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We construct a new family of AdS, x S* x §? solutions to type IIB supergravity arising as near-horizon
geometries of D1-F1-D3-D5-NS5-D7 brane intersections preserving four supersymmetries. We show that a
subclass of these solutions asymptotes locally to the AdSq x S? x ¥, solution to type IIB supergravity
holographically dual to the five-dimensional Sp(N) fixed point theory. This suggests that these solutions
can be interpreted as D1-F1-D3 line defects within this CFT. Switching off the D7-branes, we act with
SL(2,R) to construct a second family of solutions that can be related to an AdS; x §* x §3 class of
M-theory backgrounds describing surface defects within the six-dimensional (1,0) SCFT dual to
AdS,/Z, x S*. Finally, using non-Abelian T-duality we construct new classes of AdS, x S? x S? solutions
to type ITA supergravity with four supercharges and elaborate on their M-theory origin.
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I. INTRODUCTION

Defects play a prominent role in our current under-
standing of quantum field theories. Moreover, if the QFT in
which they are embedded is conformal, holography pro-
vides a very powerful tool for their study [1-3]. In this
context they are typically understood as operator insertions
that realize a deformation of the ambient CFT. In the so-
called probe brane approximation, the operator insertion is
described by introducing appropriate branes in the dual
geometry, that can then be studied using standard super-
gravity techniques. The probe brane approximation breaks
down however when the number of defects is large, due to
their backreaction on the original geometry. When this
happens it becomes necessary to know the fully back-
reacted geometry to properly describe the defects holo-
graphically. In this scenario the branes that realize the
operator insertion intersect with the brane system where
the higher dimensional CFT lives, breaking some of the
isometries of its dual AdS vacuum and producing a lower
dimensional AdS solution in the near-horizon limit. These
AdS solutions contain nontrivial warpings between the
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AdS space and the internal manifold and, in many cases,
asymptote locally in a certain limit to the higher dimen-
sional AdS vacuum dual to the ambient CFT [4-7].

A very useful approach to construct AdS solutions dual
to defect CFTs is to search for these solutions in lower
dimensional supergravities, and then uplift them to 10 or 11
dimensions. The reason for this is that in 10 or 11 dimensions
the parametrization of the AdS solution often hides the
presence of the higher dimensional AdS vacuum, while in
low dimensions one can directly search for solutions in which
the defect interpretation is manifest. Following this approach
AdS, and AdS; backgrounds dual to line and surface defects
within 5d and 6d CFTs have been constructed [4—13].
Constructions alike directly in 10 dimensions have been
put forward in [14,15] and also in [16—18]. Notably, in some
cases the operators causing the deformation in the higher
dimensional CFT have also been identified. Interesting
examples are the AdS, solutions constructed in [14] and
[16—-18], conjectured to be dual to baryon vertices in 4d
N =4 SYM and the 5d Sp(N) gauge theory [19], respec-
tively [20].

Besides their applications to the holographic description
of defects, low dimensional AdS solutions are interesting in
their own right, as they realize the near-horizon geometries
of large classes of extremal black holes, and thereby
provide the most promising scenarios of where to carry
out the microscopical description program. For this
reason many efforts have been devoted through the years
to scan and classify these spaces. However, due to the high
dimensionality of the associated internal manifolds, a
complete classification of these solutions is still missing.

Published by the American Physical Society
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Recently there has been remarkable progress in the clas-
sification of AdS; and AdS, spaces with four super-
symmetries [9,10,14-18,21-37]. This has come along
with significant advances in our understanding of their
2d and 1d dual CFTs [9,10,14-16,18,21,30,31,38—41],
making these perfect settings where the microscopical
description program can be implemented. Of special
relevance for our studies in this paper is the interpretation
of some of these solutions as holographic duals of defect
CFTs [9,10,14-18,20,40]. In some cases the explicit
knowledge of the quiver gauge theories that describe these
CFTs in the UV has allowed to identify the defects with
concrete low dimensional vector and matter fields inserted
in the quiver gauge theories that describe the higher
dimensional CFTs in which they are embedded.

In this work we present new classes of AdS, solutions
with four supersymmetries in type IIB and type IIA
supergravities, and focus on their defect interpretation.
We start with the construction of a general class of type IIB
solutions in Sec. II. These backgrounds are obtained as near
horizon geometries of 1/8-BPS brane intersections con-
sisting on D1-F1-D3 defect branes introduced in the D5-
NS5-D7 background branes realizing the AdSq x S? x X,
solution to type IIB supergravity constructed in [42,43] in
its near-horizon. The defect branes are taken to be com-
pletely localized within the worldvolume of the orthogonal
background branes, which is the crucial requirement] that
allows to interpret the solutions as supergravity duals of
conformal defects. In order to be able to construct the brane
intersection we impose a second requirement, namely, that
the D7 and the NS5 branes are smeared over a shared
transverse direction. This restricts the possible AdSg
solutions arising in the UV asymptotics to the AdSgq
background constructed in [42,43], which contains an St
in the internal space and is related by (Abelian) T-duality to
the Brandhuber-Oz AdSg solution to massive IIA super-
gravity [44].

This technical restriction is ultimately related to the fact
that the brane solutions that underlie more general AdSg
geometries in the classification in [45-47], not containing
an S' in the internal space, are not known. The presence of
the special S! direction allows to relate our new class of
AdS, solutions in type IIB to the AdS, x S solutions in
type IIA supergravity constructed in [16], by means of
(Abelian) T-duality. These solutions were interpreted as
holographic duals of DO-D4’-F1 baryon vertices in the 5d
Sp(N) gauge theory, dual to the Brandhuber-Oz solution
[20]. Our solutions in type IIB find an analogous inter-
pretation, this time as D1-D3-F1 baryon vertices.

In Sec. III we construct another class of solutions to type
IIB supergravity by acting with SL(2,R) on our previous

'At least in the case of AdS, and AdS; solutions dual to
defects preserving four supersymmetries, as shown in
[9,10,14,15].

class of AdS, backgrounds, restricted to the case without
D7-branes. This restriction allows us to perform a local
analysis, but at the same time spoils the AdSq asymptotics.
This is related to the fact that AdSq solutions with a
transverse S' other than the one constructed in [42,43], that
contains D7-branes, are not known in type IIB supergravity.
In this case we find that the new AdS, solutions are related
by (Abelian) T-duality to the class of AdS; x §° x §?
solutions to type IIA supergravity constructed in [9],>
further orbifolded by a Z; acting on the AdS;. These
solutions asymptote locally to the AdS; solution to mass-
less type IIA supergravity constructed in [42,48], and allow
for a defect interpretation within the 6d (1,0) CFT living in
a D6-NSS5 brane intersection [9].

In Sec. IV we present the whole web of dualities that
relates the two classes of solutions in type IIB connected by
S-duality to the AdS, x S solutions constructed in [16]
(restricted to the massless case) and the AdS; x S° x S?
solutions constructed in [9], and include as well their
M-theory realisation. In Sec. V we construct new AdS,
solutions in type IIA supergravity with four supersymme-
tries by acting with non-Abelian T-duality on the two
previous S-dual backgrounds. Even if after the non-Abelian
T-duality transformation we lose a clear interpretation of
these solutions as near-horizon geometries of brane inter-
sections, we are still able to relate them to a given M-theory
intersection. Finally, Sec. VI contains our conclusions and
open directions. We have collected in an Appendix the
details of the uplifts of the solutions in Sec. V to M-theory.

II. THE D1-F1-D3-D5-NS5-D7 BRANE SETUP

In this section we construct a new family of AdS,
solutions to type IIB supergravity preserving N' = 4 super-
symmetries. We obtain these solutions as near-horizon
geometries of D1-F1-D3 branes ending on the D5-NS5-
D7 brane system where the 5d Sp(N) gauge theory lives.
Such an intersection reproduces a class of AdS, x $° x
§% x S! geometries foliated over two intervals in the near
horizon. We show that a subset of noncompact back-
grounds within this class flows asymptotically (locally)
to the AdSg x §? x £, vacuum of type IIB supergravity
constructed in [42,43]. This AdS¢ vacuum geometry
was obtained acting with (Abelian) T-duality on the
Brandhuber-Oz solution to massive type IIA supergravity
[44], and is the only explicit solution within the general
classification of AdSg x §% x X, solutions in [45-47] with
Y, an annulus (see [49]). This asymptotic property of our
AdS, solutions allows us to interpret them as holographic
duals to line defects within the 5d Sp(N) fixed point theory.
In support of the aforementioned interpretation we show
that they are related by T-duality to the AdS, x $> x CY, x [
solutions constructed in [16] (for CY, = R*), which found

2And later extended in [15] to include D8-branes.
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TABLE 1. Brane picture describing the intersection of D5-NS5-
D7 branes with D1-F1-D3 branes ending on them. This brane
setup preserves four supersymmetries, and is thus 1/8-BPS.
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themselves an interpretation as line defects within the 5d
Sp(N) CFT, as shown in [9,16,20].

We start considering the brane intersection depicted in
Table I, consisting on D1-F1-D3 branes ending on a D5-
NS5-D7 system. Under certain assumptions this gives rise
to the first family of solutions to type IIB supergravity that

we construct in this paper, consisting of AdS, x $3 x §? x §!
fibrations over a 2d Riemann surface.

Our assumptions are as follows. We take the D1-F1-D3
branes completely localized within the worldvolume of the
orthogonal D5-NS5-D7 system. This requirement is a
crucial property that allows to construct supergravity duals
to conformal defects (see [9,10,14,15]), for it allows one to
decouple the field equations of the defect branes, D1-F1-D3
in this case, from those of the background branes, D5-NS5-
D7 in our current system. The second important assumption
that we make is to take the D7 and NS5 charges smeared
over a shared transverse direction. This restricts one to the
D5-NS5-D7 brane setup where the 5d Sp(N) gauge theory
lives. With this assumption one recovers asymptotically
locally the AdSg x S? x X, solution of type IIB dual to this
SCFT, constructed in [42,43].

The D1-F1-D3-D5-NS5-D7 system is described by the
following 10d metric and dilaton:

ds}y = Hpy*Hp*|=Hp P HpY Hyl de® + HYPHYS (dp® + p*ds,)]

+H]1)/72H1/2H1/2H1/2H 1422 +H]1)/72H_1/2HN55H51/2H1/2d 5

+ Hpy *HYS HyssHyy Hpy (dr? + rds,),

—1/2 141/2 71/2 17—1/2
HD%H HyssHpy Hg,'".

(2.1)

We now ask that the D1-F1-D3 defect branes are completely localized in the R* parametrized by p and the S3, namely Hp,,
Hy, and Hp; are just functions of the radial coordinate p. Further, we impose the smearing of the NS5-D7 branes over the y

direction, that we assume parametrizes a circle, namely Hygs = Hyss(r) and Hpy =

localized D5-branes, i.e. Hps

= Hpy(z).” Finally, we take completely

= Hps(z, 7). The fluxes corresponding to this charge distribution acquire the form

H(3) = _aﬂHl;lldt Adp N dz + arHNssrzdl// A volg,

F(1) = HpHp 0. Hprdy,

F(3y = —Hp;0,Hpldt A dp A dy — Hp0,Hpsr?dz A volg + He Hp Hyssr?0, Hpsdr A volg,

F(5> = _HDSHNSS() HD3r d[ A dp A dr VAN V01S2 + HD76 HD3p3V01S3 A dZ AN dl//

(2.2)

Given the metric (2.1) and the fluxes (2.2), the equations of motion and Bianchi identities of type IIB supergravity decouple
in two groups. One group is associated to the D1-F1-D3 defect branes,

V%RﬁHDl =0 with HD] = HFl

and the other to the D5-NS5-D7 background branes,
HD7V[}2Q;HD5 + Hyss07Hps = 0,

If we now pick the following particular solution to (2.3),

V%R?HNSS =0 and d%Hm =0.

= HD3’ (23)

(2.4)

*In the absence of D1-F1-D3 branes and T-dualizing along the y direction, the D4-D8-KK system whose near-horizon geometry is
the AdSg vacuum of massive ITA (orbifolded by Z; [50]) is reproduced. The KK-monopoles arise from the dualization of the NS5-
branes. In the presence of D1-F1-D3 branes an extra DO-F1-D4/ bound state ending on the D4-D8-KK system is obtained.AdS,
solutions associated to these brane intersections were constructed in [7,10,16], and interpreted as dual to DO-F1-D4’ line defects within
the 5d Sp(N) fixed point theory.
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fJDl

Hp =1+— (2.5)
p?
and we take the near-horizon limit p — 0, the following family of backgrounds arises,”
dsly = 47 qui Hyy *Hpy *[dshys, + 4ds] + HYF Hys d2> + HYF Hpl* Hyssdy® + Hyy > Hys Hyss(dr? + rds?,),
Hpzy = =27 gy volags, A dz + 0,Hyssr*dw A volg, = HybHp P HYS,
Fy = 0.Hprdy,
F3) = —27'glHpyvolaas, A dy — Hiy,0,Hpsrdz A volg + Hyssr?0.Hpsdr A volg,
Fi5y=-2" 1l Hyys Hyss Volags, A dr A volg — 2gp Hpyyvolgs A dz A dy. (2.6)

These backgrounds preserve ANV = 4 SUSY. The simplest
way to infer this is to note that they are related to the N =
(0,4)AdS; x S? solutions constructed in [10] through a
double analytical continuation. > We thus obtained a class of
N =4AdS, x §* x §? x S x I, x I, geometries defined
by the three functions Hp;(z), Hps(z, r), Hyss(r) satisty-
ing Eq. (2.4) and describing the dynamics of a D5-NS5-D7
bound state wrapping an AdS, x S curved geometry.

A. Line defects within AdS, x S? x X, vacua

In our previous analysis we derived the supergravity
solution describing D1-F1-D3 branes ending on a D5-NS5-
D7 system and showed that in the near-horizon limit the
brane solution defines a class of N' = 4 AdS, x 3 x §2 x
S x I, x I, geometries. These backgrounds are defined by
the functions Hp;(z), Hps(z,r), Hyss(r) solving the
equations of motion of the D5-NS5-D7 bound state, given
by Eq. (2.4). As we also mentioned at the end of the
previous section our solutions can be related via double
analytic continuation to the A = (0,4)AdS; x S? solu-
tions constructed in [10]. These solutions originate from
D3-D5-NS5 branes ending on a D5-NS5-D7 system, and
under certain assumptions can be interpreted as holo-
graphic duals to surface defects within the 5d Sp(N) fixed
point theory. One can check that the equations describing
the D5-NS5-D7 subsystem of our brane setup, given by
(2.4), are exactly the same ones that allowed to find such
defect interpretation in [10]. Therefore, we can take the
same profiles for Hy;, Hps, and Hygs in order to find AdSq
arising in the asymptotics.6 These profiles are given by [42]

by
Hps =1+ s
. (4gnssr +%qmz3)5/3
q
Hyss = g Hp7 = qp2, (2.7)

*“In order to have AdS, with unitary radius we rescaled the

coordlnates as t — 27 lqg/ ’1.
See the solutions (5.13) of [10].
®For a detailed derivation see Sec. 5.3 of [10].

|

where the parameters ¢ps, ¢p7, and gygs are the charges of
the D5, NS5, and D7 branes. As in [10], the AdSg x S? x
Y, geometry constructed in [42,43] comes out after the
change of coordinates,

1/3 o 2/3

7= gugshsina (2.8)

r=97gpu® cos o?,

with 4 >0 and a € [0,3]. Indeed, rewriting the back-
grounds (2.6) and (2.7) in this parametrization and taking
the y — 0 limit, one obtains

locally AdS¢ geometry

d 2
_ _ 2/3 H
ds%o =g 1/3 [4 ququ/sytz(dszzdez + 4ds§3) + /4_2

+< da + 9g%ssc 725 P dy? + 97! 2dssz}, (2.9)

9
where the 6d external part of the metric describes a locally
AdS¢ geometry with unit radius. From this expression it is
thus manifest that in the 4 — O limit the A" = 4 solutions
take the form of a AdSg x S? x ¥, vacuum, where the
Riemann surface %, is an annulus parametrized by the
coordinates (a,y). Note however that AdSg arises only
locally since extra, subleading fluxes are also present in the
solution that breaks the AdSg isometries. Note as well that
being the internal space in (2.9) noncompact along the y
direction, an infinite holographic central charge for the dual
superconformal quantum mechanics arises. Indeed, sub-
stituting in the general expression for the holographic
central charge7 for AdS, (see [51-53]) we find

3
Chol —@A] dg)’\/g_se_m
8
< Gl / dy da dy cos® asin'3ay?,  (2.10)

where the integration has been performed along the Mg 8d
internal manifold of the AdS, spacetime. In this expression

"We fixed G\ = 87°
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the divergence along the y direction (which plays the role of
AdS¢ radial coordinate) is manifest. This is exactly the
situation one would expect for a 1d CFT dual to a
conformal defect embedded in a higher dimensional
CFT (see [7,10,15]).

Finally, it is easy to check that the new AdS, x $° x
§? x §' x ¥, solutions defined by (2.6) are related by
T-duality along the y direction to the AdS, x S x CY, x
I solutions to massive IIA supergravity constructed in
[16], for CY, = R* After the duality the S and the y
direction give rise to a second S°, which together with
the r direction build up the R*. As already mentioned, it
was shown in [7,10] that these type IIA solutions
describe DO-F1-D4’ branes ending on the D4-D8§ system.
Further to this, the detailed analysis of the dual field
theory performed in [16] allowed to interpret the DO-
branes as baryon vertices associated to the D8-branes of
the background, and the D4’-branes as baryon vertices
associated to the D4 branes.® Analogously, the D1-F1-D3
defect branes present in our AdS, solutions find an
interpretation as D1 and D3 baryon vertices for the D7
and D5 background branes underlying the type IIB AdSq
solution. The T-duality symmetry that relates these
constructions guarantees that the 1d quivers constructed
in [16], now built out of D1-D3 color branes and D7-D5
flavor branes, describe 1d QMs (quantum mechanics) that
flow in the IR to the SCQMs (superconformal quantum
mechanics) dual to our solutions.

III. AN SL(2,R) CLASS OF A =4 AdS,
NEAR-HORIZONS

In this section we focus on the subclass of solutions
associated to the brane intersection depicted in Table I
in the absence of D7-branes. Acting with a rotation
included in the SL(2,R) S-duality group of type IIB
supergravity we obtain a covariant class of solutions
depending on the parameter associated to the SL(2,R)
transformation. As usual, since only SL(2,Z) is a
symmetry of type IIB string theory, continuous trans-
formations determine new inequivalent backgrounds in
the supergravity limit.

The exclusion of D7 branes is required such that a local
analysis of SL(2, R) rotations can be performed. Note that
this leaves the supersymmetries unaltered. Globally one is
of course free to take the general brane setup depicted in
Table I and perform an S-duality transformation involving
the D7-branes. We will refrain however from doing this as

The field theory is described by quiver-like constructions
involving different nodes, and therefore different gauge groups,
for both the D4 and the DS branes. It is worth pointing out that in
these constructions the D4 and D8 branes turn from colour
branes, where the 5d Sp(N) gauge theory lives, to flavour branes,
once the defect branes are introduced. The reader is referred to
[16,20] for more details on this description.

we are mainly interested in the local,
description.

Remarkably, the defect interpretation within AdSg is lost
when the D7-branes are excluded. Still, we will be able to
find an interesting defect interpretation within a 6d SCFT
once the new solutions have been T-dualized to type IIA
and uplifted to M-theory.

We start by introducing the SL(2, R) rotation

RZ(COS§ —sin§>.
siné  cosé

Acting with it on a “seed” background described by fluxes,
dilaton, and metric F ) ;, ®;, and dsj,,, we have

(ﬁ“@)) _ <cos§ —sin§> <F(3),S)
H(3) SiIlg COS& H(3>’S ’

_ coséry—sing
~ sinér, + cos¢’

supergravity

(3.1)

F(S) — F(S),s’ (32)

where 7 = C(g) + ie~® stands for the axiodilaton. Even if
the seed solution we are going to consider is characterized
by a vanishing axion, this transformation generates a
nontrivial profile for Cy). This implies that the 3-form
flux associated to the rotated solution is given by
Fa) = F(3) — C(p)H 3). Finally, the metric in the string
frame transforms as ds}, = | cos & + sin &zdsy) .

Taking as seed solution the brane intersection described
by (2.1) and (2.2), with Hp; =1, and applying the
aforementioned rules we obtain

dsty= AV [Hy* (—Hp)  Hpy *Hi | di?
+HYTH (dp? +p*ds,))
+H]1)/52H11)/12H1/2HF11d +Hp /HNssIr'll_ai/zHl/zaﬁl/2
+HYS HyssHy Hpy * (dr? +17ds%, ),

Hhp;s HFI $2,

A=c?+—=
HNSSHDI

(3.3)

where s = siné and ¢ = cosé. The dilaton and the axion
C (o) can be obtained from the axiodilaton and they have the
following form:

—1/2 1/2 ,,1/2 —1/2
= AHLPHUGHY HE?,

Hps H
Cloy = A ( D5 Hp 1)
Hyss Hpy

In turn, applying (3.2) to the fluxes (2.2) we get
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H ) = —cd,Hgldt A dp A dz + c0,Hyssr*dy A volg — sd,Hpidt A dp A dy
— 50,Hpsr*dz A volg + sHF1H53HN55r 0,Hpsdr A volg,

F(3) = —CA_I()/,HI_)% dt A dp A dl// + CA_lHFIHB%HNssrzaZHDst VAN VOISZ

Hps H
— ¢A™'0,Hpsr?dz A volg + sA™! —5la Hgldt Adp A dz
nss Hpr ©
Hps H
—sA ' =B EL G Hygs 2 dy A volg,

HNSS HDl
F(S) = —HDsHNSSa HD3r2dt AN dp AN dr A VO]SZ + 0,HD3p3V0133 AN dZ A dl// (35)

The equations of motion and Bianchi identities are preserved by the SL(2, R) rotation, so Hps and Hygs must still satisfy
Eq. (2.4), with Hp; = 1. Note that the absence of D7 branes implies however that Hp; = Hgy # Hp; and

V%R;}HDI =0 and V%R?,HFI =0 (36)

are satisfied instead of (2.3). We can then choose the particular solutions

QF1

qDl HFl - 1 +—
p

Hp =1+101 (3.7)
p?

and proceed to extract the p — O limit. In this way we get a new class of N' =4 AdS, x §3 x §? x S! x I x I,
backgrounds to type IIB supergravity of the form’

_ 1/2 12 1,-1/2 12 ~1/2 1,1/2
ds?y =4 lAl/z[qD/lq/ / [ds}gs, +4dsg] + qp; / ar / /dz
-1/2 1/2 1/2
+HD5 HNSSQD qF{ dl// +H HNSSC]D/1 (]Fl/ (dr +”2ds SIR

— - 1 2
® = AHPH\Ga am? with A = ¢ + Z:l HI\?SSS a

H(3) = —2'lcq]13/12VOlAd52 AN dZ + C(),HNSS Vzdl// AN VOlSZ — 2_1551]_311/251F1V01Ads2 AN dl//

’

- SarHDsrde AN VOlSZ + SHNSSI”Z()ZHD5dr A VO]SZ,

-1 4 _
F(l) = SCA 2HN§5 qFl [0 HDSdZ + (a HDS HNésHDSarHNss)dr],

Fp) = —2‘1cA‘1qD1/ qr1Volags, A dy — cA™'0,Hpsr’dz A volg
+ cA™ Hyssr20, Hpsdr A volg + 27 sA™ HipsHksgri gy Volags, A dz
— AT Hps Higsqri qp1 9, Hnss > dy A volge,
Fis) = —2_1Q113/121L171)51r1’Nss’”zvolAds2 A dr A volg —2gpvolg A dz A dy. (3.8)

Here Hps and Hygs must satisfy the equations
V%R§HD5 + HNSS()%HD5 = O and V%R%HNSS = 0 (39)

The above class of solutions describes (p’, ¢') strings and D3 branes ending on orthogonal (p, ¢) 5-branes, and is in this
sense more general than the class of solutions constructed in Sec. II. This is reflected by the fact that the D5 and NS5 charges
are now distributed along the (z, y, p) directions while the D1 and F1 charges are mixed along (z, y). The interpretation of
these solutions should be as holographic duals to D3 baryon vertices introduced in the 5d field theory living in D5-NS5
branes, with F1 (D1) strings in the completely antisymmetric representation of the D5 (NS5) gauge groups stretched

between the D3 and the D5 (NSS5) branes. It would be interesting to provide a concrete realization of this setup, along the
lines of [14,16-18].

’As in the previous section we rescaled the coordinates as 1 — 2~ ‘q 1/ qult to have AdS, with unit radius.
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It will be useful for our constructions in Sec. V to have the explicit form of the solutions (3.8) particularized to £ = 0,%

72,

that is, the two families of solutions in this class that are S-dual to one another. For £ = 0 we have

_1 12 1/2
ds%o =4 lCID/l QF{

12 1/2
+HD5/ HNSS‘IDl/ qF/l dy? + Hy

“1/2441/2 1/2 —1)2
eq):HDs/ HN/Squ/lq /»

1/2

2
l/ (dsAdS + 4d55%) + 4qp1 9k

1/2 -1/2 1/2dZ

—1/2
HNSSCID/1 q*(dr? + rrds3,),

Hg) = _2_1‘1131 VOlags, A dz + 0, Hyss r’dy A volg,

Fy = —2""qpy qp1volaas, A dy — 0,Hpsr?dz A volg + Hyssd.Hpsr*dr A volg,

= —2_1q]1)/12HD5HN55r2VOlAdSZ Adr A V01S2

—2gpvolg A dz A dy. (3.10)

Note that this class of solutions is a generalization of the backgrounds (2.6) (with Hp; = 1) where Hy; # Hp; and there are

therefore both gp; and gy, quantized charges. In turn, for £ =

7 we have

_ —1/2
ds?) = 47 qp Hsh (ds}as, +4ds%) + Hygs Hpsdz?

1/2 1/2

+ gr1qpi Hyssdy?* + HgsHps(dr? + r?ds%,).

1/24,1/2 1/2 —~1/)2
e® = HNSéHD/SqF{q /’

H@z) = —2-1 qquDl VolAds2 A dy — 0,Hpsr?dz A volg + Hygs0,Hpsr*dr A volg,

F(3) = 2_16111)/12V01Ad52 Adz — arHD5V2dl// VAN VOlsz,

Fis) =

—2_1qllj/leDSHl\]SSr2volAdS2 A dr A volg —2ggvolg A dz A dy.

(3.11)

Finally, we can provide a unified expression for the central charge of the whole family of SL(2, R) solutions, since this
quantity is SL(2, R) invariant. Substituting the metric and dilaton of the backgrounds (3.8) in (2.10) we indeed find

Chol = 877.'6

where the &-parameter is not present.

IV. WEB OF DUALITIES AND M-THEORY ORIGIN

In this section we discuss the type IIA realization
and M-theory origin of the £ =0 and ¢ = 7 solutions to
type 1IB constructed in the previous section. As we already
mentioned the defect interpretation within AdSg x §% x %,
is lost. Instead, the solutions allow for an interesting
realization as line defects within the 6d (1,0) CFT dual
to AdS;/Z; x S$* in M-theory.

The two S-dual solutions with £ = 0,7 in (3.10) and
(3.11) are related by T-duality to the AdS, x S x R*/Z,
solutions constructed in [16],"* and to the AdS;/Z; x $3 x
§? solutions to massless ITA supergravity constructed in
[9],11 respectively. As shown in [9] these solutions share a
common origin in M-theory, in the form of AdS; x §3 x

10Restricted to the massless case, since we are not allowing for
D7-branes.

"'With the AdS; modded out by Z, but this is a trivial
extension of the solutions in [9].

dsy\/_e 20 8 6qD1 qF]V0]S3V0]SZ/dl//drdZ VZHDS HNSS’

(3.12)

§%/ 7, backgrounds (AdS;/Z in our case), also classified
in [9]. These solutions were shown to asymptote to
AdS;/Z; x §*in the UV. Our solutions are thus interpreted
as duals to line defects in the 6d (1,0) CFT dual to this
background, once uplifted to M-theory.

The web of dualities connecting these classes of sol-
utions is depicted in Fig. 1, that we now explain in detail.
Starting with the bottom left solution of type IIB and
performing a T-duality along the S}, circle, an $° is built up
with the S}, and the $?. This S$* gives rise to an R*/Z, space
together with the r-direction. Here the integer k is the
number of NS5-branes present in the type IIB solution, that
become KK-monopoles in type IIA. This solution in IIA is
contained in the class found in [16], for CY, = R*/Z,. The
corresponding type IIA brane setup is described by a D4-
KK-F1-D4’-DO0 intersection studied in [7] and it is depicted
in the left-hand side of Table II.

We already referred to this T-duality transformation in
Sec. I, for the more general situation in which D7-branes
were also present. In turn, the uplift of the type IIA solution
to M-theory produces an AdS;/Z, space, built up with the
AdS, and the M-theory circle (parametrized by the y
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MO - M2 - M5 on M5 - KK
Ang,/Zkr x S% x R4/Zk X Iz

DO - F1 - D4’ on D4-KK
AdSy x S3 x RY/Z), x I,

Ty

D1-F1- D3 on D5 - NS5

wave - D2 - D4 on NS5 - D6

AdS3/Zy x S3 x S? x I, x I,

Ty

F1-D1-D3on NS5 - D5

AdSy x 8% x 8% x S), x I x I,

FIG. 1.
solutions constructed in [9] and [16].

coordinate), where X’ is the number of F1-strings in the type
ITA solution, that become waves, or units of momentum, in
M-theory. The M-theory intersection underlying these
solutions is depicted in the top of Table II and it is defined
by an intersection of M5’-KK-M2-M5-MO branes. The
corresponding class of AdS;/Zy x §* x R*/Z; x I, sol-
utions to M-theory was found in [30]. In turn, it belongs to
the more general class of AdS; x §% x §3/Z, x £, solu-
tions constructed in [9], in our case orbifolded by Z.
Taking now these solutions as our starting point, but
reducing instead along the S,,, /Z, Hopf fiber of the

TABLE II. 1/8-BPS brane setups in M-theory and type ITA
associated to Fig. 1. In M-theory one has the intersection of M2-
MS5-MO branes ending on M5’-branes with KK monopoles. The
reduction to type IIA can be performed over the coordinates y and
y that parametrize the isometric directions and are respectively
associated to the momentum waves MO and the KK monopoles.

Branes ¢ Vet 9 oz oy r 00

M5’
KK
M2
M5
MO

<
<
<

X X |
X X
X X
X X

X
X

X X X X (X

X X X X X
|
|
|
|
|
X
X
X
X

‘SP—A
)
[
D)
)
o~
<
S
<
S
%)

Branes

D4
KK
F1
D4/
DO

~

X X X X X
| X X |
| X X
| X X
| X X

[
W

Branes

NS5
D6
D2
D4

e_
<
<
N
~
Sy
QE)

X X I
X X
X X
X X

|

|

|

|

X X X X X
X X X X [N

SO - - - - - - - -

AdSy x 8% x §% x S} x I x I,

Web of dualities that relates the new AdS, solutions in type IIB written in (3.10) and (3.11) to the type IIA and M-theory

§3/7, contained in R*/Z,, we obtain a solution in type
IIA in the class constructed in [9],12 with extra kK’ waves, or
units of momentum. The corresponding brane setup is
presented in the right-hand side of Table II and it is given by
an intersection of D6-NS5-D4-D2 branes with momentum
waves W. T-dualizing along the Hopf fiber of the AdS;/Z,,
subspace we finally arrive at the type IIB solution shown at
the bottom right of the figure, containing k&’ F1-strings. As
expected due to their common M-theory origin, both
solutions in type IIB are related to each other by S-duality.

V. NON-ABELIAN T-DUALS
AND TYPE ITIA PICTURE

In this section we present new AdS, solutions to type IIA
supergravity preserving four supercharges obtained by
performing a non-Abelian T-duality transformation along
the 3 on the two S-dual backgrounds with & = 0 and & =
7/2 givenin (3.10) and (3.11). These type IIA backgrounds
depend on two defining functions Hps = Hps(z,7),
Hyss = Hyss(r) satisfying the master equations

"2And later generalized to the massive case in [15].

In this section we restore the integration constant gps
associated to D3 defect branes in the S-dual type IIB backgrounds
(3.10) and (3.11). We recall that this parameter was fixed as
gp3 = qp; at the level of the brane solution Hp; =1 +%,

Hg =1+ ‘1“ in (3.8) by the conditions V> 4HD'; V HFI =0

and Hps = HFl coming from the equatlons of motion for the
defect branes [written in (3.6)]. The freedom to keep ¢ps
unconstrained at the near-horizon is provided by the fact that
the condition Hp3 = Hy, is a particular realization of the slightly
more general condition Hp3Hp = Hp;Hg, implied by the
equations of motion. Outside of the near-horizon these two
conditions are equivalent and imply that gp3 = gg;, but in the
p — 0 limit the absence of the “1” factor in the harmonic
functions Hp; = 2, Hy = % allows one to avoid any con-

straint on gp; in terms of the other integration constants. The
AdS, factor with unitary radius in the metrics of the S-dual
solutions in type IIB is realized by the rescaling of the time

direction t — 2~ 161113/12%1)/32%1:{2
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v%} HDS +— el
r qp3

HNSSO HD5 =0 and V 3HNSS =0.

(5.1)

Under non-Abelian T-duality the S3 of the original background is transformed into an open subset of R3, parametrized by
the radial coordinate R and the 2-sphere §2. For & = 0 the new class of non-Abelian T-dual solutions is given by

ds2y = 4! 1/2 1/2 1/2

1/2 12 _

12 12 1/2 1,-1/2
qp1 4 dsAdS + dpi 9p3 QF11H/ dz* + D/ q/H /HNssdll/

+q1/2 —1/2H1/2HNSS(dr +F2dS )

1/4 =1/2 =3/4 1;1/4 171/2
= 8qp, / qFl/ qD3/ H /SHN/SSHI/z’

1 1/2 12
Hp) = -2 ! D/l qD/3 qFl

+ qpy gy *HYZ4 (dR? + HR?ds%,),

VOlAdSZ A dz + 0,HN55r2dl;/ A VOISZ

+ 0.HRdz A volge + 0, HRdr A volge + 0p((H — 1)R)dR A volg,

Fo) = =47 "qpsdz A dy,

Fay=dl2" g5 i a5 (3/2 + (H —
+ 4gp1HR Hpsdz A dy A volg

1)7)R?volygs, A dy]

—47'qpHpsHyssr*dz A dr A volg

+ ’"ZR(CIFICII_)%HNSSazHDSdV — arHD5dz) AN VOlSZ AN dR, (52)
where we have defined
9p14D3
= 5 . (5.3)
dp19p3 + 16R"Hps
In turn, for £ =7 we find the new class,
1/2 1/247-1/2 -1/2 _1/2 -1/2 12 1/2 1/2 _
ds%o =47 qu/l qD/3 NS/S dsAd82 + dp qD/3 HDSHNS/S dz* + HN/SSQF{ qD/3 qD}d‘l’z
1/2 ~1/2 —1/2 —~1/2441/2
+ ap apy  HosHyss (dr* + r2ds%) + 4qp, P apy *HYss (dR? + AR dsY,),
1/2741/4 —1/2 —1/4 —3/4 7
®= 8HD/5 N/SSQDI/ CIFl/ / a2,
1 12 1/2 -
Hg) = -2 "1 sy “Volags, A dw
+ (gr19ps Hnss0-Hpsdr — 0,Hpsdz)r*dy A volg + d((H — 1)Rvols),
_1.1/2 ~1/2 1/2
Fyy = —d[2 lggiar P ays (3/2 + (H = 1)” DR?volags, A dZ]
+ r2(4_ qFlHD5HNS5dr + RO,HDSdR) A dl// VAN VOlSZ
—47gpsR™' (H = 1)dz A dy A volg, (5.4)
I
where we have defined ¢ =7, observing that the two corresponding 11d solutions
arise from the same intersection in M-theory (with
F qr19D3 different smearing of brane charges). Even if for the

H =

. 5.5
qr1qps + 16R? Hyss 5:5)

The fluxes of these solutions are compatible with the
brane configurations shown in Table III. We point out
that, as usual for non-Abelian T-dual solutions, a clear
prescription to construct the full brane solutions describ-
ing the setups of Table Il and reproducing (5.2) and
(5.4) in the near-horizon limit, is not available. Never-
theless we can consider their M-theory uplifts. In Sec. IV
we discussed the M-theory interpretation of the Abelian
T-duals of the type IIB backgrounds with £ =0 and

non-Abelian T-dual backgrounds we do not have full
control over the brane solutions behind the AdS, back-
grounds (5.2) and (5.4), it is possible to show that their
M-theory uplifts are related to each other, provided that
one makes some assumptions on the spacetime depend-
ence of the function Hps, which implies a particular
choice of the charge distribution of branes underlying the
non-Abelian T-dual solutions.

The backgrounds (5.2) and (5.4) can be uplifted to M-
theory by choosing the same gauge potential for the F,)
flux, namely
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TABLEIII. Brane setups compatible with the fluxes of the non-
Abelian T-dual solutions (5.2) and (5.4). The coordinates
(R, ', %) parametrize the open subset of R® generated by the
action of non-Abelian T-duality on the S* factor of the type IIB
backgrounds.

Branes t p R y' ¥ z w r 6 &
D4 X X - X X - X - - -
D2 X X = - - - X - - —
NS5 X X X X X N — — —
D2/ X - x = - - x - = —
D4’ X - X X X - X - - —
F1 O - X - = = -
D4 X - X - - X X X
D6 X - X X X - - X X X
NS5’ X = = — — X X X X
Branes ¢t p R ' ¥ z w r 6 @
D4 X X - X X X - - - —
D2 X X = - - X - = - -
NS5 X X X X X - X — — _
D2’ X - X - - X = = = =
D4/ X - X X X X = = = -
F1 X - - = - - X = - -
D4” X - X - - - - X X X
D6 X - X X X - - X X X
NS5 X - - - X X X X X
_ qp3
Cu = 5 (wdz — zdy), (5.6)

which is invariant under the following relabeling of the
coordinates, (z,y) — (y,—z). The explicit 11d solutions
are given in the Appendix in Egs. (Al) and (A2). We
observe that the parameter ¢gp3, whose inclusion in the non-
Abelian T-dual backgrounds was discussed in footnote 13,
gains a natural interpretation in M-theory as KK monopole
charge.

It was shown in [54] that the Abelian T-dual of a certain
background can be obtained from the corresponding non-
Abelian T-dual one by sending the radial direction of the dual
space R? to infinity and further compactifying it to the
interval [0, z]. Taking this limit in the solution (5.2), we
recover the Abelian T-dual of the £ = 0 solution (3.10),
where now R € [0, z]. Then we can take the uplift to 11d
along the y direction, rotate the coordinates as (y,R) —
(R, —y) and go back to type IIA. Doing this we recover the
Abelian T-dual of the & =7 solution. Such a procedure
confirms the reliability of the non-Abelian T-dual back-
grounds, since the corresponding Abelian T-duals are shown
to be related to the S-dual solutions in type [IB with £ = Oand
¢ = 7. Furthermore, the two circular coordinates (x,R)
parametrize the 2-torus in M-theory that provides the geo-
metrization of the S-duality transformation in type IIB.

As was expected, the 11d uplifts of the solutions (5.2)
and (5.4), given by Eqgs. (Al) and (A2), are not related

anymore by a simple rotation of the coordinates as for
their Abelian limits. This is reflecting an “exotic” charge
distribution as underlying the intersections depicted in
Table III, which modifies the standard chain of dualities
connecting type IIB string theory to M-theory. Such an
“exotic” charge distribution could be related to the presence
of dyonic membranes, which, as shown in [55], define an
additional warping between the AdS factor and the internal
space, as in (5.2) and (5.4).

VI. CONCLUSIONS

In this paper we have constructed and studied various
examples of N =4 AdS, x $* x §2 x S! backgrounds
fibered over two intervals in type IIB supergravity. Such
solutions have been obtained by extracting the near-horizon
limit of a brane solution describing the intersection of D1-
F1-D3 branes ending on the D5-NS5-D7 bound state.

As a first example we considered the particular solution
for the D5-NS5-D7 bound state reproducing in its near-
horizon limit the AdSg x S? x ¥, vacuum with ¥, an
annulus. This vacuum geometry is the Abelian T-dual of
the Brandhuber-Oz solution of massive type ITA super-
gravity. The intersection of D1-F1-D3 branes with the D5-
NS5-D7 backreacted geometry gave rise to a noncompact
AdS, x §* geometry fibered over a line admitting an
asymptotic local description in terms of the AdSq x % x
%, solution. Such a behavior allowed us to propose an
interpretation of the AdS, solution as holographically dual
to a N/ = 4 superconformal quantum mechanics realizing a
defect within the N' = 2 Sp(N) 5d SCFT dual to the AdS,
geometry.

Second, we focused on the particular subclass of A = 4
AdS, x 5% x §? x §! solutions fibered over two intervals
featured by the absence of D7 branes. Even if this require-
ment implies that the defect interpretation in AdSg is lost,
this subclass is interesting since we could act locally with
an SL(2,R) transformation to generate a vast class of
inequivalent backgrounds parametrized by a continuous
parameter ¢ € [0,5].

We then focused on the two S-dual backgrounds with
£ =0and ¢ =7, and studied their type IIA realization by
acting with Abelian T-duality along the S' present in both
backgrounds. In this way we constructed the entire chain of
dualities providing the M-theory origin of our S-dual pair
of solutions. This allowed us to show that they belong to the
general class of N' = (0,4) AdS; solutions to M-theory
classified in [30]. Remarkably, we showed that the T-dual
of the £ =7 solutions is related to the AdS; x $3x $3
backgrounds studied in [9], which were shown to asymp-
tote locally to the AdS;/Z; x $* vacuum geometry of M-
theory. Thus, in the absence of D7-branes we lost the line
defect interpretation within AdSg in type IIB, but we
recovered a surface defect interpretation within the
N =(1,0) 6d SCFT dual to the AdS;/Z; solution in
M-theory.
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We concluded by deriving the non-Abelian T-duals in
type IIA of the S-dual pairs with £ =0 and £ =7 and
discussing their embeddings in M-theory.

Our results in this paper contribute to deepen our
understanding of the interrelations between N = 4 AdS,
and V' = (0,4) AdS; solutions to type II and M-theories
with four (small) supersymmetries. In this scenario there
are two research directions that we think would be
interesting to pursue in the future. First, it would be
interesting to construct a more general and systematic
classification of ' =4 AdS, x S solutions to type IIB
supergravity, in particular including an additional warping
between the AdS, and the S factors. One could try to
search for these solutions in lower dimensional gauged
supergravities, as initiated in [7]. These more general
backgrounds would be described in term of a brane
intersection involving dyonic membranes, as it has been
highlighted in M-theory for AdS; x S* backgrounds [55].
A second interesting research direction is the construction
of the quiver defining the superconformal quantum
mechanics dual to the AdS, solution studied in Sec. I A,
following the ideas of [9,15,56]. Such a field theory would
explicitly describe a conformal line defect within the

|

5d SCFT dual to the AdS¢ x S§? x X, background emerging
in the asymptotics.
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APPENDIX M-THEORY UPLIFTS OF THE
NON-ABELIAN T-DUAL BACKGROUNDS

In this appendix we provide the M-theory uplift of the
two backgrounds (5.2) and (5.4) obtained by acting with
non-Abelian T-duality on the S-dual solutions (3.10) and
(3.11). If one introduces the gauge potential (5.6), the 11d
uplift of the background (5.2) is given by

-1.2/3 1/3 —2/3 77—1/3 17— —1.2/3 ~2/3 771/3 17=1/3 15—
ds%l =16 1QD/l QF/I QDsHl)s/ HNs/s H 1/3dS/2Acls2 +4 qu/l QD3QF1/ HD/S HNSé- H™13dz?

-1/3 1/3

+ 4_151D1 qr1 ‘ID3HB§/3H§/;5H_1/3‘ZW2 + 4_1%2)/13qu/13Hll)/53H12\1/535H_1/3(drz + rzdséz)
AP B dR + HRS)
+16q5, gz’ gy Hys Hygs H2 (dy + 87 qps (wdz — zdy) 2,
Gy = 27 5> a1l g5 (3/2 + (H = 1) )R*Vol zgs, A dy]
+4gpt HR?Hpsdz A dy A volz: — 47 g HpsHyssrdz A dr A volg

+ r*R(qr1qpsHnss0 Hpsdr — 0,Hpsdz) A volg A dR + [-27'qp, qp5 95
+ 0,Hyssr*dy A volg + d((H — 1)Rvolg)] A (dy + 87 'qps(wdz — zdy)).

|12 1/2 -1

/2V01Ads2 A dz
(A1)

Using the same gauge potential (5.6) and uplifting the (5.4) solution, we obtain

_1.1/3 2/3 —1/3 1,-2/3 £ 1173 —1/3 2/3 17-2/3 77—
ds%1 =16 qu/1 QF/1 ‘1D3HD5/ HNS/S H 1/35’151%(152 +4 qu/l qFl/ 6IDSHD/S HNS/S A7 dz?

-2/3 2/3

+ 47 g g QD3H1_)]5/3H11\1/S35H_1/351‘/’2 + 4_]‘]1]3/13‘]?13HZD/SS1'111\1/5351:1_1/3(d’"2 + r’dsy,)
e U R
+ 16451 g1 gy Hps HyssH? (dy + 87" g (wdz — zdy) .
Gy = ~d127 g ar P ays (3/2 + (H — 1) )R*Volags, A dz] + r* (47" ggy HpsHyssdr
+ R0,HpsdR) A dy A volg — 47 qpsR™V(H — 1)dz A dy A volg

112 172 —1)2

+ (=274 g3 9

+d((H — 1)Rvolp)] A (dy + 8 'qps(ydz — zdy)).

VOlAdSZ A dl// -+ (qqu]SéHNSSaZHDSdr — 0,HD5dz)r2dlp AN VOlsz
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