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Abstract
Wilson loop operators in ABJM theory provide a rich arena for studying defect conformal field
theories (dCFTs) and the renormalization group (RG) flows connecting them. While these are well
understood at weak coupling, a complete strong-coupling picture remains an open problem. In
this paper, we present a systematic strong-coupling analysis of the fixed points and operator spec-
trum underlying defect RG flows in ABJM, via holography. By examining fluctuations of funda-
mental strings in the AdS4×CP3 background around classical AdS2 solutions, we map world-
sheet excitations to the operators in the dual dCFT which are responsible for the flows and deter-
mine their scaling dimensions, including subleading corrections from one-loop worldsheet effects.
We show how different boundary conditions on string coordinates correspond to distinct opera-
tors and provide a geometric realization of the RG flows through interpolating boundary condi-
tions. We apply this framework to fermionic 1/2 BPS, bosonic 1/6 BPS, and non-supersymmetric
Wilson loops, establishing a coherent strong-coupling picture in which the 1/2 BPS loop is IR sta-
ble, the 1/6 BPS loop acts as a saddle point, and the non-supersymmetric configuration emerges
as a natural UV fixed point. We also advance a proposal for the holographic dual of a second non-
supersymmetric loop, in terms of averaging over Dirichlet boundary conditions.

1. Introduction

Wilson loop operators play a central role in the study of gauge theories, providing non-local probes that
capture both perturbative and non-perturbative aspects of quantum field dynamics. In supersymmet-
ric theories, they offer a particularly rich arena where exact results [1, 2], localization techniques [3–6],
integrability [7, 8], and holography [9, 10] can be brought together.

In three-dimensional N = 6 Chern–Simons-matter theories of ABJM type [11, 12], Wilson loops
exhibit a wide variety of realizations [13], ranging from purely bosonic operators to configurations pre-
serving different fractions of supersymmetry, obtained by coupling the gauge connection to scalar and
fermionic matter fields [14–18]. A remarkable feature of the existence of multiple Wilson loop operators
is that they can be interpreted as different conformal defects supporting one-dimensional conformal field
theories (CFT1) [19–21]. These defect theories are connected by renormalization group (RG) flows [22],
triggered by marginally relevant deformations of the UV fixed point and driving the flow to IR confor-
mal defects. At weak coupling, the structure of these flows has been elucidated in detail [23, 24], reveal-
ing a network of fixed points corresponding to distinct Wilson loop operators, including the 1/2 BPS,
1/6 BPS, and non-supersymmetric configurations.

Understanding this structure at strong coupling is a natural and important step in completing the
picture. Through the AdS/CFT correspondence, Wilson loops in ABJM theory admit a dual description
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in terms of fundamental strings propagating in the AdS4 ×CP3 background. In this framework, different
loop operators are distinguished by the boundary conditions imposed on the string endpoints in the
internal CP3 space. Deformations of the defect theory correspond to modifications of these boundary
conditions, providing a geometric realization of RG flows in terms of interpolating string configurations
[22].

In this paper, we develop a systematic strong-coupling analysis of the fixed points and operator
spectrum underlying defect RG flows in ABJM theory. Our strategy is to identify the defect operators
responsible for these flows by studying fluctuations of the dual string worldsheet around classical AdS2
solutions. Exploiting the AdS2/CFT1 correspondence, we map worldsheet excitations to operators in the
defect theory and determine their scaling dimensions [25]. In principle, a complete treatment would
require the full Green–Schwarz superstring in AdS4 ×CP3. However, the quantities explicitly computed
in this work can be determined without a direct analysis of the fermionic sector. In the protected cases
considered here, supersymmetry constrains the full result in such a way that fermionic contributions are
not needed, and they can be inferred indirectly from multiplet structure and protection arguments. For
unprotected operators, on the other hand, fermionic fluctuations may contribute non-trivially to anoma-
lous dimensions and operator mixing. Nevertheless, all quantities computed explicitly in this paper are
obtained at an order where such corrections do not contribute. A complete determination of the spec-
trum and mixing of unprotected composite operators would instead require a genuine one-loop analysis
of the full Green–Schwarz theory, which lies beyond the scope of the present work.

A key aspect of our analysis is the interplay between boundary conditions and operator dimensions.
Dirichlet and Neumann boundary conditions on the string coordinates correspond to different quanti-
zations of the dual fields, leading to distinct spectra of defect operators. More generally, mixed (inter-
polating) boundary conditions provide a holographic realization of RG flows, connecting different fixed
points along the radial direction of AdS. This perspective allows us to translate the field-theoretic picture
of defect deformations into a geometric framework.

Although in most cases the classical scaling dimension already suffices to determine the RG behav-
ior of the defect deformations, we go beyond this leading analysis and, whenever possible, compute the
subleading corrections by extracting one-loop anomalous dimensions via worldsheet perturbation theory
[25–27].

We apply this approach to a set of four Wilson loop operators: the fermionic 1/2 BPS loop W+
1/2,

the bosonic 1/6 BPS loop W1/6, and the non-supersymmetric loops W±. For each case, we identify the
corresponding worldsheet fluctuations, construct suitable composite operators, and compute their scaling
dimensions at strong coupling. This enables us to determine whether the associated deformations are
relevant or irrelevant, and compare the resulting RG behavior with the expectations from weak-coupling
analyses.

Our results provide a coherent holographic picture of defect RG flows in ABJM theory. In particular,
we find that the 1/2 BPS loop is an IR-stable fixed point, with all singlet deformations corresponding
to irrelevant operators at strong coupling, while the 1/6 BPS loop exhibits both relevant and irrelevant
directions, consistent with its role as a saddle point in the space of flows. The non-supersymmetric loop
W− emerges as a natural UV fixed point, from which flows are triggered by relevant scalar deformations.

More generally, our analysis highlights how the structure of defect RG flows is encoded in the spec-
trum of string fluctuations and their boundary conditions, providing a direct link between field-theoretic
deformations and geometric data in the dual string theory. This work extends previous studies of defect
CFTs and Wilson loops in higher-dimensional theories [22, 25–27], and opens the way to further investi-
gations of non-supersymmetric defects, operator mixing, and the role of fermionic modes in the strong-
coupling regime.

The paper is organized as follows. In section 2 we review notable Wilson loop operators in ABJM
theory, their nature under RG flows as emerged from previous weak-coupling analyses, and their string
dual descriptions, fixing our conventions and discussing the relevant classical solutions. In section 3 we
analyze the spectrum of fluctuations around the AdS2 solution corresponding to the 1/2 BPS Wilson
loop, with particular emphasis on their boundary conditions and their interpretation in terms of defect
operators. We establish a dictionary between string modes and operators in the defect CFT, identifying
the relevant composite operators through their symmetry properties and determining their dimensions
up to subleading order via worldsheet perturbation theory. In section 4 we focus on the 1/6 BPS Wilson
loop and study its deformations at strong coupling, computing anomalous dimensions and comparing
with the corresponding weak-coupling picture of the RG flows. In section 5 we analyze the W− defect
and its role as a UV fixed point, discussing the structure of deformations and the boundary conditions
in the string description. In section 6 we introduce a novel holographic description of the IR fixed point
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Table 1.Wilson loops considered in this paper and their corresponding matter couplings.

W+
1/2

M J
I = diag(−1,1,1,1) ηαI =

(
eiτ/2 −ie−iτ/2

)
δ 1
I , η̄Iα =

(
ie−iτ/2 − eiτ/2

)
δI1

W1/6 M J
I = diag(−1,−1,1,1) ηαI = η̄Iα = 0

W± M J
I =±1 ηαI = η̄Iα = 0

given by the other non-BPS Wilson loop, W+. Finally, in section 7 we summarize our results and outline
possible future directions.

2. General features ofWilson loops in ABJM and their string duals

In three dimensions, N ⩾ 2 supersymmetric Chern–Simons-matter theories [28–31] allow for the con-
struction of a plethora of Wilson-like operators (see, for example, [13, 15, 18, 23, 32–42] for a review),
thanks to the possibility of completing the ordinary gauge holonomy with scalar bilinears and fermions.
Their general structure has the form

W= TrP exp

(
−i

ˆ
C
Ldτ

)
, (1)

where C is the curve that supports the loop and τ its affine parameter. In what follows we will take the
trace in the fundamental representation of the gauge group and C to be a circle, with τ being its angular
coordinate

C : xµ = (0,cosτ, sinτ) . (2)

Specifying this construction to the ABJM theory [11], the quantity L is a U(N|N) supermatrix5,

L=

Aµẋµ − 2π i
k |ẋ|M J

ICJC̄I −i
√

2π
k |ẋ|η

α
I ψ̄

I
α

−i
√

2π
k |ẋ|ψ

α
I η̄

I
α Âµẋµ − 2π i

k |ẋ|M J
I C̄

ICJ

 , (3)

where M J
I controls the coupling to scalar fields and ηαI , η̄

I
α the coupling to fermions [18]. In fact, dis-

tinct choices for these matter couplings give rise to different loops, which may preserve a fraction of the
supercharges (BPS Wilson loops) [15, 18, 23] or break supersymmetry completely [24].

In this paper we focus on four operators, W+
1/2, W1/6, and W±. In table 1 we relate them to the cor-

responding matter couplings. Note that fermions do not appear in W1/6 and W±, which are therefore
called bosonic loops. For these operators it is sufficient to consider only the contribution from the first
node of the ABJM quiver, i.e. the upper diagonal term in (3), since the expectation value of the lower-
right contribution can be obtained by complex conjugation.

The W+
1/2 and W1/6 operators are 1/2 and 1/6 BPS, and preserve SU(3) and SU(2)× SU(2) sub-

groups of the SU(4) R-symmetry, respectively. Their string theory duals at strong coupling have been
determined before, see for instance [15–18] and the review in sections 12–13 of [13]. We do, however,
shed new light on their dual descriptions. The other two operators, W±, are not supersymmetric and
preserve the entire SU(4) R-symmetry group. They were first discussed in [24] in the context of defect
RG flows. Their strong coupling description is completely new.

2.1. The RG flows
As largely discussed in [23, 24] and reviewed in [43], the four Wilson loop operators under considera-
tion sit at the fixed points of RG flow trajectories, driven by marginally relevant deformations. The net-
work of RG flows is schematically depicted in figure 1, where arrows point toward the IR. Horizontal
lines represent bosonic flows, while vertical lines and curves include fermions.

In short, the figure indicates that W− and W−
1/2 are UV unstable fixed points, whereas under pertur-

bations preserving some fraction of the R-symmetry group the system is naturally driven toward W+
1/2

and W+, which are then IR stable fixed points. The bosonic W1/6 operator is instead a saddle point.
More precisely, W− is UV unstable under both bosonic and mixed bosonic-fermionic marginally rel-
evant deformations that preserve SU(3) R-symmetry. While the mixed deformation drives the system

5 Here we use notations and conventions of [24].
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Figure 1. Representation of the RG flows connecting different Wilson loop operators in ABJM theory. Arrows point toward
the IR. Along the horizontal line we have purely bosonic deformations whereas in the vertical direction we turn on fermions.
Mixed deformations correspond to compositions of these two. Black triangles represent SU(3) bosonic operators that will not be
included in the present discussion. Green lines represent enriched flows. The gray shaded area covers what we call ‘mirror Wilson
loops’. We only discussW+ in some detail in section 6, while we comment on them in the discussion section.

toward the W+
1/2 IR stable fixed point, along the bosonic direction it can be further perturbed by an

SU(3)→ SU(2)× SU(2) breaking deformation to reach W1/6, which in turn can be perturbed by an
SU(4) restoring deformation to reach W+. Similarly, W−

1/2 represents a UV unstable fixed point from

which we can flow to W1/6,W
+ or another bosonic SU(3) preserving operator (the left black trian-

gle in figure 1), depending on which SU(4) subgroup is preserved by the perturbation. In general, no
supersymmetry is preserved along the flows, except for the special W−

1/2 →W1/6 →W+
1/2 flows drawn in

green, which are induced by marginally relevant perturbations preserving 1/6 of the supercharges. For
this reason, these special RG trajectories were dubbed ‘enriched flows’ in [23].

2.2. The dual string
The dual description of ABJM theory is given by M-theory in AdS4 × S7/Zk, where k is the Chern–
Simons level. Writing S7 as a circle fibration over CP3, for large enough k the radius of the M-theory
circle shrinks and the theory is effectively described as a type IIA string theory on AdS4 ×CP3. The ten-
dimensional metric is

ds2 = ds2AdS4 + 4ds2CP3 , (4)

where we have set the AdS radius to one. The other background fields are

e2ϕ =
4

k2
, F (4) =

3

2
kvol(AdS4) , F (2) =

k

4
dA, (5)

where ϕ is the dilaton, vol(AdS4) is the AdS volume and dA is the Kähler form on CP3.
Different Wilson loop operators in the fundamental representation correspond to fundamental strings

ending on the loop contour at the AdS boundary and distinguished by their boundary conditions in
the internal CP3 space. In order to describe the dual string solutions, it is convenient to use a Poincaré
patch of the metric for the AdS4 factor

ds2AdS4 =
dz2 + dxAdxA

z2
, (6)
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where z is the radial coordinate and xA = (x0,x1,x2) parameterize the Euclidean three-dimensional
boundary located at z= 0.

For the CP3 factor, we can use either homogeneous coordinates or the affine parametrization,
according to the R-symmetry structure that we want to be explicitly realized, which in turn is dictated
by the amount of R-symmetry preserved by the dual operator that we want to describe.

On the one hand, by writing CP3 as a subspace of the 7-sphere written in complex coordinates, we
introduce homogeneous coordinates ZI (I= 1,2,3,4) satisfying ZI = eiϕZI, for any real parameter ϕ, and
ZIZ̄ I = 1. The metric reads

ds2CP3 =
dZIdZ̄ I

ZJZ̄ J
− ZIZ̄ JdZ IdZ̄J

|ZKZ̄ K|2
. (7)

Such a set of coordinates makes the SU(4) structure of CP3 explicit.
On the other hand, if we are interested in the dual description of a Wilson loop that preserves only

the SU(3)⊂ SU(4) subgroup, it is more convenient to work with the affine parametrization. We pick
one of the four homogeneous coordinates, say Z1, define ωi = Zi/Z1 (i = 2,3,4) and remove the S1 fiber
by imposing the constraint ωiω̄

i + 1= 1/Z1Z̄ 1. The metric in these coordinates reads

ds2CP3 =
dωidω̄i

1+ωjω̄j
−
ωiω̄

jdω̄idωj

(1+ωkω̄k)2
. (8)

Finally, if we are interested in solutions that preserve some SU(2) internal symmetry, it is more con-
venient to parametrize the homogeneous coordinates in terms of Hopf ones, by setting

Z1 = cos
α

2
cos

θ1
2
e

i
2φ1e

i
4χ, Z2 = cos

α

2
sin

θ1
2
e−

i
2φ1e

i
4χ,

Z3 = sin
α

2
cos

θ2
2
e

i
2φ2e−

i
4χ, Z4 = sin

α

2
sin

θ2
2
e−

i
2φ2e−

i
4χ.

(9)

with 0≤ α,θ1,θ2 ≤ π, 0≤ φ1,φ2 < 2π, 0≤ χ < 4π. The metric in angular coordinates then reads

ds2CP3 =
1

4

[
dα2 + cos2

α

2

(
dθ21 + sin2 θ1 dφ

2
1

)
+ sin2

α

2

(
dθ22 + sin2 θ2 dφ

2
2

)
+ sin2

α

2
cos2

α

2
(dχ+ cosθ1 dφ1 − cosθ2 dφ2)

2
]
.

(10)

The string solutions dual to Wilson loop operators always satisfy Dirichlet boundary conditions in
AdS4, typically realized by choosing the static gauge x0 = τ and z= σ where (τ,σ) are the string world-
sheet coordinates, and setting x1|z=0 = x2|z=0 = 0. The minimal area surface satisfying these boundary
conditions corresponds to x1(τ,σ) = x2(τ,σ) = 0 and describes an AdS2 inside AdS4 that ends at the
boundary on the Wilson loop contour parametrized by τ . It is convenient to embed the AdS2 solution
inside AdS4 as

ds2AdS4 =
(1+ x2

4 )
2

(1− x2

4 )
2
ds2AdS2 +

dxadxa

(1− x2

4 )
2
, ds2AdS2 =

1

σ2
(dσ2 + dτ 2) , (11)

where a= 1,2 labels the coordinates transverse to the AdS2 solution and x2 ≡ xaxa.
This solution is common to all Wilson loops. What discriminates between different operators pre-

serving different amounts of supersymmetry is instead the set of boundary conditions on the inter-
nal CP3 coordinates. As we are going to review and further elaborate later, maximal supersymmetry,
that is the 1/2 BPS operator, is obtained by setting Dirichlet boundary conditions in all the six internal
directions [18], whereas trading some Dirichlet boundary conditions for Neumann ones and smearing
along these directions reduces the amount of supersymmetry [15]. As we are going to show in section 6,
one exception is represented by the non-supersymmetric W+ operator, whose dual description can be
obtained by smearing over Dirichlet boundary conditions.

In this framework, interpolating boundary conditions provide a holographic realization of the RG
flows connecting the corresponding fixed points [22, 44]

ZI(τ,σ = 0)+ f(z)na∂aZI(τ,σ = 0) = 0 , (12)

where na is a unit vector orthogonal to the boundary and the interpolating parameter f depends on the
radial AdS coordinate in such a way that f(z= 0) =∞ (UV fixed point) and f(z→∞) = 0 (IR fixed
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point). String solutions subject to these mixed boundary conditions are dual to families of Wilson loops
obtained by marginally relevant deformations of operators at the UV fixed points. Particular cases of
interpolating boundary conditions that preserve supersymmetry or scale symmetry have been studied in
[45–47]. In this paper we are interested in more general interpolating conditions of the form (12), where
the dimensionful parameter f breaks (super)conformal invariance, thus providing the dual of RG flows in
the CFT. A similar investigation has been carried out for N = 4 super Yang–Mills theory in [26].

One could in principle generalize the solution to the ABJ case, where the string couples to additional
background fluxes, in particular the B-field. Such couplings are expected to account for framing effects
at strong coupling [48, 49]. In this work, however, we restrict to the purely geometric embedding and do
not include these contributions.

In the rest of the paper we analyze the string dual of the one-dimensional CFTs defined by the
Wilson loops in table 1, with the aim of identifying the holographic duals of defect operators that trig-
ger the RG flows away from the fixed points. Our strategy is to match boundary operators in the one-
dimensional defect CFT with fluctuations of the dual open string in AdS4 ×CP3. In particular, we focus
on operators that are singlets under the preserved R-symmetry, since these are the natural candidates to
generate irrelevant deformations. By expanding the Wilson loop couplings in terms of small fluctuations
of the CP3 coordinates, we will identify the corresponding composite worldsheet fields and compute
their anomalous dimensions at strong coupling.

3. The fermionic 1/2 BPS loopW+
1/2

We begin by considering the most supersymmetric defect in ABJM theory, that is the 1/2 BPS Wilson
loop W+

1/2 defined as in (3) with the couplings given in the first line of table 1. We consider deforma-
tions of this defect by classically marginal, gauge invariant operators. In the superconnection construc-
tion, these can be naturally constructed as scalar bilinears on the diagonal entries

4π i

k

(
CIC̄J 0
0 C̄JCI

)
, I, J= 1,2,3,4, (13)

or as fermionic contributions in the off-diagonal ones6

i

√
2π

k

(
0 ηψ̄I

ψIη̄ 0

)
, I= 1,2,3,4 . (14)

The defect preserves an SU(3) R-symmetry subgroup of the ABJM global symmetry, which allows defect
operators to be organized into irreducible representations of SU(3). In particular, SU(3) singlet operators
read (the sign choices are for later convenience)

S1 =−4π i

k

(
C1C̄1 0
0 C̄1C1

)
, S2 =

4π i

k

(
CiC̄i 0
0 C̄iCi

)
, S3 = i

√
2π

k

(
0 ηψ̄1

ψ1η̄ 0

)
, (15)

where, according to our definitions, we selected the preferred direction 1 for symmetry breaking. The
operators transforming in the fundamental representation of SU(3) can be combined to form the
operator

Oi =

(
4π i
k C1C̄i −i

√
2π
k ηψ̄

i

0 4π i
k C̄iC1

)
, i = 2,3,4, (16)

and its hermitian conjugate, which belong to the displacement multiplet and have protected dimension
one. We will ignore unprotected operators in the fundamental, as they are not relevant for the present
discussion. The remaining scalar bilinears

Ti
j =

4π i

k

(
CiC̄j 0
0 C̄jCi

)
, i ̸= j = 2,3,4, (17)

transform in the adjoint representation of SU(3).

6 The spinor indices, which we suppress, are always contracted as in (3).
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The unprotected operators considered so far possess anomalous dimensions that can potentially trig-
ger an RG flow for which W+

1/2 acts as a fixed point. Indeed, the singlet operators in (15) were analyzed

at weak coupling in [24] and were found to correspond to marginally irrelevant deformations, with W+
1/2

emerging as a stable IR attractor.
Precisely, let us consider deformations χ1S1, χ2S2 and χ3S3 around W+

1/2. They correspond to pertur-
bations of the superconnection appearing in the path-ordered exponential,

W[χi] =
1

N
TrPexp

(
−i

ˆ
dτ
(
LW+

1/2
+

3∑
i=1

χi Si
))

. (18)

The family of Wilson loops is parameterized so that χi = 0 corresponds to the IR fixed point W+
1/2,

while χi = 1 corresponds to the UV fixed point W−. Thus, in this shifted parametrization the actual
infinitesimal couplings around the IR fixed point are the χi themselves.

The three parameters undergo a non-trivial renormalization, which at one loop in the coupling con-
stant leads to the following β-functions

βχ1 =
N

k
(χ1 − 1+(1−χ3)

2)χ1 +O
(
N2

k2

)
,

βχ2 =
N

k
(2+(χ3 − 2)χ3 −χ2)χ2 +O

(
N2

k2

)
,

βχ3 =
N

k
(1−χ3)(2−χ3)χ3 +O

(
N2

k2

)
.

(19)

These expressions were derived in [24, 43], considering deformations of the UV fixed point W−. Here
we rewrote them as deformations of the IR fixed point W+

1/2, shifting the couplings in such a way that
this point corresponds to χi = 0. The corresponding scaling dimensions of the singlets read up to one
loop

∆S1 = 1+O
(
N2

k2

)
, ∆S2 = 1+ 2

N

k
+O

(
N2

k2

)
, ∆S3 = 1+ 2

N

k
+O

(
N2

k2

)
. (20)

As anticipated, S2 and S3 correspond to marginally irrelevant operators at the IR fixed point associ-
ated with W+

1/2. The absence of quantum corrections to the scaling dimension of S1 is likely a one-loop
artifact, which we expect to be lifted by higher-loop effects. It is therefore natural to expect S1 to be
marginally irrelevant as well.

Furthermore, although the operators do not mix at one-loop order, the β-functions for the corre-
sponding deformation couplings already exhibit mixing of χ3 with χ1 and χ2. At higher orders we there-
fore expect all three singlet operators to mix non-trivially, with suitable linear combinations forming a
basis of operators with definite scaling dimension.

A broader class of classically marginal deformations can also be considered, such as the scalar bilin-
ears Ti

j in (17), transforming in the adjoint representation of SU(3). These operators generically cor-
respond to scalar deformations associated with a non-diagonal scalar coupling matrix MI

JCIC̄J in (3).
While we expect these deformations to be marginally irrelevant as well, it is less clear which UV fixed
points the corresponding RG flows would originate from. Such fixed points might involve non-diagonal
scalar coupling matrices, thus falling outside the general classification of fixed points characterized by
constant scalar couplings [41]. A more detailed investigation of these deformations would certainly be
interesting, but we leave this question for future work.

We now turn to the study of W+
1/2 at strong coupling. Our aim is to identify defect deformations

that could be dual to (some of) the weak-coupling ones, determine whether they correspond to rele-
vant or irrelevant perturbations, and relate them to previous results obtained in precision calculations
[50, 51].

At strong coupling we analyze defect deformations using the holographic dual description in terms of
the string worldsheet sigma model. The W+

1/2 defect is described by an open string whose worldsheet

is an AdS2 surface embedded in AdS4, while being localized at a point in CP3 [18]. This configura-
tion preserves an SO(2,1)× SU(3)×U(1) symmetry. Identifying the SO(2,1) isometry group of AdS2
with the one-dimensional conformal group, and the SU(3) subgroup of the CP3 isometries with the R-
symmetry preserved by the defect, we recover precisely the symmetry group of W+

1/2. We will therefore

use the SU(3) symmetry as a guiding principle to identify defect deformations at strong coupling that

7
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are dual to the field theory operators introduced above, in particular the SU(3) singlets (15), whose RG
properties are known at weak coupling.

Deformations of the defect theory are implemented as boundary terms added to the worldsheet
action. These boundary interactions modify the variational problem and therefore the boundary condi-
tions satisfied by the bulk fields, typically interpolating between Neumann and Dirichlet boundary con-
ditions for the CP3 coordinates. To study the resulting operator spectrum and correlation functions, we
expand the sigma model in fluctuations around the classical saddle. Perturbative computations are then
performed in terms of the fluctuation fields, whose propagators and interaction vertices follow from the
expansion of the worldsheet action and the induced boundary conditions.

A complete treatment would require the full Green–Schwarz action in AdS4 ×CP3. For the quan-
tities considered below, however, the bosonic fluctuation analysis is sufficient: protected contributions
are fixed by supersymmetry, while the unprotected quantities we compute are insensitive to explicit
fermionic corrections at the order considered.

We work with the affine parameterization of CP3, see equation (8), such that the Nambu–Goto
action in the fixed static gauge reads [50]

S= T

ˆ
dσdτ

√√√√det

[
(1+ x2

4 )
2

(1− x2

4 )
2
gµν +

∂µxa∂νxa

(1− x2

4 )
2
+ 4

(
∂µωi ∂ν ω̄i

1+ |ω|2
−
ωiω̄j∂µωj∂ν ω̄i

(1+ |ω|2)2

)]
, (21)

where gµν is the induced AdS2 metric in (11) and the string tension is T=
√
λ

2π (with λ≡ 2π2N/k),
adopting the conventions of [47].

Expanding this action around the minimal area solution x1 = x2 = 0, ωi = 0 in powers of the trans-
verse fluctuations xa (a= 1,2) and ωi (i = 2,3,4), we obtain an interacting theory for two massive real
scalar fields xa (m2 = 2), associated with transverse fluctuations in AdS4, and three massless complex
scalars ωi, describing fluctuations in CP3. The worldsheet action expanded up to quartic order can be
found in [50].

According to the AdS2/CFT1 dictionary, scalar fields obey the relation ∆(∆− 1) =m2, which relates
the bulk mass to the scaling dimension of the dual defect operator. The scalar fluctuations in the AdS4
directions are therefore dual to operators with ∆= 2, while the ωi and ω̄i fluctuations in CP3 cor-
respond, in the standard quantization with Dirichlet boundary conditions [44], to CFT1 operators of
dimension ∆= 1. These operators have been identified in [50] with bosonic components of the dis-
placement operator supermultiplet on the Wilson loop, whose dimension is protected by supersymmetry.
In particular, the CP3 fluctuations transforming in the fundamental representation of SU(3) are dual to
the operators Oi introduced in (16) [50, 51].

In the following we extend this approach to identify the string dual of non-protected operators,
focusing in particular on SU(3) singlets, which correspond to defect deformations and can trigger RG
flows. An analogous investigation already exists for N = 4 super Yang–Mills [25], while for ABJM theory
such an analysis is novel.

In N = 4 super Yang–Mills the spectrum of defect operators associated with the 1/2 BPS Wilson line
can be analyzed at strong coupling using the dual string description in AdS5 × S5. The Wilson line is
dual to a fundamental string whose worldsheet is an AdS2 surface, and fluctuations of the string in the
S5 directions correspond to operator insertions on the CFT1 defect. Expanding the embedding coordi-
nates of S5 around the classical solution, one introduces five transverse fluctuation fields ya, a= 1, . . . ,5,
which transform in the fundamental representation of the preserved SO(5)⊂ SO(6) symmetry. These
worldsheet fields are dual to elementary defect operators Φa with protected conformal dimension. In
addition, the Wilson line itself contains an SO(6) scalar coupling that selects a preferred direction on S5,
corresponding to the sixth component of the embedding coordinates. The associated defect operator Φ6

is an SO(5) singlet and is not protected. In the string description it is identified at leading order with
the bilinear yaya, which is the simplest SO(5) invariant combination that can be constructed from the
worldsheet fields. Its dimension has been computed up to first order in worldsheet perturbation theory
and corresponds to a dual irrelevant defect operator, in agreement with the 1/2 BPS Wilson loop being
an IR fixed point.

Moving to the ABJM theory, the CP3 fluctuations ωi play a similar role to ya, corresponding, as
recalled above, to protected operators in the SU(3)⊂ SU(4) fundamental representation. We now iden-
tify unprotected operators, which are capable of probing the RG flow properties of the defect.

The scalar couplings appearing in the loop operator determine precisely the internal orientation of
the string endpoints in CP3. Writing them in terms of the homogeneous coordinates of CP3 [17, 52]
makes the correspondence manifest: small variations of the couplings translate into fluctuations of the

8
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string coordinates and allow us to identify the defect operators they source. For W+
1/2, we generalize this

relation to the R-symmetry part of the fermionic couplings, writing7

M J
I = δ J

I − 2
ZIZ̄ J

ZKZ̄K
, rI =

ZI√
ZKZ̄K

. (22)

Switching to affine coordinates ZI = (1,ωi) for i = 2,3,4, and expanding in small ωi, ω̄
i fluctuations, we

find

M J
I = δ J

I −
2

1+ωkω̄k

(
1 ω̄j

ωi ωiω̄
j

)
≃ δ J

I − 2

(
1−ωkω̄

k ω̄j

ωi ωiω̄
j

)
+O(ω3) , (23)

and

rI =

(
1− 1

2ωkω̄
k

ωi

)
+O(ω3) . (24)

Inserting (23) and (24) into the Wilson loop superconnection (3), and splitting the ω-bilinears into

SU(3) irreducible representations, we find ωiω̄
j = [ωiω̄

j]T +
δ
j
i
3 ωkω̄

k, where [ωiω̄
j]T is the traceless part.

The resulting expression for L is given by the classical 1/2 BPS configuration L1/2 [18], plus linear and
quadratic terms in the fluctuations that can be organized as

L= L1/2 +ωiOi + ω̄i Ōi +ωiω̄
i

(
S1 +

1

3
S2 +

1

2
S3

)
+ [ωiω̄

j]TTj
i . (25)

This procedure provides a direct map between fluctuations of the Wilson loop couplings and fluctua-
tions of the string worldsheet fields in CP3, allowing for the identification of the corresponding sym-
metry channels in the defect theory. In particular, the singlet bilinear ωiω̄

i is naturally associated with
the SU(3)-invariant sector generated by the operators in (15), while the adjoint part of the bilinear cor-
responds to the deformation operators in (17). However, we do not claim that ωiω̄

i is dual to the spe-
cific linear combination S1 +

1
3S2 +

1
2S3 appearing in (25). Beyond leading order, operator mixing is

expected, and therefore ωiω̄
i should be identified more generally with the lightest operator of definite

scaling dimension in the singlet sector.
At weak coupling, several SU(3)-invariant marginally irrelevant deformations exist. In the strong-

coupling description these should be realized as suitable singlet composite operators built from the
worldsheet fields. We propose that the bilinear ωiω̄

i corresponds to the lightest operator in this singlet
sector. Other deformations are expected to correspond to higher-order singlet operators constructed
from ωi and possibly mixing with operators involving worldsheet fermions. Given that there is no direct
identification between the weak-coupling operators Si and individual string fluctuations at strong cou-
pling, it is also difficult to determine how the absence of an anomalous dimension for S1 at weak cou-
pling is reflected, or eventually lifted, in the string regime.

At strong coupling the classical scaling dimension of the corresponding defect operator is ∆= 2,
implying that it generates an irrelevant deformation. This behavior is consistent with the weak-coupling
picture, where the same deformation is marginally irrelevant.

The anomalous dimension of ωiω̄
i. The anomalous dimension of this operator can be extracted using

the results of [50]. In that work, the four-point function
〈
ωi(τ1)ω̄

j(τ2)ωk(τ3)ω̄
l(τ4)

〉
was determined

both by bootstrap methods8 and by an explicit computation using AdS2 Witten diagrams derived from
the worldsheet action (21).

Conformal invariance of the one-dimensional defect strongly constrains the form of the
correlator to 〈

ωi(τ1)ω̄
j(τ2)ωk(τ3)ω̄

l(τ4)
〉
=

Cω(λ)
2

τ 212τ
2
34

G jl
ik(χ) , (26)

where χ =
τ12τ34
τ13τ24

, with τmn = τm − τn, is the conformally invariant cross-ratio and G jl
ik(χ) admits an

expansion in terms of conformal blocks, as reviewed below9. We decompose the correlator according

7 We split the fermionic couplings in table 1 as ηαI = rIηα, with ηα ≡ (eiτ/2 ,−ie−iτ/2) and rI ≡ δ 1
I .

8 Analytic bootstrap methods have also been applied to other Chern–Simons-matter theories in [53, 54].
9 The symbol χ is not to be confused with the couplings χi in (19).

9
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to the SU(3) irreducible representations appearing in the operator product expansion, namely the singlet
(GS) and the traceless (GT) channels

G jl
ik(χ) = GSδ

j
iδ

l
k +GT

(
δliδ

j
k −

1

3
δ
j
iδ

l
k

)
. (27)

At strong coupling, both functions can be expanded in power series as

GS,T(χ) = G (0)
S,T (χ)+

1√
λ
G (1)
S,T (χ)+O

(
1

λ

)
. (28)

These coefficients can be easily evaluated by reading the singlet and the traceless contributions in the
calculation of [50]. At tree level,

G(0)
S = 1+

1

3

χ2

(1−χ)2
, G (0)

T =
χ2

(1−χ)2
, (29)

while the one-loop coefficients read

G(1)
S (χ) =−5

6
χ2 −χ2 logχ +O(χ3) ,

G (1)
T (χ) =−9

4
χ2 − 3

2
χ2 logχ +O(χ3) ,

(30)

where we have already performed a series expansion in the cross ratio, in view of the OPE limit χ→ 0.
The terms proportional to χ2 logχ in these expressions signal the presence of non-vanishing anomalous
dimensions for the singlet and traceless two-particle operators ωiω̄

i and [ωiω̄
j]T.

To extract these anomalous dimensions we consider the OPE limit of the four-point function, in par-
ticular the expansion of the conformal block for the four-point function of a complex scalar field, which
reads

G(z) = 1+
∑
∆

c∆(−z)∆ 2F1

[
∆,∆
2∆+ 3

;z

]
≡ 1+

∑
c∆G∆(z), z=

χ

χ− 1
, (31)

where c∆ are the OPE coefficients and the sum runs over the scaling dimensions ∆> 0 of the

exchanged primary operators. At leading order, the anomalous dimensions γ(1)n of the singlet operator
and its derivatives can then be extracted from the coefficient of the logχ term in the small-χ expansion,
yielding

G(1)
S

∣∣
logχ

=
∞∑
n=0

c(0)n γ(1)n G2+n(z) . (32)

We are interested in the anomalous dimension of the lightest singlet operator, corresponding to n= 0.

The associated leading-order OPE coefficient c(0)0 can be determined by comparing (31) with the contri-

bution (29), yielding c(0)0 = 1/3.
At this order no operator mixing is expected for the lightest state. Therefore, exploiting the orthogo-

nality properties of the functions G∆ [55], the relation (32) can be inverted to obtain

γ(1)n =
1

c(0)n

˛
dz

2π i

z

(1− z)3
G−4−n(z)

(
G(1)
S (z)

∣∣
log z

)
. (33)

Substituting into (33) the logarithmic part of G(1)
S as extracted from (30), and using the explicit expres-

sion G−4(z) =
(z−5)(z−1)3

5z4 , the integral above can be evaluated straightforwardly. This yields γ(1)
ωiω̄i =−3.

Combining this result with the classical scaling dimension at strong coupling, we conclude that, at first
order, the singlet operator ωiω̄

i has dimension

∆ωiω̄i = 2− 3√
λ
+O

(
1

λ

)
. (34)

This result is consistent with the perturbative analysis indicating that W+
1/2 sits at an IR-stable fixed point

[23, 24]. Moreover, the negative sign of the leading correction suggests a smooth interpolation toward a
marginally irrelevant deformation at weak coupling.

10
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As a side remark, the same analysis can be repeated for the traceless channel using G (1)
T in (30),

allowing to extract the anomalous dimension of the operator [ωiω̄
j]T. In this case the leading-order OPE

coefficient is c(0)0 = 1. Evaluating the integral in (33), with G(1)
S replaced by G (1)

T , yields

∆[ωiω̄j]T = 2− 3

2
√
λ
+O

(
1

λ

)
. (35)

Since the operator Ti
j is already irrelevant at the classical level, this result further corroborates the stabil-

ity of the IR fixed point.

4. The bosonic 1/6 BPS loopW1/6

We now turn to the 1/6 BPS bosonic Wilson loop. As recalled in section 2 and illustrated in figure 1, at
weak coupling this defect can play two different roles in the space of defect RG flows. On the one hand,
it arises as the IR fixed point of flows originating from UV theories, most notably the W− fixed point.
On the other hand, it admits relevant deformations that drive the flow toward other IR fixed points,
such as W+

1/2 and W+.

Particularly interesting is the so-called enriched flow connecting W1/6 and W+
1/2 along a trajectory

that preserves a residual amount of supersymmetry, even if it does not correspond to a conformal defect
at the quantum level [23]. Another trajectory, driven by a purely bosonic deformation, connects W− to
W1/6 while preserving an SU(2)× SU(2) subgroup of the SU(4) R-symmetry that is manifest at the W−

point.
In this section we investigate the string dual description of the 1/6 BPS operator and search for the

corresponding deformations that induce RG flows at strong coupling. We use the SU(2)× SU(2) symme-
try of the defect as a guiding principle to identify the string fluctuations corresponding to operators in
the weakly coupled field theory description, and study their scaling dimensions by computing their lead-
ing corrections at strong coupling. If a picture analogous to the weak-coupling analysis persists in this
regime, we expect to find both relevant and irrelevant deformations of the defect fixed point.

The W1/6 operator is dual to an AdS2 string solution smeared over a CP1 ⊂ CP3 [15]. In this case,
the CP3 sector of the string action must be treated appropriately in order to preserve the SU(2)× SU(2)
internal symmetry characteristic of the W1/6 configuration. To this end, it is convenient to parametrize
CP3 using the Hopf coordinates in (9).

We begin by imposing the Dirichlet boundary condition α= 0, in order to reduce the CP3 met-
ric (10) to

ds2 =
1

4

(
dθ21 + sin2 θ1dφ

2
1

)
, (36)

which describes the CP1 ≃ S2 subset of CP3 on which the string is smeared. In homogeneous coordi-
nates, this translates into

Z1 = cos
θ1
2
ei

φ1
2 , Z2 = sin

θ1
2
e−i

φ1
2 , Z3 = 0 , Z4 = 0 . (37)

We then impose Neumann boundary conditions ∂σθ1|σ=0 = ∂σφ1|σ=0 = 0. As a result, the system
exhibits SU(2)1 × SU(2)2 symmetry. It is therefore convenient to split the ZI 4-vector as

ZI = (zi,wı̂) , Z̄ I = (z̄i, w̄ı̂) , (38)

where i = 1,2 (ı̂= 3,4) are SU(2)1 (SU(2)2) indices. According to (37), we must impose Neumann
boundary conditions on zi and Dirichlet ones on wı̂.

The classical solution is given by ZI = (ni,0), Z̄I = (n̄i,0), where ni are constant 2-vectors of SU(2)1
such that ni n̄i = 1, integrated over CP1. Transverse quantum fluctuations can be naturally introduced by
the following parametrization

ZI =

(√
1− ζ2

2
− w2

2
ni +

ζi√
2
,
wı̂√
2

)
, Z̄I =

(√
1− ζ2

2
− w2

2
n̄i +

ζ̄ i√
2
,
w̄ı̂

√
2

)
, (39)

with

ζi n̄
i = ni ζ̄

i = 0. (40)

11



J. Phys. A: Math. Theor. 59 (2026) 335403 M S Bianchi et al

Table 2. Data of lowest dimensional fields on the string theory
side.

Field ∆ SU(2)1 SU(2)2

zi 0 2 1

z̄i 0 2̄ 1

wı̂ 1 1 2

w̄ı̂ 1 1 2̄

zi z̄i 0 1 1

wı̂w̄ı̂ 2 1 1

ziw̄ı̂ 1 2 2̄

wı̂ z̄i 1 2̄ 2

In the expressions above, ζ2 = ζi ζ̄
i and w2 = wı̂w̄ı̂ are small functions and suitable factors have been

introduced to obtain canonically normalized kinetic terms in the following expansion.
In terms of (39), the Nambu–Goto action takes the form

S= T

ˆ
dσdτ

√
det

[
gµν + 4

(
∂µζi ∂ν ζ̄ i + ∂µwı̂∂νw̄ı̂

1+ |ζ|2 + |w|2
−

(∂µζ̄ i ζi + ∂µw̄ı̂wı̂)(ζ̄ j∂νζj + w̄ȷ̂∂νwȷ̂)

(1+ |ζ|2 + |w|2)2

)]
, (41)

where gµν is the AdS2 metric, see (11). Expanding the action in powers of the fluctuation fields ζi and
wı̂, we obtain

S= T

ˆ
dσdτ

√
g(1+ LB) , LB = L2 + L4ζ + L4w + L2ζ,2w + · · · , (42)

where

L2 = gµν∂µwı̂∂νw̄
ı̂ + gµν∂µζi ∂ν ζ̄

i,

L4ζ =−1

2
|ζ|2(gµν∂µζi∂ν ζ̄ i)−

1

2
(ζiζ̄

j)(gµν∂µζ̄
i∂νζj)+

1

2
(gµν∂µζi∂ν ζ̄

i)(gρκ∂ρζj∂κζ̄
j)

− 1

2
(gµν∂µζi∂ν ζ̄

j)(gρκ∂ρζ̄
i∂κζj)−

1

2
(gµν∂µζi∂νζj)(g

ρκ∂ρζ̄
i∂κζ̄

j),

L4w =−1

2
|w|2(gµν∂µwı̂∂νw̄

ı̂)− 1

2
(wı̂w̄

ȷ̂)(gµν∂µw̄
ı̂∂νwȷ̂)+

1

2
(gµν∂µwı̂∂νw̄

ı̂)(gρκ∂ρwı̂∂κw̄
ı̂)

− 1

2
(gµν∂µwı̂∂νw̄

ȷ̂)(gρκ∂ρw̄
ı̂∂κwȷ̂)−

1

2
(gµν∂µwı̂∂νwȷ̂)(g

ρκ∂ρw̄
ı̂∂κw̄

ȷ̂),

L2ζ,2w =−1

2
|ζ|2(gµν∂µwı̂∂νw̄

ı̂)− 1

2
|w|2(gµν∂µζi∂ν ζ̄ i)−

1

2
(ζiw̄

ȷ̂)(gµν∂µζ̄
i ∂νwȷ̂)

− 1

2
(wı̂ζ̄

i)(gµν∂µw̄
ı̂∂νζi)+ (gµν∂µζi∂ν ζ̄

i)(gρκ∂ρwı̂∂κw̄
ı̂)− (gµν∂µζi∂νw̄

ı̂)(gρκ∂ρζ̄
i∂κwı̂)

− (gµν∂µζi∂νwı̂)(g
ρκ∂ρζ̄

i∂κw̄
ı̂) .

(43)

This action describes an interacting theory of two massless fields, ζi transforming in the (2,1) and
wı̂ in the (1,2) representation of SU(2)1 × SU(2)2, subject to the constraint (40). Composite fields can
be constructed by considering products of the zi and wı̂ fields. In table 2 we list the lowest-dimensional
operators obtained in this way, together with their scaling dimensions and their SU(2)1 × SU(2)2 rep-
resentations. Since zi and wı̂ obey different boundary conditions, they have different scaling dimensions
∆. Consequently, in the strong coupling regime they are dual to defect operators with different classical
dimensions.

4.1. Defect operators and their dual two-particle states
On the field theory side, the 1/6 BPS Wilson loop supported along the circle is defined as

W1/6 = TrP exp

˛
C
dτ

(
Aµẋ

µ − 2π i

k
|ẋ|MJ

ICIC̄
J

)
, MJ

I = diag(−1,−1,1,1) . (44)

For this defect one can identify bosonic unprotected operators, Ci C̄i and Cı̂C̄ı̂, as well as protected
operators [56]

Oiı̂ =−4π i

k
ϵijCjC̄

ı̂ , Ōı̂i =−4π i

k
ϵı̂ȷ̂Cȷ̂C̄

i . (45)
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Table 3. Data of protected and unprotected operators on the
CFT side.

Operator ∆ SU(2)1 SU(2)2

Oi ı̂ 1 2 2̄

Ōı̂i 1 2̄ 2

Ci C̄i 1 1 1

Cı̂C̄ı̂ 1 1 1

These operators are summarized in table 3, together with their quantum numbers.
Naturally, a comparison between tables 2 and 3 suggests the following identifications

Oi ı̂ ↔ ϵijzjw̄
ı̂ , Ōı̂i ↔ ϵı̂ȷ̂wȷ̂z̄

i , Ci C̄
i ↔ zi z̄

i , Cı̂C̄
ı̂ ↔ wı̂w̄

ı̂ . (46)

To support this correspondence, we compute below the anomalous dimensions of the composite fields
zi z̄i and wı̂w̄ı̂ in the string dual description, verifying that these operators are indeed not protected. A
direct verification that zi w̄ı̂ and wı̂z̄i are protected against acquiring an anomalous dimension would
instead require a full superstring computation, which we do not attempt here. Instead, we assume this
property to hold and use it to streamline the determination of the anomalous dimensions of the elemen-
tary fields zi and wı̂, which will play a central role in the subsequent analysis.

At leading order, the anomalous dimensions of zi w̄ı̂ and wı̂z̄i are simply given by the sum of the
anomalous dimensions of the elementary fields. This occurs because the four-point function

〈
zi w̄ı̂wȷ̂z̄j

〉
does not receive one-loop corrections from connected diagrams. Indeed, using the expansion zi ≃
ni +

ζi√
2
, it is easy to see that the correlator

〈
zi w̄ı̂wȷ̂z̄j

〉
receives its leading contribution from the dis-

connected contraction
〈
ni n̄j

〉〈
wı̂wȷ̂

〉
, which is of order 1√

λ
. The first connected contribution involves

instead a quartic interaction vertex together with four propagators and therefore it appears only at order
1

λ3/2 , corresponding to a two-loop correction.
Therefore, to first order the anomalous dimension of zi w̄ı̂ is simply the sum of the anomalous

dimensions of zi and wı̂. Since this is identified with the dual of the protected defect operator Oiı̂, it fol-
lows that the anomalous dimensions of zi and wı̂ must cancel at leading order. We now compute these
anomalous dimensions, before turning to the unprotected operators discussed above.

Anomalous dimension of zi. We extract this anomalous dimension directly from the two-point function〈
zi(τ1)z̄j(τ2)

〉
, with zi, z̄j expressed in terms of the quantum fluctuations ζi, ζ̄ j in (39).

The propagator satisfying Neumann boundary conditions in AdS2 is given by [27]

〈
ζi (τ1)ζ̄

j(τ2)
〉
=− 1

2π
P j
i log

(
τ 212
)
, P j

i = δ
j
i − ni n̄

j . (47)

Thus, at leading order in ζi, the correlation function reads

〈
zi(τ1)z̄

j(τ2)
〉
=
〈
ni n̄

j
〉
+

1

2T

〈
ζi(τ1)ζ̄

j(τ2)
〉
=
δ
j
i

2

(
1− 1

2
√
λ
logτ 212

)
, (48)

where we have used the normalization
〈
ni n̄j

〉
=

δ
j
i
2 and

〈
P j
i

〉
=

δ
j
i
2 .

The coefficient of the logarithmic term corresponds to minus the anomalous dimension γz.
Therefore, the operator is relevant and, at first order, we find

∆z =
1

2
√
λ
+O

(
1

λ

)
. (49)

Anomalous dimension of wı̂. A direct determination of the anomalous dimension of wı̂ involves the cal-
culation of loop corrections to the two-point function

〈
wı̂w̄ȷ̂

〉
, which possesses the tree level expression

〈
wı̂(τ1)w̄

ȷ̂(τ2)
〉
= C1

δȷ̂ı̂
τ 212

, (50)

with C1 = 1
π . At one loop this receives tadpole corrections from loops of both wı̂ and ζi scalars from the

quartic vertices in (43). In addition, one-loop diagrams with worldsheet fermion loops would also con-
tribute. However, their evaluation would require considering the full Green–Schwarz superstring action,
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which is beyond the scope of this work. Here we limit our analysis to bosonic fluctuations corrections,
obtained from the quartic vertices L4w and L2ζ,2w given in (43).

We start with the L2ζ,2w vertex, needed to compute

〈
wı̂(τ1)w̄

ȷ̂(τ2)
〉(1) ∣∣∣∣

ζ

=−
〈
wı̂(τ1)w̄

ȷ̂(τ2)

ˆ
L2ζ,2w

〉
. (51)

This diagram requires the Dirichlet bulk-to-boundary propagator for wı̂

K(z, τ ;τn)≡ Kn(z, τ) = C1
z

(τn − τ)2 + z2
, (52)

and the bulk-to-bulk AdS2 propagator for a field with Neumann boundary conditions like ζi, taken in
the limit of coincident points because of the tadpole diagram

N(z, τ) =− 1

4π
lim

(z ′,τ ′)→(z,τ)

(
log
[
(τ − τ ′)+ (z− z ′)2 + ϵ2zz ′

]
+ log

[
(τ − τ ′)2 +(z+ z ′)2

])
. (53)

We obtain

〈
wı̂(τ1)w̄

ȷ̂(τ2)
〉(1) ∣∣∣∣

ζ

=
δȷ̂ı̂
T

ˆ
dzdτ

z2
gµν
(
∂µK1∂νK2N+ ∂µ(K1K2)∂νN+K1K2∂µ∂νN

+ 4∂µK1∂
ρK2∂ν∂ρN− 2∂µK1∂νK2∂

2N

)
.

(54)

Focusing only on the terms proportional to logτ 212 arising from the integrals in (54), and discarding
linear divergences, we find the following non-vanishing contributions

ˆ
dzdτ

z2
gµνK1K2∂µ∂νN

∣∣∣∣
log

=− k

4π2

logτ 212
τ 212

,

ˆ
dzdτ

z2
gµν∂µ(K1K2)∂νN

∣∣∣∣
log

=
1

2π2

logτ 212
τ 212

,

ˆ
dzdτ

z2
gµν∂µK1∂νK2N

∣∣∣∣
log

=− 1

2π2

logτ 212
τ 212

.

(55)

The constant k encodes the regularization scheme dependence of the propagator. For consistency with
the string theory symmetries, in AdS2 it is typically chosen to be equal to 2 [57], but for now we leave it
arbitrary. Summing up everything, we find that the logτ 212 term appearing in the one-loop correction of
the two-point function of wı̂ is given by

〈
wı̂(τ1)w̄

ȷ̂(τ2)
〉(1) ∣∣∣∣

ζ

=−C1
δȷ̂ı̂
τ 212

1√
λ

k

2
logτ 212 . (56)

Now we consider the contribution from the L4w vertex

〈
wı̂(τ1)w̄

ȷ̂(τ2)
〉(1) ∣∣∣∣

w

=−
〈
wı̂(τ1)w̄

ȷ̂(τ2)

ˆ
L4w

〉
, (57)

which requires the Dirichlet bulk-to-boundary propagator for wı̂ (52), as well as its bulk-to-bulk propa-
gator

D(τ,z;τ ′,z ′) =− 1

4π

(
log
[
(τ − τ ′)2 +(z− z ′)2 + ϵ2zz ′

]
− log

[
(τ − τ ′)2 +(z+ z ′)2

])
. (58)

We obtain

〈
wı̂(τ1)w̄

ȷ̂(τ2)
〉(1) ∣∣∣∣

w

=
δȷ̂ı̂
T

ˆ
dzdτ

z2
gµν
(
3

2
∂µK1∂νK2D+

3

2
∂µ(K1K2)∂νD+

3

2
K1K2∂µ∂νD

− ∂µK1∂νK2∂
2D+ 4∂ρK1∂µK2∂ν∂ρD

)
. (59)
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Only the following integral contributes to logarithmic terms

ˆ
dzdτ

z2
gµνK1K2∂µ∂νD

∣∣∣∣
log

=− k

4π2

logτ 212
τ 212

, (60)

so that

〈
wı̂(τ1)w̄

ȷ̂(τ2)
〉(1) ∣∣∣∣

w

=−C1
δȷ̂ı̂
τ 212

1√
λ

3k

4
logτ 212 . (61)

Altogether, the bosonic contributions give

〈
wı̂(τ1)w̄

ȷ̂(τ2)
〉 ∣∣∣∣

bosonic

= C1
δȷ̂ı̂
τ 212

(
1− 5k

4
√
λ
logτ 212

)
. (62)

For k= 2, the bosonic contributions to the anomalous dimension are

γ(1)w

∣∣∣
bosonic

=
5

2
√
λ
+O

(
1

λ

)
. (63)

As discussed above, at one loop the anomalous dimension of the composite operator zi w̄ı̂ is simply
given by the sum of the anomalous dimensions of its constituent fields. According to the protected
nature of the corresponding multiplet, the total anomalous dimension should vanish

γw + γz =O
(
1

λ

)
. (64)

This cancellation involves the complete anomalous dimension γw, including contributions from both
bosonic and fermionic worldsheet fluctuations. While our analysis only determines the bosonic contribu-
tion explicitly, supersymmetry strongly constrains the structure of the full result. Assuming the expected
cancellation mechanism implied by multiplet protection, we infer that the fermionic fluctuations must
contribute

γ(1)w

∣∣∣
fermionic

=− 3√
λ
+O

(
1

λ

)
. (65)

This result should therefore be regarded as an inference based on supersymmetry and multiplet protec-
tion rather than as the outcome of a direct worldsheet computation. This partial cancelation between the
bosonic and fermionic loops, which is required for this mechanism to operate, is typical of supersym-
metry. A complete cancelation occurs for the fluctuation fields of the 1/2 BPS Wilson loop, which are
likewise protected by supersymmetry.

Anomalous dimension of ziz̄j. We now turn to the evaluation of the anomalous dimensions of the com-
posites ziz̄j, dual to the corresponding operators CiC̄j in table 3 with classical dimension 1. Their one-
loop anomalous dimension can be extracted from the four-point function ⟨zz̄zz̄⟩.

At first order, expanding zi ≃ ni +
ζi√
2
, only simple exchange diagrams contribute, for which we use

the two-point functions (47). The four-point function reads

〈
zi (τ1)z̄

j(τ2)zk(τ3)z̄
l(τ4)

〉
=

1

6

[
δ
j
iδ

l
k + δliδ

j
k +

1

2
√
λ

(
δliδ

j
k

(
logτ 212 − 2 logτ 214 − 2 logτ 223 + logτ 234

)
− δ

j
iδ

l
k

(
2 logτ 212 − logτ 214 − logτ 223 + 2 logτ 234

))]
+O

(
1

λ

)
. (66)

We further decompose the four-point function into SU(2)1 singlet and adjoint components

〈
zi (τ1)z̄

j(τ2)zk(τ3)z̄
l(τ4)

〉
=

C2
z

τ 2∆12 τ
2∆
34

(
GSδ

j
iδ

l
k +GT

(
δliδ

j
k −

1

2
δ
j
iδ

l
k

))
, (67)

and expand in 1√
λ
, finding

GS = 1+O
(
1

λ

)
, GT =

2

3
+

8

3

1√
2λ

log
χ

χ− 1
+O

(
1

λ

)
. (68)
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Extracting the anomalous dimensions, we obtain

∆zi z̄i =O
(
1

λ

)
, ∆[zi z̄j]T =

4

2
√
λ
+O

(
1

λ

)
. (69)

Both correspond to relevant defect operators, driving RG flows from W1/6 in the UV.

Anomalous dimension of wı̂w̄ȷ̂. According to our identifications, we determine the first order anoma-
lous dimension of the operators Cı̂C̄ȷ̂ from the OPE analysis of the four-point function ⟨ww̄ww̄⟩. The
calculation parallels that of the 1/2 BPS defect in [50]. Compared to that case, the external fields have
different indices and possess an anomalous dimension ∆= 1+ 1√

λ
+O

(
1
λ

)
. Nonetheless, the non-trivial

part, that is the calculation of the contact diagram, is identical, because the L4w vertex in (43) possesses
the same structure.

Performing the decomposition in the SU(2)2 singlet and adjoint channels, similarly to what done
in (67), we find

G(0)
S = 1+

χ2

2
, G (0)

T = χ2 , (70)

and

G(1)
S =

−9χ 3 + 22χ 2 +
(
4(χ − 1)3 −χ + 5

)
χ 2 log(χ)− 21χ + 8

4(χ − 1)3
+

(χ − 8) log(1−χ)

χ
, (71)

G (1)
T =

χ
(
−3χ 2 + 2χ +

(
4(χ − 1)3 +χ + 3

)
χ log(χ)+ 1

)
2(χ − 1)3

− log(1−χ)

2
. (72)

After taking the OPE limit χ→ 0, and comparing coefficients of the relevant powers of χ, we find the
following OPE data for the lowest dimension exchanged operators in the singlet and adjoint channels

c(0)S =
1

2
, γ

(1)
S =−1

2

1√
λ
, c (0)T = 1, γ

(1)
T =

1

2

1√
λ
. (73)

We conclude that the operators possess dimensions

∆wı̂w̄ı̂ = 2− 1

2

1√
λ
+O

(
1

λ

)
, ∆[wı̂w̄ȷ̂]T = 2+

1

2

1√
λ
+O

(
1

λ

)
, (74)

corresponding to irrelevant deformations of the 1/6 BPS defect fixed point.
Together with the previous results, this confirms the weak-coupling picture in which the 1/6 BPS

configuration behaves as an unstable fixed point of the RG flow. In particular, it is tempting to identify
the SU(2) singlet deformation associated with the w fields as the endpoint of the SU(2)× SU(2) sym-
metric flow connecting W− to W1/6. It is natural that this deformation involves the wı̂ coordinates,
whose boundary conditions are expected to change from Neumann in the UV to Dirichlet in the IR
through the insertion of an appropriate boundary operator.

5. The ordinaryWilson loopW−

The W− Wilson loop was introduced in [24] as a bosonic SU(4) invariant operator that does not pre-
serve any supersymmetry. It has been interpreted as the ABJM analogue of the ordinary Wilson loop
TrPe−i

¸
A of pure Chern–Simons theory. As in N = 4 super Yang–Mills, it plays the role of a UV fixed

point for RG flows between Wilson loops, but, in contrast to that case, it requires an additional coupling
to matter fields for consistency at the quantum level.

We consider classically marginal scalar deformations of the theory, by operator insertions of the form

CIC̄J with I, J= 1,2,3,4. These are classified into the singlet CIC̄I and the adjoint
[
CIC̄J

]T
representations

of the SU(4) R-symmetry group preserved by the defect. At weak coupling, all of these operators acquire
anomalous dimensions and behave as marginally relevant deformations [24]. Denoting the deformation
parameter by υ, the associated RG flows are governed by the same one-loop β-function, βυ = N

k (υ−
1)υ, so that they share the same anomalous dimension, γ(1) = ∂βυ

∂υ

∣∣∣
υ=0

=−N
k . Consequently, all the

operators introduced above have non-protected dimensions which read at one loop

∆= 1− N

k
+O

(
N2

k2

)
. (75)
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They are all marginally relevant and drive the system away from the W− UV fixed point.
On the string theory side, a direct counterpart of the non-supersymmetric SU(4) invariant Wilson

loop can be obtained by generalizing the smearing procedure employed for the string solution dual to
W1/6 in section 4. More precisely, we impose Neumann boundary conditions in CP3 and smear the fun-
damental string solution over all CP3 directions. This smearing restores SU(4) invariance while breaking
all supersymmetries preserved by the bulk theory, furnishing an appropriate dual description of W−.

We start from the classical string solution ZI = nI, Z̄I = n̄I, where nI, n̄I satisfy nIn̄I = 1, and consider
small transverse fluctuations by setting10

ZI =

√
1− ζ2

2
nI +

ζI√
2
, Z̄ I =

√
1− ζ2

2
n̄I +

ζ̄ I√
2
, (76)

with

nIζ̄
I = ζIn̄

I = 0. (77)

Expanding in powers of the fluctuations and integrating nI over CP3, the string partition function reads

Z =

ˆ
CP3

dn dn̄ δ(nIn̄
I − 1)

ˆ
DζDζ̄ δ(nIζ̄ I)δ(ζIn̄I)exp

(
−T

ˆ
d2σ

√
g(L2(ζ)+ L4(ζ)+ . . .)

)
, (78)

where

L2(ζ) = ∂µζI∂
µζ̄ I ,

L4(ζ) =−1

2
|ζ|2(gµν∂µζI∂ν ζ̄ I)−

1

2
(ζIζ̄

J)(gµν∂µζ̄
I∂νζJ)+

1

2
(gµν∂µζI∂ν ζ̄

I)(gρκ∂ρζJ∂κζ̄
J)

− 1

2
(gµν∂µζI∂ν ζ̄

J)(gρκ∂ρζ̄
I∂κζJ)−

1

2
(gµν∂µζI∂νζJ)(g

ρκ∂ρζ̄
I∂κζ̄

J) .

(79)

We now consider composite bilinear fields that can correspond to the CFT operators mentioned
above, using R-symmetry as a guiding criterion. This suggests identifying the bilinear operators CIC̄J

with the field composites ZIZ̄ J. Since we imposed Neumann boundary conditions on the CP3 directions,
the classical dimension of ZI is zero. These composites are then consistently dual to boundary relevant
operators, as expected from the weak-coupling anlysis.

In the rest of the section, we provide more details on the string dual of the defect theory, by calcu-
lating the anomalous dimensions of these fields.

We start by considering the two-point function ⟨ZIZ̄ J⟩, to determine the first-order anomalous
dimension of Z directly from the quantum corrections to the propagator, as done for the zi field in
section 4.1. The AdS2 propagator for the fluctuations with Neumann boundary condition reads [27]

〈
ζI(τ1)ζ̄

J(τ2)
〉
=− P J

I

2π
logτ 212 , P J

I = δ J
I − nIn̄

J . (80)

To perform the CP3 integration over the zero-modes, we choose the natural normalization
〈
nIn̄J

〉
= 1

4δ
J
I ,

whence
〈
P J
I

〉
= 3

4δ
J
I . At leading order in the fluctuations we then have

〈
ZI(τ1)Z̄

J(τ2)
〉
=
〈
nIn̄

J
〉
+

1

2T

〈
ζI(τ1)ζ̄

J(τ2)
〉
+O

(
1

T 2

)
=
δ J
I

4

(
1− 3

2
√
λ
logτ 212

)
+O

(
1

λ

)
. (81)

We now consider the four-point function
〈
ZIZ̄ JZKZ̄ L

〉
, from which we can extract the anomalous

dimensions of the bilinear composite fields ZIZ̄ J. The calculation parallels that of the four-point func-
tion (66).

At first order, we expand ZI ≃ nI +
1√
2
ζI and retain simple exchange diagrams, evaluated in terms of

the two-point functions (80). After decomposing the four-point function into SU(4) singlet and adjoint
exchanges, we find a vanishing anomalous dimension for the singlet, consistent with the exchanged oper-
ator being the identity, and

∆[ZIZ̄ J]T =
4√
λ
+O

(
1

λ

)
. (82)

10 Here and in section 6, we use similar notations for the fluctuation fields as in section 4. Since the fields arise in different backgrounds
and are never discussed simultaneously, no confusion should arise.
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All ZIZ̄ J composite fields are dual to relevant defect operator insertions, which trigger RG flows away
from the UV fixed point W−.

We can alternatively compute these anomalous dimensions by studying the spectrum of the Laplace–
Beltrami operator on CP3. At one loop in the sigma model, scalar operators are renormalized by an
anomalous dimension operator proportional to the target-space Laplacian, γ ∝∇2, so expanding them
in target-space harmonics yields anomalous dimensions proportional to their Laplacian eigenvalues [58].
This approach has been successfully applied in N = 4 super Yang–Mills [26] to compute the anomalous
dimension of the operator interpolating between the ordinary non-supersymmetric Wilson loop and the
1/2 BPS Wilson-Maldacena loop.

We begin by considering the Nambu–Goto action (21) with Neumann boundary conditions SN plus
a boundary term δS

S(κ)D = SN + δS , δS= κT

ˆ
dτZIMI

JZ̄
J . (83)

The parameter κ interpolates between Neumann (κ= 0) and Dirichlet (κ=∞) boundary conditions.
The boundary term δS can be seen as a special case of an open-string tachyon depending on the

CP3 coordinates, for which the β-function is known. In terms of T = κZIMI
JZ̄ J, we have

βT = µ
∂T
∂µ

=−T − 1√
λ
∇2T + . . . , (84)

where ∇2 is the Laplace–Beltrami operator on CP3. Therefore, the calculation of the anomalous dimen-
sion of the boundary deformations is mapped to the spectral problem for the Laplacian operator in
CP3, which, in the Fubini-Study metric, reads

∇2 = (1+ |ω|2)
(

∂2

∂ωi ∂ω̄i
+ωi

∂

∂ωi
ω̄j ∂

∂ω̄j

)
. (85)

The eigenfunctions of the Laplacian form irreducible representation of SU(4) with Dynkin labels [p,0,p]
and eigenvalues λp = p(p+ 3). Our composite fields correspond to the p= 1 case, for which λ1 = 4, in

agreement with (82). For instance, such eigenfunctions could be written as TIJ = ZIZ̄
J

|Z|2 −
1
4δ

I
J and, choos-

ing I= J= 1, we obtain in the Fubini-Study patch ZI = (1,wi) (i = 1,2,3)

−∇2T =−∇2

(
1

1+ωiω̄i
− 1

4

)
= 4

(
1

1+ωiω̄i
− 1

4

)
(86)

Going back to (84), this means that the β-function for κ is

βκ = κ

(
−1+

4√
λ
+ . . .

)
, (87)

and, since γ = ∂κβκ, we find ∆− 1=−1+ 4√
λ
, such that

∆[ZZ̄]T =
4√
λ
+O

(
1

λ

)
. (88)

More generally, we can design particular boundary deformations to engineer specific RG flows con-
necting the UV fixed point W− with notable IR fixed points, such as W1/6, W

+
1/2, and W+. We consider

a general quadratic deformation with MI
J a hermitian matrix. Varying the action (83) leads to mixed

boundary conditions

∂nZI +κMJ
IZJ = 0 on ∂AdS2 , (89)

where ∂n denotes the normal derivative at the boundary. Since we established such deformations to be
relevant in the UV, then we have κ= 0 in the UV and κ→∞ in the IR. Then, directions corresponding
to non-vanishing eigenvalues of MI

J are driven to Dirichlet boundary conditions in the IR, while those
associated with vanishing eigenvalues remain Neumann. In this way, the pattern of boundary conditions,
and hence the endpoint of the RG flow, is determined by the structure of MI

J, while the subgroup of
SU(4) preserved by the deformation is given by the stabilizer of MI

J.
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Notable deformations are obtained by choosing MI
J to preserve specific subgroups of SU(4). An

SU(4) invariant deformation corresponds to

MI
J = δIJ , (90)

which treats all directions equally and drives all CP3 coordinates to Dirichlet boundary conditions. The
corresponding IR fixed point is W+.

An SU(3) invariant deformation, on the other hand, can be constructed by selecting a unit vector nI,
such as nI = (1,0,0,0), and defining the projector onto the orthogonal subspace

MI
J = δIJ − nIn̄J , (91)

which preserves the SU(3) subgroup stabilizing nI. Its IR fixed point is naturally identified as the
1/2 BPS Wilson loop. In fact, for κ→∞ all directions orthogonal to nI are driven to Dirichlet bound-
ary conditions, while the component along nI remains Neumann. However, taking into account the pro-
jective nature of the homogeneous coordinates, this residual Neumann direction is unphysical, and the
endpoint of the string is effectively localized at a point in CP3, as required for the 1/2 BPS configura-
tion. This construction captures only the bosonic sector of the deformation. The 1/2 BPS Wilson loop
is not defined solely by a scalar coupling, but it also involves couplings to fermionic degrees of free-
dom. Consequently, a complete description of the flow to the W+

1/2 fixed point requires embedding the
bosonic boundary term above into a larger deformation admitting a fermionic completion. From the
worldsheet perspective, this presumably corresponds to supplementing the bosonic boundary interaction
with additional fermionic couplings, which are necessary both to reproduce the full operator structure
on the field theory side and to account for the supersymmetry preserved at the endpoint of the flow.

Finally, an SU(2)× SU(2) invariant deformation is obtained by decomposing Z I = (zi,wı̂) and
choosing

MI
J = diag(0,0,1,1) , (92)

which preserves SU(2)× SU(2) and drives the wı̂ directions to Dirichlet boundary conditions while leav-
ing the zi directions Neumann, in agreement with the structure of the 1/6 BPS configuration.

6. The other ordinaryWilson loop,W+

In the previous section we have argued that the dual of the W− operator is given by Neumann bound-
ary conditions on the CP3 coordinates, with the smearing performed by integrating over the zero-
modes. We are now interested in the dual of W+. In this case, we expect the dual fundamental string
description to exhibit the same SU(4) symmetry, but a spectrum of irrelevant deformations, because
it must correspond to an IR fixed point of the RG flow. This may be naturally achieved by imposing
Dirichlet boundary conditions on CP3, as hinted at in the previous section. The deformation of W−

leading to W+ is distinguished by the fact that it preserves the full SU(4) symmetry, via a boundary
term that treats all CP3 coordinates on an equal footing, without introducing a preferred vector nI or
selecting a specific point in the internal space. Unlike the deformation toward the 1/2 BPS loop, the
endpoint is therefore not associated with a localized string configuration that breaks SU(4) to SU(3).
Rather, the full symmetry suggests the presence of a degeneracy parametrizing the position of the string
endpoint on CP3. The natural holographic interpretation is in terms of a string with Dirichlet boundary
conditions in the internal directions, supplemented by a smearing over CP3 that restores the full SU(4)
invariance.

The homogeneous ZI complex coordinates can still be parameterized in an SU(4) covariant manner
as

ZI =
√
1− ζ2 nI + ζI , nIζ̄

I = 0 , nIn̄
I = 1 . (93)

In the Dirichlet case nI is not a dynamical variable and is not integrated over in the path integral, in
contrast with the Neumann case in (78). It merely specifies the boundary condition, while the fluctua-
tions ζ I account for the physical degrees of freedom. Their boundary two-point function is, at a given
fixed nI and up to normalizations,

〈
ζI(τ1)ζ̄

J(τ2)
〉
n
=

PIJ

(τ1 − τ2)2
, PI

J(n) = δ J
I − nIn̄

J . (94)
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In order to restore SU(4) invariance, we eventually average the correlation function over CP3, thus
obtaining

〈
ζI(τ1)ζ̄

J(τ2)
〉
=

3

4

δ J
I

(τ1 − τ2)2
. (95)

Bilinear fields could be studied in principle from the calculation of a four-point function ⟨ζiζ̄ jζkζ̄ l⟩.
There are, however, two technical obstacles. Unlike the elementary Dirichlet fluctuations of the 1/2 BPS
string, the fields ζI entering these bilinears are not protected, so the corresponding composite operators
may acquire anomalous dimensions and mix with other singlets. Moreover, unlike the W− case with
Neumann boundary conditions, the one-loop anomalous dimensions cannot be reduced to the beta
function of a simple boundary potential, or equivalently to a simple exchange-diagram calculation. For
the Dirichlet construction relevant to W+, one would need the full interacting four-point function of the
Dirichlet fluctuations, including contact terms, and the full one-loop anomalous dimension, including
possible fermionic contributions. A direct computation would therefore require the quantization of the
full Green–Schwarz superstring in the relevant background and the evaluation of the corresponding loop
corrections to defect correlators. This is considerably more involved than the protected 1/2 BPS case and
lies beyond the scope of the present work.

7. Discussion

In this work we extend the weak-coupling analyses of defect RG flows in ABJM theory initiated in
[23, 24] to the strong coupling regime, using holography. This requires studying string fluctuations in
AdS4 ×CP3 around a classical AdS2 worldsheet, identifying the combinations of such fluctuations which
are dual to the CFT operators triggering the flows, and computing their anomalous dimensions. We find
that the qualitative structure of the flows found at weak coupling in [23, 24] persists also at strong cou-
pling. In particular, we find that

• The 1/2 BPS operator W+
1/2 continues to be an IR-stable fixed point also at strong coupling, as it is

at weak coupling. The string mode responsible for triggering the flow is the SU(3) invariant bilinear
ωi ω̄

i (with i = 2,3,4) of massless scalar fluctuations on CP3 obeying Dirichlet boundary conditions,
as it is appropriate for a string solution which is localized at a point of the internal space. The scaling
dimension of this irrelevant operator turns out to be

∆ωiω̄i = 2− 3√
λ
+O

(
1

λ

)
, (96)

with the negative sign of the first-order correction suggesting a smooth interpolation with the corre-
sponding weak-coupling result, which is ∆= 1+positive correction.

• The 1/6 BPS operator W1/6 admits both relevant and irrelevant deformations, matching the saddle-
point structure of the dual CFT at weak coupling. In this case, the string modes must preserve an
SU(2)× SU(2) internal symmetry, with the scalar fluctuations splitting in two distinct sets, one obey-
ing Neumann boundary condition (zi=1,2) and one obeying Dirichlet ones (wı̂=3,4). The Neumann
fluctuations give rise to relevant operators, ziz̄i and [zi z̄j]T, with scaling dimensions

∆zi z̄i =O
(
1

λ

)
, ∆[zi z̄j]T =

4

2
√
λ
+O

(
1

λ

)
, (97)

which drive the RG flows away from W1/6. On the other hand, the Dirichlet fluctuations combine
into irrelevant operators, wı̂w̄ı̂ and [wı̂w̄ȷ̂]T, with scaling dimensions

∆wı̂w̄ı̂ = 2− 1

2
√
λ
+O

(
1

λ

)
, ∆[wı̂w̄ȷ̂]T = 2+

1

2
√
λ
+O

(
1

λ

)
, (98)

which drive the RG flows toward W1/6.

• The ordinary, non-supersymmetric loop W− is a UV fixed point, as in the weak coupling pic-
ture. The classical string solution dual to this SU(4) invariant operator is obtained by imposing
Neumann boundary conditions on CP3 and smearing the string over the full internal space. This
generalizes what is done for the string dual of the 1/6 BPS loop, which is only smeared over a
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Table 4. Summary of the main defect/worldsheet identifications used in the paper. The table records the symmetry channel, the
corresponding field-theory deformation, the worldsheet composite, and the strong-coupling dimension when it is explicitly
determined. In sectors where operator mixing is expected, the worldsheet operator should be understood as representing the
corresponding eigenoperator of definite scaling dimension in that symmetry channel.

Defect Channel Field-theory Worldsheet Dimension (toO(λ−1))

W+
1/2

SU(3) singlet S1,S2,S3 ωiω̄i 2−
3

√
λ

W+
1/2

SU(3) adjoint T i
j [ωiω̄j]T 2−

3

2
√
λ

W1/6 (1,1) of SU(2)× SU(2) Ci C̄i zi z̄i O(λ−1)

W1/6 (3,1) of SU(2)× SU(2) [Ci C̄j]T [zi z̄j]T
2

√
λ

W1/6 (1,1) of SU(2)× SU(2) Cı̂C̄ı̂ wı̂w̄ı̂ 2−
1

2
√
λ

W1/6 (1,3) of SU(2)× SU(2) [Cı̂C̄ȷ̂]T [wı̂w̄ȷ̂]T 2+
1

2
√
λ

W− SU(4) adjoint CIC̄J − 1
4
δ J
I CKC̄K [ZIZ̄ J]T

4
√
λ

W+ SU(4) adjoint CIC̄J − 1
4
δ J
I CKC̄K [ζIζ̄ J]T not computed explicitly

CP1 ⊂ CP3. We find that the field composite dual to the CFT operator responsible for the flow is
an adjoint combination of the homogeneous coordinates of CP3, [ZIZ̄ J]T (with I, J= 1, . . . ,4). It has
scaling dimension

∆ZIZ̄ I = 0, ∆[ZIZ̄ J]T =
4√
λ
+O

(
1

λ

)
, (99)

and corresponds to a relevant deformation away from the UV fixed point.
For convenience, in table 4 we summarize the main identifications between defect-theory deforma-

tion operators and worldsheet composite fields used throughout the paper. The entries should be under-
stood as identifications of symmetry channels, and, where mixing is expected, as the lightest operators of
definite scaling dimension in the corresponding sector.

The theory has a second non-supersymmetric Wilson loop, W+ [24], for which we propose an holo-
graphic dual given by a string with Dirichlet boundary conditions averaged over the whole CP3, in
order to restore the full SU(4) R-symmetry of the dual CFT operator. The difference with W− is that
in that case the zero-modes corresponding to the string orientation in CP3 are integrated over in the
string partition function, whereas for W+ the orientation in CP3 is not a dynamical field. As an IR fixed
point of the RG flow, we expect W+ to give rise to a spectrum of irrelevant deformations, an analysis
that we have not pursued here.

This ‘doubling’ of Wilson loop operators is a peculiar feature of three-dimensional quiver theo-
ries: in ABJM theory there are the two non-supersymmetric operators, W±, which we have discussed
in this work, but there are also two 1/2 BPS operators, W±

1/2 (of which we have only studied W+
1/2)

11.
These pairs of operators only differ in overall signs in the matter couplings, as can be seen for example
in table 1 for W±. It may naively seem that these sign differences are harmless, but they have in fact a
profound impact on the properties of these operators under RG flows, as made evident in figure 1. At
weak coupling [24], this different behavior can be easily traced back to the sign difference in the def-
inition of the matter couplings percolating through the computation and resulting in crucial sign dif-
ferences in the beta-functions of the deformation parameters and in the anomalous dimensions of the
defect operators. At strong coupling, the connection is less obvious. While we have proposed a dual pic-
ture for W+, we have not computed its spectrum of fluctuations. For W−

1/2 it is not even clear what the
string dual could be. A possibility that could be worth investigating is whether the loops in the unshaded
and shaded regions of figure 1 be related by some transformation of the ABJM theory, such as parity
perhaps.

Before concluding, let us stress that our analysis focuses on the spectrum of worldsheet fluctuations
and the corresponding defect operators at the fixed points. The scaling dimensions obtained in this way
allow us to identify relevant and irrelevant deformations and therefore determine the local structure and

11 Another notable example of this phenomenon is the degeneracy of 1/2 BPS operators inN = 4 Chern–Simons-matter theories,
discovered in [35] and further studied in [59, 60].
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stability properties of the RG flows. While this provides strong evidence for the pattern of flows connect-
ing the different Wilson loops, we do not derive the full strong-coupling RG trajectories nor the associ-
ated beta functions. Constructing such trajectories directly from the holographic description remains an
interesting open problem.

Here we have limited our analysis to the bosonic fluctuations around the AdS2 string worldsheet.
In a case—see (65) – we have proposed an explicit value for a fermionic contribution, as needed for
consistency, but otherwise we have always neglected fermionic fluctuations. A complete treatment of
the unprotected sectors associated with the W− and W+

1/2 configurations would require the inclusion of
fermionic worldsheet fluctuations. While the leading identification of the relevant symmetry channels is
already captured by the bosonic analysis, fermionic operators may participate in the mixing problem and
can modify the anomalous dimensions of unprotected composite operators at one loop and beyond. By
contrast, the protected quantities discussed in this work are not expected to be affected qualitatively by
the omission of fermions, either because fermionic contributions enter only at higher orders or because
supersymmetry fixes the final result. For this reason, the main conclusions regarding the spectrum of rel-
evant and irrelevant deformations remain unchanged, although a complete determination of the unpro-
tected operator spectrum would require an analysis of the full Green–Schwarz theory, which we leave for
the future. We expect however that the fermions will not change the picture emerged in this work.

Finally, while we have focussed on operators supported along (maximal) circles and transforming in
the fundamental representation of the gauge group, it would surely be worthwhile to investigate more
general contours, like the latitude of [33, 61], and higher representations, along the lines of the four-
dimensional counterpart in [62].
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