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We consider correlation functions in 6D (2,0) theories of two %—Bogomol’nyi-Prasad-Sommerfield (BPS)
operators inserted away from a %—BPS surface defect. In the large central-charge limit the leading connected

contribution corresponds to sums of tree-level Witten diagram in AdS; x S* in the presence of an AdS;
defect. We show that these correlators can be uniquely determined by imposing only superconformal
symmetry and consistency conditions, eschewing the details of the complicated effective Lagrangian. We
explicitly compute all such two-point functions. The result exhibits remarkable hidden simplicity.
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Introduction. Adding defects to quantum field theories
(QFTs) greatly enriches the structure of theories. Such
considerations have clear experimental motivations in
representing impurities, domain walls, and boundary
effects in real-world systems. Formally, defects can be
used to diagnose phases of theories [1] and can also be
interpreted as symmetry generators [2].

In the context of conformal field theory (CFT), intro-
ducing defects adds to the operator spectrum and one-pion
exchange (OPE) coefficients, commonly known as the CFT
data, a new infinite set of numbers which defines the defect
and its interaction with the bulk CFT. To access and extract
these new data, it is most convenient to study correlation
functions of local operators, but now in the presence of the
nonlocal defect. This puts correlation functions at the center
stage. For example, they are featured prominently in the
bootstrap approach to defect CFTs [3,4], where nontrivial
constraints on the defect CFT data are extracted from the
crossing equation (see, e.g., [5—11]). Meanwhile, it is also
very important to be able to compute correlators in a given
theory. So far most studies have focused on weak coupling,
where standard techniques such as Feynman diagrams, €
expansion, and large-N expansion apply [12-24]. In the
strong-coupling limit where AdS/CFT gives a useful
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dual description, although a number of results exist
[10,11,25-32], they are far from being systematic and
comprehensive. By contrast, for CFTs without defects
significant progress has been made in the modern analytic
bootstrap program of holographic correlators, which was
initiated in [33,34] and has state of-the-art results at six
points [35] and at two loops [36,37] (see [38] for a
recent review). It is natural to ask if the philosophy and
techniques can be adapted to boost the study of correlators
in defect CFTs.

This paper makes progress in this direction. We consider
two-point correlation functions of %—BPS operators Sy in the
6D N = (2,0) theory in the presence of a 3-BPS surface
defect V. The 6D (2,0) theory is a strongly coupled
superconformal field theory with no Lagrangian descrip-
tion. The best way to attack this theory is via AdS/CFT,
where it is dual to M theory on AdS; x S* and is
approximated by 11-dimensional supergravity at large N.
The operators S are dual to an infinite Kaluza-Klein (KK)
tower of scalar fields labeled by the KK level &k = 2,3, ...
on S*. Adding the defect amounts to introducing an M2-
brane extended along an AdS; C AdS; x S*, which hosts
localized degrees of freedom interacting with the bulk [39].
In such a setup, the two-point function of bulk operators is
the simplest nontrivial observable. The standard large N
counting gives the following expansion:

1
(Sk, Sk, V) = (Sk, Sk, ) free + N (8K, V){(SK, V)

1
+m<5klskzv>tree +O(N_3)’ (1)
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(a) (b) (c)

FIG. 1. The three types of tree-level Witten diagrams. (a) Bulk
exchange, (b) defect exchange, and (c) contact.

where we have explicitly extracted the N dependence. The
first two terms are disconnected contributions and corre-
spond to the free anti—de Sitter (AdS) propagator and the
product of one-point functions, respectively. The leading
nontrivial contribution is the connected part (Sy, St,V) e,
which corresponds to a sum of tree-level Witten diagrams
in the presence of a defect; see Fig. 1. These tree-level
correlators are the main focus of this paper. The traditional
diagrammatic approach, albeit viable in principle, requires
inputting the precise details of the AdS effective Lagrangian
which are difficult to obtain. The main result of our paper is
to show that symmetry principles render this unnecessary
and allow us to eschew all such details. We will uniquely
determine all defect two-point functions with arbitrary ky, k,
from superconformal symmetry and consistency conditions.
Moreover, we uncover remarkable simplicity by presenting
a compact expression for general correlators.

Kinematics. The operators S; have protected conformal
dimensions Ag, = 2k and transform in rank-k symmetric
traceless representations of the R-symmetry group SO(5).
To keep track of R symmetry, we contract the indices with
null polarization vectors u!:

Sp(x,u) =Sy, goult. ok, u-u=0. (2)
The defect operator V breaks OSp(8*|4) superconformal
symmetry of the original theory into [OSp(4*|2)]*. In
particular, V divides the coordinates into the parallel part
x%=12 and the transverse part x’=>+, which are, respec-
tively, acted on by the defect conformal group SO(2,2) and
the orthogonal SO(4) rotations. It also breaks the R
symmetry as SO(5) — SO(4). The embedding of SO(4) C
SO(5) can be captured by a polarization vector 6 with
6> = 1. Then the defect two-point function can be written
as [40]

(uy - 0)"1 (uy - )%

P P

(8K, S, V) =

F(z,7,0), (3)

where the z, 7 cross ratios are defined by

—2)(1-32) X%

9’

_z+z

xp, _( 1Y
z e flxs] - 2v/zz

M Z

: 4)

and the R-symmetry cross ratio is

Cwowo T w O

From the definition, it is clear that the correlator is a
polynomial in o,

ZZG

Zd”}" z,2), (6)

where k,,, = min (k{, k). In (3) we have only exploited the
bosonic part of the unbroken superconformal symmetry. The
fermionic generators impose further constraints known as
the superconformal Ward identity [30]:

(0. +9,)F (2.2. @) .=, = 0. (7)
together with its z <> Z counterpart. Equivalently, we have

=¢@), ()

which is a consequence of the chiral algebra and {(z) is the
chiral correlator [30,41,42]. The most general solution reads

F(z,2,7) ={(z),  F(z%Z.2)

F(2,2,0) = Fuo(z.2,0) + RH(z. 2, 0),  (9)

where

R (z—w)Zi-w)(z—w!

and F o is the protected part,
(z—w)(z—o™)
(z=2)(z=-77")

The function H is called the reduced correlator and it is a
polynomial in ¢ of degree k,, — 2, given explicitly by

~¢‘prot(L Z’ w) =

((2)+ (z<2). (11)

k -
m n Z Z Zn Z Zn — Z
T e Y+ Z"(Z-0)+ _(0 >.7:,,(Z,Z),
s -2)(c-2)(Z2-2)
where Z = —(1—2)?/(2z), and similarly for Z with z

replaced by z.

Bootstrap algorithm. Following AdS/CFT, the leading
large-N contribution to the connected defect two-point
functions can be computed as a finite sum of tree-level
Witten diagrams. In principle, this can be done by expand-
ing the defect-effective action in AdS to the quadratic order
and extracting the Feynman rules, as has been attempted for
the Wilson-line case [31]. However, in practice this is very
cumbersome and difficult to follow through due to
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subtleties noted in [31] for contact interactions. A more
efficient strategy is to keep the coefficients unfixed and fix
them using superconformal symmetry. Such a strategy,
originally formulated in [33,34] in the context of correlators
in CFTs without defects and termed the position space
approach, was applied to compute Wilson-line two-point
functions in [31]. Here we extend it to surface defects.
Our starting point is the following ansatz:

+ j:defect

_ rbulk
]:ansatz - f excha_nge + fcontact? (12)

exchange

with the corresponding diagrams shown in Fig. 1. The
exchange contribution is divided into a bulk part:

A
g)l:gl(mnge ZMXEMX 21: )h (G)’ (13)

and a defect part:

defect
F exchange —

~ pAys N7
=Y WES, (2. D)hg (o). (14)
y

where we sum over all possible exchanged fields X and )
with unknown coefﬁcients uy and fiy. The bulk exchange
Witten diagram E2k 2k has internal conformal dimension
Ay and Lorentz spm ¢ v and the defect-channel exchange

Witten diagram EZky %, has dimension Ay, and transverse

spin sy, and ilRy
capture the exchange of irreducible representations in the
bulk and defect channels with R-symmetry charges Ry and
Ry, respectively [43]. They can be obtained by solving
quadratic Casimir equations:

ky+ko—k k]z—k kz]—k 1 (o2
o 2F1< 2 TR

1 2
—, —k;—2k—-1;—-, 15
I

The R-symmetry polynomials hfﬁcz

hllilkz(o) =
ilk(d) = UkzFl <—k —

where k;; = k; —k;. The set of fields which can be
exchanged is finite and is constrained by a number of
conditions. First of all, R-symmetry selection rules impose
constraints on what representations can appear in the
exchanges. Looking at the spectrum of the theory, this
already ensures the finiteness of the set. Second, all
exchanges must be nonextremal. It means Ay — €y <
2ky + 2k, in the bulk channel and Ay — sy <2 min{ky,
k,} in the defect channel. This condition arises from the
vanishing of extremal couplings, which is needed to have a
finite effective Lagrangian [44]. Third, ¢y is restricted to
even spins (i.e., £y = 0, 2) because spinning bulk fields are
coupled to the components of the metric transverse to the
defect (e.g., [yas, 9/ ¢ij)- Finally, for any ki, k;, Y in fact can

only be two fields with Ay, = 2,57, = 0and Ay, = 3,5y, = 1.

TABLE 1. Spectrum of exchanged fields in bulk and defect
channels.

Bulk A ¢ R charge Defect A s R charge
Sy 2k 0 k ¢ 2 0 1
Lo 2k+2 2 k=2 pl 3 1 0

Ty 2k+4 0 k—4

This is due to the fact that the defect is an AdS; inside
AdS; x S* and there is no internal manifold to generate
infinite KK modes. The spectrum of exchanged fields is
summarized in Table L.

The ansatz also contains a contact part, which we
parametrize as

km

Contac E

n=0

Czkl 2k2 Z, Z) (16)

Here C, 4, is the zero-derivative contact Witten diagram.
Note that we have included in the ansatz all possible
R-symmetry structures. However, we do not include con-
tact Witten diagrams with more derivatives in the vertex.
Such contact Witten diagrams are more dominant than the
exchange Witten diagrams in the high-energy limit, which
is not expected [45].

The next step is to evaluate the Witten diagrams in the
ansatz. For our theory, the spectrum is such that both the bulk
and defect exchange Witten diagrams can be expressed as a
finite sum of contact Witten diagrams, and the contact
diagrams are also known explicitly [31,47]. For convenience,
we collect all these results in the Appendix. Using the explicit
expressions, we can evaluate the full ansatz forany &, k,. Itis
then straightforward to impose the superconformal Ward
identity (7) and we find that all unknown parameters in the
ansatz can be solved up to an overall constant. Since the
parameters can be interpreted as OPE coefficients and
the same coefficients appear in different correlators, by
considering two-point functions with different k;, k, we
can further reduce the overall constants to just one for
k, = k, = 2. This can be fixed in terms of central charges
as in [30]. The bootstrap algorithm then completely deter-
mines all the defect two-point functions.

Defect two-point functions. The result of the bootstrap
calculation becomes more illuminating when expressed
in terms of the Polyakov-Regge superblocks defined
in [31],

2k,0 k 2k+2.2 1 k=2 2k+4.0 1 k—4
7>k PZkl 2k2hk|k2 + akPZkl 2k2hk ky + ﬂkPZkl 2k2hk ky?

52,0 1. 3.1 7
P PZkl 2k, hl P2k1 2k2h0 (17)

Here P, P arerescaled E . E and with contact Witten diagrams
added in the bulk channel case to improve the Regge
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behavior [9,31] (see the Appendix for details). The coef-
ficients o and f; are fixed by the Ward identity (7) to be

_ (R = k) ((k+1)* = ki)
T8k —1)(2k+ 122k +3)

Pr = 4 ay_s.

Each Polyakov-Regge superblock corresponds to the con-
tribution from exchanging a particular supermultiplet. In
terms of these building blocks, the tree-level defect two-point
functions read

F = Zﬂklkzkakpk + kaDbkzD75 + ¢, cx, (1 = 20)Cop, ot
X

(18)

where the sum over k runs from k;, = |kjs| + 2 t0 ke =
ki + ky — 2 in steps of 2. Note that the contact part becomes
particularly simple. To manifest the physical meaning of the
coefficients, let us factor out in the bulk channel the bulk
three-point OPE coefficients [48,49],

i c I
klk2k3 - 7'[3/2 1 F(Zk _ 1) ’
i= i

(19)
with X = k; + k, + k5. Our bootstrap calculation gives the

defect OPE coefficients

(k)
2T(2k—1)

R PR (G (eI SR VI

- 1
k 2k 7e,

The a; were computed in [48,50] while the b;p are new
predictions. Taking k; = k, = 2 our result (18) reproduces
the special case computed in [30].

From the holographic two-point function we can also
extract the chiral algebra correlator. This is achieved by
setting @ = z. We find that the defect two-point function
reduces to the following simple meromorphic function:

kyp—1

{(z) = _bk pbi,p z Ci(22)™ (20)

where C; = (%) is the Catalan number. The chiral
algebra of the 6D (2,0) theory is conjectured to be the
Wy algebra, where S inserted on the chiral algebra plane
1s mapped to the kth generator W [30,42]. Meanwhile, the
defect is mapped to two vertex operators V(0), V(co)
inserted at zero and infinity. Then ¢{(z) is the four-point
function (V(co)W;, (z)Wy, (1) V(0)). The correlator ¢(z)
can also be computed purely in the 2D chiral CFT from the
knowledge of the OPE. One starts with a rational function
ansatz of which the singularities and their strengths are
dictated by the OPE. This ansatz can be written in the form
of (20) thanks to the z <> 1/z invariance with unfixed
coefficients. These coefficients can then be solved by

comparing the singularities with the prediction from the
OPE (see, e.g., [30,51,52]). We will not pursue this
calculation further here. However, we point out that the
ansatz can also be more efficiently fixed by requiring the
small-z expansion contains no other powers between
the leading term z and the next term zf». This is due to
the fact that only one supermultiplet of fields appears in the
defect-exchange Witten diagrams and the spectrum of
protected operators has a gap.

Mellin space. A natural language for holographic correla-
tors is Mellin space [46,53], where their analytic structure is
drastically simplified and the scattering amplitude nature
becomes manifest. The Mellin formalism can also be
extended to correlators in CFTs with boundaries and
defects [47,54], where Mellin amplitudes are interpreted
as form factors of particles scattering with an extended
object. The Mellin representation for defect two-point
functions is given by [54]

dod
F- / y2§_5 M) (5y). (21)

where we recombine the cross-ratios z, z into

(1=2)(1-3) _z+2Z
6—7& A== (22)

The dynamical information is encoded in the Mellin
amplitude M and

M =rOrG-o IIr(*57). @

is a factor included as part of the definition. In this
representation, contact Witten diagrams have constant
Mellin amplitudes and the Mellin amplitudes of exchange
diagrams have only simple poles. Their explicit expressions
can be found in [31] (also in the Appendix) and we can
obtain the Mellin amplitudes of two-point functions by
translating (18) diagram by diagram. However, it turns out
that the most compact way to express the result is to use the
reduced Mellin amplitude, defined by

Y / dédyz EO T M, )T (B7), (24)

where we extract a different Gamma factor:

2
o =G -o ITr(*57). @9

i=1

Similar to the case of four-point functions in AdSs x S’
[33,34], the protected part in (9) does not contribute to the
Mellin amplitude. Comparing the definitions (21) and (24),
we find that factor R in (10)
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R =& +2&y0 + 2%0 — 80 + 402, (26)

acts as a difference operator R in Mellin space which can be
obtained by promoting each monomial as
= M(8+m,y +m+n)
L@+ my+mtn)
Fklkz (5’ 7)

Then the full Mellin amplitude is related to the reduced
Mellin amplitude by

EnyoM(8,7)

M(8,7) = RoM. (27)
From the position space result (18), we find that the
reduced correlator can always be written as a finite sum
of contact Witten diagrams. It is then straightforward to
translate the reduced correlators into Mellin space and we
find that the reduced Mellin amplitudes admit a remarkably
simple form with only simultaneous poles

k=2 ke

M(8.7.0 . (28)
Z;;;-ﬂr 2j)
where the residues are given by
R, (0) = mi"g” bi,pbip(=1)'i(,%,)(20)"!
m=z

Discussion. In this paper, we performed a systematic
bootstrap analysis of two-point functions of —BPS oper-
ators in the 6D (2,0) theory in the presence of a surface
defect and obtained all tree-level correlators with arbitrary
KK levels. There are many interesting future research
directions. First, our result for two-point functions is
surprisingly simple, especially when written in Mellin
space. This is highly reminiscent of tree-level four-point
functions of IIB supergravity in AdSs x S°, where a similar
unexpected simplicity led to the discovery of higher-
dimensional conformal symmetries in a number of models
[55-58]. While the same symmetry is clearly ruled out by
the explicit four-point correlators [59], we nevertheless
expect that some form of higher-dimension structure should
exist in all models to organize correlators of different KK
modes. Unfortunately, no such organizing principles are
known at the moment. The simple form of the defect two-
point functions provides an ideal starting point for explor-
ing new structures. Second, the two-point functions encode
a wealth of defect CFT data. It would be interesting to
extract these data and use it to compute loop corrections by
extending the AdS unitarity method [60] to the defect case.
These loop-level correlators will allow us to probe M-theory

corrections beyond supergravity. Third, while in this paper
we have restricted our attention to a specific model, the same
strategy can be applied to compute defect two-point func-
tions in an array of other setups. Prime targets include surface
defects in 4D N' = 4 SYM and line defects in 3D Aharony-
Bergman-Jafferis-Maldacena theories, to name just a few.
From examining these models, it would be very interesting if
we could understand the general structure of these holo-
graphic defect correlators by writing down an interpolating
formula parametrized by the spacetime dimension and defect
dimension, similar to the four-point function case with no
defects [61]. Finally, we can also extend our bootstrap
program to encompass higher point-defect correlators.
Applying our techniques, a reasonable goal is to compute
three-point functions with one bulk and two defect operators
or two bulk and one defect operators which have the simplest
kinematics. A study of the relevant Witten diagrams has been
initiated in [62].
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Appendix. The contact Witten diagram in position space
is given by

oy p(w)
CA]AZ 2A1+A2F Aj+Ay+1
2

A +A,+1 -2
F1<A1,A2§ 182+ ‘—§+X ) (A1)

2 ’ 4

The exchange Witten diagrams can be expressed as
finite sums of contact Witten diagrams

A - _
1-A),_(4—A-A),_
EA,O _ (
AA, ; 4§n(1 _ l)n(l _ Az) Ay—n,Ay—n>

_i(Mz A)n 1(4 A2A|) )

~AL0 n—1
EA]AZ - Al CAI_Z"-,AZ’

n=1

EYL =20\ Ay ERY 4. (A2)

w. The spin-two diagram

where we introduced A =

A2
EAIAZ
complicated coefficients. We refrain from writing down
the explicit formula but include it in the ancillary file

accompanying the arXiv submission.

admits a similar expression but with more
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The Polyakov-Regge blocks are linear combinations of
the exchange and contact Witten diagrams [31]

Here we have chosen the normalization such that the
conformal block of the exchanged field has unit coefficient.
In Mellin space, the Witten diagrams have simple

pﬁOA =r EioA (A3) expressions. The Mellin amplitude of a contact Witten
’ > diagram is just a constant
Pﬁ}ZA = Vl’”z(Eﬁ’lez +73Cx n,)s (Ad)
ﬂF( 1+A2 2)
2 M —_—2 A6
PﬁlOA?_ = mEﬁloAz, PA 1A, _)(PAIH a1 (AS) Carmr 4r(A)T(A,) (A6)
The coefficients read For spin-0 and spin-2 exchange Witten diagrams in the bulk
A channel, we have
. A (=D (3F) (1= Aa(1 = Ay)z
1= 2\ /A 8—A-A - ’
P& - D) e g
L (A% — 1) My, = 25 A A A3 (A7)
P A+ A - A)(A + A, + A-6)(AT - A ’
7 AL(A + A, —6)?
BT1RTT 128(8-6) a2 N~ Sa T,
MAle = 25 A +A,—AF2-2n +U. (AS)
(AL, = 1D((A +4,-6)> - 1) n=0" 2
12(A-1)(A=5) ’
8T(A)T(A,) The coefficients can be determined by imposing the
ry = A AN Ay A\ Ay AN Ay LA equation of motion relation in Mellin space [31,62] and
”F( (%5 )F( 2 )F( 2 ) are given by
g TERITER ) (052), (2508,
" 16n!T(ANT(A)T(A+n—-2) ’
s C2(A-A=A)(A+A H+A,-6)
" A=A —A,+2n
S
T,= = A-5 A=2)A+ A, (A*=9A+2n?+2An—12n+20
+2(A2—6A+4)n +2(A3 —8A%+16A—4)n—2(A=5)(A—1)(A,+A,)(A+2n—4)),
al(BH522) (A +48,)2—12(A, +A,) +36
U= 2 A2, —TA(A=6)+ (A + Ay —12)(A] +Ay) +5A2, 12 P :

Note that the pole coefficients vanish for n > w

when the quantum numbers satisfy A; 4+ A, — A+
£€2Z.. The exchange Mellin amplitudes then become
rational functions. The situation for the defect exchange is
similar

par A-2n’
My (8.7) = 28085 (r = )MR®, | 4,1 (87 + 1),

[
The coefficients written in terms of Ay; = A- A; are

TN G N e O M )

8n!T(A)T(Ay)T(A + n)

V,=—

The Mellin amplitude truncates to a rational function when
AI —A+SEZZ>O or A2—8+SGZZ>O.
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