ −
g1ffiffiffi
2

p
g
: ð55Þ

The solution for Σ then becomes

Σ3 ¼ −
ffiffiffi
2

p
geϕ3

g1ð1þ e2ϕ3Þ : ð56Þ

Similarly, by combining A0 and ϕ0
3 equations and using the

solution for Σ, we can solve for A as a function of ϕ3

A ¼ 1

3
ϕ3 þ

1

3
lnð1 − e2ϕ3Þ þ 1

6
ln ½

ffiffiffi
2

p
g1ðe4ϕ3 − 1Þ� ð57Þ

in which we have again neglected an additive integration
constant. Finally, by using (56) in ϕ0

3 equation and defining
a new radial coordinate ρ via dρ

dr ¼ Σ−1, we find

gðρ − ρ0Þ ¼ − lnð1þ eϕ3Þ þ lnð1 − eϕ3Þ þ 2eϕ3 ð58Þ

with ρ0 being another integration constant. ρ0 can also be
set to zero by shifting the coordinate ρ. This solution
holographically describes an RG flow to an N ¼ 2 con-
formal fixed point in the IR. The RG flow is driven by a
deformation involving a source term of a dimension
6-operator dual to ϕ3 in the presence of nonvanishing
vacuum expectation value of a dimension-2 operator
dual to Σ.
In order to determine the possible UV field theory, we

look at the behavior of the solution as ρ → ∞. In this limit,
the five-dimensional solution becomes

ϕ3 ∼ ln ρ; Σ ∼ ρ−
1
3; A ∼

5

3
ln ρ: ð59Þ
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We now uplift the solution to eleven dimensions using
the S4 ×H2 truncation ansatz of [6,4] with, in the notation
of [4] and see also more detail in the appendix,

ds211 ¼ Δ1
3ds27 þ

1

m2
Δ−2

3T−1
âb̂
DμâDμb̂ ð60Þ

for

ds27 ¼ e−4ϕðe2Adx21;3 þ dr2Þ þ e6ϕds2ðH2Þ: ð61Þ

In these equations, m is the seven-dimensional gauge
coupling constant. The warp factor Δ is defined in terms
of the SLð5Þ matrix Tâ b̂ as

Δ ¼ Tâb̂μ
âμb̂ ð62Þ

with μâ, â ¼ 1; 2;…; 5, being coordinates on S4. In the
present case, Tâ b̂ takes the form, see more detail in the
Appendix,

Tâb̂ ¼ diagðe−6λ; e−6λ; e4λ; e4λ; e4λÞ: ð63Þ

The scalars ϕ and λ are related to ϕ3 and Σ via

ϕ ¼ 1

10
ð3ϕ3 − lnΣÞ and λ ¼ −

1

10
ðϕ3 þ 3 lnΣÞ: ð64Þ

With the asymptotic behavior, upon using (59),

ϕ ∼
1

3
ln ρ and λ ∼ λ0 ∼ constant ð65Þ

and the S4 coordinates of the form

μâ¼ðcosξcosθ;cosξsinθ;sinξμ̂αÞ; α¼1;2;3 ð66Þ

with μ̂α being coordinates on S2 satisfying μ̂αμ̂α ¼ 1,
we find the eleven-dimensional metric near the UV limit
of the form

ds211 ∼ ρ2½dx21;3 þ ds2ðH2Þ� þ
dρ2

ρ2

þ ðe6λ0sin2ξþ e−4λ0cos2ξÞdξ2
þ e6λ0cos2ξðdθ − ωHÞ2 þ e−4λ0sin2ξdμ̂αdμ̂α ð67Þ

with ωH being the spin connection on H2. We can see that,
in the UV, the extra two dimensions along H2 become
large. The eleven-dimensional metric takes the form of a
locally AdS6 × S̃4 with S̃4 being a deformed S4 such that
only the SOð2Þ × SOð3Þ subgroup of the SOð5Þ isometry
is preserved. It is also useful to point out that the

SOð2Þ × SOð3Þ symmetry of the solution corresponds to
the isometry of the S1 × S2 parametrized by θ and μ̂α. The
UV field theory is then expected to be the N ¼ ð0; 2Þ six-
dimensional SCFT arising from the world-volume theory
of M5-branes wrapped on a hyperbolic space H2. This is
similar to the solutions describing D6-branes wrapped on
supersymmetric four-cycles in [48].

B. Holographic RG flows
with SOð2Þ × SOð2Þ symmetry

We now consider a slightly more complicated solution
with a smaller residual symmetry SOð2Þ × SOð2Þ. In this
case, we still have ϕ1 ¼ 0 but unlike in the previous case
ϕ5 ≠ ϕ3. The solutions preserve N ¼ 4 supersymmetry as
in the previous case due to vanishing ϕ1. The explicit form
of the corresponding BPS equations is given by

ϕ0
3 ¼

1

2
gΣ−1e−2ϕ3−ϕ5ðe2ϕ5 − 1Þ; ð68Þ

ϕ0
5 ¼ −

1

2
gΣ−1e−2ϕ3−ϕ5ð1 − 2e2ϕ3 þ e2ϕ5Þ; ð69Þ

Σ0 ¼ 1

6
½2

ffiffiffi
2

p
g1Σ3 þ ge−2ϕ3−ϕ5ðe2ϕ5 þ 2e2ϕ3 − 1Þ�; ð70Þ

A0 ¼ 1

6
Σ−1½ge−2ϕ3−ϕ5ðe2ϕ5 þ 2e2ϕ3 − 1Þ −

ffiffiffi
2

p
g1Σ3�: ð71Þ

Near the supersymmetric AdS5 vacuum, we find

Σ∼−
�

gffiffiffi
2

p
g1

�1
3þe−

2r
L ; 2ϕ3þϕ5∼e

2r
L ; ϕ3−ϕ5∼e−

4r
L

ð72Þ

which implies that ϕ3 and ϕ5 are dual to two different linear
combinations of operators of dimensionsΔ ¼ 6 andΔ ¼ 4.
Setting ϕ5 ¼ ϕ3, we recover the solutions considered in the
previous case. However, in this case, the irrelevant defor-
mation corresponding to 2ϕ3 þ ϕ5 cannot be consistently
truncated out, so theN ¼ 2 SCFTmust be an IR fixed point
of an RG flow from a certain field theory in the UV.
Combing (68) and (69), we find

dϕ5

dϕ3

¼ 1 − 2e2ϕ3 þ e2ϕ5

1 − e2ϕ5
ð73Þ

which can be solved by

eϕ3þϕ5

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − e2ϕ3−2ϕ5

p
þ sin−1 eϕ3−ϕ5 ¼ C ð74Þ

with an integration constant C. We can further simplify this
expression by defining

φ1 ¼ ϕ3 þ ϕ5 and φ2 ¼ ϕ3 − ϕ5 ð75Þ
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which results in

eφ1 ¼ C − sin−1 eφ2ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − e2φ2

p : ð76Þ

To make the solution approach the AdS5 vacuum with
φ1 ¼ φ2 ¼ 0, we need to choose

C ¼ π

2
: ð77Þ

We can now find the solutions for A and Σ as functions
of φ2. It is then useful to note the BPS equation for φ2

which takes the form

φ0
2 ¼ gΣ−1e−

1
2
ðφ1−φ2Þðe−2φ2 − 1Þ: ð78Þ

Using (75) and (76), we can combine this equation with
(70) and (71) to obtain

Σ−3 ¼
g1e−

φ2
2

h
sin−1eφ2 − C − eφ2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − e2φ2

p i
ffiffiffi
2

p
gð1 − e2φ2Þ14

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
C − sin−1eφ2

p

þ Σ0e−
φ2
2 ð1 − e2φ2Þ34

C − sin−1eφ2
; ð79Þ

A ¼ 1

4
φ2 −

1

2
lnΣ −

3

8
lnð1 − e2φ2Þ þ 1

4
ln ðsin−1eφ2 − CÞ

ð80Þ

with Σ0 being another integration constant. As in the
previous case, we have neglected an additive integration
constant for A. In order to make the solution for Σ becomes

Σ−3 ¼ −
ffiffi
2

p
g1
g for φ2 ¼ 0 at the AdS5 vacuum, we need to

set Σ0 ¼ 0.

Finally, using all these results, we can solve for φ2 as

2gðρ − ρ0Þ ¼ lnð1þ e
φ2
2 Þ − lnð1 − e

φ2
2 Þ − 2tan−1e

φ2
2 ð81Þ

with the new radial coordinate ρ defined by dρ
dr ¼ e−

φ1
2

Σ and ρ0
being an integration constant. As already mentioned, there
is a deformation by a dimension-6 operator in the presence
of vacuum expectation values of operators of dimensions
Δ ¼ 4 and Δ ¼ 2. Therefore, the solution holographically
describes an RG flow to an N ¼ 2 conformal fixed point in
the IR as in the previous case. To determine a possible
UV field theory, we again consider the uplifted eleven-
dimensional metric.
In this case, we choose the S4 coordinates to be

μ1 ¼ cosξcosζ cosϑ; μ2 ¼ cosξcosζ sinϑ;

μ3 ¼ cosξsinζ cosθ; μ4 ¼ cosξsinζ sinθ; μ5 ¼ sinξ:

ð82Þ

At ρ → ρ0, the five-dimensional solution is singular with

φ2 ∼
2

3
lnðρ0 − ρÞ; φ1 ∼ constant;

Σ ∼ ðρ0 − ρÞ19; A ∼
1

9
lnðρ0 − ρÞ: ð83Þ

Using the formulas given in the Appendix, we find

ϕ ∼
1

45
lnðρ0 − ρÞ; λ ∼ −

2

45
lnðρ0 − ρÞ;

w ∼
4

9
lnðρ0 − ρÞ ð84Þ

which lead to the eleven-dimensional metric of the form

ds211 ∼ ðρ0 − ρÞ−2
9½dx21;3 þ dρ2 þ ds2ðH2Þ� þ ðρ0 − ρÞ49ðsin2ξcos2ζdξ2 þ cos2ξsin2ζdζ2 þ cos2ξcos2ζðdϑ − ωHÞ2

þ sin 2ξ cos ζ sin ζdξdζÞ þ ðρ0 − ρÞ43ðsin2ξcos2ζdξ2 þ cos2ξcos2ζdζ2 þ cos2ξsin2ζdθ2 − sin 2ξ cos ζ sin ζdξdζÞ:
ð85Þ

As in the previous case, we see that the two compact directions along H2 become large, and we expect the UV field
theory to be the six-dimensional field theory on the world volume of M5-branes wrapped on H2. We also note that the
SOð2Þ × SOð2Þ symmetry of the solution corresponds to the S1 × S1 isometry along ϑ and θ.

C. Holographic RG flows with SOð2Þdiag symmetry

For nonvanishing ϕ1, the solutions will preserve only N ¼ 2 supersymmetry and SOð2Þdiag symmetry. In this case, the
BPS equations read

ϕ0
1 ¼

sinhϕ1

2Σ
½2g sinhϕ5 tanhϕ3 þ coshϕ1f2gðcoshϕ5 − 2 sinhϕ5Þ þ

ffiffiffi
2

p
g1Σ3g�; ð86Þ
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ϕ0
3 ¼

1

8
Σ−1e−ϕ5 ½sinh 2ϕ3fgþ 3g cosh 2ϕ1 − ge2ϕ5ð3þ cosh 2ϕ1Þ þ 2

ffiffiffi
2

p
g1Σ3eϕ5sinh2ϕ1g

þ 4gðe2ϕ5 − 1Þ coshϕ1 cosh 2ϕ3�; ð87Þ

ϕ0
5 ¼

1

8
gΣ−1e−ϕ5 ½11 − cosh 2ϕ3 − 4e2ϕ5ðsinhϕ3 − coshϕ1 coshϕ3Þ2 − 6 cosh 2ϕ1cosh2ϕ3 þ 4 coshϕ1 sinh 2ϕ3�; ð88Þ

Σ0 ¼ 1

24
½ge−ϕ5f11 − 6 cosh 2ϕ1cosh2ϕ3 þ 4 coshϕ1 sinh 2ϕ3 − cosh 2ϕ3 þ 4e2ϕ5ðsinhϕ3 − coshϕ1 coshϕ3Þ2g

þ 2
ffiffiffi
2

p
g1Σ3ð3þ cosh 2ϕ1 þ 2 cosh 2ϕ3sinh2ϕ1Þ�; ð89Þ

A0 ¼ 1

24
Σ−1½ge−ϕ5f11 − cosh 2ϕ3 þ 4e2ϕ5ðsinhϕ3 − coshϕ1 coshϕ3Þ2 − 6 cosh 2ϕ1 cosh2 ϕ3 þ 4 coshϕ1 sinh 2ϕ3g

−
ffiffiffi
2

p
g1Σ3ð3þ cosh 2ϕ1 þ 2 cosh 2ϕ3 sinh2 ϕ1Þ�: ð90Þ

We first consider the asymptotic behavior near the N ¼ 4
AdS5 vacuum given by

Σ∼e−
2r
L ; ϕ1∼e

r
L; 2ϕ3þϕ5∼e

2r
L ; ϕ3−ϕ5∼e−

4r
L : ð91Þ

In addition to the dual operators of dimensions 2, 4, and 6
appearing in the previous case, there is a source term for an
irrelevant operator of dimensionΔ ¼ 5 dual to ϕ1. As in the
previous case, the scalars corresponding to irrelevant
deformations cannot be consistently truncated out. We also
point out that due to nonvanishing ϕ1, the solutions

preserve only four supercharges or N ¼ 1 supersymmetry
in four dimensions. Therefore, in this case, the N ¼ 2
SCFT must be an IR fixed point of an RG flow involving a
supersymmetry breaking deformation dual to ϕ1 in the UV
field theory.
In this case, the BPS equations are much more compli-

cated, and we are not able to find analytic solutions. Wewill
then look for numerical solutions. An example of numerical
solutions with g ¼ 2 is shown in Fig. 1. We also note that
although the RG flow preserves only four supercharges
due to nonvanishing ϕ1, the nonconformal phase in the UV

(a) (b) (c)

(d) (e) (f)

FIG. 1. An N ¼ 1 supersymmetric RG flow from a UV field theory to the IR N ¼ 2 SCFT dual to N ¼ 4 AdS5 vacuum for g ¼ 2.
(a) Solution for ϕ1ðrÞ. (b) Solution for ϕ3ðrÞ. (c) Solution for ϕ5ðrÞ. (d) Solution for ΣðrÞ. (e) Solution for AðrÞ. (f) Solution for A0ðrÞ.

PARINYA KARNDUMRI PHYS. REV. D 114, 026012 (2026)

026012-10



preserves eight supercharges since ϕ1 ¼ 0 near the UV
limit. In this case, the solution is only obtained numerically,
and it is more complicated to find the eleven-dimensional
metric. However, we also expect the UV field theory of the
RG flow dual to this solution to be a six-dimensional field
theory on the world-volume of M5-branes wrapped on an
H2 as in the previous cases. In particular, due to the
vanishing of ϕ1 in the UV limit, the holographic dual of
the UV field theory would be described by an eleven-
dimensional metric similar to that given in (85).

IV. SUPERSYMMETRIC JANUS SOLUTIONS

In this section, we look for supersymmetric Janus
solutions describing three-dimensional conformal interfaces
within N ¼ 2 field theories in four dimensions. To preserve
SOð2; 3Þ conformal symmetry in three dimensions, we take
the metric ansatz to be an AdS4-sliced domain wall

ds2 ¼ e2AðrÞds2AdS4 þ dr2 ð92Þ

with ds2AdS4 being the metric on AdS4 with radius l. To find

the relevant BPS equations for Janus solutions, we will
closely follow the recent analysis in [27]. We first note that
the structure of Aij

1 tensor given in (35) is very similar to that
of [27]. In particular, there are two real and two complex
eigenvalues.
As pointed out in [27], the real eigenvalues cannot lead

to Janus solutions in the form of curved domain walls given
above. Equivalently, the real eigenvalues can only support
the flat domain walls describing holographic RG flows
studied in the previous section. Accordingly, in this section,
we will consider the complex eigenvalue α and take the
Killing spinors of the unbroken supersymmetry to be ϵ1 and
ϵ3. We also point out that as in [27], α does not give rise to a
viable superpotential in terms of which the scalar potential
can be written.
We begin the analysis of the BPS equations by consid-

ering the variations δχi which give

Σ0γr̂ϵ1 ¼ Aϵ3 and Σ0γr̂ϵ3 ¼ A�ϵ1 ð93Þ

with

A ¼ 1

3
½2g sinhϕ5ðcoshϕ1 sinhϕ3 þ i sinhϕ1 − coshϕ3Þði coshϕ1 sinhϕ3 − sinhϕ1Þ

þ iðcoshϕ1 − i sinhϕ1 sinhϕ3Þ2ðg coshϕ5 þ
ffiffiffi
2

p
g1Σ3Þ�: ð94Þ

Following [27], we find that the two equations in (93) lead
to the BPS equation for Σ of the form

Σ0 ¼ ηjAj ð95Þ

and a projector

γr̂ϵ1 ¼ η
A
jAj ϵ3 and γr̂ϵ3 ¼ η

A�

jAj ϵ1: ð96Þ

In these equations, we have introduced a sign factor
η ¼ �1.

From δλai , we find two sets of equations of the form

ϕ0
5γr̂ϵ3 ¼ B�ϵ1 and ϕ0

5γr̂ϵ1 ¼ Bϵ3 ð97Þ

and

ðϕ0
3 − i coshϕ3ϕ

0
1Þγr̂ϵ1 ¼ C�ϵ3 and

ðϕ0
3 þ i coshϕ3ϕ

0
1Þγr̂ϵ3 ¼ Cϵ1: ð98Þ

In these equations, the functions B and C are given by

B ¼ gΣ−1ðcoshϕ3 − coshϕ1 sinhϕ3 − i sinhϕ1Þ½sinhϕ5ðsinhϕ1 − i coshϕ3 − i coshϕ1 sinhϕ3Þ
− 2 coshϕ5ðsinhϕ1 − i coshϕ1 sinhϕ3Þ�; ð99Þ

C ¼ −
1

4
Σ−1½2g coshϕ3 sinh 2ϕ1ðcoshϕ5 − 2 sinhϕ5Þ þ 2gi coshϕ5sinh2ϕ1 sinh 2ϕ3

þ 4gðsinhϕ1 sinhϕ3 þ i coshϕ1 cosh 2ϕ3 − icosh2ϕ1 sinh 2ϕ3Þ sinhϕ5

−
ffiffiffi
2

p
g1Σ3ðcoshϕ3 sinh 2ϕ1 þ isinh2ϕ1 sinh 2ϕ3Þ�: ð100Þ
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Using the γr̂ projection given in (96), we find that Eq. (97)
leads to BPS equations for ϕ5

ϕ0
5 ¼ η

A�B
jAj ¼ η

AB�

jAj ð101Þ

giving rise to an algebraic constraint for consistency of
these two equations

A�B ¼ AB�: ð102Þ

The explicit form of this constraint is remarkably simple

Σ3 ¼ −
gffiffiffi
2

p
g1

sechϕ5 ¼ sechϕ5 ð103Þ

in which we have used g ¼ −
ffiffiffi
2

p
g1 in the last equality.

Repeating the same procedure in (98), we find additional
two BPS equations for ϕ1 and ϕ3 of the form

ϕ0
3¼

η

jAjReðCAÞ and coshϕ3ϕ
0
1¼

η

jAjImðCAÞ: ð104Þ

We now consider the gravitino variations along AdS4
directions with coordinates xα for α ¼ 0, 1, 2, 3. The
five-dimensional coordinates will be split as xμ ¼ ðxα; rÞ.
As in [26], using the Killing spinor equations for AdS4 of
the form

e∇αϵi ¼
i
2l

κiγrγαϵi ð105Þ

with κi ¼ �1, we find�
A0 −

i
l
κ1e−A

�
γr̂ϵ1 ¼ Wϵ3 and�

A0 −
i
l
κ3e−A

�
γr̂ϵ3 ¼ W�ϵ1 ð106Þ

with

W ¼ −
1

6
Σ−1½ið2g coshϕ5 −

ffiffiffi
2

p
g1Σ3Þðcoshϕ1 sinhϕ3 þ coshϕ3 þ i sinhϕ1Þ

þ 4g sinhϕ5ðsinhϕ1 − i coshϕ1 sinhϕ3Þ�ðcoshϕ1 sinhϕ3 − coshϕ3 þ i sinhϕ1Þ: ð107Þ

In obtaining the two equations in (106), we have rewritten
the covariant derivative in terms of the covariant derivativee∇α on AdS4 according to the relation

Dαϵi ¼ e∇αϵi −
1

2
A0γrγαϵi: ð108Þ

with the chirality matrix on AdS4 given by γr ¼ iγ0̂γ1̂γ2̂γ3̂.
Consistency between the two equations in (106) implies
κ3 ¼ −κ1.
Using the γr̂ projector given in (96) and writing

κ ¼ κ1 ¼ −κ3, we find the BPS equation for A and another
algebraic constraint

A0 ¼ η
ReðiWA�Þ

jAj and
κ

l
e−A ¼ −η

ImðWA�Þ
jAj : ð109Þ

It can also be verified that the two algebraic constraints
in (103) and (109) are compatible with all the remaining
BPS equations. Furthermore, all the BPS equations and
these constraints also imply the second-ordered field
equations. We also note that the two equations in (106)
also imply the relation

A02 þ 1

l2
e−2A ¼ jWj2: ð110Þ

Finally, the remaining condition δψ r̂i determines the radial
dependence of the Killing spinors.
The algebraic constraint given in (109) takes the form

κ

l
e−A ¼ η

ffiffiffi
2

p
gg1

3jAj cosh3ϕ3 sinhϕ1

× sinhϕ5Σ2ðcoshϕ1 − tanhϕ3Þ2: ð111Þ

We readily see that for either ϕ1 ¼ 0 or ϕ5 ¼ 0, the
constraint implies that the AdS4 radius l → ∞ resulting
in a flat domain wall. From this constraint, it might appear
that a further simplification with ϕ3 ¼ 0 could still
give curved domain wall solutions. However, this is not
compatible with the BPS equation for ϕ3 since ϕ0

3 ≠ 0 for
ϕ3 ¼ 0 unless ϕ5 ¼ 0.
The above BPS equations cannot be analytically solved.

Therefore, we will look for numerical Janus solutions.
Since the Killing spinors are given by only ϵ1 and ϵ3 subject
to the projector (96), the solutions preserve only four
supercharges. For regular Janus solutions, the solutions are
asymptotically AdS5 geometry on both sides of the
interfaces. In particular, this implies that the metric function
AðrÞ has a turning point at a particular value of r ¼ r0
namely A0ðr0Þ ¼ 0. As r → �∞, the asymptotic behavior
of AðrÞ is given by A ∼ r

L with L being the AdS5 radius. In
this case, AðrÞ has a minimum at r0. From the BPS equation
for Σ given in (95), we have
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Σ0 ¼ η
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
A2

1 þA2
2

q
ð112Þ

with A1 and A2 being real and imaginary parts of A.
Follow the smoothness analysis in [49], we need to
smoothly sewn the two branches of the solution with
η ¼ 1 and η ¼ −1 at some value of r ¼ r̃0 in order to
obtain regular Janus solutions. In particular, this requires
Σ0ðr̃0Þ ¼ 0 or equivalently A1 ¼ A2 ¼ 0 at r ¼ r̃0. This
also implies that Σ attains a minimum or a maximum at
r ¼ r̃0. For convenience, we will also choose r̃0 ¼ r0 such
that both AðrÞ and ΣðrÞ have a turning point at the same
value of r ¼ r0. We will also require Σðr0Þ to be a
maximum at the turning point.
For A1 ¼ 0 condition, we have

sinhϕ1½g coshϕ1 sinhϕ3ðcoshϕ5 − 2 sinhϕ5Þ
þ g coshϕ3 sinhϕ5

þ
ffiffiffi
2

p
g1 coshϕ1 sinhϕ3Σ3� ¼ 0: ð113Þ

To satisfy this condition, the simplest possibility is to set

ϕ1ðr0Þ ¼ 0: ð114Þ

Using this result in A2 ¼ 0 condition together with (103),
we find

Σðr0Þ3 ¼ −
gffiffiffi
2

p
g1

sechϕ5ðr0Þ and

ϕ3ðr0Þ ¼
1

2
ln ½coshϕ5ðr0Þðcoshϕ5ðr0Þ þ sinhϕ5ðr0ÞÞ�:

ð115Þ

With these results, the second algebraic constraint given
in (111) can be used to determine the value of Aðr0Þ.
Therefore, we can determine the values of all the fields at
the turning point in terms of a free parameter ϕ5ðr0Þ. It
turns out that for any value of ϕ5ðr0Þ,

A0ðr0Þ ¼ Σ0ðr0Þ ¼ ϕ0
1ðr0Þ ¼ ϕ0

3ðr0Þ ¼ ϕ0
5ðr0Þ ¼ 0: ð116Þ

However, from the constraint (103), we find that the
maximal value of Σ is 1 at ϕ5 ¼ 0. All these results would
imply that Σ ¼ 1 identically. This also leads to ϕ5 ¼ 0
identically resulting in a flat domain wall solution.
Another possibility of setting the bracket in (113) to zero

leads to either

ϕ1ðr0Þ ¼ cosh−1 tanhϕ3ðr0Þ and

ϕ5ðr0Þ ¼
1

2
ln½cosh 2ϕ3ðr0Þ − 2� ð117Þ

or

ϕ5ðr0Þ¼0 and ϕ1ðr0Þ¼ cosh−1
�
1

2
cothϕ3ðr0Þ

�
: ð118Þ

The former has no real solutions while the latter leads to
ΣðrÞ ¼ 1 identically as in the previous case. Therefore,
there do not seem to exist any supersymmetric regular
Janus solutions interpolating between the supersymmetric
AdS5 vacuum on each side of the interface. It should be
emphasized that this is a consequence of requiring both
ΣðrÞ and AðrÞ to have a turning point at r0. There could be
regular Janus solutions with AðrÞ attaining a turning point
at a different value of r ≠ r0. In this case, the solution space
is generically parametrized by two parameters rather than
one independent parameter, ϕ3ðr0Þ or ϕ5ðr0Þ considered
above. This is due to the fact that there are five BPS
equations with two algebraic constraints given in (103)
and (111). However, from a numerical search, we have not
found solutions of this type.
The numerical analysis shows that there exist Janus

solutions interpolating between nonconformal phases of
N ¼ 2 SCFT dual to the N ¼ 4 AdS5 vacuum. An example
of these solutions is given in Fig. 2. To find this numerical
solution, we have chosen the turning point r0 ¼ 0 and
used (114) and (115) with ϕ5ð0Þ ¼ 0.1. Both sides of the
interface correspond to a nonconformal phase of N ¼ 2
SCFT in four dimensions. We also note that, on both sides
of the interface, we have ϕ1 ¼ 0 implying the enhancement
of supersymmetry to eight supercharges. This N ¼ 2
nonconformal phase of the N ¼ 2 SCFT should be iden-
tified with the one appearing in the RG flow solution shown
in Fig. 1. Therefore, we expect the Janus solution in Fig. 2
to describe conformal interfaces within an N ¼ 2 non-
conformal field theory in four dimensions arising from a
decompactification limit of a six-dimensional field theory
on M5-branes wrapped onH2 as mentioned in the previous
section. On the field theory side, this conformal interface
could be induced by position-dependent deformations or
position-dependent vacuum expectation values of the dual
operators. Similar solutions are also given in [50,51] in
which supersymmetric Janus solutions in ISOð7Þ maximal
gauged supergravity in four dimensions have been found.
In that case, the solutions are also attracted to the non-
conformal phases rather than the conformal fixed points.
For larger values of ϕ5ð0Þ, one side of the solutions

becomes singular. An example of these solutions with
ϕ5ð0Þ ¼ 1 is shown in Fig. 3. This should describe a
conformal boundary within the N ¼ 2 nonconformal field
theory arising from M5-branes wrapped on H2 as pointed
out in [52]. Depending on the boundary conditions, there
are also solutions that are singular on both sides of the
interfaces. An example of these solutions is shown in
Fig. 4. A similar solution has also been obtained in four-
dimensional N ¼ 4 gauged supergravity arising from a
truncation of eleven-dimensional supergravity on a tri-
Sasakian manifold [53].
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(a) (b) (c)

(d) (e)

FIG. 2. An example of Janus solutions interpolating betweenN ¼ 2 nonconformal phases with l ¼ 1, κ ¼ −1, and g ¼ 2. (a) Solution
for ΣðrÞ. (b) Solution for ϕ1ðrÞ. (c) Solution for ϕ3ðrÞ. (d) Solution for ϕ5ðrÞ. (e) Solution for AðrÞ.

(a) (b) (c)

(d) (e)

FIG. 3. An example of Janus solutions interpolating between anN ¼ 2 nonconformal phase and a singularity with l ¼ 1, κ ¼ −1, and
g ¼ 2. (a) Solution for ΣðrÞ. (b) Solution for ϕ1ðrÞ. (c) Solution for ϕ3ðrÞ. (d) Solution for ϕ5ðrÞ. (e) Solution for AðrÞ.
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V. SUPERSYMMETRIC AdS5 BLACK STRINGS

In this section, we consider solutions interpolating
between the N ¼ 4 supersymmetric AdS5 vacuum and an
AdS3 × Σ geometry with Σ being a Riemann surface. These
solutions describe supersymmetric black strings in asymp-
totically AdS5 space. Holographically, the solutions describe
RG flows across dimensions from the N ¼ 2 SCFT in four
dimensions to two-dimensional SCFTs in the IR. The latter
arises from twisted compactifications of the former on Σ.
The ansatz for the metric is given by

ds2 ¼ e2fðrÞdx21;1 þ dr2 þ e2hðrÞðdθ2 þ f2κðθÞdϕ2Þ ð119Þ

with

fκðθÞ ¼

8>><>>:
sin θ; κ ¼ 1 for Σ2 ¼ S2

θ; κ ¼ 0 for Σ2 ¼ T2

sinh θ; κ ¼ −1 for Σ2 ¼ H2

: ð120Þ

We will split the five-dimensional coordinates as xμ ¼
ðxα; r; θ;ϕÞ with α ¼ 0, 1. With an obvious choice of
vielbein

eα̂ ¼ efdxα; er̂ ¼ dr;

eθ̂ ¼ ehdθ; eϕ̂ ¼ ehfκðθÞdϕ; ð121Þ

nonvanishing components of the spin connection are
given by

ωâ
r̂ ¼ f0eâ; ωθ̂

r̂ ¼ h0eθ̂;

ωϕ̂
r̂ ¼ h0eϕ̂; ωϕ̂

θ̂ ¼
f0κðθÞ
fκðθÞ

e−heϕ̂: ð122Þ

with f0κðθÞ ¼ dfκðθÞ
dθ .

In order to preserve some amount of supersymmetry, we
will follow the standard procedure of performing a topo-
logical twist by turning on some gauge fields to cancel ωϕ̂

θ̂
component of the spin connection. We will consider a twist
achieved by turning on SOð2Þ × SOð2Þ gauge fields A0

and A3. There are four SOð2Þ × SOð2Þ singlet scalars
consisting of the dilaton and other three scalars from
SOð5; 3Þ=SOð5Þ × SOð3Þ. The coset representative for
the latter can be obtained by setting ϕ1 ¼ ϕ2 ¼ 0 in (32).
Relevant components of the composite connection are
given by

Qi
j ¼ i

2
½g1A0δki − gA3ðI2 ⊗ σ3Þik�ðσ2 ⊗ σ3Þkj: ð123Þ

We then turn on SOð2Þ × SOð2Þ gauge fields of the form

A0 ¼ a0f0κðθÞdϕ and A3 ¼ a3f0κðθÞdϕ: ð124Þ

(a) (b) (c)

(d) (e)

FIG. 4. An example of Janus solutions interpolating between singularities on both sides with l ¼ 1, κ ¼ −1, and g ¼ 2. (a) Solution
for ΣðrÞ. (b) Solution for ϕ1ðrÞ. (c) Solution for ϕ3ðrÞ. (d) Solution for ϕ5ðrÞ. (e) Solution for AðrÞ.

HOLOGRAPHIC SOLUTIONS FROM 5D … PHYS. REV. D 114, 026012 (2026)

026012-15



The corresponding field strength tensors are given by

F0 ¼ dA0 ¼ −κa0e−2heθ̂ ∧ eϕ̂ and

F3 ¼ dA3 ¼ −κa3e−2heθ̂ ∧ eϕ̂ ð125Þ
in which we have used the relation f00κ ðθÞ ¼ −κfκðθÞ.
Finally, for solutions with r-dependent scalar fields, we
need to impose the γr̂ projector of the form

γr̂ϵi ¼ −ðσ2 ⊗ σ3Þijϵj ð126Þ

in which we have chosen a definite sign choice in order to
make the AdS5 vacuum appear in the limit r → ∞.

A. AdS5 black strings preserving four supercharges

We begin with supersymmetric AdS5 black strings
preserving four supercharges. These solutions can be
obtained by performing a twist using an SOð2Þ gauge
field. From the composite connection given in (123), we
find that

δψ iϕ̂ ¼ 1

2

f0κðθÞ
fκðθÞ

e−hγϕ̂θ̂ϵi þ
i
2
½g1a0 − ga3ðI2 ⊗ σ3Þ�

f0κðθÞ
fκðθÞ

e−hðσ2 ⊗ σ3Þijϵj þ… ð127Þ

with … denoting other terms in the variation of δψ iϕ̂. The
topological twist amounts to the cancellation between the
two terms appearing in (127). There are two possibilities to
achieve this by turning on only one SOð2Þ gauge field.

(i) A0-twist: We can set A3 ¼ 0 and turn on A0 to cancel
the spin connection on Σ. This is achieved by
imposing the following projector

γϕ̂ θ̂ϵi ¼ −iðσ2 ⊗ σ3Þijϵj ð128Þ

together with a twist condition

g1a0 ¼ 1: ð129Þ

(ii) A3-twist: In this case, we set A0 ¼ 0 and imposing
the projector

γϕ̂ θ̂ϵi ¼ iðσ2 ⊗ I2Þijϵj ð130Þ
as well as a twist condition

ga3 ¼ 1: ð131Þ

The A0-twist leads to the following BPS equations

ϕ0
3 ¼ gΣ−1e−2ϕ3 sinhϕ5; ð132Þ

ϕ0
5 ¼ −

1

2
Σ−1ge−2ϕ3−ϕ5ð1 − 2e2ϕ3 þ e2ϕ5Þ; ð133Þ

Σ0 ¼ 1

6

h
ge−2ϕ3−ϕ5ð2e2ϕ3 þ e2ϕ5 − 1Þ þ 2

ffiffiffi
2

p
g1Σ3 − 2

ffiffiffi
2

p
κa0Σ−1e−2h

i
; ð134Þ

h0 ¼ −
1

6
Σ−2

h ffiffiffi
2

p
g1Σ4 − gΣe−2ϕ3−ϕ5ð2e2ϕ3 þ e2ϕ5 − 1Þ þ 2

ffiffiffi
2

p
κa0e−2h

i
; ð135Þ

f0 ¼ −
1

6
Σ−2

h ffiffiffi
2

p
g1Σ4 − gΣe−2ϕ3−ϕ5ð2e2ϕ3 þ e2ϕ5 − 1Þ −

ffiffiffi
2

p
κa0e−2h

i
: ð136Þ

We also note that compatibility between the BPS equations and the field equations requires ϕ4 ¼ 0. In addition, it can
be verified that the two-form fields can be consistently set to zero. We now look for AdS3 × Σ fixed point at which
ϕ0
3 ¼ ϕ0

5 ¼ Σ0 ¼ h0 ¼ 0 and f0 ¼ 1
L3

with L3 being the AdS3 radius. It turns out that the BPS equations do not admit any
AdS3 × Σ fixed point solutions. The IR geometry is singular with

ϕ3 ¼ ϕ5 ∼ 0; Σ ∼
1ffiffiffiffiffiffiffiffiffiffiffiffi

r − r0
p ; h ∼ lnðr − r0Þ; f ∼

1

4
lnðr − r0Þ ð137Þ

for a finite value of r ¼ r0. Uplifting to eleven dimensions, we find that the metric component

ĝ00 ∼ constant; ð138Þ
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so the singularity is physically acceptable. We then expect the solution to describe an RG flow from four-dimensional
N ¼ 2 SCFT to nonconformal field theory in two dimensions.
For the A3-twist, a similar analysis leads to the following BPS equations

ϕ0
3 ¼ gΣ−1e−2ϕ3 sinhϕ5; ð139Þ

ϕ0
5 ¼ −

1

2
Σ−1e−ϕ5 ½ge−2ϕ3ð1 − 2e2ϕ3 þ e2ϕ5Þ þ κa3Σ2e−2hðe2ϕ5 − 1Þ�; ð140Þ

Σ0 ¼ 1

6

h
ge−2ϕ3−ϕ5ðe2ϕ5 þ 2e2ϕ3 − 1Þ þ 2

ffiffiffi
2

p
g1Σ3 − 2κa3e−2hΣ2 coshϕ5

i
; ð141Þ

h0 ¼ 1

6
Σ−1

h
ge−2ϕ3−ϕ5ðe2ϕ5 þ 2e2ϕ3 − 1Þ −

ffiffiffi
2

p
g1Σ3 þ 4κa3Σ2e−2h coshϕ5

i
; ð142Þ

f0 ¼ 1

6
Σ−1

h
ge−2ϕ3−ϕ5ðe2ϕ5 þ 2e2ϕ3 − 1Þ −

ffiffiffi
2

p
g1Σ3 − 2κa3Σ2e−2h coshϕ5

i
: ð143Þ

These equations admit one supersymmetric AdS3 × Σ fixed
point given by

ϕ3 ¼ ϕ5 ¼ 0; Σ ¼ −
� ffiffiffi

2
p

g
g1

�1
3

;

h ¼ 1

2
ln

�
−κa3

�
2

gg21

�1
3

�
; L3 ¼ −

� ffiffiffi
2

p

g1g2

�1
3

: ð144Þ

This solution gives a real warp factor h only for κ ¼ −1, so
in this case, there is only an AdS3 ×H2 fixed point.
We also note that the fixed point preserves eight

supercharges due to the projector (130). Recall that
the supersymmetry parameters ϵi transforming under
SOð1; 3Þ × SOð5ÞR as (4; 4). Following the analysis in
[29], we decompose this representation under the subgroup
SOð1; 1Þ × SOð2ÞΣ × SOð2Þ × SOð2ÞR in which SOð2Þ ×
SOð2ÞR ⊂ SOð2Þ × SOð3ÞR ⊂ SOð5ÞR and SOð1; 1Þ×
SOð2ÞΣ ⊂ SOð1; 3Þ. The SOð2ÞR ⊂ SOð3ÞR ∼ SOð3Þ ⊂
ISOð3Þ corresponds to the A3 gauge field that participates
in the twist. Since the twist in performed by identifying
SOð2ÞΣ with SOð2ÞR, the unbroken supersymmetry cor-
responds to the twisted Killing spinors in the representa-
tions with opposite charges under SOð2ÞΣ and SOð2ÞR;
ðþ;�;þ ∓Þ, ðþ;�;− ∓Þ, ð−;�;þ ∓Þ and ð−;�;− ∓Þ.
This leads to N ¼ ð2; 2Þ superconformal symmetry in two
dimensions. However, due to an extra γr̂-projector given in
(126), the flow solutions interpolating between the AdS5
vacuum and this AdS3 ×H2 geometry preserve only four
supercharges corresponding to N ¼ ð2; 2Þ Poincaré super-
symmetry in two dimensions. This can also be explicitly
seen as follows. Recall that in five dimensions,
iγ0̂γ1̂γr̂γθ̂γϕ̂ ¼ �I4, the two projectors given in (126)
and (130) imply that

γ0̂γ1̂ϵi ¼ �ðI2 ⊗ σ3Þijϵj: ð145Þ

This indicates that half of the unbroken supersymmetry has
opposite two-dimensional chirality to the other half leading
to N ¼ ð2; 2Þ supersymmetry.
It should be noted that since all scalars from vector

multiplets vanish, this AdS3 ×H2 fixed point is the same
as that found in pure N ¼ 4 gauged supergravity with
Uð1Þ × SUð2Þ gauge group [54]. The uplifted eleven-
dimensional solution has been discussed in [55]. An
example of numerical solutions for these interpolating
solutions is shown by the orange line in Fig. 5. In this
solution, we have set ϕ3 ¼ ϕ5 ¼ 0 and g ¼ 2 correspond-
ing to a unit AdS5 radius. The solution describes a black
string in asymptotically AdS5 space with a near horizon
geometry given by AdS3 ×H2. Upon uplifted to eleven
dimensions, this leads to a supersymmetric AdS3 ×H2 ×
H2 × S4 geometry preserving eight supercharges [55].
Holographically, this solution describes an RG flow
from N ¼ 2 SCFT in four dimensions to N ¼ ð2; 2Þ two-
dimensional SCFT in the IR.
We can also compute the central charge of the dual two-

dimensional N ¼ ð2; 2Þ SCFT in the IR by the standard
formula

c ¼ 3L3

2Gð3Þ
N

: ð146Þ

The Newton’s constant in three dimensions is related to that
in five dimensions by

1

Gð3Þ
N

¼ e2h0volðΣÞ
Gð5Þ

N

ð147Þ

with h0 being the value of hðrÞ at the AdS3 × Σ fixed point.

Gð5Þ
N is in turn obtained by a truncation of eleven-

dimensional supergravity on H̃2 × S4 as
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1

Gð5Þ
N

¼ Σ−3
5

0 volðH̃2ÞvolðS4ÞR4
S4

Gð11Þ
N

ð148Þ

in which Gð11Þ
N ¼ 16π7l9

p with lp being eleven-
dimensional Planck’s length. We also recall that the S4

truncation of eleven-dimensional supergravity leads to an
AdS7 × S4 geometry with

L2
7 ¼ 4ðπNÞ23l3

p ¼ 4

m2
and RS4 ¼

1

m
ð149Þ

with m being the gauge coupling constant in seven-
dimensional gauged supergravity.
Following [29], we will work with a unit such that the

AdS7 radius L7 ¼ 1 or m ¼ 2. This leads to

Gð11Þ
N ¼ π5

4N2
and RS4 ¼

1

2
: ð150Þ

With all these, we eventually find Gð5Þ
N of the form

1

Gð5Þ
N

¼ Σ−3
5

0 volðH̃2ÞvolðS4ÞN2

4π5

¼ Σ−3
5

0 jg̃ − 1jN2

2π2
: ð151Þ

In the second line, we have used the volume of a unit S4,
volðS4Þ ¼ π2

2
and the volume of a genus g ≠ 1 Riemann

surface

volðΣÞ ¼ 4πjg − 1j: ð152Þ

Finally, we can determine the central charge of the dual
two-dimensional SCFT

c ¼ 3

π
L3N2Σ−3

5

0 e2h0 jg̃ − 1jjĝ − 1j ð153Þ

with g̃ and ĝ denoting the genera of H̃2 and Σ, respectively.
For the AdS3 ×H2 fixed point given above, we find

c ¼ 3ð24
5ÞN2a3jg̃ − 1jjĝ − 1j

πg2
: ð154Þ

By turning on scalar fields from vector multiplets, we
obtain black string solutions that are not solutions of pure
N ¼ 4 gauged supergravity although the AdS3 ×H2 fixed
point is the solution of both pure and matter-coupledN ¼ 4
gauged supergravities. The numerical analysis shows that
there exist solutions describing holographic RG flows from
a domain wall, dual to an N ¼ 2 nonconformal phase of the
N ¼ 2 SCFT, to the N ¼ ð2; 2Þ SCFT in two dimensions.
An example of these solutions is shown by the green line in
Fig. 6. By tuning the boundary condition very close to the
AdS3 ×H2 fixed point, we also find solutions interpolating
between domain wall and AdS3 ×H2 fixed point with
an intermediate AdS5 geometry. These solutions would
holographically describe RG flows from N ¼ 2 four-
dimensional field theory obtained from M5-branes
wrapped on H2 to N ¼ 2 SCFT in four dimensions and
then toN ¼ ð2; 2Þ SCFT in two dimensions. An example of
these solutions is shown by the blue line in Fig. 6. Both
types of these solutions shown in Fig. 6 also describe black
strings in asymptotically domain wall space-time.

B. AdS5 black strings preserving two supercharges

We now consider a twist on Σ by SOð2Þ × SOð2Þ gauge
fields. To cancel the spin connection on Σ as shown
in (127), we impose the following projectors

ðI2 ⊗ σ3Þijϵj ¼ −ϵi and γϕ̂θ̂ϵi ¼ −iðσ2 ⊗ σ3Þijϵj
ð155Þ

(a) (b) (c)

FIG. 5. Examples of supersymmetric AdS5 black string solutions. The orange line represents the solution interpolating between
N ¼ 4 AdS5 vacuum and AdS3 ×H2 geometry preserving 8 supercharges. The red (green) line corresponds to a solution
interpolating between AdS5 vacuum and AdS3 ×H2 (AdS3 × S2) preserving 4 supercharges. (a) Solutions for ΣðrÞ. (b) Solutions for
hðrÞ. (c) Solutions for f0ðrÞ.
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together with a twist condition

g1a0 þ ga3 ¼ 1: ð156Þ

Using the γr̂-projector given in (126), we find the following BPS equations

ϕ0
3 ¼ gΣ−1e−2ϕ3 sinhϕ5; ð157Þ

ϕ0
5 ¼ −

1

2
Σ−1e−ϕ5 ½ge−2ϕ3ð1 − 2e2ϕ3 þ e2ϕ5Þ þ κa3Σ2e−2hðe2ϕ5 − 1Þ�; ð158Þ

Σ0 ¼ 1

6

h
ge−2ϕ3−ϕ5ðe2ϕ5 þ 2e2ϕ3 − 1Þ − 2κΣ−1

� ffiffiffi
2

p
a0 þ a3Σ3 coshϕ5

�
þ 2

ffiffiffi
2

p
g1Σ3

i
; ð159Þ

h0 ¼ 1

6
Σ−2

h
gΣe−2ϕ3−ϕ5ðe2ϕ5 þ 2e2ϕ3 − 1Þ −

ffiffiffi
2

p
g1Σ4 − 2

ffiffiffi
2

p
κa0e−2h þ 4κa3Σ3e−2h coshϕ5

i
; ð160Þ

f0 ¼ 1

6
Σ−2

h
gΣe−2ϕ3−ϕ5ðe2ϕ5 þ 2e2ϕ3 − 1Þ −

ffiffiffi
2

p
g1Σ4 þ

ffiffiffi
2

p
κa0e−2h − 2κa3Σ3e−2h coshϕ5

i
: ð161Þ

As in the previous case, consistency with all the field
equations requires ϕ4 ¼ 0. In this case, due to an extra
projector in (155), AdS3 × Σ fixed points preserve four
supercharges while the full interpolating RG flow solutions
preserve only two supercharges. In this case, the first

projector in (155) implies that ϵ1 ¼ ϵ3 ¼ 0. Using the
relation iγ0̂γ1̂γr̂γθ̂γϕ̂ ¼ �I4 again, we find

γ0̂γ1̂ϵ2;4 ¼∓ ϵ2;4 ð162Þ

(a) (b) (c)

(d) (e) (f)

FIG. 6. Examples of RG flows from an N ¼ 2 nonconformal field theory to N ¼ ð2; 2Þ SCFT in two dimensions (green) and to four-
dimensional N ¼ 2 SCFT and N ¼ ð2; 2Þ SCFT in two dimensions (blue) with g ¼ 2. (a) Solutions for ΣðrÞ. (b) Solutions for ϕ3ðrÞ.
(c) Solutions for ϕ5ðrÞ. (d) Solutions for hðrÞ. (e) Solutions for fðrÞ. (e) Solutions for f0ðrÞ.
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which implies that the unbroken supercharges have a
definite two-dimensional chirality corresponding to
N ¼ ð0; 2Þ or N ¼ ð2; 0Þ supersymmetry.
From the BPS equations, we find an AdS3 × Σ fixed

point given by

Σ ¼
� ffiffiffi

2
p ða0g1 − a3gÞ

g1a3

�1
3

;

h ¼ 1

6
ln

�
2κa43

g21ðg1a0 − ga3Þ
�
;

ϕ5 ¼ ϕ3 ¼ 0;

L3 ¼
2

ð2a3g − a0g1Þ
� ffiffiffi

2
p

a23ða0g1 − a3gÞ
g1

�1
3

: ð163Þ

Unlike the previous case of SOð2Þ twist, there can be
both AdS3 ×H2 and AdS3 × S2 solutions depending on the
values of a3 and g. We again find that this is the same as
the AdS3 × Σ solutions obtained in pure N ¼ 4 gauged
supergravity. An example of numerical solutions interpo-
lating between the AdS5 vacuum and an AdS3 ×H2

geometry is shown by the red line in Fig. 5. In this
solution, we have chosen the following numerical values
of various parameters

g ¼ 2; κ ¼ −1; a3 ¼ 2: ð164Þ

For solutions interpolating between the AdS5 vacuum and
an AdS3 × S2 geometry, a numerical solution is shown by
the green line in Fig. 5 with

g ¼ 2; κ ¼ 1; a3 ¼ −2: ð165Þ

Both of these solutions should describe holographic RG
flows from N ¼ 2 SCFT to two-dimensional N ¼ ð0; 2Þ
SCFTs. The latter arise from twisted compactifications of
the former on H2 and S2, respectively.
Equivalently, these solutions correspond to black strings

in asymptotically AdS5 space with near horizon geometries
given by AdS3 ×H2 and AdS3 × S2. These geometries give
rise to AdS3 ×H2 ×H2 × S4 and AdS3 × S2 ×H2 × S4

solutions in eleven-dimensional supergravity via a consis-
tent truncation on H2 × S4 [55]. As in the previous case,
using (153), we can compute the central charge of the dual
two-dimensional N ¼ ð0; 2Þ SCFT

c ¼ −
24

π

κN2a23jg̃ − 1jjĝ − 1j
g2ð ffiffiffi

2
p

a0 þ 4a3Þ

�
a3ffiffiffi

2
p

a0 þ 2a3

�1
5

: ð166Þ

As in the previous case, by turning on scalars from vector
multiplets, we find RG flow solutions interpolating
between AdS3 × Σ fixed points and an N ¼ 2 nonconfor-
mal phase of N ¼ 2 SCFT in four dimensions as shown in
Figs. 7 and 8. These solutions describe RG flows from an

(a) (b) (c)

(d) (e) (f)

FIG. 7. Examples of RG flows from an N ¼ 2 nonconformal field theory to N ¼ ð0; 2Þ SCFT in two dimensions dual to AdS3 ×H2

geometry (red) and to four-dimensional N ¼ 2 SCFT and N ¼ ð0; 2Þ SCFT in two dimensions (purple) with g ¼ 2. (a) Solutions for
ΣðrÞ. (b) Solutions for ϕ3ðrÞ. (c) Solutions for ϕ5ðrÞ. (d) Solutions for hðrÞ. (e) Solutions for fðrÞ. (e) Solutions for f0ðrÞ.
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N ¼ 2 field theory in four dimensions, arising from M5-
branes wrapped on H2, to two-dimensional N ¼ ð0; 2Þ
SCFTs dual to AdS3 ×H2 or AdS3 × S2 geometries in the
IR. The solutions represented by red and pink lines
correspond to RG flows directly from the N ¼ 2 non-
conformal phase to two-dimensional N ¼ ð0; 2Þ SCFTs
while solutions shown by purple and cyan lines describe
RG flows to two-dimensional N ¼ ð0; 2Þ SCFTs via N ¼ 2
SCFT in four dimensions. As in the previous case, these
solutions correspond to black strings in asymptotically
domain wall space-time.
We end this section by some comments on the solutions

with SOð2Þdiag twist. In this case, the scalar coset repre-
sentative is given by (32). The two SOð2Þ gauge fields A0

and A3 are related by g1A0 ¼ gA3. As in the previous
section, nonvanishing ϕ1 scalar breaks supersymmetry
corresponding to the Killing spinors ϵ1 and ϵ3. The
topological twist is achieved by imposing the projectors

γϕ̂ θ̂ϵ2 ¼ ϵ4 and γϕ̂ θ̂ϵ4 ¼ −ϵ2 ð167Þ

and a twist condition ga3 ¼ 1
2
. However, in this case,

there are no AdS3 × Σ fixed points from the resulting
BPS equations. We refrain from giving the detail on this
analysis here.

VI. SUPERSYMMETRIC AdS5 BLACK HOLES

In this section, we perform a similar analysis in the case
of supersymmetric AdS5 black hole solutions with a near
horizon geometry given by AdS2 ×M3. We will consider
the case ofM3 being a constant curvature 3-manifold in the
form of H3 or S3. The metric ansatz is given by

ds2 ¼ −e2fðrÞdt2 þ dr2

þ e2hðrÞ½dψ2 þ f2κðψÞðdθ2 þ sin2 θdϕ2Þ� ð168Þ

with fκðψÞ defined in (120). For convenience, we note the
vielbein and spin connection of this metric as follows

e0̂ ¼ efdt; er̂ ¼ dr; eψ̂ ¼ ehdψ ;

eθ̂ ¼ ehfκðθÞdθ; eϕ̂ ¼ ehfκðθÞ sin θdϕ ð169Þ

and

ω0̂
r̂ ¼ f0e0̂; ωψ̂

r̂ ¼ h0eψ̂ ; ωθ̂
r̂ ¼ h0eθ̂; ωϕ̂

r̂ ¼ h0eϕ̂;

ωϕ̂
ψ̂ ¼ f0κðψÞ

fκðψÞ
e−heϕ̂; ωϕ̂

θ̂ ¼
e−h

fκðψÞ
cotθeϕ̂;

ωθ̂
ψ̂ ¼ f0κðψÞ

fκðψÞ
e−heθ̂: ð170Þ

(a) (b) (c)

(d) (e) (f)

FIG. 8. Examples of RG flows from an N ¼ 2 nonconformal field theory to N ¼ ð0; 2Þ SCFT in two dimensions dual to AdS3 × S2

geometry (pink) and to four-dimensional N ¼ 2 SCFT and N ¼ ð0; 2Þ SCFT in two dimensions (cyan) with g ¼ 2. (a) Solutions for
ΣðrÞ. (b) Solutions for ϕ3ðrÞ. (c) Solutions for ϕ5ðrÞ. (d) Solutions for hðrÞ. (e) Solutions for fðrÞ. (e) Solutions for f0ðrÞ.
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To perform a topological twist, we turn on SOð3Þ gauge
fields corresponding to A3, A4 and A5. We then consider
SOð3Þ invariant scalars. There is only one SOð3Þ singlet
scalar from SOð5; 3Þ=SOð5Þ × SOð3Þ corresponding to the
noncompact generator

Ys ¼ Y31 þ Y42 þ Y53: ð171Þ

The coset representative is given by

V ¼ eφYs : ð172Þ

The relevant terms in the composite connection are
given by

Qi
j ¼ −

i
2
gA3ðσ2 ⊗ I2Þij þ

i
2
gA4ðσ3 ⊗ σ1Þij

−
i
2
gA5ðσ1 ⊗ σ1Þij: ð173Þ

To cancel the components of the spin connection along
M3, given by the second line of (170), we take the ansatz
for the gauge fields of the form

A3 ¼ −a3 cos θdϕ; A4 ¼ −a4f0κðψÞ sin θdϕ;
A5 ¼ −a5f0κðψÞdθ: ð174Þ

We perform the twist by imposing the following projectors

γθ̂ ψ̂ ϵi ¼ −iðσ1 ⊗ σ1Þijϵj;
γϕ̂ ψ̂ ϵi ¼ −iðσ3 ⊗ σ1Þijϵj;
γϕ̂ θ̂ϵi ¼ −iðσ2 ⊗ I2Þijϵj ð175Þ

and twist conditions

a3g ¼ 1; a4g ¼ −1; a5g ¼ 1: ð176Þ

We also note that only two projectors in (175) are
independent. Accordingly, the near horizon geometry
AdS2 ×M3 preserves four supercharges. As in the case
of black string solutions, all the two-form fields can be
consistently set to zero. It is useful to note the field strength
tensors for the gauge fields

F3 ¼ κae−2heθ̂ ∧ eϕ̂; F4 ¼ −κae−2heψ̂ ∧ eϕ̂;

F5 ¼ κae−2heψ̂ ∧ eθ̂ ð177Þ

in which we have written a5 ¼ a3 ¼ −a4 ¼ a and used the
relations f00κ ðψÞ ¼ −κfκðψÞ and 1 − f0κðψÞ2 ¼ κf2κðψÞ.

Using the projector (126), we find the following BPS
equations

φ0 ¼ 1

2
Σ−1e−2h−3φðe2φ − 1Þðge2h − aκΣ2e2φÞ; ð178Þ

Σ0 ¼ 1

3
½ge−2φðcoshφþ 2 sinhφÞ

þ
ffiffiffi
2

p
g1Σ3 − 3κaΣ2e−2h coshϕ3�; ð179Þ

h0 ¼ −
1

6
Σ−1½ge−3φð1 − 3e2φÞ

þ
ffiffiffi
2

p
g1Σ3 − 6κaΣ2e−2h coshφ�; ð180Þ

f0 ¼ −
1

6
Σ−1½ge−3φð1 − 3e2φÞ

þ
ffiffiffi
2

p
g1Σ3 þ 6κaΣ2e−2h coshφ�: ð181Þ

These equations admit one AdS2 ×M3 fixed point sol-
ution given by

φ ¼ 0; Σ ¼ −
ffiffiffi
2

p �
g
g1

�1
3

; h ¼ 1

2
ln

�
−

2aκ

ðgg21Þ
1
3

�
:

ð182Þ

The solution exists only for κ ¼ −1 giving rise to
AdS2 ×H3 geometry. This solution is also the same as
that of pure N ¼ 4 gauged supergravity [56]. By setting
φ ¼ 0, we find examples of numerical solutions inter-
polating between the AdS5 vacuum and this AdS2 ×H3

geometry as shown in Fig. 9 with three different values of
g ¼ 2, 4, 6. We also point out that all values of g ≠ 0 lead
to physically equivalent solutions. These solutions
describe supersymmetric black holes in asymptotically
AdS5 space with AdS2 ×H3 near horizon geometry.
Holographically, the solutions correspond to RG flows
across dimensions from N ¼ 2 SCFT in four dimensions
to superconformal quantum mechanics via twisted com-
pactifications on H3. Upon uplifted to eleven dimensions,
these solutions lead to AdS2 ×H3 ×H2 × S4 geometry in
M-theory [55]. Similar to the black string solutions,
turning on the scalar φ from vector multiplets leads to
solutions describing RG flows from an N ¼ 2 noncon-
formal field theory, arising from M5-branes wrapped on
H2, and N ¼ 2 SCFT in four dimensions to supercon-
formal quantum mechanics as shown by the green and
orange lines in Fig. 10, respectively. These solutions
describe black holes in asymptotically domain wall
space-time.
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(a) (b)

(c) (d)

FIG. 10. Examples of RG flows from an N ¼ 2 nonconformal field theory to superconformal quantum mechanics dual to AdS2 ×H3

geometry (green) and to four-dimensional N ¼ 2 SCFT and superconformal quantum mechanics (orange) with g ¼ 2. (a) Solution for
ΣðrÞ. (b) Solution for φðrÞ. (c) Solution for hðrÞ. (d) Solution for f0ðrÞ.

(b) (c)(a)

FIG. 9. Supersymmetric AdS5 black hole solutions with AdS2 ×H3 near horizon geometry for g ¼ 2 (red), g ¼ 4 (green), and g ¼ 6
(blue). (a) Solution for ΣðrÞ. (b) Solution for hðrÞ. (c) Solution for f0ðrÞ.
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We end this section by giving the entropy of the black
hole using the formulas

SBH ¼ A

4Gð5Þ
N

: ð183Þ

UsingGð5Þ
N given in (151) and A ¼ volðH3Þe3h0 , we find the

entropy of the black hole

SBH ¼ N2jg̃ − 1jvolðH3Þ
2

7
5π2g3

: ð184Þ

VII. CONCLUSIONS AND DISCUSSIONS

In this paper, we have studied various holographic
solutions from five-dimensional N ¼ 4 gauged supergrav-
ity with SOð2Þ × ISOð3Þ gauge group. The gauged super-
gravity admits a unique N ¼ 4 supersymmetric AdS5
vacuum dual to an N ¼ 2 SCFT in four dimensions. The
N ¼ 2 SCFTarises fromM5-branes wrapped on a Riemann
surface with genus higher than one, H2. We have found
solutions describing holographic RG flows preserving eight
supercharges between this N ¼ 2 SCFT and nonconformal
phases with SOð2Þ × SOð3Þ and SOð2Þ × SOð2Þ sym-
metries. The solution with only the dilaton nonvanishing
describes an RG flow from theN ¼ 2 SCFT in the UV to an
N ¼ 2 nonconformal phase in the IR. Both the five-
dimensional solution and the uplifted eleven-dimensional
one contain a physically acceptable IR singularity accord-
ing to the criteria of [47,29]. This RG flow is driven by a
vacuum expectation value of the dual operator of dimension
Δ ¼ 2. The other N ¼ 2 solutions correspond to RG flows
from N ¼ 2 nonconformal phases with SOð2Þ × SOð3Þ and
SOð2Þ × SOð2Þ symmetries to an N ¼ 2 conformal fixed
point in the IR. These RG flows are due to the deformations
involving an irrelevant operator of dimension Δ ¼ 6 in the
presence of nonvanishing vacuum expectation values of
marginal and relevant operators of dimensions Δ ¼ 4 and
Δ ¼ 2. Upon uplifted to eleven dimensions, the N ¼ 2
nonconformal field theories in the UV can be identified as
decompactification limits of N ¼ ð0; 2Þ six-dimensional
field theory on the world-volume of M5-branes wrapped
on H2. We have also found an RG flow solution preserving
four supercharges and SOð2Þdiag symmetry from the N ¼ 2

nonconformal phase to N ¼ 2 SCFT in the IR. In this case,
the RG flow is driven by the deformations due to irrelevant
operators of dimensions Δ ¼ 5 and Δ ¼ 6. The UV field
theory in this cas is also expected to arise from a decom-
pactification limit of six-dimensional theories on the world-
volume of M5-branes wrapped on H2.
Another class of solutions are Janus interfaces described

by AdS4-sliced domain walls. We have studied these
solutions within the SOð2Þdiag truncation. There do not
exist regular Janus solutions interpolating between AdS5

vacua on both sides of the interfaces at least within the
truncation considered here. However, we have found
solutions interpolating between nonconformal phases.
The entire solutions preserve four supercharges while the
nonconformal phases on both sides preserve eight super-
charges. These solutions would describe conformal inter-
faces induced by position-dependent deformations and
position-dependent vacuum expectation values of operators
within N ¼ 2 nonconformal field theories arising from
M5-branes wrapped on H2. The solution provides the
first example of nonconformal Janus solutions in five-
dimensional gauged supergravities. We have also given
examples of solutions interpolating between the noncon-
formal phase and a singularity as well as between singu-
larities. We expect these solutions to describe conformal
boundaries as pointed out in [52].
As a final class of solutions, we have considered

supersymmetric AdS5 black string and black hole solu-
tions. By performing an SOð2Þ twist on a Riemann surface,
we have found an AdS5 black string preserving four
supercharges with AdS3 ×H2 near horizon geometry.
On the other hand, by turning on SOð2Þ × SOð2Þ gauge
fields to implement the topological twist, we have found
supersymmetric AdS5 black strings preserving two super-
charges with both AdS3 ×H2 and AdS3 × S2 near horizon
geometries. These solutions holographically describe
RG flows across dimensions from N ¼ 2 SCFT in four
dimensions to two-dimensional N ¼ ð2; 2Þ and N ¼ ð0; 2Þ
SCFTs in the IR. We also note that the near horizon
geometries enhance supersymmetry to eight and four
supercharges, respectively.
It turns out that the existence of AdS3 × Σ solutions

requires vanishing of scalar fields from vector multiplets.
Therefore, the near horizon geometries and the entire flow
solutions with only the dilaton nonvanishing are the same
as those of pure N ¼ 4 SUð2Þ ×Uð1Þ gauged supergravity.
Upon uplifted to eleven dimensions, these geometries
would lead to AdS3 ×H2 ×H2 × S4 and AdS3 × S2 ×
H2 × S4 solutions of eleven-dimensional supergravity [55].
By turning on scalars from vector multiplets dual to
irrelevant and marginal operators, we have found solutions
interpolating between AdS3 × Σ and an N ¼ 2 nonconfor-
mal phase in four dimensions. We interpret these solutions
as holographic RG flows from an N ¼ 2 nonconformal
field theory arising from M5-branes wrapped on H2 to
N ¼ ð2; 2Þ and N ¼ ð0; 2Þ SCFTs in two dimensions. For
particular values of the boundary condition, the solutions
flow from this N ¼ 2 nonconformal field theory to N ¼ 2
SCFT and then to N ¼ ð2; 2Þ and N ¼ ð0; 2Þ SCFTs in two
dimensions. Similarly, the only AdS2 ×H3 near horizon
geometry of black holes is that of pure N ¼ 4 gauged
supergravity. As in the case of black strings, when scalars
from vector multiplets participate in the flows, we have
found solutions interpolating between the AdS2 ×H3 near
horizon geometry and an N ¼ 2 nonconformal phase with
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and without intermediate N ¼ 4 AdS5 geometry. These
solutions are expected to describe holographic RG flows
from N ¼ 2 nonconformal field theory in four dimensions
obtained from M5-branes wrapped on H2 to N ¼ 2 SCFT
and superconformal quantum mechanics in the IR.
It would be interesting to extend the present study to

other types of holographic solutions such as line defects
within N ¼ 2 SCFT considered recently in [57] with
nonvanishing two-form fields and solutions describing
strings and black holes with the near horizon geometries
involving spindles or topological disks as in [58,59].
It could also be interesting to identify the field theory
duals of the gravity solutions given in this paper. In
particular, the field theory interpretation of the Janus
solution between nonconformal phases would be highly
desirable. In addition, recovering the black hole entropy
given in (184) by using the twisted index of the N ¼ 2

SCFTonH3 as in [60–62] is worth considering as well. We
hope to come back to some of these issues in future works.
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APPENDIX: ELEVEN-DIMENSIONAL METRIC

In this appendix, we give some useful relations used to
derive the eleven-dimensional metric in the main text. The
procedure is to uplift the five-dimensional metric to seven
dimensions by using the results of [4] and then further
uplift the resulting seven-dimensional metric to eleven
dimensions using the S4 truncation of eleven-dimensional
supergravity given in [6].
In the notation of [4], for vanishing gauge fields, the

seven-dimensional metric is given by

ds211 ¼ Δ1
3ds27 þ

1

m2
Δ−2

3T−1
âb̂
DμâDμb̂ ðA1Þ

with

ds27 ¼ e−4ϕds25 þ e6ϕds2ðH2Þ: ðA2Þ
m is the seven-dimensional gauge coupling constant, and
the warp factor Δ is defined by

Δ ¼ Tâb̂μ
âμb̂; â; b̂ ¼ 1; 2;…; 5 ðA3Þ

with Tâ b̂ being a symmetric SLð5Þ matrix and μâ are
constrained coordinates on S4 satisfying μâμâ ¼ 1. We also
note thatDμâ ¼ dμâ þmAâ b̂μb̂. Although all the solutions
given here have vanishing five-dimensional vector fields,
there is a non-vanishing gauge field in seven dimensions
namely A12 ¼ 1

mωH with ωH being the spin connection on
H2. This leads to Dμ1 ¼ dμ1 þ ωHμ

2 and Dμ2 ¼ dμ2 −
ωHμ

1 while Dμ3;4;5 ¼ dμ3;4;5.
In the truncation considered in [4], the matrix Tâ b̂

decomposes as

Tâ b̂ ¼

0B@ e−6λ

e−6λ

e4λT αβ

1CA ðA4Þ

with T αβ, α, β ¼ 1, 2, 3 is a symmetric matrix para-
metrizing SLð3Þ=SOð3Þ ⊂ SLð5Þ=SOð5Þ submanifold. In
terms of SLð3Þ=SOð3Þ coset representative V, we have
T αβ ¼ ðVVtÞαβ.
We also note that the SOð5; 3Þ invariant tensor used

in [4] is off-diagonal of the form

η̃MN ¼

0B@ I2 0 0

0 0 I3
0 I3 0

1CA ðA5Þ

in which we have rearranged some rows and columns
to match the present convention. η̃MN is related to the
diagonal ηMN used in this paper via a transformation matrix
of the form

U ¼

0B@ I2 0 0

0 −U U

0 U U

1CA ðA6Þ

with

U ¼ 1ffiffiffi
2

p

0B@ 0 0 1

0 1 0

1 0 0

1CA: ðA7Þ

We also note some useful relations U ¼ U−1 ¼ U t.

1. SOð2Þ × SOð3Þ invariant scalars
In this case, we have T αβ ¼ δαβ, and the SOð5; 3Þ=

SOð5Þ × SOð3Þ coset representative given in [4] becomes

eV ¼

0B@ I2
e−φ3I3

eφ3I3

1CA: ðA8Þ
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By transforming to the basis with diagonal ηMN using U, we
precisely recover the coset representative (32) with only ϕ3

and ϕ5 ¼ ϕ3 nonvanishing. We then identify φ3 with ϕ3.
Using the relations given in [4]

φ3 ¼ 3ϕ − λ and Σ ¼ e−ϕ−3λ; ðA9Þ

we can determine ϕ and λ in terms of the scalars Σ and ϕ3 in
Sec. III as

ϕ ¼ 1

10
ð3ϕ3 − lnΣÞ and λ ¼ −

1

10
ðϕ3 þ 3 lnΣÞ:

ðA10Þ

2. SOð2Þ × SOð2Þ invariant scalars
In this case, we have

T αβ ¼ diagðew; ew; e−2wÞ: ðA11Þ
After transforming to the basis with diagonal ηMN , we find
the following identification

ϕ3 ¼ φ3 þ
w
2

and ϕ5 ¼ φ3 − w ðA12Þ

or

w ¼ 2

3
ðϕ3 − ϕ5Þ ¼

2

3
φ2 and

φ3 ¼
1

3
ðϕ5 þ 2ϕ3Þ ¼

1

6
ð3φ1 þ φ2Þ: ðA13Þ
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