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ABSTRACT: We study the defect AdS/CFT correspondence for a system of N, D3-branes
intersecting certain configurations of D7-branes and O7-planes in 1 4+ 1-dimensions. The
intersection is chiral, preserving N' = (0, 8) supersymmetry. The geometry produced by the
7-branes does not decouple in the low energy limit on the D3-branes; consequently the field
theory must be considered in the curved background of the 7-branes, and the supergravity
background is the fully backreacted solution accounting for both sets of branes. Although
we can not work in the probe-brane limit, we still find a consistent defect mode-operator
map. In our previous study of the field theory we found chiral D3-brane zero-modes that
localized to the intersection. Here we obtain a dual supergravity description of the localized
R-symmetry anomaly that these zero-modes produce.
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1. Introduction and motivation

The AdS/CFT correspondence [fl-f] can be generalized to a duality between conformal
field theories with defects and D-brane configurations in Anti de Sitter space (AdS) which
typically wrap AdS subspaces of the ambient AdS []—[i]. One important example of this
duality arises by considering Dp-branes which intersect N, D3-branes in the large N, limit.
At weak 't Hooft coupling this system is described by a defect in the AV = 4 SYM conformal
theory on the D3-branes. At strong coupling it is described by a geometry in which the
Dp-brane wraps a subspace of the AdSs x S® near-horizon geometry of the D3-branes.
Such systems and their generalizations to nonconformal theories play an important
role in recent attempts to provide a string theoretic construction of strong coupling dual
descriptions of QCD, but in such models the full structure of the correspondence has not
yet been worked out. One of the motivations for the current research was to work out the
mapping between states and operators in a defect AdS/CFT system with chiral fermions.



Intersections with chiral fermions occur in [§] which involves D4/D8-brane intersections.
The model considered here, involving D3/D7 intersections, is easier to analyze because
of the more direct connection to AdS/CFT. This example of AdS/dCFT was mentioned
in [f], but to our knowledge has not been studied in depth.

In a previous paper, [[[(], we studied the D3/D7 system from the field theory point of
view and found its structure to be quite rich. A key observation was that for g; # 0, there is
no decoupling limit of the D7-branes from gravity. This meant that the low energy effective
field theory on the D3-branes had to be considered in the supergravity background of the
D7-branes. In fact, consistent supergravity backgrounds involving D7-branes also require
the presence of O7-planes, and only exist for certain numbers and combinations of D7-
branes and O7-planes. Thus the N, D3-branes wrapped R5! x %2, where X2 was either a
noncompact, asymptotically conical space or a two-sphere, and the D3/D7-O7 intersection
was extended along R"!'. The 1+ 1-dimensional defect hosted chiral fermions, originating
from the massless modes of 3-7 open strings. Additionally, however, in the compact Y2
case, there were chiral zero-modes of the D3-brane fields that localized to the intersection.
We will briefly review some of these key results along with the general setup in section [J.

We would now like to study this system from the supergravity point of view — that
is, by replacing the D3-branes with the geometry they produce. In particular, we will need
to consider the fully backreacted supergravity solution for D7- and D3-branes intersecting
in 1+ 1 dimensions. We discuss this solution in section [}, and give special attention to the
analysis of preserved supersymmetries in appendix [A]. In the near horizon of the D3-branes,
the geometry is AdS3 x,, 22 x S°, where 32 is warped over the AdSs base. A key feature of
this geometry is that the warping breaks all conformal and superconformal symmetries that
would have been associated with the AdS factor. Correspondingly, the curved background
that the field theory lives on breaks all conformal symmetries and supersymmetries.

This supergravity solution was recently written down in [T}, where this system of
intersecting branes was also studied. That work considered the D3/D7 intersection as a
surface operator in the field theory and studied its dual description. We focus here on
other aspects of the correspondence.

The next two sections contain the main results of the paper. According to AdS/dCFT
lore, defect operators localized on the brane intersection in the field theory should be dual
to supergravity modes on the “probe” brane, coming from the massless excitations of open
strings. In our system the D7-branes are not probes; they produce their own backreaction
on the geometry. Nevertheless, we show in section [] that when expanding the total action
Spuik + Sp7, where Spr7 is the sum of DBI and WZ actions for the D7-brane, around the
background solution, the D7-brane action produces well-defined, finite couplings for open
string modes. The D7-branes lie on AdSs x S° slices of the total geometry. We then
perform a Kaluza-Klein reduction on the five-sphere and obtain the complete bosonic and

!The “probe limit” gs = 0 only restores conformal symmetry and supersymmetry if all 7-branes are
coincident [@] We will be mostly interested in the case of compact %%, which involves 16 D7-branes and
4 OT-planes — ie. F-theory on K3. Even in the orientifold limit, where g5 is constant and may be set to
zero everywhere, conformal symmetries are not restored, as the O7-planes can not be taken coincident, and
the transverse space is compact, 2 = TZ/ZQ.
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Table 1: Brane orientations

fermionic spectrum of D7-brane open string excitations on AdSs3.

These modes should be dual to operators on the field theory side that contain defect
fields, involve a single color contraction, and fall into primary multiplets of the supersymme-
try algebra. If conformal supersymmetry was present, these would be short, chiral primary
multiplets; since it is not, they are simply (long) multiplets of the ordinary supersymmetry
algebra. As such, there is no algebraic argument that protects the dimensions of these op-
erators from receiving corrections as one goes to strong 't Hooft coupling. Nonetheless, the
mode-operator map that we propose combined with the AdSs/C FT, mass-dimension rela-
tions imply that these operators are not renormalized. It would be interesting to investigate
this further from the field theory perspective.

In section fj we address the supergravity dual signature of the D3-brane zero-modes
that localized to the intersection on the field theory side. These modes are chiral and
transform under the R-symmetry group of the field theory; in contrast, the modes of the
3-7 strings are singlets of the R-symmetry group. Hence, there is a global anomaly of the
R-symmetry current that localizes to the defect. In the original analysis in [[J], the anomaly
of the R-symmetry current is reproduced in the supergravity description through a nonzero
dual gauge field variation that localizes to the boundary of AdS. We also find a term on the
supergravity side whose gauge variation localizes to the boundary of AdSs and reproduces
the proper anomaly; however its origin is somewhat of a surprise.

We make some concluding remarks in section fi.

As pointed out in [T, the proposed gauge/gravity duality for this system is somewhat
novel. There is a lack of decoupling of the 7-brane geometry on both sides of the corre-
spondence. Hence, the field theory is not in flat Minkowski space, and the five-dimensional
gravity is not asymptotically AdSs. It is a correspondence between field theory in a super-
gravity background and string theory in a (different) supergravity background.

2. Review of setup and field theory results

In this section we briefly review some key results of [[[d]. The coordinate axes are taken
such that the branes span the directions marked in table [l.

This intersection preserves at most a Spin(1, 1) x Spin(2) x Spin(6) subgroup of the ten-
dimensional Lorentz group. However, for the brane configurations we will consider, not all
of the 7-branes are coincident, so the symmetry is reduced to Spin(1, 1) x Spin(6). The con-
figuration is 1/4 BPS, preserving eight of the IIB supercharges. From the point of view of
the 1+ 1-dimensional intersection these are chiral fermions and we choose them to be right-
handed. Our conventions will be that four supercharges transform in the (—1/2,—-1/2,4)
of Spin(1,1) x Spin(2) x Spin(6), and their conjugates in the (—1/2,1/2,4).



2.1 The 7-brane background

For g5 # 0, the backreaction of the 7-branes on the geometry must be taken into account.
Further, since the D3-branes are extended in the directions transverse to the D7-branes,
one is required to work with globally well-defined 7-brane supergravity solutions, and not
simply local ones. This leads one directly to the “stringy cosmic string” solutions of [[7],
and their later interpretation in terms of D7-branes, O7-planes, and compactifications of
F-theory to eight dimensions [[[J-[[f]. We are interested in 7-brane solutions where the
asymptotic value of the axidilaton is tunable and may be taken small — these are the
solutions that can be embedded into a perturbative description of string theory.

The solutions involve a nontrivial metric and axidilaton. Let z = 22 +iz3 parameterize
the space transverse to the 7-branes. Our conventions for the chirality of the preserved
supercharges dictate that 7 = Cy +ie~® = 1, + iy should be an anti-holomorphic function
of z, or equivalently, 7 = 7(z). The solution makes use of Klein’s modular j-function,
i Fy — @, a one-to-one and onto mapping of the fundamental domain of PSL(2,7Z) to
the Riemann sphere. Specifically,

7(z) =47 <g§2> , (2.1)

where P(z),Q(z) are polynomials of the same degree, designed to make 7 regular at the

cusps 7 = i, e2™/3 of Fy. We denote the degree of Q by Ny, and the zeroes of @ by ZZ(:O)
(n)
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Near these points 7 — # In(z —z;.); they correspond to the location of 7-branes. In

1 2mi/3

order for P, () to unwind the monodromy of j~* around i, e , we must have Ny divisible

by 6. The solution for the ten-dimensional metric is

ds® = N datdz” + =2 d2dz + drydy’dy’, where

a(z2) _ n*(7(2)7°(1(2)) _ o
G T e I

The factors of (z — zl(:g ) in the denominator cancel the zeroes of the Dedekind eta function
at these points, so that the metric is everywhere nondegenerate. Near the 7-branes it
behaves as In |z — zl(:g |, thanks to the factor of 5. As z — oo, the warp factor behaves as
e® — 1/|z|N#/6. Thus there is a deficit angle of § = 277%. The space is asymptotically
conical, cylindrical, or is a two-sphere for Ny = 6,12, 24 respectively. These are the only
values N; can take. If we view 7 as the modular parameter of a torus fibred over the base
parameterized by z, z, then these are solutions of F-theory. In particular, the case where
the base in a two-sphere corresponds to F-theory on R"7 x K3.

For definiteness, let us now discuss the Ny = 24 case. Analogous statements to the
following apply in the other two cases. Though there are 24 7-branes, they can not all
simultaneously be taken as perturbative D7-branes — ie. 7-branes on which (p,q) = (1,0)
strings end. Some 7-branes are immersed in regions where the string coupling, 1/79, is order
one. By applying an SL(2,7%) transformation one can make the string coupling small, but
such a transformation acts nontrivially on the (p,q) charges of the brane. There is no
globally perturbative description; rather, perturbative descriptions are patched together



via SL(2,%) transformations. Though there is no globally perturbative description, one
can make the regions of strong coupling arbitrarily small. This is best understood by going
to a special limit and considering small deformations around that limit.

The orientifold limit corresponds to taking certain combinations of (p,q) 7-branes
coincident such that(t?e axidilaton is everywhere constant. For the limit we are interested
n

in, one takes the z,_J to be equal in sets of six. Each of the resulting four points is
interpreted as the location of four D7-branes coincident with an O7~-plane, such that the
gauge group on their worldvolume is SO(8). The small deformations away from this limit
consist of pulling the four D7-branes off of the O7-plane (in any of the four sets). The
OT-plane splits nonperturbatively into two SL(2,Z) transformed (p, ¢q) 7-branes, which are
constrained to remain close to each other. While the string coupling becomes order one in
the vicinity of the (p,q) 7-branes, the four “satellite” D7-branes act effectively as shields,
keeping the string coupling small away from each system of six 7-branes. By encircling each
cloud of strong coupling while remaining in a perturbative description, we can measure its
charge and monodromy to be that of an O7 -plane, and therefore effectively treat it as
such. The SL(2,Z) monodromy around an O7-plane is S? = —1, where T, S are the usual
generators. This has important consequences for the open strings on the D3-branes.

This system should be contrasted with studies of the AdS/CFT correspondence where
flavor 7-branes are oriented in parallel to the D3-branes. In the parallel case the 7-branes
can be treated as probes [[[7, [[§] or their backreaction can be taken into account [[[d, R(].
The point is that in these situations one only requires a local description of the 7-brane
background. Therefore the number of 7-branes that one may consider is not restricted as

it is here.

2.2 Field theory symmetries and low energy effective action

After expanding around the background above and taking the Maldacena o/ — 0 low energy
limit, the bulk and 7-brane fluctuations decouple from the system, leaving the effective low
energy theory on the D3-branes and the intersection.

The field content on the D3-branes is that of N' = 4 SYM, (though the low energy
theory itself is not as we will explain). We denote it as

(MY, 4", Ap). (2.3)

Here the superscript i¢,7 = 1,...,4 is an index in the 4 of SU(4)g while subscript ¢, 7 is
an index in the 4. The three complex scalars have been packaged into an antisymmetric
matrix M% = —M7? that additionally has a reality constraint (M%) = %e,-jklM kl = M;;.
The fields are in the adjoint, but the issue of the gauge group is subtle. While locally,
away from the D3/O7 intersection it is U(V.), the presence of the O7-planes and their
SL(2,Z) monodromy prevent the extension of this to a global symmetry group. The action
of S? on the open strings can be identified with worldsheet orientation reversal 2. As this
operation flips Chan-Paton labels, it is a generalized charge conjugation. Thus one can
identify the D3/O7 intersections as Alice strings [R]-RJ]. Only an O(N..) subgroup of the
local symmetry group is globally well-defined. We use O(N,) representations to classify
field content, and the zero-modes to be mentioned below only take values in O(N,).



The low energy effective action on the D3-brane, which can be derived from the DBI
and WZ actions [24, ], has the look of an V' = 4 action, but in the curved background
R x ¥2 and with a spacetime varying Yang-Mills coupling and theta angle:

Ssg = S¥%5 +S{G™ (2.4)
1 1 1
Sbos- — 5 d4x\/—_gtr<ZTganFm” + ngem”qumanq

+1DmMijpmMU — L[M,-j, My [MY, M’“]) (2.5)

2 479

Sg_%rm' = % /d4:13\/—_gtr{7'2 <1ﬂmm(Dm + %Qm)LW)
+¢E(<Lw>i[<w>ﬂ; My] + (BRYI(GR);, M“]) } (2.6)

We momentarily employ spacetime indices m,n such that 2™ = (z*, z, Z). The derivatives
D.,, are spacetime and gauge covariant. ), is a background U(1) connection constructed
from the axidilaton:

O (T +7)

Qm = m . (27)

This is the same connection that appears in the IIB supergravity equations of motion. It
transforms as a gauge field under SL(2,Z) transformations.

The coupling of the fermions to the background U(1) connection @, has important
consequences. Omne can show via an index calculation that, in the Ny = 24 case, the
fermions have chiral zero-modes that localize to the intersection. There is a left-handed
zero-mode that transforms in the antisymmetric tensor representation of O(N,) and a right-
handed zero-mode that transforms in the symmetric tensor representation. We denote these
zero-modes 1, {r respectively. The rest of the D3-brane fields also have (nonchiral) zero-
modes. Their existence can be argued by going to the orientifold limit, where the brane
configuration is T-dual to N. D1-strings in Type I. However, they can also be explicitly
constructed away from the orientifold limit [[I{].

A standard exercise in string quantization shows that the massless modes of the 3-7
strings on the D3/D7 intersection consist of a single Weyl fermion in the bifundamental
of O(N;) x G, where G in the gauge group on the D7-brane worldvolume. Gy could be
SO(8), U(4), or broken further, depending on the 7-brane locations. This fermion, which
we denote ¢y, is a singlet under supersymmetry. We take it to be left-handed, so that
all eight preserved supercharges are right-handed. In two dimensions our gamma matrix
conventions are 7?2) =02, 7(12) = o!. Symmetries dictate the form of the low energy action:

1 .
Sa7 = 5 /dza:ql(za_ — A )qr, (2.8)
T Jr

where 0_ = %(80 — 01) ete. Indices in O(N.) x Gy are being suppressed. There is a
coupling to the D7-brane gauge field but in the o/ — 0 limit this field becomes massive
and Gy becomes a global symmetry. One can explicitly check that this action is invariant



SO(1,1) x SO(2) x SO(6) | O(N.) x Gy
3 (3:3:4) (1)
5}{ (_%7 _%74) (NC(1§C+1)71)
qr ' (%707 1) (N07fund)
QRZEQ];%Z (_%7_%741)7(_%7%74) (171)

Table 2: Transformation properties of chiral intersection modes and preserved supercharges. We
specify the charges of the fields under the action of the Abelian groups and the dimensions of their
representations for non-Abelian groups. The hat over SO(2) is a reminder that it is not actually a
symmetry of the background, though it is still useful to consider the charges of the fields under its
action.

under the half of the N = 4 supersymmetries that are right-handed on the two-dimensional
intersection.

The defect action given here is very simple in comparison to those studied in refer-
ences [fl, [{], which included couplings of defect fields to normal derivatives of bulk scalars,
for example. The difference is that here the defect field content is purely fermionic and
inert under supersymmetry. On dimensional grounds the only other (marginal) defect-bulk
coupling one could write down is of the form qTLM qr,, but this respects neither supersym-
metry nor R-symmetry.

In table P| we summarize the transformation properties of the chiral modes on the
intersection and the supercharges under the various symmetry groups.

3. Supergravity solution

The effective field theory of the last section is an appropriate description of the system when
the 't Hooft coupling is small, A = g;N. < 1. Here, g5 is related to the asymptotic value
of the dilaton, 1/gs = lim,_,o 72. In the opposite regime, A > 1, one must account for the
the backreaction of the D3-branes on the geometry. Thus we require the full supergravity
solution corresponding to the system of intersecting D3- and 7-branes.

This solution was recently written down in [[J]] and it is easily obtained from the
“harmonic function rule” described in [2§]. We continue to use coordinates (z*,z, %),
w=0,1, for directions tangent to the D3-branes, and we now adopt spherical coordinates
(r,0%), a=1,...,5, for directions transverse to the the D3-branes. Then in Einstein frame
the solution is given by

ds® = f(r)_l/z[nw,d:n“dw” + /\26“(Z’Z)dzd2] + f(r)l/2 [dr2 + 7‘2ng] (3.1)
T =17(2)
G = (1—#)4R%egs, (3.3)
where
R4
flr) =1+ 7 (3.4)



is the harmonic function from the D3-brane solution, egs is the volume form on the unit
5-sphere, and T,e® are given by the GSVY solution [[J], equations (R.1),(2.9) above. One
can easily generalize f(r) to the multi-centered solutions describing separated D3-branes;
we will restrict ourselves to the simplest case of coincident D3-branes here. We use G ,9)
to denote R-R field strengths. The radius® R is given by

R = 47a%N,, (3.5)

and ) is a free parameter that controls the size of the space, ¥.2, transverse to the 7-branes.
To be consistent with the conventions in the field theory analysis of the previous section,
T is again antiholomorpic. Furthermore, since the ten-dimensional chirality of the IIB
supercharges is taken to be right-handed, the five-form is taken to be anti-self-dual.

We are interested in doing AdS/CFT, so let us go to the near horizon of the D3-branes,
letting f(r) — R*/r*. We have

7,2 2

2 J7 P R 2 72
ds® — ﬁn,wdx dx +ﬁdr + =

R2
2
r
= d8124dS3 + ﬁd«s%z + R2ng . (36)

Nedzdz + R*dQ2

Henceforth we will use the notation ™ = (z#,r) for the AdSs coordinates. While the
metric has an AdS3 factor, it does not possess the full set of AdS isometries. This is due
to the warp factor in front of the X2 term, which destroys the conformal symmetries. The
full bosonic isometry group is ISO(1,1) x SO(6). Similarly, an analysis of the preserved
supersymmetries of the background, given in appendix [A], shows that the eight supersym-
metries of the global solution remain the only supersymmetries in the near-horizon region.
There is no doubling of the supersymmetry due to near-horizon conformal enhancement.

These statements match well with our expectations from the dual field theory. The
global bosonic symmetry of the effective theory on the D3-branes is ISO(1,1) x SO(6).
The preserved supersymmetries match, as we show in the appendix. Finally, conformal
symmetries and conformal supersymmetries are also broken in the field theory, due to the
7-brane geometry.

The first serious step in establishing the correspondence is to exhibit the mode-operator
map. We will restrict ourselves to the perturbative, N, — oo, sector of the map — the
relation between supergravity fluctuations about the background (B.6) and single color-
contraction operators falling into primary multiplets of the supersymmetry algebra. This
piece of the map can be further divided into two subsectors, defect and bulk. In the next
section we analyze the defect mode-operator map.

4. Defect mode-operator map

Applying the standard AdS/dCFT prescription to our system, field theory operators local-
ized on the D3/DT7 intersection, constructed using the 3-7 fermions ¢z, should be dual to

2Note that since we have a spacetime varying dilaton, and we will be mostly considering the case where
e®dzdz describes a compact space, we do not bother pulling out the “asymptotic” value: e® = g.e®~%0.
Hence there will be no factor of gs in front of the Hilbert action, and this why it does not appear in the

formula for R*.



open string fluctuations on the D7-branes embedded in the near-horizon geometry (B.4).
Note that, while we have been careful to account for the backreaction of the 7-branes on
the geometry, we are not replacing the 7-branes by this geometry.

This is an important point and deserves further comment. Indeed, one should never
“replace” a brane by the geometry it produces. When one analyzes the supergravity side
of AdSy42/CFT,y1, for instance, one is expanding in fluctuations around a background
solution. The solution is an extremum of Sy + Sf)tgtic, where Sf:)tgtic contains source terms
for the metric, dilaton, and R-R form, C}41, on a static brane. To be consistent then, one
must expand S;7 in closed string fluctuations around the background geometry and Sf:)tgtic
in open string fluctuations around the static brane. However, for p < 6, the components of
the Einstein metric in directions tangent to the brane involve a function, f(r), of the radial
distance from the brane, that vanishes at the source as r — 0. Thus the induced metric
on the brane degenerates and open string fluctuations are removed from the spectrum.

The D7-brane is quite different and special in this respect. The components of the
metric tangent to the brane do not depend on the transverse coordinates and are completely
well defined as one goes to the brane. The following analysis shows that there are finite
energy open string fluctuations on the D7-branes in the background (B.4).

4.1 D7-brane fluctuations

We begin with an expansion of the DBI and WZ actions in fluctuations, keeping lowest
order in o’. The induced metric on the D7-brane worldvolume is that of AdS3x.S°. We then
perform a Kaluza-Klein reduction on the five-sphere to obtain the mass spectrum on AdSs.

For the bosonic D7-brane DBI and WZ actions, we follow the conventions of [24]. We
choose the embedding coordinates to be the spacetime coordinates of AdSs x S°: ¢% =
(x™,0%). Labels a,b,... run over spacetime directions tangent to the brane. Underlined
indices a, b, will denote corresponding tangent space directions. Labels ¢, j, ... run over the
perpendicular directions: z° = (2%, 23) or (2,2). The bosonic D7-brane fields are the gauge
field A, and the fluctuation scalars ®°, which transform in the adjoint of the gauge group.
The gauge group could be SO(8) in the orientifold limit, U(4) away from the orientifold, or
broken further. The expansion of the DBI action in open and closed string fluctuations is
straightforward. We parameterize the fluctuations of the metric and dilaton around their
background values as Gyn = Gun + hun, ¢ = ¢ + d¢; the background value of the
NS-NS two-form By is of course zero. We will denote the background induced metric on
the brane as g, . In Einstein frame we find

b 1 1 1
51150153'1 = —HD7 / d8§\/—ge¢tr{1 + <5¢ + §h“a + 5(&;5 + 5haa)z
1 ab 1 —d~> ab
_Zh hab + Ze B Bab +
1 . . 1 ~
+(2ma) (e“” 2(h" + B™)Dy®; + 5e—analeb) +

1 g 1 3
—|—(27ro/)2<§e_¢G”Da<I>Z-Da<I>j—|—Ze_¢FabFab>}—|—O(o/). (4.1)



There are three sets of terms. The first set contains closed string modes only, the
second set contains couplings between open and closed string modes, and the third set
gives the open string couplings. The terms displayed are those which, after canonically
normalizing all fluctuations, survive the o/ — 0 limit. We will not consider the closed
string couplings further, except to note that the one-point couplings must be cancelled
by one-point couplings coming from the bulk supergravity action — we are expanding
around a solution of the equations of motion. As for the couplings between bulk and brane
fields, we note that only the U(1) brane fields survive the trace. These couplings can have
interesting consequences, but they will not affect the mass spectrum of open string modes.
We will only be interested in the third set of terms.

In order to determine the correct canonical normalization of the brane fields, we must
first rescale the near-horizon metric appropriately. The AdS/CFT correspondence requires
that we zoom in on the D3-branes, r — 0, while taking o/ — 0 in such a way that r/a/
remains fixed. We define a new coordinate v = r/R?, such that

2 2

R—dr + Rznuvdl‘ dx¥ R2<d + v U“ydl‘udl‘ > (4.2)

and we write Gy = R2Gyn. After changing variables from 7 to v, gu is the metric
on AdS; x S° with unit radius. Now we replace G in favor of G. One has \/—_gFabF“b =
R* V—9FuF b for instance, where on the right the indices are understood to be raised with
the metric g*. Then the relevant terms from the DBI action are

bos.
SDBI

8 4

/=7 tr{ F, F® + G”D <I>D“<I>} (4.3)

where we have used (B.H) and upr = (27)~7a/~*. The fact that all factors of o/ cancel
indicates that the D7-brane fluctuations are of finite energy in the Maldacena limit.

When the space transverse to the brane is curved, as is the case here, it is more natural
to work with fluctuation scalars whose index is valued in the tangent space of the normal
bundle. Using the explicit form of the transverse metric and vielbeins, one finds

G0, '0°®) = 26,20, (7 Z<I>Z)8“(E <I>Z)
= 2.z (aacbéaacbé — 00, (P2P2) + cIﬁcI)é) . (4.4)
When plugged back into the action, the second term can be integrated by parts. Observe

that 9,(vy/—g) = 0,(v*\/gss) = 2y/—g. Hence this term will add to the third term.
Defining ® = ®2, and so ®* = ®Z, we obtain

bos.
SDBI

84

5\/_tr{ fanf + a<1>a“<1>* |<I>|2—|—mt} (4.5)

where fgp is the O(A) part of F,;. In exchange for putting the kinetic term in standard
form, we pick up a mass term for ®. This will turn out be crucial for obtaining integer
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conformal dimensions from the AdSs3/C FT; mass-dimension relations. Once we canonically
normalize according to

93/2..2
Vv Ne

the interaction terms are down by 1/4/N. or 1/N,.
The expansion of the bosonic WZ action to lowest order in o' also contains couplings

(Aay (I)) = (A:z’ (I)/)’ (4'6)

of all three types: closed-closed, open-closed, and open-open string couplings. We will not
write out the full expression. Fortunately, there is only one term of the last type. It is
given by

9 \2 _
8% > —pr = ) / Gs Aws(A), (4.7)

where dwz(A) = tr(F?), and we evaluate the five-form field strength on its background
value (B.3), with all five legs taken along S5. Plugging this result in and replacing A with
the canonically normalized gauge field brings us to the simple result

0S 1
Sbos o —2/635 A <A’/\dA’+O <m>> (4.8)

The fermionic Dp-brane actions in general bosonic supergravity backgrounds have been

worked out very explicitly to quadratic order in fermions in [R5]. They restricted attention
to the Abelian case, but to quadratic order in fluctuations, which is all we will need, one can
trivially generalize to the non-Abelian case by adding a trace. Let us denote the fermion
as W. It is a sixteen component spinor, but satisfies a Weyl constraint. We take it to be
left-handed: Lg) ¥ = W. Then, after some work, one reduces the general formulae of B
to the following action, quadratic in fluctuations:

N, o 1/ 0w
Sferm. _ @/d%\/—_gtr\lf (Z’y va + 5 (ZW(H—’YM)>L(8)\II . (49)

The details of this calculation are presented in appendix B The factor out front is the
same as we obtained for the bosonic action; this is required by supersymmetry, as we also
discuss in the appendix. V, is the covariant derivative on AdSs x S° with unit radius, and
the v* are SO(1,7) gamma matrices. The origin of the mass-like term is the coupling of
the fermion to the background five-form field strength.

For the purpose of determining the spectrum of open string modes, the trace in all of
these formulae may simply be replaced by a sum over an index valued in the adjoint of the
7-brane gauge group. Hence, in the case of SO(8) for instance, there are 8 - 7/2 copies of
each field. This index will always be suppressed in the following.

4.2 K-K reduction on S°

We now expand the scalar, gauge field, and fermion in complete sets of appropriate spherical
harmonics on S°, and determine the resulting spectrum on AdSs. We begin with the scalar.
Dropping the primes from the normalization in the last section, the quadratic action is

S[®] = —/d%\/—_g@aa@a%* + g|q>|2>, (4.10)
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leading to the equation of motion
V0P —-30 =0 . (4.11)
Now expand ® in a complete set of scalar spherical harmonics on S°:

P = Zqﬁh ™y (9e). (4.12)

We follow the notation and conventions of 7. Iy = {k,l;,m;} with k > 0, and these
harmonics satisfy AgsY 't = —k(k + 4)Y1. The equation of motion for each mode on
AdSs3 is then

<vmam — (K% + 4k + 3)> ot =0, k>0. (4.13)

This is the equation for a scalar on AdS3 with mass squared m? = k? + 4k + 3.
Next we consider the gauge field, with quadratic action

S[A] = _/ng,/—_g%fabfab _ 2/655 ANANIA (4.14)

Decompose the gauge field into AdS3 and S® components, A% = (A™, A%). Then
fabfab = fmnfmn + faﬁfaﬁ + 2fmafma » and (4'15)
Tmaf™ = OmALO0"AY + 0y A 0% A™ — 20, A 0™ A . (4.16)

We make the gauge choice V,A% = 0. Then the last term in f,,o f™% vanishes after
integration by parts. Noting that the Chern-Simons term only involves A,,, the action
separates as

S[A] = /d8§\/_< T f™ 4 = a A aaAm> /655 ANANdA+
-/ d8£¢——g(§amAaamAa + phoaf?). (4.17)

Let us deal with the S° gauge field first. Given our gauge choice, the equation of
motion is

Vmnd™A” + Maxgs A* = 0, (4.18)

where Max A% = (V7V750‘5 — Raﬁ)Aﬁ . We expand A% in vector spherical harmonics,
A, = Zafs VY55 (0 (4.19)

which have the properties VY5 = 0 and

MaxYs = —(k+1)(k+3)Y,  for  k>1. (4.20)
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Thus we get another tower of massive scalars on AdSs obeying the equations
(vmam — (k4 1)(k + 3)>a15 =0, k>1. (4.21)

Now consider the AdSs gauge field. In this case we expand in spherical harmonics at
the level of the action. Let

Am =) ali(x)Y"(6) = fon = Y (4.22)
I

I
Using orthonormality of the harmonics, we do the integral over the five-sphere and are left
with
1 1
S=- Z / d%:%(zfﬁnfhmn + §mia{,}bahm + 2em”paf,§8na£1>, (4.23)
I

where m%l = k(k 4 4), for k > 0, and "'V = (—gag5)~"/2. This is an example of a 3-
dimensional Proca-Chern-Simons theory [B§-B0]. The second term is a standard Proca
mass term for the gauge field and the last term is a “topological mass” term. The propa-

gator for the photon of this theory has two different poles, both physical. If we denote the
coefficient in front of the Chern-Simons term by x/2, so that in our case k = 4, then these

poles are located at
1
me = 3 (,/m2 +4m? + ]/1\) . (4.24)

Thus we find

ki k>0, (4.25)

me = ( 16+4k:(l<:+4)i4)={ Lo k2

2
At each of these poles there is only one physical degree of freedom; the polarization vector
has one free component. In terms of the asymptotic Minkowski boundary, the excitations
are left- or right-moving. Let a/jf denote the boundary components of the modes correspond-

ing to m+. Then, converting the results of [B({] to Minkowski signature AdSs, one finds

+ 0lr

o= Fel ok where ¢

a = 1. It follows that a:[ is right-moving, while a, is left-moving.

Finally, let us consider the D7-brane fermion action, given by
SU] = [ d¥¢\/—gtr¥(in2V l( ol _ M)
= gtr vy a+2 17y vy L(g)\I’, (426)

after canonically normalizing. We decompose the SO(1,7) gamma matrices according to
SO(1,7) — SO(1,2) x SO(5) via the following;:

A=l @ T ® 1y, m=0,1,v, (4.27)
’Yea:—0'2®]l2®pay a:1775, (428)

where
{rm rmy =ommn . {p% pl} =698 (4.29)
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We will take 72 = io?, 71 = ¢!, and 7¢ = ¢3. Further, we choose p> = —pL- .- p2, so that

[1p% = —1. With these conventions the SO(1,7) “y>” is given by

~13 0
7:@'1_[7“:2'0102@]12@14:( 0818). (4.30)

Therefore we write

Ligy¥ = (2}) , (4.31)

where v is an eight-component complex spinor. In this basis we also find

L 0lv 01,,,95) . 1. 1 2 . 0:lg
2(@7 7o) =glic o) els= | - (4.32)

Lastly,

'V, = il TV, @1y —ic? @1y ® P*Va
< 0 Z'Wx®]14—]l2®779)

4.33
iV, @1+ 1@ Yy 0 (4.33)

where we are using the shorthand ¥, = 7"V,, and Yy = p®V,. Thus the equation of

]

motion that follows from the action ({.24) is

(Ve @ 1s =12 ®@ Vg +ilg)yy =0 . (4.34)

We expand 1 in a complete set of spinor spherical harmonics,

P =Y Nr(z) e e (9), (4.35)
Iy,
with I, = (£,k), k > 0, and satisying
5
VOt =m0t with  mgy = Fi (k: + 5) . (4.36)

Note that ©F* can be expressed in terms of the k** scalar spherical harmonic and the
Killing spinor n* on S°. The Killing spinors satisfy V,nT 4+ % pan™ = 0, and are related by
conjugation. Plugging this expansion into the equation of motion, we obtain the following
set of Dirac equations on AdSs3:

5
(Y, + mIL)AIL =0, with M )y = [i <I<: + §> + 1} , k>0. (4.37)
The sign of the mass in this equation has important consequences for the asymptotic be-

havior of the spinor B, BJ. One can decompose the spinor according to A = A + Ag,
where Az g are eigenvectors of 7%: 7A;, = A and 7°Ag = —Ag. On the two-dimensional
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Mode mass (squared) | SU(4) Dynkin labels
a? k>0 |k (
AT k>0 | —(k+3/2) (
dF k>0 | k2+4k+3 (0, k,0)
(
(
(

a® k>1 | k2 +4k+3
ATH k>0 (k+7/2)
d® k>0 | (k+4)

Table 3: The spectrum of D7-brane open string modes on AdSs3. The ¢ are modes of the complex
transverse fluctuation scalar, the a+ are modes of the AdS3 gauge field, the a come from the S°
gauge field, and the A from the D7-brane fermion. We give the mass-squared in the case of bosons
and the mass in the case of fermions. Note that there are dimG s copies of each field on a given set
of coincident 7-branes, where G is the corresponding gauge group.

boundary 7% has the interpretation of the chirality operator. In order for X\ to scale appro-
priately to some boundary data A, in accordance with the AdS/CFT prescription, one
of the Ao, g must be set to zero. The sign of the mass determines which one. For m > 0
the boundary data is right-handed, while for m < 0 it is left-handed. In summary, we have
the following towers of fermionic modes:

(+.k) -~ _ 79
)\f k)’ Mk =220 . (4.38)
)\L_7 ,m_7k == _%,_%7...

As we go to the boundary, each of these becomes a complex Weyl fermion of the indicated
chirality.

This completes the K-K reduction of the D7-brane open string modes. The results are
summarized in table . Additionally we give the SU(4) representation in which each mode
transforms. These can be obtained by transcribing the appropriate SO(6) representations
which, in turn, are discussed in [BJ]. For example, the k" scalar spherical harmonic
transforms in the symmetric product of £ SO(6) vectors. A vector of SO(6) corresponds to
an antisymmetric product of two fundamentals in SU(4); the Dynkin label would be (0, 1, 0).
Thus the k" scalar spherical harmonic transforms in the (0, k, 0) of SU(4). The k = 1 vector
spherical harmonic transforms in the antisymmetric product of two SO(6) vectors. This
corresponds to (1,0,1) in SU(4). The k** vector spherical harmonic transforms in the
(1,k —1,1). The Killing spinors n* transform in the fundamental and anti-fundamental of
SU(4). Hence the ©%F transform in the (1,%,0) and (0, k, 1).

4.3 The defect operators and the matching

The open string modes discussed above should be dual to defect operators localized on
the D3/D7 intersection in the field theory. These operators must include the defect 3-7
fermion, qr, and may include D3-brane fields as well, evaluated on the intersection.

In the usual correspondence, gauge invariance dictates that operators must be products
of traces of adjoint valued fields. The trace is the only SU(N,) invariant when one has only
adjoint valued fields to work with. The ¢z, on the other hand, are in the fundamental

— 15 —



of O(N.). This gives us a second type of invariant to work with: qch“T“qL. Here %

is any adjoint valued field (or product of fields), and 7% are the generators of O(V,) in
the fundamental representation. In the usual correspondence, the 't Hooft large N, limit
of correlation functions tells one that multiple trace operators are suppressed by powers
of 1/N, from single trace operators. Similarly, the 't Hooft analysis of the case with
fundamental fields allows one to conclude that multiple g-contractions are suppressed by
powers of 1/4/N, from single ones.

In the case of coincident 7-branes, the corresponding gauge group, Gy, becomes a
global symmetry group of the field theory in the limit we are considering. ¢y is in the
fundamental of G y. Thus, the type of operators discussed above can also carry an index in
the adjoint of G, 04 = qET“Acp“qL, where now T4 are generators of O(N.) x Gy. The
same index is carried by the open string supergravity modes on the coincident 7-branes.
They match in the obvious way and will henceforth be suppressed.

Supergravity modes should correspond to primaries of the supersymmetry algebra.
The multiplets are filled out by acting on a lowest weight operator with the preserved su-
percharges. In direct analogy with the standard correspondence, we claim the the complete
set of defect (single g-contraction) lowest weight operators is

O = gt pmth o ptdg, . n=0,1,2,... . (4.39)

Here [ is an index in the 6 of SU(4) and M7 are the D3-brane scalars, related to the M%
appearing in the effective action (R.H) through SU(4) Clebsch-Gordan coefficients for 4 x
4 — 6. The curly brackets indicate the totally traceless symmetric product. If we had su-
perconformal symmetry, these would be (defect) chiral primary operators, in analogy with
the operators considered in [[ff]. Under the preserved subalgebra of ordinary supersymmetry,
the multiplets built on O™ by acting with supercharges simply become long multiplets.

Now we need to determine all of the combinations of preserved supercharges that can
act on O™ without annihilating it or producing a descendant. The g7, are singlets under
the preserved supersymmetry, so the supercharges act only on the D3-brane fields. Thus
the situation is very similar to the standard AdS5-N = 4 SYM correspondence, except that
we only have half of the sixteen N' = 4 supercharges to work with. As was pointed out
in [[l0], the supercharges that leave the 3-7 string action (R.§) invariant are Qaj, Q;, in the
standard d = 4 Wess and Bagger notation. Their anti-commutator is {Q2;, Q’;} = 2P_5§“,
the right-moving momentum along the intersection. Since the preserved @ all have the
same value of the SO(1,3) Weyl index, from the N' = 4 point of view, one can only
consider products of Q’s symmetrized on this index. This is the principle restriction. In
the following we simply denote Q2; = @; and Qé = Q.

The operator O™ clearly transforms in the (0,n,0) of SU(4). Acting with one super-
charge we can have QjO(") or QT7O™ transforming in the (1,n — 1,0) and (0,n — 1,1)
respectively. Acting with two supercharges, there are three possibilities. @Q;Q; O™ gives a
complex field in the (0,n—1,0) and Q'QOM its conjugate. On the other hand Q; Q7O
gives a real field in the (1,7 —2,1). Acting with three supercharges gives two possibilities.
Q:QQ™O™ is in the (1,n — 2,0), and QTinQkO(”) is in the (0,n —2,1). A product of
three @)’s or their conjugates must annihilate the operator. Finally, with four supercharges
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Operator (A, AR) SU(4) Dynkin labels
o) (1+n/2,1n/2) (0,n,0)
n>1

Q:0M (1+n/2,1/24+n/2) | (1,n —1,0)
QoM (1+n/2,1/24+n/2) | (0,n—1,1)
QiQ;0™ . QTQIIOM [ (14+n/2,1+n/2) | (0,n—1,0)
n > 2

Q:Q oM (1+n/2,1+n/2) | (1,n—21)
Q:QVQ™OM), (1+n/2,3/2+n/2) | (1,n—2,0)
Q1Q;Q,0M, (1+n/2,3/2+n/2) | (0,n— 2, 1)
Q:Q,;Q™Q" o™ (1+n/2,2+n/2) | (0,n—2,0)

Table 4: Defect primary multiplets.

there is one possibility: Q,-QjQTkQ“(’)(
n = 0,1 multiplets are short.

) is in the (0,7 — 2,0) of SU(4)g. Note that the

In table | we summarize these results. We also give the (classical) left and right
weights of the operators, from the 1 4 1-dimensional point of view. Note that gy, qTL each
have weight (A, Agr) = (1/2,0), while each supercharge comes with weight (0,1/2). The
1 + 3-dimensional bulk scalars are nonchiral and have total weight 1; thus they contribute
(1/2,1/2) each. Since these are long multiplets of the preserved supersymmetry algebra,
there is no algebraic argument that protects the classical operator dimensions A = Ap+Ag
from being corrected as we go to strong 't Hooft coupling. Nevertheless, the following
correspondence suggests that the dimensions are not renormalized. Let us first present the
map and then return to this point.

After staring at tables B, [| for a little while one can conjecture the mode-operator map
presented in table [J. The SU(4) quantum numbers match. Furthermore the SO(1,1) spin
eigenvalues, given by Ay — Ap in the operator case, are consistent. Recall that a_ corre-
sponds to a left-moving mode on the Minkowski boundary of AdSj3, while a, corresponds
to a right-moving mode. Also, /\(L_’k) is a left-handed complex Weyl spinor on the bound-
ary, as is its conjugate, X(LJr’k). (Recall here that the £ indicates the SU(4) representation
— fundamental or antifundamental). Similarly, Ag, Ar are right-handed on the boundary.

The most important “check” is the relation between the masses of the modes and the
dimensions of the operators, A = Ay + Ag. The mass-dimension relations for AdSg;q
scalars, spinors, and vectors are the following:

scalars: A= % (d +Vd?+ 4m2> , (4.40)
spinors: A= %(d +2/m|), (4.41)
vectors: A = % <d ++/(d—2)%+ 4m2) . (4.42)

Setting d = 2 and plugging the masses of table [] into the appropriate formulae, we indeed
find the dimensions of the proposed dual operators in all cases. This is no check for us, but
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Operator SUGRA mode
n=0|00=glq a*="
n=1100 = qTLMIqL a(_k:l)
QiO(1)7 QTio(l) S\(L+’k:0)7 )\(L—,k:())
Q:Q;0W QoW p*=0) "5+ (F=0)
n>2| 00 D
Q0™ QoM 5\(L+Jc=n—1)7 )\(L—,kzn—l)
QinO(n)7 QTiQTj@(l) ¢(k=n—1)7 ¢*(k:n_1)
Q:Q O™ G(F=n—T)
QiQUQTk@(n), QTinQkO(n) /\g-,k=n—2)7 /—\S‘%—,k:n—2)
QiQ,;Q™ Qo™ =

Table 5: The defect mode-operator map.

rather a prediction of the correspondence. The operator dimensions in these formulae are to
be evaluated at strong ’t Hooft coupling, so this result implies that the classical dimensions
do not receive any corrections. This is surprising because, as we have emphasized, the
system does not possess superconformal symmetry and the defect operators are in ordinary
long multiplets of the supersymmetry algebra.

As discussed in [[]], there is a probe “limit” where g3 = 0 and all 7-branes are taken
coincident. Then superconformal symmetry is present, with supergroup SU(1,1|4). In such
a system, the defect operators discussed above are in short multiplets of the symmetry
algebra and their dimensions are protected. However, this configuration is not in the
moduli space of F-theory solutions that we are considering. Even in the orientifold limit
of the system we study, the separation of the four D7/O7-planes and the compactness of
the transverse space break conformal symmetry. And certainly in the more general curved
case, there is no clear reason to expect the operator dimensions to be protected. It would
be quite interesting to investigate this issue further from the field theory side, but we leave
this for future work.

5. Localized R-symmetry anomaly from the chiral D3-brane zero-modes

In the previous section we presented evidence from the defect sector for the proposed
gauge/gravity duality. In the analysis of other AdS/dCFT systems, where the defect
branes are treated as probes, the bulk sector of the correspondence is simply equivalent to
the standard AdS/CFT correspondence. This is not the case here. After reduction on the
five-sphere, the bulk five-dimensional geometry is not AdSs, or even asymptotically AdSs.
Correspondingly, the boundary of that space, on which the dual field theory lives, is not
simply four-dimensional Minkowski space.

One of the most interesting consequences of having the field theory defined on the
curved background R x 32, is the presence of chiral zero-modes in the case of compact
Y2, These are zero-modes of the D3-brane fermion that localize to the intersection of the
D3-branes with the 7-branes. They are the fi and ﬁé of table . In contrast to the 3-7
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fermion qr,, these modes transform under the SO(6) ~ SU(4) R-symmetry group. The i is
an index in the 4. Since there is an unequal number of left- and right-handed modes — the
¢! transform in the antisymmetric tensor of O(N,) while the f}'z transform in the symmetric
tensor — there will be a global anomaly in the R-symmetry current that localizes to the
D3/D7-O7 intersection. From the perspective of the two-dimensional field theory, these
zero-modes will produce an SU(4) current algebra at level N.. If the proposed duality is
correct, we must be able to see the manifestation of this anomaly on the supergravity side.

In the standard N’ = 4 SYM there is also an R-symmetry anomaly. The AdS5 gauge
field of NV = 8 gauged supergravity is dual to the R-symmetry current. The global anomaly
in the field theory is reproduced in the supergravity by the nonzero gauge variation of
a five-dimensional Chern-Simons term that localizes to the boundary of AdSs [}. The
D3/D7-O7 intersection should be identified with the asymptotic boundary of the 7-branes
in the near-horizon geometry. What we need is a three-dimensional Chern-Simons term on
the AdSs3 of the 7-brane worldvolume. Specifically, we would like to generate the required
term according the mechanism discussed in [B4, BJ], where the holographic interpretation
of anomalies in the AdSs/CFT» context was well understood.

Let us now briefly review the essentials of this mechanism for the case of AdS3 x S°.
From the higher dimensional perspective, the SO(6) supergravity gauge field comes from
a nontrivial connection on the five-sphere. Let 3 () be such that

sryy'y’ =1, Srydy’dy’ = dQ3 . (5.1)

Introduce one-forms on the AdSs base AY = A /dz™, A" = —A7! and consider the

coordinate transformation of the metric
2
dsyas, + A3 - ds?ys, + (dy' — A y")" . (5.2)

One can show that A’/ plays the role of a spin connection. Then, with this metric,
the gravitational Chern-Simons term on AdS3 produces the gauge Chern-Simons term in
addition to the usual piece. Specifically, a term of the form

k

Sc.s. = -
A1 ) ads,

w3 (A), with w3(A) = try <AdA + §A3> , (5.3)
will produce an anomaly matching that of the chiral zero-modes provided that we identify
k with the level of the current algebra, N.. Thus our task is to produce the gravitational
Chern-Simons term on AdSs, with coefficient N, /47, from the supergravity action for the
system.

There are two different places we might find such a term. The AdSs; Chern-Simons term
comes from the dimensional reduction of IIB supergravity around the AdSs x S® solution.
It could be that in order to obtain the required term we must expand IIB supergravity in
fluctuations around the solution of section [, and then dimensionally reduce on both the
5% and compact 2. This could perhaps be done. Fortunately there is another place where
we can find such a term, and the analysis is far simpler. There are bulk Chern-Simons
couplings in the 7-brane WZ action.
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Consider the WZ action for one set of 4D7 4+ O7’s. There is a term in the action,
surviving the o/ — 0 low energy limit, given by [B6-[t]

Supr+ Sor > — / G5 (mory (DD + oy (7)) (5.4)
>

We are using standard anomaly descent notation, and we work in units where 4720’ = 1,
so that up7 = 2w, por = —4upy, and

Y (D7) = ch(F) A %, (5.5)
Y (07) = M (5.6)
L(Rns/4) '

Note, however, that we do not put the factor of 1/2 out in front of (5.4), as in [B7] and [[],
for instance. This factor of 1/2 is appropriate for the anomaly inflow analysis because
one deals there with a manifestly electric/magnetic symmetric action. Here, on the other
hand, we only consider Cy,Cy,Cy to be the independent R-R forms, with Cg,Cg being

obtained via Poincare duality. The term in Y(D?):())O)

depending on the D7-brane gauge
field produced the important “topological mass” term in our analysis of the defect spectrum
in section [. Here we focus on the gravitational terms; then ch(F') simply gives® a factor
of four from tracing the identity in the flavor gauge group. Using

1

AR) = 1= i (B) + -+ (5.7)
A 1
L(R/4) =1+ Epl(R) 4+, (5.8)
we have
1 1 (0)
Sap7 + So7r D —87T/Gs A <—3—2p1(RT28) + ﬁpl(RN28)> . (5.9)
3

Now let us evaluate this term in the supergravity background of section B, but with
the SO(6) gauge field turned on (F.3). We’'ll want to use G5 to integrate over S°, so all
three legs of pl(R)éo should be taken along AdSs5. In this case we can ignore the normal

bundle terms since the pullback of them to the brane will induce couplings to the D7-brane

scalar. Restricting py (RTz):(),O) to terms that involve only legs along AdS3, one finds

_ ! (W3(Raas) + @3(A)). (5.10)

1
p1(Rrs)Y = ——tr(R%)) 32
AdS n

2
AdS 8

The @3(Raqs) term will contribute to the gravitational anomaly, but we aren’t interested
in this now. Note that the trace in @w3(.A) is being taken in the vector of SO(6) (which is
why we are using the tilde):

@3(A) = trg <A ANdA + §A3> : (5.11)

30r a factor of eight if we are in the orientifold limit, since then the gauge group is SO(8). However in

that case, we use the Type I charge u(DI)7 = %ug?. The net factor is the same in either case.
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We will want to convert this to a trace in the 4. For an SO(6) bundle over a base, one
has the relation

chaS(N) = pi(N) (5.12)

between the second Chern class of the spinor bundle and the first Pontrjagin class. This
implies that

trygs(R?) = tr(R?), (5.13)

where R is the curvature of the bundle. (Recall that we are identifying A with the spin
connection, w, on the bundle). Furthermore, for SU(4) one has

trapa(R?) = 2tra(R?). (5.14)

Putting all of this together we find that

(0) 1 2=t
pl(RTE)g s D) ) 2try <./4/\ dA + 3./4 > =12 CU3(.A), (5.15)
and thus
1
Sap7+ So7r D T2 Gs Nws(A). (5.16)

4 4r? Jaqs,xs5

We should also worry about how G5 depends on the background gauge field. This is
discussed in [Bg], for example. One must take

Gs = Qm(es — x5) + self-dual (5.17)

where e is the global angular form on the sphere bundle, satisfying || g5 €5 = 1 along every
fiber, and 7 = wvolgs. dxs = xe is the Euler class of the sphere bundle. The subtraction
of x5 is required for closure, dGs = 0, (away from the source). Now, x5 has a nontrivial
gauge variation, dxs = dyx4, but both x5 and x4 would have all legs along the base AdS3
and in fact must simply vanish. Thus G5 will not contribute to the gauge variation and
we may simply take

N
Gs = (1 —#)16ma” Neegs  — (1 — %) —€gs, (5.18)
T

where €gs is the volume form on the unit five-sphere. Here we have converted the standard
result for the 5-form charge to units where 4720/ = 1.

Plugging (p.1§) into (5.16) we obtain

1 N,
Sap7 + Sor D T —3/ €gs Aws(A)
T T JAdS;xS5
N,
= — w3(A). 5.19
o [ o (5.19)
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Now recall that this is the result for one set of 4D7 4+ O7’s. Multiplying by 4 for four sets
and comparing with (f.3), we find

k=—N.. (5.20)

The negative simply indicates that the number of right-handed minus left-handed Weyl
fermions transforming in the 4 of SO(6) is N.. This is indeed what we found in the field
theory. We feel that this result gives more support to the proposed duality. However,
strictly speaking, it only shows that if the duality is correct, then there should be no such
AdS3 Chern-Simons term resulting from the dimensional reduction of the IIB supergravity
action on X2 x S°.

6. Discussion and open questions

In this paper we have presented evidence for the AdS/dCFT conjecture involving D3-
branes and 7-branes intersecting transversely in 1 + 1-dimensions. The correspondence for
this particular intersection is special for two reasons. Firstly, the localized modes on the
defect in the field theory are chiral. To our knowledge, defect mode-operator maps for
chiral intersections have not been explicitly worked out before. In section [] we performed
the complete K-K reduction of D7-brane open string modes propagating on an AdSs x S°
slice of the near-horizon geometry of the D3-branes. We then enumerated a class of defect
operators from the field theory that fit into primary multiplets of the supersymmetry alge-
bra, and exhibited a mode-operator map. Using the AdS3/C FT; mass-dimension relations,
we found that the proposed correspondence implies a non-renormalization theorem for the
operators. This is quite interesting because, unlike other AdS/dCFT systems previously
studied, superconformal symmetry is completely broken here and there is no algebraic
argument protecting operator dimensions.

The second reason this system is special is that the 7-branes can not be treated as
probes — on either side of the correspondence. On the field theory side, the low energy
theory on the D3-branes had to be considered in the supergravity background of the 7-
branes. This led to interesting consequences such as zero-modes of D3-brane fields that
localize to the intersection. On the supergravity side, we considered the fully backreacted
geometry produced by the D3- and 7-branes, AdS3 x,, X2 x S°. The chiral zero-modes
cause a global anomaly in the SU(4) R-symmetry current that localizes to the intersection
in the field theory. In section [l we found the supergravity dual signature of this — a term
in the effective action involving the SO(6) gauge field, whose gauge variation localized to
the AdS3 boundary.

The correspondences between defect modes and operators worked out here and in [f,
are fascinating because they include a sector relating operators at the brane intersection
to modes of the DBI action in a curved background. This sector thus involves an open
string-open string duality and might be more amenable to an explicit proof of the duality.

As we discussed in [L], this system of D3- and 7-branes is T-dual to N, Dl-strings
in Type I on T2. As in the D3- and 7-brane picture, this theory is not conformal. In the
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IR the coupling constant becomes strong and there is conjectured to be a superconformal
fixed point corresponding to the Heterotic matrix string theory [12—[5].

Going to the IR of the field theory corresponds to probing the interior of the supergrav-
ity solution. Thus one might have hoped that by zooming in on the intersection region of
the supergravity solution (B.]), one would find a conformal enhancement of supersymmetry
and a holographic dual description of the heterotic string. We have shown, however, that
the supergravity solution does not have any such enhancement. This apparent contradic-
tion is resolved by computing the following curvature invariant:

4
1
RynpoRMNPC = 16)\_46_2“(82(95@2% + 16)\_26_“(8282a)r—2 +0(%).  (6.1)

Thus we see that near the intersection, where d,a is large and r — 0, the curvature is
blowing up. Thus, as with other supergravity descriptions of the heterotic string [E§—[E9],
o’ corrections will need to be taken into account and the geometry will be modified. One
might expect the modifications to produce an asymptotic AdS3 factor which would be dual
to the IR conformal fixed point that is expected to exist for the field theory. It would be
interesting to explore this further.

Finally, our results suggest that that there should be a non-renormalization theorem
given the exact matching we find between weak and strong coupling in spite of the lack of
conformal invariance. This also deserves further investigation.
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A. Supersymmetries of the supergravity background

In this section we construct the supersymmetries preserved by the global geometry pre-
sented in section [ We show that there is no enhancement of supersymmetry as one goes
to the near-horizon region of the D3-branes.

We require that the supersymmetry variations of the dilatino and gravitino? vanish in
the background,

Moy T . %
5)\ = —Zmlg € = 0, (Al)

%)+_ (T G®)Tye=0, (A.2)

0pm = (VM B 4480

4The extra factor of 1 /4 in front of the G® term may appear nonstandard. We follow the conventions
of @] for the normalization of the R-R form, which differs from the original work of Schwarz [ﬂ] by a
factor of four. The difference can be seen by comparing the IIB Einstein equation that results from varying
the pseudo-action of [E] to the Einsein equation in [@] The conventions we chose were fixed by our
normalization of the charge in the five-form flux (@), which is standard in AdS/CFT.
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and look for solutions to these equations for the SUSY parameter €. This spinor is complex
Weyl, given by € = €1 + i€ where € 2 are Majorana-Weyl. Since the IIB supercharges are
right-handed in our conventions, € will be left-handed — this is so that €@ is a Lorentz
scalar. It follows that the gravitino, ¥, is left-handed, while the dilatino, A, is right-
handed. The covariant derivative in the gravitino variation may be written as V; — %Q M,
with @ the U(1) connection as in (2.7). The sign of the U(1) charge of € is also dependent
on the chirality choice for the IIB supercharges. B is the d = 10 charge conjugation matrix,
satisfying BTMB* = (I'M)*, BB* = 1.

A.1 Spin connection, gamma matrices, and ansatz for e

Spacetime coordinates are zM = (xH, z, Z,7,6%); we will sometimes use z™ = (z*,r) for the
AdS3 coordinates. Corresponding tangent space directions are underlined. The nonzero

components of the vielbein associated with the metric (B.1]) are

eﬁy — f_1/45§, egz — 625 — )\ea/2f—1/4’

L = fL/4 egﬁ _ rf1/4e(“"“)gﬁ . (A.3)

Note that we take the flat metric in the z, Z directions to be 1,, = 7zz = 0 and 1,z = 7z, =
1/2. We find the nonzero components of the spin connection to be

R* R* R*
Wyr,u = rg,f—g,/ﬁzuv Wzr,z = T5f—5/46227 Wzr,z = 7~5f—5/4652’
1 1
Wzz,z = Zaza’ Wezz = ZazCh
1 it it
Wr,a = _?e(éuam ) ) Why,a = Wé?;) . (A'4)

As we take the near horizon limit,

. Rt 1
lim

1
P T R <1 Ot/ R>4>v lim = = O(r/R)" (A.5)

In particular, wg, o — 0 while Wi,y goes to the standard AdSs result.
We take the following basis for the SO(1,9) gamma matrices:

M=l ®l,® ™ 1y, (m=0,1,7), (A.6)
M=o el ®l, (i=1,2), (A7)
e — 221, 1, ® p2, (a=1,...5), (A.8)

where the ¢! are Pauli matrices. The 7™ are the gamma matrices for SO(1,2), which we
will think of as the structure group of the tangent bundle of the near horizon AdSs. They
may be taken as real; for instance, 79 = io?, 7L = ¢!, 77 = 3. The o?, for i = 1,2, are
gamma matrices for the SO(2) structure group of 7%2, and the p® are gamma matrices for
the SO(5) structure group of T'S®. They can not be taken purely real or purely imaginary.

We can have, say, pL, p3 real and p2, p% imaginary.
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The 10-dimensional “y°” is given by

3
_ —0° ® 1g 0
L=][r=("" A
< 0 O'3®]18>7 ( 9)

so that

1 - Ry 0
L) = 5(1 +71) = < (()2) L(2)> ® 1y, (A.10)

where L), Ry are the Weyl projectors for SO(2). Since AdS3 and S5 are maximally
symmetric spaces, the Killing spinors form a complete basis for general SO(1,2) and SO(5)
spinors. Hence we make the following ansatz for e:

0
C(r 2z
al(y, 2, %)
0

€= ® Xa @ N1 (sum over a, I). (A.11)

Here (4 are one-component Weyl spinors of SO(2), I = 1,...,4 labels the four Killing
spinors of S°, while a = [, [, labels the 2 Killing spinors of AdS3. They satisfy

1 4 i .
VimXa = ﬁTmXa, foumt)m = igpgxumt)

The two sign choices for 7 are related by charge conjugation, and “unit” refers to the unit

nr - (A.12)

5-sphere. The labeling for the AdS killing spinors comes from the following. One Killing
spinor is an eigenvector of 77 and the other is only an eigenvector in the limits » — 0 or
r — 00:

limy 0 75X = —Xiso
limr—wo TﬁXloo = Xlwo

X1 = X1 (A.13)

The spinors (¢ should only depend on r,z,% in order to respect the SO(1,1) x SO(6)
isometry.

A.2 The dilatino equation

Let us rewrite 0\ = 0 slightly. Taking the conjugate and then acting on the left with B*
gives

B(0M) BowT

T—T

=0 = TMoy7e=0. (A.14)

Using the fact that 7 = 7(2), we conclude that
1
Xazf(z)e—a/Q f(r)4rze = 0, (A.15)

where T'Z2 = I'2 4 T2, The factor in front of I'Ze does not vanish as we go near either the
D3-branes or the 7-branes (or their intersection). Hence we must strictly require that

TZe =0, (A.16)
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regardless of any sort of near-horizon limit we may consider. Given the explicit form of
the gamma matrices, one easily finds that this implies ¢*/ = 0, and thus

0
0

a . A.17

€ iI(T7Z75) ® Xa @ N1 ( )
0

This is just the usual projection for the 7-brane supergravity solution.

A.3 The gravitino equations

We will evaluate the equation for M = u,r, z, Z, a separately. First note that

000 O
4R1 4R* 1000 -1
A5 01234 56789\ __ .
-G _5!7‘5f5/4(r +T )_24OZ—T5f5/4 100 0 ®1lg. (A.18)
000 O
The M = u,r equations. We find these to be
R* R*
al vr v _
+ 8# + Wewﬂ'— — 27,57.]05/462#7-_:| Xa = O, (Alg)
I I R
(0,¢4 Y xa + 1 |0y — W%T?} N (A.20)

Using the properties 77x; = x; and x; = x;(r), one sees that the u-equation is satisfied for
Xx:- The r-dependence of Cﬂ_j can also be determined such that the r-equation is satisfied.
Asr/R — 0, Cf — 1 and E?rdrl — 0. For x;_ on the other hand, one is forced to set

loo

- I—o. However, in the near-horizon limit the equations become

[Vg,ﬁ?ds) - %T&Ads)} ((Yxa) =0 (near horizon), (A.21)

which are satisfied for both spinors by taking Cij constant.
The S® equations. We find

i R4
al (unit) iR (unit) . ¥ (unit) — A .29
& [Xa® (Va FifPa )m TXa ® e | =0 (A.22)

For x;, the second and third terms can be added to give precisely the coefficient i/2. Hence
the equation is always satisfied for Cﬂrf , due to the fact that n; is a Killing spinor. We must
set dﬁ"l = 0 for the general background. However, in the near horizon limit, the last term
vanishes while the first two become

so that this equation is also consistent with enhanced solutions.
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The M = z,Z equations. The M = z equation leads to two equations, due to the fact
that wz, ,I'2" in the covariant derivative and (T - GO, both act as off-diagonal matrices
on the column vector (0,0, ¢, O)T. We find

<8Z — i@za + i@z log 7'2) ij =0, (A.24)
R4 a r
7»5‘]('—5/4€ZZC+I(T_XQ — Xa) =0. (A25)

For the M = Z equation, both of the off-diagonal terms that produced the extra equation
above vanish when acting on €, and we just have

(82 + i@ga — iag IOg ’7'2> Cij =0. (A26)

This equation combined with the first of the z equations fixes the z,z dependence of Cij .
The solution has the form

o __TM1/4
Hirna) = an(243) (A.27)

where g(z) is the holomorphic function appearing in the metric. This z,z dependence is
the standard result for the killing spinors of the 7-brane supergravity solution.

The second z equation, on the other hand, is clearly only solved for Cﬂ_f . Furthermore,
in the near horizon limit it becomes

27‘?/\6“/2@’}(75)@ —Xa) =0 (A.28)

In all of the other equations, the constraint that dﬁ"l = 0 vanished like O(r/R)*, whereas
here it only vanishes like O(r/R). Hence, while the AdS3 and S° equations are consistent
with the enhancement of supersymmetry in the near horizon, the %2 equations are not.
We conclude that there is no enhancement.

The supersymmetries preserved in the global solution are of the form

0
) A.29
T [ TR (A2

0

where Cﬁrl is given by ([A.27) and x;,n; satisfy
(AdS) 1 _(AdS) ' , '
Vm TXI = 3rTm Xl’ V((Numt)nl _ %p((xumt)nl ] (A30)
T=Xi = Xl

This corresponds to 4 complex, or 8 real supercharges. Given the identification of 7% with
the “y°” of the 1 + 1-dimensional boundary and the isometries of S5 with an SO(6) R-
symmetry group, we conclude that e transforms in the (1/2,4)+ of SO(1,1)xSO(6) x SO(2).
This implies that the preserved supercharges, ), transform in the (—1/2,4)_, which is
consistent with our analysis of the field theory side [I(].
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B. The D7-brane fermion action

We begin with the action

. iIpr _ ~ b /Am X
S{)e;m =~ /d8£e¢\/—gtr<y(1 —Tp7)(e 1™ D,, — A)y) (B.1)
Let us review what these various quantities are, following [B§]. In this section we denote
by m,n,...and a,b, ... worldvolume/tangent space indices along the brane, and M, N, ...,
A, B, ... denote spacetime/tangent space indices in the bulk. We also use i,7,... and
i,J, ... to denote spacetime and tangent space indices transverse to the brane. We have

Yt
y = <y2> ; (B.2)

where y1,y2 are each 32-component d = 10 spinors, satisfying Majorana and Weyl con-
straints, both of the same chirality. Also,

. r4 o - r o _
FA:<0 PA>:I2®FA, r:(o_f):a?’@r, (B.3)

59

where I'4 are the d = 10 gamma matrices and T the generalized “y°.” T'py is given by

fD7 = —iO’2 &

I m
Nard TS s (B.4)

where €27 =1 and Ty, ..mg = N %(1 —T'py) is a kappa symmetry projection
operator that will remove half of the degrees of freedom. Finally, D,, and A are given by

Dn=1,0D0 45 @W,,, A=1,0A" 15 @A® (B.5)
where
pO g 1 1 rAB — B
(1,2)m = OM + 7\ wABM + 17TABM =D, (B.6)
i 1 3¢/4~(1) A et ) ABCDE \ ¢/4
~ 1 _
Al = 3¢ T 0w, (B.8)
59

The subscript (1,2) is correlated with the sign. If the operator acts on y; the top sign is
chosen, if it acts on y5 the bottom sign is chosen.

One important step has already been taken relative to the formulae presented in [@]
Their results are given in string frame and we have converted to Einstein frame®

g](\Z)N = ¢?/ 291(5[)]\,. In terms of the vielbeins and inverse vielbeins, &4 M= eb/1e(@4

using
y and

®Note, however, that the R-R forms in [@] were already in Einstein frame.
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ES)M = e_¢/4Ef4e)M. Thus, for instance, one has T®M = =¢/47@EM 459 GS)(S) =
e ¢/ 4GS)(6). The projector I'pr is unchanged; the transformation of the vielbeins in
Iy, ..mg cancels the factor coming from /—g in the denominator. Finally, it can be shown
that the spin connection gets modified: wl(:])a M= wl(f])a mt %7’1&%7 ar» Where 74 1 is defined

through

1
TAB,C = §(XA,BC + XB,CcA — XC.AB), (B.10)
with xa,Bc = —xa,cB given by
1
dp Ney = §XA,BC€B AeC . (B.11)

Now let us simplify this action. We have

1 e[ll asg

e Tt e e -
8!\/—_967”1 msfml,,,ms = Wc?ml msfal...ag = FQZ = Zr(g) s (B12)
where we've defined f‘(g) = i['%T which anticommutes with all of the I'* and squares

to one. The dilaton and axion only depend on coordinates transverse to the brane, so
'™y = I'0;¢p and I‘MGS\? = FiGZ(.l). In particular, when we compute I‘MWM, we use
['™TT,,, = —8I'%. Using the near-horizon form of ([A:1§) we find

8- 5!
GS’))BCDEFmFABCDEFm =~ (—T0L234 4 567689 (B.13)

Finally, consider the covariant derivative D,,, given in (B-§). From the expression ([A.4))
for the spin connection wap s, we see that when M is an AdS3 or S5 coordinate, so
are A, B. Hence wAB’mFAB = wab,mI‘“b. Using the definitions (B.10),(B.11]), we find

FmTAB,mFAB = 16I""0;¢. Therefore
"D, = I"™V,, + ¢, (B.14)

where V,, is the standard covariant derivative on the brane worldvolume.
Putting these results together, one obtains the following form for the Dirac operator

in (B1):

- Lmp R) o A+CT (A—C)(—il(g))

=M, (B.15)
where
m 1 -1
A = TV 4 oo (-T2 PRI ) (B.16)
1 i [
Ci = §F i@igzﬂ— 6¢G§1)(ZF(8))] . (B.l?)
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Note that A anticommutes with f(g) while C* commute with it. We would like to make a
unitary change of variables that diagonalizes M. Consider § = Uy where

1 (T —il
U=——|_.® "6, B.18
V2 (T@) il'(s) (319
One can then show that gMy = §Mg, with M = —UMU' given by
- _ ALg —Ct1+CT 0
M = 2¢~%/4 (®) ® _ B.19
¢ < 0 AR —C*1—CTg |’ (B.19)

where I:(g) = %(1+f‘(8)) and R(g) = %(1—f(8)). The hats are a reminder that these matrices
are still 32 x 32. Note that the original y; 2 were both left-handed, L10)y1,2 = y1,2, and
Majorana, y12 = C’ﬂﬂ, where C'is the d = 10 charge conjugation matrix. The new @ o
are related to the old by 71 = %f(s) (y1 — ty2) and g2 = %f(g) (y1 + ty2). It is easy to
show that the ¢ satisfy the following Weyl and Majorana conditions:

g1 = Cys

n=C% B.20
g2 = Oyt (B.20)

Laoyii2 =412,

Now let us dimensionally reduce from d = 10 to d = 8. We take the I'* to have the form
IM=1,®+% a=0,1,4,...,9, '3 =_—o?297. (B.21)

These definitions are consistent with those in the previous section. The v* are SO(1,7)
gamma matrices and ¥ =i [[*. Appropriate definitions of the charge conjugation matri-
ces in d = 10 and d = 8 exist such that C = ¢! ® ¢, and also ¢ = ¢!'. Therefore we let

1 \\
Y12 =—= ( 1’2> ; (B.22)

\/5 X1,2
where
_ _ T
LWz =Yz and P2 = 62(%’1 . (B.23)
Rigyx1,2 = X1,2 X12 = c¥s,
Plugging these expressions in we eventually find
= ATy~ T Z . —
! GMG = Ty [W + R (= 759)7] Lig Wi +
(v QN
+X2 {77 + E(WM +759) ] Rg)x2 +
+2E.7 [—az¢‘If2X2 + ied’Ggl)‘I’le} +
+2E.° [82@21\1/1 +ie?GY ;@%] . (B.24)

At this point it is clear that x; and Vs (which are charge conjugates of each other) are
non-dynamical fields. They represent the extra degrees of freedom that are supposed to be
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projected out by the k-projection operator %(1 — fD7). However, it appears that, rather

than getting projected out, they are serving as Lagrange multipliers. What is the constraint

they are imposing? From the charge conjugation relations it follows that Woys = —Wyxy
and xoWo = —x1V1. Therefore the last two terms may be written as
28,7 0.0 + iemgw] Uiy + 2B, [0:¢ — z'em(;)] 0w . (B.25)
Observe that
8,6 +ie?GL = —9,log s + — 1y = —B,7, (B.26)
T2 T2
o) _ ¢ _ g
85(25 —1e GZ = —85 log T — —857'1 = ——857', (B27)
T2 T2

where 7 = 71 4 479 is the axidilaton. But these are precisely the quantities that must
vanish in order for the supergravity background to preserve supersymmetry and satisfy the
equations of motion. Hence the k-projection simply requires that we work in a consistent
background. Then these terms are indeed removed from the action.

The terms that remain in the action are those involving only Wy, or its conjugate
x2. In fact, by setting the yo term equal to its transpose, using the charge conjugation
relations ([B.23), and carefully bringing the resulting charge conjugation matrices together,
one can show that the two terms are equivalent. The action finally boils down to

erm. . T, 2’ . —
Sé? = ZTD7/d8£e3¢/4 /—gtr <\If1[Y7 + ﬁ(_Z7M+ Vﬁ)’V]L(S)\Iﬁ)- (B.28)

Now we must rescale the metric as discussed above equation ([£.). This sends \/—g —
R8/—g and ¥ — %W, producing an overall factor of R7. In the conventions of [2],
2ma’ = 1. Therefore, TpyR* = N./(87*) is the factor we obtained in front of the bosonic
action. Hence it would appear that we have an unwanted factor of R3¢3%/4. We would like
to make the rescaling

Uy = R3/2e73/8y (B.29)

and then we would have precisely the result quoted in the text (l.9). However, we need a
good reason to do so, since e 3¢/8 diverges when evaluated on the brane, and o/ in R is
being taken to zero. For this we turn to supersymmetry.

We can obtain the supersymmetry variations of the D7-brane fields by dimensionally
reducing the d = 10 SYM relations to eight dimensions. The d = 10 variations are

- 1
8Ay = —iCT A, o\ = §FMNFMN§, (B.30)
where A,  are Majorana-Weyl. We use the gamma matrix decomposition (B.21), and write
A= (T, 07T ¢ = (& ¢°7, where ¥ and € are left-handed in d = 8, ¥¢ = ¢¥” and similarly
for £°. Here we will restrict to the U(1) case, since it will be sufficient for our purposes.

Carrying out the reduction in a curved background leads one to

0Am = _i(g'Vm‘Ij - \I’me),

SA, = ie2 £V, §A; = —ie*E0°
o = %anymng +2E PAL° . (B.31)
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We expect that the D7-brane action in the supergravity background preserves half
of these supersymmetries. It is clear, however, that these would be the variations in
string frame, where the dilaton sits out in front of all terms with equal weight. To de-
termine how SUSY acts in Einstein frame, we must Weyl-rescale the variations according
to G%‘})N = ¥/ 2R265\?N. There are factors of vielbeins explicitly, and implicitly in the
gamma matrices. Furthermore, observe that the superalgebra is schematically of the form
{Q,Q} = I'M9y,. Since TM — e=9/4RT'M | it follows that the supercharges must be
rescaled: Q) = ¢=¢/8R=1/2Q(), The supercharges appear on the left hand side of the
variations according to dp = [Q€ + QE, ¢]. After plugging these factors in, the variations
are brought back to canonical form by the field redefinitions

A = Al ) = g32e30/8 gl (B.32)

There is an overall scaling factor that is not fixed by this argument, but is fixed by the fact
that the gauge field action is already well defined in Einstein frame and leads to finite energy
fluctuations in the Maldacena limit. Hence supersymmetry requires the rescaling ([B.29).
Finite energy gauge fluctuations are mapped by SUSY to finite energy fermionic fluctua-
tions in the Einstein variable ¥(¢) = 0.
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