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ABSTRACT: We construct new families of AdSa x S? x S? solutions with 4 supercharges in
Type II supergravities. We show that subclasses of these solutions can be interpreted in
terms of defect branes embedded in 4d N' = 4 SYM, or orbifolds thereof. This is explicitly
realised by showing that the solutions asymptote locally to AdSs x S°/Z,, in Type IIB, or
its T-dual background, in Type ITA. The latter is a Gaiotto-Maldacena geometry realised
on an intersection of D4 and NS5 branes. We extend the Type ITA solutions to include
D6 branes, and interpret them as describing backreacted baryon vertices within 4d N = 2
CF'Ts living in D4-NS5-D6 intersections. We propose explicit quiver quantum mechanics in
which the defect branes play the role of colour branes, with the D4 branes of the D4-NS5-D6
intersection becoming flavour branes. These quivers are used to compute the degeneracies
of the ground states of the dual super conformal quantum mechanics, that are shown to
agree with the holographic expressions.
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1 Introduction

Ever since the first formulation of the AdS/CFT correspondence [1], the construction of AdS
vacua and their field theory duals has become the most concrete approach to understand
the physics of extended objects in string theory. Among the extremely varied research
lines opened in holography in the last twenty years the study of AdSs and AdSs vacua
and their dual realisations has deserved special attention. This is highly relevant given the
role played by these geometries as horizons of black objects in (super)gravity [2]. However,
despite the enormous progress made on lower-dimensional AdS holography, a completely
consistent and well-understood string theory description is still missing.

On the gravity side a great effort in classifying AdSs and AdSs vacua has been done in
old and recent literature (see [3]-[37] for a non-exhaustive list of references). The underlying
brane description of these solutions, key to the study of their CF'T interpretation, becomes
more complicated as the dimensionality of the internal space increases, due to the richer



structure of the possible geometries and fluxes. In this paper we will focus our study on
AdS, spaces. We will present new classes of NV = 4 solutions with a clear underlying brane
interpretation. Taking these fully-backreacted backgrounds as starting points, we will then
turn to the study of their dual field theory interpretation.

It is well-known that the AdSs/CFT; correspondence has important technical and
conceptual problems. The fact that the boundary of AdS, is not-connected poses the
problem of where the dual super conformal quantum mechanics (SCQM) lives, and the
associated non-factorisability of the quantum partition function (see for example [38]). In
this paper we will consider AdS,/CFT; as an effective lower dimensional description of a
given brane intersection, described in the UV in higher dimensions. This was, for example,
the approach followed in [30].

A very powerful tool in this context is given by defect conformal field theories and
their brane engineering (for a non-exhaustive list of references see [39]-[62]). These the-
ories resolve the dynamical degrees of freedom of a holographic CFT associated with an
intersection of defect branes with a bound state of background branes, in which a higher
dimensional CFT lives. Holographically this situation is well-described by AdS solutions
with non-compact internal manifolds, reproducing a locally higher-dimensional AdS geom-
etry asymptotically. In such cases the divergence of the holographic free energy (or central
charge) is interpreted as the need of a UV completion into higher-dimensions, rather than
as a pathology of the theory. From the gravity side this divergent behaviour is resolved
within the geometry of the higher-dimensional AdS vacuum, while from the gauge the-
ory side the defect CFT is realised in terms of a position-dependent coupling within a
higher-dimensional CFT whose conformal isometries (and supersymmetries) are explicitly
broken.

We start our investigations in section 2, where we consider a F1-D2-D4’-NS5’ brane
intersection in Type ITA string theory [63, 64] ending on a bound state of D4-NS5 branes.
We construct the general brane solution associated to this brane system, from where we
extract the near horizon geometry, consisting on a fully-backreacted AdS; x S? spacetime.
In this way we derive a new class of N' = 4 AdSs x S? x §? x R? x S! geometries foliated over
a line in Type IIA supergravity. The main property of this class of solutions is that they
are completely determined by the dynamics of the D4-NS5 branes wrapping the curved
AdS; x S? geometry. We then concentrate on the situation in which the D4-NS5 branes
are described by the semi-localised solution of [65]-[69]. We show that in this case the
AdSs solution is resolved in the UV within the AdS5 geometry arising in the near horizon
of the semi-localised D4-NS5 branes. This is a Gaiotto-Maldacena geometry related to the
Type 1IB AdSs5 x S°/Z,, background upon T-duality, and is therefore holographically dual
to a Zj, orbifold of 4d N' = 4 SYM. Based on this we propose an interpretation to the AdSs
solution as describing backreacted line defects within a Z,, orbifold of 4d N =4 SYM.

In section 3 we T-dualise the brane set-up studied in Type ITA along the circular
direction on which the semi-localised D4 branes are stretched. The brane picture in Type
I1B becomes an F1-D1-NS5-D5 brane intersection ending on D3 branes probing an A-type
singularity. Close to the horizon a new class of N' = 4 AdSs x 5% x S? x R? x S! geometries
foliated over a line arises. These solutions describe the near horizon regime of D3 branes



intersecting with KK monopoles, wrapping the fully-backreacted geometry associated to
the F1-D1-NS5-D5 branes. We show that the defect interpretation found in Type IIA
is maintained, with the AdSy geometry now resolved within the AdSs x S°/Z, vacuum
associated to the D3 branes on the A-type singularity. The case n = 1, corresponding to
the absence of KK monopoles, arises when the AdS, solution is resolved in the UV within
the AdSs x S® Freund-Rubin solution. In this case the AdSs solution finds an interpretation
as describing backreacted line defects within 4d AN/ =4 SYM.

In section 4 we include D6 branes in the Type IIA brane set-up studied in section 2.
By doing this we extend the class of N' = 4 AdSs x 5? x 5% x R? x S1 geometries constructed
therein to describe the near horizon of D4-NS5-D6 branes wrapping the fully-backreacted
geometry associated to the F1-D2-D4’-NS5’ branes. In this case we have not been able to
construct explicit solutions that asymptote to the Gaiotto-Maldacena geometry associated
to the D4-NS5-D6 intersection. However, by suitably compactifying the internal manifold
we construct explicit quiver quantum mechanics that flow to SCQM in the IR, dual to
our solutions. We compute the “central charge” of these SCQMs, that we interpret as the
degeneracy of their ground states, and show that it agrees with the holographic result. We
propose an interpretation for the quiver quantum mechanics as describing D4’-D2 baryon
vertices within the 4d /' = 2 CFT living in the D4-NS5-D6 brane intersection.

Finally, section 5 contains our conclusions and future directions. Appendix A includes
the strong coupling, M-theory realisation of the brane intersection and near horizon ge-
ometries discussed in section 2.

2 AdS; solutions in Type ITA as defects within AdSs

In this section we present a new class of AdSy solutions to Type IIA string theory that
arise in the near horizon limit of a brane set-up consisting of F1-D2-D4’-NS5’ branes ending
on a D4-NS5 bound state. These brane configurations are described close to the horizon
by N = 4 AdSy x S? x §? x R? x S! geometries foliated over a line. We show that a
suitable prescription for the distributions of charges of the D4-NS5 branes produces a non-
compact solution within this class that asymptotes locally to a AdSs vacuum in Type ITA,
associated to the D4-NS5 brane intersection. This allows one to resolve the divergences
associated to the non-compactness of the internal space within the AdS5 geometry, and to
interpret the solution as describing a line defect CFT within the A/ = 2 4d CFT dual to
the aforementioned AdSs vacuum.

2.1 F1-D2-D4/-NS5’-D4-NS5 intersecting branes

Our starting point is the brane set-up depicted in table 1. This is a BPS/8 brane intersec-
tion that can be interpreted in terms of a F1-D2-D4/-NS5’ brane intersection ending on a
BPS/4 bound state of D4-NS5 branes.

We take the F1-D2-D4’-NS5’ branes completely localised within the four dimensional
worldvolume of the orthogonal D4-NS5 branes. As shown in [60, 61], this requirement is
crucial’ in order to decouple the field equations of the F1-D2-D4’-NS5’ defect branes from

LAt least for AdSs and AdSs vacua.



branes t p o' Y|y z ¢ | r 01 62
D4 X X X X |— — X |— — —
NS5 X X X X |x X —|— — —
F1 X — — —|— X —|— — —
D2 X — — — | x — X |— — —
D4’ X — — X — — | x x X
NSY x — — —|— X X |x x X

Table 1. BPS/8 intersection describing F1-D2-D4’-NS5’ branes ending on a D4-NS5 bound state.
This system defines a N/ = 4 line defect SCQM within the N' = 2 4d CFT living in the D4-NS5
branes.

those of the D4-NS5 background branes. Besides this we take the D4 branes completely lo-
calised in their transverse space and stretched within the NS5-branes in a circular direction,
along which the NS5-branes are smeared.

The metric and dilaton for such a system enjoy the following form,

sy = Hpyy!* [~ Hy Hpyy* o/ de® 4 Hy) Hylyf Hsy (dp® + p*dss)|

1/2 [ pp—1/2 p7—1/2 1g71/2 41/2

+ HDCl [HDQ/ HD4// Hysy dy® + HFllHD/Q Hll)éy sz} (2.1)
+ Hyss Hpyy ' iy Hyli d® + Hyss Hyly Hpy' Hyy i/ (dr® + r2dsga)

& _ /2 p—1/4 pp—1/2 171/4 1 —1/4 111/2

e = HygsHp,' Hpy'"Hpy Hyyy' Hygs -

Here S? is the 2-sphere spanned by the coordinates (¢!, ?) in table 1, and 52 the 2-
sphere spanned by (6',6%). The condition that the F1-D2-D4’-NS5’ branes are completely
localised within the worldvolume of the orthogonal D4-NS5 branes implies that Hgy, Hps,
Hpy and Hyss' depend only on p. Besides, as we mentioned above, we ask that Hpy =
Hpy(y, z,7) and Hngs = Hngs(r). Namely, we take the D4 branes completely localised
in their transverse space and the NS5 branes smeared along the 1 direction. With these
prescriptions the fluxes take the form

H ) = —0,Hp ' dt Ndp Adz + 9,Hyss p* volgz Ady + O, Hxgs 7° dip Avolga
Flgy = 0,Hpydt Ndp Ady A dip + 0, Hpy p? volgz Adz Adip + 9, Hpa r* dy A dz Avolg,

+ HpoHygs Hnss0y Hpa v* dz A dr Avolge — Hpy Hpyj Hyss 0 Hpa 7% dy Adr Avolg, .

(2.2)

It can be seen that the equations of motion and Bianchi identities for (2.1) and (2.2)
decouple into two groups. The equations for F1-D2-D4’-NS5’ branes are equivalent to

V2:Hpy =0 with Hysy = Hps,
2’J (2.3)
VR3HF1 =0 with HD4’ = HF1 s
P
while the D4-NS5 system satisfies the equations
VI%R3HD4 + HN55V]%£? )HD4 =0 and V%3HNS5 =0. (2.4)
T Y,z T



Note that the conditions (2.3) do not impose any warping within the 2d subspace ]R(y 2)
parametrised by y and z. This happens because the defect branes are completely smeared
within this subspace.

In order to extract the AdS, geometry we choose the particular solutions

Hpo=1+2  and  Hp =14+ &L (2.5)
p p

where gps and gpy are integration constants related to the quantised charges of the defect
branes. Taking the limit p — 0 we obtain,?

d510 = q%/;qé/lzﬂ 1/2 (dSAd82 + dssz) + q]13/22qF11/2 1/2 (dy +dz )

+apy’ ay) Hyss Hpy'? db? + HyssHy L aly Fll/Q(d?” +r2dsk,)

3/4 —3/4 ;712 p—1/4
q)_qD/2 Fl/ HN/SSH " (2.6)

H(g) = —quvolAdsz ANdz — qD2V0152 Ady + Oy Hnss r? dy N\ VOlS‘«Q ,

F4) = gr1volaas, A dy A dip — gpy volge Adz A dip + O0r Hpy r?dy Adz A volg,
+ Hnss0y Hpa r2dz Adr A volgs — Hns50:. Hpy r2dy Adr A volgs .

2

(y,2)
S}p, foliated over an interval, parametrised by r. The functions Hp4(y, z,7) and Hnss(r)

These geometries represent a new class of backgrounds of the form AdSs x 52 x 52 x R

are solutions to the equations (2.4), and describe a D4-NS5 bound state localised in the
subspace ]R%y’z) xR, with R? spanned by 7 and S2. The backgrounds (2.6) constitute a vast
class of N/ = 4 solutions to Type ITA string theory, determined by the charge distribution
of the D4-NS5 system. In the next section we will analyse a remarkable example in which
a particular solution for Hp, and Hyss gives rise to a AdSy x S? background reproducing

asymptotically locally an AdSs vacuum related by T-duality to AdSs x S°/Z,,.

2.2 D4-NS5 branes and warped AdSs

As we have just mentioned, a key property of the brane system depicted in table 1 is the
possibility of decoupling the dynamics of the F1-D2-D4’-NS5’ defect branes from that of
the D4-NS5 system. This is manifest at the level of the equations of motion, with the
equations in (2.3) describing the F1-D2-D4’-NS5’ subsystem and those in (2.4) the D4-
NS5 background branes. The simplest situation in which one can exploit this property
is when the F1-D2-D4’-NS5’ defect branes of table 1 are “zoomed out”, namely, just the
D4-NS5 bound state is considered. This is done at the level of the brane solution (2.1)
by taking the limit p — 400 in (2.5), and looking at the resulting backreacted solution.
In this subsection we will be interested in this limit. We will produce an explicit AdSs
solution associated to the D4-NS5 subsystem, on which F1-D2-D4’-NS5’ branes will later
be embedded to produce a backreacted AdSs solution in the class given by (2.6).

The D4-NS5 system has been extensively studied in the literature. Field theoretically
it was first studied in [70]. The set-up contains NS5 branes extended in the directions
(RY3, 24, 5) at different positions 26, in the xg-direction, and D4 branes extended in

2Tn order to reproduce unitary AdSs at the horizon we rescaled the time as t — gpaqrit.



branes t z' a2 x3‘ y oz ‘ ro 6l 62
D4 X X X X
NS5 x x X

X
X

Table 2. BPS/4 intersection describing the D4-NS5 bound state considered in section 2.1. The
D4-branes extend along the 1 circular direction, along which the NSh-branes are located. The
system supports a 4d N' =2 CFT [70].

(RY3, 26) in between the NS5 branes. This brane set-up preserves 1/4 of the supersym-
metries. The field theory living in the (colour) D4 branes is effectively four dimensional
at low energies compared to the inverse of the separation between the NS5 branes, with
the effective gauge coupling behaving as é ~ %’;Sﬂ% The number of supersymme-
tries preserved is maintained if additional orthogonal (flavour) D6 branes extended in the
(RY3, 27, 28, 19) directions are added to the system, as we will do in section 4. The theory
is conformal if the number of flavours at each [z p, 6 n41] interval is equal to twice the
number of colours at the same interval. This theory is described holographically in Type
ITA string theory by the class of Gaiotto-Maldacena geometries [71].

In the particular D4-NS5 system included in the intersection in table 1 the D4-branes
are stretched periodically between NS5-branes, that are positioned along the circular -
direction. This subsystem is depicted in table 2. As shown in [66, 68, 70], the N'=2 CFT
living in this brane system is a Z, orbifold of N =4 SYM, and it is holographically dual to
a specific Abelian T-dual of AdS5 x S%/Z,,. Following [69], we show next that this solution
arises as the near horizon geometry of the intersecting D4-NS5 system depicted in table 2,
where the NS5-branes are taken to be smeared along the ¥-direction.

We start by writing down the brane background,

dsty = Hpy*dsfus + Hy) (dy? +d=?) + Hyss Hpy'? dy? + Hxss Hy (dr? 4 rdsh, )

Hy = O, Hyss 12 dip Avolgs . e® = HYGHp /'t
Flay = 0, Hpy r? dy A dz Avolgs + Hnss0yHpa v dz Adr Avolgs — Hyss0» Hpa 1% dy A dr Avolgs

(2.7)
where R13 is the common worldvolume to the D4-NS5 branes. The D4-branes are com-
pletely localised in their transverse space, such that Hpy = Hpy(y, z,7), while the NS5-
branes are smeared in v, and Hnss = Hnss(r). As already mentioned, the equations
of motion and Bianchi identities for this brane background are the same already given
by (2.4), namely

V]%QHDZ; + HN55V1%§% )HD4 =0 and V%@HN% =0. (2.8)
Y,z
We can now consider the semi-localised solution with harmonic functions [65-67],
AT qDagNss qNss
Hps=1+ and Hynss = —, 2.9
D1 522 4 2 )? NS o 29)

and introduce the following new coordinates (u, «, ¢) [69],

y = psinacos ¢, z = psinasin ¢ and r=2"" qﬁés 12 cos? (2.10)



™

with g > 0, o € [0, 5] and ¢ the angular polar coordinate within the R?y 2) plane. In these

new coordinates one can easily extract a near horizon limit by taking u — 0, obtaining [69]
ds%o - R? (als%ds5 +da? + 82d¢2 + 4_17T_1qNs5qBic_2d¢2 + 4_lc2d5%.2) ,

~1/4 1 (2.11)

I

- 3/4
Higy = —2""qnss dip Avolgs,  €® = 0 (47aps)

Flgy =47 qpa Asdp A da A volgs ,

where R = (4mqpagnss) /%, d32Ad55 = (47rqD4qNs5)*1u2ds]§1’3 + CLL; and, for simplicity of
notation, s = sina, ¢ = cosa. This background is a Gaiotto-Maldacena geometry, with
the SU(2) x U(1) R-symmetry realised as rotations of the S? and the Sé, respectively. In
turn, Si is an extra circle that lives in the 2d Riemann surface contained in the transverse
space. This has been discussed in [72]. This background is T-dual to the AdSs x S°/Z,
solution of Type IIB supergravity, and it is therefore holographically dual to a Z, orbifold
of 4d N =4 SYM. Indeed, applying Buscher’s rules in the parametrisation

d5§5/zn = da? + sin® ad¢? + cos? O[dS%v?,/Zn, (2.12)
and )
d 1 1
dsgg/zn = <f + 5 cos §d77> + 1 (d§2 + sin? §d772> , (2.13)
with 1 the T-duality direction, with periodicity 27, the solution (2.11) is reproduced, with
n = qnss. 1t will be useful to recall in the following sections that this near horizon limit

is not manifest in the coordinates of the brane background, but requires the non-linear
change of coordinates given by (2.10).

2.3 F1-D2-D4’-NS5’ line defects within AdSs

Let us now come back to the more general situation in which we have F1-D2-D4’-NS5’
defect branes ending on the D4-NS5 system, and apply the same logic above. In this case
we are interested in the p — 0 limit of (2.5), and therefore in the N' = 4 AdSs x S? x
52 x R? x S backgrounds fibered over an interval defined by (2.6). These solutions have
the crucial property that the backreaction of the F1-D2-D4’-NS5’ branes on the D4-NS5
system modifies only the 4d worldvolume space of the D4-NS5 solution, keeping intact
its R?yz) x R3 transverse space. This follows from the fact that the equations of motion
associated to the F1-D2-D4’-NS5' branes, given by (2.3), and those of the D4-NS5 system,
given by (2.4), are completely independent.

This implies, among other things, that the semi-localised solution specified by (2.9)
for the D4-NS5 bound state is still a solution. The presence of the defect branes breaks
however the isometries of the 4d worldvolume of the D4-NS5 intersection, turning it into an
AdSs x S? backreacted geometry. In this case the change of coordinates defined in (2.10)
allows one to extract an asymptotically locally AdS5 geometry in the p — 0 limit, given by

locally AdSs geometry

dp?

S ae (dmanssapa) 2 [(47TQNS5QD4)_1 qp2 qr1 (ds?deQ +d5252) + 2

9 _
dsTy = dpg qp1

1/2

—1/2 ~ o )
+agy 4 (dmanssapy)' 2 [da2 +5°d¢” + qpyar1anss (4mgqpa) " e 2 dy? + 4 lczdszgz} ;

(2.14)



with s = sina and ¢ = cosa. One can see in (2.14) that the internal manifold is the same
one of the AdSs vacuum written in (2.11). In this new system of coordinates the fluxes
and the dilaton take the form,

3/4 —3/4 3/4
e® = gl aqn i g2l (4mqpa)

H 3y = —gp2 (3 volags, + ¢volg2) A (sdp + peda) — gpaps (Evolags, — §volg2) A d¢
— 2_1qNS5dw Avolg, ,

Flyy = qr1 (€volags, — 5volg2) A (sdp + peda) A dyp
— qr1 18 (§volpgs, + €volgz) Ado A dip + 4mgpy Asdp A da N volg, ,

—1/4 1

(2.15)
with § = sin ¢ and ¢ = cos ¢.

This analysis shows that starting with the general brane intersection specified by the
solutions (2.1) and taking the particular profiles (2.5) for the F1-D2-D4’-NS5’ branes and
the semi-localised profile (2.9) for the D4-NS5 system, two interesting regimes emerge.
The first regime is when p — 0. In this case the defect branes are resolved into a fully
backreacted AdSs; x S? geometry within the 4d worldvolume of the D4-NS5 bound state,
making manifest the breaking of its isometries. The second regime becomes manifest in

the system of coordinates introduced in (2.10), where besides the p — 0 limit one takes the
2

(v,
metric is split into a 5d “external” part, reproducing locally an AdS5 geometry, and a 5d

limit g — 0, which allows one to approach the origin of the R 2) plane. In this regime the
internal part, which, as we have mentioned, is shared with the internal part of the AdSs
vacuum geometry found in (2.11). The isometries of the AdS; vacuum are however broken
by the background fluxes, as shown by their expressions in (2.15). The extra terms show
that a 5d observer placed at u — 0 feels the global charges of the defect branes, which
backreact into a geometry described by a 5d curved domain wall with AdSy x S? slicings,
that is only locally AdSs. Note that the presence of the extra terms in the fluxes forbids as
well for any supersymmetric enhancement to the (four dimensional) ' = 2 supersymmetry
of the AdSjs solution (2.11).

Our construction thus realises in Type IIA supergravity a conformal line defect in
the 4d N' = 2 SCFT that results by orbifolding the 4d N = 4 SYM CFT by Z, (that
is, the field theory dual to the AdSs solution in (2.11)). The defect is described by a
superconformal quantum mechanics that is holographically dual to an AdSs geometry with
N = 4 supersymmetries (in one dimension). In the limit in which this solution asymptotes
to AdSs the defect, as seen from a 5d observer, occurs as an angular wedge located at the
conformal boundary of AdSs. One can see this explicitly rewriting the locally AdSs part
of the background (2.14) as,

ds? ~ 72 (—di? + dp? + PdsZs + PdA2) (2.16)

where 72 = 4?p72, d\ = p~2dp and j parametrises the radial direction in AdSs in
Poincaré coordinates. From the above expression one can see that the metric in the (5, A)
plane develops a conical defect at p = 0. This fixes the locus of the defect and allows one
to interpret the p coordinate as an angular coordinate parametrising the wedge in which a
5d observer probes the defect geometry.



Pure D4-NS5 system: Defect within D4-NSb5:
AdSs x M5 locally AdSs x M5

p—+o0 pu—0

/ / L
F1—D2—.D4 —NS? -D4-NS5 AdS, x % x 52 x R? X 7
Intersection p—0 Y,z

Figure 1. The p — +oc and p — 0 limits of the F1-D2-D4’-NS5’-D4-NS5 brane intersection of
table 1, with its defect structure. The p — 400 limit zooms out the F1-D2-D4/-NS5’ branes, leaving
behind an AdS5 x M5 solution associated to the D4-NS5 branes. The p — 0 limit produces an
AdSs near horizon geometry which, in turn, approaches asymptotically the AdS5 x M5 geometry in
the p — 0 limit, allowing one to interpret the F1-D2-D4’-NS5’ branes as describing a defect within
the 4d SCFT associated to the D4-NS5 system.

Figure 1 contains a summary of the two limits of the solution (2.1) describing the
F1-D2-D4’-NS5-D4-NS5 brane intersection of table 1, studied in this and the previous
subsections.

3 Line defects within D3 branes

In this section we turn to the Type IIB realisation of our previous constructions, where the
main features already discussed become more transparent.

In so doing we construct a new class of AdSs solutions to Type IIB supergravity with
N = 4 supersymmetry, and show that a solution in this class finds an interesting line defect
interpretation within AdSs x S°/Z,,. The key observation, already noted in subsection 2.2,
is that the AdSs solution that arises far away from the Type IIA defects is the T-dual of
AdSs x S%/Z,. This solution was associated to a semi-localised intersection of D4 and NS5
branes. The T-duality takes place along the v circular direction on which the D4 branes
are stretched, giving D3 branes. In turn, the NS5 branes become KK-monopoles, giving
rise to a foliation of the circle and the emergence of the Lens space S%/Z,. When the KK
charge is one, we recover the round S° and the isotropic D3 brane.

We start recalling the main features of the semi-localised D3-KK system that gives
rise to AdSs x S° /Zy, close to the horizon. We then analyse in detail the T-dual realisation
of the F1-D2-D4’-NS5-D4-NS5 intersection discussed in subsection 2.1. This becomes a
bound state of F1-D1-D5-NS5 branes ending on a D3-KK intersection. We provide the
full brane solution and the near horizon limit of this system. The latter gives rise to a
new class of N' =4 AdSy x 52 x §% x R? x S' geometries foliated over a line, solutions of
Type IIB supergravity. We show that a suitable prescription for the distribution of charges
of the D3-KK system produces a solution within this class that asymptotes locally to the
AdSs x S°/Z,, vacuum, thus allowing us to interpret this solution as describing a line defect
CFT within N' = 4 SYM modded by Z,,. In the particular case in which no KK-monopoles
are present the solution describes a line defect CFT within 4d N/ = 4 SYM, that preserves
1/4 of the supersymmetries.



branes t z' 22 x?" Y z‘ Y ro 6 62
D3 X
KK X X

X
x| x x|IsO — — —

Table 3. Brane system corresponding to the D3-KK intersection. The S® in the near horizon of
the D3 branes is broken into the Lens space S°/Z,. T-duality along the 1 direction reproduces
back the D4-NS5 system depicted in table 2.

3.1 AdSs5 vacua from the D3-KK system

In this subsection we recall the brane solution that describes D3 branes intersected with
KK monopoles, as well as the emergence of AdSs close to the horizon. We follow [73],
where the change of coordinates reproducing the AdSs vacuum was obtained. T-dualising
the D4-NS5 brane system depicted in table 2 one obtains the D3-KK intersection shown
in table 3. The background associated to this system is given by

dsly = Hpy*dstas + Hyy (dy? +d=2) + HEY <H};§< (v + 2_1qKKw)2 + Hi (dr? + r2ds?§2)) :
Fis) = OTH]S?} volg1,s Adr + %Hﬁ; volgi,s Ady + 8ZH5§ volg1,s Adz

— 120, Hpsdy N dz A dip Avolg, — Hxgr?d. Hpgdy A dip A dr Avolgs

+ Hxxr?0yHpsdz A dip Adr Avolgs ,

(3.1)
where dw = volg, and gkk is the KK monopole charge. The function Hky is defined over
the 3d space Rf, while Hps describes the geometry of the D3 branes and is fully localised
in the transverse manifold RQy’Z) x R3 such that Hps = Hps(y,z,7). Plugging in the
Ansatz (3.1) into the equations of motion and Bianchi identities of Type IIB supergravity
one obtains the equations

V2, Hps + HKKV§% Hps =0 with  Hyk = C%K (3.2)
T Y,z

As for the D4-NS5 system, one can consider the semi-localised solution [65],

Hog =1+ fzglf%;};m)? and  Hi = G5 (3.3)
and one can introduce the new coordinates (u, o, ¢) [69, 73],
Yy = pusin acos ¢, z = psin asin ¢ and r=2""1 quIl( 12 cos? o (3.4)
In these coordinates the D3-KK background takes the form [73]
i3y Hy)as + HYE (024 05k,
dsiys = da® + 5%d? + Pdss (3.5)
Hps =1+ Am;jf“{ ,
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branes t p o' |y =z P ro o' 62
D3 X X X X |— —| — — — —
KK X X X X |x x|IsO — — —
D1 X — — — | x —| = — — —
F1 X — — —|— X —_ = = —
D5 X — — | x — | x X X X
NS5 x — — —|— X X X X X

Table 4. BPS/8 intersection describing D1-F1-D5-NS5 branes ending on the D3-KK system.

where s = sin «, ¢ = cos a and the orbifolded 3-sphere is written as

dy 1 \* 1
ds?%/zn = (: + 2w> + stgg . (3.6)
The internal manifold Mj5 is thus a foliation of S(}) x 83 /Z,, over an interval, parametrised by
the coordinate «, with n = gkk. This builds a S°/Z, space. Indeed, in these coordinates
the near horizon limit is realised by taking u — 0, giving rise to the AdS; x S°/Z,
geometry [73],

ds3y = R* (dsids5 + dS%S/Zn) ,

(3.7)
F(5) =4R* (1 + *(10)) voladss ,

1/4 and dsﬁds5 = (47rqD3qKK)_1u2d8%K1,3 +‘%2. An obvious interesting

with R = (4mgp3qKkK)
case is when n = 1, where the D3 branes become isotropic and the metric over the Mj5
describes a round S°. In this situation there is a supersymmetry enhancement of the brane

set-up to 16 real supercharges.

3.2 The D1-F1-D5-NS5-D3-KK brane set-up

We consider now the Type ITA brane set-up depicted in table 1, that we T-dualise along
the ¢ circular direction. The F1-D2-D4’-NS5’ defect branes become a D1-F1-D5-NS5
brane system localised within the common worldvolume of the D3-KK branes. The metric
associated to this brane intersection has the general form

dsty = Hpy'* [~ Hp)* Hi Hyd Pae? + Y B Hyss (dp? + phds?s )|
+ Hyy [ Hpy'? Hpd* Hyssdy® + Hy Hy HY d2?|

(3.8)
1/2,,1/2 ,,—1/2
+ HD/S HD/I HDS/

2
Hyk (dw + 2_1QKKW> + Hxk (dr2 + r2d5%2>} ,
(O N 1/2 —1/2 _1/2 1/2
e” = HygsHps'"Hp)' " Hpy,

where dw = volg, and gxi is the KK monopole charge. As in the previous subsection, the
function Hky is defined over the 3d space R? and Hpz = Hps(y, z,7). For the defect branes
we take the charge distributions localised within the worldvolume of the D3 branes, namely

- 11 -



Hpi(p), Hr1(p), Hnss(p), Hps(p). The fluxes corresponding to this charge distribution
take the form,

Hy = —0,Hp  dt Ndp Adz + 9,Hxss p° volge Ady,
F3) = —0,Hp dt Adp A\ dy — 9,Hps p* volgz N dz,
Fi5) = HD5HNS5p28TH]531 dt Ndp Avolg2 A dr + HD5HNS5p26yH5§ dt Ndp ANvolgz A dy

+ HD5HNS5p28ZH5§ dt Ndp Avolgz Ndz — T25'THD3dy Adz N dip Nvolgs

— Hy1Hpyj Hgxr? 0, Hpady A dip A dr Avolgs + Hpy Hygs Hkir?0y Hpsdz A dip Adr Avolg, .

(3.9)

As usual, the equations of motion and Bianchi identities decouple into two groups, one for
the D1-F1-D5-NS5 defect branes

VisHpi =0 with Hxss = Hpi
2” (3.10)
ngHFl =0 with Hps = Hyq,
and one for the D3-KK system
V2, Hps + HxxV3 Hps=0  with  Hyg = q;‘—K : (3.11)
" (v,2) T
We consider now the particular solution for the defect branes,
Hop =1+ and  Hpy =1+ 22, (3.12)
p P

where gp1 and gp1 are integration constants related to the quantised charges of the respec-
tive branes. The limit p — +o00 reproduces the situation in which the defect branes are
taken far away from the D3-KK branes. This is the brane solution studied in the previous
subsection. In turn, the p — 0 limit gives rise to a new class of N' = 4 AdS, backgrounds®
of Type IIB string theory,

3/2 1/2 77—1/2 1/2 —1/2 171/2
ds%oqu/qu/lH /(dsAd52+dssz)+qD/1 Fl/ / (dy +dz)

+ q113/12 F11/2H11){32 (Hml( (Cw + 2_1€IKKUJ) + Hkx (dr2 + 7’2d8252)> )

e® = qp1gp; H 3y = —gqpivolags, N dz — gpivolge A dy,

3.13
F(3) = —gr1volags, A dy + grivolge Adz, ( )
F(5) = ap1ap10r Hpg volaas, Avolsz Adr + by a0y Hp g volaas, A volgz A dy

+ q%lq%18ZH5§ volags, A volgz A dz — 120, Hpsdy A dz A dip A volg,

— Hgxr?0,Hpzdy A dip A dr Avolgs + Hikr?0yHpsdz A dy A dr Avolgs

where Hps solves the master equation (3.11). These geometries represent a new class of
solutions to Type IIB supergravity, described by AdSs x S% x S? x R? x S foliations
over a line. One can easily check that these backgrounds are related by T-duality along
the 1 direction to the AdSs solutions given by (2.6), describing the near horizon of the
F1-D2-D4’-NS5-D4-NS5 brane intersections in Type ITA discussed in section 2.

31n order to reproduce unitary AdSs at the horizon we rescaled the time as t — gpiqrit.
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3.3 Defects within 4d SCFTs in Type 11B

In this subsection we follow the same approach taken in subsection 2.3 to provide a defect
interpretation for the backgrounds given by (3.13). As in subsection 2.3 the crucial property
that allows to find such an interpretation is the decoupling between the dynamics of the
D1-F1-D5-NS5 defect branes and that of the D3-KK system (in the sense that the equations
of motion and Bianchi identities of the two groups of branes, given by (3.10) and (3.11),
are completely independent). Since we are searching for a possible completion within an
AdSs vacuum, we choose the semi-localised solution for the D3-KK system considered in
subsection 3.1, given by equation (3.3). Using then the (u,,¢) coordinates introduced
in (3.4) the backgrounds (3.13) take the form of a stack of D3 branes wrapping the AdS; x S?
backreacted geometry. The D3 branes are intersected with n KK-monopoles that turn the
S® transverse space into S°/Z,,

3/2 1/2 ;;—1/2 1/2 —1/2 ;;1/2
dsto = iy iy Hy' (ds2AdSQ + dS?@?) + a5 am i (dﬁﬂ + :“2‘13?95/%) ’
dS%s/Zn = da? + s%d¢? + c2d8%3/zn ) (3.14)
ATgKrKgD3
Hps =1+ T .

As we already observed in the Type ITA case, the space transverse to the D3 branes is
left untouched by the intersection with the defect branes, whose presence is only manifest
through the fully-backreacted AdSs x S? geometry, that curves the worldvolume of the D3
branes. Interestingly, in these coordinates the background admits a locally AdSs x S°/Z,,
geometry in the g — 0 limit,

locally AdSs geometry

2
1/2 —1/2 _ du
dsiy = (47TQKK6]D3)1/2(ID/1 qFl/ [(47TQKKQD3) Lap1 gr1p® (dsidSQ + ds%Q) + 2

+ (dmaxkaps) 2 an ap [doz2 + s%d¢® + C2d8§3/zk] ;
e® = qp1gpy »
H(3) = —qp1 (5volags, + évolg2) A (sdp + pcda) — qpijus (Evolags, — 8volg2) Adé,
F3) = qr1 (—évolags, + 8volg2) A (sdp + peda) + gripus (3volags, + évolge) A do,
Fis) = 4q%1q]231(47rqKKqD3)_1,u3volAd32 Avolg2 A dp — Arqpscsdd A do A dip A volge ,
(3.15)

where s = sina, ¢ = cosa and § = sin ¢, ¢ = cos ¢.

In complete analogy with the analysis performed in section 2, our analysis in this sec-
tion shows that starting with the general brane intersection specified by the solutions (3.8)
and taking the particular profiles (3.12) for the D1-F1-D5-NS5 branes and the semi-localised
profile (3.3) for the D3-KK system, two interesting regimes emerge. The first regime is when
p — 0. In this case the defect branes are resolved into a fully backreacted AdS, x S? geom-
etry within the 4d worldvolume of the D3-KK bound state, making manifest the breaking
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of its isometries. The second regime becomes manifest in the system of coordinates in-
troduced in (3.4), where besides the p — 0 limit one takes the limit g — 0, which allows
one to approach the origin of the ]R%% 2) plane. In this regime the metric is split into a
5d “external” part, reproducing locally an AdSs geometry, and a 5d internal part, shared
with the internal part of the AdSs x S°/Z, vacuum. The isometries of the AdSs vacuum
are however broken by the background fluxes, as shown by their expressions in (3.15).
The extra terms show that a 5d observer placed at p — 0 feels the global charges of the
defect branes, which backreact into a geometry described by a 5d curved domain wall with
AdSy x S? slicings, that is only locally AdSs. Note that the presence of the extra terms
in the fluxes forbids as well any supersymmetric enhancement to the (four dimensional)
N = 2 supersymmetry of the AdSs solution.

As in subsection 2.3, our construction realises a conformal line defect in 4d N = 4
SYM modded by Z,, this time in terms of D1-F1-D5-NS5 branes. The Type IIB realisation
allows one however to study the interesting case in which these defect branes are introduced
within 4d N' = 4 SYM, breaking the supersymmetries to 1/4 BPS. In this case it should be
possible to interpret the D5 and the F1 branes as realising the baryon vertex of 4d N' = 4
SYM, and the AdSs solutions as describing the corresponding backreacted geometries.
In the IR the gauge symmetry on the D3 branes would become global, turning them
into flavour branes, with the D5 branes becoming the new colour branes. Note however
that in the backreacted geometry there are as well D1 colour branes. These should find
an interpretation in terms of instantons within the worldvolume of the D5 branes. The
possibility of such an interpretation will become clearer after our field theory analysis in
the next section.

4 Back to Type ITA: AdS; solutions with D6 branes

In this section we generalise the F1-D2-D4’-NS5-D4-NS5 brane intersection studied in
2

(y,2)
D6 branes challenges the construction of a solution with AdSs asymptotics. However,

section 2 to include D6 branes localised within the R plane. We will see that adding
we will see that taking a simplified ansatz it is possible to construct an explicit quiver
quantum mechanics that can be interpreted as describing D2-D4’ baryon vertices within
the 4d SCFT living in the D4-NS5-D6 brane intersection.

4.1 Adding D6 branes to the brane set-up

The brane set-up discussed in section 2.1 can be extended by including D6 branes localised
within the ]R%y 2) plane. The extended brane set-up is depicted in table 5. This general-
isation does not imply any further breaking of supersymmetries. However, as we already

mentioned, it complicates finding an eventual AdSs completion.
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branes t | p o Y|y =z ¢ | r 0 6
D6 X | X X X | — — — | X X X
D4 X | X X X | — — X |— — —

NS5 X | X X X |x X —]— — —
D2 X|— — —|x — xX|— — —
F1 X|— — —|— x —|— — —
D4’ X | — X — — | x x X

NSy x| — — —|— x x| x x X

Table 5. BPS/8 intersection describing F1-D2-D4’-NS5’ branes ending on a D4-NS5-D6 bound
state.

For simplicity, we consider adding D6 branes localised in the ]R( 2) plane but smeared
along the circular direction . The metric and dilaton take the form
—1/2 77—1/2 1 pp—1/2 pp—1/2 1/2
dsly = Hpg'*Hpy! {_H ! Hpy'* Hpy/? d? + Hyy Hy s (dp® +P2ds?€2)}
+H11>%2H113/42 |Hp, I/ZHm/ Hyss dy® + Hy! Hyjy HYys d2?]
HyZ Hyss Hpy'* Hpy 2 HY 2 dg? + Hpd!? Hyss Hy 2 HEZ Ho o (4 + 12ds%,)

®— H 3/4H;I/SQ5H 1/4 py— 1/2H1/4HD41/4H111/825'7

(4.1)

where Hpg = Hpg(y, z). The fluxes are

Hzy = -9 Hl;lldt Ndp A dz+ 0, Hyss 0> volgz A dy + O, Hnss r2 dip A volgs ,
Flo) = —Hpy Hiy b0, Hgdy A di + Hpy Hyds 0, Hpgdz A di,
Fl4y = Hpg0 HD dt Ndp ANdy N dp + HpeOpHpa p VO]SQ ANdz N\ dy

+ HDQHNS5/HNS5ayHD4 r2dz Adr A volg, — leHD4,HNS58 Hpar dy Adr Avolg,

+ HpgOp Hpa 12 dy Adz A volgs ,
Fle) = How Hysg p? (9, Hiyjdy + 0 Hp Ldz + 0, Hp Ldr) A dt A dp Avolga A di

— HNS5HD40pHD2r2p2VOISz ANdz Ndr Avolg, — HD4HN55r28pH5i,dt Ndp ANdy Ndr Avolgs .

(4.2)

As in the case without D6 branes the equations of motion and Bianchi identities decouple
into two groups, one associated to the F1-D2-D4’-NS5’ defect branes,

vigﬂm =0  with  Hpy = Hysy = Hp1 = Hpa, (4.3)
and a second one associated to the D4-NS5-D6 brane system,

HpeVisHps + HNS5V]§? )HD4 =0, VisHynss =0  and Vi, Hpg=0.
T Y,z T

(v,2)
(4.4)
In order to extract the AdS, near horizon geometry we make the choice

Hpo =1+ —7, (45)
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where gps is an integration constant related to the quantised charges of the defect branes.
We then obtain upon taking the p — 0 limit,*

~1/2 77—1/2 1/2 771/2
dsty = QI2)2HD6/ HD4/ <d32Ad82 + ds§2) + HD/G HDQL (dy* + dz*?)

+ HY Hyss Hpy'> di? + Hpg!? Hyss Hyy (dr? + r2ds?,)

e = Hpg ' Hys Hpy'
H 3y = —gpavolags, N dz — gpavolg2 A dy + Or Hxss r2 dip A volgs ,
Floy = —0.Hpedy A dip + 9y Hpedz A dip
Fl4y = qp2Hpgvolaas, A dy A dyp — gp2 Hpgvolgz A dz A dyp + Hpedr Hpy r?dy Adz A volgs
+ Hyss0yHpa r2 dz A dr A volgs + Hyss0, Hpa % dy A dr A volgs

Fl6) = abo (ayﬂgjdy + 0. Hp,dz + Bngjdr) A volads, A volgz A dyp

+ QDQHD4HNS5T2 (—VO]Ad32 A dy + volgz A dz) Adr A VO]S«Q .

(4.6)
This defines a new class of A" = 4 AdSy x 5% x §2 x R? x S geometries fibered over a line,
parametrised by r. The functions Hpy(y, z,7), Hnss(r) and Hpg(y, z) are solutions to the
equations given in (4.4), and describe a D4-NS5-D6 bound state localised in the subspace
R%y,z) x R3, with R? spanned by 7 and S2. A solution in the class given by (4.6) is thus
specified by the D4-NS5-D6 charge distributions that solve these equations. The explicit
study of the solutions becomes more involved than in section 2, due to the logarithmic
behaviour of Hpg. Moreover, the defect interpretation found in that section in terms of
semi-localised D4-NSb5 branes is lost in the presence of the D6-branes, making challenging
the construction of an explicit solution that asymptotes to an AdSs vacuum.

In order to proceed further with an explicit analysis of the solutions we take the y
direction inside the R%y}z) plane as a circular direction, and the D6 and the D4 branes
smeared along it. With this assumption the background (4.6) turns out to be driven by
the functions Hp4(z), Hnss(r) and Hpg(z), and the equations of motion take a much
simpler form, collapsing to

P2Hpy =0, 0*Hps=0  with  Hygs = @. (4.7)

Even if in this case we have not succeeded in constructing a solution with AdSs asymptotics,
we show in the next subsections that it is possible to give an interpretation to a wide
subclass of these solutions in terms of D2-D4’ baryon vertices within the 4d CFT living in
D4-NS5-D6 branes.

4.2 Quantised charges

The most general solution to the equations of motion defined by (4.7) is that Hps and Hpg
are piecewise linear functions of z. This allows one to introduce D4 and D6 source branes
in the geometry. This is compatible with the quantised charges obtained from the Page
fluxes, as we show below.

“In order to reproduce unitary AdS, at the horizon we rescaled the time as t — ¢d,t.
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We start computing the F1-strings charge. The F1-strings are electrically charged with
respect to the NS-NS 3-form. Their quantised charges are computed from

e 1
@ = (2m)2 /AngXIz Hey (45)

in units of @’ = g; = 1. Regularising the volume of AdSs as Volaqs, = 47 we find that®

1
Q6F1 = ;QDz(Zf - Zi)a (4-9)

where this must be computed at both ends of the I, interval. Therefore, there are k gps
Fl-strings in the z € [0, kn] interval. We set gpa = 1 for simplicity, such that one F1-string
is created as we move in z-intervals of length 7. This is equivalent to imposing that B(g)
lies in the fundamental region when it is integrated over AdSs (see [35]),

1
—_— B € [0,1], 4.10
222 | faas, 5@ [0,1] (4.10)
such that we must take
Bly) = —(z — km)volaas,, (4.11)

for z € [k, (k+1)~], for the electric part of B(y). The large gauge transformation parameter
k affects the electric components of the RR Page fluxes, F=FAna e B, as

Flyy = Fpy = kmF(p_g) A volads,, (4.12)
in the different [k, (k + 1)7] intervals. We get, in particular
F(64) - (HDG —(z- k’”)azHDG)VOlAdSQ Ndy N diy
F(GG) = —Hygsr? (HD4 —(z— kﬂ)@zHD4)volAd32 A dr A volg,, (4.13)
for z € [km, (k + 1)7]. These electric fluxes give rise to D2 and D4’ electric charges,
respectively, that we compute through
1 .
Dp = 5t Fioia), 414
Qbp (2m)p 1 /Ads2X2p (p+2) (4.14)

in units of o/ = g5 = 1.
For the D4 and D6 branes it will be more convenient to compute their magnetic charges,
associated to the magnetic components of F (4) and I:’(Q) given by

F(ZL) = —HNS53ZHD4T2dy A dr A volg,
F(3) = —0-Hpody N\ dip. (4.15)

In the presence of sources the Bianchi identities in equation (4.7) are modified such that

dFyy = 02Hpsdz A dy A dr Avolg (4.16)
dFy) = 92Hpedz A dy A dip. (4.17)

5We use the superscript e to explicitly indicate that this is an electric charge.
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Therefore, the D4 and D6 branes provide sources localised in the z direction. They are
thus flavour branes. They span, respectively, the AdSy x S? x S}b and AdSy x S2 x I, x §2
subspaces of the solution (see below).

We need to specify now the linear functions Hp4 and Hpg. We take both functions to
be piecewise linear in the different z € [km, (k + 1)7] intervals, with the space starting and
ending at z = 0 and z = w(P + 1), where both Hps and Hpg are taken to vanish. This
parallels the analysis done in [34, 35] for the AdSy solutions constructed therein, based, in
turn, in the field theory interpretation of the AdSs3 solutions constructed in [26], carried
out in [74, 75].5 In this way the singularity structure at both ends of the space,

ds® ~ $_1(d$2Ad52 + ds%:) + x(dy? + dx?) + dip? + dr? + r2d52§2, e? ~ Tl (4.18)
where z = z close to 2 = 0 and z = w(P + 1) — z close to z = 7(P + 1), corresponds to
a superposition of D4-branes wrapped on AdSy x 52 x SQ}} and smeared on (y,r, 5’2), and
D6 branes wrapped on AdS; x S? x I, x S? and smeared on (¢, y).” The Hpy and Hpg
functions then read

%z 0<z<m
Hpa(z) =% ap+2(z—7k) wk<z<n(k+1), k=1,...,P—1 (4.19)
ap — Z£(z — wP) 7P <z <mw(P+1),
Dy 0<z<mT
Hpe(z) = pp+2(z—nk) nhk<z<wn(k+1), k=1,...,P—1 (4.20)
EE(z —mP) 7P <z<mw(P+1),

where oy, Ok, ik, Vi are integration constants, which must satisfy (see [35])

k-1 k-1
ar=>Y_ B =YV (4.21)
i=0 =0

for k = 1,..., P, for continuity of the metric and dilaton. In turn, the fluxes can have
discontinuities associated to the presence of branes.

Note that in order to find well defined quantised charges from the electric and magnetic
fluxes in (4.13) and (4.15) we need to globally define the r-direction as well. We do this
by taking the (r, 52) space to span a 3-torus 73. We then find the quantised charges

QR = 1k, @m/ = ay, =1, (4.22)

in the different 2 € [k, (k + 1)7] intervals. Here we have also used that y € [0,7].% The
equations (4.22), (4.23) show that the integration constants ay, S, ik, v, must be integer

Reference [76] is a recent review article which summarises these developments.

"Note that the same behaviour is obtained from a superposition of O4 and O6 orientifold fixed planes.

8The reason for this particular periodicity will become clear in the conclusions, when we discuss the
relation between these geometries and the double analytical continuation of the AdSs x S? geometries
studied in [61].
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numbers. Moreover, we see that the D2 and D4’ charges at each z € [k, (k + 1)7] interval
are equal to the sum of the D6 and D4 charges, respectively, in the previous [0, k7] intervals.
We will find an explanation for this fact when we give the field theory interpretation to
these solutions in the next subsections. The number of D4 and D6 source branes present
at each interval is given by

Fy, = Br—1 — B, Fy = vp_1 — v, (4.24)

consistently with the derivatives

P P
02 Hpy — % S (Boor — Bu)d(z — 7k),  02Hpg = % S (it — )B(z — k), (4.25)
k=1 k=1
that follow from (4.19) and (4.20).

Finally, we would like to briefly discuss the role played by the NS5 and NS5’ branes
in the brane set-up. As we have discussed, the D2 and D4’ branes play the role of colour
branes of the configuration. The D2 branes are wrapped on the two circular directions
(y,v). They are stretched in the y direction between NS5’ branes, that are located at
y = 0,7 and are periodically identified, and between two NS5 branes® in the 1 direction,
located at ¥ = 0,27 and periodically identified. The field theory that lives in them is
therefore one dimensional at low energies. In turn, there are D4’ branes wrapped on y
and on the T3. They are stretched in the y direction between NS5’ branes. The field
theory that lives in them is therefore also one dimensional at low energies. Our conjecture
is that the N' = 4 quantum mechanics that lives in the D2-D4’ branes flows to a super
conformal quantum mechanics in the IR that is dual to the backgrounds defined by the
functions (4.19), (4.20). We turn to this analysis in subsection 4.4, after discussing the
holographic central charge in the next subsection.

4.3 Holographic central charge

Defining a central charge for a one dimensional CFT is known to be a subtle issue, see for
instance [77-79]. There is however a notion of holographic “central charge” that can be
computed from the Brown-Henneaux formula,

¢ _ 3‘/1111;
holo An GN )

(4.26)

where Gy is the ten dimensional Newton’s constant, G = 87%, and Viy is the volume of
the internal space. In the presence of a dilaton term the internal volume must be modified,
following the usual procedure (see [80, 81]). For our class of backgrounds we find

3 . 6 [m(P+1)
Cholo = /d9 e~ 1% det(g;5) = 7/ HpsHpg dz, (4.27)
47TGN T Jo

where g;; is the metric of the inner space and g are coordinates defined over it. Substituting

here the expressions for Hpy and Hpg given by (4.19) and (4.20) we arrive at the final

9We take gnss = 1 for simplicity.
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expression,

P

1 1

Cholo = 6 <04k/1k + g Bevk + 5 (v + 5kuk)> ; (4.28)
k=0

that we will compare with the “central charge” of the superconformal quantum mechanics

in subsection 4.5.

4.4 Dual quiver quantum mechanics

In this subsection we propose quiver quantum mechanics supported by our solutions. The
dynamics of the quivers is described in terms of the matter fields associated to the open
strings that connect the different branes. We will follow closely the detailed description of
the matter fields given in [35] (see appendix B therein), since our brane system is related by
two T-dualities (along the y and 1 directions) to the D0-D4-F1-D4’-D8 brane intersections
studied there. As in that reference we will use 2d N' = (0, 4) notation for the 1d N' = 4
matter fields.

As all D-branes are localised in the z-direction, strings stretched between branes in
adjacent [k, m(k + 1)] intervals are long, and describe massive states. Therefore, they will
not show in the quiver quantum mechanics. We will discuss their role in the field theory
in subsection 4.6. Therefore, the full Hilbert space of the system is given by the sum of
the individual Hilbert spaces of the D2-D4’-D4-D6 branes in each [rk,w(k + 1)] interval,
whose degrees of freedom we summarise next:

e D2-D2: given that the D2 branes are wrapped on the y and 1 directions they are
effectively point like. They contribute with a (4,4) vector and a (4,4) hypermultiplet
in the adjoint.

o D4-D4’: given that the D4’ branes are wrapped on y and on the 72 they are also
effectively point like. They contribute as well with a (4,4) vector and a (4,4) hyper-
multiplet in the adjoint.

o D2-D4’: the D2-D4’ subsystem is T-dual to the D0-D4 system in [35]. They contribute
with a (4,4) hypermultiplet in the bifundamental representation of the two gauge
groups.

o D2-D4: this subsystem is T-dual to the D0-D4’ system in [35]. They contribute with
a (4,4) bifundamental twisted hypermultiplet.

e D2-D6: this is T-dual to DO-D8. They contribute with a (0,2) bifundamental Fermi
multiplet.

o D4'-D4: this is T-dual to D4-D4’. They contribute with a (0, 2) bifundamental Fermi
multiplet.

o D4'-D6: this is T-dual to D4-D8. They contribute with a (4,4) bifundamental twisted
hypermultiplet.
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Figure 2. Disconnected quivers describing the SCQMs dual to our solutions.

Putting all this together, and using that the ranks of the gauge and flavour groups asso-
ciated to the D2-D4’-D4-D6 branes in a given [rk,7(k + 1)] interval are given by pug, ag,
Br—1 — Br and vi_1 — v, respectively (see equations (4.22), (4.23), (4.24)), we get the field
content depicted in figure 2. In this figure circles represent (4,4) vector multiplets, black
lines (4, 4) twisted hypermultiplets, grey lines (4,4) hypermultiplets and dashed lines (0, 2)
Fermi multiplets. Note that this is the same quiver quantum mechanics discussed in [35]
(see section 3.3 therein), now associated to a different brane system. As in that paper,
the quantum mechanics will find an interpretation as describing Wilson lines (more specif-
ically, baryon vertices) within a higher dimensional QFT, once we introduce the massive
F1-strings stretched between the branes in the z-direction. We turn to this description
in subsection 4.6. Before doing that we briefly address the computation of the quantum
mechanical central charge.

4.5 Quantum mechanical central charge

In this subsection we address the computation of the central charge, following closely [35].
The usual caveats involved in the definition of a superconformal quantum mechanical cen-
tral charge are present in our current set-up. The central charge should then be interpreted
as counting the degeneracy of ground states of the system.

We will follow the proposal in [34]. In that reference the central charge of a 1d CFT
arising as a chiral half of a 2d (0,4) CFT was computed using the same expression that
allows to count the degrees of freedom of the original 2d CFT, given by [82],

¢ = 6 (Nhyp — Nvec)- (4.29)

It was argued that since N/ = 4 multiplets arise upon reduction of 2d (0,4) multiplets, this
expression can be used to account for the degrees of freedom of the 1d CFT through direct
counting of its N' = 4 hypermultiplets and vector multiplets. More interestingly for our

- 21 —



purposes, even if this formula is valid, by construction, for 1d CFTs with a 2d (0, 4) origin,
it was proposed in [35] that it could also be used to count the number of ground states of
purely 1d CFTs. In that reference it was noted that (4.29) extends to more general SCQM
the formula derived in [83-85] for the dimension of the Higgs branch of so-called Kronecker
quivers, built out of 1d gauge groups connected by bifundamentals, given by

M= NyN,—> Nj+1. (4.30)
VW v
In this expression N,, stands for the ranks of the colour groups adjacent to a given colour
group of rank N,,. It is straightforward to check that for these quivers the dimension of the
Higgs branch computed from (4.30) agrees with the central charge computed using (4.29),
up to a factor of 1,'° and the global normalisation. The quantum mechanical central
charge computed from (4.29) was shown to agree to leading order with the corresponding
holographic expression in a number of examples [35].
We will thus use (4.29) to compute the central charge of our quiver quantum mechanics.
In this computation, as remarked in [86], npyp counts the number of ordinary (as opposed
to twisted) NV = 4 hypermultiplets, since the U(1)g-charge of the fermions in twisted
hypermultiplets vanishes. For the quivers depicted in figure 2 we find that

P P
Thyp = Z(ak,uk: + O‘z + M%% Nyec = Z(OZ% + ,Uzz), (431)
k=1 k=1
and therefore,
P
c=06) apu, (4.32)
k=1

identically. Keeping in mind the definitions of ag, uk, given by (4.21), we find that this
expression agrees in the large number of nodes limit with the holographic expression, given
by (4.28). Moreover, the agreement is exact in the absence of any of the two types of
flavour branes. It would be interesting to have a more precise understanding of this exact
agreement.

4.6 Baryon vertex interpretation

In this subsection we turn our attention to the interpretation of the massive F1l-strings.
The discussion will again follow very closely the field theory interpretation given to the
AdSs solutions constructed in [35]. The key point is to realise that the orientation between
the D4 and the D4’ branes, and between the D6 and the D2 branes in the brane set-up is
the one that allows to create F1-strings stretched between the D4 and the D4’ branes and
between the D6 and the D2 branes. These strings have as their lowest energy excitation a
fermionic field, which upon integration leads to a Wilson loop.

In [87, 88] it was shown that a half-BPS Wilson loop in a U(/N) antisymmetric repre-
sentation of 4d N = 4 SYM can be described by an array of M D5-branes with fundamental

10T his factor of 1 is irrelevant in the holographic limit, but we are lacking a precise understanding of the
origin of this discrepancy.

- 29 —



branes t | z' z2 2% 2% 2 28 27 8 2°
D3 X | x X —_ = = — — —
D5 X|— — — — X X X X X
F1 X|— — — X — — — — —

Table 6. Brane set-up associated to the D3-D5-F1 brane configuration that describes Wilson loops
in antisymmetric representations of 4d U(N) N =4 SYM.

14 D6 1%} D6 Vp_1 D6

® lup © |ap .. ® up D2

fo D4 fr D4 Bp-1 D4

aq D4/ (0%)] D4/ ap D4/

Figure 3. Hanany-Witten brane set-up associated to the quantised charges of the solutions.

strings dissolved in their worldvolumes. This is the realisation in the near horizon limit of
a configuration of M stacks of D5-branes separated a distance L from N D3-branes, with
(m1,ma,...mpr) Fl-strings stretched between the stacks. The brane set-up is depicted in
table 6. As one can easily check this is precisely the relative orientation between the D4,
the F1 and the D4’ branes in table 5 and the D6, the F1 and the D2 branes.

Indeed, the couplings that describe Wilson lines in the worldvolumes of the D4’ and
D2 colour branes are, respectively,

Spy = T4/F(4) N Ay, Sp2 = TQ/F@) A Ay (4.33)

In the first expression the D4’ branes are wrapped on y and the T2, therefore they capture
the F (’Z) magnetic flux given in (4.15). In turn, the D2 branes are wrapped on y and 1, so

m

they capture the F (z) magnetic flux. Substituting these fluxes in the [7k, 7(k+1)] z-interval
we arrive at

SD4/ = ﬁkTpl /tht, SD2 = VkTpl /tht. (4.34)

These expressions describe, respectively, 5, and v Wilson lines. If we add now the con-
tributions of the Fl-strings stretched between the D4’ branes in the k interval and the
D4 branes in all previous intervals, and the same for the D2 branes and the D6 branes,
as depicted in figure 3, we find Wilson lines in the (8o, 51,...,0k—1) and (vo,v1,...,Vk_1)
antisymmetric representations of the U(ay) and U(uy) gauge groups. This is precisely the
realisation of the baryon vertices associated to these gauge groups.
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Figure 4. Hanany-Witten brane set-up equivalent to the brane configuration in figure 3.

Indeed, the brane set-up depicted in figure 3, can be related after the combination
of a T-duality, an S-duality, successive Hanany-Witten moves and a further T-duality to
the brane set-up depicted in figure 4. This relation is carefully explained in [35]. For the
D4’-F1-D4 brane subsystem it follows directly from the analysis of the D4’-F1-D4 brane
system in [35],!' while for the D2-F1-D6 subsystem it follows from the analysis of the
DO0-F1-D8 subsystem therein after two T-dualities. The reader can find more details about
this description in that reference.

Our previous description is consistent with an interpretation of the AdSs solutions
given by (4.6), with the profiles specified in (4.19), (4.20), as describing backreacted baryon
vertices within the 4d N' = 2 CFT living in the D4-NS5-D6 branes. In this interpretation
the SCQM arises in the very low energy limit of a system of D4-NS5-D6 branes in which
one dimensional defects are introduced. The one dimensional defects consist on D4’ baryon
vertices, connected to the D4-branes with F1-strings, and D2-brane baryon vertices, con-
nected to the D6 by F1-strings. In the IR the gauge symmetry on the D4 branes becomes
global, turning them from colour to flavour branes. In turn, the D4’ and the D2 defect
branes become the new colour branes of the backreacted geometry. This interpretation
goes in parallel with the proposed defect interpretation for the classes of AdSs solutions
found in [35] and [37]. Interestingly, for the first class of geometries the AdSg solution of
Brandhuber-Oz [89] was shown to arise locally far away from the defect [21]. In our case
we should be able to find the AdS5 geometry dual to the D4-NS5-D6 brane intersection far
away from the defect. This is currently under investigation.

5 Conclusions

In this paper we have constructed new families of AdS; x 52 x §2 x R? x S x I solutions to
Type II supergravities preserving four Poincaré supersymmetries. Starting with Type ITA
supergravity we have constructed solutions corresponding to the intersection of D2-F1-D4’-
NS5’ branes ending on a bound state of D4-NS5 branes. Taking the near horizon limit a

HNote that the D4’ and the D4 branes are interchanged in that reference.
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vast class of solutions of the type specified above has been shown to emerge, determined by
the charge distribution of the D4-NS5 system. Choosing a particular semi-localised profile
for the D4-NS5 branes we have then shown that two interesting regimes arise. The first
regime allows one to approach the D2-F1-D4/-NS5’ defect branes. In this limit the defect
branes are resolved into the fully backreacted AdSy x S? x S? x R? x S' x I geometry. The
second regime becomes manifest in a new system of coordinates, and allows one to move
away from the defect branes. In this regime an AdSs geometry arises asymptotically, which
corresponds to the near horizon geometry of the D4-NS5 branes. We have shown that the
particular AdS5 vacuum that emerges in this limit is the T-dual of the AdSs x S°/Z,
solution to Type IIB supergravity, holographically dual to 4d N'= 4 SYM modded by Z,.
This has allowed us to interpret this class of solutions as dual to line defect CFTs within
4d N =4 SYM modded by Z,.

Inspired by our findings in Type IIA we have performed a similar analysis in Type
IIB supergravity. In this case we have constructed new families of AdSs x S? x S? x
R? x S x I solutions with the same supersymmetries, now emerging in the near horizon
limit of D1-F1-D5-NS5 branes ending on D3 branes probing an ALE singularity. In the
second limit described above the AdSs x S°/Z,, solution of Type IIB supergravity emerges
asymptotically. The solutions thus admit as well a line defect interpretation, this time in
terms of D1-F1-D5-NS5 defect branes.

Returning to Type ITA, we have extended our class of solutions to include D6 branes.
In this case the defect interpretation in terms of semi-localised D4-NS5 branes is lost,
and we have not succeeded in constructing explicit solutions that asymptote to an AdSs
vacuum. Instead, we have turned into a thorough study of the 1d CFTs dual to these
general solutions, taking a simplified ansatz. These CFTs arise in the IR limit of explicit
quiver quantum mechanics that we have constructed. Remarkably, these are the same
quiver quantum mechanics that flow in the IR to the 1d CFTs studied in [35], dual to
the AdSs x S x CY, x I solutions to massive Type ITA with N/ = 4 supersymmetries
studied therein. This happens because when the branes are smeared on y (the simplified
assumption taken in our construction) our brane system is related by two T-dualities to
the brane system discussed in [35], consisting on a D0-F1-D4-D4’-D8 intersection. The 1d
dual CFT associated to this class of solutions was interpreted in terms of baryon vertices
within 5d fixed point theories living in D4-D8 intersections, and an asymptotically locally
AdSg geometry was shown to arise for certain solutions. Our findings in this paper show
that the same quiver quantum mechanics describe in the UV line defect CFTs associated
to baryon vertices within 4d N/ = 2 SCFTs. In this last case we are lacking however a
defect completion within an AdSs vacuum in Type ITA.

Still, the smearing in y allows to make connection with the class of AdS3 x S2 x §2 x
St x ¥y solutions to Type IIB supergravity studied in [61], for which an interpretation as
surface defects within AdSg x S? x X9 Type IIB vacua was found. Indeed, T-dualising our
solutions along the y direction a new class of AdSs x 52 x S? x S x 35 backgrounds in Type
IIB supergravity with the same number of supersymmetries is produced, associated to D1-
F1-D3-D5-NS5-D7 intersections. These backgrounds are related through a double analytic
continuation to the solutions studied in [61], and it is expected that the same AdSg x S? x Xy
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vacua will arise asymptotically. This would allow us to interpret our solutions as dual to
line defect CFTs within the 5d fixed point theories living in D5-NS5-D7 intersections. This
is currently under investigation [90].
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A M-theory picture

In this appendix we provide the M-theory interpretation of the defect solution studied in
section 2. We start discussing the brane interpretation of warped AN/ = 2 AdS5 vacua in
M-theory [65-69, 91-93]. The strong coupling limit of the D4-NS5 system discussed in
section 2.2 has a simple interpretation in 11d as the bound state of M5 branes depicted in
table 7. This system can be obtained geometrically by uplifting the D4-NS5 bound state
of table 2. The D4 branes become M5 branes localised within the space (R%% o) R?), and
the NS5 branes Mbo branes completely delocalised on 1 and x. Note that in M-theory
can naturally parametrise an interval instead of a circle, such that an R% wox) plane emerges
in the strong coupling limit in which the M-theory circle decompactifies.'!? The metric and

fluxes of such a bound state are given by
—1/3 ;;—1/3 2/3 ;—1/3
ds?y = Hyt "Hy P ds2 s + HyfS Hyd P (dy? + d2?)
—1/3 ;;2/3 2/3 772/3
+ HM5{ 15[1\/1/52 (dy? + dx*) + HM/51HM/52 (dr® + r2d3252) )
G(4) = OrHwuis, r2dy A dz A volgs + Hyps, Oy Hyis, r2dz Adr A volgs
— Hyis, 05 Hyis, v2 dy A dr A volgs + 0p Hyis,mdiy A dx A volgs

(A.1)

where the harmonic functions are such that Hys, (v, 2,7) = Hpa(y, z,7) and Hys, (1) =
Hygs(r).  As for the D4-NS5 system one can construct a semi-localised solution with
harmonic functions [65, 67]

AT qns, QM 5, a5
d H = 2, A2
(y2 + 22 + 2q\15,7)2 o VB2 (#-2)

Hwis, =1+ 2r

Making the change of coordinates (2.10), which in M-theory notation takes the form [69],
y = pusin acos ¢, z = psinasin ¢ and r=2""1 ql\_4152 12 cos? o, (A.3)
and taking the limit ;1 — 0, one arrives at the AdSs vacuum [69],

ds?, = (dmars, )7 % [dsig, + dsy, ]

dsig, = do? + s°de” + A7 gk qus,e 2 (dY? + dyP) + 47 Pdsy,,  (Ad)

Guy = —4mqus, sc>da A dp A volgs — 2 gus,dip A dx A volge

12Tp this case the circle where the M5; branes are wrapped appears by rewriting R?wm in polar coordi-
nates.
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with ds?Ad% = ,LLQdS]%QL:; + dﬂ—’f and s = sina, ¢ = cos . The parameters of the solution can
be related to those of the Type IIA vacuum (2.11) through the identifications gus, = gpa
and qvs, = gnss. This solution is the uplift to 11d of the AdSs vacuum discussed in
subsection 2.2, and it is therefore holographically dual, in M-theory, to the Z, orbifold of
4d N =4 SYM with n = qus,-

Let us now introduce defects within the previous AdSs vacuum. The F1-D2-D4/-
NS5’ defect branes considered in subsection 2.1 become a M2-M5-M2'-M5' intersection'?
completely localised within the worldvolume of the M5;-M5y system. We consider the
following eleven-dimensional metric, associated to the brane set-up depicted in table 8:

~1/3 7,—1/3 ~2/3 1—2/3 11 —1/3 ;;—1/3 1/3 171/3 172/3 112/3
dsi) = HMS{ HM5£ [_HMQ/ Hy!? Hyg!? HyggPde® + HyS A HRS HY (dp? +P2d5?92)]

—"_ o " ! " ! + " / " / z
Hifo Hy* | gy Hyfoy NS Hyg) dy® 4 Hyfy Hygo!* Hys* Hyf d=?
—1/3 152/3 [ 1r—2/3 1 1/3 17—1/3 172/3 1 2 | pr1/3 17—2/3 172/3 11—1/3 1 9
+ Hyps, Hygs, {HMQ Hypy Hys' " Hyisr d9™ + Hygo Hypor " Hygs Hygs) dX}
23 12/3 11/3 17 1/3 1—1/3 1—1/3, .2 | 2 2
+ Hygs, Hygs, Hyiy Hygo Hygs ™ Hygs ™ (dr” + r7dsg, ).
(A.5)

In order to write the fluxes we take the M2-M5-M2'-M5’ branes fully localised within the
worldvolume of the M5;-M5s bound state. This implies that the warp functions Hypo,
Hypo, Hyvs and Hyps are only functions of p. We also take Hyis, = Hws, (v, 2,7) and
Hyis, = Hys, (1), for the M51-M5y bound state. The 4-form flux then takes the form,

Gy = OpHyppdt Ndp Ady A dvp + 0, Hyiy p* volgz Adz Adp — 9, Hyp,dt Adp Adz Ady
+ 0, Hnis p?volga Ady A dx + OrHwis, r2 dip Ady A volg, + 0, Hyrs, r?dy ANdz A volg,

+ Hyio Hygs Hyis, Oy Huis, 72 dz A dr Avolge — Hyiy Hygr Hyis, 0 Hyis, 72 dy A dr Avolgs .

(A.6)

We can now derive the equations of motion and Bianchi identities, observing that they

split up into two groups. The harmonic functions associated to the M2-M5-M2'-M5’ defect

branes turn out to be harmonic on Rf), and satisfying Hyis = Have, Huy = Hyor - If we

then consider the particular solution Hypp = 1+ qM72 and Hyo = 1+ qM—pQ' and take the
p — 0 limit, we obtain the following class of solutions

~1/3 17—1/3 2/3 1;—1/3
dsty = QM2QM2’HM5{ HM5£ (dsids2 + ds?g2> + HM/51HM5£ (dy2 + dz2)
1 p—1/3,2/3 2/3 772/3
+ izt s ey, (2 + dx®) + Hyjos HYS, (dr® +r2ds2,) |
G(4) = quavolads, A dy A dy — quavolags, A dz Adx — quz volgz Adz A dy

—gma volge Ady Ady + quql\}é,@THMg,Z r2dip Ady A volgs + Or Hyis, r?dy Adz A volg,

+ Hyis, Oy Huis, r2dz Adr A volg, — Hyis, 0. Hys, r? dy Ndr Avolgs ,
(A.7)
with Hyis,, Hwus, satisfying the equations

Vi Hys, + HM52V]§? )HM51 =0 and  VisHus, = 0. (A.8)
Y,z

13The near horizon limit of the M2-M5-M2'-M5' intersection was originally discussed in [63, 64] as an
example of a standard brane intersection in M-theory reproducing AdSz x S? x R” close to the horizon.
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branes t 2! x? ac?" y oz v X ‘ ro 6 62
M54 X X X X X
Mb59 X X X X

Table 7. M-theory picture underlying warped A/ = 2 AdSs vacua. This intersection preserves 8
real supercharges and supports a 4d A/ = 2 SCFT. y parametrises the M-theory circle.

b2 By 2 v x| r 6 9

w

branes t

M51 X

M52 X

M2 X — — —
X
X
X

X X X - X X - —
X X X X X - — | — —
X

X X

M5
M2/
M5’

X X

-_ - — | X — — X | X X X

Table 8. BPS/8 intersection describing M2-M5-M2'-M5’ branes ending on a M5;-M5, bound state.
This system defined a ANV = 4 line defect within the A/ = 2 4d CFT living in the M5;-M55 branes.

Therefore, the p — 0 limit of the background defined by (A.5) gives rise to a new class
of N' = 4 solutions described by AdS; x S? geometries curving the worldvolume of the
M51-Mb, brane system.

In order to provide a defect interpretation to the solutions within this class we choose
the semi-localised solution for the M5;-M5y branes given by (A.2), and make the change
of coordinates (A.3). Taking the limit ¢ — 0 we obtain,

locally AdSs geometry

2
- 2/3 —2/3 - du
dsjy =277 qM/51 qM5é c/? qM}%l a2 Qi (dS?AdSQ + dS%Z) + iz +d53\46} ;

ds.%\/ls = da® + 5*d¢” + 4(11\_/1}51(]1%/152(1M2q1\_/é/072(d¢2 + dx?) + 47162d8k2§2 ,
G4y = qui2 (évolags, — 8volg2) A [(sdp + peda) A dip — psdp A dx|
— gqm2 (8volags, + ¢évolgz) A [(sdu + peda) A dx + psde A di]

— (2_IQM51Q1\7[}:,2 sc3da A do + QMQQMIQ,QM52d¢) A dx) A VO]SQ ,

where s = sina, ¢ = cosa and § = sin ¢, ¢ = cos¢. Our analysis in this appendix shows
that if we choose the semi-localised solution (A.2) and the system of coordinates (A.3),
it is possible to work out a limit in which the 11d background asymptotes locally to the
AdSs5 geometry holographically dual, in M-theory, to a Z,, orbifold of ' = 4 SYM. The
M2-M5-M2'-M5' branes find in this way a line defect interpretation within this 4d CFT.
This is no other but the strong coupling realisation of the Type ITA defect interpretation
discussed in section 2.
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