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We study universal features of defect correlation functions in supersymmetric defect CFTs, focusing on
four-point functions of the displacement supermultiplet. By perturbing the leading-order correlators at
strong coupling, we identify constraints on the operators exchanged at next-to-leading order. We then
discuss the conditions under which correlation functions of identical superdisplacement components
receive contributions only from multiparticle operators built from the same components. This leads to the
equivalence between four-point functions of defect insertions across different theories, establishing
universality. We confirm these features in examples including the 1/2 Bogomol’nyi-Prasad-Sommerfield
(BPS) line in N = 4 super-Yang-Mills, /' = 2 gauge theories and in the A" = 6 Chern—Simons—matter
theory of Aharony-Bergman—Jafferis—Maldacena (ABJM), up to the first subleading order in the strong-
coupling expansion. We then analyze the 1/2 BPS Wilson line in 3d A = 2 Chern-Simons-matter theories,
identifying the preserved defect algebra and the superdisplacement multiplet. Exploiting universality, we
find the superdisplacement four-point functions of the defect operators and we extract the conformal data
up to the first subleading order. Finally, we comment on the 1/3 BPS Wilson line in ABJM, providing

initial results for the analysis at strong coupling.
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I. INTRODUCTION AND SUMMARY

The study of conformal field theories (CFTs) in the
presence of extended defects has developed over the years
into a thriving field, providing a powerful framework for
modeling systems with applications across many areas of
physics. Defects, which may appear as dynamical extended
operators, generically break part of the symmetry of the
bulk CFT while preserving a residual conformal subgroup.
This structure defines a defect conformal field theory
(dCFT) [1,2], describing the localized degrees of freedom
on the defect and their interactions with the bulk CFT. The
discussion is further enriched when supersymmetry is
present. Superconformal defects, which preserve a portion
of the bulk supercharges, exhibit enhanced protection of
their data, such as operator dimensions and operator
product expansion (OPE) coefficients, and impose stronger
constraints on their correlators.
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One of the most notable realizations of a line defect is the
Wilson line in supersymmetric gauge theories [3—7], which
provides a powerful laboratory for probing nonperturbative
dynamics at strong coupling. In fact, when a holographic
dual is available, correlation functions of local operator
insertions along the line can be computed using Witten
diagrams [8]. A well-known example is the 1/2 BPS
Wilson line in N =4 super-Yang-Mills (SYM), where
the Bremsstrahlung function of the theory is determined by
the coefficient of the two-point functions of protected
operator insertions on the Wilson line [7,9]. Further insight
into these operators has been gained through the compu-
tation of their four-point functions [8]. In the strong
coupling regime, these correlation functions can be evalu-
ated via the AdS/CFT correspondence [10]. Here, the dual
string model corresponds to an effective field theory on
AdS,, enabling the calculation of correlation functions
using Witten diagrams [8].

However, a holographic realization of Wilson lines is not
always available, and even in cases where it is known,
computations via Witten diagrams quickly become
demanding at higher orders. To address the limitations
of standard perturbative holographic computations, which
depend on detailed knowledge of the dual theory, the
conformal bootstrap program [11,12] has been extended to
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1d dCFTs [13]. By constructing an ansatz and enforcing
constraints such as crossing symmetry, internal consis-
tency, and mild growth conditions on anomalous dimen-
sions at large scaling dimensions [14—16], one gains access
to correlation functions at strong coupling. Moreover, this
approach can be algorithmically applied to study higher-
order subleading corrections.

The 1/2 BPS Wilson line in A/ = 4 SYM was the first case
studied through an analytical bootstrap approach, carried out
up to next-to-leading order (NLO) in the strong-coupling
expansion [14]. This laid the groundwork for a more detailed
understanding of Wilson lines in this theory [17-19] and
paved the way for numerous applications to other defects,
including the 1/2 BPS Wilson line in A/ = 2 gauge theories
[20]. Then, the same framework was extended to lower-
dimensional settings, such as the 1/2 BPS Wilson line in
Aharony—Bergman—Jafferis—-Maldacena (ABJM) theory
[21] and in A = 4 Chern-Simons-matter (CSm) theories
[22], which naturally serve as lower-dimensional analogs of
the higher-dimensional examples.

In this work, we investigate universal features in four-
point functions of defect insertions and delineate the
conditions under which such universality can be identified.
By universal we mean that the expression for a four-point
function, up to the tensorial structures given by the
representations under the preserved symmetry, takes
the same form regardless of the specific theory to which
the defect operators belong.

The expectation of universal features comes from the
fact that many dCFTs have a very similar structure when
studied at strong coupling. A key role is played by
correlation functions of the displacement supermultiplet,
which contains the basic operators tied to the broken
(super)currents. Because these operators are connected to
the bulk currents through Ward identities, their scaling
dimensions are protected. In the case of line defects, the
displacement operator associated with broken transverse
translations always has A = 2.

At weak coupling, these defect operators can be directly
related to the fields in the weak-coupling Lagrangian. At
strong coupling, however, this connection is no longer
accessible, and the defect operators are characterized only
by their quantum numbers under the preserved symmetry.
This shows that, at strong coupling, the particular weak-
coupling realization of the bulk theory does not play a
central role. The dependence on the particular theory is
captured entirely by certain constants that encode infor-
mation about the bulk dynamics. One example is the
overall normalization of the two-point function of the
superdisplacement, which is related to the bremsstrahlung
function [9].

A second observation suggesting universality is that, at
leading order in strong coupling, all these defect Wilson
lines are described by a generalized free field (GFF), as a
consequence of the large N limit [23]. It then follows that

all four-point functions of operators with a given scaling
dimension take the same functional form in a GFF, up to
possible differences in tensor structures.

Thus, the interplay between protected conformal dimen-
sions, the loss of weak coupling realizations at strong
coupling, and the emergence of a GFF description naturally
leads to the universality of defect correlators at lead-
ing order.

Evidence that this general structure persists at subleading
orders comes from the study of the dual string theory
realizations of these setups. In particular, when analyzing
the bulk string description of Wilson lines via Witten
diagrams up to NLO, one finds that the structures arising
from the tree-level expansion of the Nambu-Goto action are
equivalent. This is, for example, the case for the 1/2 BPS
Wilson line in SYM and ABJM [8,21]. A concrete example
is provided by the four-point function of the orthogonal
fluctuations, which are dual to displacement insertions. In
these cases, the tree-level interactions never mix with the
elementary excitations associated with fluctuations along
the compact manifold. This shows that different theories
produce equivalent structures, i.e. equivalent four-point
functions, see Sec. V.

Motivated by this evidence, we investigate how far these
observations can be extended to more general cases. Since
holographic arguments are not always available, we focus
on the study of universal sectors purely from the dCFT
perspective, finding, interestingly, that many defect theories
exhibit universality.

A. Results

Most of our analysis relies on the observation that, when
perturbing around a given leading-order theory, the spec-
trum of operators that can be exchanged at the first
subleading order can be constrained by studying mixed
correlation functions. We briefly introduce here the line of
reasoning that is discussed completely in Sec. II B. In this
regard, we consider a CFT, toy model with two protected
operators, that we call D(¢) and O(¢), and towers of higher-
particle operators built by these fundamental words, e.g.
[DD]L=2. As we will see these will play the role of defect
operators. We are interested in studying the four-point
function of a given operator such as

(D(1)D()D)D()) = 5, 25, For(2).
12 *34

where C is an overall normalization constant and z = %
is the cross-ratio. We also assume, for later convenience,
that the function f(z) is expressed as an expansion about a

given leading-order theory by

1@ =) +efll(z) + 0,
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where f(¥)(z) represent the leading-order theory and f(!)(z)
represent a small deviation from that. In the following, we
take f(°)(z) to be that of a GFF, which thus allows us to
consider

) =309 0a2),

A

where g, (z) are the 1d conformal blocks and /120) = /lg[gm

denote the OPE coefficients associated with the exchanged
operators, here generically called T,. The spectrum of
operators that can appear at this order can be easily
identified by performing Wick contractions, which show
that only [DD]L=2 operators are exchanged at leading order.
One can then move to the more interesting case in which
interactions are included. In this case, the OPE coefficients
receive next-to-leading-order corrections parametrized

by A(Al) and the conformal dimensions acquire anomalous
contributions 7. The conformal block expansion of f(!) (2)

can therefore be obtained by perturbing the GFF expansion,
leading to

ef @ = 2 (2 + (4))oul)

+ (2) 7 (9a(2) tog(=2) + £a 2)).

with g, (z) representing a particular derivative contribution
of the conformal block g(z), (2.14).

However, at this order the identification of the exchanged
operator is not straightforward. In this respect, the issue can
be addressed by analyzing mixed four-point functions and
reinterpreting the resulting expressions as constraints on the
order in € of the OPE coefficients. We introduce this idea by
studying the 1d mixed four-point function of D and O. At
NLO one finds

ef il @ = D (A + 2020 ) 9s () + 4795 2)
A

+ 207050 (ga(2) 1og(=2) + 24 (2)),

arising from perturbing the leading-order conformal data.
In order to distinguish the OPE coefficients, we further
introduced ZX) = ﬂg?ﬁ’h' As anticipated, this expression
can be read as a constraint on the OPE data, allowing us to
identify the minimum order in e at which these contribu-
tions can appear consistently with the expansion.

For instance, consider a single contribution associated
with a particular T+ such that the two leading OPE data

satisfy /1202 =0 while zf) # 0. This is the case, for
example, for the multiparticle operators [OO]5=2. In this

situation, consistency requires /1212 ~ O(e), as follows from
matching the orders in € on both sides of the relation.

We can thus, in a sense, bootstrap the order of the
individual OPE coefficients.

Although this conclusion may appear innocuous, this
information becomes particularly valuable when inserted

into the expansion of ef[g)(z) discussed above. This is

because, given the hypothesis /Ig)*) = 0, the only contribu-

tion that can appear associated to the exchange of T« is

(1)
A

/111*) ~ O(e), such contributions are of order O(e?) and
therefore do not appear up to NLO. See Sec. I B for a more
detailed discussions.

This approach provides a powerful tool for identifying
universal properties within a given system. At the same
time, it is not restricted to the specific setup considered here
and can be easily extended and applied to other contexts.
We therefore expect it to remain applicable in more general
settings and to provide useful insights elsewhere as well,
as discussed later. In the present case, we apply these
methods to supersymmetric defect CFTs at strong coupling.
Under additional assumptions, one can show that four-point
functions built from repeated insertions of a given compo-
nent of a supermultiplet do not exchange operators from
different families up to NLO.

In this sense, the correlator factorizes: in a four-point
function with identical external operators—such as four tilt
or four displacement operators—the exchanged spectrum
consists only of multiparticle operators constructed from
the external one.

Consider, for example, two defect operators with the
same protected scaling dimension in two different theories.
If their four-point functions receive no contributions from
multiparticle operators or from fundamental operators
associated with other fields in the respective supermultiplet,
the resulting four-point structures would be equivalent,
provided these have similar three-point interactions. In this
sense, the corresponding correlation functions are univer-
sal. See Sec. III for the full discussion.

Beyond providing the physical insight of uncovering
such features, the main advantage of identifying universal
sectors is that it allows for the determination of a four-point
function up to NLO directly, bypassing the standard
bootstrap strategy of postulating and constraining an
ansatz. Once universal sectors have been identified, sub-
sequent analyses can build on established results rather
than rederiving them from first principles. This way, it is
possible to obtain four-point functions even in systems that
cannot be fully constrained, either due to limited super-
symmetry or an insufficient set of constraints. For recent
developments in this regards see Refs. [24,25].

Moreover, identifying the parameter ¢ is in general a
complicated task, as it cannot be determined by bootstrap
arguments alone. Its identification can therefore be
achieved only by explicitly matching to holographic
theories, when available [14,21], or alternatively through

the quadratic term (4,,)?. Since we have identified

066005-3



RICCARDO GIORDANA POZZI

PHYS. REV. D 113, 066005 (2026)

purely CFT-based arguments [26,27]. In the present case,
we exploit the identification of the universal sector to
determine the form of the parameter ¢ by relying on
previously studied examples in which it has already been
fixed. Indeed, once a correlation function is identified in a
given case, all correlators within the same universal class
can be straightforwardly determined. In this way, the
problem of explicitly computing these quantities is reduced
to demonstrating that two different theories belong to the
same universal class.

(D(1)B(12)D(15)0(1)) = “TT-

12°34

[1+z4+

We verify these arguments by showing that universal
features are indeed present in a variety of known defect
theories. When the defects have the same codimension, the
identification for the four-point function of the displace-
ment is straightforward. All the others follows by requiring
consistency with supersymmetry. For instance, the dis-
placement four-point functions of the 1/2 BPS line in
ABIM [21] and in N/ = 4 CSm theories [22] fall within the
same universality class, as shown in Sec. [IVA. Up to NLO
one finds the universal expression

77>
_16-27 - 23 _ 164
47r2C7( S T

16
+ <6 - +67% — 16z5> log(1 — z) +2z*(8z - 3) log(—z)>] ,

where now D(z) is the actual displacement operator while
C7 and ny are theory-specific constants, related to the
particular bremsstrahlung function and to the preserved
supersymmetry, respectively. By 7 we mean the 1/2 BPS
line ether in ABJM or in N' = 4 CSm theories.

When considering defects of different codimension,
one must also account for the distinct representation of
the displacement operator under the preserved rotational
symmetry. Once these considerations are included, one
can relate correlation functions of defect theories with

different codimensionality, such as the 1/2 BPS Wilson
|

line in ABJM and in N' =4 SYM. Explicitly, one can
consider the four-point displacement insertions on the
Wilson line in SYM

. . C2 -
(D (11) D (12)DA (15D (1) = 22 G (2),
12°34

where i, j, k, [ = 1, 2, 3 and all the overall constant and the
superprimary normalization Cgy); have been collected in
Csym- By studying the function up to NLO [8,14] one finds

GiH(z) = {&iaklcg‘”(z) + (8164 — 515GV (2) + (587! 4 515 — 2/3615)GY) (2)

+ 47[2 CSYM

(876G (2) + (578 = 55)GL (2) + (557 + 557 2/35"/5"Z)G(Tl>(z))} .

By properly dealing with the tensorial structure, i.e. taking the embedding, one obtains an expression for the displacement

insertions in the ABJM Wilson line given by

(D )B()D(15)D (15, g, = 22 [Gé(” () -G () +

1234

which, when explicitly evaluated, agrees with the previous
result as well as with the findings of [21], as discussed in
more details in Sec. IV B.

Although the above arguments were illustrated for the
displacement operator, they extend to any four-point
function of the supermultiplet components. An especially
interesting case arises when considering the four-point
function of the superprimary of the 1/2 BPS Wilson line in
N =2 gauge theories in 4d, discussed in [20]. In this

0
Gr'e), 1
3 4”2CABJM

setup, universality does not extend to the entire displace-
ment supermultiplet, but one can still identify subsectors in
which it applies. In Sec. IV C, we show that this is the case
for the superprimary four-point function. By showing that
this correlator does not receive contributions from other
sectors up to NLO, we are able to identify it explicitly.
Furthermore, we find consistency with the results of [20] by
fixing the free parameters left undetermined in the boot-
strap approach to
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(&1 :C2:—4,

thereby fully determining the superprimary four-point function to be

2 2

C z
(P(1)P(6)P(H)P(t)y,, = 5o |1+ 22+
113

+ (-4 +2z+ 22 —47%)

Through these explicit values, we finally fix the anomalous
dimensions [20] to

},[0,0] —4—A— AZ’
yO =2 - A - A2

In Sec. IV D, we use a similar approach to identify a
universal sector for the 1/2 BPS line in AdS; x §3 x T*
[28,29] with purely Ramond-Ramond flux, finding con-
sistency with previous analysis and fixing the overall two-
point normalization of the displacement supermultiplet in
terms of the bulk coupling.

We then provide brief general arguments supporting
universality from the holographic perspective, in Sec. V.

In line with previous analyses of 1/2 BPS Wilson lines
at strong coupling in 3d SCFTs, such as ABJM [21] and

2

(A(DAR)AEG) AT Wy e, 2

=2 11-2+
3 3 [
Hpl3y

+(5-92) log(—z)>] .

with Cp the normalization of the superdisplacement two-
point function. We then extract the CFT data of the
exchanged contributions. For the long multiplets appearing
in the chiral-antichiral channel, we find

5+ 6n + n?

A, =3+n-
n =2,

’

where n is associated with the derivative contributions of
the GFF length-two multiparticle states [AA]L=2. For the
chiral-chiral channel we find instead

44 5n+n?

A, =3+ ,
T T 2c,

n odd,

with n associated with the multiparticle states [AA]L=2.

(o) (U

log(1 - z)

471'2CD

2?2(2-4z+92-177 +2z4)10 (=2)
4z 2(z— 1) g

N =4 CSm theories [22], we investigate the case of
N =2 CSm theories, in Sec. VI. We examine the pre-
served defect algebra, identify the superdisplacement
multiplet (D), and employ superspace methods to express
the four-point functions in terms of cross-ratios. We study
the OPE structure for the superdisplacement in the two
different channels: the chiral-chiral D x D channel, which
contains one short multiplet and infinitely many long
operators with unprotected, higher dimensions, and the
chiral-antichiral D x D channel, where only long multip-
lets appear [21,30]. We thus derive the corresponding
superblocks by diagonalizing the superconformal Casimir.

By identifying the universal sectors, we determine
the four-point functions of the superdisplacement up to
leading- and next-to-leading order at strong coupling. For
the superprimary we find

z 2

9
942X 1oy <5——5z3+9z4) log(1 - 2)
Z

2 2

Section VII concludes this work with preliminary results
for the 1/3 BPS Wilson line in ABJM at strong coupling,
discussed in detail in [31]. In particular, we argue that
universal features can also be identified in this case,
allowing for the determination of the four-point functions
of the displacement and tilt (tlit) supermultiplets, respec-
tively. The analysis of the displacement will be equivalent
to that of the Wilson line in A/ = 4 CSm theory. Therefore,
we focus on the tilt multiplet which four-point function is
specified by that of the superprimary

%

Tipl3y

(F(1)F(t)F(13)F (1)), ,, =

Exploiting universality we can identify f(z) up to NLO
to be
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1
f(z) = [1 RRren

where Cy is the tilt two-point normalization, [31]. While
the expansion in the chiral-chiral channel can be related to
the results of the ABJM superprimary [21], being in the
same universal class, the chiral-antichiral lead to a new
expression, essentially due to the different preserved
algebra, and hence different superblocks. Extracting the
conformal data, we find for the long multiplets

3-3n—n?

=1 -
" o 4772CT

with n the label of the GFF multiparticle states [FF]%=2.

B. Outlook

A natural extension of this work would be to study
higher-point correlation functions at strong coupling. By
applying procedures similar to those discussed here, one
can investigate the existence of universal sectors and relate
the n-point functions of different theories in a similar ways
as discussed for four-point functions. This approach has the
advantages of being computationally convenient, avoiding
some of the difficulties of direct bootstrap computations,
while also providing access, in principle, to a variety of
interesting configurations also for cases in which the
bootstrap would not lead to a completely fixed answer.

While universality is not expected to hold beyond NLO,
it is still plausible that higher-order corrections to four-
point functions contain universal contributions mixed with
theory-specific ones. In such cases, one can decompose a
given correction into a universal part and a nonuniversal
remainder. Identifying and isolating these universal sectors
can provide valuable input for bootstrapping higher-order
four-point functions.

From an applications perspective, a natural next step is to
apply these techniques and the identification of universal
sectors to a broader range of line defects, such as lower-
BPS examples, with the aim of analyzing their four-point
functions up to NLO in the strong coupling expansion.

Finally, while the present discussion has focused pri-
marily on Wilson lines and line defects, the underlying
philosophy of constraining the order of possible exchanges
is more general and can be generalized and applied to
higher-dimensional defects, as, for example, surface defects
[32], or perhaps even to strongly coupled CFTs beyond
defect theories.

We leave these questions for future investigations.

The paper is organized as follows. Section II introduces
the general structures of supersymmetric defect CFTs and
sets the stage for constraining the order in which OPE
coefficients enter the block expansion. In Sec. III we

(z— 1+ 2(3 - 2) log(~2) _@log(l —Z))],

discuss what are the assumptions under which a defect
CFT may feature universal properties. We comment on the
universal sectors when relaxing some of these assumptions
and, finally, we provide the structure for the full NLO order
contributions. We verify the universal property in a wide
spectrum of supersymmetric defect CFTs realized by BPS
Wilson lines in Sec. IV and we give a brief argument of
universality from an holographic point of view in Sec. V.
We conclude the work with a full analysis regarding the 1/2
BPS Wilson line in Chern-Simons theories in Sec. VI and
in Sec. VII we initiate the study of defect correlators of
the 1/3 BPS Wilson lines in ABJM at strong coupling.
Appendix A contains further details on the 03p(2|4)
superalgebra, the symmetry-breaking pattern associated
with the 1/2 BPS line, and the orthogonality conditions
entering the (super)block expansions.

II. DEFECT CORRELATION FUNCTIONS

We begin by setting our conventions and outlining the
general structure of defect supermultiplets that typically
arise for 1/2 BPS line defects. In particular, we focus on
their realizations as Wilson lines and review the features
common to this class of defects.

A. Wilson lines as defect CFTs

Wilson lines are a central example of line defects in
supersymmetric CFTs, and are generically defined at weak
coupling by

W=Tr [Pexp (—i /_: L(r)d;ﬂ :

where £(r) denotes a theory-dependent (super)connection’
and t = x° € (=0, o) the Euclidean time direction para-
metrizing an infinite straight line in R?. The presence of
such a line defect breaks the superconformal symmetry of
the ambient theory, reducing it to a smaller subgroup. This
residual symmetry generically includes, at least, the
bosonic subalgebra 80(1,2) s ® 80(d — 1), where d
is the spacetime dimension of the ambient Euclidean
theory. In supersymmetric settings, only a part of the full
supersymmetry algebra remains intact. Defects of this type
are classified as 1/n BPS according to the fraction of
supercharges they preserve.

'In 3d theories, constructing 1/2 BPS Wilson lines requires
superconnections. For instance, in ABJM the 1/2 BPS Wilson
line is defined as the holonomy of a u(N|N) superconnection
[33]. For other realizations, e.g. in ' = 4, see Refs. [34-36].
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Central features in the study of any CFT are the
correlation functions. In the presence of a line defect, this
naturally extends to the study of defect correlators, which
involve the local operator O;(t;) inserted along the line,
defined by

(O01(1))Oy(12) ... Oy (1)) 1y
(TrPW_co1, O1 (11 )Wy, 1,0x(12) ... O (8, )WV, )
W) ’

where W, , ~is the untraced Wilson link W, ,

exp(—i f,ln"*' L(t)dt). It is common to shorten the notation
by defining the insertions by

el

W[O,(1))O5(1,)...0,(t,)])
w)

(O1(1)Oy(12) ... Oy (1)) 1y

In defect CFTs, a particularly distinguished set of defect
operators are those related to the breaking of the bulk
symmetries. When considering supersymmetric defect
CFTs, the breaking pattern of supersymmetric currents
leads to additional operators. Crucially, one can identify
them by exploiting the Ward identity

[GM—%WE/MHWM (2.1)

that explicitly relates broken generators to local insertions
on the line. We will refer to this set of defect operators
obtained from Ward identities as fundamental (or elemen-
tary). One can then further characterize the local operators
by finding the representations under the preserved super-
group. By exploiting (super-)Jacobi identities like

G, [G. W +[G. W, Gl + W, [G.G]]
=0=[G.[6. W] = [[G.G], W],

one can explicitly read the charges of defect insertion G()
by the algebra involving preserved G and broken G
generators.

A particular example that will be always present in the
line defects is the displacement operator which is associ-
ated with the breaking of the translations orthogonal to the
line. This is thus given by

[mm:/wwmn (2.2)

where the index runs up to the codimension of the defect
i=1,....d—1, as expected from the 80(d — 1),,,.”

rot*

*For related discussions and a manifestly local realization of
the displacement operator, see Ref. [9].

In general, defect operators arrange themselves into
multiplets according to the preserved supersymmetry. Of
particular importance is the displacement supermultiplet (or
superdisplacement), which contains the displacement oper-
ator among its components. In what follows, we will denote
this multiplet, as well as its superfield realization, by D.

To keep the discussion as general as possible, we denote
by D(#) the displacement operator, and by O(z) a generic
fundamental operator, distinct from the displacement,
appearing in D. When O(¢) is specifically the superprimary,
we will instead write P(z).

Crucially, in these preliminary remarks we refrain from
making explicit reference to symmetries, as their precise
realization is theory dependent. In specific models, sym-
metries naturally impose further constraints.

Our purpose here is instead to present a general and
schematic description of the correlation functions of the
displacement supermultiplet, particularly the four-point
function. This is done in order to highlight the universal
features common to all such defect theories. The following
discussion should therefore be understood as theory inde-
pendent and schematic, to be refined when applied to
concrete cases.

In a superfield representation we can schematically
consider the two-point function in superspace as

C
<D<y19 HI)D(y27 02)> = ﬁ ’
Here, the y; denote the supersymmetric coordinates
constructed from ¢;, the coordinate along the line,
and 6;, the fermionic coordinates. The quantity (ij) is a
supertranslation-invariant distance, whose precise form
depends on the superspace, and thus on the specific theory,
that the correlation function describes. All components
except t; are theory dependent; for an explicit example see
Sec. VIB. The overall C7 is a physical theory-dependent
constant related to the bremsstrahlung function [9].

For the four-point function one schematically has

<D(yl’ 91>D(y27 62)D(y3’ 93)D(y4’ 94))
G Z 2.3

= i3y e (2) 23)
Here, Z denotes a superconformal cross-ratio. For chiral
correlators, this is, for example, (6.6). More generally, the
function can be expressed in terms of nilpotent invariants
constructed from the Grassmann coordinates. Expanding in
this basis yields a larger set of independent functions
contributing to the correlators; see for example [20]. By
expanding the left-hand side in superfield components
and the right-hand side as a Taylor series in the fermionic
coordinates, one can relate, term by term, the correlation
functions of the multiplet components to derivatives of the
superconformal invariant function.
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The first contribution comes from the four-point function
of the superprimary, i.e. P(¢), for which the identification is
immediate being the top component of the displacement
multiplet. Generically, this is given by

2

T
= Ap 2As fes(2),
Iy I3y

(P(t))P ()P (13)P(14))

where Ap = Ap and z is the bosonic contribution of Z. In
one dimension, the two invariant cross-ratios are not
independent. Defining ¢;; = ¢; — ;, they are given by

_ Hal34 _ I1al34

€ (—0,0), €(0,1) (2.4)

T14132 T304

and are related through

In the following, we will be interested also in dealing
with all the other four-point functions of the multiplet
components. For example, we will deal with the four-point
of the displacement operators

(WDCT)

(D(t,)D(1,)D(13)D(t4)) = t4 (2.5)

—a S (@)

2134

and with the mixed four-point with two displacement and
two other generic operators in the multiplet

(MDQCT)2

# 2A0
12%34

(D(11)D(12)0(23)0(14)) = (2.6)

fo2e2(2)-

Here nmp and npg are theory-dependent constants that
originate from the supersymmetric structure of the problem.
While the two-point function of the superprimary is fixed
solely in terms of Cz, with mp = 1, the inclusion of
Q-descendants generally introduces additional constants,
which arise from the action of the supercharges.

As anticipated, the functions fp¢(z), fp+(z), and
Sfpra2(z) are all related by supersymmetry. Particularity
for chiral theories, both fp(z) and fpeq2(z) are specific
combinations of polynomials and derivatives acting on
fp+(z). For example, one has generically

an anpr

for some theory-dependent set of polynomials {p, (z)}; see
for example (6.8). When (2.3) has nilpotent invariants, one
has also additional contributions coming from the higher
number of independent functions. These types of relations
are exact and therefore hold at any order in perturbation
theory. In particular, they remain valid when expanding

Joi(2) = (2.7)

around the generalized free-field limit at strong coupling. In
this regime, the leading behavior of the correlators is
determined by the GFF, while higher-order corrections
account for deviations.

Consequently, the functions appearing in the correlators
can be systematically expanded as

(P(11)P(02)P(13)P(14))

2
i%p;Ap(f@4()%effﬁhz)+cxe§)), (2.8)

where, as we will see, fﬁﬁ) (z) is the GFF contribution,

f 5312 (z) is the next-to-leading order one, and e is a theory-
dependent perturbation parameter. Similarly, one can con-

sider the expansions for (2.5) and (2.6) given by

(D(1,)D(22)D(23)D(24))

2
_ & (F20) +erfY@+06) (29

and

(D(#1)D(#,)O(13)O(14))

NpoCr)?
—%(fg?@zw+e7f§;2@z<z>+0<e%>). (2.10)
12°34

Crucially, supersymmetry ties these correlators together, so
consistency requires that the constants Cy and e appear-
ing in (2.8), (2.9), and (2.10) are identical.

So far, our discussion has focused on the expansion of
the four-point function. One can also analyze the conse-
quences of this expansion within the conformal partial
wave decomposition in terms of conformal blocks [37]. In
particular, given the preserved subalgebra 8o(1,2),,,;, €ach
contribution can be expanded in 1d conformal blocks

ga(z) = (_Z)A2F1(Av A, 24;7).

At leading order one would find for (2.9)

}{:A

A gA (2.11)

for some /I(A) = ﬂu(mn)zﬂr representing the leading order three-

point coefficients’ of a generic conformal primaries T,

*In the conformal partial waves (CPW) expansion, the co-
efficients appearing are related to the three-point one by A(AO) =
kppT A/llg)?n))m/ (cpperr), Where kppy, denotes the normalization

of the three-point function, and cpp, ¢ty those of the two-point
functions. However, for brevity, we neglect these normalization
constants, specifying them explicitly only when necessary.
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having dimensions A. In order to be exchanged we assume
that it lies in the displacement OPE, i.e. T, €D x D. The
sum runs over all the conformal dimensions allowed by
the OPE. Similarly one could do the same for (2.10), thus
obtaining

Voalz (2.12)

Fe(@) =3 37

with ;lg)) = /18%%. Exploiting the orthogonality for the
conformal blocks, one can obtain explicitly the LO con-
formal data.

The analysis can then be extended to the study of the
NLO, which is obtained by perturbing the leading-order
conformal data. In the case of the four-point function
discussed above, this implies that

A=A+,
A =AY a0,

A =20+ 30, (2.13)

where y(Al> are the anomalous dimensions corresponding to
the exchanged operators of dimension A. In this first
instance, we keep the order in ¢7 in the definitions of
the NLO data. This leads to the identifications

T2 +erfi ()
2( W) (844 )ay,0 2)
|D2®2 (z) + D2@2( 7)

Z( + 4 (A0 +20) 9,0 ()

A

By expanding the conformal blocks as
I (z) = gal2) + Y(Al)(QA(Z) log(—
1
+o(0d7),

where we defined for brevity

z7) +2a(2))

2a(2) = (-2)2(0392() (=) M)zas  (2.14)
we obtain the expressions
f( )( )+€TfD4 Z/I A QA JFZ(A(AO)}“(AI)
A
2820 98 (2) + A2 9 (2)
+23 273 (9a(2)og(~2) +24(2)),
(2.15)

FO5 (@) + €1 (2)
_ ZA(AWO) 9+ > (A7
A

+/1() AV ga () + 4070,

/1( ))QA(Z)

) (9a(2) log(~2) + ga(2))-
(2.16)

If the functions of the left-hand side are known explicitly,
one can obtain the NLO conformal data just by projecting
on the conformal blocks.

B. Consistency constraints

In this section, we highlight some general consequences
that follow from the identifications in (2.15) and (2.16).
This line of reasoning will be systematically exploited in
the next section to study the possible exchanged operators
that can appear at NLO where, with additional assump-
tions, one can identify universal features. Before this,
however, we first derive constraints that can be obtained
from more general considerations.

We begin by noting that the expansion of correlation
functions, together with their conformal block decompo-
sitions, imposes nontrivial constraints order by order. In
particular, the generic form

erfM(2) =Y (WA + 207 9a (2) + 247 ga ()

A

+ 20707V (ga(2) log(=2) + 2a(2)  (2.17)

can be interpreted as a constraint on the e order of /I(A])

and E(Al). Crucially, as discussed above, the sum runs over
all operator dimensions that may appear in the OPE.
Operators that do not contribute at a given order have
vanishing OPE coefficients, although they are still formally
included in the sum.

Consider, for example, the case in which we look only at
a given primary T+ for which the three-point coefficients
at leading order are

A # 0.

If we compare with the previous discussion by taking
/1203 = /Iﬂ()?u)ﬂp and /ig{) = lg)fﬂA* this means that, in prin-
ciple, T+ appears in both the D x D and O x O OPEs, but
it is actually exchanged at GFF only in the O sector, and
not in the D one (2.11). For this particular choice of
leading-order coefficients, the expression (2.17) simply
reads

erf () 3 24 200050 (2) + 200 g0 ().
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Excluding the trivial case in which the function vanishes,
consistency requires that the ez-order of the products
must be

~ 0 ~
A0~ 0er) and AW ~ O(er),

( (2.18)

where by O(e7) we mean that the order of the OPE can be

(0)

either e7 or higher.* Given that 1 A 1s constrained by the

nonvanishing condition at GFF, ;120) ~ O(1), consistency

with the order in e7 of the left-hand side leads to the
requirement that either

So, when considering the CPW expansion of correlators
with external insertions, of the same type, as in (2.15), the
contributions associated with the T« exchange given by

0 1 1) ,(0 1 1
(A0 + AL ) g () + 200 g (2)

0 0 1 1 1
+ 2020 ) (gar (2) Tog(=2) + ga- (2)) = 2004 gar (2)

will be either vanishing, if 1..)
since (/1212 )? ~ O(e% ). In either case, one can conclude that
T+ is not exchanged up to NLO.

Another possible situation arises when

= 0, or of higher ¢ order,

In these cases one can impose only the second condition
of (2.18). This implies that

/1(1);1(1)

O30~ 0(er) = AL ~20) ~ O er).
However, this may simply reflect an unfortunate choice
of correlators. By instead considering correlators with
different external insertions, one could further constrain
the OPE coefficient through the procedure outlined
above. On the other hand, if no such possibility arises,
the ez order obtained should be regarded as the correct
one. For these cases, one may also note that if the A* is
smaller than any A of the other exchanged operators, then
the log(—z) contribution is absent. This implies that the
exchanged operator must have vanishing anomalous
dimension, thus pointing toward protected operators;
see discussion in Sec. IIIB 1.

*For clarity, with a slight abuse of notation these expressions
can be interpreted as /1212;1102 2 O(e) and /I(Al*):lg*) = O(e) to stress
that the order can be higher. This is equivalent to say that, for

example, if a function is bounded by O(e?), then it is also
bounded by O(e) contributions.

These arguments have been presented for 1d dCFTs, but
they can be extended to higher-dimensional defects and,
under appropriate conditions, to general CFTs beyond the
context of defect theories.

We conclude this section with a brief discussion on a
subtly that can arise when the NLO contributions are
obtained from the expansion of the leading-order one,
without further discussions. In this case we adopt the
standard definition of the expansion in terms of the quadratic
OPE for which the expansion up to NLO order is given by

A - A+ efy(Al),

ag)) - ago) + eTa(Al), (2.19)

with the quadratic OPE coefficients a(Ai> of a given
channel. Comparing with the previous discussion these
are related by

al =000, al =220 or
ad =0, 4l =e 20 (2.20)

With these definitions, (2.15) would read

FO @) +erfilz)
= Z a(AO)gA(Z) +er Z a(Al>gA(Z)

A € GFF A € GFF

+al7) (ga (@) log(=2) + (@) (221)
Here, the sum runs over all A € GFF, i.e. over all scaling
dimensions of the free theory. We are explicitly perturbing
the leading-order data to NLO. The main difference with the
previous analysis is that the sum does not include all
operators that can formally appear in the OPE. The limitation
of (2.21) arises when the spectrum of allowed operators
changes at NLO. In such cases, to include all possible
exchanges, A must be extended to run over all contributions
allowed by the OPE, rather than being restricted to A € GFF.
This subtlety does not generate inconsistencies when the
dimensions of the higher-order exchanges remain within the
set of free-theory scaling dimensions. However, the situation
changes when some of the operators appearing at NLO have
classical dimensions outside the GFF set. If one does not
account for this effect, the analysis that follows is restricted
only to a partial sector.

Consider the following example. Suppose there exists an
operator T+, absent at leading order, with dimension
A* < min{A € GFF}. In the expansion (2.21), where the
sum runs over GFF dimensions, the contribution of T is
excluded from the NLO contributions since A* ¢ GFF.
This is equivalent to setting the corresponding CFT data to
zero in (2.15), thereby restricting the set of operators that
can be exchanged.
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If the exchanged operators are only multiparticle
states built from the external insertions, in the excluded
contributions there would be also the exchange of the
external field itself. Such a contribution, however, is only
present when it is allowed by the OPE, e.g. DeD x D
and it is related to the explicit breaking of the Z, sym-
metry at NLO. At leading order the sum runs over
{AeN|A > 2Ap}. Keeping this bound at NLO is equiv-
alent to setting Appp = 0 in (2.15). Importantly, as we
discuss in Sec. III B 2, this coefficient controls all Z,-odd
exchanges. Thus, setting it to zero automatically decouples
these contributions, leaving the NLO analysis to consider
only the Z,-even sector.

III. UNIVERSAL SECTORS

The purpose of this section is to identify the operators
that can be exchanged in the superdisplacement four-
point functions, up to NLO. Building on the consider-
ations of Sec. II B, our goal is to determine whether these
correlators exhibit universal behavior. By universal we
mean that, independently of the details of the ambient
theory, such as the amount of supersymmetry, the four-
point function of operators with a given conformal
dimension always takes the same functional form, mod-
ulo eventual tensor structures.

As we will see, universality ultimately traces back to the
constraint that the leading order must correspond to a GFF
theory and that the spectrum is restricted to the displace-
ment supermultiplet and its composite operators. As dis-
cussed in Sec. II B, one can exploit the leading-order data
of the GFF to identify the e¢; order of the exchanged
operators at NLO. This allows one to reduce the possible
operators that can be exchanged in a given four-point
function. Indeed, in principle, all operators compatible with
symmetry can appear. However, if one can demonstrate that
only operators built from the external fields are actually
exchanged in the four-point, while all other operators that
could in principle appear are excluded, then the correlator
becomes independent of the other supermultiplet compo-
nents, thereby exhibiting universality.

In this regard, we begin by setting some assumptions on
the generic theories that we analyze, then we will discuss
features that arises when we relax some of them. In
particular, we start from theories that are consistent with
the requirements:

(1) The 1d dCFT is described at leading order by a

generalized free-field theory.

(2) The only elementary operators are those in D

(3) D does not appear in the OPE of D x D
The first requirement implies that in all the case we will
consider the leading order as completely defined by taking
Wick contractions of the operator insertions. Moreover,
being a 1d dCFT, the 80(1,2),,,, subalgebra will always
be present regardless from the case in hand, hence one
can always express the four-point functions as a sum of

8[(2,R) blocks.” The second condition implies that we
exclude all theories having additional contributions coming
from other elementary fields, e.g. tilt supermultiplets, that
could in principle lead to nontrivial interactions with the
displacement multiplet. The last requirement is a simplify-
ing assumption. While it may appear specific, we will see
that many theories of interest naturally satisfy this property.
The implications of relaxing these assumptions will be
discussed at a later stage.

A. Generalized free field

We therefore begin with the analysis by studying the
leading-order generalized free-field theory, where correla-
tion functions can be computed via Wick contractions of
the n-point insertions. The lack of interactions makes this
framework particularly restrictive. In fact, the only non-
vanishing three-point functions involving two fundamental
fields are those in which the third operator is built from the
fundamental field itself. In particular we are interested in

(D(11)D (1) [D]f*(13)) ) # 0, (3.1)
(D(11)D(1,)0(13))” = 0, (3:2)
(0(1)0(1)[0]f72(13))@ # 0. (3.3)

We use the notation [¢]}, for composite operators built
from the fundamental operator ¢, of length L and with a
total of M derivatives. We will not be interested in the
particular expression of these operators,6 but rather on the
length of these. Working in such a basis, which in general is
not the same in which the dilatation operator is diagonal,
allows in general to have a better control on correlation
functions of operator having a well-defined length; see
Ref. [19] for a complete discussion.

What matters for our purposes is simply to identify the
order of the three-point constants. The task of identifying
all these quantities explicitly can be posed when specific
cases are considered, or, in any case, pursued at a later
stage. From the three-point functions, we can thus conclude
that the leading-order OPE coefficients are

(0)
’1DID[DJ§f2

0
/1[(@[[))@ =0,

~O(1).

~0(1),

(0)
Aoojols>

>This is true even in the case in which one considers super-
blocks, as they can always be decomposed in a finite sum of
conformal blocks.

Even at the level of a GFF computation, generic operators
such as Do?D are not primaries in one dimension, and one must
construct appropriate linear combinations to obtain them. See
Ref. [18] for the explicit realizations.
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Moreover, given that also the mixed three-point function
vanishes

_ 0
(D()D(L)[Of (1) =0 = 29 1 =0,

we conclude that in the displacement four-point function at
leading order, (2.11), only multiparticle operators of length
L = 2 built out of the displacement can be exchanged. All
other exchanges do not appear at leading order. A similar
analysis holds also for all the other four-point functions in
the multiplet.

Therefore, one can conclude that the sectors are actually

decoupled and so the expressions for fu(](,? (2), f g? (z), and

f u(;?‘*) (z) are hence universal.” Clearly, this is a well-known
fact of GFF. In the following, we will look up to which

extent this feature is preserved at next-to-leading order.

B. Next-to-leading order

We can now proceed with a similar analysis by consid-
ering the first nontrivial contributions arising from inter-
actions. Just for reference, we will focus in the following on
the four-point of the displacement operator, which, as
discussed, is always present in the multiplet as it is related
to the breaking of orthogonal translations. However, the
same analysis can be performed for each component of a
given supermultiplet.

We begin with (3.2), which, in principle, is not guaran-
teed to vanish also at NLO. At this point, we make use of
the starting assumption, namely D ¢ D x D, which directly
implies that

(D(#)D(#,)0(t3)) = 0 = Appo =0 (3.4)

at all orders.

However, interactions and symmetry may also allow for
additional operators to appear in the OPEs. To verify that no
other sector mixes with the displacement four-point func-
tion at this order, we must check that all OPE coefficients
AppT, Where T are a generic multiparticle operator built
from O, either vanish or are suppressed as O(er).

As an example, we focus on the exchange of the
multiparticle operators T = [O]4;2. In the conformal par-
tial wave expansion we can isolate the contribution
associated to them by

"We stress that these statements are true modulo global
symmetries. These, indeed, can introduce tensorial features
dressing the functions with indexes. For example, if the dis-
placement is charged under a global symmetry, e.g. D — D¢ then
Joe(z) = f"““(z). However, one can always decompose to
relate two different four-point functions; see Sec. IV B.

(D(t)D(1,)0(13)O(14))

(npoCr)? (o
- tﬂjtimg Z ADD[®]/L|4:2/1@@[@]1’;4:292A®+M(Z) +- ],
2034 M=0

where the dots represent other exchange of which we
are now not interested in. When taking into account the

expansion in e of both sides, as discussed in Sec. II, one
gets and expression like (2.16). Given that A0 )[ o2 = =0,

the relevant contribution associated to these exchanges at
NLO is given by

eTsz@z = Z( @]Lzz
M=0
1
+ ﬂn()n;[@]L 2/1(5)())[@“ 2) 92A0+M(Z)

Exploiting the discussion presented in Sec. IIB and

knowing that lé)q))[@]L 5

order implies that

~ (1), consistency with the er

A0 0

%0002 ~ Oler) = A

pD[O]:= ~ Oler).

We can now look back at the CPW expansion of the
displacement four-point function (2.15). With the pieces of
information that we collected for the OPE coefficients

(0) _ (1)
Apppo2 =0 and - Appigys

~O(er),

the contribution associated to the exchanges [0]4~2 in

(2.15) will be simply given by

o]

(1)
e Z/l 0]L= 24 DD ]L:292A0+M(Z)
M=0

eTfD4 (3.5)

where only the quadratic NLO three-point data contributes.
Since these contributions are overall of order O(eZ),
we can conclude that the operators [O]4> do not get
exchanged up to NLO.

One can then use the same logic to show that all other
three-point coefficients are O(e7), and thus do not con-
tribute to the NLO expansion of the displacement four-
point function, as they enter quadratically. A selection of
these cases is presented in Table I. It follows that the only
operators which can be exchanged up to NLO in the
displacement operator’s four-point function are those built
from the displacement itself. While this statement is made
for the displacement, the same logic applies to all other
operators in the displacement multiplet.

We can therefore conclude that no interaction mixes the
various sectors, and consequently, all four-point func-
tions can be discussed independently. As we will later

066005-12



UNIVERSAL SECTORS IN SUPERCONFORMAL DEFECTS

PHYS. REV. D 113, 066005 (2026)

TABLE L
and one exchanged operator.

Examples of the identification of OPE coefficients that can be excluded up to NLO, involving two displacement operators

Operator Four-point GFF [O(1)] Excluded at NLO

o= (D1 D(2)0()0(1) 1 oo
L=2 D(1,)D(1,)D(t;)0 ©) (1)

Do) (D(1)D()D(1)0(1,) A0 w0
L=k>2 L=r L=s 0 1

) (B DD (1B (1)) 1, e ON
L=k L=r L=s 0) )

o D)D) O] ()0 (1) 10, oo O

see with explicit examples, this implies a universality in
the structure.

Before moving on to cases where some of the assump-
tions are relaxed, it is worth commenting on the mixing
problem. A key advantage of the analysis presented in
Sec. II B and in the present discussion is that the identi-
fication of universal sectors provides direct control over
mixing: it allows us to exclude not only mixing between
different components of the same multiplet, but also the
exchange of higher-length operators within each sector. As
a result, the exchanged operators up to NLO are restricted
to multiparticle operators with length L = 2.

The importance of this observation is twofold. On the
one hand, universal sectors capture features that are
independent of the specific realization of the theory, on
the other, they automatically guarantee the absence of
mixing up to NLO.

1. Relaxing the third assumption

Much of the discussion so far has relied on the
identification of nonvanishing GFF three-point functions.
Combined with the vanishing of the three-point function
involving two displacement operators and a third one, this
allowed us to constrain the minimal order at which the latter
interaction can appear. While many of these constraints
followed from consistency, the condition in (3.4) was
instead imposed as an assumption.

In what follows, we relax this assumption by allowing
DeD x D. In this case, (3.2) remains valid, but (3.4) no
longer holds. We can therefore consider, in general,

(D(11)D(1,)0(13))") # 0 (0(1)0(1,)O(13))M) # 0.

Crucially, given that at the GFF order /Ig)ﬂ))@ = ﬂgj%@ =0
and the expansion up to NLO (2.16), consistency requires

b0t ~ Oler) = Agho ~ oo ~ O(Ver).  (3.6)
In a holographic setup, this means that diagrams of cubic
exchange interactions contribute at the same order as
quartic ones.

In the CFT language, this translates into the fact that a
given four-point function also exchanges other fundamental

operators belonging to the supermultiplet. Being that these
are theory dependent, the resulting four-point functions
will in general differ from one theory to another. Notice,
however, that the discussion regarding multiparticle oper-
ators remains the same as in the previous case. It then
follows that the only source of mixing between different
sectors is precisely the one described above.

We must also recall that in all this analysis we kept
symmetries implicit. In specific situations, when symmetry
constraints are also taken into account, one might find
additional simplifications.

Consider, for example, that one finds Appg = 0 and
Appp # 0 as arising from symmetry discussion. In that case,
the displacement operator four-point function would again
receive no contributions from other sectors. Nevertheless,
this situation would still differ from the previous one,
precisely because of the additional allowed interaction. In
this case, the expansion (2.9) will factorize as

75@ = ol @) + Ghg2 i), (37)

where }[(014) (z) is the full NLO function with the factorized

four-point function of the previous analysis, f[g) (z), and
the additional contribution summarized by " (z) with
OPE coefficient /18%,@ = \/@;18[%)@- If also Appp = 0, the
system has again universality, even though it is just for
this sector.

Indeed, it is important to stress that these conditions do
not necessarily imply the vanishing of l@i@j@k. So, even if
D €D x D, when analyzing the three-point functions of the
supermultiplet components, together with the constraints
imposed by symmetry, we may still find either Appg = 0,
Appp = 0, or both.

We stress that the difference from the earlier case is that,
while before all sectors were completely decoupled from
one another, here other sectors may still interact through the
exchange of fundamental fields.

Although the discussion has been framed around the
displacement operator, it applies more generally to any
other choice of defect operator in the multiplet. This will
be, for example, the case of the 1/2 BSP Wilson line in
N =2 gauge theories, [20], discussed in Sec. IV C where it
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is the superprimary that disentangles from the rest of
the multiplet.

2. The Z,-odd sectors

We aim to better understand the operator content
exchanged at NLO when the Z, symmetry is broken. As
in the Z,-preserving case, where length L = 2 operators
are exchanged at leading and subleading order, we may
expect additional contributions from the Z,-odd sector. In
particular, the fundamental operators associated with non-
vanishing three-point functions are naturally expected to
appear, but higher-length operators may also be exchanged
as a consequence. To keep the discussion clearer, we
restrict our discussion to displacement correlators and
assume that they receive no contributions from the other
sector. In this setup, we therefore allow for a nonvanishing
three-point function

(n5C7)¥ 22500

PERE) =5 s (3.8)
12 *23

In this case we explicitly restore the normalization, so that

the coefficient ﬂgu)m denotes the normalized OPE coeffi-
cient appearing in the CPW expansion.

Our first goal is to identify the additional Z,-odd
multiparticle operators that may appear up to NLO, and
to show that their three-point coefficients at this order are
determined by Appp. We first explain why this statement,
while natural to expect, is not entirely obvious.

Unlike the Z,-even case, where contributions can be
analyzed via Wick contractions in the free theory, no
analogous procedure exists for the Z,-odd sector. Indeed,
the Z,-odd n-point functions vanish in the GFF and
become nonvanishing only when interactions are included.
Consequently, one cannot directly exploit the GFF analysis
to study these three-point functions. The operators appearing
in this context are therefore inherently interacting and cannot,
in general, be regarded as simple products of fundamental
fields, unlike in the GFF case.

Specifically, when studying correlators in the GFF, one
can rely on the standard definition for the point-splitting
regularization, which provides a straightforward way to
define composite operators and compute their three-point
functions. This is given by

3

DIL (1) =Dp . ( (H D(z;) — pairwise contractions)

ti—t

(3.9)

where D,, ; (9,,) collects all derivative contributions, whose
precise form is fixed by requiring [D]Z(7) to be a primary.

Once again, we are not interested in the explicit form of
these operators, also because, as we are about to see, not all
of them actually appear in the expansion at NLO.

In this context, if one naively inserts such operators into
Z,-0dd n-point functions and attempts to compute them,
one finds that the singularities do not cancel and the result
diverges, yielding an ill-defined correlator. As anticipated,
this reflects the fact that one is effectively probing the
compositeness of the multiparticle operator, which is
intrinsically interacting and must therefore be regarded
as a single irreducible operator.

In order therefore to keep a similar structure of (3.9), we
have to account for possible mixing with other operators
that one would find when dealing with corrections of away
from the GFF theory. The extension of (3.9) to consider
such contribution is given schematically by8

9
ti—t

L
=Dy ,(9,) <H D(¢;) — nested OPE contributions>

(3.10)

where we subtract all the operators that can appear in
the nested OPEs so that they compensate all the
divergences that can appear from the limits in the point
splitting. The advantage of exploiting these expression
is that it allows us to easily relate the OPE coefficients
of [D]4(z) to those of the OPE of its components and
extend (3.9) also away from the GFF. Moreover, one
does not actually need the entire OPE, as higher-
dimensional operators will just contribute with regular
terms. In order to make sense of the regularization in
(3.10), we focus, for clarity, on the simplest multi-
particle operator [D]5=3(#), noting that the generalization
to arbitrary L follows similar steps. In this regard, let us
first consider the three-point function

([m CT)S/ZJE)U;[D]

PO ) =558
12 23

(3.11)

We already considered the contribution to appear away

from the GFF, so we labeled it by lﬁmﬂg[D]L 3

neglected the additional contributions coming from the
anomalous dimensions in the denominator, keeping just
the lowest NLO contribution. Our purpose is now to
compute the same three-point function by exploiting
(3.10), which specified to this case reads

and we

¥Notice that there is not a unique way to define the regulari-
zation which, in general, will be scheme dependent.
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DIE (1) = <D(t1)[ﬂ> r

where ¢/F account for all the permutations of the OPE
couples and T are the Z,-odd operators appearing in
D x D. The kppy coefficients give the contribution that
subtract the divergences and (npCy) is the two-point
normalization that comes from the identity exchange.
From this expression we can see that only operators
with At < 3Ap give contributions that are divergent and
compensate the one that arises from the point splitting.
We consider now the three-point function

(D(1)D(1)[DJ5=(13))

= ((D(Zl)D(fz)D(t3)D(t4)D(t5)>

5
- ’J"Z(?ED(EZJDDT Ul)D(Izw(U»)

i,j,k=3

ti—t

(3.13)

Under the assumption that this sector is decoupled from
the others, we can see that the only contributions in
D x D that are Z, odd are those coming from the
conformal family of D. By taking the contractions and
comparing with (3.11) we identify

) D)
Ao ~ Abip- (3.14)
By similar arguments one can study all the higher-length
operators. However, these will require a higher number
of expansions thus leading to higher powers of /18“)3,@ and
hence negligible at NLO. Therefore only multiparticle
operators that can actually be exchanged in the four-
point function up to NLO are the L = 3 ones. Moreover,

since we showed that their three-point function is
controlled by lgn)m, setting this coefficient to zero
removes all the Z,-odd exchanges from the four-point
function. This is why we can consider the NLO function
f(l)(z) as factorized in Z,-even and Z,-odd parts (3.7),
with the Z,-odd contribution controlled by Appp.

As usual, here we focus on the D-sector; however, this
discussion can be generalized to all the other possibilities
and also for the mixed composite multiparticle operators.
For example one may expect that if we have mixing with
another sector, e.g. O €D x D, then

(D(11)D(1,)0(t3) ~ 230 = (D(11)D(1,)[D*CIL=)

~ App|p2ojt=3 ﬂu(mu)m@ (3.15)

3
npCr)
- § : Uk} :(329 L kmm-”_(fk)>

i.jk=1

, (3.12)

11—t

and so on. We can therefore, in general, expect the four-
point function up to NLO to be like

(D(1,)D(z, )'D(fa)lD(l )

=fO%) +efV

+Z( [D[D@> 0 Z)v

(3.16)

where (}“Igﬂ))@,y fgi) (z) collect al the contributions coming
from the additional interactions.

3. Relaxing the second assumption

In some cases, the theory contains additional fundamen-
tal operators, which we denote by 7; for some i €N. One
must then consider all possibilities for whether D and 7,
appear in the OPEs D x D and 7; x 7 ;. By repeating the
analysis outlined previously and using arguments similar to
those in Sec. II B, one can determine the minimal order at
which exchanged operators appear and identify whether a
given four-point function exhibits universal features.

Notably, in these enriched scenarios, the analysis
applies not only to the superdisplacement but also to the
other multiplets that are considered. Given the large
number of possible cases, we restrict our discussion to
specific examples, such as the 1/2 BPS Wilson line in
AdS; x $3 x T*in Sec. IV D and the 1/3 BPS Wilson lines
in ABJM in Sec. VIL

4. Relaxing the first assumption

For all the cases discussed here and in the following,
relaxing the first assumption will not be of particular utility.
However, we discuss this possibility, leaving an in-depth
study for future works.

First of all, the first thing one could do is to consider still
a GFF theory at leading order, but instead of a 1d dCFT,
one could study a higher-dimensional defect. As Wilson
lines provide a realization for line defect, surface defects
find many interesting applications. A known example is the
1/2 BPS surface in 6d (2,0) theory at large N [32,38]. The
main philosophy of the discussion presented here may be
extended to discuss also these cases. Moreover, the knowl-
edge of this theory up to NLO order provides a stating point
to study other surface defects by the identification of the
universal sector.

Another way to relax the first assumptions is to consider
the leading order not to be a GFF. In this case, the whole
analysis discussed in this section will not apply. However,
by studying the new OPE data of the leading order, one
may still consider the discussion presented in Sec. II B to
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study and constrain the NLO order OPE that are allowed by
consistency with the strong coupling expansion.

C. Obtaining the full NLO contributions

We must point out that, precisely because we are not
making any assumption on e, this approach leaves the
overall normalization of f(!)(z) unfixed. Indeed, in all
expressions the combination e f (]>(Z) appears. Hence, if
we modify the ansatz by an overall constant factor a € R,
we can always reabsorb it through a redefinition of the
perturbation parameter

erfU(z) = (—T) (af () = &7 (af ().

a

Therefore, with the above method alone, we cannot
determine whether the correct contribution is given by
erfW(z) orby &7 (af(z)). Without knowing the explicit
expression, this redundancy, in principle, would always
persist in all applications.

To completely fix the problem, one must compute
e7 independently by other means. This can be done,
for instance, by exploiting the holographic dual des-
cription (when available), or by using purely CFT-based
techniques [26,27].

That said, the results of such an analysis can still be
incorporated into the previous discussion. In particular, if
we manage to determine the correct normalization in a
single case for which universality applies, 67f<1)(z), we
immediately identify the correct combination that can be
applied consistently in all other situations.

Consider the scenario where considering explicitly a
theory and we managed to fix é7, by one of the above
methods, to be é; = ﬁ. This will be the actual one; see

Sec. IVA. The expression for the superprimary four-point
function would be

(P(t1)P(12)P(t3)P(14))
__ G %(0) IR YH)
= t%Apgﬁp <fp°4 (z) + (m>fp4 (2) + O(eg,)),

2

where now ]A”ﬂ()g)(z) and fﬁmﬂ) (z) are explicitly known
functions. Notice that now it is not anymore possible to
rescale freely j‘g) (z) as such a factor cannot be absorbed in
er being everything explicit.

Notice also that the parameter of the expansion must
be, for consistency, the same for all the superdisplace-
ment components. This implies that if we consider a four-
point function of the Q-descendants in the supermultiplet,
these are related by supersymmetry to ]A‘Ig?(z) and f[g4)(z).
Thus one can write explicitly the four-point function as
given by

(D(1,)D(22)D(13)D(14))

_ % <A[([;)4>(Z) + <4ﬂ21C7>}84 (2) + (’)(627)>.

12°34
(3.17)

What we may notice is that ez depends only on Cy and
not mp. This is true also for all the other four-point
functions in the multiplet. So, e7(C7) is universal too

and can be identified together with ]A‘Igf (2).

This implies, for example, that if the theory 7 is such
that it satisfies all the three conditions, if we have another
theory having another line defect, say 77, also satisfying all
the conditions, its displacement four-point function must be
specified by

(D(t)D(1,)D(13)D(t4))
=) (700 +

14
oty

differing from (3.17) just by the different constants mnf,
and Cp.

When the defects have the same codimension this
identification is typically straightforward, when instead
the codimension of the two line defects, 7 and 77, is
different, the equivalence is true upon decomposing the
tensor structures; see Sec. IV B.

The same holds also for all the other defect four-point
functions when D & D x D and can be generalized for
other cases, as discussed before, when relaxing either the
second or the third condition.

It is worth adding a concluding remark regarding the
holographic interpretation of dual theory, when available.
Recall that we fixed the product e, ") (z) through explicit
evaluation. However, due to the freedom of rescaling it may
well be that the true parameter matching the holographic
analysis is not e7(Cyr) itself, but rather ae7(Cr) up to a
rescaling by some constant a. What is guaranteed to match
in explicit computations is not the parameter alone but the

product of the two contributions &7V (z).

Having established these universal features, the purpose
for the remainder of the article will be twofold: first, to
verify these properties in known examples, identifying in
such cases universal sectors, and second, to apply them to
new cases where, thanks to this argument, we can immedi-
ately fix the NLO contributions without relying on any
additional technique.

IV. UNIVERSAL SECTORS IN 1/2 BPS
WILSON LINES

In this section, we apply the framework developed so far to
identify universal four-point functions in several examples of
1/2 BPS Wilson lines. To make this universality explicit, we
will always work with examples in pairs, comparing two
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different theories to demonstrate the equivalence, and hence
the universal nature, of the identified four-point functions.

A. The 1/2 BPS Wilson lines in ABJM
and in A/ =4 CSm theories

As a first example, we consider line defects of the same
codimension. In particular, we take the 1/2 BPS Wilson
line in ABJM theory [21] and in A/ = 4 Chern-Simons-
matter theories [22], under the framework discussed in
Sec. III. The defect operators appearing in the two theories
are characterized by the preserved superconformal algebra
on the line. More precisely, they are classified by the
quantum numbers of the bosonic subalgebra 80(2, 1), D
3u(3)z @ u(l),, for the ABIM line, and $0(2, 1) ¢ D
su(2)r ® u(l),, for the super-Chern-Simons-matter
(SCSm) one [39].

We can now begin by verifying that all the required
conditions are satisfied. First, let us recall that in both cases
the only elementary operators that appear are those belong-
ing to the displacement supermultiplet. Schematically,
these are specified by

. 3100
Din ABIM 3
1

Din N =4SCSm [1]§°> - [IEI) - mgo ’
2

where the charge assignment is schematically written as

[jo](AR), with (R) standing for the Dynkin labels of the

considered representation and j, the Abelian charge. For
the two cases the label for the R-symmetries refers to the
81(3) for the line in ABJM and 8u(2) for the SCSm case.
The arrows represent schematically the action of the
supercharges in the respective theories.

(12Capm)®

(D(1)B()D(5)Ble) wame =

It follows, from the discussion in Sec. III, that both
theories satisfy the three assumptions we required. Hence,
in both cases, when considering the four-point function of a
single defect operator, no operators from the other compo-
nent of the multiplets is exchanged. Consequently, the four-
point functions are universal up to NLO and hence the
correlation function of one theory can be directly mapped
to that of the other.

This observation is particularly useful when bootstrap-
ping the four-point functions in SCSm. Indeed, imposing
standard constraints such as crossing symmetry and
consistency conditions does not suffice to completely
fix the correlator, essentially due to the reduced super-
symmetry that limits the problem. By contrast, once one
notices the universal feature, one can bootstrap the full
function up to NLO without resorting to the usual ansatz-
driven bootstrap procedure.

For concreteness, let us consider the displacement four-
point function (2.9). We focus on this case because the
displacement operator is neutral under the R-symmetry in
both theories, which makes the identification particularly
transparent. The discussion, however, applies more gen-
erally to correlation functions of compatible operators,
namely operators with the same conformal dimension but
transforming in different representations, e.g. the tilt
operators. In such cases, one must first choose an appro-
priate embedding in order to place the correlators on the
same footing as discussed in the next sections.

In the presence of chiral and antichiral superdisplace-
ment multiplets, the displacement operators are naturally
organized into complex combinations that make the U(1)
symmetry manifest. From this perspective, while the two
displacement operators differ by their Abelian charge, this
distinction plays no role in the D x D OPE, which involves
only neutral combinations. With this in mind, we can now
look at the four-point function that reads

2

7
|:1 +Z4 +€ABJM<—16—2Z_%—ZZ3 — 16Z4

+ <6 - 1?6 +6z* — 16z5> log(1 —z) +2z*(8z - 3) log(—z)> + O(GZABJM):| . (42)

for the line in ABJM. For the line in SCSm theories the four-point function will be, besides overall theory-specific

constants, the very same expression

2
(D()B(1)D(13)B (1) scsm = %

2

7
{1 124 1 esosn <—16 D PR ¥ B Y

3

+ <6 - 1?6 + 674 — 16z5> log(1 —z) +2z*(8z = 3) log(—z)> + O(egcs’m)} . (43)

In [22] the same conclusion was reached by observing that certain A' = 4 CSm theories can be obtained from ABJM
through specific orbifold constructions. Here we strengthen this result by showing that it indeed holds for all such 1/2 BPS
line in 08p(4|4) theories, that also satisfy the three requirements outlined in Sec. III.
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Moreover, as discussed, we can also identify the per-
turbation parameter e7(Cy). This has been explicitly
evaluated for ABJM in different ways [21,26], giving

1

_—, 4.4
4”2CABJM ( )

€ABIM —

where Cagyv 1S superdisplacement and superprimary nor-
malization. Also in A" =4 CSm theories the expansion
parameter has been computed in [22] and, after matching
the conventions, one has

1

_— 4.5
47 Cscsm ( )

€scsm —

where now Cgcgpy, is the normalization of the superfield and
superprimary of the 1/2 BPS defect of SCSm theories. For
both of them we have, as anticipated,

1

—_—, 4.6
4T[2CT ( )

er(Cr) =

where 7 can be seen either as 7 = ABJM or 7 = SCSm.

In this case, we have preformed the identification for
the displacement operator, but a similar analysis applies
also for all the other four-point functions of defect operators
in (4.1) that have the same conformal dimension.

B. The 1/2 BPS Wilson line in A" =4 SYM

We now turn to another interesting case, namely the
exploration of universality across defect lines of different
codimensions. In particular, we consider the 1/2 BPS
Wilson line in ABJM and in N' =4 SYM, building on
the results obtained in [8,14,18,19,21]. The Wilson line
in NN=4 SYM preserves the bosonic subalgebra
530(2’ l)conf @ §0(3)rot @ §D(5)R9

In this case, the dual holographic description is well
understood, and much of the discussion can indeed be
supported by direct arguments from the bulk perspective. In
this regard, one can perform very similar considerations to
those presented in Sec. V. Here, however, we restrict the
discussion to a purely CFT-based analysis.

We begin by collecting the superdisplacement multiplets
associated with the two 1/2 BPS lines,

(0.0)
Din ABIM E — 0 — H — 3]0,

1
DinsYM  [0]*) — 11" — 2009, (4.7)

°In [39] 80(2,1)oonr D 814(2), D usp(4)5. At the level of
algebra this is equivalent given that, we recall, ugp(4) ~ 80(5),
and 8u(2),, ~80(3)

rot*

As previously introduced, the Dynkin labels in round and
square brackets refer to the representations of 3u(3), and
u(1); for the Wilson line in ABJM, while they correspond
to 80(5); and 80(3),, for the Wilson line in SYM."
Crucially, by studying the OPE relations for the super-
displacement multiplet [18,19], one finds again that
D & D x D, so all the required conditions are satisfied.

However, in contrast to the previous case, there is no
straightforward identification between the two theories,
even for the displacement operator. Being different codi-
mensional defects, the displacements transform under
different rotation groups. To enable a meaningful compari-
son, one must first rearrange the expressions.

We therefore make the SO(2) structure explicit by
rewriting the displacements of the line in ABJM as

(D'(¢) + iD?*(¢)) and

(D'(1) = iD?(1)).

|
Sl-Sl-

such that Di(¢) transforms in the fundamental of SO(2).
The four-point function can thus be expressed as

(D(#,)D(t,)D(t3)D(ts)) ABsm

- %Z Gija (D' (1) DI (1) DX (13)D' (1)) apyma» - (4.8)

where i,j,k, 1 =1, 2 and oj3q = 601 + 916 — 6y, and
the correlators on the right-hand side can be written as

. . 2 .
(D'(t;)D(1,)D*(23)D(14)) apsmt = %Fukl(z),
12134

(4.9)

for some function F¥!(z). For convenience, here we have
absorbed all the overall factors in Cagpy-

Following the analysis in [8], it is convenient to reex-
press (4.9) in terms of the singlet Fg(z), the symmetric
traceless F7(z), and the antisymmetric F(z) contributions
associated with the two pairs of indices. This is done by
taking the decomposition

FiK(2) = 85K Fg(z) + (6964 — 816%) F 4 (2)

+ (8% 4 516K — SIS Fr(z). (4.10)

Now we move to the four-point insertions in the 1/2 BPS
N =4 SYM line. The correlator of the displacement, for
this case, reads

. . 2 y
(D (1) (1) D (1) (0 s = 2 Gl (2). (4:11)
12734

19See Ref. [39] for a detailed discussion of the representations.
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where i, j, k, [ = 1, 2, 3 and all the overall constant and the
superprimary normalization Cgy)y have been collected in

Csym- Also in this case G;ng(S) (z) can be decomposed in

singlet Gg(z), symmetric traceless G(z) and antisymmet-
ric G4(z) contributions, thus leading to

Gijkl3)(z) = SIS Gg(z) + (876M — §167)G 4 (2)

s0(
+ (5§ + sl — 2/36U5)Gp(z).  (4.12)

Crucially, in order to compare the two expressions we need
to decompose (4.12) into SO(2) representations. This can
be done by using the standard embedding of SO(2) into
SO(3), realized as rotations about the third axis. This leads
to the expression

Glop (2) = 8964(Gs(2) + 1/3G1(2))
+ (896" - 518%)G, (2)
+ (5% + 618K — 515N Gr(z),  (4.13)

which is precisely on the form of (4.10), upon the
identifications

Fs(z) = Gg(z) + 1/3G1(2),
Fr(z) =Gr(z), and Fu(z) = G4(2).

Based on the preliminary considerations, we expect
universal features up to NLO, which implies a matching

between the two four-point functions FiKl(z) = ngol(z)(z).

We can verify this by substituting (4.9) in (4.8) with the
identification (4.13), thus obtaining

n B 3
(D(1))D(12)D(13)D(14)) apim = 45+ | G

1 G
i, |7 - 3 +€ABJM<G.(S)(Z)_G1(4)(Z)+ T3 >+O(€iBJM):|-

(4.14)

This expression for the four-point of the displacement in the ABJM line is fully specified by the functions obtained by the
analysis for the line in SYM.

The last step is thus to explicitly evaluate the four-point functions with the results obtained in [8,14] and compare the
outcome with the bootstrap result of [21].

At leading order they read

2 I e 1 J%
P =1+3600. -3 (2rits) w5 (r-gix)

(1-x)? -x)*

and at the next-to-leading order they are found to be

2(24y® — 907 + 125)° — 76 + 125y* — 306y> + 438y% — 288y +72)  4(dy® — y° — 6y +12)

My
G =— - log(1 —
Ayt (40 — 217 +45x* — 50p° 4 30y% — 6y +2)
+ 3= 1) log(y), (4.15)
48y* — 198y + 3132 — 230y + 115)x*
G r) = - T X (8- 51081 ~2)
870 — 455 + 105x* — 130y + 90x2 — 30y + 10)*
+(;{ x> + 105y x5+ X )y +10)y log(). (4.16)
r=1)
—2)(48y% =90y +91y* +443 — 17> + 18y —6)y
Ggl)(;() :—0( It 60 17 ) — (8y° = 3y* +2)log(1 — y)
(r —=2)(8y* =270 + 41> — 28y + 14)°
-+ (){ — 1)5 log(;(), (4'17)

where we kept y = % for keeping the expression concise."!

llCompared to [8,14] we have rescaled these functions by a factor of 2 to have the discussion more straightforward. See (4.20).
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By substituting explicitly these expressions in (4.14) one
obtains the displacement four-point function (4.2). We can
thus conclude, also in this case, that the 1/2 BPS line in
SYM has universal features.

We end this section with the explicit check that, through
this analysis, we obtain not only the NLO function but
indeed also the full NLO contribution, including the correct
expansion parameter. From this perspective, let us consider
the full expressions in the form of (3.17), where we
explicitly take e as given in (4.6). These are

(D¥(1;)D/ (1) D*(13)D' (14)) Apym

C?\BJM( ikl 1 ikl
= Fl)+ ———)F/ () +-- ),
thid, \© 472 Cappn/)

(D (1,)D (1,)D*(13) D' (14)) sym

CéYM ( - 1 .
=G+ (o )G @)+ )
t?2f§4 <0) 477"2CSYM (1)

(4.19)

For notational convenience, we use the subscript to denote

the order of the expansion and set G/*(z) = nggl(z)(z).

From the discussion above, we have the identifications

Fég;l(z) = Gééﬁl(z) and F’(’lﬁl(z) = szll;l(z)

In the case of ' = 4 SYM, the bremsstrahlung function
at strong coupling is known, [7,9]. We can thus explicitly
write the two-point constant Cqyy in terms of the ’t Hooft
coupling which is given by

\ j'SYM

Csym = ZB(ASYM) = 272

Accordingly, Eq. (4.19) can be written explicitly as

(D¥(1,)D (1,)D*(13)D! (14)) sym

Ciym ( ikl 1 ikl
G (i L Gimy ),
a4, \ 00 () +377—==C)(2)

which, when evaluated explicitly, matches the expressions
in [8,14] which are written equivalently in terms of GE’{;I(Z),
under the following redefinition:

Gkl
1 i () 1 (1) (z) _ 1 G ()
2VAsym Vasym 2 Vs W

(4.20)

As argued at the end of Sec. III, this reflects the fact that,
through the identification of the universal sectors, we are
matching the entire NLO contribution rather than isolating
the expansion parameter ez itself. The latter can always
be rescaled by a constant, which can then be absorbed into
the definition of the NLO function, as illustrated in the
example above.

C. The 1/2 BPS line defects in A =2 gauge theories

We now turn to the case of 1/2 BPS Wilson lines in
N =2 gauge theories, investigated in [20], where we
examine the possible presence of universal sectors in the
displacement supermultiplet four-point functions. These
theories are characterized by the preserved o03p(4%|2)
subalgebra of the ambient 8u(2,2|2) superconformal
algebra in 4d. Accordingly, the defect operators are
classified by the quantum numbers of the preserved bosonic
subalgebra, namely 80(2, 1) ¢, ® 31u(2),, ® 3u(2)%.

Among the examples studied so far, this is the first case
in which the third condition is not satisfied, since the
explicit analysis shows that D& D x D.

Nevertheless, as discussed in Sec. III, one may still
expect that some universal subsectors can be identified
if, by symmetry constraints, some of the three-point
functions of the individual components vanish. Indeed, it
turns out that this is the case, leaving room for universal
structures to emerge.

As before, we begin by analyzing the displacement
supermultiplets. To make the comparison clearer, we shall
again draw a parallel with the 1/2 BPS Wilson line in
N =4 SYM. From [39], the displacement multiplets are
specified by

DinsYM [0\ — (11" — 20,
2

Din N =2theories (0]} — [I{" — IS, (4.21)
2

where, also in this case, the arrows represent the Q
actions and the Dynkin labels refer to the corresponding
preserved algebra. For the displacement in SYM this is
the same as in Sec. IV B, while for the 08p(4*|2) one, the
only difference is on the R-charge Dynkin labels asso-
ciated with 8u(2)z.

Hence, we define the defect operators as

21 = pi(r).

=
.
=
=)
—~
-~
N
—
Rl —~
=
=
>~
SRS
—
-~
N
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Given that the displacement enters on the three-point
functions we cannot be generic on the sector to study,
but we have to identify the ones that do not mix. In
particular, one may notice that the three-point functions

(P(11)P(2)A5(13)) = 0, (4.22)

(P(1)P(12)D'(13)) = 0. (4.23)
vanish at all orders. This constraints are given purely by
symmetry preserving argument. Thus, even if the super-
displacement appears in its OPE and its three-point is
nonvanishing, one can still find some vanishing contribu-
tions by studying the three-point functions of the compo-
nents. In this case, a dual theory is not known, but the
constraint would imply that, in any Lagrangian description
of the holographic dual, the fluctuations associated with
P(¢) admit no cubic interactions with the duals to A%(7)
and D' (7).

Although Z,-odd contributions may arise, as the three-
point function of P is not generically zero, we shall not
pursue their analysis here and will only comment on them
at the end. We thus set as a working hypothesis Appp = 0.

We now use the methodology developed up so far to
obtain the contributions up to NLO of the four-point
function,

(P ()P (22)P(13)P(14))
c3 1 1
= t%2t§4 (F(O)(z) + <m> F( )(Z) 4. .)’ (4.24)

where Cg is the two-point function normalization of the
superdisplacent multiplet.

As in the previous case, we begin from the known
expressions for the line in ' = 4 SYM and we deduce the
result from them.

We start then from the superprimary four-point function
of SYM, given by

(P(21)PP (1) P (13)P(14)) sym
_ CgYM (Gabcd(z) + ( 1 )G“de(z) + .. )
2,5, \ " © 47°Csyy) V)

with a,b,c,d = 1, ..., 5 where now G%’)Cd(z) and G?f’fd(z)

are the leading and next-to-leading order of G%l(s)(z)

defined as

= 040caGs (1) + (8ap0ca — 0aadpe)Ga(¥)
+ (8acOba + 64ape = 2/5646:4)Gr (1)
(4.25)

Gso) ()

In the present case, Gg(z), Gr(z), and G, (z) are the singlet,
symmetric traceless, and antisymmetric contributions
bed
of Ggo‘(S)(z).
In order to extract the full trace, we define the projector'”

1
Pabcd = g (éabécd + 6a05bd + 5ud5bc)'

By contracting with (4.25), we just get

8
= PubeaGits%)(2) = Gs(2) + 2 Gr(2)

F(z) 5

and so (4.24) can be simply rewritten explicitly as

(P(t1)P(t)P(13)P(14))

2 8
=25 |67 +:6 ()
N2134 5

+ (ﬁ) (Gg‘><z) +§G<T”(z)> +- } (4.26)

The expression (4.28) makes manifest the relation between
the Wilson line in NV = 2 gauge theories and the one in
SYM. This allows us to rely on the explicit evaluation of
the corresponding functions of the line in SYM [8,14] to
compute the four-point function in the present case. These
are given by

0 2 0
G () = 1+567 (o).

5
o0 =5+ ]
o0 =3 -k

for the leading order and"

>The normalization can be either fixed so that it matches the
GFF results or by group theory arguments, e.g. P,-jklé”ékl =1
and so on.

3Also in this case we have rescaled by a factor of 2; see
footnote 11 and the corresponding discussion.
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G () = 20 -4r 9 =10y +5) P (2r* = 11y 42147 = 20y 4 10) log(y) - 2t =53 =5+ 1olog(1 .

> 5(r—1) 5(r—1)° Sx ’

207,72 4

() 2 =3x+3) 0P -3x+3) e
GV () =- 1 log(1—y).

r () =17 -1y og(y) —x*log(1-x)

(=273 +577 =3¢ +2) Ul -4r+6r—4

61 g) A IR UM D g(3) = ¢ =7 = o1 =) (427)

for NLO. Again we have kept the expression in terms of y = %5

r just for conciseness.

By the explicit evaluation, we conclude that the final expression for the superprimary four-point correlation function up to

leading order is

2 7 1 41—y +1%)?
(P(1)P(02)P(13)P(14)) = 22 [1 +0 —17 + <4”2C®> (_ G—1)7
4 ) 3 2072 =4y + 9% =T + 2%
+ (2—)—(4—2}( — 4y >log(l -x)+ =17 log&))]
which in terms of z simply reds'*
G 22 (1-z+427%)?
PUREPP) = 2 142+ o+ () (FUE
2 2 —
# (3t -2 togl1 -+ FEEHELE L B gy g

Having the expression for the superprimary four-point function explicit, it is interesting to perform then a direct comparison
with the results obtained in [20]. Mapping to our convention the NLO ansatz

0 0r) = Ry () log () + 0{

SR () 1og(1 =) + 0 (x),

the explicit bootstrap procedure allowed us to reach the expression

(1 =y +1%)?

(D)) —
HO (Z) - ()(_1>2

3y +
+ (cx+c —12<)(+
(curteate =17 (1 + 2

2)) log(1 - )

2T+ x(=7+ 2;() log(y)

2
X
(Clx_l—i-Cz 2(){_13

for two unfixed parameters c¢; and c,. Exploiting the
analysis above, the universal sector allows one to fix,
by comparison, the previously undetermined bootstrap
parameters, leading to ¢; = ¢, = —4. With this identifica-
tion, the theory can be completely solved up to NLO, as all
conformal data become determined. For completeness, we
report the anomalous dimensions evaluated for these fixed
values of the constants

J/[0,0] —4_A— AZ’
yO =2 - A - A2

“Notice indeed that invariant

9(z/(z = 1)) = g(2).

(4.24) is  braiding

Notice that, according to the argument above, this result
holds universally for any line. Moreover, the analysis
shows that the coefficients c¢; and ¢, are theory indepen-
dent, with the only theory-specific input in the correlator
being Cg. As in the case of the N’ =4 CSm theories, the
presence of unfixed parameters is simply a consequence of
an insufficient number of constraints being available or
employed to fully constrain the bootstrap ansatz.

We recall, however, that we have set as an initial
condition the superprimary three-point function to vanish.
The reason why consistency with the bootstrap result is
nonetheless obtained follows from the discussion at the end
of Sec. IIB. In the bootstrap procedure, the four-point
function was computed by perturbing the GFF data to
NLO as in (2.19) and (2.21). As discussed, under certain

066005-22



UNIVERSAL SECTORS IN SUPERCONFORMAL DEFECTS

PHYS. REV. D 113, 066005 (2026)

circumstances, this procedure automatically decouples all
contributions arising from the Z,-odd sector. Indeed, in this
case min{A € GFF} = 2 in (2.21), and excluding Ap = 1
implicitly sets Appp = 0. Given that the three-point func-
tion controls also all the Z,-odd OPEs, it follows that,
effectively, the four-point function considered in the boot-
strap is restricted to the Z,-even contributions, in accor-
dance with what is shown. It is possible, however, that the
three-point coefficient vanishes for other reasons. We leave
this, along with the study of these additional features of the
correlator, for future work.

D. The 1/2 BPS line in AdS; x 3 x T*

We conclude this section with a brief analysis of the
cases studied in [28,29], focusing on the comparison
between the bootstrap and holographic results of [28]
and the universal sector analysis. In these setups, both
the second and third assumptions of Sec. II fail as one finds
DeD x D as well as the presence of a tilt supermultiplet
T,withDeT x T but7 & D x D. The bootstrap analysis
further shows that the displacement four-point function
matches precisely the structure in (3.7). For the remainder
of this discussion, however, we restrict our discussion to the
simplified case where all three-point functions are set to

|

iy~ 4=x+2)
A ek
8y*

(I—x)

which is consistent with the bootstrap results, up to an
overall normalization whose precise expression cannot be
predicted by symmetry considerations. In this perspective,
the key advantage of exploiting the universal sector is that it
grants access to the complete NLO structure, including the
expansion parameter. This, in turn, enables a direct match
with the holographic analysis and allows us to extract the
coupling dependence of the two-point constant of the
supermultiplet, related to the bremsstrahlung function. In
this regard, we consider the identity between the NLO
defect CFT result obtained above and its holographic
counterpart,

1 1
(370 ) 10 = = Ahto)

where f l()h)lk (x) denotes the result obtained in [28] from the
holographic computation in the case where only the R-R
flux is turned on, ¢ is the bulk coupling constant, and
FW(y) is that in (4.29). By the explicit comparison one
finds that

zero, which corresponds to a dual configuration with purely
Ramond-Ramond (R-R) background flux [28]. We note,
however, that the full expression remains useful for further
studies, as it provides a representative example of its
universality class. In particular, it can be applied to other
setups where universality arises, provided the operator
content is consistent with that of the present case.

By setting Appp = 0, the four-point function can be
derived directly by exploiting universality as discussed in
the previous examples. Concretely, we focus again on the
displacement four-point function and, analogously to the
analysis of Sec. IV C, we take the full trace of (4.11) in
order to match the representation of the correlators.

We introduce then the projector

1

Piju = 15

(801 + 0ik0ja + 8iad k)
By contracting with (4.11), one obtains
1)ijkl 4

FOG) = PGl (1) = Gslx) +3Grlx).

where Gg(z) and G7(z) are those defined in (4.15) and
(4.16). The explicit evaluation gives

(12 = 36y + 25x% + 10y + 25x* — 36> + 124°)

8
2-6y+ 2002 = 30)° + 2574 — 117 + 2)(6) log(y)—-(2—y -+ 2;(6) log(1 —y), (4.29)
X

|
FU() = 4o,

thus leading to

C@:g.
T

V. UNIVERSALITY FROM THE HOLOGRAPHIC
DESCRIPTION

As discussed, Wilson lines can be consistently studied
within the framework of supersymmetric defect CFT,
treating the line as a defect in a given SCFT,. In this
section, we briefly comment on the holographic evidence
supporting the analysis of the previous sections. The
discussion applies only to cases that admit a string
realization of the Wilson line [3,6]. However, within this
setup, the relation between different types of Wilson loops
becomes more transparent and intuitive.

The discussion will largely follow the standard pro-
cedure outlined in [8,21], while keeping the reference to the
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specific theory as general as possible. For clarity, how-
ever, we focus on line defects in 3d theories [40-45],
although the analysis extends straightforwardly to other
dimensions, for instance, to 4d theories [8], leading to
analogous conclusions.

In this perspective, we begin with the M-theory back-
ground AdS, x §7/Q, where Q denotes a generic discrete
quotient of §7, such as Q = Z; [46-48] or Q = Z,; x Z,
[49,50]. As known, the ten-dimensional type ITA descrip-
tion emerges by shrinking the M-theory circle, which can
be realized in practice by taking the limit kK — oo. For
instance, in the standard case one finds

§7/Z, .., — CP3.

More generally, we denote by M the resulting internal
manifold obtained in the limit. The corresponding type IIA
background then takes the form AdS, x M specified by

ds* = R*(dsygs, +4ds3),

leaving implicit all quantities that are strictly dependent on
the theories or fluxes that can be present, assuming they do
not change the following considerations. Employing the
standard description, we consider a Poincaré patch for the
AdS, metric

go A2 fdxdx
SAds; =~ ) ’

(5.1)

where, specialized to the Euclidean, we have x' =
(x%, x',x?) and z for the radial coordinate. The bosonic
contribution of the Polyakov action for the superstring
reads

1 1 . .
Sp = 2 T/ Fovhk L_z (9, x'0,x" +9,,20,2)
+4Gh0,YM0, YN] :

where T is the effective tension, o = (,s) are the
Euclidean world-sheet coordinates, and we have split

the embedding AdS coordinates from the compact ones.
|

The 1/2 BPS solution which has the Wilson line as
boundary condition is achieved by considering the solution
corresponding to the minimal AdS, surface specified by

with all other coordinates vanishing.

The insertion of operators in the line can now be mapped
to the fluctuations of the transverse coordinates. From the
identification within the AdS/CFT dictionary [46], we have
for bosons m? = A(A—1) and for fermions m* = (A — ).
We can therefore expand around the 1/2 BPS solution of
AdS, by considering a Nambu-Goto action for the string
world sheet. We define the AdS, transverse coordinates as
X = 75 (x' + ix?). These are free to fluctuate, while the z

and x° are static. The AdS, metric can be casted as [8,21]

2dXdX
(1=31X)*

s (PP

Y 1 W (52)
AdSy (1 _%lx|2)2

2
ds AdS,

where the AdS, metric is
dsigs, = siz(ds2 +dr?).
Compactly we can just write
dsidS4 = g,,(X,X)do"do".

This parametrization makes manifest the SU(1,1) line
conformal symmetry, and endows the transverse directions
X, X with a U(1); charge. The contribution for the
compact manifold can be stated implicitly as

dsi, = gap(w, w)dWwdw®,

where {w} and {w} are generic parametrization of the
metric of the compact manifold g, (w, w) which can be, for
example, CP? for the ABJM case. These quantities are
chosen such that they preserves a subgroup of the iso-
metries of M that match with the preserved R-symmetry
expected from the dual description.”” The Nambu-Goto
action can be written compactly as

(1+31X)* aas 20,X0,X _
SB—T/dZO' det[4g P g, (w,W) |,
(I=31xP =3P
where gﬁf 2 = %25/41« and g, (w, W) is the pullback of g,,(w,W). This is interpreted as a fundamental string stretching from

the center of AdS, to the boundary, located at z = 0, where the CFT; lives. By expanding in terms of the fluctuations one

obtains various terms which schematically are

For example, see chapter 5 of [21].
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Sp = T/ dzﬂ\/ g2 (Ly + Lyy + Ly + Lox oy + -+ ),

where L, is the free term, and the other are the quartic
interactions [21]. For example, L,y reads

Lyx = 2|X|4 + |X|2(gﬂbauX0vX)

1 m K3 YA Y
k) (¢ dMXal,X)(g" dea,(X).

What is crucial for our purposes is that, although the
several contributions differ from theory to theory, reflecting
the dependence on the compact manifold and its associated
quantities, the term L,y is structurally independent of the
specifics of the compact manifold. In fact, evaluating the
Witten diagrams for the four-point function of the trans-
verse fluctuations X and X always yields the same result,
since the only relevant contribution to the connected part
originates from Lyy.

From the defect CFT perspective, this implies that the
displacement insertions share the same structural form
irrespective of the bulk theory. Moreover, since supersym-
metry relates the four-point function of the displacement to
those of the other operators in the supermultiplet, the
functional form of all such correlators is thereby fixed.

While the discussion above has been developed for 3d
defects, the same reasoning applies, modulo symmetry
considerations, to higher-dimensional setups, such as the
1/2 BPS Wilson line in ' =4 SYM [8]. The main
difference lies in the tensorial structure of the transverse
fluctuations x' related to the different embedding of AdS,
in AdSs, instead of AdS, as in the present case. However,
the nature of the L,, interaction will be equivalent to that
discussed here leading to an analysis analogous to that
presented in Sec. [VA and thus to the same conclusion.

VI. THE 1/2 BPS LINE IN N =2 CHERN-SIMONS
MATTER THEORIES

We now apply the approach for the identification of
universal sectors, developed in Secs. II and III, to the study
of 1/2 BPS superconformal lines in 3d N =2 theories.
These cases are relevant in the context of 1/2 BPS Wilson
lines in N =2 Chern-Simons matter theories [30,45].
Moreover, since the preserved symmetry algebra in this
case is a subalgebra of that preserved by the 1/6 BPS
Wilson line in ABJM [30], the two setups are closely
related. In fact, the identification of universal sectors can be
exploited also to gain insights into the 1/6 BPS Wilson line
at strong coupling. However, for the 1/6 BPS line one must
also take into account the additional defect supermultiplet,
following an analysis similar to that outlined in Sec. III.

As already noted, once the universal sectors are iden-
tified, the entire discussion of constructing an ansatz and
performing the bootstrap can be bypassed. We therefore

begin by defining the displacement supermultiplet, its four-
point functions, and the corresponding OPE rules. After
that, once the appropriate (super)conformal block expan-
sion has been identified, the conformal data up to next-to-
leading order can be extracted directly by projection,
exploiting the orthogonality of the (super)blocks. Since
the analysis proceeds in close analogy with the more
supersymmetric cases of 1/2 BPS lines, namely, those in
ABJM and N =4 CSm theories [21,22], we shall, for
brevity, outline only the essential points.

A. Supermultiplet

The identification of the displacement supermultiplet
builds from the observation that broken generators of the
bulk theory are related to local defects by the Ward identity
(2.1). In this case the 1/2 BPS line breaks the superalgebra
08p(2|4) thus preserving half of the supercharges (A7). For
the broken ones, Q = —~Q_ and Q =-itQ_, one can
associate the fermionic insertions

QW) = / AW, (O] = / dIWIA(1))

Associated to the broken orthogonal translations, P =
P, +iP; and P =P, —iP;, one instead defines the
displacement operators

P.W] = / awD()], [P = / deW[D (7).

By exploiting the preserved superalgebra, one can read out
the charges thus obtaining the displacement multiplet

LA {_%L: {_ﬂ -1,

Here, the operators are labeled by [jg],, where A is the
scaling dimension and j is the charge under the preserved
Abelian R-symmetry, (A9). To refer to the entire multiplet,
we will also use the notation of [39], indicating whether the
multiplet is long L (L) or short at threshold A (A) with
respect to Q (Q). The arrow represents schematically the
action of the supercharge Q, (A7), and explicitly this is
given by

(6.1)

{0.A} =2D,  [0.D]=0. (6.2)
Exploiting super-Jacobi identities, one obtains the one
involving the action of Q, which would correspond to
the opposite direction of the arrow in (6.1). Explicitly these
relations are

[0.D] =04  {Q.A}=0.
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B. Superfield realization and correlation
function in superspace
In order to study correlation functions of the displace-
ment supermultiplet (6.1), we are interested in providing a
superfield realization of the superdisplacement. So, we first
proceed by introducing the superspace coordinates

y=t+600, y=1-00, (6.3)

and, correspondingly, the covariant derivatives

D =0, + 60, D = d; + 00,

such that Dy = 0 and Dy = 0. This allows us to introduce
the component expansion of generic (anti)chiral superfields
obeying the conditions DD(y,d) = 0 and DD(y,0) = 0.
In our case, this simply reads

D(y,0)
D(y.0)

= A(y) +20D(y),
= A(y) +20D(y).

The coefficients have been consistently chosen by consis-
tency with the supersymmetry action (6.2). The two-point
function is given by

(D(1.0,)D(5. 83)) = &

where we defined the chiral invariant distance

-y,-20,0

<ij> =i i

Expanding in terms of the superfield component we obtain

AAw) =2,

12

(D(1,)B(1)) = f—

where C4 = Cp and Cp =3C,/2 =3Cp/2. The four-
point function is defined as in (2.3). In this case, chirality
prevents the existence of nilpotent invariants [21,51], while
still allowing for two inequivalent orderings of the inser-
tions. This arises because, in one-dimensional theories,
operator insertions are intrinsically ordered along the line.
Therefore, we consider

C2

(D(y1,6,)D(7,.0,)D(y3.05)D(74.0,)) = (12)3 (33)

53273/ ()
(6.4)

and

(D(y1.60,)D(¥.60,)D(33.05)D(v4.64))
CZ

= Pl Y

where f(Z) and h(X) are functions of the cross-ratios of
the chiral distances

(6.5)

~ (12)(34) _ (12)(43)
F=mEy YTy 09

By expanding in the fermionic coordinates, one can read
the bosonic part of these cross-ratios, which are those
introduced in (2.4), which we report here for clarity,

_ fal34 _ H2l34

H4l32 f13004

By expanding (6.4) and (6.5) in the Grassmann variables
one can match the correlators of the superdisplacement
components to the term of the expansion. For the super-
primary one simply has

ADA)A(1)A(y)) = ﬁf £(2).
2
(A()A()A()A(L)) = %hm (6.7)

where t; < t, < 13 < t4. The displacement four-point func-
tion is instead related to the superprimary by

(D(#)D(12)D(£3)D(t4))
1

= OB (010) - s5271(0) + 2£7)
12°34
~ (@) +27) (68)

and, as expected, it has the shape of (2.7).

Crucially, in 1d, although the operator insertions are
ordered, it is still possible to exchange the second and
fourth insertions (or, equivalently, the first and third), a
process referred to as braiding. This is essentially related to
a sequence of exchanging insertions, applying symmetri-
zation, and finally using cyclicity after having identified the
point at infinity; see Ref. [14]. This allows one to relate
different configurations, such as

(A(1)A(12)A(13)A(14)) = (A(1)A(14)A(13)A(15)),  (6.9)
thus leading to
(1=x)**h(x) = x**h(1 = x), (6.10)

where, in this case, A = 3/2.
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C. OPEs and block expansions

In order to properly study the correlation function of the
displacement multiplet we study in the following the OPE.
Due to the similarities with the more supersymmetric cases,
the 1/2 BPS line in ABJM and N =4 CSm theories
[21,22], here we summarize concisely the OPE of this case.

First of all, given the correlators (6.4) and (6.5) we can
see that we have different OPEs to take into account and
those are the chiral-antichiral D x D and the chiral-chiral
D x D. In [30], the selection rules governing the 1/6 BPS
defect in ABJM theory were systematically derived. The
analysis revealed that, in the chiral-antichiral OPE of
3u(1,1/1), the only allowed contributions are those of
the identity operator and long multiplets. Thus we have

LA [-%L « AL E ~T+LL0O,.  (6.11)

For the chiral-chiral OPE, one instead can constrain it by
chirality. This simply gives

LA {-%]g x LA [—%L ~LA[-3];+ LL [—g}

5 A

So in the superprimary OPE the exchanged operators are

<[ ee

2

We thus see that, contrary to the previous case, these are not
the full multiplets being exchanged, but rather only a single
component from each supermultiplet. Having identified
all the OPE of interest, we can now discuss the partial
wave expansion. For the chiral-antichiral case, long mul-
tiplets contribute through all allowed superdescendants.
Accordingly, the four-point correlator admits a decompo-
sition in superconformal blocks. These are obtained by act-
ing with the Casimir of the preserved superconformal
algebra on the four-point function (A15). The expansions
read

flr) =1+ ZQAGA(Z)’ h(y) =1+ ZbAGA(Z)’

A>0 A>0

where the superblocks solving the differential equations are

Ga(z) = (=2)%,F, (A, A 2A + 15 2),

Ga(y) = 1", F (A, A 2A + 15). (6.12)
These relations can be rewritten in the CPW expansion just
by projecting on the 1d conformal blocks. This leads to
expressions like

A

m%ﬂ(z)-

Ga(z) = ga(2) +
The quadratic OPE coefficients are

an = /IA/WJA/WA’ by = /IAATJAATA’

where T, is the exchanged operator of dimension A. One
can further relate the different OPE coefficients by applying
parity to the three-point function [21]. In the case of
fermionic external operators, this yields to

ity = (_I)PTJFI’IAATA’ (6.13)
thus leading to the relation
ap = (—I)PT-HbA, (614)

where Pt is the parity of the exchanged operator. For
example, when considering the exchange of multiparticle
operators of the form T,_3,, = [AA],, one finds that
P T = n.

This leads to a functional equivalence between the
expressions for the correlators. Indeed, the combination
a3,,G3.,(z) can be mapped to b3, ,G;,,(y) under z — y.
This happens precisely because of the factor (—1)3*" in the
definition of the superblock Gs.,(z) (6.12), that compen-
sates the corresponding sign in the parity relation (6.14).
Since this argument relies only on parity, the property
remains valid perturbatively [21].

While for the first case in (6.7) the superblock expansion
discussed above is sufficient for all the relevant channels,
for the second one we must also take into account the
chiral-chiral OPE. Indeed, given the expression (6.9) and
(6.10) we get the conformal block expansion

ne

h(1 = x) =b3g5(1 —x) + ZbAgA(l =),

A>3

where the conformal blocks are given by the standard one-
dimensional expression [37,52]

aa(x) :)(AzFl(Av A 24 ).

D. Universal sectors

We now turn to the conditions that characterize the
presence of universal sectors. The analysis of the explicit
OPEs shows that the displacement multiplet is never
exchanged, so all the requirements discussed in Sec. II
are satisfied. We therefore conclude that the superprimary
and the displacement sectors remain decoupled up to NLO.
The identification of the NLO four-point function then
becomes straightforward, allowing us to bypass the stan-
dard bootstrap procedure of stating and fixing an ansatz.
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This case is very similar to that discussed in Sec. IV A. The four-point function of the superprimary can be obtained directly
from that of the first superdescendant of the A' = 4 CSm Wilson line superprimary [22]. This leads to

(A(1)A(12)A(13)A(14)) =

C2
1-22+e
15,8, [ D(

+ (5 - % ~57 + 9z4) log(1 —z2) + (5 = 92)° log(—Z)> + 0(6%)] :

2
9+§—Z—+9z3

2

(6.15)

The displacement four-point function again takes the same structural form as in (3.17), and explicitly it reads

(D(1)(1)B(1)B (1) = P22

12°34

72
[1+z4+€D(—16—2z—%—213—16z4

+ <6 - 176 +67* — 16z5> log(1 — z) +2z*(8z —3) log(—z)> + O(E%)] . (6.16)

In this case, the overall coefficient is fixed explicitly
by the analysis in Sec. VIB and the expansion para-
meter is again linked to the two-point normalization as in
(4.6) by

1

= 12cy”

E. Extracting the conformal data

Exploiting the (super)block expansion and the knowl-
edge of the leading and subleading strong coupling four-
point functions, we can now extract the conformal data.

1. Leading-order data

As discussed in Sec. III the exchanged operators at
leading order are those of the multiparticle sates: [AA]5=2 in
the chiral-antichiral channels and [AA]L=2 in the chiral-
chiral one, all having dimensions A = 3 4+ n. We can thus
extract the leading-order data by exploiting the orthogonal
relation for the blocks and superblocks discussed in
Appendix A 1. We thus get

0 _277"/E(n+1)(n+2)0(n+6)
[(n+7)

and the b}(10) are related to these just by the relation (6.14). In
the case of the chiral-chiral channel one finds

2757 /a(n +1)(n +2)0(n +5)

b)) = . nodd,
I(n+3)
(6.17)
b =0,  neven (6.18)

|
2. Next-to-leading-order data

We now turn to the next-to-leading order of the expan-
sion, beginning with the chiral-chiral channel. In this case,
the anomalous dimensions are extracted from the loga-
rithmic contributions of the NLO term in the correlation
function (6.15). Explicitly, they are given by

m_ L ?{ dz
"0 P 2z

where we used the orthogonality relations defined in (A19).
By taking the residue one obtains

o(2)((5 = 92)2°)G_3_,(2).

J/1<11) = —-5—6n—n2.

From this explicit expression we highlight a crucial
feature revealed by the universal sector procedure: the
mild growth of the anomalous dimension with n. This
behavior is in fact a standard requirement imposed in the
bootstrap approach when fixing the ansatz up to NLO
[14,20-22,53]. In the present discussion, it represents a
universal feature that is automatically inherited in all the
cases discussed. The growth of the anomalous dimension
with A is holographically related to the nature of the
interaction: the more irrelevant the interaction, the faster
the growth [15,16]. The fact that, within the universal
sector, the same scaling behavior is observed indicates
that, up to NLO, the corresponding bulk interactions are
effectively equivalent.

By the explicit evaluation we find that, as expected, the
next-to-leading OPE coefficients are consistent with the
derivative rule [15,16,54]

adV =0, (aﬁf’)yf,”), (6.19)
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which explicitly reads

+2

7 1
aS,D = ago) [—11 —3n +7/Szl) (w(n+6) —w(n +§) —210g2+—>],
n

where y(z) =T1"(z)/T'(2).

Exploiting the relation under the map z — y discussed in Sec. VI C and the braiding relation (6.10), one can obtain the
anomalous dimensions for the operators exchanged in the chiral-chiral channel. These are given by

m_ 1 fdr [(1-x)

and the explicit evaluation leads to

yV = —4—5n-n2,

}/5,1) =0,

Also for this case we find agreement with the expression

9
5 —); -5 + 9)(4)]9-2-;1(1 -X)

n odd,

n ¢ven.

by = 0,(6"7")

and, explicitly, the OPE coefficient reads

5 1
by = by [—9 —3n+yi”(w(n+5) —w<n+§> —2log2+—>} n odd,

bg,l) =0, n even.

VII. THE 1/3 BPS WILSON LINE IN ABJM

We conclude with a brief discussion of the 1/3 BPS
Wilson line in ABJM, leaving a complete analysis for future
work. Our main aim is to emphasize that the considerations
above can also be applied to the study of other four-point
functions beyond the superdisplacement correlator. An in-
depth weak-coupling analysis of the explicit realization of
these Wilson lines, including the relevant multiplets and their
properties, was carried out in [31].

Here, we focus on the strong-coupling regime, analyzed
through the framework of universal sectors. In this case,
the 1/3 BPS line preserves the bosonic subalgebra
80(2,1)cons ®81(2) ® (1), ®u(1)?%; see Refs. [31,39].
In terms of representations, they can be obtained by
decomposing the 1/2 BPS displacement multiplet of
ABJM, yielding
0,0 0
e sl
1

1
2 2

The first term corresponds to the 1/3 BPS displacement
multiplet, while the second is a 1/3 BPS supermultiplet
associated with the broken supercurrents. As discussed
in [31], there are actually two sets of supermultiplets

n—+2

associated with the broken supercurrents, referred to as
the tilt and tlit multiplets, which should be regarded as
separate contributions with different normalizations. For
brevity, in the following we focus on just one of these.
We notice from the outset that the subalgebra preserved
is consistent with the one preserved by the 1/2 BPS line in
08p(4[4) theories. The crucial difference is that, in this
case, we have further fundamental defect contributions
coming from the additional breakings. In terms of the
components, the decomposition explicitly reads

F: H f0’0> - F: H fO)
Vo L
o 2 > mf e o[
\J ! !

A [%]20,1) IRV mél) o U H 50)
' |

D:3Y > D:1)

where the vertical lines stand for the action of the preserved
supercharges corresponding to the considered theory and,
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for notation convenience, we also included the correspond-
ing operators (a = 1, 2, 3 and r = 1, 2). As in the order
case, the four-point of the tilt and of the displacement (anti)
chiral multiplet will be specified by the top components’
four-point functions of R (R) and [F (F) respectively.

We now investigate the presence of the universal sector
in both the displacement and tilt four-point functions.
Focusing first on the displacement supermultiplet, one
can verify exploiting the same arguments of Sec. III that
the displacement sector does not mix with the tilt sector
and, moreover, that the individual defect operators within
the multiplet do not mix among themselves. It follows that
the corresponding four-point function exhibits universal
features. Furthermore, since the algebraic structure coin-
cides with that of the 1/2 BPS line in 03p(4/4), the analysis
leads to the same expressions of [22].

We now turn to the analysis of the four-point function of
the tilt supermultiplet, which is determined by that of its

superprimary

2

F)F () F()F (1)) = ;1)

(7.1)

where C7 denotes the two-point normalization of the tilt
supermultiplet, which is distinct from that of the displace-
ment multiplet. Nevertheless, if the theory is controlled by a
single perturbation parameter describing deviations from
the GFF, one may still expect C7 to be related to the two-
point normalization of the displacement supermultiplet, as
indeed is the case [31]. The relevant selection rules follow

2

<WWMWWWF£&

L
471'2C7

{1—z+

This is equivalent to the expansion for the superprimary of
the 1/2 BPS Wilson line in ABJM [21]. As in the previous
case, the expansion is in terms of superblocks. However, as
mentioned above, given the similarity with the lines in
N =4 CSm theories, the supercasimir equation will
be essentially the one discussed in [22], so one can exploit
the relations defined therein. Therefore we consider the
expansion

f(2) =14 caGa(z) with

A>0
Ga(z) = (=2)2,F, (A, A, 2A +2)

and, from (7.3), we can extract the leading-order data, thus
obtaining

from the same argument presented in Sec. VIC for (6.11),
thus leading to

_170) [ 1710

LAH xAL[—E] ~T + LL0].
1
2

1
2

In this case we must consider the mixing also with the
displacement sector. This can be again studied by looking
at mixed four-point functions of tilt and the superdisplace-
ment insertions. In order to show that multiparticle oper-
ators do not enter one can look, for example, at

S = 0 1
(D(1)B(02) F(13)F(12)) Y = A s Adomy 2

~ O(e),
(7.2)

and similarly at the other mixed contributions. At this level
of discussion, one could in principle introduce distinct
expansion parameters, not merely related by overall factors
but characterizing different deviations from the GFF in the
various sectors. For simplicity, we assume that all these
parameters are related, e.g. through additional multiplica-
tive factors, so that deviations in all sectors are treated on
the same footing, thereby avoiding configurations in which
part of the correlators are expanded while others remain at
the GFF level.

We can thus identify the universal four-point function
and extract the leading and next-to-leading OPE data. In
this case, the expansion up to NLO reads

(1

<z— 14 2z(3 —z)log(—z) —_szlog(l —z))]. (7.3)

As before, we characterize the supermultiplets contribu-
tions by n, i.e. the total number of derivatives of the
multiparticle operators [FF],, with the corresponding
dimension given by A =1+ n. The NLO order data can
be obtained again from the log(—z) contribution of (7.3).
The anomalous dimensions read

yﬁ,l) =-3-3n-—n?

and the OPE data at NLO are found to be
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W= V=3 —2n 4y 1) - ) Jolog2
cn’ = cCn { n+yn <w(n+ ) -y n+s og +n+2 .

consistently with the general expression (6.19).
We end this discussion with a last analysis on the other four-point function that can be studied which is
2
s

APIEY]

(F(1)F(12)F(13)F(14)) =

)-

Up to NLO this is given by

(F(1)F (1) (1) F (1)) = +—i—(w4+w@—mmam—9§ﬁi%m—m)] (7.4

2
SPLEN { e
and it is related by the mapping z — y to the other four-point function (7.3). As discussed in Sec. VI, these correlation
functions admit two distinct channels. For the chiral-antichiral expansion, the analysis is equivalent to the discussion

presented above, whereas in the chiral-chiral channel one must consider the OPE'

_M17© _[170) - _ _
LA H x LA H ~ LAY + LAY + LE[1)Y.
1 1 2
2 2
One can see that the quantum numbers of LA[1]<,°> are consistent with those of the displacement supermultiplet; hence,
in principle, it could appear in the exchange. However, this expansion must be related by an analogous relation of (6.9)
to the one where the second and fourth insertions are swapped, i.e. braiding. Thus, consistency with (7.3) and (7.4) allows
one to exclude the superdisplacement in the possible exchanges. One can see this explicitly by considering the expansion up

to NLO

2

(F(1)F(1)F(13)F(14)) = tal

where, as discussed for (3.7), we collected all the
contributions controlled by the three-point exchanges
in h)(1 — »). If now one considers the braiding relation
for (7.5), one would obtain an extra term, related to
h((1 —y), which is not present in (7.4), and thus
leading to the conclusion that this extra term must
vanish.

More specifically, another way to verify that the
superdisplacement components do not contribute in this
four-point function is by studying the three-point function
of two tilt superprimaries and one component of
D (D). First of all, we can exclude the appearance of V,
given that

(F(1)F(12)V'(13)) = 0,

by symmetry preserving argument. The other nontrivial
three-point functions are given by
(F(1r)F(12)R(13)), (F(1,)F(12)D(13)).-

1%See Ref. [22] for further details.

s <h<°>(1 -x)+

hma—m+hmo—m), (1.5)

47Z2CT

Requiring invariance under the Z, parity transformation
t — —t imposes a selection rule on the parity of the third
operator in the three-point function containing two fer-
mions. This is essentially what has been discussed in
(6.13), which applied to the present case leads to the
expression

Appr, = (_I)PT+1’1[F[F'[FA .

This constrains the three-point function to be nonvanishing
only for parity-odd contributions, as also observed in
Sec. VL. Specializing to the cases T, = R and T, = D,
which both have even parity, this immediately implies the
vanishing of the corresponding three-point function coef-
ficients, thus obtaining
MR =0, A =0, Agpg = 0.
By recalling that these three-point coefficients also control
the associated mixed multiparticle states, setting them to
zero removes all such additional contributions, as discussed
in Sec. III B 2. We thus find consistency with the results
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obtained from the braiding and we can conclude that the
superdisplacement contributions are not exchanged.

It should be noted, however, that this discussion does
not, in principle, exclude all supermultiplets with the

quantum numbers of LA[I]EO). Potential contributions
associated with the composite operators of the tilt, encoded
in 19 (1 —y) and AV(1 —y), could in principle appear.
Nevertheless, by arguments analogous to those discussed
above, these contributions are absent, as they correspond to
parity-even sectors; see Sec. VI and [21].

One can thus proceed to extract the conformal data. This
analysis leads to results equivalent to those obtained in the
chiral-chiral channel for the superprimary of the 1/2 BPS
Wilson line in ABJM [21].

Under similar considerations, this analysis could be
extended to the study of all other four-point functions
involving displacement, tilt, and tlit multiplets. We do not
pursue this here and simply note it as a possible direction
for further study.
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APPENDIX A: THE 08p(2|4) ALGEBRA AND ITS
1/2 BPS SUBALGEBRA

We collect here details about our conventions, the
symmetries of the bulk A =2 theory, and the one
preserved and broken by the 1/2 BPS Wilson lines,
working in Euclidean space R*. Some results about the
defect algebra were already obtained [30] for the 1/6 BPS
Wilson line in ABJM. In this case we fix our conventions
and explicitly show how the breaking pattern from the
N =2 CSm theory occurs.

The three-dimensional N' = 2 superconformal algebra
is 08p(2|4). Its bosonic subalgebra consists of the three-
dimensional conformal algebra 80(1,4) and of the
R-symmetry algebra 80(2),. The conformal generators
are the rotations M, the translations P¥, the special
conformal transformations K*, and the dilations D, with
u, v=0, 1, 2 and algebra given by

(M, MP°) = MY — 5 MM 4 & MF — 5 M,
m vp UY PP __ SUP PV
[P#, M) = 5" PP — 5 P*,
H MR — SHYRP — SHP RV
(K, M*] = 3K — 8K,
[P#,K¥] = =28"D — 2M",
[D,PH)=P*,  [D,K*| = —K". (A1)

The R-symmetry generator is R;; = —R;;, with [, J =1, 2,
and obey

[R1 Ryr] = 0, (A2)

as expected from 80(2). The fermionic generators Q;, and
S¢, with spinorial indices a = =+, satisfy

{Q1a: Qup} = 2085 (r") o P
{S¢. 80} = 2i6,(") K,

{10 Slj} = 81((r") M, + 25£D) +260R. (A3)

with (y* )aﬁ being the Pauli matrices satisfying {y*,y"} =
20" and y" = % (yﬂ}/v — ]/D]/”) = je"PyP.
The remaining commutation relations are

1
D, Qo] = le [D,S,"] :—ESI(X’
1 1

[M*, Q4] = —5(7"”)5Q1ﬂ» [MH, S, =§(y"”)i‘s‘57,

[K*, Q1] =i(r*) ﬂSI ) [P”’Sla]:_i(}’”)aﬁQlﬁ,
[RIJvQKa] =061kQ1a— 01k Qla> [RIJ’S ] 51KS —0;xS57+

(A4)

where spinorial indexes are raised/lowered with €% and €aps

such that et~ = ¢_, = 1. Contrary to other more super-
symmetric cases, e.g. [21,22], the 1/2 BPS Wilson line,
thus breaking half of the supercharges, does not break the
80(2) R-symmetry. First of all, in order to meet the
definitions of [39], we define the combinations

1 , 1 ,
ﬁ (Qla =+ lQQ,(l)v isa = \/_E (S? + ng),

where, to avoid any confusion with spinorial indexes, we
use an up-left index convention for the particular combi-
nations. In terms of *Q, and *S* the anticommutation
relations above now read

+ —
Ou =

{iQw :FQﬂ} = 21(}//‘)0/}[’ ’
{£5%. %5} = 2i(p) K,

{£04. 8} = (") My + 256D) F 28R, (AS)
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where now we defined R = iR, such that

R,£0Q,] = +%0,, [R, %59 = £+5°.

The insertion of a 1/2 BPS Wilson line breaks the
08p(2|4) of the bulk theory down to 8u(l,1|1). The
8u(l,1) generators are those of the one-dimensional

conformal group, i.e. {D, P = Py, K = K, }, satisfying

[P.K]=-2D, [D.P]=P, [D.K]=-K. (A6)
As discussed, the R-symmetry 8o0(2)~u(1) is fully
preserved. As in [22] we choose (y*)/ = (6%, 6%, 0"),/
as a basis and therefore (y*),; = (0'.—0°,i1) and

(y")* = (=o', 6%, i1). From the anticommutation relations
one can identify the preserved fermionic charges, which are

0="Q,, S=itSs", Q0=-i"Q_, S=7St, (A7)
which obey the anticommuation relations
{0.0} =2P, {8,8} = 2K,
{0.5} =2(D - Jy),
{0.5} =2(D+ ). (A8)
with
Jo=R—iM;,, (A9)

generating the u(1); obtained by combining the contri-
butions of the preserved rotations 80(2),, and the 80(2)
R-symmetry. The mixed bosonic/fermionic commutation
relations are

Lo, p.0)=

1.
D.0)=; 50, [D.S]==35, [D.§]==33.
[K.0]=S. [K.Q]=S. [P.S]=-0. [P.§]=-0.
(A10)
and
1 1
R.O] =0 M2, Q] = —IEQ, [Jo. 0] = EQ’
1 1
R,S]=S M2, 8] = —iES, [Jo, S] :ES,
_ _ _ 1 - 1 -
[R.Q] = -0, (M2, 0] = i50. [/, 0] = EQ
_ _ 1 _ _ _
[R.S]=-§ (M12,8] =28 o8] = -Es,
(A11)

finding complete agreement with the analysis in [30],
where also the classification of representations is reported.

We then move to the identification of quadratic casimir of
the algebra, which is given by

(s:—DZ——{K P}ty L5 0+

[0 (a12)

it

When acting on highest weight states of the 8u(1,
has eigenvalue
Cajy = A% = Jj§. (A13)
With the (anti)commutation relations in hand, we can
define the differential action of the preserved generators
which is given by
P=-9, D =

1 1
~10, ~ 5005 ~ 5005~ A

K = —120, — 100y — t00; — 2tA — 2,60,

Q =0y —0,0,, Q = 9; — 69,
S = (t+60)0, — 1000, — 2(A — j)0,
S = (t—600)05 — 1000, — 2(A + j,)#,

1 —
J() - 5(—069 + 909 + jo),

R = —00, + 00;, (A14)

where 0, = £, 0y = % and similarly d; =

6t’ ol

1. Blocks and superblocks

Superblocks are obtained by solving the supercasimir
equations

(D12 = ca0) (D1, 01)D(32.6:)D(y3.65)D(34.04)) =0
(A15)

where the Casimir is defined as acting on the first and
second insertion by

Dy, =D; - {KS,P}+ S5 0] +

[Ss, Q. (Al6)

where the operators are taken as the sum, e.g. D, = D +
D, with D; acting on the ith insertion; see Refs. [22,51].
Given that only chargeless long multiplets are exchanged in
this channel, the eigenvalue is ¢5 o = A%. By expanding in
the Grassmann variables, one can identify the second-order
differential equation,

2z = 1)(0.Fa(z) + 207F(2)) = A’F(2).  (AL7)
which, neglecting the shadow contributions, is solved by
the superblocks

(—=2)2,F (A, A 2A + 1;2).

Galz) = (A18)
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The orthogonality are given by the expressions

7{ dz
—w
27l

fzd_j;p()()gn(l _Z)gl—m(l _)() = 5}’!,1117

(Z)Gn (Z>G—m (Z) = 511,m’

(A19)

where we also included the relation for the conformal block

used in Sec. VIE. The densities are (z) :ﬁ and

ply) = - ﬁ and the integration contours wind counter-

clockwise around z =0 and y = 1.
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