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ABSTRACT: We study AdS3 x S3/Z;, x S3/Zy solutions to M-theory preserving N = (0, 4)
supersymmetries, arising as near-horizon limits of M2-M5 brane intersections ending on
Mb5’-branes, with both types of five-branes placed on A-type singularities. Solutions in this
class asymptote locally to AdS7/Zy, x S8 /Zys, and can thus be interpreted as holographic
duals to surface defect CFTs within the N’ = (1,0) 6d CFT dual to this solution. Upon
reduction to Type ITA, we obtain a new class of solutions of the form AdS3 x S3/7Z;, x S x 3y
preserving (0,4) supersymmetries. We construct explicit 2d quiver CFTs dual to these
solutions, describing D2-D4 surface defects embedded within the 6d (1,0) quiver CFT dual
to the AdS7/Zj solution to massless ITA. Finally, in the massive case, we show that the
recently constructed AdS3 x S? x CYy solutions with A" = (0,4) supersymmetries gain a
defect interpretation as surface CFTs originating from D2-NS5-D6 defects embedded within
the 5d CFT dual to the Brandhuber-Oz AdSg background.
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1 Introduction

The crucial ingredient of the AdS/CFT regime of string theory is that it provides a concrete
set-up where it is possible to handle (some) non-perturbative effects featuring the gravi-
tational interaction at its quantum phase [1, 2]. In particular, the possibility of working
out quantitative results of the physics of branes allowed (and still allows) to spread new
light on the most interesting and mysterious features of quantum gravity, like, for example,
the existence of non-Lagrangian phases for quantum fields. Despite the huge amount of
new ideas, proposals and results that revolve around holography, issues such as the holo-
graphic interpretation of lower-dimensional AdS backgrounds are still in need of a deeper
understanding.



A very interesting approach to the study of AdS backgrounds in lower dimensions is
to resolve their dual CFTs within higher-dimensional field theories. In string theory this
idea gains a precise realisation when the AdS geometries are part of higher-dimensional
solutions with non-compact internal manifolds. When that happens one can use that
the number of dynamical degrees of freedom of a holographic CF'T is proportional to the
coupling constant of the corresponding AdS solution, which is in turn related to the volume
of the internal manifold [3]. From this two important lessons can be extracted. The first
is that the non-compactness of the internal manifold can be considered as signalling the
presence of an underlying higher-dimensional field theory. The second is that the partial
breaking of the Lorentz (and, in case, conformal) symmetries of the spacetime where the
higher-dimensional field theory lives can be considered as entirely due to the presence of
the AdS geometry.

Defect conformal field theories constitute a perfect framework for the implementation
of these ideas [4-6]. In this context some of the conformal isometries of a higher-dimensional
CFT are broken by a deformation driven by a position-dependent coupling, implying non-
vanishing 1-point functions and non-trivial displacement operator (the energy-momentum
tensor is not preserved). To date, many examples of defect CFTs have been discussed in
the string theory literature. For a non-exhaustive list of references see [7-33]. The defect
CF'Ts usually come about when a brane intersection ends on a bound state which is known
to be described by an AdS vacuum in the near-horizon limit. The intersection breaks some
of the isometries of the vacuum, producing a lower-dimensional AdS solution described by
a non-trivial warping between AdS and the internal manifold. The defect describes then
the boundary conditions associated to the intersection between the defect branes and the
original bound state.

A very useful approach to the study of these systems comes from their description
in lower-dimensional supergravities. A simple reason for this is that the parametrisation
of an AdS string solution often hides the presence of higher-dimensional AdS vacua, that
may describe the background in some particular limit. Instead, in lower dimensions one
can directly search for solutions in which the defect interpretation is manifest. More con-
cretely, given an AdS; vacuum associated to a particular brane system, one can consider
d-dimensional Janus-type backgrounds

ds? = VW dsidsp+2 + VW gs? 2V g2 (1.1)

-p
with non-compact My_,_3x 1, transverse space, admitting an asymptotic region locally de-
scribed by the AdS; vacuum. These backgrounds can then be consistently uplifted to 10 or
11 dimensions, producing warped geometries of the type AdS, 1o X Mg_p,_3x 1, XX p_g, with
Y p_q the internal manifold of the truncation. Holographically, this is the supergravity pic-
ture of a defect (p+ 1)-dimensional CFT realised within a higher (d —1)-dimensional CFT.

Following this philosophy, in this paper we will be concerned with AdSs, and in a
lesser degree AdSs, solutions with 4 supercharges, arising as near-horizons of brane inter-
sections in M-theory and massive ITA string theory, to which we will propose a holographic
interpretation in terms of defect conformal field theories.



Due to the high dimensionality of the associated internal manifolds, a complete scan-
ning and classification of AdSs and AdSy backgrounds is still missing (for a non-exhaustive
list of references see [31, 34-65]). Moreover, many are the examples of already known
solutions in need of a clearer understanding of the physics of the non-perturbative ob-
jects that underlie them. In this paper we will focus our study on AdSs solutions with
N = (0,4) supersymmetry.! These solutions have received renewed interest recently, hav-
ing been studied in a series of papers [33, 44, 59, 60, 65, 66]. Their significance comes
from the fact that they provide explicit holographic duals to 2d N = (0,4) CFTs [67-70],
which in turn have been shown to play a central role in the microscopical description of
5d black holes [71-76] and the study of 6d (1,0) CFTs deformed away from the conformal
point [77, 78]. A precise duality between AdSs solutions and 2d (0,4) quiver CFTs has
been described recently in [33, 60].

We start in section 2 by taking into consideration the 11d class of AdS3 x S3/Zy xCYa x I
N =(0,4) backgrounds recently constructed in [65]. We focus on a subclass describing
the near-horizon regime of a particular set-up of M-branes consisting on M5’-branes on
which M2-M5 bound states end. For more generality both types of 5-branes are placed
on ALE singularities. Besides providing the full 11d brane solution reproducing the AdS;
background in its near-horizon limit, we derive the right parametrisation that allows to link
this 11d spacetime with a 7d domain wall described by (1.1), found in [31, 45]. This 7d
solution reproduces asymptotically locally in the UV an AdS; geometry, while it manifests
a singular behaviour in the IR corresponding to the locus where the defect M2-M5 branes
intersect the M5’-branes.

In section 3 we consider the ITA regime of this system. The M5’-branes on an A-type
singularity become NS5-D6 bound states, that are intersected by D2-D4 branes coming
from the reduction of the M2-M5 branes. We provide the full brane solution as well as
its AdSs near-horizon geometry. The AdSs near-horizon solution turns out to belong to a
new class of AdSs solutions to 10d, that we present and study in generality in appendix B.
We derive the right parametrisation that allows to link the 10d spacetime with the 7d
domain wall found in [31, 45]. We do this by directly relating the 10d solution to the uplift
of the 7d domain wall to ITA supergravity. This allows us to interpret the 10d solution
as describing a surface defect CFT within the 6d (1,0) CFT dual to the AdS7 solution
to massless ITA supergravity [35, 79]. We construct the 2d A" = (0,4) quiver CFT that
explicitly describes the surface defect CFT, and discuss the agreement between the field
theory and holographic central charges.

In section 4 we consider the classification of A" = (0,4) AdS3 x S? x CY3 x I solutions to
massive ITA supergravity constructed in [66], for CYy = T%. We provide the associated full
brane solution, that we interpret in terms of D2-NS5-D6 branes ending on a D4-D8 bound
state. We obtain the parametrisation that relates its AdSs near-horizon geometry to a 6d
domain wall of the type given by (1.1), found in [51]. This 6d solution is asymptotically
locally AdSg. This allows us to propose, in analogy to the AdS7 case, a dual interpretation
to the AdSs solution as a N' = (0,4) surface defect CFT within the 5d Sp(N) CFT [80]
dual to the Brandhuber-Oz AdSg background [81].

1See section 5 for a brief account on AdSs solutions with 4 supercharges.



In section 5 we briefly consider the realisation of the AdSy solutions to massive I1TA
supergravity recently constructed in [65] as line defect CFTs within the 5d Sp(N) CFT. We
put together previous results in the literature that allow us to provide a defect interpretation
following the general line of thought taken in this paper. We find that a subclass of the
solutions found in [65] can be obtained as near-horizon geometries of D0-F1-D4’ bound
states intersecting the Brandhuber-Oz set-up. Moreover, these solutions can be linked to a
6d domain wall of the type given by (1.1) that is asymptotically locally AdSg. This allows,
as above, to interpret them as line defects within the 5d Sp(N) CFT.

Section 6 contains our conclusions and future directions. Appendix A contains a sum-
mary of the M-theory origin of minimal 7d A/ = 1 supergravity, useful for the analysis
in section 2. In appendix B we present an extension of the new class of AdS3 solutions
to Type ITA constructed in section 3. Appendix C contains a brief account of the main
properties of 2d (0,4) quiver CFTs, of utility for the analysis in section 3.3. Finally, in
appendix D we present a brief summary of the main features of the massive ITA truncation
to Romans supergravity, on which our results in sections 4 and 5 rely.

2 Surface defects in M-theory

In this section we consider a particular brane set-up in M-theory consisting on M2-M5
branes ending on Mb5’-branes. We consider the most general case in which the 5-branes
are placed on ALE singularities, introduced by KK and KK’ monopoles. We construct
the explicit supergravity solution and show that it admits a near-horizon regime described
by an AdS3 x S3/Z; x S3/Z; x o background with N' = (0,4) supersymmetry. This
geometry extends a particular subclass of the solutions recently studied in [65].

The main aspect to note is that the coordinates in which the near-horizon limit emerges
“hide” the presence of an underlying AdSy/Zj, vacuum arising in the UV. In order to show
this explicitly we link the near-horizon geometry to a 7d domain wall asymptotically locally
AdS7. This 7d solution, first worked out in [31, 45], is a Janus-like flow preserving 8 real su-
percharges, characterised by an AdSg slicing. In 11d it is featured by a non-compact internal
manifold whose asymptotic behaviour reproduces locally the AdS7; vacuum of M5-branes
on an A-type singularity. In the “domain wall coordinates” the near-horizon geometry of
our brane set-up gains a consistent description as a flow interpolating between a local AdS~
geometry and a singularity. The first regime corresponds to the limit in which we are far
from the M2-M5 intersection, while the second is equivalent to “zooming in” on the region
where the M2-M5 branes end on the M5’-brane, breaking the isometries of the branes that
generate the vacuum.

2.1 The brane set-up

We start considering the supergravity picture of an M2-M5 bound state ending on or-
thogonal M5’-branes, with the 5-branes located at singularities defined by Kaluza-Klein
monopoles with charges Qxk and Qkk’. This intersection, depicted in table 1, preserves
an SO(3) x SO(3) bosonic symmetry and 4 real supercharges.



branes | t ' | r 6' 02| x zp o Y| @
KK | x x| x x X x | x|— — = 1ISO
M5’ X X | X X X X | == = = -
M2 X X | = - - X | = - -
M5 X X |- - = - | =] x x X X
KK X x| = = —]ISO0| x| x x x X

Table 1. BPS/8 brane system underlying the intersection of M2-M5 branes ending on M5’-branes
with KK monopoles. x (¢) is the Taub-NUT direction of the KK (KK’) monopoles.

We consider the following 11d metric

dsty = Hyg!? [Hyg® B3 dsha + Hys Hyfs (Hic(dr?4r2ds?e) + Higk (dx+Qikw)?) |
2/3 [ 172/3 17—2/3 —1/3 £71/3 -
+HM/5' {HM/S HMQ/ d22+HM5/ HM/2 (HKK’(dp2+p2d‘92§2)+HK}l(/(d¢+QKK’ 77)2)} ;
(2.1)
where w and 7 are defined such that dw = volg2 and dn = volg,. We take the M2-M5
branes completely localised in the worldvolume of the Mb5’-branes, i.e. Hyo = Hya(r)
and Hys = Hys(r). This particular charge distribution breaks the symmetry under the
interchange of the two 2-spheres. This is explicit in the 4-form flux G4,

Gu = 8TH1\7[§ volgi1 A dr A dz — 0, Hysr? volge A dx A dz
+ Hyyr Hyio Hygs 02 Hyis p° dp Avolgs A dp — 0, Hyis p* dz A volgs A dé.

(2.2)

The equations of motion and Bianchi identities of 11d supergravity are then equivalent to
two independent sets of equations: one involving the M2-M5 branes and the KK monopoles,

Hyio = Hyis,  V2sHys =0 with  Hgg = @, (2.3)
T r

and the other describing the dynamics of M5’-branes on the ALE singularity introduced
by the KK’-monopoles,

Vi, Hys + Hygg 02 Hyy =0 with  Hyggr = @k’ (2.4)
, p
The second equation in (2.3) can be easily solved for
B B Qms
Hys(r) = Hyz(r) =1+ ==, (2.5)

where we introduced the M2 and M5 charges Qne and Qus, that in order to satisfy (2.3)
have to be equal. One way to look at our system is then in terms of M5’-KK’ branes moving
on the 11d background generated by M2-M5-KK branes. The 4d transverse manifold
parametrised by the coordinates (p, o', ¢?, ¢) arises as a foliation of the Lens space 53 /Ly
that is obtained by modding out the S3 with k' = Qxx’, through the change of coordinates

p— 471 Qs p? [35].



It is interesting to consider the limit » — 0. This is equivalent to “zooming in” on the
locus where the M2-M5 branes intersect the M5’-branes. In this limit, the worldvolume of
the M5’-branes becomes AdSs x S3 /Zy., with k = Qkk, and the full 11d string background
takes the form?

dst =4k Qus Hyg!” [dshas, +dsksz, | + Hugyr |d2* +dp® + p*dsk, | |
G(4) = 8k Qs volags, A dz + 8k Qs VOIS3/Zk ANdz (2.6)

+ 8;;HM5’,03 dp A V01§3/Zk/ — 8pHM5/p3 dz A\ V01§3/Zk/ .

Here the two orbifolded 3-spheres are locally described by the metrics

1 dX 2 1 d¢ 2
dS%S/Zk =1 Kk + w) + dsézl and dSQSS/Zk, =1 [(k’ + 77) + ds%2 . (2.7)

It is important to stress the relevance of the Qxx monopole charge dissolved in the world-
volume of the M5’-branes in recovering the near horizon geometry, given by (2.6), from the
general brane solution (2.1). Besides securing that the supersymmetries of the M2-M5-M5’
brane set-up are broken by a half, the presence of the KK-monopoles crucially determines
the emergence of the AdS3 x S%/7Z; geometry associated to the smeared M2-M5 branes.

This AdS3 background extends the N = (0,4) AdS3 x S3/Z;, x CYq x I backgrounds
recently studied in the main body of [65] (defined by equations (3.1) and (3.2) therein),? to
the case in which the M5’-branes are completely localised in their transverse space. Taking
a round S%, ie. k¥ = 1, and the M2-M5 defects smeared on the (p,S®) directions, one
recovers the solutions that were the focus of [65], with cls%Y2 =dp* + p2ds%3. Indeed, we
can recast the near-horizon solution (2.6) in the form of [65] by choosing
20035 h 1 ul/?

2

5he, 2 5 L S (2.8)

k=hs,  Hysy = — , — 7,
8 M5 Qv " P 4Qus h?

with Hyis = Hys (2) as a result of the smearing. In the next section we will see how the ex-
tra dependence on the p coordinate is crucial in order to reach AdS7/Zj, in a particular limit.

Let us finally make some considerations regarding the supersymmetries preserved by
our brane solution. Even if the 11d metric in equation (2.1) is invariant under SO(3)xSO(3),
the ansatz taken for our branes, which are smeared on the 52, reduces the global symmetries
to just the SO(3) associated to the S? contained in the worldvolume of the M5’-branes.?
This is manifest in the G'4) 4-form flux given by equation (2.2). The preserved SO(3) is then
the R-symmetry group associated to our solutions, which are, by construction, N' = (0,4)
supersymmetric. Regarding the introduction of the two families of KK-monopoles, one

*We redefined the Minkowski coordinates as (t,2') — 2 Qus %(/Iz (t,zh).

3More explicitly, we recover the subclass of solutions that are obtained uplifting the solutions referred
as class I in [66]. These solutions are constructed in appendix B in [65]. Within this class we recover the
solutions with CY2 = R*, or T* locally, ' = 0 and H> = 0. The main results in [65] refer however to the
subclass of solutions for which the M5’-branes are smeared in their transverse space.

4Our construction is thus essentially different from the brane set-up that would give rise to the solutions
constructed in [40, 42], in which the branes must be localised on the two 3-spheres.



can check by studying the supersymmetry projectors of the brane solution that the intro-
duction of one of the two types is for free, in the sense that it does not reduce further
the supersymmetries preserved by the rest of the branes. One can see explicitly that this
happens thanks to the presence of the M2-branes in the background.

2.2 Surface defects as 7d charged domain walls

We can now show that the AdSs background (2.6) admits, in a particular limit, a local
description in terms of the AdS;/Zj vacuum of M-theory. The idea is to relate the near-
horizon geometry (2.6) to a charged 7d domain wall characterised by an AdSs slicing and an
asymptotic behaviour that reproduces locally the AdS; vacuum of N/ = 1 7d supergravity.
The reason the vacuum appears asymptotically locally is that the presence of the M2-M5
defect breaks its isometries (this is most manifest by the non-vanishing 4-form flux), as
well as half of its supersymmetries.

We start considering A/ = 1 minimal gauged supergravity in seven dimensions and its
embedding in M-theory, as outlined in appendix A. In this case the minimal field content
(excluding the presence of vectors) is given by the gravitational field, a real scalar X7 and a
3-form gauge potential B(3). The 7d background in which we are interested was introduced
in [45] and further studied in [31]. It has the following form

ds? = 2V (dsidsg + ds%;;) + 2V g2,
B(s) = b(k) (volaas, + volgs) (2.9)
X7 =X7(p).
The BPS equations were worked out in [45] and are given by

9 62U+V

2.10

2 2
U'=ce' fr,  Xp=-pe' XiDxfr, V=~

In these equations f7 is the superpotential, defined in (A.4). The flow (2.10) preserves 8
real supercharges (it is BPS/2 in 7d). In order to be consistent it has to be endowed by
the odd-dimensional self-duality condition (A.3). This relation takes the form

2U 32
e’ X
b= — . 2.11
i (2.11)
We can work out an explicit solution by choosing a gauge,
_ 2
e V:—EX?DX]%, (2.12)
such that system (2.10) can be easily integrated to give [45]
W _ o—1/4,-1/2 po \'V? oy _ 25 p
e = g 1 5 ) € - 2 2 5\2 7
s 9 (1=p) (2.13)
5/2 ’
_ _olj/a_-3/2 I _



with g running between 0 and 1 and h = QL\/? The behaviour at the boundaries is such

that when 1 — 1 the domain wall (2.9) is locally AdS7, since we have

2

Ry = 1Y + 01 —p)?, X;=1+0(1—p), (2.14)

where Ry is the 7d scalar curvature. In turn, when g — 0 the 7d spacetime exhibits
a singular behaviour. We point out that the background (2.9) can be generalised by
quotienting the 3-sphere (locally written as in (2.7)) without any further breaking of the
supersymmetries, i.e. ds%3 — ds§3/zk and volgs — volgsz, .

The uplift of the 7d background to M-theory takes place using the relations (A.1)
and (A.2), summarised in appendix A. This gives

ds3, = Z%/g eV (ds?,\ds3 + d5%3/2k> + E%/Sewduz
+ 29_22%/3 X3de* 42972 X1 27_2/3 ¢ alsQS3 )

Guy = (b du+ cbd€) Avolaas, + (sb' du+ cbd€) A volgs /7,

4 3 3¢9 20

- — YW dE N volgs — —
VoA

where ¢ = cos&, s = siné, X7 = X7c? + X;4 52 and W is given by (A.2). We can now
relate this solution to the near horizon geometry given by equation (2.6). We consider

(2.15)

g_3 E;QX;4SC4X§d,u A VOIS‘vg ,

for simplicity a round S3. This can be immediately generalised to the case in which KK’-
monopoles are included by modding out the S3.

One can see that the near-horizon geometry (2.6) takes the form given in (2.15) if one
redefines the (z, p) coordinates in terms of the “domain wall coordinates” (u,§) as

V2 2 12 V2 U —1/2
z=———3sinfe”” X7, =——— cosée” X , 2.16
Bk Qs T T T gk (216)
and requires that
9603 1.3 o—6U
Hyy = 2 @ushoe ™ (2.17)

Y
In this calculation one needs to crucially use the 7d BPS equations (2.10) and the self-
duality condition (2.11). The expression for Hys given by equation (2.17) satisfies the
condition imposed by equation (2.4). The AdS; geometry arises through a non-linear
change of coordinates that relates the (z, p) coordinates of the near horizon AdSs geometry
to the (u, &) coordinates of the 7d domain wall solution, in which the defect interpretation
becomes manifest. When g — 1 the domain wall reaches locally the AdS;/Zj vacuum,
while, entering into the 7d bulk, the isometries of the vacuum are broken by the AdSs
slicing and 3-form gauge potential, that capture the effects produced by the M2-M5 brane
intersection. This allows us to interpret the singular behaviour appearing in 7d when p — 0
in terms of M2-M5 brane sources.
Finally we point out that the choice of the coordinates (u,§) allows to describe holo-
graphically the location of the defect, by just studying the boundary metric of the 7d
domain wall (2.9). This argument was originally presented in [14] and it was applied to
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Figure 1. Reductions of the KK’-M5’-M2-M5-KK brane system to Type ITA and their near-horizon
limits. Only the reduction along ¢ asymptotes to AdSy, with the KK-M5-KK’ system becoming
KK-NS5-D6.

the domain wall given by (2.9) in [31]. Writing ds3 g, = (72(d¢* + dsgi.1), it is easy to
see that the metric in the ({, R)- plane, with dR = eV~Udu, has a conical defect at ¢ = 0.
This fixes the position of the defect and allows to interpret the p coordinate as an angular
coordinate defining the wedge in which a 7d observer probes the defect geometry.

3 Surface defects in massless ITA

In this section we study the Type ITA regime of the M-theory set-up introduced in the
previous section. From a 10d point of view the KK’-M5-M2-M5-KK system has two
different descriptions, depending on whether the reduction is performed on a circle that
lies inside or outside the worldvolume of the M5’-branes. We recall that the 11d background
has two compact coordinates. The x coordinate lies inside the worldvolume of the M5’-
branes and is identified as the Taub-NUT direction of the KK-monopoles. In turn, the ¢
coordinate lies outside the worldvolume of the M5’-branes and is identified as the Taub-
NUT direction of the KK’-monopoles. The two possible reductions to Type IIA are depicted
in figure 1.

In 10d one observes an interesting phenomenon. Both reductions produce a D2-D4-
NS5-D6 intersection with Kaluza-Klein monopoles, and both of them are described by near-
horizon geometries with the same topology and supersymmetries. The charge distributions
of the branes are however essentially different. In the first reduction the AdSs near-horizon
geometries constitute a new class of solutions to massless Type ITA, that we will further
explore in this paper. These solutions enjoy an interesting defect interpretation in terms
of KK-NS5-D6 bound states, dual to an AdS; geometry, on which D2-D4 branes end. In
the second reduction the 53 /Zjy and I, sub-manifolds give rise to C2/Zys, such that the
resulting AdSs near-horizon geometries become the class I family of solutions to Type
ITA recently classified in [66], restricted to the massless case, CYy = C?/Zy, v’ = 0 and
Hy = 0 (see [66]). We will see in section 4 that these solutions need to be embedded in
massive ITA in order to be given a defect interpretation in terms of D4-KK’-D8 branes on
which D2-NS5-D6 branes end. Roughly speaking, one could say that in both classes of



branes | t ' | r ' 62 x z | p b p?
D6 X X | X X X X X |- = =
NS5 | x x| x x X X | == = =
KK X X |—- = — ISO| x| x x X
D2 X X |- - = - | x|=- - =
D4 X X |- - = - | =] x x X

Table 2. Brane picture underlying the D2-D4 branes ending on the NS5-D6-KK intersection. The
system is BPS/8.

solutions the D4 and NS5 branes exchange their “roles”, together with the D6-branes and
the Kaluza-Klein monopoles. Work in progress shows that the two families of solutions are
in fact related upon a chain of T-S-T- dualities [82].

In the remainder of this section we focus on the first reduction, which is the one that
preserves the AdS7 asymptotics in the UV. We present the brane picture and show that
the resulting near-horizon geometries constitute a new class of AdSs solutions to Type
ITA supergravity with N' = (0,4) supersymmetries. The special feature of this class of
solutions, as compared to the solutions in [66], is that they asymptote (locally) to the
AdS7/Zy x S? x I solution to massless ITA supergravity, and can thus be interpreted as
surface defect CFTs within the 6d (1,0) CFT dual to this solution. In section 4 we focus
on the second reduction. We show that once generalised to massive IIA the solutions
describe surface defect CFTs within the 5d fixed point theory dual to the AdSg solution of
Brandhuber-Oz [81] (with extra KK’-monopoles).

3.1 New AdSj; solutions with A/ = (0, 4) supersymmetries

In this section we consider the reduction of the 11d background (2.1) along the Taub-NUT
coordinate ¢. The resulting Type IIA configuration, depicted in table 2, consists on D2-D4
branes, coming from the smeared M2-M5 brane system appearing in (2.1), ending on a
KK-NS5-D6 bound state, that arises upon reduction of the KK-M5-KK’ brane system. As
already shown in the literature (see for example [35]) this bound state is described in the
near-horizon limit by an AdS7/Zj vacuum preserving 16 supercharges and a 3d internal
space given by a 2-sphere foliation over a segment. We now add the D2-D4 branes to this
system. We introduce firstly the 10d metric

dsto= Hypg? [Hpy " Hpy? dsfo+ HEZ HYY (Hiac(dr+12dsd )+ Hig (dx+Quicw)? ) |
+Hpg!? Hyss HY) Hpy'> d2*+ Hyji Hyss Hp,'” Hijy (dp? +pPds?,) (3.1)

where we take the D4 and D2 charges completely localised within the worldvolume of the
NS5 branes, i.e. Hpy = Hpy(r) and Hps = Hpa(r). Secondly, we introduce the following
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gauge potentials and dilaton,
0(3) = H621 volpi,1 Adz,
C(s)y = Hpe Hnss Hpyy p° volgia Adp Avolg,
C(1y = Hxk Hpa Hpyg r° volgis A dr A volge Ady Adz, (3.2)
Bg) = Hxk Hpa Hygs ° volgia A dr Avolga Ady,
e = Hyg' " Hygs Hyjy' Hpy'™

where we take the NS5-D6 branes completely localised in their transverse space. From (3.2)
one can deduce® the fluxes
Flo) = —0,Hpg ,02 volgs ,
H sy = —0,Hxss p? dz A volg, + Hpe Hpyy Hpg 0, Hnss p* dp A volgs (3.3)
Flgy = 0y Hpyy volgia Adr Adz — 0, Hpyr® volgz A dx A dz.

As in the 11d picture, the equations of motion and Bianchi identities for the D2-D4-KK
branes and the NS5-D6 branes can be solved independently. We have that

HD2 = HD4, V%ﬁ HD4 =0 with HKK = % 5 (34)
and for the NS5-D6 branes,
V%%HNSE) + Hpg 0?Hygs =0 and vﬁg Hpg =0. (3.5)

We note that the equations in (3.5) coincide with those found in [83] for the NS5-D6 bound
state in the massless limit. The equations in (3.4) can be easily solved for

HD4(7“) = HDQ(T’) =1 + % 5 (36)

where we introduced the D2 and D4 charges Qp2 and Qpy that in order to satisfy (3.4)
have to be equal. We point out that uplifting to 11d we get the background (2.1) with
Qp2 = Qumz2, Qpa = Qmis, Hps = Hiy /4 and a rescaling p — 2p in the 10d solution.

We now analyse the limit » — 0. As we already saw in the 11d case, the KK-monopole
charge Qxx = k placed on the worldvolume of the NS5-branes realises the orbifolded
3-sphere S3/Zj,. The metric (3.1) and the fluxes (3.3) take the form®

dsly = V2 k QnaHpg'? [dskas, + dsks s, | + V2 Hg'? Hyss d2?

1
+ ﬁH]]j/62HNS5 (dp2 + p2d3%2) )
Ry = Lol =2 @)

1
H(3) = *8pHNS5 p2 dz A VOlSvQ + 5 HDG aZ-FINS5 P2 dp A V01§2 )

F(4) =8k Qpas VOlAdS3 ANdz 4+ 8k Qps VOISS/Zk ANdz,

®We use the conventions for fluxes of [83].
SWe redefined the Minkowski coordinates as (¢, z') — 2Qpa Q;{/ﬁ (t,2") and rescaled the function
HDG — HDG/Z,

- 11 -



with
Qps

V%@gHNss + %HD6 O?Hnss =0 and  Hpg = 5 (3.8)
where the D6-brane charge (pg equals the KK’ monopole charge of the 11d back-
ground (2.6), Qpe = £’

The AdS3 backgrounds given by equation (3.7), with Hngs and Hpg satisfying (3.8),
constitute a new class of 10d backgrounds with N/ = (0,4) supersymmetries. These solu-
tions are of the form AdS3 x S3/Z;, x S? fibered over two intervals. They preserve the same
number of supersymmetries as the AdSz x S2 x CYq x I solutions constructed in [66] and
involve the same types of branes (in the massless limit of the solutions in [66]), plus extra
KK-monopoles.” As mentioned, the brane intersections are however different.

In appendix B we show that a broader class of AdS3 x S3/Z;, x S? solutions fibered over
two intervals and preserving N' = (0, 4) supersymmetries can in fact be constructed from
the general class of AdS3 x S3/Z; x CYy x I solutions to M-theory recently constructed
in [65]. In order to obtain this broader class one needs to take the CYs to be T%, or
rather R?, and reduce on the Hopf-fibre of the 3-sphere contained in this space. In the
remainder of the paper we will however focus our attention on the more restrictive case
defined by (3.7). In the next section we will relate this solution to a domain wall solution
that asymptotes locally to AdS7/Zj, and give it an interpretation as dual to D2-D4 surface
defects within the corresponding 6d (1,0) dual CFT.

3.2 Surface defects within the NS5-D6-KK brane system

In this section we follow the same strategy of section 2.2 in order to relate the new
AdS3 x S3/Z;, x S? solutions given by equation (3.7) to an AdS; geometry in the UV.
In this case we relate the solutions to the uplift of the 7d domain wall discussed in sec-
tion 2.2 to massless ITA supergravity. The 10d domain wall solution flows in the UV to the
AdS7 x S? x I solution to massless ITA supergravity found in [35], modded by Zj, which
arises in the near-horizon limit of a NS5-D6-KK brane intersection. This solution belongs
to the general class of solutions to massive ITA supergravity constructed in [79], modded
by Z, in the massless limit. The solutions to massive ITA supergravity in [79] are the near
horizon geometries of NS5-D6-D8 brane intersections [84], and encode very naturally the
information of the 6d (1,0) dual CFTs that live in their worldvolumes [85]. For this reason,
we will follow the notation in [79, 85] in this section. In the same vein, we will use the uplift
formulae from 7d N = 1 supergravity to massive ITA supergravity found in [86], which we
will particularise to the massless case. This parametrisation will be very convenient when
we discuss the 2d CFTs dual to our solutions in section 3.3.

We start recalling the AdS; x S? x I solution to massless ITA supergravity of [35] using
the parametrisation of [79]. We then study the 10d domain wall solution that asymptotes
locally to this solution and relate it to our solution (3.7). Finally, we present in section 3.3
the explicit 2d CFT dual to our solution and show that it occurs as a surface defect within
the 6d CFT dual to the AdS7 solution to massless ITA.

“That can also be introduced in the AdSs x S? x CY3 x I solutions in [66] without any further breaking
of the supersymmetries.
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branes | t ' 2?2 23 2t 2|y | p o o

D6 | X X X X X X |x|— - -

NS5 | x X X X X X |—|—-— — =

Table 3. BPS/4 brane intersection underlying the massless AdS7 solution to Type ITA. The 6d
(1,0) dual CFT lives in the (¢,2', 22, 2% 2* 2°) directions. y is the field theory direction.

3.2.1 The AdS;/Zj solution to massless ITA

The general class of solutions to massive Type ITA supergravity constructed in [79] consists
on foliations of AdS; x S? over an interval preserving 16 supersymmetries. Using the
parametrisation in [85] they can be completely determined by a function «(y) that satisfies
the differential equation®

a = —1621°F ), (3.9)

where F{g) is the RR O-form. Here we will be concerned with the massless case, for which
& = 0. For F(g) = 0 the metric and fluxes are given by

1/2 =N 1/2 1/2 .
ds3y = /2 [8 (—Z) dsids7 + (—Z) dy* + (—Z) (aa)dségl ,  (3.10)

a2 — 2acn
_ . 3/2
20 _ 9895/2 5(—a/d)
=3°2 —— 3.11
¢ "6 =204 (3:11)
ad
Boy = — —_— 1 12
(2) ﬂ-( Y+ (12—2(1&) VOlg2, (3 )

F(Q) = 7%63777‘2 VOISQ . (3.13)
In the most general case in which Fg) # 0 the backgrounds in [79] arise as near horizon
geometries of D6-NS5-D8 brane intersections, from which 6d linear quivers with 8 super-
charges can be explicitly constructed [85, 87]. In these brane set-ups the NS5-branes are
located at fixed positions in y, the D6-branes are stretched between them in this direction
and the D8-branes are perpendicular. In the massless case we will take

Mw:—%mﬂ+%y = & = —ap, (3.14)
with aq, B9 > 0, such that the space is terminated by D6-branes at both ends of the y-
interval, y = 0 and y = 25p/ap. The solution arises as the near-horizon geometry of the
D6-NS5 brane intersection depicted in table 3 [35, 84]. In M-theory it involves M5-branes
intersected with KK-monopoles, which render the 6d CFT living in the M5-branes (1,0)
supersymmetric. One can check that it is possible to add a second stack of £ KK-monopoles,
modding out the AdS7 subspace to AdS7/Zj, without breaking any further supersymmetry.
The resulting brane intersection in Type ITA is depicted in table 4.

8Note that we use y instead of z as in [85] in order to avoid confusion with the notation in the previous
sections.
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branes | t ' 2?2 2* =« x ylp ¢

D6 | x X X X X X |xX|— - =
NS5 | x X X X X X |—|—-— = =

KK | x x — — — ISO|x|x x x

Table 4. BPS/4 brane intersection underlying the massless AdS7/Zy, solution to Type IIA. The
6d (1,0) dual CFT lives in the (¢, 21, 2%, 23, 2%, 2°) directions. 2° is the Taub-NUT direction of the
KK-monopoles. y is the field theory direction.

— DD D
O U

Figure 2. 6d quiver CFT dual to the AdS7/Zj, solution to massless Type IIA.

The 6d quiver CFT dual to the solution can be easily read from the )pg and Qnss
quantised charges,

1 (7))
Qps = 5 /52 Foy= g2 (3.15)
1 250
= —_— H = —. 3.16
@Nss 12 /1 s ® = oy (3.16)

These expressions fix aq, £y in terms of the numbers of D6 and NS5 branes of the solution.
They show that there are Qngs— 1 stacks of Qpg D6-branes stretched between (Qngs parallel
NS5-branes, located at y = 1,2,...,28/ap. Extra D6-branes at both ends provide for the
additional Q)pg flavour groups that are required by anomaly cancellation. The resulting
6d (1,0) quiver CFT dual to the solution is depicted in figure 2, where we have used that

Qpe = K.

3.2.2 AdS3 x S3/Z, x §2 x I asymptotically locally AdS7/Z; x S?

In this section we uplift the 7d domain wall solution presented in section 2.2 to 10d, using
the uplift formulas to massive ITA supergravity constructed in [86], that we truncate to the
massless case. This will be the most adequate framework for the holographic study that
we will perform in the next section. The uplift formulas read

P s /2 12 167r 5/2 a\1/2 | o a\1/2  (—ad) 9
dslo_?( 5) X Cast X (<) (-F) T momaxydsh) s G1D)

P -
By = 23;3[” (—y+ ot X)Volgg (3.19)
Flo) = 1555 volgz (3.20)
Fly= ;7(5‘ dyNBs)+adBs), (3.21)
Fg)= 332 %(\@gevozX7d,u+ddy)/\(volAdSS—Fvolsg/Zk)/\volSz, (3.22)
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where ds?, X7 and B(3) are the 7d fields defined in (2.9). This solution asymptotes locally
when g — 1 to the AdS7 solution summarised in the previous section, given by equa-
tions (3.10)—(3.13), for g3 = 27/2. In turn, when p — 0 it exhibits a singular behaviour.
We can now relate the previous domain wall solution to the AdS3 x S2/7Z;, x S? solution
defined by equation (3.7). The near horizon geometry (3.7) takes the form given by (3.17)—
(3.21) if one redefines the (z, p) coordinates in terms of the domain wall coordinates (i, y) as

1 8
- &b = aX; e 3.23
347Tk QD4 ao, P 3492]{3262]234 aAg € ) ( )

and requires that

(=d)

QDGZWa

Hyss = 3°m k> QP 2 (3.24)
In this calculation one needs to crucially use the 7d BPS equations (2.10) and the self-
duality condition (2.11), and take h = 2%. Further, the S? in the 7d background (2.9) must
be modded by Zj. The first condition in (3.24) shows that «y is again fixed by the number
of D6-branes of the solution, as in (3.15). The second condition is the 10d version of (2.17).
In this case one can see that the constraint on Hygs in (3.5) is satisfied by means of the BPS
equations for X7 and U. Note that given (3.14) it is enough to take y € [0, 5o/ ] in order to
cover the z € [0,00), p € [0, c0) intervals of the AdS3 x S3/Zy, x S? solution. However, we are
interested in embedding the AdS3 solution into AdS7 also globally. For that purpose the I,
space of the AdS3 solution must also be terminated by D6-branes at both ends of the inter-

val. In order to achieve this we consider two copies of the solution, glued at z = 0, through

1

= -0 || ). 2
347TkQD4 ‘a‘ (3 5)

This allows us to identify y as the field theory direction, by analogy with the role it plays in
the AdS~ solution. p is identified in turn as the energy scale, as in the domain wall solution.

The second condition in (3.24) singles out a particular solution in the class defined
by (3.7) that asymptotes locally to the AdS7/Zj, x S? vacuum of massless 10d supergravity.
The AdS7 geometry arises through a non-linear change of variables, that relates the (z, p)
coordinates of the near horizon AdSs solution to the (u,y) coordinates of the uplifted
domain wall solution. In the new coordinates the defect interpretation becomes manifest.
When p — 1 the domain wall reaches the AdS7/Zj, vacuum, while when p — 0 a singular
behaviour describes D2-D4 brane sources, that create a defect when they intersect the
NS5-D6-KK brane system, breaking the isometries of AdS7 to those of AdS3. In the next
subsection we turn to the construction of its 2d dual CFT.

3.3 Surface defects CFTs

As we have seen, the brane picture associated to the AdS7 solution consists on D6-
branes stretched in the y direction between NS5-branes located at fixed positions in y,
y=12,..., % At both ends of the interval D6-branes terminate the geometry, and pro-
vide the required flavour groups for anomaly cancellation. The associated quiver is depicted
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in figure 2. In the presence of the defect D2-D4 branes the total number of NS5-branes
does not change, since one can check that the By)-field does not depend on X7 at either
end of the interval. We set n + 1 = Qnss = 200/ ap, and take the NS5-branes positioned
at y = j = 1,2,...,n+ 1. One can check that at each interval y € [j,7 + 1] a large
gauge transformation of gauge parameter j must be performed, such that the condition
ﬁ $s2 By € [0,1) is satisfied. The number of D2-branes stretched between NS5-branes
depends on this number, as large gauge transformations contribute to the magnetic compo-
nent of the RR 6-form Page flux, under which the D2-branes are charged. These, together
with the magnetic components of the 4-form RR Page flux, read

R 2T _ N .
Foy= BTg‘1X7 22U (\/igev (a—(y—j)&)du—2ya X7 dy) Avolgs /7, Avolge, (3.26)
210/3 ]
0= 31 d(aX? eQU) Avolgs sz, (3.27)

where we have used (3.19)—(3.22) together with equations (2.9) and (2.11).
For our choice By = G*(n + 1) we have, according to (3.14),

a0 . Qo
aly) = 5yln+l-y),  aly) =5 (+1-2y). (3.28)
One can see from these expressions that a(y) takes its maximum value at y = "TH, and

that it is symmetric under y <> n +1 —y. We have for y = j, a(j) = Fj(n +1 - j),
and &(j) = % (n + 1 —2j). Using this we can now compute the D2 and D4 brane charges.
The D2-branes are stretched between NS5-branes located at y = 5,7+ 1, for j = 1,...n.
Between them there are perpendicular D4-branes. Using (3.26) and (3.27) we then find, in
the [j, 7 + 1] interval

G _ 1 A 10K N
D2 — (27‘()5 /I XS /T x 52 F(G) = k ](n +1 _]) e du (3.29)
n
and . n
Qg)l - (27T)3/1 xS3 /7y, b = k (n+1-2j) /66Udu (3.30)
I

where we have used expressions (2.13) together with ag = 8172Qpg = 817%k’. The varia-
tion in the number of D4-branes from the j’th to the (j + 1)’th interval is then

(i+1) _ 20K

AQE; = Q81 - Qp " = =~ [ Man. (3.31)

As expected, the D2-D4 defect sees the infinity coming from the non-compactness of the
p-direction. This is translated into large quantised charges for the D2 and D4 branes, the
regime in which the AdS3 solutions can be trusted. We define N = %"3/ [e8Ydp. In terms
of this new parameter the D2 and D4-brane charges read

QY =jn+1-HN, QY =m+1-2)N, AQY =2N. (3.32)

Together with the charges coming from the D6-branes, Qpg = k’, these quantised charges
give rise to a non-anomalous 2d quiver CF'T, that we have depicted in figure 3, where we

~16 —



Figure 3. 2d quiver CFT dual to the AdS3 x S3/Z;, x S? solution asymptotically locally AdS7/Zy.

have denoted P = (n+1)/2. This quiver is of the type recently discussed in [59, 60], whose
main properties we have summarised in appendix C. These quivers consist on gauge nodes
associated to colour D2 and D6 branes to which flavour groups associated to D4 branes can
be attached. The specific vector and matter fields that enter in the quivers are summarised
in appendix C, together with the anomaly cancelation conditions of the associated chiral
2d CF'Ts. In the quiver depicted in figure 3 the D2-branes contribute with the gauge nodes
in the upper row. These couple to the gauge nodes associated to the D6-branes, in the
lower row, through (0,4) hypermultiplets (the vertical lines) and (0,2) Fermi multiplets (the
diagonal lines). In turn, the flavour groups associated to the D4-branes couple to the later
gauge nodes by means of (0,2) flavour Fermi multiplets. These specific couplings of the
vector and matter fields associated to the different branes finally render the 2d quiver CF'T
non-anomalous (see below). Note that in order to achieve this the gauge and flavour groups
associated to the D2-D4 defect branes need to couple quite non-trivially to the gauge and
flavour groups associated to the D6-branes of the mother 6d CFT, depicted in figure 2.
One can see in particular that it is not possible to detach a 2d CFT built out from just
the D2-D4 branes. In turn, the 6d quiver CF'T depicted in figure 2 can be decoupled from
the D2 and the D4 branes. These facts are fully consistent with our defect interpretation
of the solution.

Finally, we check that the quiver CFT satisfies the anomaly cancellation conditions for
2d N = (0,4) SCFTs, briefly summarised in appendix C. According to equation (C.1) we
trivially have, for the SU(QI()J%) gauge groups, 2k’ = k' + k’. Extra k' flavour groups need
to be attached to the SU(QS%) and SU( 1()n2)> gauge groups, that are associated to the £’
D6-branes that terminate the space at y = 0,n + 1. In turn, for the SU(k’) gauge groups
we can easily see that the anomaly cancelation condition

208, = @, + @B+ AQ8). (3.33)
is satisfied for the charges in equation (3.32).

Central charge. At the conformal point the (right moving) central charge of a 2d
N = (0,4) QFT is related to the U(1)g current correlation function (see for example [69]),
such that

¢ = 6(Nhyp — Noec), (3.34)
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where np,y, is the number of N = (0,4) hypermultiplets and nye. the number of N' = (0,4)
vector multiplets of the theory in its UV description.
For the quiver depicted in figure 3 we have

n+1

Mhyp = Z QA" + (n+1)Q36 + Qps > Q) (3.35)
=1
and
n+1 )
nuee = > ((QE))? = 1) + (0 +1)(Qbs — 1). (3.36)
=1

It is easy to check that for large quivers the contribution of the vector multiplets cancels

the contributions of the QD2 g; Y and Q3% bifundamentals, leaving, to leading order in n,

n+1
. . 1
CNGQDGNZ](n+1_])NQDGQ?’NSEJN:%Q]Q)GQ%ISSN/ (3.37)
=1

where we have used that Qnss = n + 1 and redefined N = K =N . Therefore, the cen-
tral charge diverges cubically with the number of nodes in the quiver, and quadratically
with the number of D6-branes. Moreover, it diverges due to the non-compactness of the
p-direction. This divergence is absorbed in the parameter N’. This second divergence is of
interest physically, because it shows explicitly that the 2d quiver CFT per-se is ill-defined.
This pathological behaviour of the central charge is cured in the UV, by the emergence of
the deconstructed extra dimensions where the 6d CFT lives.

This is supported by the behaviour of the holographic central charge. Using expres-
sion (B.17), whose derivation is summarised in appendix B, we find for the backgrounds
defined by (3.17), (3.18),

2
Chol — M / dy d,u [0 €4U+V (338)

This expression reproduces exactly the %QzDGQgN% behaviour in (3.37), times an infinity
that, as before, arises from the p-integration. Upon convenient regularisation both ex-
pressions can be found to agree. It would be interesting however to understand better the
precise relation between the field theory and holographic central charges in ill-defined CFTs
associated to defects. One could expect in particular that a non-trivial mixing between the
holographic parameter and the energy scale could be at play.

4 Surface defects in massive ITA

The previous section was devoted to the study of the reduction of the 11d AdSs solutions
and brane set-up along the Taub-NUT direction of the KK’-monopoles, contained in the
worldvolume of the M5’-branes. In this section we will be concerned with the reduction to
Type ITA along the Taub-NUT direction x of the second set of Kaluza-Klein monopoles, the
KK-monopoles referred to in table 1. As we already pointed out, this reduction destroys
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branes | t x' | r 01 62| 2z | p ! ?
D8 X X | X X X |- X X X
D4 X X | X X X|—=|=- = = =
D6 X X |- — —|XxX|x X x X
NS5 | x X |— — —|—]x x x X
D2 X X |- - —|XxX|=- = = =

Table 5. Brane picture underlying the intersection of D2-NS5-D6 branes ending on the D4-D8
brane system. The system is BPS/8.

the AdS7 structure in 10d. This appears clear by looking at the near-horizon metric (2.6),
where the M-theory circle is taken within the 3-sphere S®/Z;,, which was part of AdS;/Z,.
The solutions to Type IIA that arise in this reduction are the AdS3 x S? x CYy solutions
recently constructed in [66], with CYs = C?/Zp. This general class of solutions was
constructed as solutions to massive IIA. Upon reduction from M-theory we recover the
massless subclass.

In this section we show that these solutions can be given a defect interpretation when
embedded in massive ITA. Therefore, we will be considering the general class of solutions
constructed in [66], with CYy = T% locally. We will see that these solutions can be
interpreted as associated to D4-KK’-D8 bound states on which smeared D2-NS5-D6 branes
end. The D4-KK’-D8 brane system has as near-horizon geometry the AdSg x S* background
of Brandhuber-Oz [81], further orbifolded by Zj/, i.e. AdSg x S*/Zy:.

Very much in analogy with the study carried out in section 2.2, we show that these so-
lutions can be related to a 6d charged domain wall solution characterised by an AdSs slicing
and a 2-form gauge potential [51]. This domain wall reproduces locally in its asymptotic
regime the AdSg vacuum in [81] associated to D4-D8 branes, modded out by Zjs. In the
opposite limit a singular behaviour describes D2-NS5-D6 brane sources that, intersecting
the D4-D8-KK’ system, create a defect, breaking the isometries of AdSg to those of AdSs.

4.1 The brane set-up

We start considering the well-known D4-D8 brane set-up of massive IIA string theory [81,
83], with D2-NS5-D6 branes ending on it [51]. For the moment we will ignore the con-
tribution of the KK’-monopoles, since they do not break any further supersymmetry and
do not change substantially the properties of the background. We will include them later

by simply replacing the R* transverse to the D4-branes by R*/Z;, in the parametrisation
2

33 Ly

The D4-D8-D2-NS5-D6 branes set-up depicted in table 5 preserves 4 real supercharges.

d5]2R4/Zk, =dp® + p*ds

This is due to the presence of the D8-branes, which relate the charge distributions of the
NS5 and D6 branes [83]. As we said, we are interested in a particular realisation of branes
reproducing locally in the UV the AdSg vacuum associated to the D4-D8 brane system.
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To this end we consider the following 10d metric,

o= Wl M [ L i+ G s ]
i H]13/42 H]13/82H5é/2H 1/2 Hngsdz? +H1/2H 1/2H]Sé/2 1/2(d,0 + p2ds2 3)

where we take the D2 and the NS5-branes smeared” over the space transverse to the D4-
branes, i.e. Hps = Hpo(r) and Hnss = Hnss(r). Together with the metric (4.1), we
consider the following set of gauge potentials and dilaton,

C3) = Hps ngl volgi,1 Adz,

C(s) = Hpe Hyss Hpy v volgia A dr Avolgz

Ciry = Hps Hgé P2 volgia Adz A dp A volgs , (4.2)
By = Hps Hpa Hl\_1315 p>volgi A dp A volgs ,

& 5/4 ;,—1/4 3/4 1/2 ;,1/4
e’ = Hpg' Hp,' Hpg' Hygs Hpy

with the C(g) potential for D8 branes defining the Romans mass as F(g) = m. One can

then derive the fluxes!?

Fy=m,

Flo)=Hps 8, Hpgr? volge

H 3y =0y Hygs7° volg2 Adz,

F4) = Hpg 0r Hpy volgia Adr Adz+ Hpa Higs 0. Hpap® dpAvolgs — Hpgdp Hpap® dz Avolgs
(4.3)

for which the Bianchi identities for Fy) and H(z) take the form
d.Hps =m,  Hnss = Hps = Hp2, Vs Hyss = 0. (4.4)

Imposing the relations (4.4), the Bianchi identities for Fl4) and the equations of motion
collapse to the equation describing the D4-D8 system [83],

Hpg Vi Hpy + 02 Hps = 0. (4.5)

We can finally write down a particular solution as

Hyss(r) =1+ QI;SE) ’ Hpg(r) =1+ @ Hpa(r) =1+ @ (4.6)

where Qpg = Qp2 = @nss for (4.4) to be satisfied.

9The existence of this string background has been originally discussed in [51]. Here we provide the
explicit solution. We thank Niall Macpherson for a very useful discussion regarding this set-up and for
pointing out the smearing of the NS5-branes.

19We use the conventions of [83].
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Let us consider now the limit » — 0. In this regime the 10d background (4.1) takes

the form*?

—1/2 ;,—1/2 1/2 ;,1/2 1/2 ;,—1/2
dsly = Hpy'* Hpg? Qkss (4dsias, +dse )+ HEY HyS do+ HYZ Hod* (dp?+ pds?,),

) —5/4 ;+—1/4
€ :HDS/ HD4/ )

Floy=m,

Flo) =—Qnss Hpg volgz ,

H 3y =—QnssdzAvolgz,

Fiyy=8 Q2NS5 Hpgvolaqds, Adz+0, Hpap® dpAvolgs —HDgapHD4p3 dz/Avolgs. (4.7)

In this limit the supergravity solution describes a D4-D8 system wrapping an AdSs X
S? geometry. As shown in [66], when this system is put in this curved background D2-
D4-NS5 branes need to be added in order to preserve supersymmetry. The number of
supersymmetries is then reduced to N/ = (0,4). The AdS3 background in (4.7) is indeed
included in the classification of N’ = (0,4) AdS3 x S? x CY3 x I solutions found in [66]. In
particular, it can be reproduced from the class I of AdSs solutions written in (3.1) of [66]
for the case of CYy = T%, « =0 and Hy = 0, after the redefinitions,

hs 2°Qs p w2
Hpg = . Hpy = =NS5p. and 2= o= —2 i (48
P 2Qnss P w2 2Qnss” ” 23/2Q32 (48)

As we mentioned, substituting the S3 with the Lens space 5%/Z; in (4.7) one gets the
near-horizon regime including KK’-monopoles.

A similar D2-D4-NS5-D6-D8 brane intersection to the one considered in this section
was studied in [31]. This brane intersection was obtained as a generalisation of the massless
solution of [88] to include D8-branes. In these set-ups D2 branes are completely localised
in their transverse space, and the system finds an interpretation in terms of D2-D4 defect
branes ending on NS5-D6-D8 branes. Consistently with this interpretation, it was shown
in [31] that the corresponding N/ = (0,4) AdSs near-horizon geometry asymptotes locally
to the AdS7 vacuum of massive ITA supergravity [79].

4.2 Surface defects as 6d curved domain walls

In this section we show that the AdSs background (4.7) describes, in a particular limit, the
AdSg vacuum associated to the D4-D8 system. The idea is to describe the geometry (4.7)
in terms of a 6d domain wall characterised by an AdSs slicing and an asymptotic behaviour
locally reproducing the AdSg vacuum. This solution was found in [31] in the context of
6-dimensional A/ = (1,1) minimal gauged supergravity (see appendix D for more details
on the theory and its embedding in massive ITA).

We consider the following 6d background

ds? = 2V (4 dsQAdSS + dséz) + e Wgy?
B(z) = b(u) volgz , (4.9)
Xe = Xe(p) -

"'We redefined the Minkowski coordinates as (¢, ') — 2 Q3N/S25 (t,zh).
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This background is described by the following set of BPS equations [31],

6U—I—V
U =—-2¢€" fs, Xi=2¢" X2 Dxfe, b’:ﬁ, (4.10)
6
together with the duality constraint
UX
h=_S 26 (4.11)
m

and the superpotential fg written in (D.3). This flow preserves 8 real supercharges (BPS/2
in 6d). In order to obtain an explicit solution of (4.10), a parametrisation of the 6d
geometry needs to be chosen. The simplest choice is given by

V' =2XZDxfs. (4.12)

The system (4.10) can then be integrated out easily [31], to give

2/3 4
2V = 2_1/39_2/3 <'u4,u_ 1) ) e?V = 8972 (M4u_ 1)2 )
o (4.13)
_ 4/3 —4/3 _
b——2/3g /70/64_1)1/3’ X =W,
V2

with p running between 0 and 1 and m = 3%g.
One can see that for p — 1 the 6d background is such that
Ry = -2 P+ 001—p)?3 X =14 0(1 — 4.14
6 3 ) 6 H)v ( : )
where Rg is the scalar curvature. These are the curvature and scalar fields reproducing
the AdSg vacuum (D.6). In turn, the 2-form gauge potential gives non-zero sub-leading
contributions in this limit. This implies that the asymptotic geometry for u — 1 is only
locally AdSg. In the opposite limit p — 0, the 6d background is manifestly singular. This
is due to the presence of the D2-NS5-D6 brane sources.
Let us consider now the truncation Ansatz of massive IIA supergravity (D.1) and (D.2)
for the above 6d background,

ds?, — s 1/3 Xgl/Q Eé/Q 02U <4d33xds3+d5252)+8_1/3 X71/221/262le$2
12¢72s —1/321/2 3/2d§2+29_2X6_3/2 ~1/2 —1/3 st

4
Flay=— \f g3 s1/3 32 Udg/\volsg—ng 3 44/3 42 2X 3X6d,u/\V0153 (4.15)

—8\[9 ! 1/3cX6b’eU*Vdﬁ/\volAdSS—8ms4/3ngQeUJrVdu/\volAds3,
2
Fay=ms*bvolg:, Hig) =32V dpnvolga+ 2 5712 chdg Avolse,

e®=570/6 Zé/4X6_5/4, Foy=
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with ¢ = cos&, s = siné, g = Xgc? + XG_3 s? and U given by (D.2). It is possible to
show that the background (4.15) takes exactly the form of the near-horizon metric (4.7).
For this one needs to perform the change of coordinates

3 $2/3 U X, V2 cedU/2

BR= == P= "33 1/
V29 Qnss G Q2 X1

(4.16)

and use the 6d BPS equations (4.10), (4.11). We can thus express the warp factors describ-
ing the D4 and D8 branes in (4.7) in terms of the 6d domain wall realising the defect, as

2/3 U 5 -5U
X g, = Qs (4.17)

Qnss Y6
One can check that these expressions satisfy the equations of motion for Hps and Hpg
written in (4.5).
We have thus shown that the AdSs background (4.7), describing the near-horizon limit
of D2-NS5-D6 branes ending on the D4-D8 brane system, reproduces locally the AdSg
vacuum of [81], for Hpg, Hp4 given by (4.17). This vacuum geometry comes out thanks

Hpg =

to a non-linear mixing of the (z, p) coordinates, that relates the near-horizon geometry to
a 6d domain wall admitting AdSg in its asymptotics. The presence of the 2-form does not
allow however to globally recover the vacuum in this limit. This is seen explicitly at the
level of the uplift (4.15), where one notes that the Fis) and H s fluxes break the isometries
of the D4-D8 vacuum. This is the manifestation of the D2-NS5-D6 defect, that underlies
as well the singular behaviour of the 6d domain wall in its IR regime.

5 Line defects in massive ITA

Very much in analogy with our previous analysis, we show in this section that the AdSs
solutions to massive ITA supergravity recently constructed in [65] can be given a line defect
CFT interpretation within the Brandhuber-Oz system. The solutions studied in [65] were
obtained through double analytical continuation from the AdSz x S? x CY4 x I backgrounds
constructed in [66]. We showed in the previous section that a subset of these backgrounds
with CYy = T* reproduces locally the AdSg vacuum of [81], thus allowing for a surface
defect interpretation. In this section we show that the solutions in [65] with CYy = T*
can be given a similar defect interpretation within the D4-D8 brane system, this time as
line defects.

Following the same spirit of the previous sections, a brane solution related to the AdSs
geometries mentioned above was worked out in [53]. This brane solution describes a DO0-
F1-D4’ bound state ending on D4-D8 branes, as depicted in table 6. As in the calculation
in section 4.1, allowing the D4-branes to be completely localised in their transverse space,
it is possible to recover a near-horizon geometry describing a D4-D8 system wrapping an
AdS3 x S? geometry, to which D0-F1-D4’ branes need to be added to preserve supersym-
metry [53]. The near-horizon reads

dsty = Hpy*Hpg'? | Q1 (dsias, + 4dsks ) + HpaHpsd2? + Hpa (dp* + p? ds%, )|, (5.1)
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branes | t | r 01 62 03| z | p b ¢* P
D8 X | X X X X |- X X X
D4 X | X X X X|—=|- = = =
Do X |- - - == - - =
F1 X|— = - —|xX|= = = =
D4’ X|—-— - - —]—-]%xX X X X

Table 6. The brane picture of D0-F1-D4’ branes ending on the D4-D8 system [53]. The intersection
is BPS/8.

with @)1 a parameter related to the defect charges of DO-F1-D4’ branes. One can check
that this background is included in the classification found in (5.1) of [65], for CYy = T*
locally and v’ = 0, after the redefinitions given by (4.8).

Further, the previous brane intersection was linked in [53] to a 6d charged domain wall
characterised by an AdSs slicing flowing asymptotically to the AdSg vacuum of 6d Romans
supergravity (see appendix D). This domain wall is of the form

ds? = 2V (dsidsz + 4ds§3> + 2V gy?

8(2) = b(u) VOIAdSz ’ (5'2)

Xe = Xe(p) ,
and, consistently with the whole picture, can be obtained through double analytical con-
tinuation from the domain wall solution in (4.9). The BPS equations for this background
preserve 8 real supercharges and take the same form of (4.10) and (4.11). In analogy with
the AdSs3 analysis, the 6d solution (5.2) reproduces locally in the limit x4 — 1 the geometry
of the AdSg vacuum, together with a singularity in the y — 0 limit. Using the uplift for-
mulas to massive ITA given in (D.1) one can check that the resulting domain wall solution
in 10d is related to the near horizon geometry (5.1) through the change of coordinates [53]

3523 eV Xq V2cedU/2 (5.3)
= 172 > P="3/1 ,1/2° :
\/59 Ql/ g Q1/ X6/
and the requirements for the Hps and Hpg functions
52/3 eU X, 5/2 o—5U
1

These conditions are analogous to (4.16)—(4.17) for AdSs, which is obviously related to the
fact that the AdSy solutions and the AdS3 backgrounds discussed in the previous section
are related by double analytical continuation. In this case the solution is interpreted as a
DO0-F1-D4’ line defect within the 5d Sp(N) fixed point theory.

6 Conclusions

In this paper we have obtained explicit brane intersections underlying different classes of
AdSs solutions to Type ITA supergravity with A/ = (0,4) supersymmetries recently con-
structed in the literature. Furthermore, we have related these solutions to Janus-type
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domain wall backgrounds admitting asymptotic regions described locally by higher dimen-
sional AdS vacua. This has allowed us to provide a surface defect CF'T interpretation for the
AdS3 solutions, where the mother CFT is the holographic dual of the higher dimensional
AdS vacuum.

We have analysed two classes of AdS3 solutions with A/ = (0,4) supersymmetries. The
first one is the class of AdSz x S3/Z;, x S3 x ¥y solutions to M-theory constructed in [65],
further orbifolded by Z;/. These solutions are associated to M2-M5-M5’ brane intersections,
with the 5-branes placed in ALE singularities. We have found that a subclass of these
solutions asymptote locally to the AdS7/Z; vacuum of 11d supergravity. This has allowed
us to give a defect interpretation of these solutions in terms of M2-M5 branes (on an ALE
singularity) embedded in M5’-branes on ALE singularities, realising a 6d (1,0) CFT. Upon
reduction, we have found a new class of AdSz x S3/Z;, x S? x ¥y solutions to Type IIA
with A/ = (0,4) supersymmetries. We have found the right parametrisation that allows
to interpret these solutions as holographic duals to surface defect CFTs. These originate
from D2-D4 branes ending on the D6-NS5-KK brane intersection dual to the AdS7/Zj
vacuum of massless ITA supergravity. We have presented an explicit 2d (0,4) quiver CFT
that realises the D2-D4 defect CFT. In this quiver it is clear that the D2-D4 defect needs
the D6-NS5-KK branes of the mother CF'T in order to exist as a 2d CFT. Instead, from
the 2d CFT the 6d mother CFT dual to the D6-NS5-KK intersection can be obtained in
a certain decoupling limit. Finally, we have extended the previous class of solutions onto
a more general class, obtained upon reduction of the AdS3 x S3/Z; x T* x I solutions
to M-theory constructed in [65], further modded by Zjs. An interesting open problem is
to find global completions of this more general class of solutions, which do not seem to
asymptote locally to a higher dimensional AdS space. Work is in progress [82] that shows
that they can be completed in terms of globally well-defined AdSs solutions related upon
a chain of T-S-T dualities to the AdS3 x S? x T% x I solutions recently constructed in [66].

The second class of AdS3 solutions with A/ = (0,4) supersymmetries that we have
studied is the general classification of AdS3 x S? x CYy x I solutions to massive ITA
supergravity constructed in [66], with CYy = T 4. We have provided the associated full
brane solution and shown that it can be related to a 6d domain wall solution that reproduces
asymptotically locally the AdSg vacuum of massive ITA supergravity. This has allowed us
to interpret the solutions as holographic duals to surface defect CFTs originating from D2-
NS5-D6 branes ending on D4-D8 bound states. It is likely that explicit quivers realising this
can be constructed using the Type IIB description of the Sp(N) theory. This is currently
being investigated [82].

Finally, and in full analogy with the previous analysis, we have discussed from the
point of view of conformal defects a subclass of the AdSy x 2 x T* x I solutions with 4 su-
percharges recently constructed in [65]. Putting together previous results in the literature,
that provided the full brane solution and linked it to a 6d domain wall reproducing asymp-
totically locally AdSg, we have given an interpretation to these solutions as line defect
CFTs originating from D0-F1-D4’ branes embedded in the Brandhuber-Oz brane set-up.
It would be interesting to find explicit realisations, possibly in terms of 1d ADHM-like
quantum mechanics as the ones described in [89, 90].
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A M-theory origin of 7d N = 1 supergravity

In this appendix we recall the M-theory embedding of minimal N/ = 1 gauged supergravity
in 7d [91]. The 7d theory preserves 16 supercharges and only the supergravity multiplet is
retained by the truncation from 11d. All the oscillations around the AdS; vacuum are thus
encoded in the 7d gravitational field, a real scalar X7, a 3-form gauge potential B3y and
three SU(2) vector fields A% [92]. We consider a further truncation of the theory in which
all the vector fields are vanishing. This truncation ansatz has been worked out in [91]. It

is characterised by an 11d metric of the following form

ds?y =37/ ds? + 29725, ds3

(A.1)
dsi = X;’ Yy dE? + X;l ? d8%3 ,

where Y7 = X7 ¢% + X{4 s? with ¢ = cos ¢ and s = sin&. The 11d 4-flux takes the form

4 20
gAY WdE A volgs — —= g2 82 X7 st dXy A volgs

Gip— ——
RENG) V2 (A.2)
+sFy+ V29 e X7 %7 Fray A€,

where W = X7 %52 —2X2c2 +3X-3¢? —4 X, % and F(4) = dB3). As it has been pointed
out in [91], in order to describe the right number of degrees of freedom, the 3-form B3
has to satisfy an “odd-dimensional self-duality condition”

X;L *7 .7:(4) = —2h8(3) > (A3)

with h = 2\% fixed by the truncation. The isometry group of the resulting 7d theory
is given by RT x SO(3) and there are two types of gaugings. One is described by the
parameter g and corresponds to the gauging of the R-symmetry SU(2)g, and the other is
a Stuckelberg deformation of B(3) described by h. The general form of the superpotential
is given by

Frlh, g, X) = 5 (h X7 4 V3g X7) (Ad)

where the two gauging parameters are linked by the truncation through the algebraic
relation h = 2%}5. The Lagrangian is given by

_ 1
L7 =R7;— 5X7 2 *7dX7 ANdX7 — §X? *7 ./_"(4) /\.;E(4) — hf(4) /\8(3) —Vz (AE))
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and the scalar potential by
4 24
Vr= < X2 (Dx fr)* — = 2. (A.6)

The theory (A.5) has a N/ = 1 AdS7 vacuum at X7 = 1 and vanishing gauge potentials. In
this case the internal 4d manifold of (A.1) becomes a round 4-sphere. Since the theory (A.5)
can be embedded into the maximally supersymmetric supergravity in seven dimensions,
we can link this 7d vacuum to the AdS; x S* Freund-Rubin vacuum of M5-branes. In this
particular case the 4-flux takes the form

12
Guy=-——=g >c*d¢ A volgs. A7
0 ="5Y § 58 (A7)
On the contrary, the case considered in section 2.2 is that of the half-supersymmetric AdS7
vacuum of M-theory arising from M5-branes on an A-type singularity (associated to NS5-
D6 branes in 10d). In this case the vacuum of (A.6) has to be interpreted in 11d as a

half-maximal vacuum of the minimal N = 1 theory.

B An extended class of AdS; x S3/Z; x S? solutions to Type ITA

In this appendix we extend the new class of AdS3 x S3/Z; x S? solutions to Type ITA with
N = (0,4) supersymmetries found in section 3.1. Our starting point is the general class of
AdS3 x S3/Z;, x CY3 x I solutions to M-theory constructed in [65], with CYo = T* locally.
The new solutions are obtained reducing on the Hopf-fibre of the 3-sphere contained locally
in the 7. This reduction preserves all the supersymmetries and generalises our solutions
given by (3.7). Prior to this reduction we extend the solutions in [65] by modding the
3-sphere by Z;,. This introduces ¥’ KK-monopoles that give rise to k' D6-branes upon
reduction. &’ can then be taken to be sufficiently large as in the ITA supergravity limit.

The most general solutions in [65] are AdS3 x S? x CY fibrations over two intervals
(see appendix B therein). They take the form

[hy \/h4h
dS%l (mdSAdS5 dSCYz +47A2 (dSSQ +DX )

/

_ uu uu B1
G(4) =— (d (2h4> +2h8d2) /\VOlAd83 8zh4V01CY2 - WHQ Avolg2 ( )

hg hg 1 un/ 1 ~
O dahandz+ B Zd(— ) Avolge+ —dzAHs| AD
y FaeataNGz [2 ( z+4h4h8+u’2> VOls2 -ty tdz 2} X

where Ho = —dA, DY = dy + A+ w, dw = volg2 and

hi?(4hghg + u/?)1/3

A =
22/3hi/6u1/3

(B.2)

In these solutions hg is a constant, hy has support on (z,CY2), u is a function of z and
H, has support on the CY,. Note that we have renamed p and v as in [65] by z and X,
respectively, to connect with our notation in section 3 (see below). The quantities x and
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A are defined as ¥ = h% x and A = %A. In the most general case the connection A + w
makes the fibre over the S? and the CY5 non trivial. Here we restrict to the case A = 0
and CYq = T%. In this case the solutions simplify to

\/h4h

d %4 + ) + Edség/zk y (B?))

!/

2 u 2
= A —_—
dsll ( h4h8 dsAng + h
uu

Ul
G(4) = —d <2h + 2h8 Z> N VOlAdS3 + 2h8 d <—Z + 4}1,4}7,5;—}-’[/2) A VOlsa/Zk

— Oyhu V01T4 — & x4 dghy Ndz, (B.4)
u
where k = hg and ds%, /7, 18 written as in (2.7). Supersymmetry holds when
u'=0, (B.5)

while the Bianchi identities of the fluxes impose that

h
SVT4h4 + 0%hy = 0. (B.6)

The symmetries SL(2,R) x SL(2,R) and SU(2) are realised geometrically on the AdS3 and
the quotiented 3-sphere, respectively.

In order to extend the class of solutions given by (3.7) we take the local 7% in (B.3)-
(B.4) to actually be R* and mod it by Zj, such that dsw/Z =dp®> +p dssgl/Z with
dsgg/Z defined in (2.7). The 4-flux term defined on the CYq takes the form *4dshy =
p> Ophavolgs T and the equation (B.6) imposed by the Bianchi identities becomes

h8 (&2h4 + -0 h4) + 62h4 =0. (B7)

Reducing now along the S*/Z;, C S§%/Z we obtain

Vhahg | 5 hy 2 P’ 2 hg/ghl/Q 2
+ W dZ + hig d,O +Zd5§2 T]{;’QdSS3/Zk y

< u
ds%o =p lA (\/mdsidsg

(B.8)

A [n . hs(4hahs + u'2)
20 _ 4 3 8\=rtd4l’8
e\ AT 2k’ u ’ (B-9)
* (hs

Hipy =~ ( - Ophadz — Ozhadp ) Avolgs (B.10)
k/

F(Q) = §V01§2 N (B]_l)

wu! uu!
F(4) = —d Th4 + 2h8 2| A VO]AdS3 + 2h8 dl—z+ m A V0153/Zk . (B12)

This extends the new class of 10d backgrounds with A/ = (0, 4) supersymmetries presented
in section 3.1 to include a new function u(z), satisfying (B.5). Indeed, one can check
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that the near horizon geometry (3.7) is obtained in the particular case v’ = 0, with the
redefinitions

26QD4h

QK = hs, Qps =K', Hnss = hy and Hpe = 5 (B.13)

where we rescaled the coordinates in (3.7) as

Lz up?
4Qps’ p 2°QpeQd,hs

(B.14)

As previously mentioned, doing the change of coordinates p — p'/2, one can see that
there are &’ D6-branes seated at p = 0,

( wu Vhahs h32py/ A ny
dS%o:Pl/2 lA (mdsidsg—l- " d22>+ SAk’2 dss‘*/zk 1 172\ hs (dp +p2d552)

A [ K
20 4 3/2
e = o e % Fagy=volge. (B.15)

Finally, we compute for completeness the holographic central charge of the new class
of solutions.

Holographic central charge. We recall that for a generic dilaton and background of
the form

— . . —

ds® = a(r, 5)(dx%1,d +b(r)dr?) + g (r, 0)do"d6’, o(r,0), (B.16)
the central charge can be computed!? as [93-95]

2d+1

de b(r)d/2(ﬁ) 2
Gy (f{/)d ’

(/ df\/e=12det[gi;a(r, ) )2. (B.18)

Using Poincaré coordinates for AdSs we have for our solutions (B.8)—(B.12),

(B.17)

where

= pAu 9 1
aln) = Dt ) =, , (B.19)
and, finally,
k2
Chol = Fe k/VOIS2VOISS/Zk/h4p dpdz = S 3k//h4p dpdz, (B.20)

where we have used that G = 87% and hg = k.
In order to obtain a finite result for the central charge using this expression we need
a well-defined UV completion for our solutions. In the main body of the paper we have

2The factor of “3” in (B.17) is introduced as a normalisation, in order to match the standard result
in [3].
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Figure 4. Generic quiver field theory associated to D2-D4-NS5-D6 brane set-ups.

studied an interesting completion of a subclass of our solutions by which they flow in the
UV into a higher dimensional AdS7 geometry, and can thus be interpreted as surface CFTs
within the higher dimensional 6d CFT dual to this geometry. A second possibility is to
complete our solutions within globally well-defined AdS3 geometries. This is currently work
in progress [82].

C Brief summary of 2d quiver CFTs

The 2d (0,4) CFTs encountered in the main body of the paper are of the type recently
studied in [59, 60], associated to D2-D4-NS5-D6-D8 brane set-ups. These CFTs are de-
scribed by (0,4) superconformal quivers with gauge groups associated to stacks of D2 and
D6 branes (the latter wrapped on 4d manifolds) stretched between NS5-branes. The quiv-
ers are planar, in the sense that they consist on two long linear quivers, built out of the
gauge groups associated to the D2 and D6 branes, coupled by matter multiplets. Each
linear quiver consists on (4,4) gauge groups connected horizontally by (4,4) bifundamental
hypermultiplets. They couple to each other through (0,4) hypermultiplets (vertically) and
(0,2) Fermi multiplets (in the diagonals). These render the final planar quiver CFTs (0,4)
supersymmetric. Since the 2d theory is chiral one needs to be careful with gauge anomaly
cancellation. This is ensured adding adequate flavour groups at each node, coming from D4
and D8-branes, that couple through (0,2) Fermi multiplets with the corresponding gauge
nodes. The gauge anomaly cancellation conditions for the SU(Nz(j )) and SU(Nﬁ(j )) gauge
groups are (the reader is referred to [60] for more details),

2N2(j) _ N2(j71) +N2(j+1) -I-ANij), 2Néj) _ Néjfl) _l_NéjJrl) —I—ANéj). (C.1)

In the particular situation discussed in this paper we are concerned with massless ITA
supergravity. In this case there are no D8-branes in the constructions in [60] and the
number of D6-branes remains constant. Therefore one of the rows of the quivers contains
gauge groups of constant ranks. The general structure of these quivers is depicted in
figure 4. These quivers were recently discussed in [65].
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D Massive ITA origin of 6d Romans supergravity

In this appendix we discuss the consistent truncation of massive ITA string theory around
the AdSg vacuum discovered in [81], describing the near-horizon limit of the D4-D8 brane
system. This truncation produces in its minimal realisation, i.e. when only the supergravity
multiplet is retained, a 6d gauged supergravity preserving N' = (1,1) supersymmetry.
This theory is usually called Romans supergravity. Its field content is given by the 6d
gravitational field, a real scalar X, a 2-form gauge potential B ), three SU(2) vectors .A%
and one Abelian vector A2 [96]. Here we will restrict to the case of vanishing vector fields.

The truncation from massive ITA supergravity to Romans supergravity was worked out
in [97]. The ansatz for the metric is characterised by an internal manifold locally realised

as a fibration of a 3-sphere over a line,
dsty = s73 X2 0 |dst + 2972 X ds]]
(D.1)
dsi =d&* + Y5t X3 2 ds%s

where Y6 = Xgc? + X673 52 with ¢ = cos ¢ and s = sin&. The 10d fluxes are decomposed
as [97]

42
Fly = —\3[ g 32302 U de A volgs — 8v2 973 Y2 A 55?2 X3 dXe A volgs
—\/igilsl/?’cXé1 *x6 F3) A d{—m54/3X6_2 *6 B(2) s (D.2)
F(Q) = ms2/3 8(2) y H(g) = 82/3 .F(g) + \/5971 mSil/BCB(Q) A df,
6‘1):875/62(13/4)(675/4, Foy=m,

where U = X952 —3X2 2 +4X5%c? -6 X5 2 and F(3) = dB(2). The 6d theory resulting
from this truncation preserves 16 real supercharges and has Rt x SO(4) global isometry
group. The two parameters g and m are associated, respectively, to the gauging of the
SU(2)g R-symmetry group, realised as the diagonal SU(2) within SO(4), and to a mass
deformation of the 2-form. In particular, the truncation ansatz (D.1) produces a scalar
potential in six dimensions defined by the superpotential

fe(m, g, Xe) = % (ng?’ + \/59X6> ; (D.3)

/3

where the two gauging parameters are linked as m = 72 g. The 6d Lagrangian has the form

1
£6=R6—4Xﬁ_2 *g dXg N dX'G—§Xvél *6 f(g)AF(g)—%

2 -2 L o (D-4)
—m” Xg "~ *x¢ 8(2) /\B(Q) — gm 8(2) A 8(2) /\6(2)7
where the scalar potential is given by
Vo = 16 XZ (Dx fs)* — 80 f2. (D.5)

The 6d theory (D.4) has a supersymmetric AdSg vacuum at Xg = 1 and vanishing gauge
potentials. This vacuum corresponds to the string vacuum of the D4-D8 set-up introduced
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in [81]. In this case the 4d internal manifold in (D.1) becomes a round 4-sphere,'® and the
only non-zero terms in the fluxes and dilaton given by (D.2) are

202
_ 0;’[9—3 §1/3

Fu Adg A volgs, e =50, (D.6)

These are exactly the fluxes and the dilaton describing the near-horizon limit of the D4-D8
system introduced in [81].

Open Access. This article is distributed under the terms of the Creative Commons
Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in
any medium, provided the original author(s) and source are credited.
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