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1 Introduction

The spectrum of conformal dimensions of local operators is the basic data in any conformal
field theory. Unfortunately, there is a shortage of tools for the exact calculation of the
conformal dimensions for interacting CFTs in more than two dimensions. For theories
with enough supersymmetry the dimensions of certain BPS operators can be computed
exactly by exploiting the fact that they belong to special short, or protected, multiplets
of the superconformal algebra. Finding the spectrum of non-BPS operators however is
usually out of reach. The goal of this paper is to calculate the conformal dimensions of
infinitely many protected and unprotected local operators in a 4d N' = 1 theory known
as the Leigh-Strassler (LS) SCFT [1]. To render the calculation manageable we focus on
the LS theory with gauge group SU(NN) and study it in the large N limit where it can be
described by a holographically dual AdSs solution of type IIB supergravity.

The LS SCFT can be obtained as an IR fixed point arising from the N' = 4 SYM
theory via an RG flow triggered by a relevant deformation. More specifically one can write



the A" =4 SYM theory in an A/ = 1 formulation with the following superpotential for the
three chiral superfields

W = Tr & [®o, B3] + %@%. (1.1)

For m = 0 one finds the A/ = 4 SCFT. The RG flow triggered by the relevant coupling
m # 0 ends in a non-trivial 4d N/ = 1 SCFT with an effective quartic superpotential
for ®3 and ®3 which can be obtained by integrating out ®; [1]. The LS SCFT has an
SU(2)r flavor symmetry and a U(1)g superconformal R-symmetry. It is a part of a three-
dimensional conformal manifold, which is believed to be compact and thus does not have
a weakly coupled locus. This should be contrasted with the A/ = 4 SYM theory which
has a free limit and one can gain some calculational control of the operator spectrum
by employing perturbation theory. The fact that the LS theory is intrinsically strongly
interacting complicates the calculation of the spectrum of operator dimensions.

The AdS/CFT correspondence has proven to be an invaluable tool in addressing such
strongly coupled CFT problems and indeed it can be brought to bear for the LS SCFT.
The holographic description of the RG flow connecting N' = 4 SYM and the N/ = 1 LS
fixed point is given by a domain wall solution that interpolates between two supersymmet-
ric AdSs vacua of the five-dimensional, SO(6) gauged, N' = 8 supergravity [2]. The AdS;
vacuum dual to the UV N = 4 fixed point is the maximally supersymmetric SO(6) invari-
ant vacuum of the 5d theory [3-5]. The IR AdSs vacuum preserves 1/4 of the maximal
supersymmetry as well as an SU(2)r x U(1)r subgroup of SO(6) and was found in [6] as
a non-trivial critical point of the scalar potential of the 5d gauged supergravity. Impor-
tantly, the full holographic RG flow and the IR AdSs vacuum can be explicitly uplifted to
solutions of type IIB supergravity [7, 8]. The existence of this uplift to ten dimensions is
now understood to be a consequence of the fact that the 5d SO(6) N' = 8 supergravity
can be obtained as a consistent truncation of type IIB supergravity on S° [9, 10]. One can
hope to use the explicit 10d AdSs Pilch-Warner (PW) solution in [7] to study the spectrum
of perturbative KK excitations as was done for the maximally supersymmetric AdSs x S°
solution in [11-13]. The masses of the KK modes can then mapped to the conformal di-
mensions of local operators in the dual SCFT. This however proves to be a hard problem.
The reason is that the solution of [7] is not of Freund-Rubin type, i.e. the metric on S°
is not the round one and there are non-trivial fluxes for the R-R and NS-NS 2-forms on
the S°. This in turn implies that the group theory techniques used in [11-13] cannot be
directly applied to the PW supergravity solution.

A new tool was recently developed to attack precisely such KK spectroscopy prob-
lems [14, 15]. An important stepping stone that facilitated this development is the for-
mulation of exceptional field theory (ExFT) as a duality covariant formulation of 10d or
11d supergravity [16]. In the context of type IIB supergravity, the ExFT formalism allows
for a formulation of 10d supergravity in an Eg(g) covariant way which, is tailor made for
reductions to 5d [17]. An important application of this formalism leads to a proof that
the 5d N' = 8 SO(6) gauged supergravity theory of [3-5] is a consistent truncation of type
IIB supergravity on S° [10]. In addition to proving this important fact the results in [10]
provide explicit equations that relate the 5d and 10d supergravity fields that can be used to



uplift any solution of the equations of motion in the 5d theory to a type IIB background.'
It was shown in [14, 15] that these consistent truncation results can be extended to apply
not only to a given 5d solution and its 10d uplift but also to the full spectrum of quadratic
fluctuations around a given supergravity solution. Using the results in [14, 15] one can
therefore find the KK spectrum of any type IIB supergravity background which arises as
an uplift of a solution in the 5d A = 8 supergravity.”? The AdSs supergravity dual to the
LS SCFT is precisely such a solution, and thus we can readily apply the methods in [14, 15].
Indeed, a main result of this work is to show how to apply the formalism in [14, 15] to cal-
culate the KK spectrum of the PW solution [7] and organize it in 4d N' = 1 superconformal
multiplets. We find that the results can be conveniently packaged in terms of generating
functions that encode all the information about the superconformal representation theory
accompanied by explicit analytic formulae for all operator dimensions. Importantly, we
find that the KK spectrum comprises of modes dual to both protected and unprotected
operators in the LS SCFT. This is in contrast to the KK spectrum of the maximally super-
symmetric AdSs x S° solutions, where all KK modes are dual to protected operators, and is
akin to the KK spectrum of the AdS; x T'! solution dual to the A' = 1 KW SCFT [27-31].

Some of these ExFT results for the KK spectrum can be derived independently by
a more direct calculation using the 10d PW AdSs solution [7]. One can show, similarly
to [32], that the spectrum of spin-2 excitations around this 10d solution is equivalent to that
of a minimally coupled scalar field. The corresponding eigenfunctions and eigenvalues for
the wave equation in 10d can be found explicitly. The results for the spin-2 KK spectrum
obtained in this way are in perfect agreement with the ExFT results.

The spectrum of protected operators in 4d N =1 SCFTs can be found by calculating
the superconformal index [33, 34]. This index is relatively easy to compute when the theory
of interest has a weakly coupled description, like NV = 4 SYM. This is due to the fact
that the index is invariant under the continuous deformation by a marginal coupling. As
discussed in [35], this argument can also be applied for theories related by an RG flow to a
theory admitting a weakly coupled limit. We can utilize this approach for the LS theory and
compute its superconformal index. In particular, we can use the results for the large N limit
of the index in [35] to arrive at a compact closed form expression for the so-called single-
trace index which captures all contributions from protected single-trace local operators dual
to KK supergravity modes. We show how the simple expression for the single-trace index
can be expanded as a collection of 8 infinite series each of which captures the contribution
from KK towers of semi-short superconformal multiplets. The agreement between this
superconformal index calculation and the KK spectroscopy results amounts to an explicit
detailed test of the holographic duality between the PW AdSjs solution and the LS SCFT.

In the next section we summarize the 5d AdSs5 supergravity solution dual to the LS
SCFT and show how to compute the KK spectrum around it, using the technique developed
in [14, 15]. In section 3 we present the type IIB supergravity uplift of this 5d solution,
compute the KK spectrum of spin-2 excitations by a direct calculation, and show that

!See [18-22] for several applications of the uplift formulae of [10] in a holographic context.
2See [23-25] for recent applications of the results in [14, 15] for calculating the KK spectrum of AdS
solutions in 4d maximal supergravity theories, and [26] for application to AdSs vacua.



the results agree with those using the ExFT technique. The superconformal index of the
LS theory is computed in section 4 where we also show explicitly how it reproduces the
spectrum of protected operators derived in supergravity. We conclude in section 5 with a
discussion of some open questions. The two appendices contain a summary of some results
in 4d N = 1 superconformal representation theory, as well as explicit expressions for the
first 4 levels of the KK spectrum of the PW solution.

2 5d supergravity, ExFT, and KK spectroscopy

We start our exploration by describing the 5d supergravity solution dual to the 4d N =1
LS fixed point. The AdSs solution dual to the conformal vacuum of the LS theory was
found in [6] and amounts to a non-trivial critical point of the scalar potential of the 5d
N =8 S0O(6) gauged supergravity constructed in [3-5]. The holographic description of the
RG flow from N =4 SYM to the N’ = 1 fixed point is in terms of a domain wall solution
interpolating between two AdSs supersymmetric vacua of the supergravity theory and was
discussed in detail in [2].

To understand better this RG flow it is useful to describe its symmetries. The N = 4
SYM theory can be formulated in N/ = 1 language with superpotential W = Tr &1 [®, 3]
as in (1.1). In this formulation only an SU(3) x U(1)3" subgroup of the SO(6) R-symmetry
is manifest. Here U(1)%Y is the superconformal R-symmetry in the UV and is given by the
following linear combination of the Cartan generators of SO(6)

2
TRV = 3+ T+ Ty), (2.1)

where T 2 3 are the generators of the 3 SO(2) block-diagonal blocks in SO(6). By adding
the superpotential mass term AW = %CD% in (1.1) the global symmetry is broken to
SU(2)p x U(1)%, where U(1)} is the IR superconformal R-symmetry given explicitly by
the linear combination

1
TH = 5 (T1 + To + 2T). (2.2)

The SU(2)r flavor symmetry is the first factor in the SU(2); x SU(2)3 x U(1)56 subgroup
of SO(6), where U(1)s¢ is generated by T5.

As discussed in [36], correlation functions of local operators in the planar limit of the
N =4 SYM enjoy a “bonus” U(1)y symmetry. This U(1)y is the compact subgroup of the
SL(2,R) symmetry of the 5d supergravity theory which in turn is the large N manifestation
of the SL(2,Z) S-duality group of the N'=4 SYM theory. This “bonus” U(1)y symmetry
plays an important role in our discussion below.

One can use these symmetries to show that the holographic RG flow of interest can
be constructed by using only 2 of the 42 scalars, which we denote by («, ), in the 5d
N = 8 gauged supergravity theory. The scalar « is dual to a scalar bilinear operator in the
20’ representation of SO(6), while x is dual to a linear combination of fermionic bilinear
operators in the 109 10. These two operators are precisely the ones that are being sourced
by the superpotential mass term in (1.1).



To describe the supergravity domain wall of interest we focus on the scalar sector of
the 5d N = 8 supergravity theory. It consists of 42 scalars spanning the coset

Es(6)
USp(8)

(2.3)

The infinitesimal generators of the coset can be parametrized as [4]

[i 7]
g= (““‘ w0 V2 ) (2.4)
ijka i Sa a St ’ ’

where Aij is symmetric traceless matrix that generates SL(6,R), while AC“B is a symmetric
traceless matrix that generates SL(2,R). The off-diagonal blocks in (2.4) are fully anti-
symmetric in (i, 7, k), and self-dual, i.e. they obey the relation

1
Eijk:oz = 6504,3 Eijklmn Zlmnﬁ . (25)

For the two-scalar truncation of interest these tensors simplify significantly, see appendix
A in [2]. For the diagonal blocks in (2.4) we have

Aij = diag [—a, —a, —a, —a, 20, 2&] , Aag = 0. (2'6)

The off-diagonal blocks are given by

' ij ij
$1ij51 _ yij62 _ g 102 '0 ’ $ij6l _ _ij52 _ _% 0 o3 ’ (2.7)
0 ioo o3 0

where o, are the Pauli matrices. The metric on the scalar coset is given by
M=V-VI' where V=explg], (2.8)

and can be used to write down the Lagrangian of the scalar sector of the 5d N' = 8
supergravity theory as

L= ’95’(R5—IC+'P) . (2.9)

Here we have defined the scalar kinetic term and potential as®

K= ic‘?ﬂMmaﬂM@ = —12(a/)* - 2(x),

2.10
B g2 COSh2 % ( )

P 2640‘

(ewa sinh? y — 4% 4 cosh 2y — 3) .
The supergravity domain wall realizing the LS RG flow has the five-dimensional metric*

dsigs, = dr? + e?An,datdat (2.11)

#We use underlined indices on the coset metric to be consistent with the notations used in [15], and in
section 2.1 below.
4Note that, unlike [4], we work in mostly plus conventions for the metric signature.



The scalar field and the metric function A depend only of the radial coordinate r and obey
the following system of BPS equations

r_ 8 r_ 8 / g
= 20, W, =2 , A= -2W. 2.12
a 123 )4% X 20XW 3W (2.12)
Here we have defined the superpotential function ¥V which reads®
e4a
W= e (cosh2y —3) — e ?*cosh? y . (2.13)

The potential is related to the superpotential as
1

1 4
12((9avv)2 + §(aXW)2 - gw2 , (2.14)

P =g’
and the supersymmetric AdSs solutions are critical points of the superpotential, 9, W =
Oy W = 0, which obey

4 2
P= —%WQ. (2.15)

The potential in (2.10) has two supersymmetric critical points® [6]. The first one is the
maximally supersymmetric SO(6) invariant critical point where

a=0, x =0, and Puv = —3g>. (2.16)

This is the AdSs solution dual the UV N = 4 SYM theory. The second critical point
preserves 1/4 of the maximal supersymmetry and is given by

8'21/3
3

6o

e’ =2, X =3, and Pir = g>. (2.17)

This is the AdSs dual to the LS N/ =1 SCFT.
The AdS length scale is determined by the value, P,, of the potential at the critical

point through the relation
12

5.
For the two critical points of interest we find the explicit expressions.

2 3
LUV:g, and LIR:m

L* = (2.18)

(2.19)
We note in passing that the ratio of the conformal anomaly coefficients (in the planar limit)
of the UV and IR SCFTs is given by

qi_L%R_27

_ _ = 2.20
cov Ly 32 (2.20)

This is the field theory result derived in [2, 39)].

5The superpotential can be obtained as an eigenvalue of the Wy, tensor in [4].
6As discussed in [37, 38] these are the only supersymmetric AdSs solutions in the full 5d V' = 8 gauged
supergravity theory.



The two supersymmetric AdSs solutions can be uplifted to supersymmetric back-
grounds of type IIB supergravity. The UV AdS5 vacuum uplifts to the well-known AdSsx S°
solution while the IR AdS5 vacuum gives rise to the Pilch-Warner solution which we present
explicitly in section 3.1 below. The 5d holographic RG flow solution that interpolates be-
tween the two supersymmetric AdS; vacua above was constructed numerically in [2] and,
as shown in [8], can be uplifted to type IIB supergravity.

2.1 ExFT spectroscopy

The AdSj solution in (2.17) can be uplifted to the Pilch-Warner type IIB solution [7]. This
implies that we can use the ExFT methods of [14, 15] to compute the spectrum of Kaluza-
Klein fluctuations around this 10d AdSs solution. Here we summarize the results of [14, 15],
beginning with a brief review of ExF'T and its description of consistent truncations.

ExFT provides an Eg)-covariant reformulation of 10-/11-dimensional supergravity
that unifies its metric and flux degrees of freedom. The bosonic sector of ExF'T consists of
a 5d metric, g,.,, a generalized metric, My, parameterizing the coset space Eg(g)/ USp(8),
a vector AMM transforming in the 27 of Eg) and a 2-form By, a7, transforming in the 27
of Eg(g). Here the indices range as 4 =0,...,4and M =1,...,27.

Consistent truncations of 10-/11-dimensional supergravity to a 5d gauged supergravity
with maximal supersymmetry are elegantly captured in ExFT in terms of a generalized
Scherk-Schwarz Ansatz:

Mun = U2 UNY My (),
A= (U7), A)

B/,LVM = P_2 UMMBMVM(:U) )

Juv = P_Q guv(m) )

(2.21)

where UM Eg(6)/ USp(8) is called the twist matrix and p € R is a scaling function,
both of which depend only on the internal manifold and have to satisfy the differential
condition

Ly Un™ = Xun"Up, (2.22)

in terms of the generalized Lie derivative, £, whose precise form we will not need here, and

U™ = p! (U—l)M M. (2.23)

The fields My n(x) € Eg(s/ USp(8), A, M (x), By y(z) and g, (z) are those of the 5-
dimensional gauged supergravity with the embedding tensor given by X MB.7

Here we are interested in the AdSs vacuum in (2.17), whose only non-trivial 5d fields
are G, (r) = gaass; and Myn = VMAVNB(LLB, with A, B = 1,...,27, and V as given

in (2.8). As shown in [14,?5], a ge;erarKK fluctuation around such a vacuum can be

"The explicit realization of this tensor for the SO(6) gauged supergravity we are studying here is given

in (2.40).



written as

MMN = UMAUNB ((5,43 —1—77,413,12372]'[,2(1')) )
3
.AuM =p! (U_I)AM %:yEAMA’E(x) )

e (2.24)
B;UJM =p UMiz y B;U/A,E(x) )
by

Guv = p_2 (gul’(x) + Zyz h,ul/,Z(fB)> .
%

Let us explain the new objects appearing in (2.24). Firstly, we have defined new twist
matrices Upr2 dressed with the 5d scalar matrix associated to the vacuum as

Un = UpMyp 2. (2.25)

Secondly, we have introduced a set of “scalar harmonics”, J*, which are any set of complete
functions on the internal manifold, labelled by the index ¥, which throughout will be
raised /lowered by dx. In our setup the internal space is topologically S® and we can choose
this set of functions to be the scalar harmonics on the round S°. Note that this can be done
even though the metric of the 10d Pilch-Warner solution preserves only SU(2) x U(1) C
SO(6) as isometries. Finally, the KK fluctuations for the spin-1, tensor, and spin-2 fields
are denoted by AHAE, B, Ay, and h,, s, respectively. Moreover, the KK fluctuations of
the 42 scalar fields are represented by jrx, I = 1,...,42, which for fixed X is an algebra
coset element jrx € eg(6) © usp(8) appearing under the projection Pap s to ensure that
Muyn € E6(6)/Usp(8).

Plugging the fluctuation Ansatz (2.24) into the linearized ExFT equations of motion
immediately yields the mass matrices for the KK fields. The mass matrices are expressed
in terms of the embedding tensor X MB of the 5d supergravity, the scalar fields VMA
defining the PW vacuum in the 5d theory, and the linear action of the twist matrix on the
harmonics, Tpsx*, defined as

Loy V™ = =T o Y. (2.26)

Whenever the gauge group of the gauged supergravity is compact, as it is in this case, the
definition (2.26) reduces to
LICMyE = —Tu=a V%, (2.27)

in terms of the ordinary Lie derivative L of Killing vectors Ky on the internal manifold,
which can be read off from the twist matrix, U MM . One can show that the Tj; matrices are
generators of the gauge group of the gauged supergravity, in the representation of the scalar
harmonics. When presenting the explicit formulae for the mass matrices of the fluctuations
above, the embedding tensor and the 7js matrices appear dressed with the scalar matrices
as follows

(2.28)



The spin-2 mass matrix is

Mg = ~TasaTano = — (TaTa)sg - (2.29)

where we have raised/lowered the A and X indices with d4p and dxq, respectively, a
convention we will adopt henceforth. Thus, the spin-2 mass matrix takes the form of a
“generalized” Casimir operator constructed from the 74 matrices.

Similarly, the tensor mass matrix is

A%, BO 1 CDA ABC
My = (~2d%PA Xop® bvq +10d4E5C Tg 50 ) (2.30)
and involves the symmetric cubic invariant of Eg ), dABC  while the spin-1 mass matrix is

given by
W —Lx X Xpp2) s X X X X
Mys, o = G AD ( Bc2 + Xpp ) 0 + ( A%+ Xpo? — Xap® — Xac? )Tcm
— 6 (Pa%p2 + PoA52) (TeTh) g - (2.31)
where P AEQQ is the projector onto the adjoint of Eg(g). Finally, the scalar mass matrix is
M o = Xap"XprZ Pap’ Ppp’ 69

1
5 (XAE*XBE + XpaEXppt + XEF*XEF ) PAD[PBDJ5EQ

+ 5 (XMEX@E — Xap%Xpr? — XpaXgp ) Pap’ Pcp? 6
— 4 XacP Tpos Pap'Pep” — 4 Xca® To.08 Pan' Pep’
+12Ta00TBax Pap’ Pep” — Te.onTens Pas’ Pas”’

(2.32)

2.1.1 Further simplifying the mass matrices

Written as in (2.24), the KK fluctuations live in the tensor product of the maximal 5d
supergravity with the scalar fluctuations on the internal space. However, not all these
fluctuations are physical. Some of the massless scalar fields amongst the j; 5; are Goldstone
modes for massive vector fields. Similarly, some massive vector and scalar fields are eaten
by massive spin-2 fields, massless vector fields are eaten by the massive tensor fields, whilst
the massless tensor fields are unphysical. This can be used to further simplify the mass
matrices in (2.30), (2.31), and (2.32).
Following [24], we can define the projection onto Goldstone scalars

sy 10 = dx0 X@QP@J —6Pap,1 TQJ}E . (2.33)
Using this projection matrix, the scalar mass matrix can be written in the more compact
form )
0 2
ME—SE)’JQ = ./\/ng) O0xq + 017 M(Ef)z “FN[JQTQ,EQ —3 (HTH)IE 10’ (2.34)

(2)

in terms of the spin-2 mass matrix, My, given in (2.29), the 5-dimensional supergravity

mass matrix for the scalar fields Mg J) and the matrix
NS =—4 (XLAE + 6XA730) 771471)[[ 'P@‘H . (2.35)
Note that the final term in (2.34) induces a shift that only affects the Goldstone modes.



We can apply the same logic to simplify the vector and tensor mass matrices. We
define the projection onto the vector fields that are eaten by massive spin-2 fields as

Mas go = (TaTB) g - (2.36)

Since massless vector/tensors are unphysical and absorbed by the massive tensors/vectors,
we consider the sum of the vector and the square of the tensor mass matrix. After some
manipulations, this gives rise to the compact expression

v AY,BQ 5
M(A%,BQ — (M%t)) = ﬁ +NcapTeso + 5A73M(§§)2 — gﬂégég , (2.37)

where M ((;)3 is the combined vector/tensor mass matrix in 5d gauged supergravity and we

defined
No.ap = Xcal — Xop? — 6PAgLP 5 Xpp©. (2.38)

Once again, the final term in (2.37) only affects the masses of vectors that are eaten by
massive spin-2 fields, while the first three terms give the mass matrix whose eigenvalues
determine the masses of the physical vector and tensor fields.

2.1.2 KK spectroscopy for the PW solution

Let us now give the relevant expressions for the embedding tensor, scalar harmonics and
’TMgQ matrices needed to compute the mass matrices for all KK fluctuations around the
10d PW solution. We use the decomposition Egg) — SL(6) x SL(2) in which the funda-
mental 27 of Eg) decomposes into

27 — (15,1) @ (6',2) . (2.39)

The only non-zero components of the SO(6) embedding tensor are then given by
X",klmn — gﬂé[mé 5”] ’

Xyt = { o . I (2.40)

As discussed in more detail in [15], we can use the scalar harmonics of the round S° as
our complete set of functions because the consistent truncation is defined on S®. For this,
we use the embedding coordinates ) : S° < RS satisfying

Vi yi sij=1. (2.41)
The S° scalar harmonics are now given by traceless polynomials of the ), i.e.
Vo {1, Vi, yiiz o yiedn } : (2.42)

where we denote by Yit-in = Y1 yin) the n-fold traceless symmetric polynomial.
Thus, the ¥ index labels the n-fold symmetric traceless representation of SO(6) with
Dynkin labels [n, 0, 0].

~10 -



Finally, the Ty »% matrices are given by [15]

with
-l _ 8 l
7= ) Tk = 5 %) (2.44)
- Tzakl =0.

Here we use the following summation convention for the harmonic indices %, €2
A¥By = AB+ A'Bi+ A" By + ...+ A" By i+ (2.45)

Armed with the expressions (2.40) and (2.43), as well as the scalar matrix (2.8)
for the PW solution (2.17), we can now evaluate the mass matrices for the KK fluctu-
ations (2.29), (2.30), (2.34), and (2.37).

2.2 The full KK spectrum

We now present the results from an explicit evaluation of the mass formulae in the previous
section. We organize the calculation by KK level, n, i.e. by the degree of the polynomial
in (2.42). For each value of n we then calculate the mass matrices of all bosonic fields in
the supergravity theory and determine their eigenvalues. To organize the results we map
these masses into conformal dimensions of the LS SCFT using the holographic dictionary
summarized below

spin-2: A =2+ /4+m?2L?,

i

vectors : A =2+ 4/1+m2L2,
(2.46)

two-forms: A =2+ |mL|,

scalars : A =24 /4+m2L2,

i

where L is the IR AdS length scale in (2.19). We then arrange these results into 4d N' =1
superconformal multiplets that we denote as

XY [A; 1, jo;r] @ [K], (2.47)

where [A; j1, jo; 7] denote the conformal dimension, the Lorentz spin, and the U(1) g charge,
respectively, of the superconformal primary operator in a given multiplet. The label [k]
denotes the SU(2)p spin. Finally, the letters X and Y indicate the specific 4d N = 1
superconformal multiplets. We use the notation of [40] and summarize some of the pertinent
details of the superconformal multiplet structure in appendix A. We note that in this work
we have restricted to the calculation of the KK spectrum of the bosonic fields of type 1B
supergravity. The spectrum of the fermionic excitations is uniquely determined by the
structure of the superconformal multiplets summarized in appendix A.

At KK level n = 0 we have the spectrum of excitations of the fields in the 5d N' = 8
gauged supergravity theory. This was already computed in [2], and we find agreement
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with their results. For completeness we summarize this spectrum here. We find two short
multiplets

_ 11 _
A1 Ay [3; 375 O] ®[0], and A2A42[2;0,0;0] ® [1], (2.48)

containing the energy-momentum tensor, and SU(2)p flavor currents respectively. Addi-
tionally, at level n = 0 we find ten semi-short multiplets and one long multiplet

ool acleborlom. sl

L [f0.5-3]0[5]. Lai[s0. 50w 0,

LB, go 0; 1] ®[1], LA, 141 ;,0, 1} ® m 7 (2.49)
nifoson,  mr[lol Yol

LB, [3;0,0;2} 0],
B1L[3;0,0;-2]®[0] .

We can now proceed systematically and extend these results to higher KK levels, n > 0.
The calculation becomes unwieldy even for small values of n. We summarize the explicit
results up to level n = 3 in appendix B. Fortunately, there is a more compact presentation
of the spectrum for general values of n. One can arrange all KK modes into superconformal
multiplets and then for each family of such multiplets write down a generating function.
It proves convenient to organize these generating functions in terms of the Lorentz spin
of the superconformal primary operator in the superconformal multiplets. Each of these
generating functions depends on the 4 “fugacities” summarized in table 1. We emphasize
that the fugacities (v, p, k,7) and the corresponding labels of the states (n,r, k,p + 2y) do
not necessarily correspond to symmetries and charges in the LS theory but are introduced
as a convenient mnemonic device. The combination p + 2y associated to the fugacity v
deserves a little more explanation. The label p is the charge under U(1)p C SU(2)2, see
the discussion around (2.2), generated by

P = % (T1 + TQ) . (2.50)
The label y denotes the U(1)y charge of the type IIB supergravity field from which a given
KK mode arises. These charges can be found in [11, 12, 41]. It is an interesting fact that
although U(1)p and U(1)y are not symmetries of the PW solution or the LS SCFT, and
thus do not define actual quantum numbers, they can be used to organize the KK spectrum
efficiently.

Superconformal multiplets with a spin-1 primary are of the form XY[A;1 1] ® [k]

and are counted by the generating function

Z ZA1A1 + ZlLAl + ZAIL + ZlLE7 (251)
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Fugacity v p K vy
Label of state n r k p+2y
Interpretation | KK level U(1)g charge SU(2)g rep. U(1)p x U(1)y charge

Table 1. List of all fugacities used in the generating functions along with their associated labels
and interpretation.

where
1— 2
ZALA i Z LA n ZAlL __
! ! (1-vp)(l—-1%)
2.52
o p=) (L =v ) (1= vy/Arp) —p (2:52)

V(1—7>(1—Vp)(1—1/\/>)(1—v\/’}/T)

To read off the spectrum of superconformal multiplets one needs to expand these generat-
ing functions in a Taylor series in the fugacities (v, p, k,7). The powers of the fugacities
(v, p, k,7) determine the KK level n, R-charge r, the highest weight state of the SU(2)p
spin state [k], and the value of p+2y respectively. To obtain the full SU(2)r character for a
given representation one has to apply the Weyl character formula to the generating function

kZ(k) — Z(1/k)
X(k) = p— . (2.53)
The superconformal multiplets with a spin-1/2 primary are of the schematic form
XY[A;1,0;7] ® [k], and YX[A;0, ;7] ® [k] and are counted by the generating functions
LB AL LA 7B1L | 7LA ~AsL
Zijp = Zl/z1 + Z1/12 + Z1/22 + Z1/2 + Z1/12 + 21/21 + 21/22 + Zl/2 ) (2.54)
where
LB _ VPV PR gl MET) gLA _  NIPE
1/2 1—v,/YpK 1/2 1—% 1/2 1—v,/YpK
v R —v(1 =)+ \[E (1 +3p) (1 —vp) +p (2.55)
Zl/Q_V(vp+7> '

(1= )1~ vp)(1 — v\ [E)(1 ~ vy7mp)

The generating functions Z; /2 in (2.54) are obtained from the expressions in (2.55) by the

substitution

p—pt, and v—uvl. (2.56)

The superconformal multiplets with a spin-0 primary are of the form XY [A;0,0;r|®[k]
and are counted by the generating function

Zo = 2324 + 2P 4 2N 4 2P 4 Zget 4 ZbE (2.57)
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where

A As _ LB _ VPV P+ K) gLAs _ VVTPE(Y P+ K)

0 =R, 0 -1 _ . = 0 - ’
1—-v/vpK 1—-v/vpK

L+ v(v+p7? + 55) +ev(l—v?) (v +2) + w2021 = B) (1~ v p)

(1= vp)(1 = E)(1 —vy/mpm) (1 — v, /%)

The generating functions Zy in (2.57) are obtained from the expressions in (2.55) by again

) (2.58)
Z§t =

using the substitution in (2.56).

To completely specify the spectrum of superconformal multiplets we need to supple-
ment the generating functions above with a formula for the conformal dimension of the su-
perconformal primary operator in each multiplet. There is indeed a simple compact expres-
sion for these conformal dimensions in terms of the labels (j1, j2,n, 7, k, p + 2y) that reads

A=1+ \/7— 2j1(j1 +1) — 2j2(jo + 1) + 2 (r2 —2(p+2y)2+2n(n+4) —4k(k +1)).
(2.59)
In summary, the generating functions in (2.51), (2.54), and (2.57), together with the con-
formal dimensions in (2.59) completely determine the full spectrum of KK modes around
the AdS5 PW solution dual to the LS SCFT.
We were not able to rigorously derive the analytic expressions above in full generality.
To obtain them we have instead used several complementary methods. The multiplets
counted by the generating function in (2.51) contain a descendant operator with spin-2.
The mass of this mode is determined by the spin-2 mass matrix in (2.29). One can find
a closed form expression for the eigenvalues of this mass matrix for any KK level n. The
result is consistent with the expression in (2.59) and reads:

3
Agpin2 = 2 + \/4 + 1 (r2—2p®2+2n(n+4) —4k(k+1)). (2.60)

There is no dependence on the label y in this expression since the spin-2 modes in type
IIB supergravity come from the metric and are not charged with respect to U(1)y.

As discussed in detail in section 3 below, the spin-2 spectrum can also be calculated
directly in type IIB supergravity by solving the scalar Laplace equation in the PW back-
ground. The result of this alternative calculation is the same as (2.60) and provides a
non-trivial consistency check of the ExF'T KK spectroscopy method. For spin-0 and spin-1
supergravity modes the KK spectrum results presented above has been checked explicitly
up to and including level n = 4, while for the two-form excitations we have checked up
to n = 5. Yet another consistency check of the KK spectrum above can be performed by
restricting to semi-short multiplets at arbitrary level n. These are precisely the multiplets
that contribute to the superconformal index of the LS SCF'T and, as we discuss in detail
in section 4, an explicit calculation of the index in the planar limit yields results that are
in full agreement with the KK spectrum presented here.

To facilitate the comparison between the KK spectroscopy results and the superconfor-
mal index computation in section 4 we explicitly present here all KK towers of semi-short
multiplets resulting from the analysis above.
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From the spin-1 spectrum in (2.52) we identify two towers of semi-short multiplets

6+3n11
2 129

_ - 11
L | alo0®, ad 4R Z Loalep®, 2oy

where, for completeness, we have listed the value of p + 2y as a superscript on the

8

SU(2)r spin representation.® At level n = 0 these two towers degenerate to a single

A1 Ay {3, %, é, O] ® [O](O) multiplet that contains the stress-energy tensor.
The spectrum in (2.54) contains eight towers of semi-short multiplets given by

_ 9+3n 1 . n+3 n+4117n+31/2) -194+3n .1 n+3 n417(M+31/2)
LBy | =50 } [2] o Bl ”5’*2} [2] ’
AL {6+3n 1 0 } [0](1)7 LA, 6+3n’ },n} ( n
= 6—1—23n 1 - 6+3n % (2'62)
AIL 2 O - :| [O](im ) LAl ; 757 :| (1) )
- 11+3n 1 n+l n+17n+11/2) - 11+3n 1 n+l n+17(MR+11/2)
LA?_ 4 02} {2] o Al ”5’_2} {2] ’

where the multiplets in the second line have n > 1 and all other multiplets have n > 0.
The spectrum in (2.57) results in eight more towers of semi-short multiplets

_ [6+3n n+2 n+4 27 +21/2) —[6+3n n+2 n+427M+20/2)
LB :0,0; B/ L 00,0, —— = | @ | —=
S R }®[ 2 } b 1 00T }®[ 2 ] ’
7 ([n+4]/2) T (~[n+41/2)
LB, 124-3n 0,0: n+4}®[g] , B/ 12+3n 0,0: 771-%4}@[@} 7
8 t 22<"/2> 843 i 22<—"/2> (2.63)
LA, + ".0,0; 7} [”+ ] , AL [ 320 0, —f} [”+ } ,
I 2 4 2
- '14+3n n+2 n(n+21/2) =[1443n n+2 n](=[n+21/2)
LAz 20,07 o[ L[0T e '

At level n = 0 the third line degenerates to a single AyA5[2;0,0;0] ® [1]© multiplet which
contains the SU(2)p flavor current. The multiplets in the first three lines have n > 0, while
the multiplets in the fourth line have n > 1.

We note that in the spectrum above there are semi-short multiplets that contain
marginal operators. Such marginal deformations, compatible with A/ = 1 supersymme-
try, belong to LB1[3;0,0;2] and By L[3;0,0; —2] multiplets. From the first line of (2.63) we
find that at level n = 2 we have the multiplets

LB1[3;0,0;2] ® [2]®, and B;L[3;0,0; -2 @ [2]%, (2.64)
while from the second line of (2.63) at n = 0 we find
LB[3;0,0;2] ® [0]®, and ByL[3;0,0; —2]  [0]"2). (2.65)

We therefore find a total of 6 complex marginal deformations of the LS SCFT. To find
the number of exactly marginal deformation, i.e. the dimension of the conformal manifold,
we use the method of [42] and subtract the dimension of the SU(2)r flavor symmetry.
Therefore we conclude that the conformal manifold on which the LS SCFT resides has

8Tt is important to remember that the label p + 2y is not related to the symmetry of the LS theory and
therefore there is no corresponding fugacity for it in the superconformal index.
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complex dimension 6 — 3 = 3. It is expected that this conformal manifold is compact,
see [43] for a recent discussion.

We end our discussion on the KK spectrum with some comments on long multiplets. It
is a notable feature of our results that there are infinite towers of KK modes dual to unpro-
tected operators in the planar limit of the LS SCF'T. This should be contrasted with the op-
erator spectrum of N’ = 4 SYM where all KK modes are dual to protected operators. More-
over one may naively expect that the conformal dimensions of the unprotected multiplets
are generic irrational numbers. From the expression for the conformal dimension in (2.59)
this indeed appears to be so. Note however that there are infinitely many long multiplets
with rational conformal dimensions, one example of a class of such multiplets takes the form

L’[@;%,%;n—ﬂ@m(o), n>2. (2.66)
A similar phenomenon was observed in the KK spectrum of the AdS5 x T'%! type IIB solu-
tion and it was speculated in [29, 31] that this may not be due to an accident but to some
hidden symmetry of the Klebanov-Witten SCFT. Perhaps a similar phenomenon is at play
here. Another possibility is that the multiplets in (2.66) are long multiplets that arise as
a recombination of semi-short multiplets as one changes the exactly marginal couplings in
the LS SCFT. To understand this better one has to analyze the operator spectrum along
the full LS conformal manifold. Since the LS conformal manifold is strongly coupled and
the dual AdSs supergravity solutions capturing the LS marginal deformations is not known,
this analysis is unfortunately out of reach.

3 The spin-2 spectrum from IIB supergravity

Calculating the full KK spectrum of the type IIB PW AdSjs solution directly in the 10d
supergravity is a daunting task which we do not know how to address. However, the spin-
2 part of the spectrum is accessible by performing a calculation similar to the one done
in [32] for the AdSs CPW solution in 11d supergravity [44]. This is due to the fact that
the spectrum of gravitons can be reduced to that of a minimally coupled scalar field, which
in turn can be explicitly calculated. We describe this calculation below and demonstrate
explicitly that the result agrees with the spin-2 spectrum found using the ExFT techniques
discussed in section 2.

3.1 The 10d solution

To set the stage we begin by presenting the full PW AdSs5 solution of type IIB supergravity.
The solution can be obtained by uplifting the 5d solution in section 2 using the explicit uplift
formulae presented in [10]. We have performed this uplift explicitly and have confirmed
that the resulting 10d background agrees with the one found in [7], see also [8, 44].

We start by choosing appropriate coordinates on S® that are adapted to the SU(2) x
U(1) € SO(6) isometry of the PW solution. To this end we use the following three complex
coordinates on C3

=YY, =22+, w=)"-i)b. (3.1)
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The S® is then defined by imposing the relation $%_;()%)? = 1 and can be parametrized
by the following choice of angular coordinates.

z= (Zl) = cos O R(&1,&2,&3) (1) , w=e ?sinf. (3.2)
Z9 0

Here we have defined the Euler rotation matrix

P &1 €3
R(§17 527 &3) = 67210-3 e%IUI 6?3103 ) (33)

with o; the Pauli matrices. The ranges of the five angles are given by
0<& <m, 0<&<2rm, 0<&<drm, ogegg, 0<¢<m. (34
It proves useful to define also the coordinate
U=1-|w]?=cos?¥. (3.5)

To write the metric on S® it is convenient to use a set of three one-forms, ©,, v = 1,2, 3,
defined by

R -dR = %au(a : (3.6)

which have the explicit form
O, +i0y = € (d¢; —isin&1dEy), O3 = dés + cos&dés. (3.7)

The metric on the round S° takes the following explicit form in these coordinates
2 4 2 2 2, 1 o 2 2 2
A%s = 5 |40% +5in® 6 dg” + | cos”6 (61 +03+63)] . (3.8)

Note that we have included the prefactor L%, = é%, see (2.19), which determines the scale
of the AdS5 x S% solution in terms of the 5d supergravity coupling constant g.

Using the coordinates above we can present the PW solution in a relatively compact
form. The 10d metric is given by”

1 1
dS%O = ﬁ (\/ZdS%A =+ \/KdQ2> s (39)

where we have kept the string coupling g, explicit and the warp factor is given by

3
25/3(2 — cos?6)

A (3.10)

By abuse of notation, we are using the same symbol A here as we are for the conformal
dimensions elsewhere. Since this is the only occasion where the warp factor appears and

9We use the type IIB supergravity conventions summarized in [18] and have checked explicitly that the
background below solves the 10d equations of motion.
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IIBfield |g ® Co By Co G4
U(l)y charge | 0 +2 +2 +1 +1 0

Table 2. Type IIB supergravity fields corresponding to all bosonic KK modes, along with their
U(1)y charges.

since the context makes it clear which object is meant by A, we hope this will not lead to
confusion. The metric on the deformed S° is

o - 20 ;QCOSQ ’ (deQ Feostt [2(5 %—to(;% DR —25(2552 9]
5, (8 —5cos?0) cos? 6 ? (310
sin 93(2 — cos2 6)2 [8 — 5 cos? 9@3 +d¢ ) '
The NS-NS and R-R two-forms are combined into a complex two-form as
By +igsCh = _el¢2cgc;s9 (01 +102) A (2 a9 + i%(w - @3)> . (3.12)
The R-R 4-form reads
Cy = gfgsngs&@m@ﬂ@gmqﬁ. (3.13)
Finally, the axion and dilaton are trivial
Co=0, e =g,. (3.14)

As described in great detail in [7], the full ten-dimensional solution is invariant under the
SU(2)r x U(1)g isometries, and a combined U(1)r x U(1)y action. To show this one has
to take the U(1)y charges of the IIB fields into account, which we list in table 2.

Note that here we have presented the AdSs PW solution dual to the IR LS SCFT. The
10d gravitational description of the RG flow connecting N’ = 4 SYM with the LS SCFT is
in terms of a domain wall solution of type IIB supergravity constructed in [8].

3.2 The spin-2 spectrum

The goal now is to study perturbation of the PW solution presented above which carry
spin-2 on the non-compact AdSs part of the background and non-trivial internal quantum
numbers under the SU(2) x U(1) isometry of the squashed sphere in (3.11). To this end
we follow the approach used in [32].
The spin-2 fluctuations of interest can be written as a perturbation of the 5d metric
of the form
G = Guv + Py (3.15)

where § denotes the background AdSs metric with coordinates z# = (2% 2!, 22, 23,r). In

order to isolate the transverse-traceless part of the fluctuations, i.e. remove the spin-0 and
spin-1 components of the tensor h,,, we impose the conditions

R =0, and O™hy, =0, (3.16)
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where the Latin indices run over the 4d Minkowski space on the boundary of AdSs

parametrized by (2%, 2!, 22, 23). Additionally we can choose a gauge such that

By = 0. (3.17)

As discussed in [32, 45, 46], the spectrum of these metric fluctuations is the same as the
spectrum of a minimally coupled scalar field in the full 10d space-time. In other words, to
find the spectrum of interest we have to solve the equations of motion for a scalar field, ¢,
with action

5= [ dev=gm (00, (3.18)

where the 10d metric is given in (3.9). To solve this scalar equation of motion we employ
the separation of variables ansatz

=" Y[y, (3.19)

where y* = (£1,&2,£3,0,¢) are the coordinates on the internal S°. Using this the scalar
equations of motion can be written as

Op =Y (y*)Os2(z™,r) + (=™, r)L[Y (y*)] =0, (3.20)

where (5 is the Laplacian on AdS5 and we have defined the following differential operator

on S° 1/2
A-
\/%811 (\/ ~g10 950 811) ; (3.21)

not to be confused with the generalised Lie derivative briefly mentioned in section 2.1. To

E:

find the mass spectrum of interest we need to find the eigenfunctions, Y, and eigenvalues
of this differential operator

LY (YY) =-m?Y(y?) = Os0(™, r)=m?d(™, r). (3.22)

Since the squashed S® has an SU(2) isometry it is useful to first find the eigenfunctions
of the quadratic Casimir operator of SU(2). This differential operator is constructed from
the 3 Killing vectors associated with this isometry as follows

=z (0" 0.—2z- ()" -0, (3.23)
where o are the Pauli matrices. The quadratic Casimir can then be written as
Cy = £HEY. (3.24)

The eigenfunctions of this operator can be written as

S

t
Jt,S(zaz) = Cu1uz...usvlv2.‘.vt H 2zt szl s (3.25)
k=1 =1

where Cuyuy.. usvyvs..v; 18 & completely symmetric and traceless tensor

gulug,..utvlvg...vs = C(ulug...utvlvg...vs) ; and Cwl...wlul+1...utw1...wlvl+1...v5 =0. (326)
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Notice that we have to remove all traces that arise by summing paired z and Z indices.
With this at hand one then finds the associated eigenvalues

CoJis(2,2) = (t+ 8)(t + 5+ 2) Jus(2,7) . (3.27)

As expected the eigenvalue is determined by the combination ¢ + s, however we have kept
both the ¢ and s labels since the remaining U(1)z symmetry of the 10d background will
distinguish between them.

To find the full solution to the eigenvalue problem in (3.22) we have to dress the J;
functions with a dependence on w and w. To do this we follow [32] and use the following
ansatz

Y(y*) = Jis(z,2)w"*H(U), (3.28

)
with U the combination defined in (3.5). Plugging (3.28) into the first equation of (3.22)
we find that the eigenvalue problem reduces to the following differential equation for H(U)

)

UU-1DH"+((ay +a_+1)U —-b)H +ara_H=0. (3.29

This is a hypergeometric equation with coefficients

b=2+4+s+1,
b 1 2 i+ 5)? (3.30)
ay = +2”R i4\/22/367;2—2nR(nR+s—t)+5(_2{_8)—2ts+4(b—i—2).

Equation (3.29) is therefore solved by hypergeometric functions as
H(U)=9F]la_,a4,b,U] . (3.31)

Using (3.31), (3.28), and (3.25) we arrive at the final explicit form of the eigenfunctions
Y (y*) that solve the first equation in (3.22).

We still need to ensure that the eigenfunctions just constructed are regular over the
whole internal space. This amounts to imposing that the function

w'rH(U) = (sinﬁe*i‘ﬁ)m% oF1(a_,ay,b,cos®h) (3.32)

is regular at § = 0. The behavior of (3.32) at § ~ 0 depends on the sign of np and
accordingly we have to study two separate cases.
Let us start by assuming that ng > 0. At § = 0 the function in (3.32) then blows up as

nR!

li "RH(U . 3.33
S U ) o G T T a] (3:33)

To ensure that this limit is regular we impose that
a_ = —q, geN. (3.34)

Using this in (3.30) we find the following quantized mass spectrum

3
m? L3 = E(l?n%ﬁ—(3s+t)(s+3t)+32q(q—|—t+s+2)+24(t+s)+4nR(8+8q+5s+3t)) .
(3.35)
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Now we focus on the case ngp < 0. At # = 0 the function in (3.32) has the following

limit P
. ngr|! 0"
| "R H . .
e ) o T ey 1) (3.36)
To ensure regularity we need to set
a_ =—q+ng, (3.37)

with ¢ € N and ng > —q. This leads to the following expression for the mass spectrum

3
m? L3 = T (1277%4— (3s+1t)(s+3t)+32q(¢+t+s5+2)+24(t+s) —4nr(8+8¢+5s +3t)) .
(3.38)
In summary, we find that regularity of the eigenfunction Y (y®) is ensured whenever

a_=—q, for ng>0, or a_=ngr—gq, for nr<O0, (3.39)

where ¢ is a non-negative integer. The expression for the mass can be written in the
following form valid for any value of ng

3
m? L3 = G (1271%%4- (3s+1)(s+3t)+32q(q+t+s+2)+24(t+s) +4|nR](8—|—8q+5s+3t)) .
(3.40)
This expression can be simplified by using the same labels as the ones in section 2.2

t t— t—
n=2k+p—r+2q¢, k= +S, r= S—]nR\, p= °, (3.41)
2 2 2
The mass formula in (3.40) then reduces to
3
m Ly = [2n(n+ 4) = 4k(k + 1) + 17 = 27| . (3.42)

Upon translating this expression to a formula for the spin-2 conformal dimensions we find
that the result is the same as the spin-2 spectrum in (2.60).

4 The LS superconformal index

The superconformal index, defined and studied in [33, 34|, see [47] for a review, is an
effective tool for studying 4d A/ =1 SCFTs. It can be defined either as a supersymmetric
partition function of the SCFT on the Euclidean manifold Sé x 83 or as a Witten index
defined as a trace over the Hilbert space of the SCFT defined in radial quantization.
Schematically, the A/ =1 index Z is given by

T =Tr(-1)Fe e riai (4.1)

where F is the fermion number, § = {Q,Q'}/2, 3 is the radius the S', and p; are chem-
ical potentials for global symmetries which commute with the supercharge @ and have
conserved charges ¢;. Similarly to the Witten index, Z is independent of 5 and receives
contributions only from states with § = 0.
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For a general N/ = 1 SCFT with Poincaré supercharges Q.,, @d, the superconformal
algebra contains the following anti-commutators'®

Qe @ =82 (A+3r) 420l {@a QP =l (8- 3r) +2it], ()

where A is the conformal dimension, M/ and 1\75 are the generators of SU(2) x SU(2)
rotations on S? with quantum numbers j; and j2, and 7 is the superconformal U(1) R-
symmetry charge.

One can now project onto states annihilated by the first or the second anti-commutators
in (4.2) to define the “left” and the “right” superconformal indices

. . 3
T =Tr () PO [Tuf, o =A-2j1+5r=0, (ty)=( e,
1
o 5 (4.3)
Ig =Tr (_1)Ft2(A+]2)y2]1 HU?I7 6R =A— 2j2 — §T =0, (tvy) = (eiﬁa 6732) )
I

where J; are the chemical potentials for the Lorentz symmetries, and []; uf" captures the
contributions to the index from global symmetries G; with fugacities u;.

We are interested in computing the index for the N' = 4 SYM theory as well as the
LS N =1 SCFT. To this end it is useful to set up some notation about the symmetries in
the problem and write the N' = 4 theory in /' = 1 language. The N' = 4 gauge multiplet
breaks into an N' = 1 vector multiplet, V' = (A, \), consisting of the gauge field, A and
gaugino, A, and three chiral multiplets ®; = (¢;, ¥;) built from Weyl fermions 1; and
complex scalars ¢; in the adjoint representation of the gauge group. The superpotential of
the N = 4 theory is the m — 0 limit of

W = Tr &y [®s, B3] + %@% . (4.4)

We have collected the charges and conformal dimensions of these elementary fields, or
“letters”, in table 3. We now proceed to elaborate on the notation used in this table. The
UV superconformal U(1) R-symmetry is defined in (2.1) in terms of the three block-diagonal
Cartan generators of the SO(6) R-symmetry of the A/ = 4 theory. It is also convenient to
use another basis, R;, for the Cartan subalgebra of SO(6) employed in the index calculations
in [34]. In this basis the UV U(1) superconformal R-symmetry generator reads

1
roV = §(3R1 +2Rs + R3). (4.5)

Turning on the superpotential mass term, i.e. taking m # 0 in (4.4), triggers the LS RG
flow that ends in the N’ = 1 IR SCFT. The U(1) superconformal R-symmetry in the IR
is given by the linear combination of 7; as in (2.1) and can be written in the R; basis as

1
= C(2R + Ry). (4.6)

¥The conjugate supercharges Q' are defined to correspond to the superconformal charges S.
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Field | (=1)F(AYY, j1, j2) | [T1, To, T3] | [R1, Ro, R3] | ¥VV | AR | #IR | Rp
01 (1,0,0) [0,0,1] (1,0, —1] 2 S — | —
©2 (1,0,0) [0,1,0] 1, —1,1] 2 3 -3
03 (1,0,0) [1,0,0] [0,1,0] 2 3 i 4
o | -Gho [Eh-341] Lo [-f] —
v | G0 (b33 ooty [ [
v | G0 (B33 e [4[3 [
A —(3,0,+3) 3,3, 3] [1,0,0] 1 3 110
F (2,1,0) (0,0, 0] [0,0,0] 2 0
iy (1,£3, +1) [0,0,0] [0,0,0] 1 0

Table 3. Charges and conformal dimensions for the “letters” in N' =4 SYM and the LS SCFT. T;
and R; are the Cartan generators of SO(6)x in two different basis, rVV
under the UV and IR superconformal R-symmetry, respectively, while Ry is the Cartan generator
of the SU(2)r flavor symmetry in the IR. Finally, AYV and A™® are the UV and IR conformal
dimensions and j; » are the Lorentz spin quantum numbers.

and r'® are the generators

The LS N = 1 SCFT enjoys an SU(2)p flavor symmetry which rotates the chiral
superfields ®5 3 and has a Cartan generator given by

- 1 - 1
Rp = §(Tl —Ty), Rp = —§R2 . (4.7)

After setting up the stage we are ready to proceed with the calculation of the super-
conformal index for the UV and IR theory. For concreteness we will present the results
for the “right” index Zr and will omit the subscript from now on. For a QFT that admits
a weak coupling limit on its conformal manifold, like A’ = 4 SYM, the calculation of the
index amounts to enumerating the gauge invariant operators built out of the elementary
letters which obey the shortening conditions in (4.3). For intrinsically strongly coupled
SCFTs calculating the index is harder. However, in situations where the strongly coupled
theory arises as an IR fixed point of a UV SCFT with a weakly coupled description one can
take advantage of the invariance of the index under continuous deformations and compute
it in the UV limit of the RG flow, see [33, 48] and [35] for a detailed explanation and jus-
tification for this procedure. Fortunately, the LS SCFT presents exactly such an example
of an intrinsically strongly coupled theory and we employ the same approach as in [35]
to compute its index. Since our main interest is to relate the information contained in
the index to the supergravity spectrum calculations in the previous sections we will focus
exclusively on the large NV limit of the gauge theory. In this limit one has to compute the
so-called single letter index, see [35], which we now proceed to discuss.

To begin, note that there is a universal contribution to every single letter index coming
from acting with the derivative 014 an arbitrary number of times on any given letter.
From the information in table 3 we conclude that only 01 contributes to the right index.
Accounting for all of the charges we find that the contributions to the index from these
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derivatives are given by overall factors of the form

0o B - 1
Z (tg?/ 1) (tB?J)j T A-8y(1 -ty

1,7=0

(4.8)

We now examine the single letter index for a chiral multiplet of R-charge r in a complex
representation of the gauge and flavor symmetry group R with conjugate representation
R. From the shortening condition E = 2j5 + %r, we see that only scalars ¢; in R and
chiral fermions v, in R contribute to the index. Using this one finds the following compact
expression for the chiral multiplet index

1
(1 -ty)(1 —13/y)

Here U and V are holonomy matrices for the gauge and flavor symmetries, respectively,

Io(U,V) = (xR (U, V) = 573y (U, V) - (4.9)

and yg is the character of the representation. Analogously, to study the vector multiplet
index one can use that the chiral superfield W = A% + o0 F},, + ... has R-charge +1
along the RG flow. Furthermore, the conformal dimension is fixed to % both in the UV
and IR. Therefore the single letter index for the vector multiplet is given by

20— % (y+1)
(1—3y) (1 - tg/yﬂadjw) '

Iy(U) = (4.10)
Here we have made use of the fact that all fields in the vector multiplet are in the adjoint
representation of the gauge group.

With this at hand we are ready to present the full single letter index for the N = 4
SYM theory as calculated in [34]

TUV — z (_1)Ft2(A+j2)y2j1UR2wR3
letters
_ Blotw/o+1/w) — By +3/y) — tH(w+ v/w+ 1/v) + 2t°
(1—-ty)(1 —t3/y) ’

where v, w are fugacities for the Ry 3 Cartan generators of SO(6). We have also used that

(4.11)

the chiral multiplets are in the adjoint of the SU(IN) gauge group and that there are no
additional flavor symmetries in N’ =4 SYM.

Equipped with the explicit expression for the single letter index we can follow the
procedure in section 5 of [35] to calculate the large N limit of the index by a saddle point
approximate. For the N'=4 SYM index in (4.11) this was also done in [34]. The result is

UV _ 2w N t2v n 2w /v B 3y B 3y '
HB =1 _ 2w 1—t2v  1-8wf/v 1-83/y 1—1ty

(4.12)

This large N result for the superconformal index is a prime target for a holographic compar-
ison with the KK spectrum of type IIB supergravity on the AdSs5 x S° solution. Indeed the
small ¢t expansion of I}Jl\é yields a power series of chiral primary operators of the schematic
form Tr (®*) which can be mapped to the KK supergravity spectrum computed in [11, 12].
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4.1 The LS index

We now move on to the calculation of the index for the LS theory of main interest here.
We apply the Romelsberger prescription and compute the superconformal index of the LS
theory by computing the UV index but using the charges in table 3 associated with the
superconformal R-symmetry in the IR. We also refine the index by introducing a fugacity,
x, for the SU(2)p flavor symmetry. The superconformal index then takes the form

Tp = Tr (—1)F 3@+, 251 2Rp (4.13)

Note that using the data in table 3 we find that the scalar and fermion letters of the
N =1 adjoint chiral ®; contribute to the single particle index as

o1 3029 o1 =3yl (4.14)

and therefore there is no contribution to the index from the ®; chiral multiplet. This is of
course consistent with the fact that ®; is integrated along the RG flow from N =4 SYM
to the LS IR theory.
The 2 remaining chiral multiplets have the following contribution to the single letter
index
3 9
Dy t2x—t2x,
L (4.15)
31,2 1
s t2xT T —t2x .
As discussed around (4.10) the vector multiplet gives the same contribution to the index at
the UV and IR fixed points. Combining these building blocks with the contribution from
the derivatives given in (4.8) we arrive at the following expression for the single particle
index of the LS SCFT

t2(e+ 1)~ By+ 1) —t3(@+ 1)+ 28
(1-8y)(1—3/y)

Notice that this result for the LS index can be obtained from the index of the N’ =4 SYM
theory in (4.11) by the following substitution

7R _

(4.16)

v — 1/(zV1), w— 1/t. (4.17)

This relation between the UV and IR indices is not an accident and is due to the fact that
the N' =4 SYM theory and the LS SCFT are related by the universal RG flow studied
in [39]. As discussed in section 3 of [35] the superconformal indices of two theories related
by such an RG flow are related.

We can now proceed to take the large N limit of the single particle index (4.16) as
described in section 5 of [35]. Alternatively we can obtain the same result by simply
substituting the relations (4.17) in (4.12). The result is the following single-trace index of
the LS theory

£ t3 /z N tix 3y £ /y

+ - - . (4.18)
—t? 1—t%/x 1—t2g 1-8y 1-8/y

TR _
1B = 7
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This index should capture the information about the towers of KK modes dual to BPS
operators in the AdSs x S® supergravity dual to the LS fixed point. Indeed, as we now
proceed to show, this can be confirm by an explicit comparison with the supergravity KK
spectrum calculations in the previous sections.

4.2 KK spectroscopy from the index

In order to compare the result for the index in (4.18) with the KK spectroscopy calculation
in supergravity we need to expand (4.18) in an appropriate way which resembles the KK
towers of short multiplets discussed in section 2.2. A similar calculation for the index of
other N' = 1 SCFTs with AdS5 supergravity duals was discussed [35, 49]. One can show
that (4.18) can be expanded in the following way

s O 3(k+5)
Iiip = Z 2630+ 9 — Z B @) + Dt 2 X @)X (2)
k=0

3(k+2) s k+3)

- Z 2 X ()X (o Zt 2 X (@ Zt X(k+1) (%)
(4.19)

3(k+4 > k+7) 1

+ Z t X[k] Z t X[k+1}( ) (1 _ t3y)(1 — tg/y)

X(1] (3«“)(153/2 —92) — Xm(y)t3 +2¢°
(1= t3y)(1 = 13/y) '
This expressions deserves some comments. First, we note that the last line in (4.19)
corresponds to a contribution to the index from a decoupled LS theory with a U(1) gauge
group. The appearance of this free contribution is due to the fact that the results for the
LS index in (4.16) and (4.18) are for the theory with an U(NN) gauge group. To compare
with the dual AdSs supergravity solution we have to use the planar limit of the SU(N)
LS theory and thus we should remove the contribution from the decoupled U(1) sector.
Second, we remind the reader that the denominator on the first line of (4.19) accounts for
the contribution of derivatives acting on single trace operators as discussed around (4.8).
Finally, we note that we have used the notation x[) to denote the character of the SU(2)
representation with Dynkin label k, i.e. x(;)(y) accounts for a contribution of a spin-1/2
fermion in space-time, while (x) denotes a contribution from the spin-k/2 representation
of the SU(2)r flavor symmetry.

We now proceed to interpret the terms in the first 3 lines of (4.19) as contributions
from towers of semi-short superconformal multiplets. We use the notation summarized in
appendix A for the 4d N = 1 superconformal multiplets and add an additional label ®[§]
to denote the SU(2)p flavor symmetry representation.

We begin with the towers of LB; multiplets. The operators in these multiplets that
contribute to the right index are the superconformal primary operators since they obey the
shortening condition dg = A —2js — = = 0. For every such multiplet in the sums in (4.19)
there is a corresponding conjugate BlL multiplet with, j; <> ja, r <> —r, and the same
SU(2)r quantum numbers which obeys the shortening condition dr, = A —2j; + 32—7’ =0 and
contributes to the left index (4.3). The contributions of these multiplets are as follows:
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i) The second sum on the second line of (4.19), > 72 13/ 2xiw(z), corresponds to a
k=2 (k]
tower of LB1[3k 0, 0; ] [5] multiplets.

(ii) The first sum on the second line of (4.19), — > 72 t3(k+2)/2><[1] (¥)X[x)(z), corresponds

to a tower of LBy [3556; 1 0; 221 @ (5] multiplets.

(iii) The first sum on the third line of (4.19), >-72, t3(k+4)/2x[k} (x), arises from a tower of
LBl[?’kIm; 0,0; k—;‘l] ® [g] multiplets.

The remaining terms in (4.19) are due to towers of LA, (¢ = 1,2) multiplets. Using
the information in appendix A one can show that the superconformal primaries in such
multiplets have g = 2 and thus do not contribute to the right index. To understand which
descendants contribute to the index we note that acting with a () supercharge shifts g as
0r — Or + 2 while acting with a Q leads to g — dr — 2. Therefore we conclude that the
states in LA, multiplets that contribute to the index are level 1 Q) descendants. For every
LA, multiplet with r # 0 in the sums in (4.19) there is a corresponding conjugate AyL
multiplet with, j; <+ j2, 7 > —r, and the same SU(2)r quantum numbers which contains
an operator with o, = A — 2j; + % = 0 and thus contributes to the left index (4.3). The
contributions from the LA, multlplets are as follows.

(iv) The first two terms on the first line of (4.19), 3222, 2t3*+3) _ 49 capture the contri-

bution of 2 towers of LA1[3k+6 0,1; k] ® [0] multiplets with & > 0. The k = 0 term
in the sum is subtle since there is actually only a single multiplet LA;[3;0, 3;0] ® [0]

multiplet and since it has 7 = 0 there is no corresponding conjugate A;L multiplet
in the spectrum.

(v) The third term on the first line of (4.19), — > 72, t3(k+3)><[1}(y), corresponds to a
tower of LA, [356;1 1. k] ® [0] multiplets. Note that for k = 0 the R-charge of the
primary in the multiplet vanishes and thus there is no corresponding conjugate A;L
multiplet. In fact the multiplet with k = 0 is the A;41(3; 3, 3;0] ® [0] multiplet that
contains the energy-momentum tensor.

(vi) The final sum on the second line of (4.19), — > 72, t3(k+3)/2X[k+1}( ), corresponds to a
tower of LAy[3582:0,0; %52 @ [££L] multiplets. Again, the multiplet with k = 1 has a
primary with R-charge 0 and thus there is no corresponding conjugate As L multiplet.
More precisely, the multiplet with & = 1 is an A3A5[2;0,0;0] ® [1] multiplet which

contains the SU(2)r flavor current.

(vii) The final sum on the first line of (4.19), —>"72; t3(k+5)/2X[1] (¥)X[k+1)(z), corresponds

to a tower of LAy[3HL: 1 0 1] @ [EEL) mulgiplets.

(viii) The second sum on the third line of (4.19), — > 72, t3(k+7)/2x[k+1] (x), corresponds to
a tower of Lflg(?’kf?; 0,0; k—;l) ® [%} multiplets.

The semi-short multiplets described in (i)-(viii) above correspond precisely to the KK
towers of semi-short multiplets presented in section 2.2. This agreement between the QFT
and supergravity calculations constitutes a non-trivial test of AdS/CFT.
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Interestingly we find that the two towers described in (iv) can actually be distinguished
from each other in the supergravity computation in section 2.2. The reason is that in super-
gravity there is an additional U(1)r x U(1)y action under which the solution is invariant.
The two towers are oppositely charged with respect to this U(1)y, and can therefore be
distinguished, as has been done in (2.62). Guided by the U(1)y bonus symmetry in the
planar limit of ' =4 SYM, we expect that correlation functions of local operators in the
planar LS SCFT enjoy a symmetry under the combined U(1)r x U(1)y action discussed
in section 2. Since this is not a symmetry of the LS theory for general gauge groups there
is no corresponding fugacity for it in the index calculation above.

5 Discussion

We have shown how to calculate the full KK spectrum of the AdSs PW solution of type I1B
supergravity using recently developed ExFT techniques. We corroborated the results of this
explicit calculation by two other direct methods. We computed the spectrum of all spin-2
KK modes by evaluating the eigenvalues for the regular solutions of the Laplace equation
on the internal space. We also found the spectrum of short and semi-short multiplets in
the LS theory by calculating the superconformal index.

There are a number of interesting questions that arise in the context of our work that
deserve further study. We discuss a few of them below.

o As discussed around (2.64), the LS SCFT belongs to a conformal manifold of com-
plex dimension 3. At a generic point on the conformal manifold the SU(2)r flavor
symmetry should be broken and there should be no continuous flavor symmetry. It
will be very interesting to construct the family of AdSs supergravity solutions that
are holographically dual to this conformal manifold and compute the corresponding
spectrum of KK excitations.

e There is another 4d A/ = 1 SCFT which is closely related to the LS theory and
should share many similarities in its operator spectrum. We refer to this theory as
LS/Zs since it can be obtained by an RG flow from the 4d N = 2 two-node quiver
SCFTs arising from a Zsy orbifold of N' = 4 SYM. The holographic dual of this RG
flow can be found by performing the corresponding Zo orbifold of the PW type IIB
solution [7, 8]. In the UV one simply finds the AdS5 x S°/Zs solution, while in the
IR one has a Zsy orbifold of the AdS5 PW solution. The 4d N’ = 1 theory studied
by Klebanov-Witten (KW) is another well-known RG flow that originates from the
Zs orbifold of N = 4 SYM and ends at an IR strongly coupled SCFT [28]. The
gravitational dual of this SCFT is given by the well-known AdSs x 7! solution of
type IIB supergravity [27]. The spectrum of KK excitations around this supergravity
solution was calculated in detail in [30, 31], see also [29], and, as shown in [35, 49, 50],
the part of the spectrum corresponding to protected SCFT multiplets agrees with
the superconformal index. The LS/Zy; and KW SCFTs belong to the same five-
dimensional complex conformal manifold and are defined by specific superpotentials
with enhanced flavor symmetry, see [51, 52]. This conformal manifold does not appear
to have a weak coupling limit and therefore it is challenging to study how the operator
spectrum of the SCFTs describing it depend on the exactly marginal couplings. It
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is possible that holography and KK spectroscopy may offer some insight into this
question. There is a one-dimensional submanifold of the conformal manifold with an
SU(2) flavor symmetry which has a known dual type IIB supergravity solution [53].
Using the explicit KK spectrum of AdS;xT*! [30, 31] and the KK spectrum of the PW
solution computed here, together with the family of AdSs solutions in [53] may allow
for explicit calculations of the dimension of some of the SCF'T operators as a function
of an exactly marginal coupling. We plan to study this question further in [54].

A notable feature of our results is that there are unprotected operators in the LS
SCFT spectrum which are dual to KK supergravity modes and thus do not have
large anomalous dimensions controlled by the ’t Hooft coupling. Similar features
were observed in [29-31] for the spectrum of operators of the KW SCFT [28]. It
is desirable to have an understanding of the QFT mechanism responsible for this
feature of the operator spectrum. In addition to being of intrinsic QFT interest,
this question is also important for understanding the emergence of large internal
dimensions in AdS/CFT. A better understanding of this mechanism may elucidate
the conditions under which scale separated AdS vacua can exist in string theory and
supergravity, see [55] for a recent discussion.

Some aspects of the KK spectrum calculation presented in section 2 deserve better
understanding. In particular the role of the U(1)y “bonus” symmetry and its role in
the ExFT formalism should be elucidated. In addition it will be nice to understand
whether there is a deeper reason for the appearance of the simple generating
functions we employed to organize the KK spectrum.

In section 4 we presented the calculation of what can be called the “Hamiltonian
index”, i.e. we have neglected the supersymmetric Casimir energy prefactor discussed
in [56, 57]. In addition, as in [35], we have assumed that the fugacities appearing
in the index are real when we studied the large N limit. Both of these assumptions
are not important when comparing the large N limit of the index with the KK
supergravity spectrum. However, as emphasized recently in a number of papers,
including [58-61], these modifications of the superconformal index could be crucial
to understand the physics of supersymmetric black holes in AdSs. It will be very
interesting to understand the large N limit of the LS SCFT in this context and to
construct the dual AdSs black hole solutions of supergravity.

It is natural to wonder whether our KK spectroscopy results can be generalized to
other known AdSs solutions of type IIB supergravity dual to 4d N' = 1 SCFTs,
like the AdS; x YP? solutions [62] or the gravity dual of the S-deformation of
N = 4 SYM [63]. Currently we do not know of a suitable consistent truncation
of TIB supergravity to an extended supergravity theory in 5d for these classes of
solutions to which we can apply the ExFT KK spectroscopy technique of [14, 15].
Nevertheless, it is tempting to speculate that one can perhaps combine various
techniques to attack this KK spectroscopy problem. For example one can utilize the
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results in [64]'! for the spectrum of protected operators in combination with a more
explicit calculation of the eigenvalues of the Laplacian on Y?? studied in [66, 67] to
compute the KK spectrum of spin-2 modes as we did in section 3. Understanding
these KK spectra in detail is an important open problem in the application of
supergravity to the holographic study of 4d N =1 SCFTs.
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A 4d N = 1 superconformal multiplets

In this appendix we summarize some relevant facts about the representation theory and
multiplet structure for theories with 4d AV = 1 superconformal symmetry. We follow closely
the presentation in [40].12

The 4d N/ = 1 superconformal algebra is SU(2,2|1). Its representations are labelled
by the conformal dimension A, the U(1) R-charge r, as well as the Lorentz spin quantum
numbers [j1, jo] € [%, %}.13 For a given state/operator, ®, in the 4d N’ =1 SCFT we
use the following notation to indicate this data

D []17]2]X) . (Al)

The following representations of the 4d Lorentz group play an important role in our dis-
cussion of the KK spectroscopy

Scalars: ¢ :[0,0] ,

Spin-1/2: X: B,O} , and A [O,l} ,

11
tors: A, :|=,=
Vectors " [2, 2} ,
Two-forms : B, :[1,0], and B, :[0,1],
1 - 1
Spin-3/2: 1, : [1,2] , and 1, {2,1} ,

Spin-2: g, ¢ [1,1] .

(A.2)

"The cyclic homology approach of [64] can also be used to compute the spectrum of protected KK modes
of the Pilch-Warner solution discussed here, see [65] for a brief discussion. We are grateful to Richard Eager
for informing us about these results.

12G8ee [68] for early original results on superconformal representation theory, which are also summarized
in [69].

131n this appendix we do not include the representation of the operators under any flavor symmetry.

“Note that we use Lorentz spin-labels instead of the SU(2) Dynkin labels in [40].
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The N = 1 superalgebra has four Poincaré and four conformal supercharges. The
superconformal representations are then built from a superconformal primary operator
annihilated by the special conformal generators and the conformal supercharges by acting
with the four Poincaré supercharges. The quantum numbers of the Poincaré supercharges
are given explicitly by

1 1D _ 11+
To denote the various superconformal multiplets we will use the notation
XY[A; j1, jos 7] - (A.4)

The letters XY denote the type of shortening condition, if any, on the multiplet for which
we use the results of [40].
There are the following type of 4d A/ = 1 superconformal multiplets:

o long multiplets, LL[A; j1, jo; 7], for which,

A > 2 + max (2]'1 — %r, 272 + gr) . (A.5)

e semi-short multiplets:

w LAy [Aiji,ja > Siv] and AL [Asji > 5, joi ] with

_ . 3 2 .
LA;: A=2(1+]2)+§7“, and 7’>§(]1—]2)7
_ 3 2 (A-6)
AL: A=2(1+j1) =5, and r<2(ji—j2).
m LAy [A;j1,0;7] and AsL [A;0, jo; 7] with
_ 3 2
LAs: A=24+—-r, and r> —ji,
e At ) w
AsL : A:2—§r, and r<—§j2.
s LB [A; 71, 0;7], and BL [A;0, jo; 7] with
2
A:§T‘, and r>—-(147),
2 ; 3 ) (A.8)
A:—Qr, and T<—§(1+j2).
e short multiplets:
m A A [A;jl > %,O; r] and Az A1 |A;0, jo > %;T} with
_ ) 2
AjAs A:2—|—]1, and 7”:§]1,
) 9 (A.9)
A9 Ay A:2+j2, and T:—ng.
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A Ay [Asji > §,ja > ;) with

"
. . 2, .
A=2+7j1+72, and r:§(31—j2). (A.10)
m Ay Ay [A;0,0;7] with
A=2, and r=0. (A.11)
s A\ B {A;jl > %,O;T} and B1A; |A;0, 2 > %;r} with
- . 2 .
A1By: A=1+j, and 7":§(1+j1),
i ) (A.12)
B1A12 A:1+j2, and T:—g(l-i-jQ).
m AyB1 [A;0,0;7] and By As [A;0,0;7] with
_ 2
AsB1: A=1, and r=—,
) 5 (A.13)
BlAgi AZl, and T:—g.
m B1B;[A;0,0;r] which is simply the identity operator with
A=0, and r=0. (A.14)

We have listed all short multiplets allowed by unitarity and 4d N/ = 1 superconformal
symmetry. For the LS SCFT of interest in this work not all of these multiplets appear in the
spectrum. In addition to the By By [0;0,0;0] identity operator we have only two other short
multiplets. We have an A;A4; {A; %, %; r} multiplet which contains the energy-momentum

tensor and the U(1) R-current operators and an Ay Ay [A; 0, 0; r] multiplet which transforms
in the adjoint of the SU(2) r flavor symmetry and contains the conserved flavor current. All
the semi-short and the long multiplets listed above appear in the spectrum of the LS theory.

In the diagrams below we give the explicit field content of all the superconformal
multiplets appearing in the spectrum of the LS theory. We use the same Lorentz spin
notation as in (A.2) and denote the R-charge of each field with a superscript.

AO »©
/N VRN
Q Q Q
( )/ N - 7 N
" -1 ¥ +1 AC-D N(+D)
M N, Q/u \Q Q/
N/ NS
gh A

Diagram 1. The 4,4, [A;3,3;0] and As Ay [A;0,0;0] multiplets.
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Diagram 2. The LB [A;0,0;7] and B;L[A;0,0;7] multiplets.

A )
Q/ \Q
v N

Bfﬁfl) 16D B;(LH) 1 D)

/ AN

Q Q
e N

A(r=2) A(r+2)

Diagram 3. The LB, [A; %,O;r] and B, L [A; 0, %; r} multiplets.

() A
RN RN
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Diagram 4. The LA, [A; 0, %;r] and AL [A; %,O;T] multiplets.
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Diagram 5. The LA; [A; %, %; r] and A;L
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Diagram 6. The LA, [A;0,0;7] and AyL [A;0,0;7] multiplets.
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Diagram 7. The LA, [A; %70;7“] and AL [A;O, %;r] multiplets.
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Diagram 8. The LL [A; %,O;T] and LL [A; 0, %; r} multiplets.
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Diagram 9. The LL [A;0,0;7] and LL [A; %, %;r] multiplets.

B Explicit KK spectrum results

Here we explicitly present part of the operator spectrum of the LS SCFT, derived using
the ExFT techniques described in section 2.1. All results below are presented in terms of
4d N = 1 superconformal multiplets using the notation in appendix A. In the tables below
we have also added the additional labels forf the SU(2)r spin through ®[k] as well as the
U(1)p x U(1)y charge via the superscript s = (p + 2y), i.e. we are using the notation

XY[A; g, jo; 7] ® [K]PH2) (B.1)

In addition to the multiplets presented explicitly in the tables below one has to add
their conjugates. For tables 4 and 6 this means that multiplets of the form

YX |85

5T @HPE L and YXA0,0-r @ (O, (B2)

have to be added whenever r # 0 or s = p + 2y # 0. For table 5 all multiplets have to be
complemented with their conjugate multiplets of the form

YX [A; 0, %; —r] ® [k P2 (B.3)

It can be checked that the results in the tables below are indeed consistent with the analytic
formulae presented in section 2.2.
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Table 4. Multiplets with vector primaries up to KK level n = 3.




n=0 n=1 n=2 n=3
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A1 L[3;1,0;0]0[0]V) LA3[Z;1,0:1]®[1]® LA 21 0;310(2)6/2 LA3[51,0;2)0[2]@
LL4VT 30000 DL, 4 00403151/ L2 5 0512 2D
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Table 5. Multiplets with fermion primaries up to KK level n = 3.
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Table 6. Multiplets with scalar primaries up to KK level n = 3.
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