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We analyse the role of approximate axionic shift symmetries in gravity-decoupling limits arising in type
II Calabi-Yau compactifications. Associated with each shift symmetry there is an axionic string whose
tension constrains the gradient of the Kähler potential, as expected in regimes where gravity becomes
weakly coupled. The gradients of these tensions define vector fields on moduli space, analogous to those
associated with Bogomol'nyi-Prasad-Sommerfield particle masses. Together, they characterize the
evolution of different effective field theory sectors along asymptotic limits, encoding both their coupling
to gravity and their kinetic mixing. By deriving upper bounds on the inner products of these vector fields,
we show that they split into mutually orthogonal subsets, one of which decouples from gravity. Finally, we
relate the Laplacian of certain axionic string tensions to a divergent moduli space curvature.
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I. INTRODUCTION

In quantum gravity, infinite-distance limits in field space
are expected to be accompanied by an infinite tower of
asymptotically light states, as proposed by the distance
conjecture [1]. As the tower descends, the maximal cutoff of
the infrared effective field theory (EFT) is lowered para-
metrically below the Planck scale, implying that gravity
effectively decouples from part of the low-energy dynamics.
From this perspective, gravity-decoupling limits are a
natural consequence of exploring asymptotic regions in
field space. Understanding how the various EFT sectors
reorganize in these regimes, and how they remain coupled or
decouple from one another, is therefore an important
problem both from the viewpoint of effective field theory
and the Swampland program [2].
In Calabi-Yau string compactifications to four dimen-

sions, these asymptotic regimes are typically accompanied
by approximate axionic shift symmetries, degenerations of
the moduli-space geometry, and the appearance of light
objects saturating the Bogomol’nyi-Prasad-Sommerfield
(BPS) bound [3,4]. As stressed in [5–7], a key probe of
these regimes is provided by BPS strings associated with
the axionic shift symmetries. Their tensions encode geo-
metric information about the compactification and are

given by the first derivatives of the 4D EFT Kähler
potential. In this sense, they fix the Kähler frame along
the whole asymptotic region, as expected in regimes where
gravity becomes weakly coupled [8,9].
At the same time, BPS particle masses define distin-

guished gradient vector fields on moduli space, dubbed
charge vectors, which characterize the evolution of charged
sectors along asymptotic trajectories, see, e.g., [10–14].
Motivated by this parallel, in this work we study the vector
fields defined as gradients of axionic string tensions (see
also [15,16]) and analyse their interplay with those asso-
ciated with BPS particles. This provides a unified geo-
metric framework to describe how different effective field
theory sectors evolve near asymptotic limits, including both
their coupling to gravity and their kinetic mixing.
Our analysis focuses on gravity-decoupling vector

multiplet limits of 4D N ¼ 2 EFTs that arise from type
II strings compactified on Calabi-Yau manifolds, following
previous work [17–20]. By deriving upper bounds on the
inner products of gradient vector fields in moduli space
associated with BPS strings and particles, we show that
the asymptotic dynamics splits into mutually orthogonal
vector-multiplet subsectors, as illustrated in Fig. 1.
Orthogonality implies a parametric suppression of both
scalar and gauge kinetic mixing between these sectors. One
of them, dubbed the core RFT, is the sector that decouples
from the gravitational dynamics at the level of kinetic
terms, while also accounting for divergences in the moduli-
space curvature. Thus, the moduli-space geometry deter-
mines which sector decouples from gravity along the limit,
geometrising how interactions between sectors are asymp-
totically suppressed.
We finally study the geometry of gravity decoupling

through the Laplacians of string tensions. Using their
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relation to the Ricci operator on moduli space, we show that
a divergent scalar curvature in asymptotic limits is bounded
from above by the (squared) charge-to-tension ratio of a
rigid axionic BPS string, paralleling analogous bounds for
BPS particle charge-to-mass ratios [19]. Altogether, our
results suggest that the physics of the rigid sectors
emerging from gravity-decoupling limits is largely gov-
erned by the asymptotic geometry of field space.
The rest of this letter is organized as follows. In the next

section, we review 4D N ¼ 2 EFTs that arise from type II
Calabi–Yau compactifications, as well as their BPS particle
charge vectors. We next discuss how axionic shift sym-
metries describe charge vector fields for strings in moduli
space, and their properties. We then relate the vector
product to (gauge) kinetic mixing between vector multiplet
sectors, and then derive a set of upper bounds that allow us
to show the orthogonality relations depicted in Fig. 1, both
in the case of homogeneous Kähler potentials and in that of
metric essential instantons. Finally, through the Laplacian
of axionic string tensions, we relate the moduli scalar
curvature to certain charge-to-tension ratios, and we draw
our conclusions.

II. TYPE II CALABI–YAU COMPACTIFICATIONS
AND CHARGE VECTORS

Let us consider type II string theory compactified on a
Calabi-Yau threefold (CY). The Lagrangian that describes
the vector multiplet sector of the resulting 4D N ¼ 2 EFT
reads [21–23]

SVM4D ¼ 1

2κ24

Z
R1;3

R � 1 − 2gij̄dz
i ∧ �dz̄j̄

þ 1

2

Z
R1;3

I IJFI ∧ �FJ þRIJFI ∧ FJ; ð1Þ

where we follow similar conventions to [24]. Here, zi are
the complex fields that parametrize the vector multiplet
moduli space, and gij̄ defines a special Kähler metric. For
type IIB string theory compactified on a Calabi-Yau Y, this
moduli space is given by its complex structure deforma-
tions and so i ¼ 1;…; h1;2ðYÞ ¼ nV . The Kähler potential
describing the moduli space metric is globally defined in
terms of its holomorphic three-form Ω as [25]

K ¼ − log

�
i
Z
Y
ΩðzÞ ∧ Ω̄ðz̄Þ

�
¼ − log ðiΠ̄AηABΠBÞ ð2Þ

where in the second equality we have chosen a basis of
integer three-cycle classes ΣA ∈H3ðY;ZÞ, whose Poincaré
dual three-forms we denote by σA, A ¼ 1;…; 2nV þ 2, and
we have defined

Ω ¼ ΠAσA; ηAB ¼ −
Z
Y
σA ∧ σB: ð3Þ

Geometrically ΠA is the integral of Ω over the homology
class −ηABΣB, where ηAB is the inverse of ηAB, which is the
topological intersection between ΣA and ΣB.
The 4D particles that source the field strengths FI and

their magnetic duals GI ≡ δL=δFI , I ¼ 0;…; nV , arise
from wrapping D3-branes on three-cycles of Y. If the
three-cycle homology class is Σq ¼ qAΣA, with qA ∈Z,
then the squared physical charge of this particle is

Q2
q ≡ 1

2

Z
Y
σq ∧ ⋆σq ≡ 1

2
qAqB

Z
Y
σA ∧ ⋆σB; ð4Þ

where ⋆ stands for the Hodge star operator on Y. If the
three-cycle is a special Lagrangian, then the particle is BPS
and its mass is given by

mq ¼ jZqjMPl; Zq ≡ eK=2hq;⊓i≡ eK=2qAηABΠB;

ð5Þ
with MPl ¼

ffiffiffiffiffiffi
8π

p
=κ4, and where we have introduced the

vector notation ⊓ ¼ ðΠ1;…Π2nVþ2ÞT , similarly for q.
The physical charge matrix Q2

AB ≡ 1
2

R
Y σA ∧ ⋆σB con-

tains the same information as the gauge matrices I IJ and
RIJ. To findQ2

q, one needs to specify the Hodge star action
on the basis elements σA, which requires knowledge of the
period vector ⊓ and its derivatives. To see this, one may
invoke the following identity [26,27]

γ2q ≡Q2
qM2

Pl

m2
q

¼ 1þ 2kζ⃗qk2: ð6Þ

Here γq stands for the charge-to-mass ratio of a BPS

particle, and the charge vector ζ⃗q has entries

ζaq ≡ −gab∂b logðmq=MPlÞ; ð7Þ

FIG. 1. The three different EFT subsectors that appear along
rigid limits. Each subset of vectors becomes asymptotically
orthogonal to the other two.
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whose real index a ¼ 1;…; 2nV is lowered with the real
metric gab. These charge vectors have been used in the
literature to classify asymptotic limits of infinite distance,
see, e.g., [10–14]. When applied to the present context,
these works have focused on those charges q that host
extremal BPS particles, since they realize the infinite tower
of light states predicted by the distance conjecture [1]. Due
to their extremality, these particles have a charge-to-mass
ratio γq of order one, and it turns out that this also extends

to products of the form ζ⃗p · ζ⃗q, with p, q hosting extremal
BPS particles [14].
This is, however, not so for BPS particles that do not

saturate an extremality bound. Indeed, as stressed in [19],
certain BPS particles have a charge-to-mass ratio that blows
up to infinity along such asymptotic limits. This has a clear
meaning if one interprets the identity (6) as the no-force
condition between two particles with the same charge q, in
which the attractive exchange of scalars and gravitons
balances the repulsive force mediated by spin-1 fields [27].
When γq ≫ 1 the force of gravity is negligiblewith respect to
the other two, and so the mutual interactions mediated by
the Uð1Þq sourced by q — with field strength hq;Fi,
F ¼ ðFI; GIÞ, reproduce those of a rigid field theory [20].
Together with some additional decoupling conditions, this
implies that this U(1) decouples from the graviphoton and the
U(1)s sourced by extremal BPS particles [17–20]. We then
have a rigid field theory (RFT) that decouples from gravity.
In the following, we argue that the necessary conditions

for RFT gravity decoupling are not only reflected in the
norms of the charge vectors, but also in the angles between
them. A key ingredient to attain this picture will be the
presence of axionic shift symmetries that become exact at
the limit end point. As a consequence, there are a number of
BPS axionic strings in the spectrum, each with its own
charge vector. The properties of these vectors imply that the
different field theory sectors that appear in gravity decou-
pling limits become orthogonal to each other when mapped
to the tangent field space, providing a geometric EFT
picture of gravity decoupling.

III. STRINGS AND AXIONIC SHIFT SYMMETRIES

A well-known framework to describe the physics of
gravity-decoupling limits is special geometry, see, e.g.,
[22]. In particular, with a choice of special coordinates, all
the couplings in (1) are specified in terms of a prepotential.
Alternatively, one may exploit the nilpotent orbit theorem
of Schmid [28] to locally describe the period vector ⊓
around certain moduli space singularities as

⊓ ¼ eT
iPi

�
a0 þ

X
rn

ar1…rNe
2πiriTi

�
; ð8Þ

where Ti ¼ ai þ iti describe the coordinates transverse to
the singularity, located at ti → ∞ and surrounded as
ai → ai þ 1. Such periodicity implements a monodromy
transformation ⊓ → ePi⊓ on the period vector, where ePi

are commuting integer unipotent matrices. Finally, ri ∈N
and a0; ar1…rN ∈C2nvþ2.1 This and related results apply to a
large class of asymptotic limits in Calabi-Yau moduli
spaces, and have been used in [29–31] (and more recently
in [32,33]) to understand and classify the physics of the
distance conjecture along 4D N ¼ 2 vector multiplet
infinite distance limits, in type II Calabi-Yau settings. In
particular, the type of singularity is defined via the index
d ¼ 0, 1, 2, 3 such that Pda0 ≠ 0 but Pdþ1a0 ¼ 0, where
P ¼ ciPi, for some choice of ci ∈Rþ.
For the following discussion, the most relevant fact about

(8) is that the approximate period and the corresponding
Kähler potential

⊓pol ≡ eT
iPia0; Kpol ¼ − log ðiΠ̄A

polηABΠB
polÞ; ð9Þ

display a very specific structure. Due to the nilpotency of
the Pi one has that ⊓pol is a polynomial in the Ti of degree
d, and due to the fact that ai → ai þ 1 is a discrete
symmetry, we have that PT

i ηþ ηPi ¼ 0. As a result Kpol

displays the following axionic shift symmetries

ai → ai þ λi; λi ∈R; ð10Þ

in those regimes where ti ≫ e−2πt
j ∀ i; j. In the following,

we will restrict to those regions, since they justify the
expansion in (8). More precisely, we will have in mind the
so-called growth sector limits

ti ¼ ti0 þ ei0ρþ ei1ρ
α1 þ ei2ρ

α2 þ… ð11Þ

where ρ → ∞ and em, m ¼ 0; 1; 2;… are vectors with nV
non-negative integer eim entries, such that

P
i e

i
m · ein ¼ 0,

∀ m ≠ n, and 1> α1 >…> αm > αmþ1 >…
These approximate shift symmetries imply the presence

of a set of axionic BPS strings in the 4D EFT spectrum,
whose tension can be approximated as [5–7]

T e ≡ eiT i ¼ −
1

2
ei∂tiKM2

Pl; ð12Þ

where the vector e with nV integer-valued entries represents
the string charge. If all the entries of this vector are non-
negative, the exponential corrections to ⊓pol will decrease
as we approach the string core along its 4D solution. More
precisely, in terms of the transverse 4D coordinate z4D ¼
expð2πð−ρþ iσÞÞ one finds the following BPS solution
around a string located at z4D ¼ 0

ti ¼ ti0 þ eiρ; ai ¼ σei; ð13Þ

1Singularities have complex codimension N ≤ nV , parame-
trized by the transverse fields Ti ; i ¼ 1;…; N, while a0; ar1…rN
are holomorphic functions of the parallel fields. Our discussion
assumes no significant kinetic mixing between both sets of fields.
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which is a particular case of the saxionic trajectory (11).
Axionic BPS strings satisfying this property were dubbed
EFT strings in [5–7], and shown to be extremal objects
whose physics is captured by Kpol. Charges e with some
negative entry describe non-EFT strings, for which the
solution (13) is not reliable near their core. This happens,
for instance, in asymptotic regions where Kpol yields a
degenerate metric along some field direction Ti ∝ ei,
dubbed limits with metric essential instantons [34,35]. In
that case, and depending on the exponential terms, one may
or may not have an approximate axionic shift symmetry for
the Kpol-degenerate directions. Whenever one does, one
may compute the BPS axionic string tension as in (12), and
then consider the charge vector

ξae ≡ −gab∂b log
T e

M2
Pl

: ð14Þ

In the following, we will work in Planck units. Due to the
no-force condition for BPS strings, one has kξ⃗ek ¼ γe [5],
namely the string charge-to-tension ratio. Then, just like for
particles, along a given limit one will have BPS extremal
and nonextremal strings. The former have γe ∼Oð1Þ and
include EFT strings, for which their products also satisfy
ξ⃗e · ξ⃗f ∼Oð1Þ [15]. The latter have γe ≫ Oð1Þ which is
equivalent to require

je⃗ · ∇⃗Kj ≪ 2ke⃗k; with e⃗≡ ðe; 0ÞT: ð15Þ

This is nothing but the RFT condition defined in [19,20],
along the saxionic field direction e⃗. In contrast to that
reference, where it is related to the ratio of a BPS magnetic
state, here we relate it to a string ratio. Both conditions
coincide into the same one in decompactification limits to
5D [36].
The period vector (8) not only implies a simple description

for axionic BPS string tensions, but also for the mass of the
leading tower of extremal states. Indeed, in this framework,
the states of such a tower satisfy Piq ¼ 0; ∀ i [32,33], and
as a result for its lightest state q� we have

m� ¼ eK=2a�MPl ⇒ ζ⃗� ¼ −
1

2
∇⃗K; ð16Þ

wherea� ≡ jhq�; a0ij is a positive real constant. One can also
check that the norm of this charge vector is finite

kζ⃗�k ≃
ffiffiffiffiffiffiffiffi
d=2

p
ð17Þ

where d > 0 is defined above (9) and coincides with the
degree of expð−KpolÞ. This Oð1Þ norm reflects the fact that
the BPS tower is also extremal, as previously noted.

Notice that the above expressions imply a specific choice

of Kähler frame, since they connect ∇⃗K to physical
quantities like BPS string tensions. One can trace back
this lack of invariance under general Kähler trans-
formations K → K þ F þ F̄ with F holomorphic
to the particular form of the period vector (8), which is
not invariant under Ω → e−FΩ unless F is a con-
stant. That this choice of Kähler potential can be made
for the whole asymptotic region may be surprising at first,
but it precisely matches the general requirement that the
Kähler form of field space must be exact in order to couple
supergravity to a rigid theory [8,9]. In the present setting,
this exactness can be linked to the presence of explicit
axionic shift symmetries in the Kähler potential.

IV. VECTOR PRODUCTS AND MIXING

An interesting observation is that, in the presence of
axionic shift symmetries, charge vectors provide a geo-
metric description of the kinetic mixing between different
sectors. Indeed, the charge vector of a BPS axionic string
with tension T e reads

∇⃗T e ¼ −e⃗; ξ⃗e ¼
e⃗
T e

: ð18Þ

This not only yields kξ⃗ek ¼ ke⃗k=T e ¼ γe, but also

cos θðe⃗;f⃗Þ ≡
e⃗ · f⃗

ke⃗kkf⃗k
¼ ξ⃗e · ξ⃗f

kξ⃗ekkξ⃗fk
: ð19Þ

That is, the vector products between different string charge
vectors determine the kinetic mixing between field direc-
tions, and more precisely, their relative angles. Again, this
is not only true for EFT strings, but for any pair of BPS
axionic strings.
In the case of BPS particles, their products determine the

gauge kinetic mixing. Indeed, one may show that

jZpZqj þ 2∇⃗jZpj · ∇⃗jZqj ¼ cosφpqQ2
pq þ

1

2
sinφpqhp; qi;

ð20Þ

where Q2
pq ≡Q2

ABp
AqB represents the gauge kinetic mix-

ing between Uð1Þp and Uð1Þq, and expðiφpqÞ ¼ argZpZ̄q.
As a result, one finds the following relation

1þ 2ζ⃗p · ζ⃗q

ð1þ 2kζ⃗pk2Þ12ð1þ 2kζ⃗qk2Þ12
¼ Re½e−iφpqðQ2

pq þ i
2
hp; qiÞ�

QpQq
:

ð21Þ

Finally, one may consider products between string and
particle charge vectors. If e corresponds to an EFT string,
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these compute the exponential BPS mass variation along
(13), namely

λe;q ≡ e⃗ · ζ⃗q=ke⃗k ¼ ξ⃗e · ζ⃗q=kξ⃗ek; ð22Þ

which upon normalization of ζ⃗q gives

cosϕðe;qÞ ≡ ξ⃗e · ζ⃗q

kξ⃗ekkζ⃗qk
: ð23Þ

Similarly, the product ξ⃗e · ξ⃗f can be interpreted in terms of
the exponential variation of T f along (13).
To sum up, one finds that the kinetic mixing, gauge

kinetic mixing and mass variations along string flows can
all be captured in terms of charge vector products. Because
the norms of these vectors are related to the charge-to-
tension ratio of BPS strings and particles, this already
suggests suppressed mixing terms between extremal and
certain rigid sectors. To see this more clearly, it proves
useful to establish certain bounds on the scalar products of
charge vectors, as we discuss next.

V. BOUNDS ON VECTOR PRODUCTS

Given the above definitions, it is easy to see that

ξ⃗e · ζ⃗� ¼ 1; ð24Þ

for any axionic string charge e. Interestingly, for infinite
distance limits with leading direction e, one can identify the
species scale Λsp with

ffiffiffiffiffiffi
T e

p
[37]. From there, one precisely

recovers the pattern observed in [38,39] relating the leading
tower to the species scale, for this particular setting. More
generally, the fact that in this context the relation extends to
all axionic BPS strings, both extremal and nonextremal,
reveals a simple geometric distinction between the two
kinds. Indeed, it follows from (24) and (17) that the angle

between e⃗ and ∇⃗K reads

cosϕðe;�Þ ≃
ffiffiffi
2

d

r
1

γe
: ð25Þ

As a result for extremal strings cosϕðe;�Þ ≃Oð1Þ, while for
rigid ones cosϕðe;�Þ → 0 as we proceed along (11). In other
words, the rigid field directions represented by e⃗ become

orthogonal to ∇⃗K, in the specific Kähler frame that we are
working in. Excursions along these rigid field directions
represent variations of K that are negligible compared to
those generated by EFT string flows. This fits well with the
standard picture in which, whenever we have a rigid limit
we can express the Kähler potential as

K ¼ − log ðK0 −KrigidÞ; ð26Þ

where K0 is independent of the rigid fields and
K0 ≫ Krigid. This hierarchy justifies the expansion

K ¼ − logK0 þ
Krigid

K0

þ… ð27Þ

from where we can identify Krigid with the second term. It
follows that the excursions of those fields contained in K0

may translate into a variation of the Kähler potential of
Planckian size, while for rigid fields the variation is of order
m� ≃MPl=K

1=2
0 . In the presence of shift symmetries, this

can be translated to relative angles between charge vectors.
Notice in particular that the suppression increases for larger
values of γe.
More generally, one can draw a geometric picture

describing extremal and rigid sectors by looking at the
relative angles between charge vectors. Let us first focus on
those that correspond to axionic strings. Assuming the
presence of axionic shift symmetries along the saxionic
directions e⃗ ¼ ðe; 0Þ and f⃗ ¼ ðf ; 0Þ, one finds that their
product reads

e⃗ · f⃗ ¼ 2T eT f þ ðe⃗ · f⃗Þrig; ð28Þ

where the right-hand side (rhs) product is computed with
the rigid metric

grigidij ≡ −
1

2
eK∂ti∂tje

−K: ð29Þ

As a result, the product of two string charge vectors is

ξ⃗e · ξ⃗f ¼
�
2þ ðe⃗ · f⃗Þrig

T eT f

�
: ð30Þ

When both vectors represent EFT strings, the rigid
contribution is either comparable or subleading with
respect to the first one. Because in this case one can
approximate K ≃ Kpol to compute the string charge vectors
and their products, it is found that [15]

ξ⃗e · ξ⃗f ≲Oð1Þ: ð31Þ

For rigid strings, orthogonality with respect to ∇⃗K implies
that the rigid contribution is dominant:

ξ⃗e · ξ⃗f ≃þðe⃗ · f⃗Þrig
T eT f

; cosθðe⃗;f⃗Þ≃þ ðe⃗ · f⃗Þrig
ke⃗krigkf⃗krig

: ð32Þ

From here one can deduce the following bound
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ξ⃗e · ξ⃗f ≲min
�
T −1

e ; T −1
f

�
: ð33Þ

This implies that, in the rigid sector, the products ξ⃗e · ξ⃗f
can diverge asymptotically, as for instance happens with
their charge-to-tension ratios γe ¼ kξ⃗ek. More precisely,
for rigid strings whose tension can be computed as

T e ¼ − 1
2
e⃗ · ∇⃗Kpol, as happens in large complex structure

(LCS) limits, the norm kξ⃗ek diverges polynomially in the
saxions ti. For those that arise from a metric instanton
sector, kξ⃗ek will instead grow exponentially with the ti, see
the next sections for more details.
The bound (33) also applies when e corresponds to an

EFT string charge and f to a rigid one. Then, because in
practice the rigid charge is the lightest, we can replace the
rhs by T −1

e . The angle between both charge vectors is then
bounded as

cos θðe⃗;f⃗Þ ≲ ðT eγf Þ−1: ð34Þ
If f corresponds to a metric instanton sector, then γf will grow
exponentially faster than T e

−1, and so cos θðe⃗;f⃗Þ → 0. If, on

the other hand, γf grows polynomially along the limit, the
charge vectors will become orthogonal only for selected
extremal-rigid pairs ðξ⃗e; ξ⃗f Þ. In particular, the bound [36]
favours orthogonality for the rigid subsector whose charge-
to-tension ratio γf is most divergent, which corresponds to the
RFT subsector that can decouple from gravity, also known as
RFT [19,36]. As we will see below, it is precisely for this
sector that one can have cos θðe⃗;f⃗Þ → 0 for any extremal

charge e.
Crucially, for selected EFT string directions (31) still

applies. Indeed, as noted above, one may interpret (31) as
that, along the EFT string flow (13), all EFT string tensions
evolve as some power of T e ≃ 1=ρ. If a rigid string tension
T f is computed fromKpol then it also depends polynomially
on T e, and so along the EFT string flow generated by e we
have ξe · ξf ≲Oð1Þ. The same bound applies to those EFT
strings with charges ea such that T ea ≃Oð1Þ along this
same flow. In both cases cos θðe⃗a;fÞ ≲ 1=γf → 0 for any rigid
string charge f . In other words, all rigid string charge
vectors become asymptotically orthogonal to the field
directions fe⃗; e⃗ag, which we denote as the SDC sector.2

Let us now consider mixed vector products ξ⃗e · ζ⃗q
between string and particle charge vectors. Just like for
strings, one may consider two kinds of particle charge
vectors. The first corresponds to a central charge of the
form Zq ≃ eK=2hq;⊓poli, and the second to exponentially
suppressed periods that arise from a metric essential

instanton sector [20]. In the first case let us assume that

mp ≃ eK=2jTn
djMPl; ð35Þ

where Td ≡ diTi. Then one finds

ξ⃗e · ζ⃗p ≃ 1þ ndiei
td

T ejTdj2
. ð36Þ

The rhs isOð1Þwhen e corresponds to the leading direction
of the limit. For other EFT string charges we instead have
the bound

ξ⃗e · ζ⃗p ≲ T −1
e ; ð37Þ

which also holds for exponentially-suppressed masses. So
we find a similar pattern to that obtained for string charge
vectors. All rigid Uð1Þp’s become orthogonal to ξ⃗e when e
corresponds to the leading direction of the limit or
T f ≲Oð1Þ. For other EFT string charges, the orthogonality
depends on the degree of divergence of γp.

To sum up, we find that charge vectors ξ⃗f and ζ⃗q, that
respectively represent rigid field directions and rigid U(1)s,
become asymptotically orthogonal to the SDC sector.
Orthogonality with respect to other EFT string charge
vectors depends on the degree of divergence of kξ⃗fk and

kζ⃗qk, and points towards those rigid sectors that decouple
from gravity. As stressed in [19,20], a necessary condition
to decouple a vector multiplet from gravity is that both its
electrically and magnetically charged states have diverging
charge-to-mass ratios.. To see how this translates into the
geometry of charge vectors, let us consider a magnetic state
q and its electric dual state p in the sense of hp; qi ≠ 0, and
such that expðiφpqÞ ¼ i. Applying this to (20) while
assuming that γp; γq ≫ 1, one arrives at

2QpQq ¼ hp; qi ⇔ ζ⃗pkζ⃗q: ð38Þ

That is, to recover the usual field theory relation between
dual electromagnetic couplings gegm ∈Z one needs parallel
charge vectors. In fact, in order to decouple a vector multiplet
associated with a rigid field direction Ti ∝ fi one should
require a structure of the form ξ⃗fkζ⃗pf kζ⃗qf . This is stronger
than requiring each of these vectors to be orthogonal to ζ⃗� or
the SDC sector, and it is closer to the condition of
orthogonality with respect to all charge vectors for EFT
strings and extremal particles. To show how this more
detailed structure arises, it proves useful to consider sepa-
rately the two main setups that arise in asymptotic limits.

VI. THE HOMOGENEOUS CASE

Let us consider the piece of the Kähler potential that
arises at the polynomial level

2The reason for this name is that, as can be deduced from
Appendix B of [17] and the results of [18], the saxions ðt; taÞ that
correspond to ðe; eaÞ control the scaling of the SDC towers.
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Kpol ¼ − logðGÞ; ð39Þ

where G≡ GðtiÞ is a polynomial function in the saxions
ftig. In the LCS regime, one can approximate it by
a homogeneous polynomial of degree d ¼ 3. Then
one has

ζ⃗� ¼ −
1

2
∇⃗Kpol ≃ ðt; 0ÞT; ð40Þ

where the components of t are the saxion coordinates ti.
This in turn implies that

ζ⃗� · ∇⃗ log fQ ≃þti∂ti log fQ ≃þQ: ð41Þ

where fQ is a degree Q function on the ti. This holds
for all the tensions and masses of BPS strings and
particles in the LCS regime. More generally, this result
extends to limits with metric essential instantons, if one
restricts the analysis to those field theory directions
where the metric derived from Kpol is nondegenerate, to
the corresponding vector multiplets and to the BPS
strings and particles charged under them, as we do in
the following.
The bound on the product (41) means that all BPS strings

and particles with diverging ratio γ will become orthogonal

to ∇⃗Kpol along an asymptotic limit with rigid sectors, just

as they become orthogonal to the leading direction ξ⃗e ∝ e0
of the limit (11), as previously discussed.
To see how they behave with respect to other extremal

directions, let us consider the rigid metric

grigij ¼ −G−1 1

2
∂ti∂tjG: ð42Þ

Following [17,18,36] we define the core RFT sector as
those field directions f that are exactly orthogonal to the
leading direction e0 with respect to (42) while the whole
set of rigid directions is dubbed extended RFT. As
mentioned, the core RFT directions display those BPS
strings with the largest tension-to-mass ratio. For in-
stance, in the particular case of EFT string limits (13)
one has that γ2f ≃ G ≃ T −w

e0 where w ¼ 1; 2; 3 is the
scaling weight defined in [8]. For extended RFT vectors
outside of the core RFT, we instead have that
γ2f ≃ GT e0 ≃ T −wþ1

e0 , for w ¼ 2; 3.
Let us now use (34) to see the interplay between

these two RFT sectors and the sector of EFT strings,
which contains the SDC subsector defined above. For
simplicity, let us focus on EFT string LCS limits,
whose spectrum of EFT strings was analysed in
Appendix B of [17] in terms of the scaling weight
w. For w ¼ 3 the SDC sector reduces to the direction

of the limit e0, and there are nV − 1 independent EFT
string charges ei such that T ei ≃ T e0 . For a generic
extended RFT vector we have cos θðei;fÞ ≃Oð1Þ, while

if f belongs to the core RFT we have cos θðe⃗i;f⃗Þ → 0

instead. For w ¼ 1 limits the only string tension that
tends to zero is T e0 . Hence the SDC and EFT string
sectors coincide, just like the core and extended RFT
sectors do, and so cos θðe⃗i;f⃗Þ → 0 for any rigid direction

f . Finally, w ¼ 2 limits occur in elliptically fibred CYs.
Their SDC sector comprises the direction of the limit e0
and the field direction eE that controls the generic
elliptic fibre. The core RFT becomes orthogonal to both
of them but not to other EFT string charges ei with
T ei ≃ T e0 , which correspond to vertical divisors. Still,
one can split the charge vector lattice into a sum of
orthogonal subsectors: the SDC sector, the core RFT
and a sublattice of the extended RFT.
This last result relies on the orthogonality structure

that also occurs within the extended RFT. Indeed, one
can see that for EFT string limits ðe⃗ · f⃗Þrig ∼ ðGT e0Þ−1
for two generic vectors in the extended RFT, while it
goes like G−1 if at least one of the two directions
belongs to the core RFT. Plugging this behavior into
(32), one can see that core RFT directions become
asymptotically orthogonal to the remaining extended
RFT directions, suppressing the kinetic mixing between
both sectors. This lesson extends to the more general set
of limits (11), where the asymptotic dependence of these
vector products is more involved. Ultimately, one can
trace back the orthogonality between core and extended
RFT directions to the fact that one is generating a
hierarchy of eigenvalues along these limits, of the form

gcore RFTij ≪ gext RFTij ; ð43Þ

while the contracted vectors e⃗, f⃗ have integer entries.
Turning to particle charge vectors, one may follow [19]

and consider certain magnetic states with a choice of charge
qf such that mqf ≃ T f=m�, where we have used that those
field directions Ti whose metric is dominated by Kpol can
be identified with special coordinates. Translated into
charge vectors one then finds

ζ⃗qf jsax ≃ ξ⃗f − ζ⃗�; ð44Þ

where we have neglected subleading axion-dependent
terms and on the lhs we have projected ζ⃗qf into its saxionic
entries. Since those are the only ones that contribute to
products with string charge vectors, we have

ξ⃗e · ζ⃗qf ≃ 1 − 2
ðe⃗ · f⃗Þrig
T eT f

; ð45Þ
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and so the discussion below (30) extends to this case. If e
belongs to the SDC sector or represents a generic extended
RFT direction and qf a core RFT one, then ξ⃗e and ζ⃗qf will
become orthogonal asymptotically. More generally, at the
polynomial level one has that the axionic components of
ζ⃗qf are negligible compared to ζ⃗qf jsax, while due to (41) one
has that kζ⃗�k ≪ kζ⃗qf ksax for rigid BPS particles. As a

result, the two vectors ζ⃗qf and ξ⃗f will asymptotically align
for rigid sectors.
Hence, together with the condition (38), one arrives

at the structure ξ⃗fkζ⃗pf kζ⃗qf . This typically holds asymp-
totically for core RFT sectors, generalizing the align-
ment of charge vectors observed in [40] to 4D N ¼ 2
EFTs with axionic shift symmetries. Also, the addi-
tional layer of orthogonality between core and extended
RFT directiones turns out to be crucial for the
purposes of gravity decoupling, since as pointed out
in [20], only the core RFT sector can decouple from
the extremal sector at the level of monodromies and
Pauli interactions.

VII. METRIC ESSENTIAL INSTANTONS

Limits with metric essential instantons have a Kähler
potential with the following structure [35]:

K ¼ − log ðKpol −KinstÞ; ð46Þ

where Kpol is a polynomial function of degree d in the
saxions tk, and Kinst contains the exponential corrections.
The piece Kpol ¼ − logKpol leads to a degenerate metric,
and so at least some terms within Kinst must be considered
in order to lift such a degeneracy. Following [20], let us
assume that such terms are of the form

Kinst ¼ Qμνzμz̄ν þ ImðBμzμÞ þ… ð47Þ

where zμ ¼ expð2πiTμÞ depend on the field directions that
do not appear inKpol, andQμν; Bμ are polynomial functions
of the tk. One interesting observation is that, for infinite-
distance limits, such polynomials are always of the same
or lower degree that those in Kpol, in such a way that
Kpol ≫ Kinst at any point in moduli space around
tk ¼ ∞ [34].3

Let us for simplicity assume that Kpol depends on a
single saxionic field t1 ¼ ImT1, while there is a single
relevant exponential in (47): zμ ¼ expð2πiðrμ1T1 þ rμ2T

2ÞÞ,
rμi ∈N. That is, the Kähler potential is

K ¼ − log ððt1Þd −Qjzμj2 − ImðBzμÞ þ…Þ; ð48Þ

with Q and B in general polynomial functions of ðt1; t2Þ.
The metric in the basis dTi at leading order reads gT1T̄1 ≃
d=ð4ðt1Þ2Þ and

gTiT̄2 ¼ −
∂Ti∂T̄2ðImðBzμÞÞ

ðt1Þd þOðjzμj2Þ; ð49Þ

from where one can see that the axionic shift symmetry for
ReT2 is broken unless B ¼ 0. In that case, the leading order
takes the shape

gTiT̄2 ¼ −
∂Ti∂T̄2ðQjzμj2Þ

ðt1Þd þOððt1Þ−d−1Þ; ð50Þ

and the string tensions read

T 1 ¼
d
2t1

þOðzμÞ;

T 2 ¼ −
1

2ðt1Þd ∂t2ðQjzμj2Þ þOðjzμj2Þ: ð51Þ

Their charge vectors take the form

ξ⃗1 ≃
2t1

d
ð1; 0Þ; ξ⃗2 ≃ −

2ðt1Þd
∂t2ðQjzμj2Þ ð0; 1Þ: ð52Þ

jjξ⃗2jj2 ¼ 8ðt1Þd ∂T2∂T̄2ðQjzμj2Þ
½∂t2ðQjzμj2Þ�2 þOððt1Þd−1; jzμj−2Þ: ð53Þ

Notice that at most, derivatives of Q scale like Q itself
or are subleading in the limit. In this case, one gets
that jjξ⃗2jj diverges exponentially in jzμj−2 and poly-
nomially in t1. This matches the discussion above
and in [20], where metric essential instantons are
associated with strings with diverging charge vectors,
signalling gravity decoupling. Furthermore, one can
compute the product between extremal and rigid
strings, getting to

ξ⃗1 · ξ⃗2 ≲ t1; ð54Þ

reflecting the discussion around (34). As a conse-
quence, the rigid sector becomes orthogonal with
respect to the extremal one.
Let us now switch to the charge vectors for BPS

particles. Parametrizing their central charge as Zq ¼
eK=2ðT1Þn1ðT2Þn2ðzμÞn3 , their norm reads3We thank D. van de Heisteeg for discussions on this point.
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jjζ⃗qjj2 ≃
4πðrμ2Þ2n23ðt1Þd
∂t2∂t2ðQjzμj2Þ ; jjζ⃗qjj2n2¼n3¼0 ≃Oð1Þ: ð55Þ

To analyze this behaviour, we contrast the general expres-
sion above with a simplified extremal configuration in
which n2 ¼ n3 ¼ 0. Their products with the charge vectors
of the strings are

ξ⃗1 · ζ⃗q ≃Oð1Þ; ξ⃗2 · ζ⃗q ≃ −
2πrμ2n3ðt1Þd
∂t2∂t2ðQjzμj2Þ ð56Þ

while in the extremal case, we have

ξ⃗2 · ζ⃗qjn2¼n3¼0 ≃Oð1Þ: ð57Þ

One can also compute their products with ζ⃗�. For generic
values of the exponents, one has

ζ⃗� · ζ⃗q ≃ n3
rμ1t

1

2π
þ n3

rμ2t
1

2π

∂t1∂t2ðQjzμj2Þ
∂t2∂t2ðQjzμj2Þ≲ t1: ð58Þ

while for the exponents which identify particles in the
extremal sector:

ζ⃗� · ζ⃗q ≃
n2¼n3¼0

Oð1Þ: ð59Þ

Altogether, the charge vectors of BPS particles also
organise themselves into orthogonal sectors.
The computation changes significantly when B ≠ 0,

since the axionic shift symmetry is no longer preserved,
and it is broken by a term which is parametrically larger
than the would-be string tension. Consequently, the for-
mulas for the axionic string tensions cannot be evaluated
using (12). If one nevertheless did, one may check that then
ξ⃗e · ζ⃗⋆ ≠ 1, a feature that clearly distinguishes them from a
conventional axionic string.

VIII. LAPLACIAN AND CURVATURE

As stressed in [41,42], Laplacians of charge vectors
and other physical operators contain nontrivial informa-
tion about asymptotic limits in moduli space. In the
presence of axionic shift symmetries, one may evaluate
their action on string tensions. For this, we consider the
identity

ΔF
F

¼ jj∇⃗ logFjj2 þ Δ logF; ð60Þ

for F any real function. Setting F ¼ T e one obtains

ΔT e

T e
¼ γ2e þ Δ log T e ≲ γ2e ; ð61Þ

where we have used that the log is a concave function.
To compute ΔT e one may use the following identity:

½Δ; ∇⃗�F ¼ R∇⃗F ⇒ Δ∇⃗K ¼ R∇⃗K; ð62Þ

where Ri
j ≡ gikRkj is the Ricci operator, and we have

used that ΔK ¼ 2nV . From here we find

ΔT e ¼ −
1

2
e⃗ · R∇⃗K: ð63Þ

Hence, if sufficient axionic symmetries are present, ΔT e
can be expressed as a linear combination of string
tensions. If one now estimates the scalar curvature R
as the largest eigenvalue of the Ricci operator, with
eigenvector e⃗max ¼ ðemax; 0ÞT, one finds that

R≲ γ2emax
: ð64Þ

Hence, a scalar curvature divergence leads to a string
charge-to-tension divergence and to a rigid limit (15), in
agreement with the curvature criterion [17]. This is also
reminiscent of the bound R≲ γ2q;max observed in [19],
where γq;max is the BPS particle charge-to-mass ratio with
the largest asymptotic divergence. In that case, and for
limits where R → ∞, γq;max was identified with the core
RFT sector. From the current perspective, since the
normalized Pauli couplings of the core RFT are the ones
that dominate the scalar curvature [20], one expects that
emax specifies the core RFT sector of strings.

IX. CONCLUSIONS

In this work we have studied the relation between
axionic shift symmetries, charge vectors, and gravity
decoupling. The main role of axionic shift symmetries
is to identify a set of BPS axionic strings, which fix a
preferred frame for the Kähler potential via (12) along
the whole asymptotic region of gravity decoupling, in
agreement with general expectations [8,9]. Additionally,
these axionic strings define their own charge-to-tension
vector fields ξ⃗e which, together with the charge-to-mass
vectors of BPS particles ζ⃗q, map the different sub-
sectors of the EFT into subspaces of the tangent field
space. More precisely, if one splits the EFT into
subsectors with different physical properties with
respect to the gravity decoupling limit, they map into
orthogonal subspaces. The result is a general, geo-
metric EFT description of gravity decoupling, illus-
trated in Fig. 1.
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To arrive at this picture, we have focused on the
vector multiplet moduli space of 4D N ¼ 2 EFTs that
arise from type II Calabi-Yau compactifications, which
have been recently studied in [17–20] to revisit the
process of gravity decoupling from a Swampland per-
spective. It follows from these works that one can
distinguish between different EFT subsectors. The first
subsector corresponds to the set of extremal strings and
particles, whose charge vectors have an Oð1Þ norm.
These translate respectively into field theory directions
that see a genuine supergravity metric, like for instance
the leading direction e0 of the limit (11), and to those
quantized U(1)s sourced by extremal BPS particles, like
the ones within the towers predicted by the distance
conjecture. These sectors are represented by charge
vectors whose relative angles ϑ satisfy cosϑ ≃Oð1Þ,
as implied by certain lower bounds on their vector
products.
The second subsector corresponds to BPS strings and

particles that are rigid, in the sense that their ratio γ is
parametrically above the extremality bound. Rigid
axionic strings indicate field theory directions that
satisfy (15) and therefore see a rigid metric, while
nonextremal BPS particles source U(1)s with rigid
mutual couplings. By deriving upper bounds on the
products of these vectors, we have shown that they
become orthogonal to the charge vectors of certain
extremal objects related to the SDC tower, that we have
dubbed the SDC sector. This geometric feature corre-
sponds to a necessary condition for gravity decoupling,
since two orthogonal string vectors describe two field
theory directions with negligible kinetic mixing, while
orthogonal particle vectors signal the absence of gauge
kinetic mixing.
Further orthogonality relations are revealed upon

inspection of the rigid sector. The extended rigid sector
consists of vector multiplets that decouple from the SDC
sector at the level of kinetic mixing, but not necessarily at
the level of Pauli couplings [20]. Within this sector, one
can identify a distinguished subsector, the core RFT,
which can be characterised in terms of the monodromy of
the limit and can fully decouple from the rest of the EFT.
By definition, the core RFT contains electromagnetic
pairs of particles [20]. We have found that, in order for
their electric and magnetic U(1) couplings to reproduce
the standard field theory inverse relations, the charge
vectors of these electromagnetic pairs need to align. The
orthogonality of the core RFT with respect to other
extended RFT charge vectors stems from the parametri-
cally larger norms, which result in the charge-to-tension
ratios γe, γq with largest divergence. These results relate
the notions of coscaling and alignment put forward in
[40] (see also [36]), although here these properties are not
necessarily linked to towers of particles, but to rigid
sectors closed under electromagnetic duality. Finally, by

considering the Laplacian of axionic string tensions, we
have seen how string ratios bound the scalar curvature,
similarly to the relation found in [19], taking us one step
closer to understanding the physics behind the curvature
criterion [17].
While we have focused our analysis on 4D N ¼ 2

settings, one can easily argue that our results extend to
gravity decoupling limits within 4D N ¼ 1 EFTs.
Indeed, the main ingredient behind our analysis is the
structure (8), that stems from the presence of asymptotic
axionic shift symmetries and their monodromies. Such a
structure has already been highlighted and exploited in
the context of type II/F-theory Calabi-Yau compactifi-
cations with fluxes, see, e.g., [35,43–47]. In this 4D
N ¼ 1 setting one should interpret the period vector
entries as BPS membrane tensions, instead of particle
masses. Due to their no-force condition, membrane
charge vectors will have similar properties to the particle
charge vectors in our discussion. In particular, the
tension of the lightest extremal membrane will corre-
spond to the charge vector ζ⃗� in (16) which, just like the
BPS axionic string tensions, fixes a preferred Kähler
frame. Identities like (24) and other bounds on vector
products will hold,4 and from there the orthogonality
structure illustrated in Fig. 1 will follow. Since now we
identify the ζ⃗ with membrane charge vectors, the
orthogonality relations encode how rigid field theory
potentials embed into supergravity. This yields a new
framework to understand how scalar potentials behave in
asymptotic regions of field space, on which we plan to
report in the future.

ACKNOWLEDGMENTS

We would like to thank Alberto Castellano, Damian van
de Heisteeg, Luca Martucci and Lorenzo Paoloni for
helpful discussions. C. A. would like to thank the II.
Institute for Theoretical Physics at the University of
Hamburg and the DESY Theory Group for hospitality
during the different stages of this work. This work is
supported through the Grants No. CEX2020-001007-S,
No. PID2021-123017NB-I00, and No. PID2024-
156043NB-I00, funded by MCIN/AEI/10.13039/
501100011033, ERDF, EU.

DATA AVAILABILITY

There are no publicly available research data or software
supporting this manuscript. Requests for further informa-
tion or data should be sent to the authors.

4In this more general setup the lightest EFT string tension
cannot be identified with Λ2

sp, but only with an upper bound for
it [48].

AOUFIA, CASAS, and MARCHESANO PHYS. REV. D 114, 086012 (2026)

086012-10



[1] H. Ooguri and C. Vafa, Nucl. Phys. B766, 21 (2007).
[2] C. Vafa, arXiv:hep-th/0509212.
[3] E. B. Bogomolny, Sov. J. Nucl. Phys. 24, 449 (1976).
[4] M. K. Prasad and C. M. Sommerfield, Phys. Rev. Lett. 35,

760 (1975).
[5] S. Lanza, F. Marchesano, L. Martucci, and I. Valenzuela,

J. High Energy Phys. 02 (2021) 006.
[6] S. Lanza, F. Marchesano, L. Martucci, and I. Valenzuela, J.

High Energy Phys. 09 (2021) 197.
[7] S. Lanza, F. Marchesano, L. Martucci, and I. Valenzuela,

Proc. Sci. CORFU2021 (2022) 169.
[8] Z. Komargodski and N. Seiberg, J. High Energy Phys. 07

(2010) 017.
[9] A. Adams, H. Jockers, V. Kumar, and J. M. Lapan, J. High

Energy Phys. 12 (2011) 042.
[10] S.-J. Lee, W. Lerche, and T. Weigand, Nucl. Phys. B938,

321 (2019).
[11] J. Calderón-Infante, A. M. Uranga, and I. Valenzuela, J. High

Energy Phys. 03 (2021) 299.
[12] M. Etheredge, B. Heidenreich, S. Kaya, Y. Qiu, and T.

Rudelius, J. High Energy Phys. 12 (2022) 114.
[13] M. Etheredge, B. Heidenreich, J. McNamara, T. Rudelius, I.

Ruiz, and I. Valenzuela, J. High Energy Phys. 12 (2023) 182.
[14] M. Etheredge, B. Heidenreich, T. Rudelius, I. Ruiz, and I.

Valenzuela, J. High Energy Phys. 03 (2025) 213.
[15] A. Grieco, I. Ruiz, and I. Valenzuela, J. High Energy Phys.

06 (2026) 129.
[16] M. Etheredge, M. Reece, T. Rudelius, and C. Tudball,

arXiv:2605.22912.
[17] F. Marchesano, L. Melotti, and L. Paoloni, J. High Energy

Phys. 02 (2024) 103.
[18] F. Marchesano, L. Melotti, and M. Wiesner, J. High Energy

Phys. 02 (2025) 151.
[19] A. Castellano, F. Marchesano, L. Melotti, and L. Paoloni,

Phys. Rev. D 114, 026022 (2026).
[20] A. Castellano, F. Marchesano, and L. Paoloni, J. High

Energy Phys. 07 (2026) 200.
[21] S. Ferrara and S. Sabharwal, Classical Quantum Gravity 6,

L77 (1989).
[22] L. Andrianopoli, M. Bertolini, A. Ceresole, R. D’Auria,

S. Ferrara, P. Fre, and T.Magri, J. Geom. Phys. 23, 111 (1997).
[23] E. Lauria and A. Van Proeyen,N = 2 Supergravity in D = 4,

5, 6 Dimensions Lecture Notes in Physics Vol. 966
(Springer, Cham, 2020).

[24] D. Z. Freedman and A. Van Proeyen, Supergravity
(Cambridge University Press, Cambridge, England, 2012).

[25] A. Strominger, Commun. Math. Phys. 133, 163 (1990).
[26] A. Ceresole, R. D’Auria, and S. Ferrara, Nucl. Phys. B,

Proc. Suppl. 46, 67 (1996).
[27] E. Palti, J. High Energy Phys. 08 (2017) 034.
[28] W. Schmid, Inventiones Mathematicae 22, 211 (1973).
[29] T. W. Grimm, E. Palti, and I. Valenzuela, J. High Energy

Phys. 08 (2018) 143.
[30] T. W. Grimm, C. Li, and E. Palti, J. High Energy Phys. 03

(2019) 016.
[31] P. Corvilain, T. W. Grimm, and I. Valenzuela, J. High

Energy Phys. 08 (2019) 075.
[32] B. Hassfeld, J. Monnee, T. Weigand, and M. Wiesner,

J. High Energy Phys. 01 (2026) 140.
[33] J. Monnee, T. Weigand, and M. Wiesner, J. High Energy

Phys. 03 (2026) 063.
[34] B. Bastian, T. W. Grimm, and D. van de Heisteeg, Fortschr.

Phys. 73, e70010 (2025).
[35] B. Bastian, T. W. Grimm, and D. van de Heisteeg, J. High

Energy Phys. 02 (2023) 149.
[36] A. Blanco, F. Marchesano, and L. Melotti, J. High Energy

Phys. 11 (2025) 026.
[37] F. Marchesano and L. Melotti, J. High Energy Phys. 02

(2023) 112.
[38] A. Castellano, I. Ruiz, and I. Valenzuela, Phys. Rev. Lett.

132, 181601 (2024).
[39] A. Castellano, I. Ruiz, and I. Valenzuela, J. High Energy

Phys. 06 (2024) 037.
[40] M. Reece, T. Rudelius, and C. Tudball, J. High Energy Phys.

09 (2025) 146.
[41] M. Etheredge and B. Heidenreich, J. High Energy Phys. 03

(2025) 035.
[42] C. Aoufia, A. Castellano, and L. Ibáñez, J. High Energy

Phys. 02 (2026) 203.
[43] A. Herraez, L. E. Ibanez, F. Marchesano, and G. Zoccarato,

J. High Energy Phys. 09 (2018) 018.
[44] D. Escobar, F. Marchesano, and W. Staessens, J. High

Energy Phys. 01 (2019) 096.
[45] D. Escobar, F. Marchesano, and W. Staessens, J. High

Energy Phys. 06 (2019) 129.
[46] T. W. Grimm, C. Li, and I. Valenzuela, J. High Energy Phys.

06 (2020) 009; 01 (2021) 007(E).
[47] F. Marchesano, D. Prieto, and M. Wiesner, J. High Energy

Phys. 08 (2021) 077.
[48] L. Martucci, N. Risso, A. Valenti, and L. Vecchi, J. High

Energy Phys. 07 (2024) 240.

GRAVITY DECOUPLING AND AXIONIC SHIFT SYMMETRIES PHYS. REV. D 114, 086012 (2026)

086012-11

https://doi.org/10.1016/j.nuclphysb.2006.10.033
https://arXiv.org/abs/hep-th/0509212
https://doi.org/10.1103/PhysRevLett.35.760
https://doi.org/10.1103/PhysRevLett.35.760
https://doi.org/10.1007/JHEP02(2021)006
https://doi.org/10.1007/JHEP09(2021)197
https://doi.org/10.1007/JHEP09(2021)197
https://doi.org/10.1007/JHEP07(2010)017
https://doi.org/10.1007/JHEP07(2010)017
https://doi.org/10.1007/JHEP12(2011)042
https://doi.org/10.1007/JHEP12(2011)042
https://doi.org/10.1016/j.nuclphysb.2018.11.001
https://doi.org/10.1016/j.nuclphysb.2018.11.001
https://doi.org/10.1007/JHEP03(2021)299
https://doi.org/10.1007/JHEP03(2021)299
https://doi.org/10.1007/JHEP12(2022)114
https://doi.org/10.1007/JHEP12(2023)182
https://doi.org/10.1007/JHEP03(2025)213
https://doi.org/10.1007/JHEP06(2026)129
https://doi.org/10.1007/JHEP06(2026)129
https://arXiv.org/abs/2605.22912
https://doi.org/10.1007/JHEP02(2024)103
https://doi.org/10.1007/JHEP02(2024)103
https://doi.org/10.1007/JHEP02(2025)151
https://doi.org/10.1007/JHEP02(2025)151
https://doi.org/10.1103/4tf1-c9l7
https://doi.org/10.1007/JHEP07(2026)200
https://doi.org/10.1007/JHEP07(2026)200
https://doi.org/10.1088/0264-9381/6/4/002
https://doi.org/10.1088/0264-9381/6/4/002
https://doi.org/10.1016/S0393-0440(97)00002-8
https://doi.org/10.1007/BF02096559
https://doi.org/10.1016/0920-5632(96)00008-4
https://doi.org/10.1016/0920-5632(96)00008-4
https://doi.org/10.1007/JHEP08(2017)034
https://doi.org/10.1007/BF01389674
https://doi.org/10.1007/JHEP08(2018)143
https://doi.org/10.1007/JHEP08(2018)143
https://doi.org/10.1007/JHEP03(2019)016
https://doi.org/10.1007/JHEP03(2019)016
https://doi.org/10.1007/JHEP08(2019)075
https://doi.org/10.1007/JHEP08(2019)075
https://doi.org/10.1007/JHEP01(2026)140
https://doi.org/10.1007/JHEP03(2026)063
https://doi.org/10.1007/JHEP03(2026)063
https://doi.org/10.1002/prop.70010
https://doi.org/10.1002/prop.70010
https://doi.org/10.1007/JHEP02(2023)149
https://doi.org/10.1007/JHEP02(2023)149
https://doi.org/10.1007/JHEP11(2025)026
https://doi.org/10.1007/JHEP11(2025)026
https://doi.org/10.1007/JHEP02(2023)112
https://doi.org/10.1007/JHEP02(2023)112
https://doi.org/10.1103/PhysRevLett.132.181601
https://doi.org/10.1103/PhysRevLett.132.181601
https://doi.org/10.1007/JHEP06(2024)037
https://doi.org/10.1007/JHEP06(2024)037
https://doi.org/10.1007/JHEP09(2025)146
https://doi.org/10.1007/JHEP09(2025)146
https://doi.org/10.1007/JHEP03(2025)035
https://doi.org/10.1007/JHEP03(2025)035
https://doi.org/10.1007/JHEP02(2026)203
https://doi.org/10.1007/JHEP02(2026)203
https://doi.org/10.1007/JHEP09(2018)018
https://doi.org/10.1007/JHEP01(2019)096
https://doi.org/10.1007/JHEP01(2019)096
https://doi.org/10.1007/JHEP06(2019)129
https://doi.org/10.1007/JHEP06(2019)129
https://doi.org/10.1007/JHEP06(2020)009
https://doi.org/10.1007/JHEP06(2020)009
https://doi.org/10.1007/JHEP01(2021)007
https://doi.org/10.1007/JHEP08(2021)077
https://doi.org/10.1007/JHEP08(2021)077
https://doi.org/10.1007/JHEP07(2024)240
https://doi.org/10.1007/JHEP07(2024)240

	Gravity decoupling and axionic shift symmetries
	I. INTRODUCTION
	II. TYPE II CALABI-YAU COMPACTIFICATIONS AND CHARGE VECTORS
	III. STRINGS AND AXIONIC SHIFT SYMMETRIES
	IV. VECTOR PRODUCTS AND MIXING
	V. BOUNDS ON VECTOR PRODUCTS
	VI. THE HOMOGENEOUS CASE
	VII. METRIC ESSENTIAL INSTANTONS
	VIII. LAPLACIAN AND CURVATURE
	IX. CONCLUSIONS
	ACKNOWLEDGMENTS
	DATA AVAILABILITY
	References


