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We construct and analyze the domain-wall solution in D = 11 supergravity connecting the N = 1,
AdS, x quuashed vacuum to the A" = 8, AdSy x S7 . vacuum. This domain wall describes the holographic
renormalization group flow from an Sp(2) x Sp(1) symmetric UV fixed point to the SO(8) symmetric IR
fixed point. It breaks all supersymmetries which are (partially) restored at its endpoints. We show how
recent techniques from exceptional field theory allow us to compute the quadratic couplings of all Kaluza-

Klein (KK) fluctuations around the domain wall background, encoding all two-point correlators along the

holographic RG flow.
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I. INTRODUCTION

The AdS/CFT correspondence is a powerful tool to
analyze strongly coupled conformal field theories (CFTs).
In this paper, we will focus on holographic renormalization
group (RG) flows. On the gravity side these correspond
to domain-wall solutions with anti—de Sitter (AdS) vacua of
string theory at the endpoint. The existence of such a
solution between two different AdS vacua indicates that
there is a renormalization group flow between two con-
formal fixed points in the UV and IR, dual to the AdS
vacua, something which may not even be directly visible
in the quantum field theory (QFT) analysis. Moreover,
the gravitational action encapsulates the QFT correlators
along the flow, giving insight into strongly-coupled QFTs
away from conformality, for example, into confining gauge
theories [1].

Despite the promising technology, in practice, the analy-
sis of holographic RG flows is limited to the use of lower-
dimensional gauged supergravity models due to technical
difficulties in working with the 10- and 11-dimensional
supergravity actions that capture the single-trace sector of
the dual gauge theories. In particular, domain-wall solutions
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corresponding to holographic RG flows are often con-
structed in such lower-dimensional gauged supergravities
[2-4], that can sometimes be uplifted via a consistent
truncation to 10- and 11-dimensional supergravity.
However, in general, a consistent truncation may not exist,
and even when it does, it can obscure important properties
of the 10- and 11-dimensional solutions. For example, the
10- and 11-dimensional AdS solutions may have more
supersymmetries than the corresponding solutions within
the gauged supergravity.

Even more restrictively, the holographic computation of
correlation functions is limited to couplings between modes
that are captured by the lower-dimensional gauged super-
gravity, ignoring the higher Kaluza-Klein modes in the
supergravity. This is already true for 2-point functions. In
fact, even the masses of higher Kaluza-Klein modes around
AdS vacua could until recently not be studied, except for
highly supersymmetric compactifications or those corre-
sponding to coset spaces, rendering the computation of
2-point functions along an RG flow completely unfeasible.

The situation recently changed dramatically, thanks to the
method of Kaluza-Klein spectroscopy [5,6] in exceptional
field theory (ExFT) [7-12]. This allows the computation of
the full Kaluza-Klein spectrum around “generalized paral-
lelizable” compactifications [13,14]. These are compactifi-
cations whose generalized tangent bundle in EXFT is trivial,
i.e., they admit a global frame for the generalized tangent
bundle. Examples of such compactifications include those
that lead to consistent truncation of maximally gauged
supergravities, but also their deformations beyond maximal
gauged supergravity [15]. As a result, the Kaluza-Klein
spectrum around a variety of AdS vacua has been computed
recently, including those with few or no symmetries, or
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indeed supersymmetries. This has led to various insights,
such as infinitely many unprotected operators in strongly-
coupled CFTs with finite conformal dimensions [16], the
compactness of conformal manifolds that appear noncom-
pact in gauged supergravity computations [17-19], as well
as instabilities triggered by higher Kaluza-Klein modes in
nonsupersymmetric AdS vacua [20] that appear stable in
gauged supergravity [21] and the proof of perturbative
stability of a number of AdS vacua in string theory [18,22].

In this paper, we will extend these techniques, which have
so far only dealt with AdS vacua and their exactly marginal
deformations, to compute the two-point supergravity cou-
plings along an RG flow triggered by a relevant deformation.
Crucially, this will be applicable to all Kaluza-Klein modes,
not just those present within a consistent truncation.
Moreover, we will show how this can be done for RG flows
that do not even belong to a truncation to a maximal gauged
supergravity. Specifically, we focus on a holographic RG
flow from the N = 1 AdSy X 87 peq Vacuum [23] to the
N =8 AdS, x S, vacuum of 11-dimensional super-
gravity. The squashing of the S’ preserves only Sp(2) x
Sp(1) isometries of the SO (8) isometries of the round S” and
the corresponding 3-dimensional N' = 1 CFT was discussed
in [24]. Interestingly, while the round S” compactification
admits a consistent truncation to 4-dimensional N = 8
gauged supergravity [25], the A =1 AdS, x quuashed
vacuum does not sit within this consistent truncation.
Moreover, the AN/ = 1 Killing spinor does not belong to a
subset of the N = 8 ones, but instead corresponds to higher
Kaluza-Klein modes on the round S7, in what is known as the
space-invader scenario [26].

Since the round and squashed vacua are not both part of
N = 8 gauged supergravity, there has been some confusion
in the literature about the potential existence of an RG flow
between them. A first attempt stems from [27], where the
relevant RG flow equations were written down, using an
Sp(2) x Sp(1)-invariant consistent truncation ansatz [28].
However, [29] argued that these equations do not admit a
first-order formulation and, hence, that a flow is unlikely
to exist. Later, consistent truncations on the squashed S7
were constructed more systematically in [30], leading to a
4-dimensional N' =4 gauged supergravity. This can be
further truncated to a N = 1 subsector and even further to
a 2-scalar subsector, corresponding to that found in [28].
Crucially, none of these truncations are subtruncations of the
N = 8 gauged supergravity. Moreover, within these trunca-
tions, while the squashed S7 vacuum is N/ = 1, the round S’
appears as an N = 0 vacuum. This indicates that there is no
supersymmetric Sp(2) x Sp(1)-invariant flow in 11 dimen-
sions, which can also be shown by an explicit computation.1

'We thank Nikolay Bobev for private communications on this
point.

This paper is laid out as follows. First, in Sec. II we will
review the squashed S7 in 11-dimensional supergravity, as
well as its embedding into the two-scalar truncation of [28].
We numerically solve the RG flow equations and show
the existence of a nonsupersymmetric flow between the
squashed and round S§7 vacua, clarifying earlier claims
in the literature. In Sec. III, we show how to embed the
N = 4[30], the NV = 1 [30], and the two-scalar truncations
of [28] into ExFT. In particular, we will construct a
generalized parallelization for these consistent truncations,
which, however, does not form an algebra under the
generalized Lie derivative, reflecting the fact that the
consistent truncations do not lead to A/ = 8 gauged super-
gravity. Nevertheless, the generalized parallelization allows
us to use the Kaluza-Klein spectroscopy to compute the
two-couplings of the higher Kaluza-Klein modes along the
RG flow from the squashed to round S7, as we demonstrate
in Sec. IV. Finally, we conclude with a discussion of our
results and open questions in Sec. V.

II. SQUASHED SPHERE, S7 AND DOMAIN
WALL IN D =11 SUPERGRAVITY

In this section, we review the round and the squashed S’
vacua of D = 11 supergravity and construct the interpolat-
ing domain wall solution. Both S backgrounds are Freund-
Rubin solutions of D = 11 supergravity, preserving N' = 8
and NV = 1 supersymmetry, respectively [23]. The general
ansatz for the D = 11 metric with an internal space S’
preserving Sp(2) x Sp(1) isometries can be put into the
form [31]

1 , 1.
ds? = e‘7“ds(24) +7 e <e3” (d;ﬂ +3 sin? ,uZw%)

1
+ Ze‘“’Z(ui + cos;wo,-)2> ,

1

(2.1)

with §7 size parameter u and squashing parameter v
that are taken as scalar functions over the 4-dimensional
space-time. The one forms w; =o0; —%;, v; =0;+ 2%,
satisfy

1 1
dGi = _Eeijkaj N O, dE, = —Eeiijj A Zk' (22)
The 4-form flux for these solutions is of the form
F/u/po‘ = Qe_zmg;wpm (23)

with conserved charge Q. The ansatz (2.1) and (2.3) is, in
fact, a consistent truncation of D = 11 supergravity as
shown in [31]. More precisely, plugging (2.1) and (2.3),
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into the D = 11 field equations leads to field equations that
are obtained from the D = 4 Lagrangian

63
91712 L0, = Riay = = 001 = 219,00"v = Ve,
Vpot — _66—9u+41; _ 486—91,4—31/ + 126—9u—10v

+2Q%e72, (2.4)

round S7: u =0, v =0,

5 1
squashed S7: u = uy = ElnS —61n3,

and the respective AdS lengths given by £ =

The parameter Q may be absorbed into a shift of u together
with a rescaling of the D = 4 metric g,,. In the following,
we set Q = 3.

Extremization of the potential V ,; from (2.4) yields two
critical points corresponding to AdS, x S7 solutions of
D = 11 supergravity, with the round and the squashed
sphere located at

1

Z/ﬂround = E s

55/4

fsquashed = 2. 37/4" (25)

v = 1 E;lnS,

- Vi. With the standard ansatz for an interpolating the domain-wall solution
pot

u=u(r), v =v(r), ds%4) =drr+ eZA(’)nijdxidxj, i,j=1,23, (2.6)
variation of (2.4) yields the equations
12 48 6
u + 3A'Y = _66—2114 _ 7 e—9u—10v + 7 e—9u—3v + 76—9u+4v’
" + 3A0 = — @6—914—101) + %6—914—31) _ ie—9u+4v
7 7 ’
"2 63 "2 21 2 =21 —9u—10 —9u-3v —Ou+4
3(A) —— (u)* —— (v)* = =9e™ 21" — 6710V  D4e™Pu=5V 4 Fe=Putav, (2.7)

The existence of a domain-wall solution to these equations,
interpolating between the two vacua (2.5), was discussed
in [27], and later questioned in [29]. Its holographic
interpretation was further elaborated on in [24]. The
domain wall represents a holographic renormalization
group flow from an N = 1 superconformal UV fix point
(dual to the squashed S7) to an N/ = 8, SO (8) symmetric
IR fix point (dual to the round S7). Unlike most explicitly
known domain-wall solutions, there is no description of
the flow equations connecting (2.5) in terms of first-
order differential equations and a superpotential. More
precisely, [29] noted that the potential (2.4) can be written
in terms of a superpotential W as

16
pot :@

3
W=——_¢u/2 <e2” 4 2e7 — e‘f’”). 2.8

% (OW)? + = (0,W)? = 122,

21

However, only the squashed S” represents a critical point of
this superpotential. With hindsight, this is a manifestation
of the fact that the Lagrangian (2.4) lives within an N = 1
four-scalar truncation of D = 11 supergravity [30], in
which the round sphere appears as an A/ =0 vacuum,
since all the N = 8 massless gravitinos around this vacuum

|

are truncated out.” Accordingly, the round S7 does not
correspond to a critical point of the associated super-
potential (2.8).

The interpolating domain wall solution can be found
numerically, by solving Eqgs. (2.7) and fine-tuning the
initial conditions. To this end, it is instructive to first study
the general asymptotic behavior of the scalar fields. As
usual, this is correlated with the conformal dimensions of
the associated dual operators, given by

0,:
(2.9)
for the scalar fields. Introducing the radial coordinate

p — e_zr/fsquashed’

(2.10)

and expanding the flow equations (2.7) near the UV
boundary p = 0, we find the following asymptotic expan-
sions of its general regular solution

’In the notation of [30], all this is on the £ < O branch.
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0.05

FIG. 1. The domain wall (blue line) in the scalar potential of
(2.4). The green and the red dots represent the round and the
squashed sphere (2.5), respectively.

1 5/7
u(p) = EIHT + Qg + piQu g + PEQ 1o+ -

+p"85Q 5+ ...,

1
v(p) = 7In5+ P4+ Py s + piQa s + i

+poQ 10+ ...
2A(p) = —log p + Agps + Agps + Ajgpe + ... (2.11)
u
0.008
0.006
0.004
0.002
2

1.95

1.85

Equations (2.7) fix all coefficients €;; in the above
expressions, except £, 4, Q,5, and Q, ;3 which source
the others. Explicitly, we find that the coefficients of the
lowest powers are given by

6 20
Qg = —ﬁg%m Qo = —ﬁgugz,s,
15 9
Qg = —793,4» Qg = —592.492.5:
21 280
Ag = _ZQ%A’ Ag = —792,492,5- (2.12)

In (2.11), we have imposed regularity at p = 0, which sets
to zero a potential p~2 term in the u expansion, allowed by
Egs. (2.7). The general solution of (2.7), regular at p = 0,
thus carries three independent constants. It furthermore
admits the scaling symmetry p — Ap, which can be used to
set Q, 4 = —1. For the interpolating solution, the remaining
two coefficients are then fixed by further demanding
regularity at the other end of the flow p — oo.

Imposing regularity at both ends of the flow, we have
solved Eqgs. (2.7) numerically, and plot the result in Figs. 1
and 2. As expected, the solution is of kink type for the
scalar fields # and v, as well as for the derivative 0,A. In
particular, with Q, , = —1, we find for the coefficient &, s
the approximate numerical value

v

2 4

6 8 10

FIG. 2. Numerical solutions for the two scalar fields, as well as the derivative A’. The horizontal green-dashed line represent the
asymptotic values of the various fields. The UV boundary is located at r — oo, the IR boundary is at r - —c0.
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4

round

2 2

log v /

Z,

squashed
_ tauashed log(u — uy) /

?squashed
— log(v — vy)

FIG. 3. Asymptotic behavior of the numerical solution. In the UV (r — o0), the green dashed line have respectively a slope of ;—‘ for u
and % for v. This matches the asymptotic expansion (2.11). In the IR (» — —o0), the green dashed line have respectively a slope of 1 for u

and % for ». This matches the asymptotic expansion (2.15).

Qs~-14. (2.13)
In Fig. 3, we plot the asymptotics of the scalar fields, which
confirms the UV expansion (2.11), and in particular the fact
that the leading coefficient €2, 4 is nonvanishing. This is the
expected power-law behavior

3

v(p) —vo x p'T, (2.14)

consistent with the interpretation that the holographic
dual of this domain-wall solution is an operator deforma-
tion (rather than a vacuum expectation value) of the
UV CFT [3,32], by a relevant operator of conformal
dimension Ayy = 3.

Similarly, one can work out the asymptotic behavior in
the IR. With the new radial variable p = ¢2/%omi_ the

expansion of a general solution of (2.7), regular at the IR
boundary p = 0, is given by

u(p) = w120 + 01397 + w1 39 logp + w457 + ...,
V(p) = 017" + w22pp + W2 357 + 03477
+ypuplogp + ...,

2A(p) = logp + Ayp + A/ + Ap* + ..., (2.15)

in accordance with the IR conformal dimensions (2.9).
Here, imposing regularity at p = 0 has set to zero two of the
free coefficients of the general solution of (2.7). All other
coefficients in the expansion (2.15) are then determined in
terms of the remaining two free coefficients w, 3, , 1, €.g.,

15525
Wy = 5@%_17 w13 = 1loj |, @14 =~ 3¢ w3,
I, 5261 10583 , 33,
Wyo = —7Q2,1v W3 = 168 @3 15 Wy 4 = —§Q2,1Q1,3 T 56 D31 Yoa = —7Q2,1a
- 21 ~ 154 ~ 27081
Ay = _ZQ%J’ 3= TQ%,I’ 4= —Tﬂé,l- (2.16)

Again, the leading terms are confirmed by the plots of
the numerical solution in Fig. 3. Regularity at the UV end of
the flow finally fixes @, ; as a function of @, ;. From the
above numerical domain wall solution, we find the
approximate value

(2.17)

for the combination invariant under the scaling symmetry
p = Ap.

III. GENERALIZED PARALLELIZATION
OF THE DOMAIN WALL IN ExFT

In this section, we will identify the AdSy X S] e

background and the domain wall (2.1) within ExFT, i.e.,
within the duality-covariant formulation of D = 11 super-
gravity. This allows us to construct consistent truncations
around this vacuum as well as to compute the quadratic
couplings of Kaluza-Klein fluctuations around the domain-
wall background in Sec. IV.

The relevant ExFT is based on the exceptional group
E;(7) and has been constructed in [33] to which we refer for
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details. Its structures relevant to our construction have been
reviewed in [6]. From a most pragmatic point of view, E;(7)
ExFT can be viewed as a reformulation of D = 11 super-
gravity (upon splitting the coordinates into 11 =4 + 7) in
terms of variables that mimic the field content of D =4
maximal supergravity. In particular, the internal compo-
nents of the D = 11 metric, three-form, and six-form are
assembled into an E;;) group matrix, the generalized
vielbein, defined as

klmnpq

VEeXp [Aklmnpqt(+4) (31)

] exp [Akmn tl({ilzn)] VGL(7) ’
i.e., as a coset representative of E7(7)/SU(8) in a particular
triangular gauge. Here, V1 7) € GL(7) C Ey() is the inter-
nal block of the 11D vielbein (up to some power of its
determinant), while Ay, and Ay, denote the internal
components of the D =11 three-form and six-form,
respectively, with k,[,m=1,...,7. The F(4n) refer to
the E;(7) generators of positive grading in the algebra
decomposition

er7) > T, @35, @ al(7), B35, D74 (32)
All generators in (3.1) are evaluated in the fundamental
56 representation of E;. For a Freund-Rubin (FR)
background (i.e., a solution with Ay, = 0), the para-
metrization (3.1) only involves generators within the
8[(8) subalgebra of e7(7y and the associated generalized
vielbein can be represented as an 8 x 8 matrix

Ver € SL(8)/SO(8). (3.3)

For example, for the round S7 with 7-form flux, the
generalized vielbein (3.1) takes the form

mnpqr ¢k o a°)3/4 0
Vg :exp[—6t§+4§7q  Dttmnpar] (

) eSL(8),

o—1/4 5 i
0 w4,

(3.4)

where &,,' is the S7 vielbein, @y, is the associated
volume form, & =deté,’, ¢* is a vector field with
ﬁkék =1 and 7,4 is evaluated in (3.4) in the 8 repre-
sentation of SL(8).

A. Generalized Leibniz parallelization
and Kaluza-Klein fluctuations

The round S7 with 7-form flux (3.4) has been extensively
studied in the ExFT framework due to its interesting
properties. In particular, it is generalized Leibniz paralle-
lizable, i.e., the generalized vielbein (3.4) is related by an
SO(8) gauge transformation

Vg = IOJSSO(8)7 (3.5)
to a twist matrix IOJ, such that the associated generalized

frame field U = p~1U™" (here, p = &~'/2) evaluated in the
56 representation, satisfies the condition

where X ﬁg is the constant intrinsic torsion. The generalized
diffeomorphisms of the E;(;) EXFT are defined as [8,11]

L:AVM - ANONVM - 120KAL(IG)KL(I")MNVN

1
+ = VMg AN,

: (3.7)

Explicitly, the twist matrix U for the round 7 is given
by [13,14]

. &)3/4(3;0 _ 6é'nanya)
U,"(Y) = ( b1/, Yo )eSL(8),
m = {0, m}, a=A{1,...,8}, (3.8)

in terms of the fundamental sphere harmonics Y*)* = 1.
As a consequence of (3.6), D = 11 supergravity admits a
maximally supersymmetric consistent truncation around
the round §7 to D = 4, N = 8, SO(8) gauged supergravity
[34,35]. In particular, the embedding of the 70 scalar fields
of D=4, N =8 supergravity into the 11-dimensional
theory is compactly described in terms of (3.1) as
V(x.y) = U(y)V(x). (3.9)
with the twist matrix U from (3.8), and the E;(7)/SU(8)
valued matrix V(x) carrying the 70 scalar fields of the
D = 4 theory.

Moreover, the existence of a globally defined general-
ized frame allow us to recover the full Kaluza-Klein
spectrum around this background by virtue of the universal
formulas derived in [5,6,15]. Here, we just recall the result.
While (3.9) describes the embedding of the lowest Kaluza-
Klein multiplet into D = 11, the embedding of the infinite
Kaluza-Klein tower of scalar fluctuations j**(x) is most
compactly described as

V(x.y) = U)T+ PrJ (x.y))

00) (14 P W0s0)). 310

Here, Vs (y) label the scalar harmonics on S7, and P,
I=1,...,70 are the 70 noncompact generators of Ey).
After subtraction of the nonphysical Goldstone modes, the
action of the mass operator on the scalar fluctuations
J!(x,y) is given by
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(Mspin—O)[J = M(O)[J + (Nllg - leg)ag + agNIJQ + 5§Mspin—27

with

1

(3.11)

Moy, = XaeEXprE(P'P)) 42 + = (XaeEX el + XpaEX gt + Xpp? Xpr2) (PIP)) 42

7
2

1

+ = (XacEXppE — XagEXpE2 — XpalXps2) (P A2(P)) 2 + = Xa X a0

7

6

NE = =2X, Py e = 2X 4P A = [P Pyl B(X ep? + 6Xa5S),

Mspin—Z - —aédé

(3.12)

Evaluating this formula with the intrinsic torsion X Iﬁg from (3.6) and an explicit basis for Vs (y) allows us to derive the
Kaluza-Klein spectrum for the full infinite tower of scalar fluctuations. Specifically, for the round S7 vacuum, this
reproduces the result for the scalar Kaluza-Klein towers [36-38]

> ([£+2,0,0,0l¢,, + [£=2,0,0,0]¢,5 + [£ = 2,2,0,0]¢ 5 + [£,0,2,0] 1, + [£ = 2,0,0, 2 ),

¢

in terms of SO(8) representations, labeled by their Dynkin
weights, with subscripts denoting conformal dimensions.

B. The squashed S’ family in ExFT

The consistent truncation (3.9) to the lowest KK multi-
plet [# =0 in (3.13)] contains the round S’ vacuum
[corresponding to V(x) = I] but no other solution of the
family of squashed backgrounds (2.1). Rather, these
squashings correspond to excitations of scalars from higher
KK levels. Specifically, the squashing (2.1) preserves an
Sp(2) x Sp(1) subgroup of isometries, which is embedded
into the SO(8) isometry group of the round S7 such that the
fundamental representations decompose as

SO(8) — Sp(2) x Sp(1),
[1,0,0,0] = [1,0,1], [0,0,1,0] - [0,1,0] & [0,0,2],
[0,0,0,1] = [1,0,1]. (3.14)
A scan of the scalar spectrum (3.13) shows that the
spectrum contains four scalar fields that are singlet under

Sp(2) x Sp(1), sitting at KK levels 0, 2, and 4, respectively,
descending from the SO(8) representations

0: [0,0.,2.0],.
2: [O, O, O, 0]6 @ [Oa 27070]4’
4: [2,0,0,2],.

¢
¢
¢ (3.15)

The squashed background (2.1) requires a nonvanishing
contribution from the [0,2,0,0] at level £ =2 [26] and,
thus, lives beyond the consistent truncation (3.9).
However, the embedding of the scalar KK fluctuations
according to (3.10) allows us to explicitly construct

(3.13)

different alternative truncations to other subsets of fields
which in particular allow to embedd the solution (2.1). For
example, the truncation of the full KK spectrum keeping
all singlets under Sp(2) x Sp(1) defines a consistent
truncation by the standard symmetry argument; by simple
representation reasoning, singlet fields can never define
nonvanishing sources for nonsinglet fields, it is thus
consistent to truncate out all the nonsinglet fields. This
truncation retains one field from the KK tower of gravitino
fields, and thus corresponds to a D =4, A" = 1 theory [30],
further discussed in [39]. In the scalar sector, the truncation
to Sp(2) x Sp(1) singlets only keeps the four scalar
fields (3.15) and can be described in closed form by
integrating the corresponding fluctuations (3.10) to

V(x,y) = U(y) eXp[Z @' ()5 PV (y) |-

singlets

(3.16)

The index i here labels the four Sp(2) x Sp(1) singlets
found in the tensor product of the 70 noncompact gen-
erators of E;(7) and the scalar harmonics, thereby defining
the constant tensor s{.‘z. The group theoretical structure
underlying this truncation can be made more transparent by
representing the seven sphere as a coset space [40]

G _ Sp(2) xSp(1)o

T (3.17)
H  Sp(1), x Sp(1)p
where the different Sp(1) factors are embedded as
Sp(2) 2 Sp(1)y, x Sp(1)g.
Sp(1)p = (Sp(1)g X SP(1)R ) ing- (3.18)
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and for clarity we have added a ‘0’ subscript to the Sp(1)
subgroup of (3.14). The seven sphere (3.17) can be
represented by an (Sp(2) x Sp(1))-valued coset represen-
tative S(y), such that the infinitesimal action of the Sp(2) x
Sp(1) isometry group on the coordinates is realized as

SrS(y) = AS(y) = S(y)ha(y),  A€3p(2) @ 3p(1),,

(3.19)

The consistent truncation (3.16) can then be given in more
compact form as

V(x,y) = Uy)SGWX)S™(v). (3.20)

with the (Sp(2) x Sp(1)) coset representative S(y) and an
E;(7) matrix W(x) defined to live in the commutant of the

denominator group H = Sp(1); x Sp(1)p, in E;(5), i.e.,

W(x)h=hW(x) ¥ hesp(l), @sp(l)p.  (3.21)

Indeed, (3.19) and (3.21) imply that the factor
S(y)W(x)S~!(y) in (3.20) is invariant under the action
of (Sp(2) x Sp(1)) up to a compact gauge transformation
acting from the right. The representation (3.20) of the
consistent truncation immediately reveals the geometry
of its scalar target space, given by the commutant of
H = Sp(1);, x Sp(1)p, in Ey7/SU(8) as

_SL(2) SL(2)
Mscalar - m X SO(Z) s

(3.22)

a Kihler manifold parametrized by the four scalar fields
from (3.15).”

The D =4 theory can be obtained by plugging the
ansatz (3.20) into the ExFT Lagrangian of [33]. For the
bosonic sector, parametrizing the matrix W by four
scalar fields {u, v, c,y}, this gives rise to the four-scalar
Lagrangian

The same reasoning shows that the analogous construction
based on the coset representation S’ = Sp(2)/Sp(1), of the
seven sphere, yields an A/ = 4 consistent truncation to the Sp(2)
singlets with scalar target space given by the commutant of the
denominator group Sp(1), in E7(7)/SU(8):

SL(2) S0(6.3)

Miaar = 552 * 50(6) x SO

(3.23)

as explicitly found in [30].

63
|g|—1/2£<4) =Ry — 7aﬂuaﬂu —21d,v0"v

1
— 36—6u—2vaﬂcauc _ Ee_6u+12vay)(a”)( _ vpotv

Vpot — _68—9u+4v _ 488—9:4—31) + 126_9”_1OU
_ 726—151,4—]21:6.2 _ 12e—15u+2v(c _H()z

—18e2M(1 4 ¢* + 2¢x)%. (3.24)
It is straightforward to verify that the intersection of the
scalar target space (3.22) with the SL(8) of (3.3) capturing
the Freund-Rubin solutions corresponds to a further con-
sistent truncation to two scalar fields which precisely
reproduces the result (2.4) of [31]. The N' = 1 consistent
truncation to four scalars (3.24) has already been found
in [30]. What is new in the present construction is its
explicit embedding (3.20) via a twist matrix in EXFT which
allows us to apply the universal mass formulas such as
(3.11), (3.12) to any background within this truncation.
With the frame given by

V=Usws™, (3.25)
a general background will satisfy (3.6), but, in general, with
y-dependent intrinsic torsion X,zS(y).* Thus, it is no
longer generalized Leibniz parallelizable, but is still gen-
eralized parallelizable. As a consequence the mass for-
mulas (3.11) and (3.12) still apply. This has been used
in [15] in order to derive the full Kaluza-Klein spectrum
around the V' = 1, AdSy X 87, ,eq Vacuum. In the follow-
ing, we will extend this analysis to also derive quadratic
couplings around the domain-wall background (2.1), or any
other background of the consistent truncation.

IV. COUPLINGS AROUND THE
DOMAIN-WALL BACKGROUND

As we reviewed in Sec. IIT A, we can efficiently describe
the linearized fluctuations around the round S7 using its
generalized Leibniz parallelization in ExFT. Similarly,
using the generalized parallelization of the family of
squashed S7s of Sec. Il B, we obtain a simple expression
of the linearized fluctuations around the family of squashed
S7 that describe the flow of Sec. II. While this was used
in [15] to obtain the full Kaluza-Klein spectrum of the
squashed S7, here we will further extend the computation to
obtain the quadratic couplings of the higher Kaluza-Klein
modes around the domain-wall solution. These couplings
encode all the information about the holographic 2-point
functions along the dual RG flow.

“Because of the scalar fields in W (x), the intrinsic torsion will
also depend on x, but this is standard already in gauged super-
gravity. In particular, it does not interfere with the generalized
(Leibniz) parallelizability.
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In computing the quadratic couplings, we have to choose
a field basis for the Kaluza-Klein fluctuations, or choice of
“frame”. Two natural choices are to multiply the general-
ized vielbein of the 2-scalar truncation, V(x,y) of (3.20),
from the right or left, leading to different kinetic terms for
the scalars u and v and the Kaluza-Klein fluctuations. The
kinetic term of ExFT is given by D,MYNDFM,,y with
M = VYT, which can be expressed in terms of the current
TV = V'DYV)y" as
D MMNDIM = =2(TrJ#JL +TeJ T ,).  (4.1)
Let us denote the Kaluza-Klein fluctuations by the
matrix & = exp[P; Y s j7¥(x) Vs (y)]. Then, it is easy to
see that J, becomes

1,(V8) = 6710,(V)5+ J,,(8),

J,(8V) =V11,06)V+1,0), (4.2)
depending on whether we multiply the generalized )V with
the Kaluza-Klein fluctuations from the left or the right. We
clearly see that multiplying V from the left leaves the
kinetic term for the background, i.e., the kinetic term of the
scalars u and v invariant, but introduces u and v factors into
the kinetic term of the Kaluza-Klein fluctuations. On the
other hand, using V4, we find that the Kaluza-Klein
fluctuations enter the kinetic terms of u, v and hence
introduce corrections to the kinetic terms of (3.24). In order
to simply retain the normalization (3.24), we will choose to
define our Kaluza-Klein fluctuations as multiplying the
truncation V from the left. Note that this differs from the
conventions of the Kaluza-Klein spectrometry [5,6,15],
used in (3.10). The quadratic couplings around the
domain wall solutions are then straightforwardly obtained
|

[k, g,k +2]je0 451 & [k + 2,9, Kli=0. 450 LI[O]

kg, k+ 4], &[k+4,q,k: L[]

which degenerate for some small values of representations,
such as

0.1.2]: L] @ [3] & L[} ® {-1.+1}.

For more details and to see the remaining multiplets
consult [15].

Since the consistent truncation (and thus domain wall)
preserves Sp(2) x Sp(1), different Sp(2) x Sp(1) repre-
sentations will not mix along the flow. Therefore, we
can restrict our attention to any fixed Sp(2) x Sp(1)
representation to compute their quadratic couplings. As
an illustration of our method, we will evaluate the mass

(4.7)

by evaluating the action of the mass operator (3.11) in
this basis.

Before presenting our results for the quadratic couplings,
let us recall some facts about the spectrum on the left-
squashed S7 from [15,41—44]. The Kaluza-Klein spectrum
is organized into long N =1 supermultiplets L[J, A] in
various Sp(2) x Sp(1) representations. These multiplets
are defined by the spacetime spin J and conformal
dimension A of their superconformal primaries, given by
the universal formula [15]

— 5 1 2\2
Ay =1 +§s+§\/(31+2s 2450, (43)

Here C; is a combination of the Sp(2) and Sp(1) quadratic
Casimirs, which, for a generic representation with Dynkin
labels [p, g, r], is given by

C3 =C(p.q) +3C(r)

1 3
== (p*+2¢* +4p+ 69 +2pq) +Zr(r+ 2). (44)

2
The extra parameter s in (4.3) is a half integer which, for
most Kaluza-Klein towers, surprisingly behaves like an
SL(2) spin. This motivates the following notational con-
vention of [15]

LU & s = ea LU Ay,

LU ® {51,...5,} = éw, A (4.5)

The Kaluza-Klein spectrum organises itself into towers
of the form

operator (3.11) on the scalars fields in the [0,0,0], the
[0, 1,2] and [0, 2, 4] representations, which at the squashed
S7 sit in the long multiplets (4.7) and (4.6) as follows:

LEA: -S4, @ ¢-5 0.

L0,4]: L 2% 4. (4.8)
A. [0,0,0] sector

As a warm up, let us compute the quadratic couplings in
the sector of scalar fields singlet under Sp(2) x Sp(1),
forming the bosonic sector of the A =1 truncation
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of [30,39]. This sector carries four scalar-field fluctuations
whose basis we label as ¢;. The computation is straightfor-
ward; we first compute the intrinsic torsion from (3.25),
where W is evaluated on the domain-wall solution. Next we
|

1
Lio00 = ) (0

_ (546—2114 + 166—914—101) _ 366—914—31: _ 26—9u+41))(p% _
_ e—9u+4v)(p1(p2 _ 3(38—2114 + 26—9u—100 _
_ 2(36—2114 + 66—1514—120 + B_ISIH—ZU)(p% _ 4\/6(36—2114 + e2v—15u)(p3(p4’

+ 2\/6(96_21” — 4~ 9u=10v

where u and v denote the domain wall solution constructed
in Sec. II above. One verifies that at the endpoints of the
flow, the Lagrangian (4.9) reproduces the masses of the
scalar fields for the squashed and the round S’. In fact,
since all four scalar singlets lie within the AV = 1 truncation
(3.22), we could have arrived at this result directly by
linearizing the potential (3.24). It is a good consistency
check of our method, that the results indeed agree. In
contrast, the scalar fluctuations at higher KK levels do not
lie within a consistent truncation and the respective
couplings can only be obtained by the mass operator
(3.11), as we shall discuss in the following. We finally
note that in order to study the complete set of fluctuation
equations in this singlet sector, one also has to take into
|

1

build the associated mass operator (3.11) and evaluate its
action on the scalar fluctuations in this sector. The final
result for the quadratic fluctuations in this sector takes
the form

1 1
010" @ + 0,020" ;) — 56_6”_21"6;&035”(/’3 - 56_6“12”5,4(.040”%

126—1514-"-2v(p‘21

—Ou+4v\ 2
€ )#3

(4.9)

account the fluctuations of the metric around the AdS,
background.

B. [0,1,2] sector

Let us now extend the computation to scalar modes that
do not lie within the consistent truncation. As an example,
we choose the sector in the [O, 1,2] representation of
Sp(2) x Sp(1). This is the representation of the vector
fields that become massless on the round S7. As a
consequence, the associated scalar Goldstone modes on
the squashed sphere become physical scalars on the round
sphere. There are, in total, eight scalar fluctuations ¢,
transforming in the [0, 1, 2] representation. Repeating the
above computation in this sector leads to the Lagrangian,

y 1 —6u—9v 1 —O0u—2v
L2 = _Ee_7b(ay¢laﬂ¢l + 0,420 ;) — 7€ 6u=9 0,¢30" 3 —5¢ bu=2 0,40 Py

2

with 345 = p3 + p4 + ¢ps. The result shows that the
potential only depends on three out of the eight ¢;s.
Therefore, the remaining five fluctuations are Goldstone
modes along the flow. It is interesting to compare this
with the squashed sphere endpoint. From equations (4.6)
and (4.8) we see that at the squashed S7 vacuum there are
only two physical scalars in the [0, 1,2] in the spectrum.
Indeed, plugging in the values of u and v for the squashed
S7 (2.5), we see that ¢, additionally drops out of the

1
(loe—9u—101; _ 26_9”_3”>¢% _ 46—1514—504)%45 _ 4\/5(6—15u—517 + 36_21M)¢6¢345
(

66—15:4—517 +4e—15u+20 +4e—15u+91; + 66_21“)45%,

1 1
e—6u+5v(aﬂ¢sau¢5 + 5,4(1566”456) - 5@—12u—4vaﬂ¢7aﬂ¢7 — Ee—lzu+3vaﬂ¢86u¢8

(4.10)

l
potential at the squashed S’ endpoint, thus reproducing the
expected number of Goldstone scalars. Moreover, the
potential (4.10) reproduces the masses of the scalar fields
at the squashed and round S’ points.

C. [0,2,4] sector

As a last example, we study the six scalars y; in the
[0,2,4] representation. Their quadratic couplings are
obtained by the analogous computation and read
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1 ) 1 —0u—2v
5[0,2.4]2—56_71@”1//15”1//1—Ee bu=2v(g

1
WW30'W3 +0pa0'ya) =5 (s 0ys + 06 we)

1 ) —u —10v =3v —9u—-10v
—56’_6“5@5,}//20”!//2—63 H(Bem e )yt —8e 10 (\/§W5—\/§W6)W1

_46—9u(e—10u+56—3r_’_e4r)l//§_46—9u(e—101/'_e—3v+3e4v)wé

_ (68_]5”_5" +8€—15u+21; + 126_21”)1/7% _ (106—15u—5v +8e—15u+2v _ 123—2114)1;/‘2¥ + 4 /156—15u—5vv~/3u~/4,

where 3 = w3 — 3v/3w5, Wy = yy — 55w, The poten-
tial only depends on five out of the six scalars. Therefore,
one scalar field will be a Goldstone mode along the entire
flow. Finally, as a consistency check, the potential (4.11)
again reproduces the masses at both of the endpoints.

D. Comments

We have shown how the mass operator (3.11) allows to
determine the quadratic couplings of scalar fluctuations
around the domain-wall background constructed in Sec. II.
We have restricted to spelling out three examples, but the
method of course extends to all higher KK levels. The
resulting couplings [(4.9), (4.10), and (4.11)] carry the full
information for the computation of the holographic 2-point
functions along the dual RG flow. The corresponding
computation requires a careful setup of the holographic
renormalization procedure along the lines of [3,45,46], and
will be interesting to take on in the future.

V. CONCLUSIONS

In this paper, we revisited the problem of constructing a
domain-wall solution interpolating betweenthe V' = 1 AdS, x
Slquashea and N =8 AdS, x 7,4 vacua of 11-dimensional

supergravity. There is no supersymmetric domain wall pre-
serving the Sp(2) x Sp(1) C SO(8) isometry of the squashed
S7, as can, for example, be seen by noting that the A" = 8
gravitini of the round S7 are not Sp(2) x Sp(1) singlets.
Instead, we construct an explicit nonsupersymmetric flow by
using a consistent truncation to 4-dimensional N = 1 super-
gravity [28,30] and solving the second-order flow equations
numerically. Interestingly, within this A/ = 1 truncation, the
N = 8 round S7 appears nonsupersymmetric, since its mass-
less gravitini reside amongst the higher KK modes.
Extending recent techniques from ExFT [5,6,15], we
were able to compute the quadratic couplings of KK
fluctuations around the domain-wall solution (or any other
solution of the 2-dimensional truncation). This relied on the
fact that the family of squashed S7 still admits a triviali-
zation of the generalized tangent bundle [15], allowing us
to construct a globally well-defined generalized frame
V(x,y). However, the intrinsic torsion X,yZ(y) of this
generalized frame is not constant, reflecting the fact that the
squashed S only admits consistent truncations to N = 4
or N =1 but not N/ =8. We presented the quadratic

(4.11)

couplings of some low-lying KK scalars, but the same
method can be applied to any other KK tower. This encodes
the information needed to extract all the holographic two-
point functions along the flow.

Our work opens up several natural directions for future
investigations. One would be to understand the analytic
structure underlying the quadratic couplings of Sec. 1V,
similar to the group-theoretic formula that appear in the KK
spectra of vacua with sufficient isometries, e.g., [6,22]. For
this it would be useful to extend our computation of the
quadratic couplings to other KK towers. Another interest-
ing question would be to push the calculations of Sec. IV to
cubic order, giving access to 3-point functions along the
RG flow on the field theory side. These results yield the
relevant input for the holographic renormalization pro-
cedure [3,45,46], that would allow us to precisely obtain
the field-theory correlators along the flow.

Finally, our results here, together with [15], provide the
first extension of the ExFT formalism of Kaluza-Klein
spectroscopy [5,6] beyond generalized parallelizable
spaces, i.e., vacua of maximally supersymmetric consistent
truncations. While the family of squashed S7’s still admits a
generalized parallelization, there is no longer an N = 8
consistent truncation that the solutions belong to. Hence
our method here provides a first window into how to
generalize the Kaluza-Klein spectroscopy to more general
truncations that break some supersymmetry.

All of these questions will allow us to address the ultimate
question; how does having a consistent truncation affect the
structure of correlation functions in the holographic dual?
We leave these exciting research endeavors for the future.
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