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We study various types of holographic solutions from five-dimensional N = 4 gauged supergravity
coupled to three vector multiplets with SO(2) x ISO(3) 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 H?, the resulting five-dimensional gauged supergravity admits a
supersymmetric N = 4 AdSs critical point. This AdSs vacuum is dual to an N = 2 superconformal field
theory (SCFT) arising from M5-branes wrapped on H?. We study holographic RG flows between this
SCFT and N = 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 AdSs black string and black hole
solutions holographically dual to RG flows across dimensions from the N = 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 H> x S*.

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 (d + 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 =4 gauged supergravity in five
dimensions with SO(2) x ISO(3) gauge group. This
gauged supergravity is obtained by coupling the pure
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N = 4 supergravity to three vector multiplets resulting in
SO(1,1) x §O(5,3) global symmetry. By embedding the
SO(2) x ISO(3) gauge group in SO(5,3), we obtain the
N = 4 gauged supergravity with a supersymmetric N = 4
AdSs vacuum at the origin of the scalar manifold. This
gauged supergravity has been shown to arise from a
compactification of the SO(5) maximal gauged super-
gravity in seven dimensions on a Riemann surface with
genus greater than one, H?, in [4]. Using the consistent
truncation of eleven-dimensional supergravity on S* to the
N = 4 seven-dimensional gauged supergravity [5,6], the
SO(2) x ISO(3) gauged supergravity in five dimensions
can be embedded in eleven dimensions via a consistent
truncation on H? x S*. 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
S* fibration over a Riemann surface to N =4 gauged
supergravity in five dimensions [7]. We will study holo-
graphic solutions from this gauged supergravity that
describe various deformations of the N =2 SCFT dual
to the aforementioned supersymmetric AdSs vacuum.

We will first study holographic RG flows between the
N =4 AdSs vacuum and nonconformal phases of the
N =2 SCFT, see Refs. [8-19] for holographic RG flow
solutions in other five-dimensional gauged supergravities.
Since there is no other supersymmetric AdSs vacua in this
SO(2) x ISO(3) N =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 = 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
AdS,-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 AdSs space. These solutions interpolate between
the AdSs vacuum and AdS; x ¥ and AdS, x M3 geom-
etries in the IR. ¥ is a Riemann surface, and M; is a
3-manifold with constant curvature. Holographically, the
solutions describe RG flows across dimensions from N = 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 X
and M5 [28,29]. Accordingly, the IR theories arise from
twisted compactification of the N = 2 SCFT on X or Ms.
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 = 4 gauged supergravity coupled to
three vector multiplets with SO(2) x ISO(3) gauge group.
Holographic RG flow solutions will be considered in
Sec. III. In Sec. 1V, 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 AdSs black strings and black holes
with near horizon geometries AdS; x X? and AdS, x 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 SO(2) xISO(3)
GAUGE GROUP

In this section, we give a brief review of N =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 = 4 supergravity multiplet consists of the grav-

iton eﬁ, four gravitinos y,;, six vectors (AB, A}), four spin—%
fields y; and one real scalar X, the dilaton. Space-time
and tangent space indices are denoted respectively by
u,v,...=0, 1, 2, 3, 4 and f,0,...=0, 1, 2, 3, 4.
The fundamental representation of SO(5)z ~ USp(4)g
R-symmetry is described by m,n =1,....,5 for SO(5),
and i, j=1, 2, 3, 4 for USp(4)z. A vector multiplet
contains a vector field A,,, four gauginos 4; and five scalars
¢™. For N = 4 supergravity coupled to n vector multiplets,
we will use indices a,b =1, ..., n to label these multip-
lets (Ag, A%, ™).

In supergravity coupled to n vector multiplets, there
are 6+ n vector fields denoted collectively by A} =

(A9, A, A%) and 5n+1 scalars in the SO(1,1)x
SO(5,n)/SO(5) x SO(n) coset manifold. For later con-
venience, we have introduced a collective index M =
(0,M) as in [44]. The 5n scalars parametrizing the
SO(5,n)/SO(5) x SO(n) coset can be described by a
coset representative VY, transforming under the global
G = SO(5,n) and the local H = SO(5) x SO(n) by left
and right multiplications, respectively. We use the global
SO(5,n) indices M, N, ... = 1,2, ...,5 + n while the local
H indices A, B, ... can be split as A = (m, a). The coset
representative can then be written as

Vut = Vu™ V). (1)

It is also useful to define a symmetric and SO(5) x SO(n)
invariant matrix

Myy = Vy" V™ + YV Vye. (2)

All fermionic fields are symplectic Majorana spinors
subject to the condition

& =Q,CE)" (3)

with C and €;; being the charge conjugation matrix and
USp(4) symplectic matrix, respectively.

As in other dimensions, gaugings of N = 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 £,
EMN = éMN and fyvp = fiwe)- These components deter-
mine the embedding of a gauge group G, in the global
symmetry group SO(1,1) x SO(5,n). In this paper, we
will consider only gaugings with & =0 which admit
supersymmetric AdSs vacua as shown in [46]. We will then
set &Y = 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

026012-2



HOLOGRAPHIC SOLUTIONS FROM 5D ...

PHYS. REV. D 114, 026012 (2026)

frmnSfrg =0 and Evfone = 0. (4)

Furthermore, for &Y = 0, the gauge group is embedded
entirely in SO(5,n) with the corresponding gauge gen-
erators in SO(5, n) fundamental representation given by

(Xu)n" —fMQR(tQR)NP = funt and
(Xo)n" = —fQR(fQR)NP = &% (5)

We have chosen SO(5,n) generators of the form
(tun)p? = 5[(12\4
1,1,...,1) being the SO(5, n) invariant tensor. The gauge

covariant derivative reads

nnp With nyy = diag(=1,-1,-1,-1, -1,

D, =V, +AllXy +A)X, =V, +AMX,\, (6

with V, being a space-time covariant derivative including
SO(5) x SO(n) composite connection.

The bosonic Lagrangian of a general gauged N =4
supergravity can be written as

13 1
eIl = SR- Ez—ZDﬂZDﬂz + RDﬂMMND”MMN -V

1 1
-2 E2M yyn Hy HN™ — 1 SVHOHO 4 e Ligy

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

Hol = 20, AN + XpypMANAL +ZMVB,,\ (8)

Y

with

1 1
ZMN — EfMN and ZM = —zZM0 — EEM =0. (9)

In the embedding tensor formalism, the two-form fields
B, 0 are introduced off-shell. These fields do not have
kinetic terms and couple to vector fields via the topological
term Ly,,. It is useful to note the first-order field equations
for these two-form fields

A HI — MypHE,| =0 (10)

1
Wz €;41/p/16

with Mgy = Z7*, Mgy = 0, and M,y = Z*M ;. This
gives a duality relation between vectors and two-form

fields. The field strength Hf,l) is defined by

MN1/B) 2 MN
Z Hm«p/\/ =7 {3D[;¢Bup]/\/

1
+ 6dypoAT, (aUA/?] + —XRSQAZ?A‘;])]

3
(11)

for doyy = dyno = dyony = nuy and

Xun® = fun®, X’ =0, Xou™ =&V, (12)

The scalar potential is given by

1 1 1
V= -3 [ Fune fQRSZ_Z (ﬁ MMOMNR pgPS _ : MMOyNRPS

1 1

+6nMQnNRnPS) +Z§MN§PQZ4 (MMP NG — yMPyNQ)
V2

+TfMNP§QR2MMNPQR} (13)

where MMV is the inverse of My, and MYMNPCR jg
obtained from

Mynpor = €mnpgr V" VN" VP Vo Vi" (14)

by raising the indices with »"¥.

As mentioned above, L, 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 Ly, here. This
can be found in [44]. Supersymmetry transformations of
fermionic fields are given by

i .
Jjk
—QijAl 7/”6‘](

V6
V2

- é <Qijvaka£{, - 7552—2718,,)

X (7, — 481" )ex (15)

51//#1‘ = DﬂEi +

3 .
Syi= —g 271D, Syte; 4+ V20,45 €

1 . 1
—ﬁ <ZQ{]VMJI<H% + 752_25{'(7{21/) e, (16)

82¢ = i (VD VM)t ey

; 1
+ \/EQijAgkjek - ZZVMHH%J/WIGI- (17)
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in which the fermion shift matrices are defined by

. 1 L 4 o
Alj - _ \/6 (ﬁzZleszkVN./lé:MN + g2—1VszleNkalfMNP> ,
g1 s 2 ik
AY = 7 (ﬁZZQk,VM’kVNﬂgMN —3TVERVIV fMNP>,
uii 1 y L
A5 = -2 (z2leva“§MN — V2EIQu VN VRV fMNP). (18)

Vy '/ is defined in terms of V)™ and SO(5) gamma
matrices I,/ as

o1 iy
VMI'] — EVMmF;{l (19)

with T = Q*T,,/. Similarly, the inverse V;M can be
written as

1 i 1
VM= EVmM(F;'r’L)* =

ij - E VmMrlrclekinj' (20)

We will use the following representation of SO(5) gamma
matrices

') =-0,®o0,.
F4 = 0 ® 0>,

F2:H2®01, F3:]I2®03,
F5:U3®02 (21)

with ¢, i = 1, 2, 3, being the Pauli matrices.
The covariant derivative on ¢; is given by

1 4
D,e; = d,¢€; + Za)ﬁbyabei + Q,/¢; (22)
with the composite connection defined by
Qﬂij =

VikMaﬂVMkj - A2~f YNV VN

= AV "V frnp. (23)

B. N =4 gauged supergravity with SO(2) x ISO(3)
gauge group

In this paper, we will consider N =4 gauged
supergravity coupled to n =3 vector multiplets with
S0(2) x ISO(3) ~SO(2) x (SO(3) X R?) gauge group.
This gauged supergravity arises from a consistent trunca-
tion of eleven-dimensional supergravity on H> x $* [4]. In
the notation of [7], the corresponding embedding tensor is
given by

EM = gi€epp, m,n=1,2,
Siip = 9€mnp- m, i, p =3,4,5,
Sarspis.crs = —29€ape.
Sfar2b+5.045 = —Y9€ape,» a,b,c=1,2,3 (24)

with the gauge coupling constants g; and g. We have split
the indices m,n = 1,2, ...,5 as m = (A, m) with i = 1,2
and /m =3, 4, 5. From the embedding tensor, we find
that the SO(2) factor is generated by &, while the
compact SO(3) c ISO(3) is diagonally embedded in
SO(2) x SO(3) x SO(3) c SO(5,3) with gauge genera-
tors X; = (X3, Xy, Xs). The three-dimensional translation
group R3 is generated by X, — X5 = (X3 — X,
X4 — X7, X5 — Xg). At this point, it is useful to note that
the truncation constructed in [4] is valid for any Riemann
surfaces ¥ = S2, H>, R?. We have taken a particular case of
¥ = H? corresponding to [ = —1 in [4] since this trunca-
tion leads to a supersymmetric AdSs vacuum.

To give an explicit parametrization of the scalar coset
S0(5,3)/S0O(5) x SO(3), we take the SO(5,3) noncom-
pact generators to be

m=12..5  a=123. (25)

Yina = tma+s

Accordingly, the coset representative can be written as
V= " Vna, (26)

As shown in [4], at the origin of SO(5,3)/SO(5) x SO(3)

with ¢"* =0, the SO(2) x ISO(3) gauged supergravity
admits a supersymmetric AdSs vacuum with

1 2 2 1

42\ 3

2__( g > Voo (&) L_<_2_f>'
V2g, 2 991

(27)

The AdSs radius L is related to the cosmological constant
Vy via

L=y|——. (28)
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TABLE 1. Scalar masses at the N = 4 supersymmetric AdSs
vacuum with SO(2) x SO(3) symmetry and the corresponding
dimensions of the dual operators.

Scalars m2L? A
(1, 1)2 —4 2
1,1) 12 6
1,3) 0 4
1,5) 0 4
2,3 5 5

By choosing g = —v/2g; or equivalently scaling X to
Y =1, we find

3 2
V():—Egz and Lz; (29)

in which we have chosen g > 0. The AdSs vacuum
preserves N =4 supersymmetry and SO(2) x SO(3) C
SO(2) x ISO(3) symmetry. This vacuum can be identified
as an AdSs x H> x §* solution of eleven-dimensional
supergravity.

It is also useful to note all scalar masses at this N = 4
vacuum given in [4]. These are shown in Table 1. We
denote scalars by the representations under the residual
symmetry SO(2) x SO(3) at the vacuum. The dilaton X is
the singlet (1,1)y. The other representations are obtained
by considering the embedding of SO(2) x SO(3) in
SO(5) x SO(3) € SO(5,3). Under SO(5) x SO(3), the
15 scalars transform as (5,3). By branching SO(5) —
SO(2) x SO(3) with 5 - (2,1) + (1,3), we find that

(5,3) > (2.1,3) + (1,3.3) (30)

under SO(2) x SO(3) x SO(3). Finally, by taking the
diagonal subgroup of the two SO(3) factors, we end up
with

|

(5.3) > (2.3) + (1.1) + (L.3) + (1.5).  (31)

In the table, we have also given the dimensions of the
operators dual to these scalars given by the relation
m*L* = A(A —4). The three massless scalars in (1,3)
are Goldstone bosons corresponding to the symmetry
breaking /1SO(3) — SO(3) at the vacuum.

Furthermore, it has also been pointed out in [4] that there
are no other supersymmetric AdSs vacua.

III. HOLOGRAPHIC RG FLOWS

We begin with the simplest holographic solutions
describing RG flows from the N =2 SCFT dual to the
supersymmetric AdSs vacuum. To simplify the computa-
tion, we consider a truncation to SO(2);,, singlet sector.
This SO(2) 4, is a diagonal subgroup of SO(2) x SO(2) C
SO(2) x SO(3) € SO(2) x ISO(3) generated by &5 + X3.
There are five singlets under SO(2)g;,, symmetry with the
corresponding coset representative given by

Y = P (Y 2tY2%) oh2(Y1i3-Y02) ph3(YirtY53) pha(Yaz—Ys52) obs V31 |
(32)

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

ds® = A0 dx? , + dr?. (33)

dxi 5 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 dx%j, 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 ¢, = ¢4 = 0. The latter
lead to nonvanishing Yang-Mills currents that become the
sources for the gauge fields. With ¢, = ¢4 = 0, we find the
scalar potential

1
V= g gicosh?¢ssinhgp; 4(3 4 cosh 2¢p; + 2 cosh 2¢p3sinh?¢h, ) + V24, g=(cosh?p, cosh?¢ps cosh ¢bs + 2sinh>p; sinh ¢bs)

1
+—— ¢*X72[42 — 48 cosh 2¢p; + 6 cosh 4, + 4 cosh(dep; — 2¢p3) — 24 cosh(2¢; — 2¢b3) + cosh(4¢p; — 4¢h3)

256

— 152 cosh2¢p3 — 2 cosh 4¢p3 — 24 cosh(2¢p, + 2¢p3) + cosh(4¢p, + 4¢p3)
+ 4 cosh(4¢, + 2¢3) + 128cosh?¢;sinh?2¢5 sinh 2¢s + {2(5 + 4 cosh 2¢h; + cosh 4¢, ) cosh 4¢p,
+ 6. cosh4g, + 8 cosh2¢3sinh?¢h; (5 + 4 cosh 2¢h;)—6 — 4 cosh 2¢p, }4 cosh 2¢s]. (34)

The Ailj tensor takes a diagonal form

AY = diag(a. p. o, ) (35)
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with

2
a =——=X""(cosh ¢h3 + i sinh ¢p; — cosh ¢, sinh ¢h3)[g,Z*(cosh ¢h3 — i sinh ¢h; + cosh ¢, sinh )

V2

- \/ig{cosh @3 cosh s + (cosh ¢ps — 2 sinh b5 ) (cosh ¢ sinh ¢p3 — i sinh ) }], (36)

1
ﬂ_16\/§

—29,23(3 + cosh 2¢p; + 2 cosh 2¢h3sinh¢h, )].

>~1[v2ge?s{11 + 4¢2%5(sinh ¢b; — cosh ¢, cosh ¢b3)? — 6 cosh 2¢p;cosh2¢p; — cosh 2¢b; + 4 cosh ¢, sinh 2¢p5 }

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

27 oz 4

with W = \@ﬁ It should be noted that for ¢p; = 0, we have
a = —pf. In this case, the solutions preserve N = 4 super-
symmetry. In general, the solutions preserve only N =2
supersymmetry corresponding to the Killing spinors €?
and €*.
Setting ¢! = €* = 0 and imposing the projector

Y360 =T i€y and V3€4 = ii€2, (39)
we find the BPS equations from the conditions 51;/}4 =0
with 1 =0, 1, 2, 3, 5y =0 and 61, = 0 of the form

3 aw 30W
/I = h2 , J— ,
¢, F 5 sec ¢3—a¢l #5 :':23473
ow ow
¢y =F3— Y =F 32 Al=+W. (40)

os’ o’

Throughout this paper, we use ' to denote r-derivatives.
The condition dy’. = 0 leads to the usual Killing spinors of
the domain wall of the form

e 6%6(2)'4 (41)
with 6‘3'4 being constant spinors satisfying the projector (39).

A. Holographic RG flows with SO(2) x SO(3) symmetry

We begin with a simple solution with SO(2) x SO(3)
symmetry. In this case, we set

$1=0 and ¢s= ;. (42)

With ¢p; = 0, all the eigenvalues of Aij are degenerate up to
an overall sign. The solutions then preserve N = 4 super-
symmetry corresponding to €' with i = 1, 2, 3, 4. However,
the y, projector, which in this case takes the form of

3 oW\2 9 ow
V=3 < ) + >sech?¢ (—
99,

(37)
29 /0W\2 9 /oW\?2
) +1G) 3G - (38)
|
v€ =F (02 @ 03) /7€, (43)

will reduce the number of supercharges from 16 to 8.
We also note that setting ¢; = e3 = 0 in this projector,
we recover the projector given in (39). Therefore, the
solutions preserve N = 2 Poincaré supersymmetry in four
dimensions. These solutions would describe holographic
RG flows from the N =2 SCFT to nonconformal N = 2
field theories.

The explicit form of the relevant BPS equations are
given by

¢y = g=~'e23 sinh 5,

1
¥=-c [ge™3(1 — 3e23) — 20/2¢, 3],

1
A== 2 gleh =3e7P) + V29,23, (44)

We have chosen a specific choice of sign in (43) such that
the UV N =2 SCFT appears in the limit r - co. From
Table I, we know that the dilaton X and the SO(2) x SO(3)
singlet scalar given by ¢s = ¢p3 are dual to operators of
dimensions A =2 and A = 6, respectively. This is also
confirmed by linearizing the BPS equations given above
which results in

1
¢3~ e ~etf and z~—< J >‘+e-i’ (45)

\/591

in which we have used the relations g, = — % and L = %.

This behavior implies that £ corresponds to a vacuum
expectation value of an operator of dimension A = 2 while
¢3 leads to a source or deformation by an irrelevant
operator of dimension A = 6.

We first consider an RG flow solution with only a
relevant deformation given by an operator of dimension
A = 2 dual to 2. In this case, the N = 2 SCFT dual to the
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AdSs vacuum appears in the UV of the RG flow. We then
set ¢p3 = 0 and obtain a simpler set of BPS equations

1 1
Y =2(9+V20T) and A'=237(29-V2g,T0).

(46)

With g, = —\/%, the solution can be readily obtained

1+2% 1+ X+ %2
29(r —r, :2\f3tan—1< ) 1 [—]
g( 0) \/g (Z _ 1>2
(47)
1 3

A:an—Eln(g—gZ ). (48)

In this solution, we have neglected an additive integration
constant for A that can be absorbed in rescaling of dx? 5
coordinates. The 7, constant is also irrelevant and can be set
to zero by shifting radial coordinate r.

As r — oo, we find

S~1+e? and ANgr (49)

as expected from the AdSs asymptotic geometry. The
solution is singular at £ = 0. Near this singularity, we find

2
2~§g(r—r*) and A~In(r—r,) (50)

with r, = rg +\é_—3g”. We can determine whether the IR
singularity is physically acceptable or not by using the
criterion given in [47]. Near the singularity, as » — r,, the
scalar potential is bounded from above

1

| (A ———
8(}"—}"*)

— —00. (51)

Therefore, the singularity is physical, and the solution
describes an RG flow from the N =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 H? x §*, we can also determine whether the
singularity in the uplifted solution is physical by the
criterion of [29]. We will choose the S* coordinates ;42’,
a=1,2,...,5, to be

u' =cosdcosh, > =cosdsinh, > =sindsinpfcosé,

u* =sindsinfsiné, > =sindcosp (52)

which satisfy u%u® = 1. Using the relations given in the
Appendix, we find

g()() = (6—6/1008219 + e4ﬂsin219)%62A—4(/) ~ (r_ r*)z =0 (53)

which also implies that the IR singularity is physical.

We then consider the solution with nonvanishing ¢s. In
this case, there is a source of an operator of dimension
A = 6 near AdSs geometry. Therefore, the dual N =2
SCFT must be an IR fixed point. We now explicitly solve
the BPS equations given in (44). By combining X' and ¢,
equations, we can solve for X as a function of ¢3. The result
is given by

2ge?s (e — 1)

3 =-
\/59164"53 +2gC,

(54)

with an integration constant C,. In order to make the
solution approach the N =4 AdSs vacuum, we need to
choose the constant C to be

91

CO - —ng. (55)
The solution for X then becomes
w3 __ V2ge" (56)
gi(1+ &)’

Similarly, by combining A’ and ¢} equations and using the
solution for X, we can solve for A as a function of ¢;

A= %4)3 +%1n(1 - ) +éln Va2gi(e* = 1)]  (57)

in which we have again neglected an additive integration
constant. Finally, by using (56) in ¢} equation and defining
dp

a new radial coordinate p via = >~!, we find

9(p=po) = —In(1 +e?) +In(1 —e?) +2¢%  (58)
with p, being another integration constant. p, can also be
set to zero by shifting the coordinate p. This solution
holographically describes an RG flow to an N =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 ¢; in the presence of nonvanishing
vacuum expectation value of a dimension-2 operator
dual to X.

In order to determine the possible UV field theory, we
look at the behavior of the solution as p — oo. In this limit,
the five-dimensional solution becomes

5
¢3 ~1Inp, S~ A~ glnp. (59)
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We now uplift the solution to eleven dimensions using
the S$* x H? truncation ansatz of [6,4] with, in the notation
of [4] and see also more detail in the appendix,

1 .
ds?, = Aids? + — AZT A Dpd Dy (60)

for
ds = e (e*Adxt 5 + dr?) + €ds*(H,).  (61)
In these equations, m is the seven-dimensional gauge

coupling constant. The warp factor A is defined in terms
of the SL(5) matrix T, as

A= Tm}/iaﬂg (62)

with pé, a =1,2,...,5, being coordinates on S*. In the
present case, T,; takes the form, see more detail in the
Appendix,

T, = diag(e=®, e, e*, e*, ). (63)

The scalars ¢ and A are related to ¢; and X via
1 1
¢=—0Bp;—InX) and A=-—(¢3+3InX). (64)
10 10
With the asymptotic behavior, upon using (59),
1
¢~ glnp and A~ A, ~ constant (65)

and the S* coordinates of the form

ué = (cosécosf,cosésind,sinép®), a=1,2,3 (66)
with % being coordinates on S° satisfying f%a® = 1,
we find the eleven-dimensional metric near the UV limit
of the form

dp?
dsi, ~ p*ldxi 5 + ds*(H,)) +7
+ (eShsin?& + e~Hocos?E)dE?

+ e%%0c0s2E(dO — wpy)? + e~ MosinEdptdpt  (67)

with @y being the spin connection on H2. We can see that,
in the UV, the extra two dimensions along H?> become
large. The eleven-dimensional metric takes the form of a
locally AdSg x §* with §* being a deformed S* such that
only the SO(2) x SO(3) subgroup of the SO(5) isometry
is preserved. It is also useful to point out that the

SO(2) x SO(3) symmetry of the solution corresponds to
the isometry of the S' x $? parametrized by € and 2. The
UV field theory is then expected to be the N = (0, 2) six-
dimensional SCFT arising from the world-volume theory
of M5-branes wrapped on a hyperbolic space H?. This is
similar to the solutions describing D6-branes wrapped on
supersymmetric four-cycles in [48].

B. Holographic RG flows
with SO(2) x SO(2) symmetry

We now consider a slightly more complicated solution
with a smaller residual symmetry SO(2) x SO(2). In this
case, we still have ¢; = 0 but unlike in the previous case
¢s # ¢3. The solutions preserve N = 4 supersymmetry as
in the previous case due to vanishing ¢,. The explicit form
of the corresponding BPS equations is given by

B= g e 1), (6)

1
P = =5 9= (1 =202 4 ). (69)

1
Y = A 2V2g, 23 4 ge=2057s (e245 42205 — 1)],  (70)

1
A=y [ge™203=0s (205 + 2625 — 1) — /2, 23], (71)

Near the supersymmetric AdSs vacuum, we find

1
g \3, _ar
ZN—( ) +eL, ¢)3—¢ ~e L
\/Eg] >

(72)

23+ s~ e,

which implies that ¢); and ¢5 are dual to two different linear
combinations of operators of dimensions A = 6 and A = 4.
Setting ¢p5 = ¢h3, we recover the solutions considered in the
previous case. However, in this case, the irrelevant defor-
mation corresponding to 2¢; + ¢p5 cannot be consistently
truncated out, so the N = 2 SCFT must be an IR fixed point
of an RG flow from a certain field theory in the UV.
Combing (68) and (69), we find

dps 1 —2e*h 4 s
dpy, 1 —e*s

which can be solved by

(73)

P35/ 1 — 2#32bs | gin~! e3¢5 = C (74)

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

p1=¢3+¢s and @ = p3 — s (75)
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which results in

=1 s
o0 :C—sm e’ ‘ (76)

1 — e’

To make the solution approach the AdSs vacuum with
@1 = > =0, we need to choose

C= (77)

b4
5
We can now find the solutions for A and X as functions

of ¢,. It is then useful to note the BPS equation for ¢,
which takes the form

@) = gEle0=0) (¢=202 _ 1), (78)

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

gle‘mT2 [Sin‘lﬂ2 —C—-e”2v1 - 62‘”2}
C V2g(1 = 27)i/C = sin e

Toe (1 — ¢22)i

C —sinle?

-3

(79)

1 1 3 1
A= Z(pz —Ean —gln(l - 62‘”2) —l—Zln (Sin_1€¢2 - C)

(30)

with X, 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 X becomes
T3 =— @ for ¢, = 0 at the AdS5 vacuum, we need to
set Xy = 0.

|

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

29(p = po) = In(1 + %) —In(1 — €%) — 2tan~'e?  (81)

1
2

with the new radial coordinate p defined by % = 4-and p
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
A =4 and A = 2. Therefore, the solution holographically
describes an RG flow to an N = 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 S* coordinates to be

u' =cosécoslcosd,  p?=cosécossind,
W =siné.

(82)

u =cosésinlcosh, u*=cosésinlsind,

At p — pg, the five-dimensional solution is singular with

2
Py~ —ln(Po - /)), @, ~ constant,

3

] 1
Zlpo=pp. A~glnipo=p). (83)

Using the formulas given in the Appendix, we find

¢ ~iln(po -p),

2
45 iN—Eln(Po—/’)’

W s Tnlpo ~ ) (84)

which lead to the eleven-dimensional metric of the form

ds3, ~ (po = p)73[dx} 5 + dp? + ds>(H,)] + (po — p)o(sin®Ecos®CdE? + cos?Esin’Cd? + cos?Ecos’((d9 — wy)?
+ sin 2& cos ¢ sin £dEdl) + (po — p)3(sin2Ecos2EdE? + cos2Ecos de? + cos Esin?(d6? — sin 2& cos ¢ sin {dEdC).

(85)

As in the previous case, we see that the two compact directions along H? 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
S0(2) x SO(2) symmetry of the solution corresponds to the S' x S! isometry along 9 and 6.

C. Holographic RG flows with SO(2)g4;,, symmetry

For nonvanishing ¢, the solutions will preserve only N = 2 supersymmetry and S0(2)diag symmetry. In this case, the

BPS equations read

sinh ¢,

N
¢1_ 23

[2g sinh s tanh b3 + cosh ¢ {2g(cosh b5 — 2 sinh ¢bs) + v/2g,23}], (86)
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1
oy = §2_16_4’5 [sinh 2¢p3{g + 3gcosh 2¢p; — ge2?s(3 + cosh2¢p;) + 2/2g,Z3ePssinh2p,

+4g(e*?s — 1) cosh ¢, cosh 2¢hs],

1
o= ggZ‘l e™?5[11 — cosh 2¢h3 — 4%s (sinh ¢h5 — cosh ¢, cosh ¢p3)? — 6 cosh 2¢p; cosh?h3 + 4 cosh ¢, sinh 23],

(87)

(88)

1
Y= % [ge=?5{11 — 6 cosh 2¢p;cosh?h; + 4 cosh ¢b; sinh 2¢h3 — cosh 2¢p5 + 4?5 (sinh ¢h3 — cosh ¢ cosh ¢p3)?}

+2v/2¢,23(3 + cosh 2¢; + 2 cosh 2¢5sinh2h, )],

(89)

1
A" = —3ge {11 — cosh 2¢p; + 4€>?s (sinh ¢h3 — cosh ¢, cosh ¢h3)? — 6 cosh 2¢h; cosh? ¢h5 + 4 cosh ¢p; sinh 2¢h5 }

24
—V2¢,23(3 + cosh 2¢; + 2 cosh 2¢p5 sinh? ¢, )].

We first consider the asymptotic behavior near the N = 4
AdSs vacuum given by

4r

See, el 2yt st py—gs~et. (91)
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 dimension A = 5 dual to ¢;. As in the
previous case, the scalars corresponding to irrelevant
deformations cannot be consistently truncated out. We also
point out that due to nonvanishing ¢;, the solutions

3.0

25

#3(n)

(90)

preserve only four supercharges or N = 1 supersymmetry
in four dimensions. Therefore, in this case, the N =2
SCFT must be an IR fixed point of an RG flow involving a
supersymmetry breaking deformation dual to ¢; 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. We will
then look for numerical solutions. An example of numerical
solutions with g = 2 is shown in Fig. 1. We also note that
although the RG flow preserves only four supercharges
due to nonvanishing ¢;, the nonconformal phase in the UV

#5(r)

25
20

1.5

0.5

(d) (e)

FIG. 1. An N = 1 supersymmetric RG flow from a UV field theory to the IR N = 2 SCFT dual to N = 4 AdSs vacuum for g = 2.
(a) Solution for ¢, (r). (b) Solution for ¢3(r). (c) Solution for ¢5(r). (d) Solution for Z(r). (e) Solution for A(r). (f) Solution for A’(r).
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preserves eight supercharges since ¢; = 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
H? as in the previous cases. In particular, due to the
vanishing of ¢, 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 = 2 field theories in four dimensions. To preserve
SO(2,3) conformal symmetry in three dimensions, we take
the metric ansatz to be an AdS,-sliced domain wall

ds* = A 0ds3 i, + dr? (92)

with dsf\dS4 being the metric on AdS, with radius #. 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 A} 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 a and take the
Killing spinors of the unbroken supersymmetry to be €; and
€3. We also point out that as in [27], @ 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 dy; which give

Z/]/;El = A€3 and Z/}/;€3 = A*€1 (93)

with

1
A= 3 [2g sinh ¢bs(cosh ¢y sinh ¢p3 + i sinh ¢p; — cosh ¢h3) (i cosh ¢ sinh ¢p3 — sinh ;)

+ i(cosh ¢, — i sinh ¢, sinh ¢b3)2(g cosh s + v2¢,2%)]. (94)

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

=l Al (95)

and a projector
*

A A
}’?61:'7m€3 and 7?€3=’1W€1- (96)

In these equations, we have introduced a sign factor
n==l.

|
From 6/¢, we find two sets of equations of the form

Psyie; = B'ey and  Piyre; = Bey (97)

and

(¢5 — icosh 3¢ )rser = C'e;  and
(¢5 + icosh s )riez = Cey. (98)

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

B = g=~!(cosh ¢5 — cosh ¢, sinh ¢; — i sinh ¢, )[sinh ¢)5(sinh ¢p; — i cosh ¢h3 — i cosh ¢p; sinh ¢h3)

— 2 cosh ¢5(sinh ¢p; — i cosh ¢; sinh ¢3)],

(99)

1
C=- 2 ~~1[2g cosh ¢b5 sinh 2¢; (cosh ¢bs — 2 sinh ¢bs) + 2gi cosh ¢ssinh?¢h, sinh 2¢5

+ 4g(sinh ¢, sinh ¢p5 + i cosh ¢p; cosh 2¢h; — icosh?¢h; sinh 2¢5) sinh ¢bs

— /2,23 (cosh ¢y sinh 2¢b; + isinh2¢h; sinh 2¢5)].

(100)
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Using the y; projection given in (96), we find that Eq. (97)
leads to BPS equations for ¢s
AB AB*
T ooy

Al Al

¢s=n (101)

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

p_ M
¢3—|A|Re(CA) and cosh¢;¢) |A|Im(CA).

(104)

We now consider the gravitino variations along AdS,
directions with coordinates x* for a =0, 1, 2, 3. The
five-dimensional coordinates will be split as x* = (x%, r).
As in [26], using the Killing spinor equations for AdS, of
the form

i

A*B = AB*. (]()2) vaei = g’ci}/r}/aei (105)
The explicit form of this constraint is remarkably simple with k; = £1, we find
i
3 =- \/g sechgps = sechghs (103) (A/ —EKle_A>7?€1 = We; and
91
A —ik e )yes = Wre (106)
in which we have used g = —/2g, in the last equality. 73 =3 !
Repeating the same procedure in (98), we find additional
two BPS equations for ¢; and ¢ of the form with
1
W= _62_1 [i(2g cosh s — v/2g,Z3) (cosh ¢, sinh b5 + cosh ¢p5 + i sinh ¢p;)
+ 4gsinh ¢s(sinh ¢p; — i cosh ¢b; sinh ¢h3)](cosh ¢, sinh ¢p3 — cosh ¢ + i sinh ¢, ). (107)

In obtaining the two equations in (106), we have rewritten
the covariant derivative in terms of the covariant derivative

6(1 on AdS, according to the relation

= 1
Daei = v[lei - _A/}/ryaei- (108)

2

with the chirality matrix on AdS, given by y, = iyyri7573
Consistency between the two equations in (106) implies
K3 = —Kj.

Using the y; projector given in (96) and writing
kK = k; = —k3, we find the BPS equation for A and another
algebraic constraint

Re(iWWA*) and oA — Im(WA*).

A= AT

(109)

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

1
A/Z —|——26_2A — |W|2

v (110)

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

K- 4 \/Qggl

Seh=y

4 3]A|
x sinh ¢hs2?(cosh ¢, — tanh ¢h3)?.

cosh?¢5 sinh ¢,
(111)

We readily see that for either ¢p; =0 or ¢s =0, the
constraint implies that the AdS, radius £ — oo resulting
in a flat domain wall. From this constraint, it might appear
that a further simplification with ¢3; =0 could still
give curved domain wall solutions. However, this is not
compatible with the BPS equation for ¢; since ¢} # 0 for
¢3 = 0 unless ¢s = 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 ¢; and e5 subject
to the projector (96), the solutions preserve only four
supercharges. For regular Janus solutions, the solutions are
asymptotically AdSs; geometry on both sides of the
interfaces. In particular, this implies that the metric function
A(r) has a turning point at a particular value of r = ry
namely A’(ry) = 0. As r » +oo, the asymptotic behavior
of A(r) is given by A ~ £ with L being the AdSs radius. In
this case, A(r) has a minimum at r,. From the BPS equation
for X given in (95), we have
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Y= A2+ A

with 4, and 4, 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
n=1 and n = —1 at some value of r =7, in order to
obtain regular Janus solutions. In particular, this requires
¥/ (7y) = 0 or equivalently A; = A, =0 at r = 7. This
also implies that X attains a minimum or a maximum at
r = ¥,. For convenience, we will also choose 7, = r, such
that both A(r) and X(r) have a turning point at the same
value of r=ry,. We will also require X(ry) to be a
maximum at the turning point.
For A; = 0 condition, we have

(112)

sinh ¢, [g cosh ¢; sinh ¢3(cosh ¢p5 — 2 sinh ¢)s)
+ gcosh ¢ sinh g5

+ V/2g, cosh ¢, sinh 53] = 0. (113)

To satisfy this condition, the simplest possibility is to set
$1(ro) = 0. (114)

Using this result in .4, = 0 condition together with (103),
we find

2(rg)? = - \/§g1 sechgs(ry) and
Bs(r0) = 5 1n [eosh s () (cosh () + sinh s ()]

(115)

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

Al(ro) = X'(ro) = ¢ (ro) = d3(ro) = #5(r) = 0. (116)
However, from the constraint (103), we find that the
maximal value of X is 1 at ¢ps = 0. All these results would
imply that ¥ = 1 identically. This also leads to ¢s =0
identically resulting in a flat domain wall solution.

Another possibility of setting the bracket in (113) to zero
leads to either

¢1(ry) = cosh~! tanh h3(ry) and

s(r0) = 5 Inlcosh 295 (ry) = 2] (117)

or

¢s(rg) =0 and ¢;(ry) =cosh™! BCOth%(’”o)]- (118)

The former has no real solutions while the latter leads to
2(r) =1 identically as in the previous case. Therefore,
there do not seem to exist any supersymmetric regular
Janus solutions interpolating between the supersymmetric
AdSs vacuum on each side of the interface. It should be
emphasized that this is a consequence of requiring both
%(r) and A(r) to have a turning point at . There could be
regular Janus solutions with A(r) attaining a turning point
at a different value of r # ry. In this case, the solution space
is generically parametrized by two parameters rather than
one independent parameter, ¢3(ry) or ¢s(rg) 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 = 2 SCFT dual to the N = 4 AdS5 vacuum. An example
of these solutions is given in Fig. 2. To find this numerical
solution, we have chosen the turning point ro = 0 and
used (114) and (115) with ¢5(0) = 0.1. Both sides of the
interface correspond to a nonconformal phase of N =2
SCFT in four dimensions. We also note that, on both sides
of the interface, we have ¢»; = 0 implying the enhancement
of supersymmetry to eight supercharges. This N =2
nonconformal phase of the N =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 =2 non-
conformal field theory in four dimensions arising from a
decompactification limit of a six-dimensional field theory
on M5-branes wrapped on H? 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 /SO(7) 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 ¢5(0), one side of the solutions
becomes singular. An example of these solutions with
¢$5(0) =1 is shown in Fig. 3. This should describe a
conformal boundary within the N = 2 nonconformal field
theory arising from M5-branes wrapped on H? 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 =4 gauged supergravity arising from a
truncation of eleven-dimensional supergravity on a tri-
Sasakian manifold [53].
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FIG.2. Anexample of Janus solutions interpolating between N = 2 nonconformal phases with # = 1,k = —1, and g = 2. (a) Solution
for X(r). (b) Solution for ¢, (r). (c) Solution for ¢3(r). (d) Solution for ¢s(r). (¢) Solution for A(r).
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FIG. 4. An example of Janus solutions interpolating between singularities on both sides with £ = 1, k = —1, and g = 2. (a) Solution

for Z(r). (b) Solution for ¢, (r). (c) Solution for ¢);(r). (d) Solution for ¢s(r). (¢) Solution for A(r).

V. SUPERSYMMETRIC AdSs BLACK STRINGS

In this section, we consider solutions interpolating
between the N = 4 supersymmetric AdSs vacuum and an
AdS; x X geometry with Z being a Riemann surface. These
solutions describe supersymmetric black strings in asymp-
totically AdSs space. Holographically, the solutions describe
RG flows across dimensions from the N = 2 SCFT in four
dimensions to two-dimensional SCFTs in the IR. The latter
arises from twisted compactifications of the former on X.

The ansatz for the metric is given by

ds®> = e dx} | + dr* 4+ ) (d6* + f2(0)dp*)  (119)
with
sind, k=1 forX? =52
f(0) =1 6, k=0 forx>=T7%2. (120)
sinhd, x=—-1 for X2 = H?

We will split the five-dimensional coordinates as x* =
(x%,r,0,¢) with a =0, 1. With an obvious choice of
vielbein

nonvanishing components of the spin connection are
given by

w&? — f/ea’ a)@'? _ h’eé,
) o) |

o’ =he?, w?y = £l ehe?. (122)
AC)

with f,(9) = =0
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 ®?,,
component of the spin connection. We will consider a twist
achieved by turning on SO(2) x SO(2) gauge fields A°
and A3, There are four SO(2) x SO(2) singlet scalars
consisting of the dilaton and other three scalars from
SO(5,3)/S0O(5) x SO(3). The coset representative for
the latter can be obtained by setting ¢; = ¢, = 0 in (32).
Relevant components of the composite connection are
given by
| .
Q' =5 [9:4°6; — gA* (I, ® 03),*](0, ® 03), /. (123)

We then turn on SO(2) x SO(2) gauge fields of the form

A = aof.(0)dp and A3 = asfL(0)dp.  (124)
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The corresponding field strength tensors are given by

FO = dA® = —kage"e? A e and
F3 = dA® = —kase e A e (125)

in which we have used the relation f}(0) = —«f.(0).

Finally, for solutions with r-dependent scalar fields, we

need to impose the y; projector of the form

(126)
|

vici = —(02 ® 03) /¢

110

i
e Y o€ + 5

2

Vi =2 £,(0)

with ... denoting other terms in the variation of &y ;. 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 SO(2) gauge field.
(i) A°-twist: We can set A> = 0 and turn on A° to cancel
the spin connection on X. This is achieved by
imposing the following projector

vgo€i = —i(oy ® 03)//€; (128)
together with a twist condition
grap = 1. (129)

1
= A [ge‘z‘/l’r‘/"5 (2625 + 205 — 1) +21/2¢, 23 — 2\/§1<a02‘le‘2h},
1
h = _82_2 [\/Eng“ — gZe 203 bs (2205 + 25 — 1) + 2\/§K(10€_2h:|,

1
fl= —62‘2 [\/59124 — gZe 20705 (2e25 + M5 — 1) — \/Elcaoe‘Zh} .

[91a0 — gas(1, ® o3)]

in which we have chosen a definite sign choice in order to
make the AdSs; vacuum appear in the limit r — oo.

A. AdS; black strings preserving four supercharges

We begin with supersymmetric AdSs; black strings
preserving four supercharges. These solutions can be
obtained by performing a twist using an SO(2) gauge
field. From the composite connection given in (123), we
find that

(127)

(ii) A’-twist: In this case, we set A’ = 0 and imposing
the projector

Yyo€i = i(o; @ I)/¢; (130)
as well as a twist condition
gaz = 1. (131)
The A°-twist leads to the following BPS equations
¢ = gZ'e™#3 sinh ¢bs, (132)
1
s = —52—' ge 205705 (1 — 2205 + 205), (133)
(134)
(135)
(136)

We also note that compatibility between the BPS equations and the field equations requires ¢, = 0. In addition, it can
be verified that the two-form fields can be consistently set to zero. We now look for AdS; x X fixed point at which
Py=¢ds=X =h =0and f' = L% with L3 being the AdS; radius. It turns out that the BPS equations do not admit any

AdS; x X fixed point solutions. The IR geometry is singular with

1

$3=¢s~0,  Z~

h~1In(r—ry),

fN%ln(r— o) (137)

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

Joo ~ constant,

(138)
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so the singularity is physically acceptable. We then expect the solution to describe an RG flow from four-dimensional
N =2 SCFT to nonconformal field theory in two dimensions.
For the A3-twist, a similar analysis leads to the following BPS equations

¢, = g='e7%5 sinh ¢bs,

1
P = —52‘]e‘4’5 [ge23(1 — 2e*P3 + e25) + kazZ2e ™ (e*s — 1)),
1
Y= A [ge‘2‘/’3“/’5(ez‘/’5 + 2625 — 1) + 212,23 — 2kaye 252 cosh q’)s},
1
W = 82_1 |:ge—2¢3—¢5 (62¢5 + 22t — 1) _ \/59123 4 4K'a322€_2h cosh ¢5} ,

|
f=cx! [ge—2¢s—¢s (e2hs 1 2e25 — 1) — /29,53 — 2kazE2e~2" cosh ¢5} .

These equations admit one supersymmetric AdS; x Z fixed
point given by

h3=¢s =0, Z_—<@>§,
91

1 2 \3 2\3
h=-In [—m <—2ﬂ, Ly= —(4)3.
2 997 919

This solution gives a real warp factor & only for k = —1, so
in this case, there is only an AdS; x H? fixed point.

We also note that the fixed point preserves eight
supercharges due to the projector (130). Recall that
the supersymmetry parameters e; transforming under
SO(1,3) x SO(5)z as (4,4). Following the analysis in
[29], we decompose this representation under the subgroup
SO(1,1) x SO(2)s x SO(2) x SO(2)g in which SO(2) x
SO(2)r € SO(2) x SO(3)r € SO(5); and SO(1,1) x
SO(2)y € SO(1,3). The SO(2)r C SO(3)x ~SO(3) C
ISO(3) corresponds to the A® gauge field that participates
in the twist. Since the twist in performed by identifying
SO(2)y with SO(2)g, the unbroken supersymmetry cor-
responds to the twisted Killing spinors in the representa-
tions with opposite charges under SO(2)y and SO(2)g;
(+.+.+ F), (+.£. - F), (= £+ F) and (=, =, - F).
This leads to N = (2, 2) superconformal symmetry in two
dimensions. However, due to an extra y;-projector given in
(126), the flow solutions interpolating between the AdSs
vacuum and this AdS; x H? geometry preserve only four
supercharges corresponding to N = (2,2) Poincaré super-
symmetry in two dimensions. This can also be explicitly
seen as follows. Recall that in five dimensions,
i¥ylytyPy? = £1,, the two projectors given in (126)
and (130) imply that

(144)

}’67161' =£(I, @ 03) /€. (145)

(139)

(140)

(141)

(142)

(143)

This indicates that half of the unbroken supersymmetry has
opposite two-dimensional chirality to the other half leading
to N = (2,2) supersymmetry.

It should be noted that since all scalars from vector
multiplets vanish, this AdS; x H? fixed point is the same
as that found in pure N =4 gauged supergravity with
U(1) x SU(2) 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 ¢; = ¢ps = 0 and g = 2 correspond-
ing to a unit AdSs radius. The solution describes a black
string in asymptotically AdSs space with a near horizon
geometry given by AdS; x H?. Upon uplifted to eleven
dimensions, this leads to a supersymmetric AdS; x H? x
H? x §* geometry preserving eight supercharges [55].
Holographically, this solution describes an RG flow
from N =2 SCFT in four dimensions to N = (2,2) two-
dimensional SCFT in the IR.

We can also compute the central charge of the dual two-
dimensional N = (2,2) SCFT in the IR by the standard
formula

3L,
26y

C

(146)

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

1 hoyol (2
Gy Gy
with A being the value of /(r) at the AdS; x X fixed point.

G,(\?) is in turn obtained by a truncation of eleven-
dimensional supergravity on H> x §* as
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()
2.0

()

(b)

(©)

FIG. 5. Examples of supersymmetric AdSs black string solutions. The orange line represents the solution interpolating between
N =4 AdSs vacuum and AdS; x H> geometry preserving 8 supercharges. The red (green) line corresponds to a solution
interpolating between AdSs vacuum and AdS; x H? (AdS; x $?) preserving 4 supercharges. (a) Solutions for Z(r). (b) Solutions for

h(r). (c) Solutions for f'(r).

1 728%vol(1:12)vol(54)R§4
Gy Gy"

; (148)

in which Gy" =1627¢% with #, being eleven-
dimensional Planck’s length. We also recall that the S*
truncation of eleven-dimensional supergravity leads to an
AdS; x §* geometry with

2
3 JE—

2

L2 = 4(zN)
m

1
£ = d Ru=— 149
P an s = (149)

with m being the gauge coupling constant in seven-
dimensional gauged supergravity.

Following [29], we will work with a unit such that the
AdS; radius L; = 1 or m = 2. This leads to

ay _ 7

Gy’ =-— 150

1
and Ry = ok
With all these, we eventually find Gz(\?) of the form

Sy vol(A2)vol($*)N?
n 477

1
Gy
_3
_Z)|g - 1|N?

o (151)

In the second line, we have used the volume of a unit S%,
vol(S%)
surface

”72 and the volume of a genus g # 1 Riemann

vol(Z) = 4zlg — 1]. (152)

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

3

3
=L PTG 1llg—1]  (153)
T

with § and § denoting the genera of H? and X, respectively.
For the AdS; x H? fixed point given above, we find

3(25)N2as)g - 1115 - 1
Cc = .

ﬂgz

(154)

By turning on scalar fields from vector multiplets, we
obtain black string solutions that are not solutions of pure
N = 4 gauged supergravity although the AdS; x H? fixed
point is the solution of both pure and matter-coupled N = 4
gauged supergravities. The numerical analysis shows that
there exist solutions describing holographic RG flows from
a domain wall, dual to an N = 2 nonconformal phase of the
N =2 SCFT, to the N = (2,2) 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
AdS; x H? fixed point, we also find solutions interpolating
between domain wall and AdS; x H? fixed point with
an intermediate AdSs; geometry. These solutions would
holographically describe RG flows from N =2 four-
dimensional field theory obtained from Mb5-branes
wrapped on H? to N =2 SCFT in four dimensions and
thento N = (2,2) 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. AdS;s black strings preserving two supercharges

We now consider a twist on £ by SO(2) x SO(2) gauge
fields. To cancel the spin connection on X as shown
in (127), we impose the following projectors

(I, ® 03),/¢; = —¢; and Ypo€i = —i(0y @ 03)/¢;

(155)
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¢5(r)

-20 -10 10 20

FIG. 6. Examples of RG flows from an N = 2 nonconformal field theory to N = (2,2) SCFT in two dimensions (green) and to four-
dimensional N = 2 SCFT and N = (2,2) SCFT in two dimensions (blue) with g = 2. (a) Solutions for X(r). (b) Solutions for ¢;(r).
(c) Solutions for ¢5(r). (d) Solutions for A(r). (e) Solutions for f(r). (e) Solutions for f(r).

together with a twist condition
gi1ap + gaz = 1. (156)

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

¢, = 9= e72%s sinh ¢ps, (157)
1
s = —EZ‘le“f’5 [ge™2%3 (1 — 225 + 2h5) + kazZ%e ™ (e*P5 — 1)), (158)
1
=—|ge TV (e + L2e”P — 1) — 2k ap + asz2’ cosh s | + g1 R
Y = |ge (M + 267 — 1) - 227 (V2 ¥ coshgps ) +2v2¢, 23 159
1
h = 62‘2 [gEe‘2¢3‘¢5(62¢5 + 22 — 1) —V2¢, 2% — 2V 2kage 2" + 4ka; 23 e 2" cosh ¢5} , (160)
1
fl = 82_2 [gZe‘2¢3‘¢5(e2¢5 +2¢2: — 1) — V29,24 + V2kage 2" — 2ka; 3 e cosh ¢5] (161)

As in the previous case, consistency with all the field  projector in (155) implies that ¢; = ¢; = 0. Using the
equations requires ¢, = 0. In this case, due to an extra
projector in (155), AdS; x X fixed points preserve four
supercharges while the full interpolating RG flow solutions 6.1
preserve only two supercharges. In this case, the first VY €24 =TF €24 (162)

relation iyﬁyiy?yéy‘;b = +1, again, we find
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which implies that the unbroken supercharges have a
definite two-dimensional chirality corresponding to
N =(0,2) or N = (2,0) supersymmetry.

From the BPS equations, we find an AdS; x X fixed
point given by

Y= [M] %’

q1as
1 2xat
h=—In [—K% ] ,
6 9%(91‘10 - 9613)
s =3 =0,
1
L.— 2 [\/iag(aogl - 039)} 3‘ (163)
(2a39 — apg) g1

Unlike the previous case of SO(2) twist, there can be
both AdS; x H? and AdS; x S? solutions depending on the
values of a3 and g. We again find that this is the same as
the AdS; x X solutions obtained in pure N =4 gauged
supergravity. An example of numerical solutions interpo-
lating between the AdSs vacuum and an AdS; x H?
geometry is shown by the red line in Fig. 5. In this
solution, we have chosen the following numerical values
of various parameters

For solutions interpolating between the AdSs vacuum and
an AdS; x S? geometry, a numerical solution is shown by
the green line in Fig. 5 with

ay = —2. (165)
Both of these solutions should describe holographic RG
flows from N =2 SCFT to two-dimensional N = (0,2)
SCFTs. The latter arise from twisted compactifications of
the former on H? and S°, respectively.

Equivalently, these solutions correspond to black strings
in asymptotically AdSs space with near horizon geometries
given by AdS; x H? and AdS; x §2. These geometries give
rise to AdS; x H?> x H*> x §* and AdS; x §? x H?> x §*
solutions in eleven-dimensional supergravity via a consis-
tent truncation on H> x S* [55]. As in the previous case,

using (153), we can compute the central charge of the dual
two-dimensional N = (0,2) SCFT

B 24KN2a§|§—1||§—1|< as )%
T P(V2a0+4a3) \V2a+2a3)

(166)

As in the previous case, by turning on scalars from vector
multiplets, we find RG flow solutions interpolating
between AdS; x X fixed points and an N = 2 nonconfor-
mal phase of N =2 SCFT in four dimensions as shown in

9=2 k=-1, az = 2. (164) Figs. 7 and 8. These solutions describe RG flows from an
2(r) ¢3(r) ¢5(r)
4 4
1.4
L 3/ 3 /
1.0
0.8
0.6 1 1
0.4
-20 -10 10 20 ’ -20 10 10 20 ’ -20 -10 10 20 !
(a) (b) (©
f(r) f'(r)
zs/
. 15
15
1.0
10
5
5
,
-20, 10 10 20
r / r
-20 20 -5 -20 -10 0.0 10 20
(d) (e) ®

FIG. 7. Examples of RG flows from an N = 2 nonconformal field theory to N = (0,2) SCFT in two dimensions dual to AdS; x H>
geometry (red) and to four-dimensional N = 2 SCFT and N = (0,2) SCFT in two dimensions (purple) with g = 2. (a) Solutions for
%(r). (b) Solutions for ¢;(r). (¢) Solutions for ¢s(r). (d) Solutions for (7). (e) Solutions for f(r). (e) Solutions for f’(r).
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FIG. 8. Examples of RG flows from an N = 2 nonconformal field theory to N = (0,2) SCFT in two dimensions dual to AdS; x S?
geometry (pink) and to four-dimensional N = 2 SCFT and N = (0,2) SCFT in two dimensions (cyan) with g = 2. (a) Solutions for
%(r). (b) Solutions for ¢;(r). (c) Solutions for ¢s(r). (d) Solutions for A(r). () Solutions for f(r). (e) Solutions for f'(r).

N =2 field theory in four dimensions, arising from M5-
branes wrapped on H?, to two-dimensional N = (0,2)
SCFTs dual to AdS; x H? or AdS; x S? geometries in the
IR. The solutions represented by red and pink lines
correspond to RG flows directly from the N =2 non-
conformal phase to two-dimensional N = (0,2) SCFTs
while solutions shown by purple and cyan lines describe
RG flows to two-dimensional N = (0,2) SCFTs via N = 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 SO(2);,, twist. In this case, the scalar coset repre-

sentative is given by (32). The two SO(2) gauge fields A°
and A3 are related by ¢,A° = gA®. As in the previous
section, nonvanishing ¢, scalar breaks supersymmetry
corresponding to the Killing spinors ¢; and e3. The
topological twist is achieved by imposing the projectors

}’&@62 = €4 and ]/q%é€4 = —€) (167)

and a twist condition gas :%. However, in this case,
there are no AdS; x X fixed points from the resulting
BPS equations. We refrain from giving the detail on this
analysis here.

VI. SUPERSYMMETRIC AdSs BLACK HOLES

In this section, we perform a similar analysis in the case
of supersymmetric AdSs black hole solutions with a near
horizon geometry given by AdS, x M;. We will consider
the case of M3 being a constant curvature 3-manifold in the
form of H? or S°. The metric ansatz is given by

-2 g + dr?
+ 20 [dy? + f2(y)(d6* + sin® Odg?))

ds?

(168)

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

- el dr, e’ =dr, e? = eldy,
O =elf (0)do, e =elf (0)sin0dp  (169)
and
a)()? = f’e(), @, =he", 0)?);, =ne’, w? = h’e‘7’,
. / R . —h R
w% :f"(l’ll) et wly= ¢ cotfe?,
Je(w) fe(w)
A / A
o’ :fK(W) e e, (170)
Je(w)
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To perform a topological twist, we turn on SO(3) gauge
fields corresponding to A3, A* and A>. We then consider
SO(3) invariant scalars. There is only one SO(3) singlet
scalar from SO(5,3)/S0(5) x SO(3) corresponding to the
noncompact generator

Y=Y +Yp+ Vs (171)
The coset representative is given by
Y = e?Ys, (172)

The relevant terms in the composite connection are
given by

: i Ll ~
0/ = —§9A3(02 ® L)/ +§9A4(‘73 ® o)/

—S9A%(01 ® o). (173)

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

A3 = —a; cosOdgp, A* = —a,fL(y) sin Odep,

A’ = —asfi(y)do. (174)

We perform the twist by imposing the following projectors

Yop€i = —i(0) ® o1)/€;,
Yop€i = —i(o3 ® Ul)ije,/"
Ypo€i = —i(oy @ I)/¢; (175)
and twist conditions
asg = 1, a4g:—1, asg = 1. (176)

We also note that only two projectors in (175) are
independent. Accordingly, the near horizon geometry
AdS, x 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 = Kae_z”ea A 6‘7’, F* = —kae e A e‘7’,
F> = kae ?he? A €° (177)
in which we have written as = a; = —a, = a and used the

relations [} (y) = —«f(w) and 1 — fi(w)* = kf(w).

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

1
¢ = 52_16_2’1_3"’(62‘/’ —1)(ge*" — ax=?e?),  (178)
1
Y = 3 [ge=2#(cosh ¢ + 2 sinh )
+ V2,23 — 3kaZ2e coshps),  (179)
1
W= —62_1[96_3?’(1 —3e%)
+ 2,53 — 6kaZ2e~ coshg],  (180)
1
= —82_1[96_3"’(1 —3e%)
+ 29,23 + 6xaz?e? coshg].  (181)

These equations admit one AdS, x M; fixed point sol-
ution given by

=0 I= —ﬁ<g>%, h=1m {— (;;’;J .
(182)

The solution exists only for x =—1 giving rise to
AdS, x H? geometry. This solution is also the same as
that of pure N = 4 gauged supergravity [56]. By setting
@ =0, we find examples of numerical solutions inter-
polating between the AdSs vacuum and this AdS, x H?
geometry as shown in Fig. 9 with three different values of
g =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
AdSs space with AdS, x H® near horizon geometry.
Holographically, the solutions correspond to RG flows
across dimensions from N = 2 SCFT in four dimensions
to superconformal quantum mechanics via twisted com-
pactifications on H>. Upon uplifted to eleven dimensions,
these solutions lead to AdS, x H* x H? x S* geometry in
M-theory [55]. Similar to the black string solutions,
turning on the scalar ¢ from vector multiplets leads to
solutions describing RG flows from an N = 2 noncon-
formal field theory, arising from M5-branes wrapped on
H?, and N =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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FIG.9. Supersymmetric AdSs black hole solutions with AdS, x H? near horizon geometry for g = 2 (red), g = 4 (green), and g = 6
(blue). (a) Solution for X(r). (b) Solution for i(r). (c) Solution for f'(r).

20

(© ()

FIG. 10. Examples of RG flows from an N = 2 nonconformal field theory to superconformal quantum mechanics dual to AdS, x H>
geometry (green) and to four-dimensional N = 2 SCFT and superconformal quantum mechanics (orange) with g = 2. (a) Solution for
%(r). (b) Solution for ¢(r). (¢) Solution for i(r). (d) Solution for f'(r).
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We end this section by giving the entropy of the black
hole using the formulas

A
SpH = —57

. (183)
4Gy

Using G\ givenin (151)and A = vol(H3)e3™, we find the
entropy of the black hole

~ N?[g—1|vol(H?)

S
BH 2%].[293

(184)

VII. CONCLUSIONS AND DISCUSSIONS

In this paper, we have studied various holographic
solutions from five-dimensional N = 4 gauged supergrav-
ity with SO(2) x ISO(3) gauge group. The gauged super-
gravity admits a unique N =4 supersymmetric AdSs
vacuum dual to an N =2 SCFT in four dimensions. The
N = 2 SCFT arises from M5-branes wrapped on a Riemann
surface with genus higher than one, H>. We have found
solutions describing holographic RG flows preserving eight
supercharges between this N = 2 SCFT and nonconformal
phases with SO(2) x SO(3) and SO(2) x SO(2) sym-
metries. The solution with only the dilaton nonvanishing
describes an RG flow from the N = 2 SCFT in the UV to an
N =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
A = 2. The other N = 2 solutions correspond to RG flows
from N = 2 nonconformal phases with SO(2) x SO(3) and
SO(2) x SO(2) symmetries to an N = 2 conformal fixed
point in the IR. These RG flows are due to the deformations
involving an irrelevant operator of dimension A = 6 in the
presence of nonvanishing vacuum expectation values of
marginal and relevant operators of dimensions A =4 and
A = 2. Upon uplifted to eleven dimensions, the N =2
nonconformal field theories in the UV can be identified as
decompactification limits of N = (0,2) six-dimensional
field theory on the world-volume of MS5-branes wrapped
on H?. We have also found an RG flow solution preserving
four supercharges and SO(2) ;,, symmetry from the N = 2
nonconformal phase to N = 2 SCFT in the IR. In this case,
the RG flow is driven by the deformations due to irrelevant
operators of dimensions A =35 and A = 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 H>.

Another class of solutions are Janus interfaces described
by AdS;-sliced domain walls. We have studied these
solutions within the SO(2)4,, truncation. There do not

exist regular Janus solutions interpolating between AdSs

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 =2 nonconformal field theories arising from
M5-branes wrapped on H?. 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 AdSs black string and black hole solu-
tions. By performing an SO(2) twist on a Riemann surface,
we have found an AdSs black string preserving four
supercharges with AdS; x H? near horizon geometry.
On the other hand, by turning on SO(2) x SO(2) gauge
fields to implement the topological twist, we have found
supersymmetric AdSs black strings preserving two super-
charges with both AdS; x H? and AdS; x S near horizon
geometries. These solutions holographically describe
RG flows across dimensions from N =2 SCFT in four
dimensions to two-dimensional N = (2,2) and N = (0,2)
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 AdS; x X 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 = 4 SU(2) x U(1) gauged supergravity.
Upon uplifted to eleven dimensions, these geometries
would lead to AdS; x H?> x H> x §* and AdS; x §? x
H? x §* 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 AdS; x X and an N = 2 nonconfor-
mal phase in four dimensions. We interpret these solutions
as holographic RG flows from an N = 2 nonconformal
field theory arising from MS5-branes wrapped on H? to
N =(2,2) and N = (0,2) SCFTs in two dimensions. For
particular values of the boundary condition, the solutions
flow from this N = 2 nonconformal field theory to N = 2
SCFTand thento N = (2,2) and N = (0, 2) SCFTs in two
dimensions. Similarly, the only AdS, x H? near horizon
geometry of black holes is that of pure N =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 AdS, x H> near
horizon geometry and an N = 2 nonconformal phase with
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and without intermediate N =4 AdSs geometry. These
solutions are expected to describe holographic RG flows
from N = 2 nonconformal field theory in four dimensions
obtained from M5-branes wrapped on H? to N = 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 =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 =2
SCFTon H? 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 $* truncation of eleven-dimensional
supergravity given in [6].

In the notation of [4], for vanishing gauge fields, the
seven-dimensional metric is given by

1 N N
ds?, = Aids? + — AZT Dy Dy (A1)

with
ds3 = e ds? + % ds* (H,). (A2)

m is the seven-dimensional gauge coupling constant, and
the warp factor A is defined by

A=Typyb,  a,b=12,..5 (A3)

with T,; being a symmetric SL(5) matrix and u® are
constrained coordinates on $* satisfying u?u® = 1. We also
note that Dué = du® + mA®?yP . Although all the solutions
given here have vanishing five-dimensional vector fields,
there is a non-vanishing gauge field in seven dimensions
namely A'> = Ly, with wy being the spin connection on
H?. This leads to Du' = du' + wyu® and Dy’ = du® —
w[-]ﬂl while Dﬂ3'4’5 — dﬂ3'4'5.

In the truncation considered in [4], the matrix T,
decomposes as

Thp= e (A4)
€4/17aﬁ

with 7,5, @, f=1, 2, 3 is a symmetric matrix para-
metrizing SL(3)/SO(3) € SL(5)/SO(5) submanifold. In
terms of SL(3)/SO(3) coset representative V, we have
Ta/i = (Vvt)aﬁ'

We also note that the SO(5,3) invariant tensor used
in [4] is off-diagonal of the form

L 0 0
iw=10 0 I (AS)
0 I, 0

in which we have rearranged some rows and columns
to match the present convention. 7,y is related to the
diagonal 77,,y used in this paper via a transformation matrix
of the form

I, 0 O
Uu=10 -U U (A6)
0O U U
with
. 0 0
U=——]10 1 (A7)
2
V2 1 0
We also note some useful relations U = U~ = U/,

1. SO(2) x SO(3) invariant scalars

In this case, we have 7 ,; = .4, and the SO(5,3)/
SO(5) x SO(3) coset representative given in [4] becomes

I,
V= e, (A8)

e?s 13
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By transforming to the basis with diagonal 77, using U, we
precisely recover the coset representative (32) with only ¢
and ¢5 = ¢3 nonvanishing. We then identify ¢; with ¢5.
Using the relations given in [4]

and X = e ¢34,

03 =3p—4 (A9)

we can determine ¢ and A in terms of the scalars X and ¢; in
Sec. III as

1 1
¢:E(3¢3—ln2) and lz—m(¢3+3ln2>‘
(A10)

2. SO(2) x SO(2) invariant scalars

In this case, we have
T 5 = diag(e”, e, ™). (A11)

After transforming to the basis with diagonal #,,y, we find
the following identification

w
d3 = @3 +§ and ¢s=g@3—w (A12)
or
2 2
w= §(¢3 —¢s) = 32 and
1 1
Y3 = §(¢5 +2¢5) = 6(3% +@2). (A13)
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