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1 Introduction

Defects in conformal field theories have been the subject of intense research in recent years.
Holography has been shown to play a very important role in these studies, both when the
defects preserve part of the conformal group or they break it completely [1-3]. In the first
case a defect CF'T arises, while in the second case they lead to defect renormalisation group
flows. Both situations can be successfully studied using holography. When a holographic
dual is known for the CFT where the defects live, the defects can be studied as probe branes
in the corresponding AdS geometry. If some conformality is preserved the probe branes wrap
an AdS subspace of this higher dimensional AdS space. In turn, when the number of defects
is large enough they backreact in the geometry, and a lower dimensional AdS background
arises as the holographic dual to the defect CFT.



To date, many low dimensional AdS geometries have been identified as duals to defect
CFTs. A sign that a low dimensional AdS background describes a defect CFT is when
the geometry asymptotes locally to a higher dimensional AdS background. Many examples
of these backgrounds have been found in the literature [4-49], [50]. In this paper we will
be concerned with the possible defect interpretation of AdS3 geometries with AV = (0,4)
supersymmetry, both with small and large superconformal groups.

Due to the high dimensionality of the internal space and the many possibilities for the
realisation of supersymmetry that this offers, a complete classification of AdSs solutions is
still lacking. Strikingly, this is so even when one looks at a given number of supersymmetries.
For N = (0, 4) supersymmetry, the focus of this paper, classes of solutions have been reported
both to Type II and eleven dimensional supergravities [28, 32, 49-58], but there is no reason
to believe that these classifications should be exhaustive. For what concerns their defect
interpretation, solutions in these classes have been given an interpretation as duals to surface
defect CFTs in [19, 20, 28, 32, 49]. When this is the case the AdS3 solution asymptotes
locally to a higher dimensional AdS background, which can either be, in the results reported
so far, AdSg [20, 32] or AdS7 [19, 28, 49].! Remarkably, in some cases the surface defect
CFT can be described, away from the conformal fixed point, in terms of a 2d quiver that
can be manifestly embedded within the higher dimensional quiver associated (away from
the conformal fixed point) to the background CEFT [49].

In this paper our main focus will be on the recent class of AdSs solutions with A = (0, 4)
supersymmetry constructed in [50]. These solutions, preserving large R-symmetry, were
found as an extension of the solutions in [18]. They asymptote locally to the AdS; vacuum of
7d N = 1 minimal supergravity, and, upon uplift to massive ITA, to the solutions constructed
in [59], dual to 6d (1,0) CFTs living in D6-NS5-D8 brane intersections [60]. Explicit 6d quiver
constructions exist for the latter theories, whose Weyl anomaly matches the holographic
result [61]. Anomalies of surface defects in these theories have recently been studied in [62].
In this paper we will sketch the computations of the central charge and entanglement entropy
of the two classes of AdS3 solutions with large and small superconformal groups as a first hint
to elucidate their possible interpretations as dual to defect CFTs within these 6d theories.

The structure of the paper is as follows. We start in section 2 with a review of the AdSy;
solutions to massive ITA supergravity constructed in [59], to which the two classes of AdSs
solutions with V' = (0,4) supersymmetry asymptote locally. We then summarise the main
properties of these two classes of solutions, following [49] and [50]. In section 3 we turn
to the computation of the holographic central charge and entanglement entropy, that we
compare with the corresponding results for AdS;. Our aim in this section is to highlight the
different behaviours exhibited by the two classes of solutions. These suggest an interpretation
of the “large” solutions as dual to surface defect CF'Ts and of the “small” solutions as dual
to deconstructed 6d theories. We then turn in the rest of the paper to the study of other
observables whose behaviours agree with these interpretations.

In section 4 we focus on the brane intersection that underlies both types of AdS3 solutions,
and show that the branes involved emerge as BPS branes satisfying a no-force condition.
In section 5 we construct the baryon vertex associated to the AdS; solutions, which to our

'See [17] for AdSs solutions that asymptote locally to AdS; with twice the number of supersymmetries.



knowledge has not been constructed so far in the literature, to then turn to analyse the
two AdSs classes. Given that the gauge group of the three classes of solutions is a product
of U(N)’s (or SU(N)’s in the 6d case), associated to the colour branes stretched between
NS5-branes along the field theory direction,? the baryon vertex is realised as well in terms of
vertices located along the field theory direction in which fundamental strings end, having
their other ends at the boundary of the space, where the field theory lives. In this way a
bound state of quarks in the fundamental representation of the gauge group associated to
the given field theory interval is realised. We see that even if the realisation of the baryon
vertex for the AdS7; and AdS3 solutions is in terms of different types of branes, the baryon
vertex for the solutions with small supersymmetry has the same size and energy than that in
AdS7, which further supports their interpretation as deconstructed 6d theories. In turn, the
baryon vertex for the AdS3 solutions with large supersymmetry exhibits a different behaviour
than that in AdS;. In section 6 we analyse another configuration that further supports our
interpretations. In this case we construct various giant graviton configurations for the AdS7
and AdS3 solutions.> We show that, once again, the AdSs3 solutions with small supersymmetry
exhibit a giant graviton configuration that can be interpreted as a 2d realisation of the giant
graviton found in AdS;. Finally, in section 7 we summarise our results and open problems.
An Appendix completes our analysis of BPS branes of section 4.

2 Review of the solutions

In this section we review the AdS3 x S2 x §? x ¥y solutions to Type ITA massive supergravity
subject of our study. Given their interpretation in connection with the AdS; x S? x I solutions
to massive ITA constructed in [59] we start by briefly reviewing this class of solutions.

2.1 The AdSy; solutions

This class of solutions was first presented in [59] and later rewritten in [61]. Here we will
use the latter formulation, given by

ds? [a [ a 9 a? 9
\/iﬂ'l =8 _stAdS7 + _E (dz + 70/2 — 20404"(1832 5

5/4.5/294 (__ 11\3/4 /
R VL) Bo=nl(—z+ 22 volga (2.1)
\/l /a2 — 2aa//’ a2 — 2a.a! )

o o rFyaa!
Fy=——2_  p=1 lgs .
0= "Jg2m37 2 (3427r2 tazo 2aa”> Vols?

In this formulation the solutions are specified by the function «(z), which satisfies the
differential equation

o = —16213Fy, (2.2)

2In a typical realisation of a Hanany-Witten brane set-up in 2 or 6 dimensions.
3Again, this is, to our knowledge, a new result for AdSy.



20 |zt | 2?3 |t |2 2| 2" | 2| 2P
D6 X | x| x| x| x| x|x
NS5 | x | x| x| x| x| x
D8 X | x | x| x| x| X X | x| X
Table 1. i—BPS brane intersection associated to the AdS; solutions. The directions
(20,2, 2%, 23, 2%, 2%) are the directions where the 6d CFT lives. z is the field theory direction, along

which the D6-branes are stretched. (z7, 2%, 29) are the directions realising the SO(3) R-symmetry.

the most general solution to which is a piecewise cubic function

27 1
a(z) = —?71'2,8k(2 — k)3 + §’yk(z — k)’ +6(z — k) + ur, for zelk,k+1], (2.3)

where [ is determined at each [k, k + 1] interval from the mass parameter,
,Bk = 271'}7107 (24)

and (g, Ok, i1x) are constants determined by imposing continuity to a,a’, @”. From them

(k) _ i/ =k 25
@6 = 57 Ju 12~ ~51a (25)
where ﬁ’g is the Page flux, ﬁ’g = F5 — By Fy. One has as well that

Q. — 1 /H3 ! /32<Bg(z:k+1)—B2(z:k:)> 1, (2.6)

42 TS

which implies that NS5-branes are created at z = k along the z-interval. This is equivalent
to imposing that B lies in the fundamental region, namely,

1
ye /52 By €[0,1], (2.7)

which in turn implies that a large gauge transformation of gauge parameter & must be
performed at each z € [k,k + 1] interval to render By into the fundamental region. The
quantised charges are associated to the brane intersection depicted in Table 1 [63], consisting
on a Hanany-Witten brane set-up with D6-branes stretched between NS5-branes along the
z-direction, and orthogonal D8-branes [64, 65]. The gauge group is thus a product of SU(N)’s
with ranks given by the numbers of D6-branes stretched between the NS5-branes, with flavour
groups provided by the orthogonal D8-branes at each interval.

As shown in [60, 61] the AdS7 solutions are dual to 6d (1,0) CFTs living in these D6-
NS5-D8 brane intersections. These are described in the IR by long quivers, in which the
number of gauge nodes and their ranks are large. Various AdSs solutions to Type ITA and
minimal 7d supergravities have been studied in the literature in connection with this class
of solutions (see [19, 28, 49, 66]). In this paper we will contribute to these studies by first
refining the findings in [49] for the AdSs solutions with small A/ = (0,4) supersymmetry
constructed therein, and then by interpreting the new class of solutions found in [50] in
terms of surface defects within 6d (1,0) CFTs.



2.2 The AdS3; x S3 x S§? solutions with small A/ = (0, 4) supersymmetry

This class of solutions was constructed in [49]. It was shown in [50] that they extend to
general ¢ (see below) the uplift to massive IIA (using the rules in [67]) of the solutions to 7d
minimal supergravity found in [19], which correspond to the ¢ < 0 case.* The solutions in [19]
were shown in that same reference to flow asymptotically locally to the AdS; vacuum, and
thereby they were proposed as holographic duals to surface defect CF'Ts within 6d (1,0) CFTs.
This defect interpretation was further strengthened in [49], with the construction of explicit
2d quivers that were embedded within the 6d quivers associated to the AdS7 solutions. In
the following sections we will refine the interpretation given in [19, 49].
The solutions in [49] read

s> 5 o x2/° \/c+x a” d2
Var N @ e e -5 (e )

IvV/A "N g ’
e ? = — T (_a) ) By=ln|—2z+ Tad volgz,
32imzx(c+ xt)a e} A
where
A=zt ((0/)2 - 2aa") — 2caa” (2.9)
and )
ds2 = 8 23 (c + 210 (dsd 4g, + dss) + __de . (2.10)
72 3 22/5(c + 24)2/5
The RR fluxes are given by
Fy=— ! o By = ﬁd(\/c—i—x‘*a’) A (volads, + volgs)
0 1627'('3 ’ 4 3471' dSs S3 )5
o ao/z? [ (3273 Fyz + ')
Fy =1 (3427T2 + Fym A > volge = BoFp + 3192 volge, (2.11)
2403
Fg = Fy A By — ?d(\/c + z4(a — za)) A (voladg, + volgs) A volge.
The Page fluxes are
- I —za) 1 (3*273 Fyz+a
FQZFQ—FOBQZWVOISQZ ( 3427'('2 )\/'015‘27
R R 24[3
Fy=Fy, Fﬁz——d(\/ c+a*(a—za')) A (volags, +volgs) Avolge. (2.12)

These solutions preserve small N' = (0,4) supersymmetry, with the SU(2) R-symmetry
realised as one of the two SU(2) symmetry groups of the S3 (see [49]). One can easily see that
when x — oo they asymptote to the AdS7 solutions given by (2.1), with extra Fy and Fg fluxes
that are asymptotically subleading, and that point at the presence of extra D2 and D4-branes
in the configuration that could be interpreted as defects within the 6d theory dual to the AdS7
solutions. This was the interpretation given in [49], that we will further clarify in this paper.

“Note that in [50] this constant was denoted by C.



2.3 The AdS3; x S3 x S§? solutions with large N' = (0,4) supersymmetry

This class of solutions arises as the uplift to massive Type ITA supergravity of the solutions

to 7d minimal supergravity constructed in [50]. In that reference it was shown that in the

massless limit supersymmetry is enhanced to large (4,4) and the solutions belong to the

general class of M-theory solutions constructed in [44]. As the solutions in that class, they

give rise in a particular limit to AdSs solutions with small V' = (4, 4) supersymmetry. In this

case they are no other than the uplift of the solutions reviewed in the previous subsection.
In the parametrisation of [50] the solutions read

2
1/2 5/2 @ 2
\fﬂ 9%/ - X 2ds2 4+ x5/% [ -2 <dz + e 5d552>,

5
6<I> _ 274347T5/2 X5/4 o 3/4 F _#O‘///
VG (@2 = 20" X5)1/2 \ o ’ 0~ ’

/ " /

ao o ao
Bz:lﬂ<_z+a/220&0¢”){5) V015'2, F2:l<342 2 +7TFO W) V01527
(2.13)

g2

3421
273

l
Fs=Fy N\ By + 3d|:X4 ( 2o ) <€3A7V*306/2V01Ad33 + 673A7V+3cbllvols3) N VOISQ],

Fy=-—

(d (a/ b1) A volags, + d (' ba) A volgs) ,

where
ds% = 62AdS2Ad83 + €2Cd5§3 + 62Vd927 (2.14)

and the warp factors and b; and by are defined as

Q24 _ 1 20 _ cos? 6
T (1—-))2h2X2sin2 6’ (14 )M)2h2X2sin? 6’
X8 —-1/5
€2V:m7 X:<1+)\tan29+C'Xsin20tan29) / ,
sin
24,/2 (2.15)
b = (1 NE (4)\csc 260 + Cx tan 6)
242
by = 3(14{\)3 (2/\ — Aesc2 6+ C’Xsin26) ,
g
with h = ﬁ. The Page fluxes are given by
- [(o =z 1 (3*2m3 Fyz+a”)
FQIFQ*FOBQIWVOISQ = 3427(‘2 VOIS2,
Fy=Fy, (2.16)
R g2l3
Iy = ?d [X"‘ (a—zo/) (egA_V_3Cb'2V01AdS3 +e_3A_V+3Cb'1V0153) /\V0152:| .



These solutions preserve large N' = (0, 4) supersymmetry, with one SU(2) arising from the
SO(4) symmetry group of the S3 and the other from the symmetry group of the S?. The

remaining SU(2) symmetry group of the S® remains as a global symmetry. As noted in [50]
ud
2
smeared O2-plane. Therefore we will take this value in the remainder of the paper.

fixing C'x = —A the solution is regular at § = I, while otherwise the metric is that of an

As already mentioned, in the massless limit it is possible to obtain the solutions with
small (0,4) supersymmetry from this class of solutions through their respective uplifts to
M-theory. In the massive case a mnemonic rule allows to obtain the “small solutions” from
the “large ones”, setting

==z (2.17)
and

(24— 20 _ 825/ (c + 954)1/10, 2V — 8 ’
g° g2x2/5 (¢ + :L‘4)2/5

2.18
(c 4 2)1/5 23 =
X="T"00 0 b =by= Y et ot
2475 g

This will be useful in some of the calculations in later sections.®

As the “small” solutions, the “large” solutions also asymptote locally to the AdS7 solutions
of [59], which arise in the # — 0 limit, in which X — 1 and

ds? a 1 1 9 cos?f 9 o’ o, a? 9
T~V (b agteh 0 )+ = (0t ot

where AdS7 is parametrised as
1
dsiqs, = e (dsidss + cos? fdszs + d92>. (2.20)

Besides the Fy and F5 fluxes of the AdS; solutions there are as well non-vanishing Fy, Fg
fluxes associated to the D2-D4 branes. The AdS7 background is recovered when A = 0.

Since the geometry in the point § = 7 is completely regular, as discussed in [50] the
solution (2.15) can be extended to the interval # € [0, 7]. In these two extreme points the
solution reproduces locally the AdS; vacuum, while in the bulk, the geometry describes a
7d Janus deformation of the aforementioned vacuum [50].

As usual in the literature, Janus solutions constitutes the supergravity dual of defect
CFTs. We can identify the locus of the defect from the explicit geometry. Let us focus on the
AdS7 boundary realised in the limit & — 0. We can choose the following coordinates for AdS;
d:zil + du?

5 .

dsias, = (2.21)

u
We are interested in studying the limit © — 0. One can see that the 7d metric spanned by
the AdSs, the S and the  interval takes the form

ds% = 24y 2 (d:cil +du® + u2(1 — )\)2(1 + A)—2d5?93 + U2d’Y2)a (2.22)

5We also outline that from section 3 onwards we set the parameter | = 1, since it does not have a
physical interpretation.



2V-24192 = d~2. First we observe

where we introduced the new coordinate v such that e
that for A = 0 we recover exactly the AdS; geometry with u > 0. If A £ 0 the above
geometry exhibits a conical singularity (a defect) at the center of the R* parametrised by
(u, S%). We can smoothly close the geometry by setting up the right periodicity of the 53
coordinates. This shows that the theory living at this end of the space, where the defect
is located, is indeed two dimensional. In fact one cannot reconstruct the R* factor needed
to build up the global AdS; vacuum geometry.

We point out that this is essentially different from what happens for the “small” solutions
(2.10). For these backgrounds the AdS; asymptotics was obtained for z — +oc. In this

limit the metric can be written as

d 2
dS% = x2u*2 (dw%,l + du2 4 u2d3%3) + ?1‘2 . (223)

From this metric it is manifest that the dual field theory is six dimensional. In fact, over
the 6d Minkowski spacetime d:c%ﬁ = dx%l + du?® + u2ds%3 there are no gravitational degrees
of freedom since the 7d coordinate is non-compact. We point out that this observation is
in contrast with the defect interpretation given in [49].

After summarising the main properties of the two classes of AdS3 solutions we now
deepen into their physical interpretation. We start with a sketch of the computation of the
holographic central charge and entanglement entropy. These suggest an interpretation of the
“small” solutions as dual to deconstructed 6d theories and of the “large” solutions as dual to
surface defect CFTs. We further strengthen this interpretation in the following sections.

3 Central charge and entanglement entropy

In this section we sketch the computations of the holographic central charge and the en-
tanglement entropy of the two classes of AdS3 solutions, in order to compare them to the
corresponding expressions in AdS7.

3.1 Central charge

We follow the prescription in [73-75] for the computation of the holographic central charge
for a solution with metric and dilaton

dsty = a(C, 0)(dx? 4+ b(C)dC?) + gij(C, 0)do'de?, @ = B(C,0), (3.1)
given by
Chol = %W, (3.2)
Gn (H")d
where

i ( / dge_m\/det[gij]a(g,g)d)Z. (3.3)

For the AdSs3 solutions d = 1 while for AdS; d = 5. We start with the computation of
the latter case. Following the previous prescription we find

2
6d __
Chol = W/dZ(—aa//). (34)



However, in order to compare to the AdSs results we need to regard the 6d theory as a 2d
one, namely, to parametrise AdS7 as in (2.20). Doing this we find

3
6d(2d) cot® 0
Chol 377T /dz —aaq / db oyl (3.5)

Clearly, this expression is divergent, with the function cot? #sin=2 @ scaling as §7° in the
AdS7 limit, # — 0. A consistent way to regularise this expression is to go to conformally flat
coordinates in 11d, as shown explicitly in [50]. This involves the change of variables

cos
r1 = 2arctanh | —— ), 3.6
! <\/1+)\sin2«9> (36)

where x; € [0,+00). Doing this and introducing a cut-off A at x; — +oo we find

A
ﬁigzd) 37r 4/d2 —aa / dzy sinh? —cosh 2 =g 4/dz —aa )smh4 (3.7)
This expression can be regularised by introducing the cut-off as

040(932)

cosh A = + o (x2) + ag(wa)e? + - - -, (3.8)

where «; are scheme-dependent functions. However in this section we are just interested
in extracting the contribution from the defects, if any, in order to compare the different
behaviours of the two classes of AdS3 solutions, whose central charges will also diverge due
to the presence of their respective non-compact directions.

The calculation for the “large” AdSs solutions was performed in [50], again by going
to conformally flat coordinates in eleven dimensions, in the massless limit. Doing this in
10d we find

26 1 cot9 24 1 A
large d / do — /d o " h4i
“hol = 3T [(1-A2) (14 N)2 /Z —aa’ 20 3Ty ) Blael)sinh g

(3.9)

This reduces to (3.7) when A = 0, that is, in the AdS7 limit. Instead, for non-vanishing
conical defect parameter the central charges differ. Subtracting from this expression the

contribution from the 6d theory we find

2t A2 A
claree 7/dz(—ao/’)sinh4—, (3.10)

hol(def) 3771.4 ‘1 _ )\2‘ 9

which is a positive monotonic function increasing within the interval 0 < A < 1.
For the “small” solutions a naive calculation yields

cgmall — 37 4/dz —aa” / dxa® =37 4/dz —aa” (3.11)

with A — oo. We see that this is exactly the behaviour found in (3.7), upon identifying
Sinh% =A. A justification for the naive regularisation used in this calculation comes again
from the 11d analysis, where the “small” solutions can be found from the “large” solutions
in the A — oo limit, and one can then perform the same regularisation in conformally flat
coordinates. The details of this calculation can be found in [50].

In the next sections we strengthen the different interpretations for the “small” and “large”
solutions suggested in this section.



3.2 Entanglement entropy

Before we reach out to other observables we would like to complete our former analysis with
a sketch of the computation of the entanglement entropy.® This quantity can be determined
through calculating [76]

4
SEE = 2—7;/d8:c e 2%\ /detg, (3.12)
Ko

where ¢ is the induced eight-dimensional metric in string frame. We will see that this
observable exhibits the same behaviour as the holographic central charge, with the same
caveats concerning the choice of regularisation scheme.

We start computing this quantity for the AdS7 solutions. Parametrising AdS; as

—dt? + do? + 02d8%4 + du?
2

dS2AdS7 = w (313)

and taking the Ryu-Takayanagi hypersurface o = o(u), we obtain for the 6d theory

4dr 27 ot | do\?
6d __ "
SEE = % /dZdU 73871_(—0[0{ )7u5 1 + (du) \/0154 VOISZ, (314)

where, as in previous sections, a prime denotes a derivative with respect to z. In turn, taking

—dt? + do? + du?

2 —
dSAng = w2 (315)
and 0 = o(u) we find
o 4 27 1 do\?
SEE 1 = % dZdudx ?)87(—@@”)& 1 + (du) 1'3 VOISBVO]SQ, (316)
for the theory associated to the “small” solutions, and
dr 27 1 1 do\? cot® 0
Y P SRR EUNTY o R
glan 2@0/ zdudd s s 00 () g Vols Vol (317)

for the theory associated to the “large” solutions. In all cases the minimal surface equation
is solved for ¢ = v R? — u?, and a quantity proportional to the holographic central charge
is obtained.

4 BPS probe branes

In this section we consider various probe branes filling R'® in AdS; or RV in AdSs satisfying
a no-force condition. We start examining the 6d theory dual to the AdS; solutions and
continue with the AdSs solutions. We find that in each case the branes present in the brane
intersection underlying the solutions, summarised in Table 2, satisfy a no-force condition.

5Detailed calculations about entanglement entropies in defect CFTs can be found in [17, 44, 68-72]).

,10,



20 | 21 p el 1 92 | 03| 2 Q 901 S02
D2 X | x X
D4 X | X X | X X
NS5 | x | x | x| x| x| X
D6 X | x | x| x| x| x|X
DS X | x x| x | X

Table 2. §-BPS brane intersection underlying the N' = (0,4) AdSs solutions. (2%, ') are the
directions where the 2d dual CFT lives, p is the radial coordinate of AdSs, % parameterise the S3,
z is the field theory direction, ¢ parameterises the x or € interval of the AdS3 solutions (or of AdS;
in the parametrisation (2.20)) and ¢° parameterise the S2. The NS5-D6-D8 brane subset is the one
underlying the AdS7 solutions.

4.1 AdS~

In this case we find that there are BPS NS5-branes lying on R'®, D6-branes lying on (R, z)
and D8-branes lying on AdS; x S?, as indicated in the brane set-up.

4.1.1 NSb5-branes

The worldvolume effective action describing NS5-branes in massive Type IIA supergravity
was constructed in [77], up to leading order in the 3-form self-dual field strength. For the
AdS; background the DBI part of NS5-branes lying on R reduces to

28
SpRI = —T5/e*2q>\/det = —T5W(a’2 — 2aa’) /pﬁde, (4.1)

where we have parameterised

2

d
ds3qg, = p2da? 5 + p—pz. (4.2)

In turn the WZ action reads
Swz=Ts [ Bo. (4.3)
where Bg is computed from the H7 field strength, given by (see [77]):
H;=e 2®xHs :dBﬁ—i—FGAFl—%Cg/\ng—FO <C7—C5/\Bg+;C’3/\BQ/\BQ) . (4.4)

In the AdS7 background

29 aa’ o
H; = ~35.2 (30/2 — 6aa + 20//) volads. (4.5)

and H;y = dBg — FyC7, such that

28
3872

Therefore, we find that an anti-NS5-brane is BPS.

Bg = (? — 200") p0dCx. (4.6)
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In the massless case the AdS7 solution is the reduction of AdS; x S*, which is sourced
by M5-branes. Therefore in that case we expect the central charge to be proportional to
the DBI (or WZ) action of the NS5-branes. Indeed, we find that the sum of the actions
of NS5-branes located along the z-direction gives

Gd ™
d 4.7
hOl 4 pGVOIRl 5 / z SN357 ( )

where it is understood that in this expression we take the absolute value. Therefore, up
to a convenient normalisation it is possible to obtain the central charge from the action
of the NS5-branes. Surprisingly, since the DBI action does not depend on the mass this
result holds as well for non-vanishing mass, even if these solutions are sourced by a brane
intersection involving extra branes besides NS5-branes.

4.1.2 D6-branes
A D6-brane lying on (RY?, 2) is BPS. Its DBI action reads

2
Sppr = —Tﬁ/e_‘b\/det = —TG/ "Von \/ a2 — 200’ pPdlzdz. (4.8)

34

In turn, we have for the WZ action

Swz = Tﬁ/c77 (4.9)

where (' is computed from Fg,

ollr (/2 — 200"  adld
Fy = -

34 o o2 > VOlAdS7 Adz. (4.10)

A convenient gauge choice yields the following C7 along RS, 2:

29\f7r 6 16
Cr = —7\/ a2 = 20 pPd°x A dz, (4.11)

which implies that D6-branes lying on (R!5, 2) are BPS.

In the D6-NS5-D8 brane set-up that underlies the AdS7 solutions the D6-branes stretched
between NS5-branes along the z-direction play the role of colour branes. Therefore, the
effective gauge coupling constant of the gauge groups in the different z-intervals can be read
from the fluctuations of the D6 DBI action. These lead to

Sfuec = _T6/ q)\/ detg F? =
29
= —T6 \fﬂ —\/— \/ — 200 p% F2d8xdz. (4.12)

For D6-branes lying on z € [k, k + 1] this reduces to

1 1 23 k+1
Sfue = — /dGl' TFQ with S5 = f 1/ — Vo —2a0’. (4.13)
9D6

9De 3471-3
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4.1.3 DS&-branes

Similarly, we find that D8-branes lying on AdS; x S? are also BPS. In this case the DBI
action reads

SDBIZ—Ts/(f<I> det(g+Bs2) = (4.14)
11,2
:_T8/2 T ( a//) /o2 2040/’\/

34

z2—k)?2—=2(2—k) volags, volgz.

06/2 20(0(” 06/2 2a 1"

Here k appears as the large gauge transformation parameter needed to ensure that By lies
in the fundamental region, namely

/ao‘) volge.  for  z€ [k k+1]. (4.15)
o

BQIW(Z+k+ DR YT

In turn, we have for the WZ action
Swz = 1Ty /(Cg — By A Cr), (4.16)

where Cy — By A C7 can be obtained from d(C9 — By A Cr) = Fyo, where Fyo reads
9112

Fio=Fio—FsABy = 3

a? ao’)’
[<_a”+(2_k)a”> —3a(z—k)| volags, Avolgza Adz.  (4.17)

It is again easy to see that it is possible to choose the gauge such that the components of
Cy — By A C7 along AdS; x S? are precisely those given by the BI Lagrangian. Therefore
a D8-brane lying on these directions is BPS.

4.2 AdSs

The AdS3 solutions admit the whole set of branes in the brane set-up depicted in Table 2 as
BPS branes. We will just present the results for the “large” solutions. The corresponding
results for the “small” ones can be obtained using (2.17) and (2.18).

4.2.1 D2-branes

D2-branes lying on (R'!,z) are BPS. The DBI action reads

23 1
S ~Ty [ e *\/detg = T/ X502 - 200" ——————5—p’d*ad
PBE= 2/ ¢ 2 ) 34ar \/ “ o (1—X)2 25in2g” ¢ T

(4.18)

where we have parameterised the AdSs space as

d 2
dsias, = pzd:z:il + Lz (4.19)
In turn, the WZ action reads

Swz =T / (C3— By A Cy), (4.20)
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where C3 — By A C1 can be obtained from d(C3 — By A Cp) = 13'4, where F} is given by
(2.16). A convenient gauge choice yields

23 O[” \/ 5 9 1
/X502 — %200 —
3027\ @ O T T N2 0"

which shows that the D2-brane is BPS.
These D2-branes should be the colour branes of the 2d theory living in the Hanany-Witten

C3—CiNBy = 2d%x A dz, (4.21)

brane set-up depicted in Table 2. Indeed, this was shown to be the case in [49] for the “small”
solutions. In this reference an explicit quiver was constructed in which the gauge groups
were associated to the D2-branes stretched between NS5-branes along the z-direction. As a
consistency check it was shown that the central charge computed from the quiver was in exact
agreement with the holographic result. With our new viewpoint in this work the way we
interpret this quiver is as the explicit way in which the 6d theory realised on the D6-NS5-D8
subset of the brane set-up is deconstructed in terms of 2d degrees of freedom. We expect
that in the “large” case D2-branes play the role as well of colour branes, even if we have not
addressed this point in enough details (see the discussion in subsection 4.2.3).

According to our previous expectation we can compute the effective gauge coupling
constant of the gauge groups in the different z-intervals from the fluctuations of the D2
DBI action. These lead to

1
Sfue = =T / Z(QW)%_@x/detg F? =

=Ty 2 —OLN\/X%O/2 — 2aa~;p F?d*zdz. (4.22)
342 « (1 —\)%sin20 '
For D2-branes lying on z € [k, k + 1] this reduces to
1 1 2 ’f+1 g
SﬂllC:—/d2$ TFQ with S5 = 3\17 9/ a X~ 5C¥/2 2C¥C¥N,
9D2 9D2 2sin’
(4.23)

which we can see depends on the position of the D2-branes along the #-direction.

4.2.2 D4-branes
Similarly, D4-branes extended on (R, Iy, S?) are BPS. In this case the DBI action reads

SpBI = —T4/ \/det g+BQ T4/ ES\E smgev a2 200 X5. (4.24)

2 i
\/ Ty TR =202 k) oy p? dPaddvole

In turn, the WZ action is given by

Swz = T4/(C5 — By AN C3), (4.25)

where C5 — By A C3 is computed from d(Cs — By A C3) = Fy, where

. 24\ 1
Fo=—m (1- A)Sd ((sin2 6" 1) la=(== k>0/)> Avolads, Avolgs. - (426)
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2 3l
AQY) AQY) AQY)

Figure 1. 2d quivers associated to the AdS3 solutions with small NV = (0, 4) supersymmetry. Circles
denote (4,4) vector multiplets, black lines (4,4) bifundamental hypermultiplets, grey lines (0,4)
bifundamental twisted hypermultiplets and dashed lines (0,2) bifundamental Fermi multiplets.

As before, this gives exactly the DBI Lagrangian upon a convenient gauge choice. The role
of the D4-branes is as providing for flavour groups to the colour groups associated to the
D2-branes stretched between NS5-branes in each z € [k, k + 1] interval. This was realised
explicitly in [49] for the “small” class, and it is expected to work similarly for the “large”
class (see the discussion in subsection 4.2.3).

The calculations for NS5-branes, D6-branes and D8-branes proceed in analogous ways.
In all cases it is possible to choose a gauge that makes NS5-branes lying on (RY, 53 1),
D6-branes on (RY!, S3, Iy, I,) and D8-branes on (AdSs, S3, 5%, Iy) BPS. We have included the
details in the Appendix. Once again the action for NS5-branes in massive ITA supergravity
constructed in [77] plays a crucial role in this explicit realisation.

4.2.3 On the field theory interpretation

The brane set-up depicted in Table 2 suggests that the 2d field theory that underlies the two
classes of AdSj solutions is described in the UV by a quiver field theory whose gauge group
is a product of U(N)’s with ranks given by the numbers of D2-branes stretched between
NS5-branes along the z-direction. D4-branes perpendicular to the D2 and NS5’s as indicated
in the brane set-up provide with flavour groups at each z-interval. On top of that D6 and D8
branes provide with, yet, extra flavour groups in these intervals. Indeed, a key feature of these
quivers is that the D6-branes, being the colour branes of the 6d (1,0) mother theories [60, 61],
become flavour branes in 2d, since they are extended along the I, or Iy infinite directions.

A precise quiver preserving N/ = (0,4) small supersymmetries was proposed in [49], a
check of which was provided by the matching between the central charge computed from
the 't Hooft anomaly and the holographic result. We have depicted this quiver in Figure
1. A nice feature of this quiver is that it describes very pictorially the embedding of D2-D4
branes within the 6d quiver realising the 6d (1,0) CFT dual to an AdS7 solution, that we have
depicted for completeness in Figure 2. Based on this and on the fact that the “small” AdSs
solutions asymptote locally to AdS7, the interpretation given in [49] to the “small” solutions
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(P)
D6

Bo — B B1 — B2 Bp_1 — Bp

Figure 2. Quiver describing the field theory living in D6-NS5-D8 intersections. The circles denote
(1,0) vector multiplets and the lines (1, 0) bifundamental matter fields. The quiver has been terminated
with (8p—1 — Bp) D8-branes at the end of the space (see [49] for more details).

was as describing 2d D2-D4 defects within the 6d theory living in the D6-NS5-D8 subset
of the brane set-up. Instead, our discussion around equation (2.23) and the computations
of the central charge and entanglement entropy in this paper suggest that these solutions
should rather be interpreted as deconstructed 6d (1,0) CFTs. The quiver depicted in Figure
1 should provide in fact the exact way in which this deconstruction takes place.

In what regards the AdSs solutions with large supersymmetry two arguments suggest
that they should be interpreted as dual to surface D2-D4 defects. One is of course the fact
that they also asymptote locally to the AdS7 solutions. Remarkably, they do it in such a way
that AdS7 is not realised globally and a genuine 2d behaviour is obtained at the boundary
of space, as described by equation (2.22), as opposed to what happens in the “small” case,
described by equation (2.23). Secondly, the defects account for a finite number of the degrees
of freedom of the 2d theory, that add up to the ones coming from the 6d mother theory. The
difficulty in constructing the explicit quiver field theory associated to the “large” solutions
comes from the fact that it is necessary to apply extremization [78, 79] in order to identify
the R-symmetry current that emerges in the IR. This becomes obvious when one looks at the
expression for the holographic central charge. If in the “small” case the holographic central
charge, given by (3.11), can be easily related to the sum of the products of D2 and D4 brane
charges at each z-interval, given by (see [49] for the details)

(k

y 4 /dx 213 N
D2 = 342 : /ot 24 k>

4
Q%ﬂi =33 Ve+ x4/1 o, (4.27)

from where the R-symmetry current can be identified with one of the SU(2)’s associated to the
S3 which does not mix with the other global SU(2)’s when flowing to the IR, this is clearly
not the case for the “large” solutions. Indeed, in that case the holographic central charge
cannot be related to the product of D2 and D4 brane charges, constructed from the fluxes in
(2.16). Instead, in this case the R-symmetry needs to be determined by extremization. Once
this is done the field theory central charge can be computed from the U(1)r R-symmetry
anomaly, using that (see for instance [80])

cr = 3k = 3Tr[13Q%); (4.28)

where Qg is the R-charge under the U(1)r R-symmetry group, and the trace is over all Weyl
fermions in the theory. This computation is however beyond the scope of this paper.
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D6, D6,

Qpe, — quarks Qpe, — quarks

i D2, D2, p=po

Figure 3. Baryon vertex configuration for the 6d theory.

In what follows we will discuss baryon vertex and giant graviton configurations in the
AdS7 and AdSs cases that will support our different interpretations of the two classes of
AdS3 solutions. For related configurations in AdS7 we refer the reader to [81].

5 Baryon vertices

In this section we study the baryon vertex configuration associated to the AdSy and AdSs
solutions. We show that the baryon vertex associated to the AdS; solutions consists on
D2-branes located along the z-direction in which fundamental strings stretched along the
AdS direction end. We compute the size and the energy of this configuration. Then we turn
to the “small” and “large” AdSs solutions, that we study separately in order to exhibit their
different behaviours. In both cases the baryon vertex is identified as D6-branes located along
the z-direction, on which fundamental strings stretched along the AdS direction end. We
show that in spite of this different description the size and energy of the baryon vertex of
the “small” solutions coincides with those for AdSy, thus supporting our interpretation of
the “small” solutions as dual to deconstructed 6d theories. Instead, the baryon vertex for
the “large” solutions is intrinsically “two-dimensional”.

5.1 AdSy: the D2-brane baryon vertex

The baryon vertex of the AdS; solutions is a D2-brane wrapped on S2, since this brane
captures the [ flux associated to the D6 colour branes, through the coupling

SN =T, / CYAF =T, / By A Ay = QT / Audt. (5.1)

Therefore () pg fundamental strings are required to end on it in order to cancel the tadpole
[82]. However, since the gauge group consists on a product of SU(N)’s associated to the
different numbers of D6-branes stretched between NS5-branes in each z interval, a set of
D2-branes located at each interval is needed for the open strings stretching all the way to
the boundary of AdS to end on. The resulting configuration is depicted in Figure 3. In this
section we study the stability of this configuration following [83] and [84].

In order to analyse the stability in the p direction” we have to consider both the D2-brane
wrapped on S? and the Qpg fundamental strings stretching between the brane and the

"We are using the parametrisation (4.2).

,17,



boundary of AdS. The action is thus given by
S = Spo + SQD6F1' (5.2)

The DBI action of the D2-brane reads

SPBI —Tg/dt \/—ao/’p, (5.3)

while the WZ action cancels with the WZ action of the fundamental strings. In turn, the
Nambu-Goto action for the Qpg F1-strings reads

NG o = szfbljludyswwf}/——ww/p + o4, (5.4)

where we have parametrised the worldvolume coordinates by (t,y), the position in AdS by
p = p(y) and the dot denotes derivative with respect to y (while as in previous sections a
prime denotes derivative with respect to z). Following the analysis in [83, 84] one can see
that the equations of motion come in two sets, the bulk equation of motion for the F1-strings
and the boundary equation of motion (as we are dealing with open strings) which contains as
well a term coming from the D2-branes. The bulk equation of motion

OLp  d <3LF1> _0
ap dy \ 9p )

(5.5)

reduces to

LY (RS N — (5:5)

where a is generically a function of the position of the system in the z-direction. In turn,
the equation of motion from the boundary is given by
OLps  OLpk

o~ op (5.7)

which translates into

. 1
A (5.8)

. 294 ’
N R B a2

where pg is the position of the D2-brane in the p direction and py = p(pg). Taking into

account that

Qm——/ - (5.9)

and taking the D2-brane at z = k, we find that

; 1
o - (5.10)
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Combining this equation with (5.6) we then find

for all D2-branes, independently on their positions in z. Note that this is exactly the result
found for the baryon vertex in AdSs x S° (see [83]). From here we can compute the size
of the baryon

74 00 d 00 dp 137
P B p p 2
EZ/@Z/ — = | == 2F(5, 5, 5%, 5.12
0 o2 100ty Pt V=B 3p0 G p ) (5.12)
15 2

where p = p/po and 2Fi(a,b,c;x) is a hypergeometric function. This again reproduces
the result in [83]. Note that all baryon vertices have the same size independently on their
positions in z.

Finally, the total on-shell energy reads

E = Epo +EQD6F1 3 21/—Ozkakp0 (1 +4/ dp— ) , (5.13)

where oy, and ) denote the values of o and o at z = k, where the baryon vertex is located.
We thus find that the on-shell energy is different for the different D2 baryon vertices as
it depends on their positions in z. The binding energy of the configuration is obtained
subtracting the energy of the constituents. These are F1l-strings stretched from pg = 0 to
infinity, since when pg = 0, p must be infinite, which implies that the Fl-strings become
radial, and thus correspond to free quarks. Subtracting this (inﬁnite) energy we arrive at

\/i
Epin = 30,2 —akak Po +4/ 52 —1| -4
25/2 - )
:_347r2\/7mp0<2F1(§7_11176 )_1)7 (514)

which one can check has a negative value, which implies that the configuration is stable.
Again, the binding energy depends on the position of the D2 baryon vertex in z. The binding
energy per string is obtained dividing by the number of F1l-strings,

|« 1 13 1
Ebin(string) — 25/2 O/k/ L0 (2F1(27 1; Z? B2) — Z> . (515)

Combining (5.15) with (5.12) we see that

f
Ebin(string) = _7’{ (516)
with
25/2 137 , 1 13 1 a,
— Fi(=,—=,5:8)—>) =12 : 1
fi= =5 B[ Se i p ARG - 18N - §) = 126776, [ S5 (57)

One can check that f; is a positive constant that depends on the position of the D2 baryon
vertex in z. Therefore dEyiy(string) /d¢ > 0 and the configuration is stable. Note that the
dependence with 1/¢ is the one dictated by conformal invariance [84]. The concrete expression
for fi represents however a non-trivial prediction for the strong coupling behaviour of the
6d (1,0) dual CFT.
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D2, D2,

Qp2, — quarks Qp2, — quarks

i D6, D6, p=po

Figure 4. Baryon vertex configuration for the AdSs solutions.

5.2 “Small” AdS3: the D6-brane baryon vertex

In the AdSs solutions the colour branes are D2-branes. Therefore, the baryon vertex should
be a D6-brane with fundamental strings attached. Since the number of D2-branes is different
in the different z € [k, k + 1] intervals the baryon vertices have different number of F1-strings
attached depending on their positions in z. In this case the D6-branes capture the flux
associated to the D2 colour branes through the coupling

SIV)VﬁZ = TG/(Cg, —C3 A Bg) NF = T6/F6 NA = QpoTr /CltAt. (5.18)

This coupling implies that () ps Fl-strings are required to end on D6-branes lying along the
(t,z,S8%,58%) directions in order to cancel their tadpole. As in AdS7, since the number of
D2-branes is different in each z interval so is the number of fundamental strings attached to
each D6-brane located at z = k. This configuration is depicted in Figure 4.

As in the previous subsection we proceed to study the stability of this configuration.

The action is given by
S:SD6+SQD2F1, (5.19)

where we just have to account for the DBI actions (NG for the F1-strings) as the WZ actions
of the D6 and @ po Fl-strings cancel each other. The DBI action of the D6-brane reads

032
12,4 45 /

31 mr”’

where «y, and a " denote the values of o and o at z = k, where the D6-brane is located.
Recalling from [49] that the D2-brane charge at each z € [k, k + 1] interval is given by

1
@0~ s | o= st [0 =

we find that a D6-brane located at z = k and extended between 0 and A along the

4
QD2 \/c+A4 Qg (5.22)

8Note that we are using the same cut-off as in section 3.

22
SEE = —Tg / dtdzx (5.20)

direction® captures
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units of D2-brane charge through the coupling (5.18). Therefore the Nambu-Goto action
of the Fl-strings ending on it is given by

S¥S,r1 = ~ QT [ dedysrv2 Az -2 ALRTs
99/2 3/2
= —3i3 AQ\/c+A4 /dtdy\/p + pt. (5.23)
/_ak

In turn, integrating in (5.20) between 0 and A we find

95/2 A2 3/2
SBBL — ~3i3 (AQ\/ ¢+ A% — carcsinh < (5.24)
Let us now proceed with the minimisation of
S = Spe" + S5 .- (5.25)

The solution to the bulk equation of motion (5.5) is again given by (5.6), where a is generically
a function of the position in z. In turn, the boundary equation of motion

OLps  OLpy
op  Op

(5.26)

leads to

Po 1

— = - 1———— arcsinh | — . (5.27)
N ( Ve <ﬁ

Combining this equation with (5.6) one finds

L—pZ 1—i 1 -~ arcsinh A 2=p2ﬁ (5.28)
NZEY RS 16\ A2/c+ Al Ve)) —T ‘

for all D6-branes, independently on their positions in z. Taking here the cut-off to infinity
we recover equation (5.11). From here on the computation proceeds in exactly the same way
as for the baryon vertex for the AdS7 solution, finding the same size for the configuration
and the same binding energy. These results further support our interpretation of the “small”
AdS3 solutions as dual to deconstructed 6d theories, having identified in this subsection the
precise way in which the baryon vertex of the 6d theory is deconstructed in terms of 2d
degrees of freedom. We will show instead in the next subsection that the baryon vertex for
the “large” AdSs3 solutions is unrelated to the one in AdS7.

5.3 “Large” AdSs: the D6-brane baryon vertex

As in the “small” case the baryon vertex configuration consists in this case as well on D6-
branes located along the z-direction with fundamental strings attached. In this case the
D6-branes are lying on the (¢, 0,53, S?) directions. We will restrict to values of the conical
deficit parameter 0 < A < 1, for the sake of simplicity.

— 21 —



The DBI action reads

3 (1-=N1+N)3 sin? 0

/2,4 1

22
SBBL — Ty / dtdo p. (5.29)

!

Recalling that the D2-brane charge at each z € [k, k + 1] interval is given by

1 7 4 A cos* 6
= -—] F - e .
QD2 2r) / 6 3022 (14 AP /d089 (sin2 9) ag, (5.30)

we have that a D6-brane located at z = k and extended in 6 between A and 7/2 with
A — 0 captures

4 A 1 N
3172 (14 A3 sinZA "

Qp2 = (5.31)

units of D2-brane charge, through the coupling (5.18). From here the Nambu-Goto action
of the @)po Fl-strings ending on the D6-brane reads

Q
SQD2F1 QDQTF187T\f s1n2A\/>”/dtdy P2+ pt
A 3/2

29/2
- [52 4 4
3472 (1 - N)2(1 + Sln4A F /dtdy prEp (5.32)

In turn, integrating in (5.29) between A and 7/2 we find

29/2 1 T 3/2
SP = < () - > /dt : 5.33
I\ IESVACAC J—at P (5.33)
where
1 1 A 1 A A V14 Asin“f —1
)=-|—=(1->——5—) VI+Asin?0— = (1 lo
1(6) 2 [sin20 ( 4 2sin29) +Asin < + ) (\/1—1—)\5111 0+ 1)
(5.34)
From here we can proceed with the minimisation of
S =Sps + S5 .- (5.35)

The boundary equation of motion leads to

1 At (f (”) - f(A)> : (5-36)

Combining this equation with (5.6) we find

W)’)Tp =1 (e (1(3) - f(A)))2 = /25, (5.37)
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and taking here the limit A — 0,

4 (1N

P 2 _ 2
———— =g\l — —=——"— = p§ O 5.38
N/l A I Ca (5.38)
Note that this differs from the analogous equation for the AdS7 case, given by (5.11). Also,
for this equation to make sense A > 0.2, so it is not possible to recover the AdS; configuration
in any limit.

From here the size of the baryon reads

C B e dp By 137
0= [ay=2 " L PR ), (5.3)
0 poJ1 o p2 //34_5)2\ 3p0 2 4
where p = p/pp. As in the AdS7 case the size does not depend on the location of the baryon
vertex in the z direction. Omne can check that this expression is positive for A > 0.2. As
expected, it differs from the size of the baryon vertex in AdSs.
Finally, we find for the binding energy per string

B _95/2 Fi(=,—= 2:63) — — 5.40
bin(string) 1— )\\/j‘égpo (1 A 2 1(27 4’ 476)\) 4)\>7 ( )

f
Ebin(string) = 77]63 (541)

and then

with

25/2 1 g 137 1 1 13 1
- / (= 2 = B (—— (=, —=, 253 — —). 42
fk 3 ﬁ)\ 1_/\ _QZQ 1(27474a6)\)(1_)\2 1(27 41476)\) 4)\) (5 )

One can check that fi is a positive constant that depends on the position of the D2 baryon
vertex in z and the conical defect parameter A, and is, as the size of the configuration,
unrelated to the binding energy of the AdS7 baryon vertex. Therefore dEyiy(string)/d¢ > 0
and the configuration is stable. As before, the dependence with 1/¢ is the one dictated by
conformal invariance [84] but the concrete expression for fj represents a non-trivial prediction
for the strong coupling behaviour of the CFT, in this case the surface CFT that emerges
due to the defects. Remarkably, we have found that this configuration only exists in the
2d defect CFT, and even in that case the conical defect parameter needs to be big enough,
namely, A > 0.2. It would be interesting to understand the emergence of this bound in
field theoretical grounds.

Finally, we would like to stress that the description of baryon vertices in this section
suffices to deduce their basic properties. However, strictly speaking, it is only valid when the
endpoints of the F-strings are uniformly distributed along the D2 or D6 vertex, so that the
vertex is not deformed and the probe brane approximation holds. In this approximation all
supersymmetries are broken, and this results in a non-vanishing binding energy. In order
to have some supersymmetries preserved all strings should end on a point, and then the
deformation caused by their tensions and charges should be taken into account. This could
in particular modify the bound in A found for the “large” solutions.
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6 Giant gravitons

In this section we study various giant graviton configurations supported by the AdS7 and AdSs
solutions. Giant gravitons are stable brane configurations with non-zero angular momentum,
that are wrapped around compact manifolds, typically n-spheres, in AdS spacetimes [85].
Depending on the dimensionality of the n-sphere, and whether it is contained in AdS or
in the internal space, they have an angular momentum proportional to the radius of the
n-sphere. If the sphere is contained in a compact space, typically the internal space, the
bound on its radius implies a bound on the angular momentum, that is then said to satisfy
the stringy exclusion principle of [86]. Instead, when the sphere expands on the non-compact
AdS geometry there is no upper bound for its radius and therefore no maximum angular
momentum. The latter giant gravitons are referred in the literature as dual giant gravitons
[87, 88]. These are the type of giant graviton configurations that we will discuss in this section.
We start analysing the AdS7 case. Here we construct a dual giant graviton consisting
on a D6-brane wrapped on the 5-sphere inside AdS; and lying on the z € [k, k + 1] interval,
that propagates along a transverse direction. We find that, as expected, the radius of the
5-sphere is proportional to its angular momentum. Being expanded inside AdS7 this does not
imply however an upper bound on the angular momentum. Next we move on to the AdSg
solutions with large supersymmetry, where we construct two dual giant graviton configurations,
consisting on a D2-brane wrapped on the circle contained in AdSs, plus the z-direction, and a
D6-brane wrapped on the AdSs circle, the S and the #- and z-directions. In these two cases
the angular momentum turns out to be independent on the radius of the circle contained in
AdSs, thus exhibiting typical AdSs behaviour [87, 88]. We compare the latter configuration
to the D6-brane giant graviton in AdS7, that we re-discuss in terms of AdSs ”variables”, that
is, parametrising AdS7 as in (2.20) and taking the D6 to lie on the circle inside AdSs, the S3
and the 6 and z directions. We find that, as expected, the D6 giant graviton associated to
the “large” solutions exhibits a different behaviour from that in AdS;, while the one for the
“small” solutions exhibits exactly the same behaviour. This provides further support to our
interpretation of the “small” solutions as dual to deconstructed 6d theories.

6.1 AdSy: the D6 giant graviton

The AdS; solution supports a dual giant graviton configuration consisting on a D6-brane
wrapped on the 5-sphere inside AdS7, written in global coordinates

d82Ad37 = —(1+7r3)dt* + + r2dss, (6.1)

1+r2

plus the z-direction, and propagating in the direction ¢

aa//
¢= \/_8(0/2 — 2aa) w2 (62

where ¢ is the azimuthal angle of the transverse S?, parametrised as ds?gg = dp? +sin? p1dp3.

This brane supports Fg flux, through the coupling to C7 in the WZ action given by (4.11)

294/2
Swz = Tg / Cr=1Ts / ;{W —%\/ a2 — 2aa" rSa dt A dz A volgs. (6.3)
a
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This coupling prevents its collapse to zero size. In turn, the Born-Infeld action is given by

28/ 27t .
SpBI = —Ta/dtdz\s/;rr51/—oi/\/ a2 —20a”\/1 + 12 — ¢2, (6.4)
a

where we have integrated over the 5-sphere. We have also taken ¢; = 7/2 since one can
easily check that this minimises the energy, that we compute next.

Both the WZ and DBI actions are isometric on ¢, which implies that its conjugate
momentum must be conserved. The corresponding Hamiltonian density is then a function
of r, given by

27 231/2
H(r)= \/(1 + TQ)(qu + oy (—5,) (a2 — 2a0) 7“10) — V2 —g\/ a2 — 200" 1S,

347T2 o’
(6.5)
One can easily see that this is minimised when either r = 0 or
3472 o 1
4
r*= ——\|————=PF;. 6.6
23\/5 a Va2 = 2aa’ ¢ ( )
For both values of r
E = Py, (6.7)

and therefore both of them are associated to gravitons propagating along the ¢-direction. For
the first solution the radius of the 5-sphere vanishes, and therefore the D6-brane is point-like
(at energy scales lower than the inverse of the separation between NS5-branes along the
z-direction). On the contrary, the second solution corresponds to a D6-brane wrapped on
a 5-sphere with radius proportional to (P¢)1/ 4. This is the dual giant graviton solution.
Since r is unbounded, there is no upper bound for the angular momentum, as should be
the case for dual giant graviton configurations.

Next, we analyse two different giant graviton configurations supported by the AdSs
solutions. We focus on the solutions with large R-symmetry. The “small” case can be worked
out making use of the mnemonic rule (2.17), (2.18). In this latter case we only present the
details of the construction of the D6 giant, in order to compare it to the one in AdS7.

6.2 AdSj3: the D2 giant graviton

The AdS3 solutions support a dual giant graviton configuration consisting on a D2-brane
wrapped on the circle inside AdSs in global coordinates

dsigs. = —(1+72)dt* + + r2dy?, 6.8
dSs

1+r2

plus the z-direction. This brane must now propagate in the direction

Oéa”

¢ =(1—M\)sin 9\/_8(X_50/2 ~Saa) 9. (6.9)
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As before, it supports Fy flux, which prevents its collapse to zero size. The corresponding
coupling in the WZ action is given by (4.21)

23 72 1 o
=T — By) =1 ——VX5a2 — 20 dt Ndp Nd
Swz, 2/(03 C1ABy) 2/34\@%(1_>\)2Sm20 a\/ o aa! dt Ndip Ndz
(6.10)

In turn, the Born-Infeld action is given by

24 r o -
S =T, [ dtd —— VX502 - 2aa"4/1 2 — 2 6.11
DBI 2/ z 34\/§ (1 — )\)2 sin2 6 o \/ «Q e7¢ +r ¢ ) ( )

where we have integrated over the v-circle and set ¢ = m/2. In these expressions ¢ is a

cyclic coordinate and we can construct the Hamiltonian density in terms of its constant
conjugate momentum, r and 6. It is given by

n(p2, 2 r? —a” 5./2
— — / "
H(r,0) = (1+r)(P¢+387r4(1_)\)4sm40( ° )(X o — 200"))
21/2 2
V2 r \/X 502 — 2aa’. (6.12)

3472 (1 — \)2sin? 0

One can see that this is minimised when # = 7/2 and

—a"
Py = 34 ey /(1 +X)a” - 200", (6.13)

with arbitrary r, in which case

E=P, (6.14)

Thus, we recover the typical AdSs behaviour found in [85, 88|, where the dual giant gravitons
had a fixed momentum independent of their size.

6.3 AdSj3: the D6 giant graviton

The AdS3 solutions admit a second dual giant graviton configuration consisting on a D6-brane
wrapped on the 1-circle inside AdS3 plus the S® and the 6 and z directions, propagating
along the ¢-direction given by (6.9). This brane supports Fg flux, which prevents its collapse
to zero-size. The corresponding WZ coupling is given by

2927 r2 cot3 9
=T =T X-5a/2—2a0 1
Swz 6/07 6/ 31 (1= A\2(1F N sin® 0\/; ! aa dt Adp AdO Avolgs Adz
(6.15)

as for the D6-branes discussed in the Appendix. In turn, the Born-Infeld action is given by

211\ /274 r cot3 6
— Ty [ dtdzdo X502~ 200/ 1412 — ¢?
SpBI 6/ 2 3T (L2 a6\ o a aq +72—¢2,
(6.16)
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where we have integrated over the 1)-circle and the S, and set 7 = 7/2. The Hamiltonian
density is in this case a function of r, given by

211 r2 cotbd [/ a
_ 2 _
= \/(1 +r)(P+ ot Ty 05 b (—o/'> (X0 ~200")
25/2 72 cot3 6 «
_ X%/ — 2. 6.17
3172 (1— \)2(1 + \)3 sin® 0 A (6.17)
This is minimised when
252 1 cot’d [a —
Po = S TP s swsa\ —ar VYT 200 (6.18)
with arbitrary r, in which case
E = Py. (6.19)

As in the previous case we recover the typical behaviour for AdS3 giant gravitons.

6.3.1 Comparison with AdS~

As we have mentioned, this second giant graviton configuration can be related to the one
found in AdS;. In order to do that we must recalculate the giant graviton configuration
of subsection 6.1 “in AdSs variables”, namely, using the parametrisation (2.20). In that
description we write AdS; as

1 _ it
dshas, = e (—(1 + #2)dt* + et #2dip? + cos® Odsgs + d02> : (6.20)

and take the D6-brane wrapped on 1, the S3 and the § and z directions, and propagating
in the direction

‘ o
¢ = sin 9\/_8(X_5o/2 ~Saal) V2. (6.21)

The DBI action reads

2°v/2 _cot”® § @ 2 7 =2 12
Soin =~y [ dededor Sl [ Gaan i - g (022)

where we have integrated on ¢ and the S® and taken ¢; = 7/2. The C7 RR-potential that
couples in the WZ action needs to be calculated choosing an adequate gauge, namely

29V/2 30 o
Cr = v 72 & _O(;” Va2 = 2aa’ dt A dip Avolgs A df. (6.23)

34 sin3 6

The Hamiltonian density is then a function of 7,

211 cot®f 25/2 cot® 6
H(f):\/(1+f2)<P£+ «© (_a”>(a’22aa”)7~'2) V2 co \/?\/mf{

3874 sin® 0 a 3472 gin?0 | —
(6.24)
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which is minimised when

2°v/2 cot? 0
p, = 2V2c0 — Vo —2ad, (6.25)

3472 sin3 6

and 7 is arbitrary, in which case

E =P, (6.26)

We can see that (6.24) and (6.25) agree with the corresponding expressions for the AdSs
solutions, (6.17) and (6.18), for A = 0.

At this point it is interesting to compare this calculation with the one for the “small”
AdSj solutions. In this case we can see that, as expected, the Hamiltonian and angular
momentum coincide with expressions (6.24) and (6.25). The dual giant graviton is now a
D6-brane wrapped on 1, the S% and the x and z directions, and propagating on

c—}—x ao
¢ = \/ an (6.27)

(c+xt)aa)’

The DBI action reads

252 x3 a :
Sppr = T3 /dtd$d2’7“ m\/wAOﬂ —2(c+ zh)aa”, —V 14+7r2—¢2, (6.28)

where we have integrated on ¢ and the S® and taken ¢; = 7/2. C7 is, in a convenient

gauge choice,

29 2 2 3
Cr = v2r i\ = o \/x4 2 —2(c+ xH)aa/dt A dip Adx Avolgs Adz.  (6.29)

3t (e+a?)

The Hamiltonian reads

911 2 46 a
H(r):\/(1+r2)(P2 — m(

oll/2 2.3
342 (c+ at)/4 \/7”\/374 ? = 2(c+zt)aa”. (6.30)

This is minimised when

211/2 1'3 o
Fo =gt ey \/j\/xﬁ‘o/2 —2(c+at)aa” (6.31)

and r is arbitrary, in which case

—o/’) (x4a? — 2(c+ a:4)ao/’))

E =P, (6.32)

In order to compare with (6.25) we need to integrate on 6 and x, respectively. Doing this
we find divergent expressions that depend on the cut-offs that need to be introduced for 6
approaching zero or x approaching infinity. Taking cotf® = A when 0 — 0 and xpax = A
we find that in both cases

22
P, = 302\ T —Va? — 2aa” (6.33)

This result shows that, as expected, both descriptions are equivalent and that the DG6-
brane giant graviton of the “small” solutions is in fact describing the dual giant graviton
found in AdS7 in terms of 2d degrees of freedom. This provides additional evidence for our
interpretation of the “small” solutions as dual to deconstructed 6d theories.
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7 Conclusions

In this paper we have analysed two recent classes of AdS3 solutions with small and large
N = (0,4) superconformal groups constructed in the literature, and related them to the
class of AdS7 solutions to massive Type IIA supergravity constructed in [59]. The focus
of our studies has been on their possible interpretations as duals to surface defects within
the 6d (1,0) theories dual to the AdS7 solutions. The first sign that these solutions can be
associated to defect CFTs is that they asymptote locally to the AdS7 solutions. However, a
closer look reveals that the “small” solutions have associated a localised 6d theory at the
boundary of space, which hints at a possible interpretation as duals to 6d theories. This is
further suggested by the behaviour of the central charge and entanglement entropy. Based
on this we have proposed that these solutions are dual to deconstructed 6d theories.

With the previous interpretation in mind we have analysed various configurations that
highlight the differences between the two classes of AdSs3 solutions. The first configuration
that we have studied is the baryon vertex. We have started with the construction of the baryon
vertex associated to the AdS7 solutions, that to our knowledge has not been constructed
before in the literature. Being the gauge group a product of SU(N)’s associated to the
number of D6-branes stretched between NS5-branes along the field theory direction, the
baryon vertex configuration consists as well on a set of branes, namely, D2-branes, located
in the different intervals between NS5-branes, on which fundamental strings end, the other
ends of which lie at the boundary of space and realise bound states of N quarks [82]. We
have shown that the AdSs solutions have associated similar baryon vertex configurations, in
this case consisting on D6-branes with fundamental strings attached. In the “small” case the
configuration has the same size and energy as the baryon vertex in AdS7, while it has different
properties in the “large” case. In particular, it is not possible to recover the AdS; baryon
vertex in any limit, and a striking minimum value for the conical defect parameter emerged
for the configuration to exist, the origin of which would be interesting to further investigate.
This further supports our different interpretations for the two classes of AdSs solutions. We
have further supported this interpretation with the study of giant graviton configurations. In
this case we have seen that the D6 dual giant graviton found in AdS7,? is reproduced in the
“small” solutions, while the “large” solutions exhibit giant gravitons with unrelated properties.

In [49] explicit 2d quivers were constructed associated to the “small” solutions whose
central charge was shown to match the holographic expression. Our new interpretation in this
paper identifies these quivers as the precise way in which the 6d theory is deconstructed in
terms of two dimensional degrees of freedom. The “small” solutions provide in this way a very
explicit example of deconstruction of 6d (1,0) theories in terms of 2d (0,4) degrees of freedom,
within a well-defined holographic setting. This adds to other examples of deconstruction
found in the literature [89-93].

An interesting open problem that we have not addressed in this paper is the field theory
computation of the central charge associated to the “large” solutions. The holographic result
suggests that the R-symmetry current should be determined via extremization. It would
be interesting to see this explicitly.

9That to our knowledge has not been found before in the literature.
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A NS5-D6-D8 BPS branes in AdS;

In this Appendix we give the details of the computations of the DBI and WZ actions of the
NS5, D6 and D8 branes of the brane set-up in Table 2.

A.1 NS5-branes
NS5-branes lying on (R, 53 Iy) are BPS. The DBI action reads

SDBI = —T5/672(I)\/det =

2° 5 12 " 1 cot?d 5
= —T5/38?(X = 2aa )(1 By VEITRVE 30" d“zdfvolgs. (A.1)

For the WZ term we have
Swz = Ts / Bs. (A.2)

H7; reads

2X7

sin2 4

28 X5 cot?d

Ho —
T 38r2 (1 A2)3sin2 0

{)\o/a” sin @ cos Odz + ((4X5 —1)(a? = 20" X°) +

5 ao/al/l

/"

+4aa" X% (X5 — 1) 4+ 2X )d&] A volagss A volgs. (A.3)

(%

In this background (4.4) becomes
1
H; =dBg — 503 AN dCs — FyChy,

from where the relevant Bg components are, upon a suitable gauge choice

28 5 1 cot3 @

= (X — 2aa” 2d%z A df A vol A4
el ) s VTG vy T vols® (A.4)

Bg

rendering the NS5-branes BPS.
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A.2 D6-branes

D6-branes lying on (R%!, .93 Iy, I.) are BPS. In this case the DBI action reads

2
Sppr = —T6/ —*\/det ——T6/ \[ﬂ =5/2\/a2 — 200! X5 /_7‘

1 cot3 0 5 ,
RSN TEYE 50" d“xdfdzvolgs, (A.5)

and the WZ action

Swz = TG/C% (A.6)
with
Lo 2Mr o 1 cot}0 1 [fadd” 9 5
Iy = o X (1= 28 5?0 " ( v (a* = 200" X )) volags, A volgs Adf A dz.

(A.7)
As in previous examples we find that upon a suitable gauge choice the components of C7
along (RY1, 83 Iy, I,) are such that the D6-branes are BPS.
A.3 D8 branes
D8-branes lying on (AdSz, S3, Iy, S?) are BPS. The DBI action reads

91,2 /_ 1 30
SDBI——TS/ Q\/m —Tg/ ( OC)X_5(C?\/m‘

1-\2)3 sin*6

o? oo’
\/ s T (2—k)? —2(z—k)a,2— vol(AdS3)vol(S?)vol(S?)dé.

—2aa/ X5 —2a" X
(A.8)
The WZ action reads
Swz = 1y /(Cg — By A 07), (A.g)
where
- 2Uz2 o 1 cot?O [ [ala— (z—k))Y 5
Fuo = =X 1 ar sTg (( = )—i—(z—k)(l—i—QX)a
vol(AdS3) A vol(S?) A vol(S?) A df A dz. (A.10)

Once again we find that upon a suitable gauge choice the components of Cg — By A C7 along
(AdSs, 53, Iy, S?) render the D8-branes BPS.
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