PHYSICAL REVIEW D 105, 106029 (2022)

Integer conformal dimensions for type Ila flux vacua
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We give a concise argument that supersymmetric anti—de Sitter type IIA DeWolfe-Giryavets-Kachru-
Taylor flux vacua on general Calabi-Yau’s have, interpreted holographically, integer conformal dimensions
for low-lying scalar primaries in the dual conformal field theory. These integers are independent of any
compactification details, such as the background fluxes or triple intersection numbers of the compact
manifold. For the Kihler moduli and dilaton, there is one operator with A = 10 and hL! operators with
A = 6, whereas the corresponding axions have A = 11 and A = 5. For the complex structure moduli, the

h*! saxions have A = 2, and the axions A = 3. We give a tentative discussion of the origin of these integers

and effects that would modify these results.
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I. INTRODUCTION

Moduli stabilization is one of the necessary prerequisites
for compactified string theories to describe a four-
dimensional world with a hierarchical separation of scales
between this and extra-dimensional physics. The traditional
tools to construct such vacua, effective field theory and
dimensional reduction, have come under close scrutiny
with the advent of the swampland program [1-3]. For this
reason, it was proposed in Refs. [4-7] that holography
might provide an independent approach to test the con-
sistency of anti-de Sitter (AdS) vacua, by analyzing
the properties of the putative dual conformal field theories
(CFTs).

One of the most studied scenarios of moduli stabilization
featuring scale separation is the type IIA DeWolfe-
Giryavets-Kachru-Taylor (DGKT) flux vacua [8], and scale
separated IIA vacua have received considerable attention
lately [7,9—14], as the scale separation property has been
conjectured to lie in the swampland [15—18].l From a
holographic point of view, scale separated vacua also admit
a clear interpretation in terms of CFTs with a gapped
spectrum, which could also point towards inconsistencies
[19]. Therefore, DGKT provides a particularly interesting

'However, both the AdS moduli conjecture of Ref. [15] and a
refined version of the strong AdS distance conjecture [17]
presented in Ref. [18] are consistent with DGKT.

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI. Funded by SCOAP’.

2470-0010/2022/105(10)/106029(6)

106029-1

example to study in this context (see Ref. [20] for an early
investigation).

In this paper we give a concise derivation of the mass
matrix for general IIA DGKT flux vacua and show that,
interpreted holographically, it has an extremely simple
form. In particular, the conformal dimensions of scalar
operators dual to the moduli are both integers and also
highly degenerate. These results are suggestive of a hidden
structure that is best understood from a dual CFT
perspective.

Our argument establishes in full generality results hinted at
in Refs. [6,7], where these results were found for simple
specific examples of DGKT. Although the argument here is
more concise, a derivation of the mass matrix for general
DGKT vacua (although without a link to conformal dimen-
sions) also appears spread across the two papers [21,22].

II. DGKT FLUX VACUA

In a type IIA setting, moduli stabilization with fluxes can
be achieved at tree level due to the simultaneous presence of
the Neveu-Schwarz-Neveu-Schwarz (NS-NS) B, form and
the Ramond-Ramond (R-R) odd p forms. In particular, this is
obtained by compactifying massive IIA string theory on
Calabi-Yau orientifolds with O6 planes (for which the
effective field theory was derived in Refs. [23,24]), which
allows for stable AdS, vacua in the controlled limit of large
volumes and weak string coupling [8]. This was demon-
strated in Ref. [8] for a fully explicit example based on a
T®/Z5 x Z orientifold with no complex structure (CS)
moduli (k%! = 0). There, the axio-dilaton, Kihler moduli
and axions were all stabilized by fluxes.

Similar results apply for a generic AV = 1 orientifold,
where it is again possible to fix all moduli (except for the
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flat directions corresponding to the complex structure
axions). Following the orientifold projection, one is left
with A1! Kihler moduli and 42! CS moduli, which can be
described with the formalism of N' = 1 supergravity. The
Kihler moduli can be expressed in terms of the complex
scalar fields

t,=b, +iv,, a=1,..h! (1)

where the v, are volumes of the 2-cycles ( f J) and the b,
axions arise from dimensional reduction of the B, form on
this cycle. Their Kihler potential is given by

— o

where the volume is® V = k. v,0,v.. This Kihler poten-
tial satisfies the well-known no-scale relations

K*K,K, =3, K%K, =—v,. (3)

The complex structure moduli, together with the axio-
dilaton, can be packaged into h*! + 1 complex fields

where the Z;, g; and the &, &, are the coefficients of the
holomorphic 3-form Q and of C;

Q= Zrag —9gipi.
Cy = Erag — &1 (5)

expanded in a symplectic basis {ag, f; } of H>. The basis
can be split into an odd part {a,,f;} and an even part
{ay, p,}; it is only the components with respect to the latter
which survive the orientifold projection and appear in
Eq. (4). We have also introduced the compensator
C = ¢ P+Ks/2 where the four-dimensional dilaton D is

related to the ten-dimensional one by ¢? = ¢?/+/Vol and
KCS:—log<i/Q/\§>. (6)

Their Kihler potential is given by
K9 = —2log (2/Re(CQ) A *Re(CQ)) =4D (7)

and also satisfies a no-scale relation (see Appendix C of
Ref. [23]), namely

*Our definition differs from the proper volume by Vol = V/6.

KNNiKy Ky + KKy Ky = 4. (8)

In a generic setting, both the NS-NS 3-form field
strength H; and the R-R field strengths F, F,, Fy4, Fq
can thread fluxes through the internal manifold. Following
the notation of Ref. [23], the background fluxes can be
expressed in a basis of the appropriate cohomologies as

Hjy = q 0, — pibr Fy = —myw,, Fy= e v,

F():m(), F6:€0. (9)

The even 2-forms {w,} span a basis of H'', while their
duals {*} are a basis of H*?. We briefly remark that the
presence of the F, and F¢ fluxes is not needed to achieve
moduli stabilization, but we nevertheless include them for
full generality.’

The resulting superpotential is given by

1 mg
W= ey + eata =+ EKabcmatbtc - FKabctatbtc

—2piNy —iq;T). (10)

A crucial simplification is that the superpotential (10)
depends only on a linear combination of the complex
structure moduli which, after a (holomorphic) rotation in
field space, can be effectively taken to be a single modulus.
When h%! = 0 this direction reduces entirely to the axio-
dilaton,4 and hence it will be denoted as

S=¢&+is, with WD -2pS (11)
as the form for the superpotential. Combined with the fact
that the Kihler potential factorizes as a sum of two
independent terms, this ensures a decoupling between
the two sectors. Other than S, there will now be h%!
complex structure moduli

U, = a, + iu,, a=1,..h*! (12)

which do not appear in the superpotential W(z,, ).

Assuming the tadpole conditions are satisfied (as they
must be), the scalar potential then takes the standard NV = 1
supergravity form [8,23]

V= eK< > KVD,WD;W - 3|W|2>. (13)
t;,U,.S

i»Yas
Supersymmetric vacua occur with vanishing F terms,

D,W=0, DW=0, Dy, W=0, (l4)

’In fact, it usually leads to solutions which are either equivalent
or qualitatively similar to the ones without F, or Fg flux.
“In that case, the imaginary part of S will be related to the four-

dimensional dilaton by s = e~?/+/2.
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which also ensures extrema of the potential (13). For the
superpotential (10) and Kéhler potential (2), these imply
the following relationships for the Kéhler moduli at the
minimum [8]:

3m3k pev?v¢ + 10mge, + Sk pemPme =0,

2my, my, e
=19y b, =—2, =——. 15
y 15p mg g 2p (15)
This implies that at the minimum [8]
2i

Equations (15) and (16) imply the second derivatives of the
superpotential take the simpler form

0, 0, W=—0,0, W
= —KeapMe +MoKgpele = imOKabcvc
.mgyV 5
= l%(KaKb_Kab) :Z(KaKb _Kab)W (17)

when Eq. (15) is satisfied. On the other hand, the F-term
condition for the complex structure moduli simply implies

(18)

ensuring the absence of mixing with the Kéhler moduli and
S for fluctuations around the minimum. In addition,
Eq. (18) turns the no-scale relation (8) into

K“K K, = 4.

K'i(3,D;W)(9,,D;W) = K (Wi,, + K, W —

If n,m = a, b are both size moduli,

III. MASS MATRICES FOR THE KAHLER
MODULI AND DILATON

To obtain the mass matrix, we compute the second
derivatives of the potential (13),

0,0,V = =3¢ (Ko | W* + K,,0,|W[* + 0,,0,|W|?)

+2¢XK%(9,D;W)(0,,D;W), (20)

in which terms proportional to a first derivative of the
potential or D;W are dropped, and m, n denote saxions. To
evaluate the derivatives in the first line of Eq. (20), we note
that the conditions (14) imply that

am|W|2 = _Km|W

Z (1)

and the second derivatives of |W|? equal

1
RIW[? =S KW

1
050,|W|* = EKsKh|W|2’

2
’

0,0,/ W|* =2(0, 0,, W)W +2(3,, W)(2,, W)

5
— (KaKs =K )W (22)
(19) For the second line in Eq. (20), we have’
|
K, K - _ KK, _
i**n W) <ij +K7mW— 12 m W)
= KW, W3, + 2KW,,K;, W — KTW,,K:K,,W
+ |:Kl']Kin jm Kl]KinK}Km + 4(KUK1K})K)1Km:| |W|2
- _ - - - 3
= K’/W,-,,W;-m + 4w, W — K’JWi,,K}-KmW + [K,Lm + ZKnKm} |W|2. (23)
Gw. @ 25 2
K WinW]m = 1_6 (KaKb + Kab)lw ’ (24)

and if n = a is a size modulus

’Note that because K = K (t, +17,,S+S), the derivatives with respect to the complex moduli are 0, K =0, K/2i, 05K = 0K, /2i.
The superpotential is holomorphic and so oW, = —id, W, dsW = —id,W.
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KW, K5K,, W = SK,K,|W|? (25)

by substituting Eq. (17), and otherwise these terms vanish.
Combining these leads to

0,0,V = X (9K . + 8K, K,,) W, (26)

0,0,V = eK(=2K K ,)|W

2, (27)
02V = eX(—K, + 3K2)|W|. (28)

Hence, the mass matrix for the moduli in AdS units is
given by

9K, + 8K K, —2K,K;
R 40,0,V = ‘ , 29
AdsTm ( _2KuKs _Kss + 3K%> ( )
where RZAdS = —3/V uin- We can proceed similarly with

Eq. (20) for the axions b,, £, where now all derivatives of
the Kihler potential will vanish, and for the superpotential
derivatives we have

oW =—io, W,  0:W =—ia,W. (30)

This results in

0bu0be = €K(5Kab + IZKHKb>|W

2 (31)
0p,0:V = =3eXK K W[, (32)

RV = 2eKK2W

2 (33)

and so the mass matrix is

(34)

, 5K,, + 12K,K, —3K,K,
R2 440,,0,V = .

3K K, 2K>

These expressions match with the results obtained in
Ref. [22] (see in particular Appendix B). However, this
computation provides a more compact way to arrive at
these results, using the ordinary N' =1 structure of the
potential and without having to rely on the formalism
developed in Refs. [14,21,22]. Moreover, the derivation
provided above makes it clear that the only properties
feeding into the final result are the no-scale relations for the
Kiéhler potential and the specific form of the superpotential
leading to Eqs. (16) and (17).

IV. COMPLEX STRUCTURE MODULI

Let us briefly review the arguments that lead to both
integer conformal dimensions for the complex structure
moduli [which have already been discussed (implicitly or
explicitly) in Refs. [6,25]] and the absence of any mixing

with the Kihler sector. To establish the latter, one can
follow the same steps as the ones leading to Eq. (27),
finding that

0,0,V =-2K,K,e|W?>=0 (35)

because of Eq. (18). Similarly,

1
0,0,V = =3¢k <—Kua K, + 3 KMHKS> |W|?

+ %KuaKseK|W|2 = 0. (36)

Within the CS sector, nondiagonal terms are also absent
04,04,V = 3eKKuaKuﬂ|W\2 =0. (37)

It was shown in Ref. [25] that the only nonvanishing
contribution then comes from

auaauav = _Kuau,,eK|W|2’ (38)
fixing all masses to the universal value of
m% = =2/3V i = —2/Ras- (39)

As the axions appear in neither the Kéhler potential nor the
superpotential, they are all massless.

V. SPECTRUM

Let us define the two block matrices

K <Kab 0 > L _ <4KaKb _KaKs> (40)
mn O KSS mn —KaKS [(T% ’

where K is simply the Kihler metric for the moduli (in real
components) evaluated at the minimum of the potential.
Then, from the results of the previous section the Hessians
of the moduli and axion potential can be expressed as

H%n = RzAdsamanV = 9Kmn + 2Lmn (41)
and
H4,, = R% 15010,V = 5K + 3L, (42)

respectively. The physical masses can be obtained as the
eigenvalues of M = 2K~'H, which is related to the mass
matrix

i =2VKk V" HVK! (43)

by a similarity transformation.

106029-4
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In principle, the stabilized values of the v»;’s and the
dilaton can be extracted by the system of h!:! + 1 equations
in the first line of Eq. (15). Knowing the value of the axions
at the minimum, it would then be possible to write the mass
matrix as a function of the flux data only. Although the
equations cannot be solved explicitly for arbitrary triple
intersection numbers k. and fluxes e,, m,, the “implicit”
form of the matrix derived above is not only sufficient for
our purposes, but it is more helpful to elucidate the
surprising simplifications in the final expressions.

To compute the eigenvalues of K~'L, one can begin by
noticing that any vector of the form

x = (x;,x9) with xoK, =4Kx“ (44)
satisfies K~!'Lx = 0. This essentially descends from the
fact that M can be expressed as a tensor product
L,,=A4,A,, with A, = (2K,,—K,/2). One therefore
has a basis of hl! eigenvectors with an eigenvalue of
Al = 0. Furthermore, the no-scale relations (3)—(8) imply
that the vector

y = (v K3, (45)

is also an eigenvector of L, with eigenvalue 4, = 13.
Then, there is a basis in which the mass matrices in AdS
units read

M%n = 1851nn =+ 5251,»1 (46)
M4, =106, + 7851 s (47)

also in agreement with the results of Ref. [22]. Through the
relation A(A —d) = m?R% s, they correspond to con-
formal dimensions of

Ay =10, Ay priyr =6 (48)

for the saxions, and

Ay =11, Ay priyr =35 (49)
for the corresponding axions. Similar conclusions can be
drawn for all the complex structure moduli as well. From
Eq. (39), there are in principle two distinct possibilities for
the saxions as both solutions to A(A —d) = m?R3
satisfy the unitarity bound. However, A' = 1 superconfor-
mal symmetry excludes the option A, = 1,% as the axion
and saxion are in the same three-dimensional N =1
supermultiplet [26]. Combined with the fact that the

®It would be interesting to understand how supersymmetry
implements this from an AdS perspective, where the choices
correspond to different boundary conditions for the scalar field.

complex structure axions are all massless, one arrives at
the conclusion that

A, =2, A, =3 (50)

a a

for all complex structure moduli U, where a = 1...h>1.

VI. CONCLUSIONS

We have shown how—if we assume they actually
exist—the spectrum of the CFT; duals to supersymmetric
DGKT type ITA flux vacua is characterized by a spectrum
of integer conformal dimensions for the low-lying primar-
ies. This result generalizes an observation first made in
Ref. [6] for the simplest case of a T®/Z5 x Z5 orientifold,
and later extended in Ref. [7] to a wide range of examples.

For a generic modulus, the conformal dimension is given
by one of the very few integer values in Egs. (48)—(50). It is
surprising to see how these numbers do not bear any trace
of the microscopic details of the compactification, i.e., the
values of the fluxes and the geometry of the orientifold.
Such a simple and universal behavior is suggestive of the
fact that the holographic perspective offers a both novel and
insightful viewpoint on these constructions.

Despite the simplicity of the result, the calculation itself
does not seem to yield any clear insight into why such a
striking property should hold. Its outcome relies on the no-
scale relations for the Kihler potential, as well as some
more specific conditions involving the superpotential and
its derivatives, Eqs. (16) and (17).

One might wonder whether supersymmetry plays a role:
already at the N =1 level, the structure of the super-
conformal multiplets implies that the conformal dimen-
sions of axions and saxions should differ by one. A further
observation is that no-scale relations partially depend on
the factorization of the Kihler potential into a sum of two
terms (depending only on the Kéhler and complex structure
moduli respectively), which could be seen as a remnant of a
more constraining N = 2 supersymmetry of the original
supergravity theory, where the Kéhler potential factorizes
into hypermultiplet and vector multiplet terms.

Generally, one would expect that N' =1 corrections
would break this factorization and introduce mixing
between the Kihler and complex structure moduli.
Examples of such corrections would be ' and g, correc-
tions which, generically, would not preserve the N =2
structure. The DGKT vacua have a scale-separated limit of
large volume and weak coupling; one would expect this
limit to suppress such corrections, with an asymptotic limit
in which corrections to the integer conformal dimensions
vanish asymptotically.

More generally, it would be extremely fascinating to
come up with a deeper explanation of either the integer
dimensions or the large degeneracies amongst the oper-
ators. A related question one might hope to address in
the future is whether any similar structure holds for the

106029-5
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nonsupersymmetric vacua as well, as suggested by the
examples in Refs. [6,7].

In a long-term perspective, an interesting direction
would involve trying to understand if one could either
prove or disprove the consistency of these (or similar) four-
dimensional vacua using ideas from AdS/CFT.
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