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1 Introduction

Supersymmetry (SUSY) has been elusive so far. The LHC has probed energies up to 13TeV
and found no evidence of supersymmetric particles. At present, given the observed small
value of the dark energy density, an estimation for the scale MSUSY at which we expect
supersymmetry to be broken is given by the mass of the gravitino m3/2 as

M2
SUSY ' m3/2 MP , (1.1)
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with MP being the reduced Planck mass. The gravitino is in fact a key-particle in any
effective field theory (EFT) coming from supergravity and string theory. However, so far,
theoretical arguments have struggled to provide definite indication on its expected mass
range, besides model-dependent results. Motivated by all of this, we would like to pose the
following question: is there any fundamental property of quantum gravity that might give
us information about the mass of the gravitino?

The swampland program [1–4] aims to capture universal features which have to be
present in any consistent low energy effective theory of quantum gravity. Given our lim-
ited understanding of quantum gravity and string theory, these properties are at present
formulated as conjectures. This approach is after all not that unique in the development of
physics. For example, in the context of quantum mechanics, a number of ‘principles’ were
proposed to capture fundamental properties of the theory. This is the case with Heisen-
berg’s uncertainty principle, or with Bohr’s correspondence principle of the atomic model.
A peculiarity of these principles is that they become trivial, once we send the Planck con-
stant h to zero.1 The same situation happens in the context of the swampland, where the
statements lose their power once we go to the limit of infinite MP .

Within the swampland program, a recurrent conclusion is that the limit of vanishing
mass or small gauge coupling typically signals a quantum gravity obstruction. Among the
most studied conjectures, the Swampland Distance Conjecture (SDC) [2] relates in fact an
exponentially vanishing mass m to an infinite geodesic distance ∆ in field (moduli) space,
such as

m = MP e−∆ . (1.2)

This is the mass of an infinite tower of states. As m becomes small, these states cannot be
neglected and the effective description needs to be reformulated. In the limit of vanishing
mass, the cut-off of the theory experiences a similar drop-off and any possible effective
gravitational description breaks down. The SDC is supported by two generic situations in
string theory, namely KK modes or string modes [5].

Another well tested conjecture is the Weak Gravity Conjecture (WGC) [6], postu-
lating a relation between masses and (abelian) gauge couplings. This conjecture can be
understood as an obstruction in taking the continuous limit of vanishing gauge coupling,
for a particle charged under an abelian gauge symmetry. Indeed, in that limit, a global
symmetry would be restored, contradicting another well tested swampland principle: the
absence of global symmetries in quantum gravity [7].

More recently, obstructions to the limit of vanishing mass of various objects have been
studied from different perspectives and related to the swampland program. For example,
on backgrounds with positive energy, the consequences of the Higuchi bound [8] for integer
higher spin particles and the string tower have been analysed in [9–14], while [15] proposes
a general lower bound for the mass of any particle charged under an abelian symmetry.
The specific case of massive spin-2 fields and of massive gravity has instead been consid-
ered in detail in [16]. Fermions have maybe received less attention than bosons, even if

1It is temping to interpret in this sense also the celebrated Bekenstein-Hawking formula, S = A
4L2

P

,
indicating that the entropy of a black-hole diverges in the classical limit LP → 0.
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considerations on their interactions can be used to deduce important information on the
breaking of supersymmetry in low energy effective field theories [17] and on the lightest
neutrino in the Standard Model [18].

In this work, we focus exclusively on the spin-3/2 case corresponding to the gravitino,
the superpartner of the graviton. Specifically, we suggest that the limit of vanishing grav-
itino mass should belong to the swampland, independently of the background. In fact,
we conjecture that this limit is always accompanied by a infinite tower of states becoming
massless, thus invalidating any possible effective description. We provide evidence coming
from various examples in string compactifications with N = 1, 2 supersymmetry in four
dimensions, in anti-de Sitter, Minkowski and also de Sitter backgrounds.2 Furthermore,
we observe that, in extended supersymmetry, the gravitino mass and the abelian gauge
coupling are related and thus the issue in having a small gravitino mass can be understood
as an obstruction in restoring a global symmetry. A similar mechanisms can be at work
also in N = 1 models, in the case they have an underlying N = 2 supersymmetry, as we
will show in a specific class of examples.

Interestingly, our proposal provides also a rationale behind some a priori unexpected
correlations found in a series of previous works. In [33], it has been in fact argued that
a vanishing N = 1 superpotential, corresponding to a vanishing gravitino mass, can be
explained only in the presence of an underlying supersymmetry protection relating the
model to a parent theory with a higher amount of preserved supercharges. In the absence
of this specific mechanism, any allowed correction to the superpotential should in principle
occur and thus the gravitino would be massive. In the framework of N = 2 supergravity
in four dimensions, it has been noticed in [34] a correlation between a vanishing gravitino
mass and de Sitter extrema that are shown to clash with the magnetic WGC. In particular,
detSAB = 0 has been proposed as a swampland criterion on backgrounds with positive
energy, SAB being the gravitino mass matrix.

Finally, since our conjecture is directly related to a drop-off of the quantum gravity cut-
off, one can quite concretely investigate the phenomenological implications. Specifically,
we focus on the case of inflation and show that it is possible to extract precise bounds
on the gravitino mass, once we have information on the Hubble scale. We show that the
strong form of our conjecture predicts that any detection of B-modes in the next-generation
Cosmic Microwave Background (CMB) experiments [35, 36] would point at a lowest possible
value of at least about 102 GeV for the gravitino mass.

The rest of the paper is organized as follows. In section 2, we propose a new swampland
conjecture on the mass of the gravitino. Then, we discuss the relation with the Anti-
de Sitter Conjecture (ADC) [37]. In section 3, we test our proposal on various N = 1
models coming from string compactifications to four dimensions. In section 4, we turn our
attention to N = 2 models. We point out a relation between the mass and the abelian
gauge coupling of the gravitino, which allows us to connect our conjecture to other well
tested swampland proposals. In section 5, we discuss how the quantum gravity cut-off is

2Here, we assume the possibility that de Sitter constructions might be valid in string theory, although
their existence has been challenged by a number of works in the literature, see for example [19–32].
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affected by a reduction of the gravitino mass. In section 6, we present the phenomenological
implications of our conjecture in quasi-de Sitter space. We summarise our conclusions in
section 7. Two appendices provide more technical details.

We would like to note that, while this work was under completion, the references [38–
41] appeared, discussing aspects of gravitino physics in de Sitter backgrounds. Our work
does not intend to contribute to this discussion, but rather presents an independent
investigation.

2 Gravitino mass and infinite tower of states

In this section, we first put forward a new swampland conjecture on the gravitino mass.
Then we contrast it with the Anti-de Sitter Distance Conjecture, proposed in [37].

2.1 The Gravitino Mass Conjecture

The swampland program tells us that certain limits are forbidden within the validity regime
of a given EFT. A primary and best studied example is the limit of infinite distances in
field space, which is always accompanied by an infinite tower of light states [2]. This is a
typical UV effect, which ultimately leads to the breakdown of the EFT.

Observational evidence suggests that the mass of the gravitino might not be very small
in the low-energy EFT describing our universe. This might be just an accident or, more
intriguingly, it could constitute a universal property of effective theories consistent with
quantum gravity. Similarly to what described above, one may think that there should
be a typical UV-obstruction in taking such a limit. In fact, in the following sections, we
will show that a general feature of concrete string theory models is that the limit of small
gravitino mass is always accompanied by a tower of Kaluza-Klein modes becoming light.
Here, we would like to suggest that this is a universal feature of EFTs consistent with
quantum gravity and formulate the following conjecture.

Gravitino Mass Conjecture (GMC). The limit of small gravitino mass

m3/2 → 0 (2.1)

always corresponds to the massless limit of an infinite tower of states and to the breakdown
of the effective field theory.

A natural consequence of this conjecture would be that the limit of vanishing gravitino
mass, eq. (2.1), is at infinite distance in the parameter space of an EFT of quantum gravity.

In the rest of the paper, we will consider a generic dependence of the mass of the tower
m in terms of the gravitino mass, such as

m ∼
(
m3/2

)n
, (2.2)

with n being an order-one parameter. Note that all masses are measured in units of the
d-dimensional effective Planck mass M (d)

P . This dependence is found in several examples in
string theory, in anti-de Sitter, Minkowski and de Sitter backgrounds. However, deviations
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from this simple dependence might be possible, for example logarithmic corrections as
discussed in [42], but still satisfying the GMC. We argue that eq. (2.2) should hold for
n = O(1) and refer to the case of n = 1 as the ‘strong GMC’. Evidences that the mass of
an infinite tower might be related to m3/2 have been provided also in [17, 43].

The reason why the effective theory ceases to be valid can be understood when we
identify the quantum gravity cut-off with the species scale [44, 45]. In fact, the cut-off of a
gravitational EFT drops down in the presence of a large number of species. We will discuss
this in more details in section 5.

2.2 The GMC and the Anti-de Sitter Distance Conjecture

The Anti-de Sitter Distance Conjecture (ADC) [37] is obtained by comparing anti-de Sitter
spaces with different cosmological constants Λ, i.e. by varying the metric with respect to
Λ. The ADC is a bit different from the SDC in the sense that it deals with the distance
between non-continuously connected backgrounds, which implies that the scalar fields are
not anymore massless scalars but possess a potential. Different discrete vacua are labeled
by different values of the cosmological constant or the anti-de Sitter radius, which in string
theory are typically related to different, discrete flux quantum numbers in the potential.

The claim of ADC is that the limit of a small AdS cosmological constant, Λ→ 0, is at
infinite distance in the space of anti-de Sitter metrics, and that it is related to an infinite
tower of states with typical masses that behave as

m ∼ |Λ|a , (2.3)

with a = O(1). The strong version of the ADC proposes that for supersymmetric anti-de
Sitter vacua a = 1/2. For general anti-de Sitter backgrounds it is argued that a ≥ 1/2.

As it is well known in supergravity theories, the Lagrangian gravitino mass in a su-
persymmetric anti-de Sitter background is non-zero.3 Specifically, m3/2 is related to the
anti-de Sitter cosmological constant in the following simple way:

m2
3/2 = −Λ

3 . (2.4)

Using this relation, one can immediately see that the GMC is completely equivalent to
the strong ADC for SUSY anti-de Sitter vacua, and one has that n = 2a. For backgrounds
like AdSd × Sd

′ with n = 1, there is no scale separation between m3/2 and the tower
mass scale.

Besides supersymmetric anti-de Sitter vacua, the two conjectures GMC and ADC make
different predictions. Already in the case of non-supersymmetric anti-de Sitter backgrounds
(despite being arguably unstable [46] — see also [47] for a recent work on supersymmetry
breaking in anti-de Sitter space), the relation between the gravitino mass and the cosmo-
logical constant is not one-to-one, rather there is in general a lower bound

m2
3/2 > −

Λ
3 . (2.5)

3In this work, we will be always referring to the Lagrangian mass.
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In fact, one could go to the limit of small cosmological constant |Λ| → 0, while keepingm3/2
finite. In this limit, the ADC predicts a tower of states with a mass scale that goes to zero
following eq. (2.3), whereas the GMC does not, as the tower mass scale is fixed by eq. (2.2).

The GMC applies also to the case of Minkowski and de Sitter backgrounds, since the
gravitino mass plays a central role even in such cases. On the contrary, the ADC does not
apply directly to Minkowki space and its generalization to de Sitter space, still suggested
in [37], makes again predictions different from the GMC. More precisely, in the limit of
small positive cosmological constant, it was argued in [37] that the mass of a light tower of
states would still follow the same scaling (2.3). This leads to the strong implication that
today we should expect a tower of states with extremely low mass, namely

m ∼ 10−120a , (2.6)

in reduced Planck mass units. However, from the phenomenological viewpoint, it is not
so easy to imagine what the origin of such a light tower of states could be; besides in
string theory it is not clear, if e.g. KK modes become light in the limit of small positive
Λ. Moreover, the ADC predicts that the three branches, anti-de Sitter, Minkowski, and de
Sitter are always separated by infinite distance in metric space and that there is no effective
field theory with a finite number of fields which can have families of vacua interpolating from
one branch to the other. This is a quite strong conjecture, whose validity is not yet proven.

The GMC relates instead the mass of the tower just to the mass of the gravitino, which
is independent from the value of the potential when supersymmetry is broken. In the limit
of small positive cosmological constant, the gravitino mass can be still large enough and
we can avoid the drastic consequences of having a tower with mass scale given by eq. (2.6).

3 N = 1 effective action and the GMC

As we said in the last section, the GMC is argued to hold also for Minkowski or de
Sitter backgrounds where supersymmetry is broken. Therefore let us consider the four-
dimensional N = 1 effective supergravity action [48], with supersymmetry breaking F-
terms and also D-terms. The low-energy degrees of freedom consist of the N = 1 super-
gravity multiplet with the spin-2 graviton field gµν and the spin-3/2 gravitino Ψµ. Then,
there are nC chiral multiplets Φi = (φi, ψi) (i = 1, . . . , nC) and nV vector multiplets
V a = (λa, Aaµ) (a = 1, . . . , nV ). The effective action is specified by three quantities. First,
the real and gauge invariant function

G(φ, φ̄) = K(φ, φ̄) + log |W (φ)|2 , (3.1)

where K is the real Kähler potential and W the holomorphic superpotential. Second, the
gauge kinetic function fab(φ). The third quantity are the Killing vectors ka = kia(φ)(∂/∂φi)
associated with the isometries of the scalar manifold that are gauged by the vector fields.
They appear in the covariant derivates in the form Dµφ

i = ∂µφ
i −Aaµkia(φ).
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The scalar potential contains three terms, determined by the auxiliary fields of the
gravitational, chiral and vector multiplets:

V = VG + VF + VD ,

VG = −3eG = −3eK |W (φ)|2 ≤ 0 ,
VF = eGGīGiḠ ≥ 0 ,

VD = 1
2[(Re f)−1]abDaDb ≥ 0 . (3.2)

Here, the Gi are related to the supergravity F-terms,

Fi ≡ eG/2Gi = eK/2|W |
(
Ki + Wi

W

)
, (3.3)

and the gauge-invariant D-terms are given as

Da = iGik
i
a = iKik

i
a + ξa , (3.4)

where ξa are the so-called Fayet-Iliopoulos terms, corresponding to the gauging of the U(1)
R-symmetry. For Fi 6= 0 or Da 6= 0, N = 1 supersymmetry is spontaneously broken. Note
that in absence of Fayet-Iliopolous terms, the D-terms are proportional to the F-terms and
hence in this case there cannot be pure D-term breaking of supergravity, unless |W | = 0.

The gravitino mass is given as

m3/2 = eG/2 = eK(φ,φ̄)/2|W (φ)| , (3.5)

and it contributes to the scalar potential, eq. (3.2), as

V = VF + VD − 3m2
3/2 . (3.6)

One sees that m3/2 and V are in general not anymore proportional to each other, in case
supersymmetry is broken, i.e. if either VF 6= 0 or VD 6= 0. In general, m3/2 is bound by the
potential from below in the following way

m2
3/2 ≥ −

V

3 , (3.7)

where the lower limit is saturated for unbroken supersymmetry and agrees with the grav-
itino mass in supersymmetric anti-de Sitter backgrounds, as given by eq. (2.4). It is inter-
esting to notice that the bound (3.7) follows from requiring unitary propagation [49, 50]
and holds more generally than in N = 1 supergravity. In fact, it looks like the analogous of
the Higuchi bound [8], which was derived for bosonic higher spin fields following precisely
unitarity considerations.

As advocated in the previous section, the GMC connects the gravitino mass (and
not the value of the potential) with the mass of a tower of states. Therefore, we have
to compute the relevant tower mass scale m for the N = 1 effective supergravity action.
Since supergravity is a low-energy description of string theory, it is natural to assume that
the relevant tower is provided by the Kaluza-Klein (KK) particles, which arise e.g. from

– 7 –
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a Calabi-Yau or orbifold compactification from ten to four spacetime dimensions. Then,
the relevant KK mass scale, measured in units of the 4-dimensional Planck scale, for an
isotropic manifold is given as

mKK =
( 1
V

)2/3
(3.8)

where V is the volume of the internal 6-dimensional space.4

In the associated effective N = 1 supergravity theory, the volume V is closely related
to the N = 1 Kähler potential in the following way:

K(φ, φ̄) = −α logV(φ, φ̄) +K ′ . (3.9)

The volume V is determined by the Kähler moduli of the Calabi-Yau space and α is a
model dependent parameter. For example, for heterotic string compactifications α = 1,
while for type IIB orientifolds with fluxes α = 2. K ′ is the remaining part of the Kähler
potential, which depends on the complex structure moduli and the dilaton fields.

We also need to know how the superpotential W is scaling with V. For deriving this
we assume that, in an extremum of the potential with ∂V/∂φ = 0, the superpotential is
scaling with the volume as

〈W 〉 ∼ Vβ/2 , (3.10)

where β is a parameter which depends on the details of the low energy theory. The VEV
symbol in eq. (3.10) is to make explicit that we consider the volume-dependence ofW at the
minimum of the potential. Note that this simple scaling behaviour of the superpotential
can be modified in case of non-perturbative contributions. Neglecting the latter, we can
combine our estimations for K and W together and we obtain for the gravitino mass the
following leading behaviour in terms of the volume V:

m3/2 ∼
( 1
V

)α−β
2
. (3.11)

Comparing this with the mass scale mKK of the KK tower in eq. (3.8), we can express the
parameter n in the GMC as:

n = 4
3(α− β) . (3.12)

As said before, we argue that n = O(1). We will check this situation in the examples
below. We will consider the case of anti-de Sitter, Minkowski and de Sitter separately.

3.1 4D anti-de Sitter

As already discussed in section 2.2, for 4D supersymmetric anti-de Sitter vacua, the GMC
is completely equivalent to the strong ADC. One known example is M-theory on AdS4×S7,
where n = 1.

4Formula (3.8) should contain also a factor g
1
4
s . However, we are not keeping track of dilaton factors, as

we are working in the perturbative regime of string theory by assumption.
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A second class of examples are supersymmetric IIB vacua, like the KKLT sce-
nario [51], with a tree-level 3-form flux superpotential plus a non-perturbative superpoten-
tial, W =W0+Wn.p., and with a Kähler potential K =−3log

(
T+T̄

)
+. . .=−2logV+. . . .

Hence, the isotropic Calabi-Yau volume is V = (ReT )3/2. However, the non-perturbative
contribution to the superpotential provides a further exponential suppression such that
〈W 〉∼Te−cT . This is reflected in the fact that a naive estimate would suggest that m3/2
is exponentially smaller than mKK and the GMC, as well as the ADC, seems to be vio-
lated. Crucially, as discussed in [42, 52, 53], for large exponential suppression and small
W0 the isotropic scaling behaviour of the KK masses in eq. (3.8) is not valid anymore, since
the background becomes a highly warped throat with a different KK scaling behaviour.
Then, as pointed out in [42], also mKK gets exponentially suppressed such that the super-
symmetric KKLT minimum satisfies the ADC or the GMC with a= 1/6 or with n= 1/3
respectively, times a certain correction logarithmic in m3/2. This is a first example where
we obtain n< 1 and the pure scaling in eq. (2.2) is no longer valid and gets corrections.

In the case of non-SUSY anti-de Sitter vacua, the GMC makes in general different
predictions from the ADC, as discussed in section 2.2.

An example of non-SUSY anti-de Sitter vacuum is provided by the Large Volume Sce-
nario (LVS) [54, 55]. Here, moduli stabilization is obtained by balancing α′ corrections
in the Kähler potential K = −2 log(V + ξ/2) and non-perturbative corrections in the su-
perpotential. Up to these corrections, the superpotential is mainly given by the flux part
W0, which is independent of the volume and in LVS can easily be of order one (differently
from KKLT). The isotropic scaling for the KK mass eq. (3.8) is thus sensible and we have
α = 2 and β = 0, giving m3/2 ∼ V−1 and n = 2/3. Also in this case, the non-perturbative
contributions in the superpotential leads to logarithmic corrections in the dependence in
terms of the cosmological constant [42].

The distribution of the gravitino mass in KKLT and LVS has been recently investigated
in [56]. The results of this work provide further support for our conjecture.

3.2 4D Minkowski

Let us now discuss a few cases of 4D Minkowksi vacua with spontaneously broken N = 1
supersymmetry. Since the potential is zero,5 the ADC cannot be applied. However, due
to the breaking of supersymmetry, the gravitino mass is non-vanishing and the GMC still
predicts a tower of light states in the limit of m3/2 → 0. In the case of Minkowki space, the
GMC predicts the breakdown of the effective theory in the limit of small supersymmetry
breaking scale.

3.2.1 F-term no-scale models
The simplest 4D no-scale models [58–60] with spontaneously broken supersymmetry and
vanishing potential are given by a Kähler potential of the form

K = −3 log
(
T + T̄

)
+K ′(φ, φ̄) (3.13)

5Of course all known string constructions with broken supersymmetry are plagued by the fact that a
non-zero potential is created by string loop effects, as e.g. discussed already in [57]. So in our paper we
do not claim that non-supersymmetric (no-scale) string models with all order zero cosmological constant
easily exist, they might still belong to the swampland.
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and a superpotential that does not depend on the T , e.g. W = const. Supersymmetry is
spontaneously broken by the F-ferm FT . For heterotic string compactifications the volume
is given as V = (T + T̄ )3 and thus we find that α = 1 and β = 0. It follows that the GMC
is satisfied with n = 4/3. For type IIB GKP orientifolds [61] we have that α = 2, β = 0
and hence n = 2/3.

3.2.2 Scherk-Schwarz compactifications

Another class of 4D Minkowski vacua with broken supersymmetry is given by coordinate
dependent string Scherk-Schwarz compactifications [62, 63]. They are also of the no-scale
type and can be realized in string theory, with supersymmetry is broken at tree level.
Several examples of this type were studied in [64]. They are characterized by a Kähler
potential

K = − log[(S + S̄)(T + T̄ )(U + Ū)] +K ′(φ, φ̄) , (3.14)

where S is the complexified heterotic dilaton, while T and U are the Kähler and complex
structure moduli of a two-torus. The effective Scherk-Schwarz superpotential is constant
at string tree level and leads to three non-vanishing F-terms, FS , FT and FU . This choice
of Kähler and superpotential corresponds to α = 1/3 and β = 0 leading to n = 4. These
so called STU models possesses an underlying extended N = 2 supersymmetry structure,
which will be further discussed in section 4.

3.2.3 F-term and D-term supersymmetry breaking

Another interesting class of Minkowski models, where supersymmetry is broken by an F-
term and a D-term and with a no-scale potential was introduced in [65]. Here one has a
Kähler potential of the form

K = −2 log
(
T + T̄

)
+K ′(φ, φ̄) (3.15)

which corresponds to α = 2/3 and again constant superpotential W0. In addition there
is an Abelian vector multiplet with gauge coupling constant f = 1

g2 that gauges the shift
symmetry associated to the axion i(T − T̄ ). The corresponding holomorphic Killing vector
is an imaginary constant, k = iq. Then, one can show [65] that the total scalar potential
V = VG + VF + VD is everywhere vanishing provided one identifies

|W0| =
√

2g|q| . (3.16)

As a consequence, the gravitino mass is proportional to the gauge coupling constant g,

m3/2 = gq√
2 ReT

, (3.17)

and the GMC is satisfied with n = 2. Interestingly, in the limit of vanishing gauge cou-
pling, g → 0, also m3/2 is vanishing. In this case, one can thus interpret the GMC as
an obstruction in the restoration of a global symmetry, something which is believed to be
incompatible with quantum gravity. The relation between m3/2 and the gauge coupling
will be further explored in section 4.
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3.3 4D de Sitter

Next let us consider the possibility of having de Sitter vacua in quantum gravity or in
string theory, opposite to the various arguments against de Sitter vacua quoted in the
introduction of our paper.

Given the form of the scalar potential eq. (3.6) in a 4D N = 1 EFT, we see that
the gravitino mass sets the relation between the scale of supersymmetry breaking and the
value of the cosmological constant. The limit of small positive cosmological constant can
therefore correspond to a finite value of m3/2, if this is properly compensated by a finite
amount of supersymmetry breaking. Then, in this limit the GMC does not predict any
light tower, differently from the ADC which relates the mass of the tower to value of the
cosmological constant itself (see section 2.2).

Although we have conjectured that the GMC should hold independently from the
specific background, we present below a simple argument to show that the applicability of
the GMC to the case of de Sitter can also be supported by its validity in anti-de Sitter
spaces (in the case of supersymmetric anti-de Sitter, it directly corresponds to the validity
of the ADC). In fact, some of the best and most studied de Sitter constructions from string
theory [51, 54, 66] make use of specific objects, such as anti-D-branes, to uplift an anti-de
Sitter vacuum with potential value VAdS and yield a positive minimum, with potential6

VdS = VAdS + Vup . (3.18)

The peculiarity of such uplifting terms is that their contribution scales as a negative power
of the internal volume, such as

Vup = c

Vp
, (3.19)

with c and p positive. Assuming this dependence, one can show that the position V1 of the
minimum of VdS remains almost unchanged with respect to the position V0 of the anti-de
Sitter vacuum (see appendix A for the derivation). As a consequence, the gravitino mass
m3/2(V) = eK(V)/2|W (V)| will not change considerably after uplifting and one will have

m3/2(V1) ' m3/2(V0) . (3.20)

Therefore, in the situation where the de Sitter vacuum is obtained from anti-de Sitter
via an uplifting of the form (3.19), the consequences of the GMC in de Sitter directly follow
from the discussion of the GMC in anti-de Sitter.

Primary examples of this situation are the KKLT and LVS de Sitter vacua. Both of
these constructions have an infinite KK tower with mass scale going to zero in the limit
of small gravitino mass m3/2 → 0 and they therefore satisfy the GMC. In fact, the same
analysis presented in section 3.1 can be applied also to the de Sitter case, after uplifting.

6The use of anti-branes, as first considered for uplift, inflation and brane supersymmetry breaking in [67–
69], has been under severe scrutiny during the last years. On the one hand, considerable progress has been
made in the understanding of the correct description at the EFT level in terms of non-linear supersymmetry
with constrained superfields [70–79]. On the other hand, possible issues have been identified when using
warped throats [52, 53, 80], which are useful to create energy hierarchies and redshift the tension of the
anti-branes.
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4 N = 2 effective action and the GMC

In N = 1 supergravity the gravitino mass is in general independent from the gauge kinetic
function. The situation is different in theories with more supersymmetry. Our motivation
to discuss now N = 2 supergravity is indeed that the gravitino mass is necessarily related
to the gauge coupling and this will allow us to connect the GMC to other swampland
conjectures.

4.1 Review of N = 2 supergravity

We consider 4D N = 2 supergravity, mostly following the conventions of [81]. The low-
energy degrees of freedom consist of the N = 2 supergravity multiplet with the spin-2
graviton field gµν , two spin-3/2 gravitini ΨA

µ and the spin-1 graviphoton A0
µ. Then, there

are nV vector multiplets (zi, λiA, Aiµ) and nH hypermultiplets (qu, ζα).
The scalars zi in the vector multiplets are coordinates of a special Kähler manifold,

while the scalars qu of the hypermultiplets are coordinates of a quaternionic manifold, which
in general is not Kähler. The total scalar manifold is the product of these two spaces.

4.1.1 Special Kähler geometry, killing vectors and prepotentials

The vector multiplets scalars are coordinates of a special Kähler manifold, with metric gī.
The manifold is endowed with a U(1) Lie-algebra valued 2-form which is closed, namely
the Kähler form.

A convenient formulation of Special Kähler geometry is given in terms of the holomor-
phic sections (XΛ(z), FΛ(z)), Λ = 0, 1, . . . , nV , entering the Kähler potential

K = − log[i(X̄ΛFΛ − F̄ΛX
Λ)]. (4.1)

One can also define covariantly-holomorphic sections (LΛ,MΛ) = e
K
2 (XΛ, FΛ) and their

derivatives fΛ
i = DiL

Λ, hΛ i = DiMΛ. The covariant derivatives are defined as DiX
Λ =

(∂i +Ki)XΛ and DiL
Λ = (∂i + 1

2Ki)LΛ. These quantities satisfy several interesting prop-
erties, for which we refer to [82]. Here, we recall the pullback of the inverse Kähler metric

UΛΣ ≡ fΛ
i g

īfΣ
̄ = −1

2(ImN−1)ΛΣ − L̄ΛLΣ, (4.2)

where the complex symmetric period matrix NΛΣ is defined such that MΛ = NΛΣL
Σ. It

enters the kinetic terms of the vector fields

e−1Lkin = 1
4ImNΛΣ FΛ

µνF
Σµν + 1

8ReNΛΣ εµνρσFΛ
µνF

Σ
ρσ. (4.3)

Isometries are generated by holomorphic killing vectors kiΛ(z), satisfying the algebra

[kΛ, kΣ] = −f∆
ΛΣk∆. (4.4)

Explicitly, they are given in terms of a real prepotential function P0
Λ as

kiΛ = igī∂̄P0
Λ, (4.5)

and the prepotential is such that P0
ΛL

Λ = 0. For consistency, they have to satisfy the
equivariance condition

igī(kiΛk
̄
Σ − k

i
Σk

̄
Λ) = −f∆

ΛΣP0
∆. (4.6)
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4.1.2 Quaternionic geometry, killing vectors and prepotentials

The hypermultiplets scalars qu are coordinates of a quaternionic manifold with metric huv.
The manifold is endowed with a SU(2)-Lie algebra valued 2-form Ωx, x = 1, 2, 3, which is
not closed but covariantly closed

∇Ωx ≡ dΩx + εxyzωy ∧ Ωz = 0, (4.7)

where ωx is a connection, namely Ωx = dωx + 1
2ε
xyzωy ∧ωz. The non-closure of Ωx reflects

the fact that the quaternionic manifold is not Kähler. The components of Ωx provide a
representation of the quaternionic algebra, i.e.

hstΩx
usΩ

y
tw = −δxyhuw − εxyzΩz

uw. (4.8)

Isometries are generated by killing vectors kµΛ(q) satisfying the same algebra as in (4.4).
They can be given in terms of a triplet of real prepotentials PxΛ as

kuΛ = 1
6Ωx,uv∇vPxΛ (4.9)

and are solution of 2Ωuvk
u
Λ = (∂vPxΛ + εxyzωyvPzΛ) ≡ ∇vPxΛ. Explicitly, the prepotentials

can be expressed in terms of the connection ωx and of a SU(2)-compensator CxΛ as [83]

PxΛ = CxΛ − kuΛωxu. (4.10)

The equivariance consistency condition for the quaterionic manifold is

2kuΛkvΣΩx
uv = −fΓ

ΛΣPxΓ − εxyzP
y
ΛP

z
Σ. (4.11)

4.2 The scalar potential, the gravitino gauge coupling and mass

The only way to generate a scalar potential in extended supergravity is by means of a
gauging. In the case of N = 2 supergravity, the scalar potential arising from a generic
(electric) gauging has the form

VN=2 = V1 + V2 + V3, (4.12)

where

V1 = gīk
i
Λk

̄
ΣL̄

ΛLΣ, (4.13)
V2 = 4huvkuΛkvΣL̄ΛLΣ, (4.14)
V3 = (UΛΣ − 3L̄ΛLΣ)PxΛPxΣ. (4.15)

The first and second terms arise from the gauging of isometries on the Special Kähler
and quaternionic manifold respectively. The third term contains the contribution from
Fayet-Ilioupoulos terms.

It might be instructive to rewrite the scalar potential in a language which is reminiscent
of N = 1 supergravity, namely in terms of a superpotentialW and D-terms DΛ. To identify
the superpotential, we can look at the gravitino mass matrix

SAB = i

2 (σx)ACεBCPxΛLΛ = − i2

(
P1

ΛL
Λ − iP2

ΛL
Λ −P3

ΛL
Λ

−P3
ΛL

Λ −P1
ΛL

Λ − iP2
ΛL

Λ

)
. (4.16)
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One natural possibility is to identify the superpotential as one of the diagonal entries. Since
we have the freedom of choosing an SU(2) orientation, for definiteness we set [84–86]

W(z, q) = PΛ(q)LΛ(z), W (z, q) = PΛ(q)XΛ(z), PΛ ≡ P1
Λ − iP2

Λ. (4.17)

As for the D-terms, the proper identification is then

DΛ(z, q) = (ImN−1)ΛΣ(P0
Σ(z) + P3

Σ(q)). (4.18)

By exploiting several properties of special Kähler and quaternionic geometry, one can then
rewrite the complete N = 2 scalar potential as

VN=2 = VN=1 − 2L̄ΛLΣ(huvkuΛkvΣ + 2P3
ΛP3

Σ), (4.19)

where we defined a seemingly N = 1 scalar potential

VN=1 = VF + VG + VD (4.20)

with contributions analogous to the ones in section 3:

VF = eK
(
gīDiWD̄W̄ + 1

2h
uv∇uW̄∇vW + 1

2h
uv∇u(X̄ΛP3

Λ)∇v(XΣP3
Σ)
)
, (4.21)

VG = −3eKW̄W, (4.22)

VD = −1
2ImNΛΣDΛDΣ. (4.23)

The minus sign in VD is consistent with the fact that the matrix ImNΛΣ is negative definite.
More details on the calculation can be found in the appendix B. We stress that this is just a
formal rewriting, since a fully-fledged description of N = 2 supergravity in terms of N = 1
quantities would require necessarily a restriction on the quaternionic manifold to become
Kähler [84, 85].

Another effect of the gauging is that the gravitini are charged. Their gauge coupling
and charge can be read off from the covariant derivative

DµΨν A = · · ·+ i

2A
Λ
µP0

ΛΨν A + i

2A
Λ
µPxΛ(σx)ABΨν B, (4.24)

once the vector fields have been canonically normalized. For simplicity, we restrict only
to a U(1)R gauging by means of the hypermultiplet prepotentials, thus we set P0

Λ = 0.
Without loss of generality, we can rotate the SU(2) frame such that

PxΛ = eΛδ
1x, (4.25)

where eΛ can depend on the scalars qu. The vector field responsible for the gauging is then
given by the combination

Ãµ = ΘΛA
Λ
µ , ΘΛ ≡

eΛ
2q3/2

, (4.26)
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where ±q3/2 is the charge of the gravitini, which we assume to be non-vanishing (and
quantized). To correctly identify the gauge coupling we have to canonically normalise the
vector fields. To this purpose, we introduce the projectors [34]

P ‖
Λ

Σ = (ImN−1)ΛΓΘΓΘΣ
Θ2 , P⊥

Λ
Σ = δΛ

Σ − P ‖
Λ

Σ, (4.27)

where Θ2 ≡ ΘΛ(ImN−1)ΛΣΘΣ, and we split the vector fields as

AΛ
µ = A⊥Λ

µ + (ImN−1)ΛΣΘΣ
Θ2 Ãµ, A⊥Λ

µ ≡ P⊥Λ
ΣA

Σ
µ . (4.28)

Substituting this expression into the kinetic term, we get then

1
4(ImN )ΛΣF

Λ
µνF

Σµν = 1
4(ImN )ΛΣF

Λ
µν(A⊥)FΣµν(A⊥) + 1

4
1

Θ2Fµν(Ã)Fµν(Ã), (4.29)

from which we identify the gauge coupling of the gravitini

g3/2 =
√
−Θ2 =

√
−ΘΛ(ImN−1)ΛΣΘΣ . (4.30)

In the case in which the abelian gauging is performed with the special Kähler prepotential,
one obtains again an expression analogous to (4.30), with eΛ replaced by P0

Λ. For non-
constant prepotentials PxΛ, the projector ΘΛ is a function of the quaternionic scalars ΘΛ =
ΘΛ(q), while the matrix NΛΣ depends on the vector multiplets scalars

− (ImN−1)ΛΣ = 2fΛ
i g

īfΣ
̄ + 2L̄ΛLΣ = 2eK

(
DiX

ΛgīD̄X̄
Σ + X̄ΛXΣ

)
. (4.31)

Thus, we see that the gauge coupling of the gravitini has the general form

g3/2 = e
K
2 F(z, q), F(z, q) =

√
2ΘΛ

(
DiXΛgīD̄X̄Σ + X̄ΛXΣ

)
ΘΣ (4.32)

where F(z, q) is a model dependent function of the scalar fields z, q. Crucially, there is an
overall factor e

K
2 ∼ V−

α
2 , indicating that the limit g3/2 → 0 leads to decompactification

(assuming the function F(z, q) is well behaved) and thus the restoration of the U(1)R
global symmetry is obstructed. The relation g3/2 ∼ e

K
2 is also suggestive from an N = 1

perspective. Indeed, the part of the N = 1 scalar potential which is not generated by
a gauging has nevertheless an overall factor eK ∼ g2

3/2. Our analysis suggests that this
might be interpreted as a remnant of the gauging in a parent N = 2 theory. We hope to
investigate this aspect further in the future.

Finally, notice that the gravitino mass matrix (4.16) contains a factor e
K
2 . We can

replace it with the expression (4.32) to obtain a direct connection between SAB and g3/2.
The precise relation is in general model dependent, but we can look once more at specific
examples. In the simple case in which the U(1)R gauging is performed with the graviphoton
only, we have

− (ImN−1)00 = 2eK(KiK̄g
ī + 1) (4.33)
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and thus we get (normalizing Θ0 = 1/
√

2)

g3/2 = e
K
2

√
KiK̄gī + 1, SAB = i

2(σ1)ACεBC
q3/2 g3/2√
KiK̄gī + 1

. (4.34)

In no-scale models these formulae simplify further, since KiK̄g
ī = 3. We see that a

non-vanishing gravitino mass prevents us from taking the limit g3/2 → 0 and thus from
restoring a global symmetry (assuming charge quantization). This examples relates thus
explicitly the GMC to the absence of global symmetries in quantum gravity.

Recently, it was observed in [34] that de Sitter vacua in N = 2 supergravity with a
vanishing gravitino mass are in contradiction with the magnetic WGC and thus in the
swampland.7 In particular, restricting to the case with only vector multiplets, in [34]
a general proof is given for abelian gauging, while all known examples of non-abelian
gaugings are analysed and a new class is constructed. All of them are found to clash with
the magnetic WGC and to have detSAB = 0, which is proposed as a swampland criterion
for de Sitter vacua. In this respect, the GMC can thus provide a rationale behind this
a priori unexpected correlation between a vanishing gravitino mass, the WGC and the
conjectured absence of de Sitter vacua.

4.3 STU model

Since the previous discussion in N = 2 supergravity has been fairly general, it is illustrative
to understand how those features arise in an explicit construction. As an example, we
consider a simple model with nV = 3 vector multiplets and prepotential

F = X1X2X3

X0 . (4.35)

We choose the normal coordinates

zi = Xi

X0 , i = 1, 2, 3, with X0 ≡ 1. (4.36)

The Kähler potential is given by

K = − log(stu) , (4.37)

where s = −2Imz1, t = −2Imz2, u = −2Imz3. In the following we set the real parts of zi

to zero for convenience, Rezi ≡ 0. This is the so called STU model.8

We want to gauge a U(1)R ⊂ SU(2)R by means of the graviphoton. For definiteness,
we choose

PxΛ = q3/2δ
1xη0Λ, such that 2ΘΛ = η0Λ. (4.38)

7The same argument can be used to show that pure Fayet-Ilioupoulos terms in N = 1 supergravity are
in the swampland [87].

8A concrete N = 2 example of an STU model is heterotic string compactification on T 2 × K3. As
discussed in [88], the fields t and u correspond to the Kähler modulus and the complex structure modulus
of T 2, respectively, and s denotes the complexified heterotic dilaton. The U(1) gauge group, discussed
here, originates from one of the four U(1)’s, related to the compacification on T 2. Moreover, the torus
compactification leads to a tower of states, which is linked to the gravitino mass and to the U(1) gauge
coupling in the way we describe in our paper.
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With this choice, we have

e
K
2 = 1√

stu
, W = XΛPΛ = q3/2, DΛ = 0. (4.39)

One can easily check that this gauging gives rise to a no-scale scalar potential

V = 0, (4.40)

therefore the fields s, t, u are flat directions and we have an infinite family of (non-
supersymmetric) Minkowski vacua. The gauge kinetic matrix of the vectors reads

ImNΛΣ = −stu diag
(1

8 ,
1

2s2 ,
1

2t2 ,
1

2u2

)
, (4.41)

while gauge coupling of the gravitini is

g3/2 =
√
−Θ2 =

√
2
stu

(4.42)

and the gravitino mass matrix is given by

SAB = i

2(σ1)ACεBCe
K
2 W = i

2
q3/2√
stu

diag(1,−1) = i

2
√

2
q3/2g3/2diag(1,−1). (4.43)

Assuming the gravitino charge to be quantized, we see that the limit of vanishing gravitino
mass implies a vanishing gauge coupling:

m3/2 → 0 ⇔ g3/2 → 0. (4.44)

This is unacceptable from a swampland perspective, since it leads to the restoration of a
global symmetry. Thus, we conclude that in this model the GMC is a direct consequence
of the absence of global symmetries in quantum gravity. Alternatively, one can interpret
the same fact by means of the WGC, since (4.43) identifies the gravitino mass with the
gauge coupling, up to constant factors. Notice that the same feature appears also in the
N = 1 example analysed in section 3.2.3, see in particular eq. (3.17).

5 Gravitino and quantum gravity cut-off

We want now to use the GMC to extract information about the quantum gravity cut-off in
a given effective theory. This will be relevant for the discussion on the phenomenological
implications of the GMC. For convenience, in what follows we reinstate explicitly in all
formulae the reduced Planck mass MP , which has been set to unity so far.

Denoting with N the number of light particles (or species) in a given theory and
assuming the GMC to hold, in the limit of small gravitino mass, eq. (2.1), N will increase
leading to a reduction of the quantum gravity cut-off such as

ΛQG = MP√
N
. (5.1)
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This is in fact the so-called ‘species scale’ [44, 45], above which quantum gravitational
effects cannot be neglected and gravity becomes strongly coupled.

If we assume that the states of the tower are equally spaced (as it is the case for KK
or winding modes), below the cut-off their number will be

N = ΛQG
m

. (5.2)

In this work, we have argued that a generic simple scaling of the mass of the tower m
in terms of m3/2 is given by eq. (2.2). Once we reinstate MP explicitly, this relation reads

m ∼MP

(
m3/2
MP

)n
. (5.3)

Putting these last three equations together, we can derive

ΛQG 'MP

(
m3/2
MP

)n
3
, (5.4)

which sets how the quantum gravity cut-off depends on the mass of the gravitino. It is
also possible to write this mass in terms of the number of light species, such as

m3/2 '
MP

N
3

2n
, (5.5)

which is telling us that the mass of the gravitino is below the Planck scale any time a
number of light particles have mass below the cut-off. In (quasi-)Minkowski space, the last
equation is therefore suggesting that the scale of supersymmetry breaking should be below
the Planck scale. A detection of the gravitino would not just give us information about
the scale above which weakly coupled Einstein gravity breaks down, but also about the
number of light states, which could potentially produce observational effects in our EFT.

From the latter expressions, we notice that m3/2 will be always lower than the quantum
gravity cut-off ΛQG if n < 3. For n = 1, we have for example

m3/2 '
MP

N
3
2

=
Λ3
QG

M2
P

< ΛQG . (5.6)

The gravitino mass will be of the order of the cut-off just for n = 3. This means that
for n ≥ 3 we do not have any effective theory of supersymmetry breaking.9

In the case of a charged gravitino with gauge coupling g3/2, we have the bound

ΛQG < g3/2 MP , (5.7)

imposed by the magnetic WGC. Using the expression for the cut-off eq. (5.4), we can derive
the following relation between the mass and the gauge coupling

m3/2 < (g3/2)3/nMP < g3/2 MP . (5.8)

The last inequality is true if n < 3 (assuming g3/2 < 1) and it is precisely of the form
suggested by the electric WGC. It is intriguing to notice that the domain for which an ef-
fective theory of supersymmetry breaking is still consistent (as we explained after eq. (5.6))
assures validity of the WGC for the gravitino.

9Note that the work [17] claims that there is no EFT of supersymmetry breaking when n = 1. However,
this case corresponds to a tower mass scale m ∼ m3/2, which is generically lower than the cut-off ΛQG.
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6 Gravitino and (quasi-)de Sitter space

In this section, we will consider the phenomenological implications of the GMC in a back-
ground with a positive cosmological constant (CC). We will apply these results mainly
to the case of inflation (i.e. with a slowly varying CC), where we might appreciate the
phenomenological power of such statements. However, the results will hold more generally
and they could apply also to the case of dS vacua or quintessence.

The mass of the gravitino plays an important role also in a phase with a positive
potential. As discussed in section 3, in a N = 1 D = 4 EFT, it provides the negative con-
tribution to the scalar potential that adds to the positive SUSY breaking terms. However,
given this structure (see eq. (3.6)), the mass of the gravitino does not constrain the value
of the scalar potential itself.10 A higher SUSY breaking scale might compensate a bigger
gravitino mass in order to give the same result. Once we fix a value of the scalar potential,
m3/2 sets in fact the scale at which supersymmetry is broken.

A requirement for perturbative control of our EFT of de Sitter, with Hubble parameter
H, is that the cut-off satisfies

ΛQG > H . (6.1)

In the previous section, we have shown that a direct result of the GMC is that the quantum
gravity cut-off is set by the gravitino mass scale following eq. (5.4). This implies a bound
on the mass of the gravitino in terms of the Hubble parameter such as

m3/2 > M
n−3
n

P H
3
n . (6.2)

It is interesting to notice that, for n = 3, the explicit dependence from the reduced
Planck mass MP drops and we recover the relation m3/2 > H found in [89] and [38, 39].
However, the origin of the bound in this context is very different. It is related to a number
of light species of the UV theory which enter the effective theory and then decrease the
quantum gravity cut-off. When n = 3, as we have shown in the previous section, we have
no EFT of supersymmetry breaking as m3/2 ' ΛQG.

In the following sub-sections, we will provide a number of concrete phenomenological
applications in quasi-de Sitter background.

6.1 A lower bound on m3/2 from CMB

The inflationary paradigm provides a concrete setting to consider the implications of the
bounds presented above. According to this scenario, today Cosmic Microwave Background
(CMB) experiments are probing scales, which crossed the Hubble horizon around 60 e-
foldings before the end of inflation. The latest CMB measurements [93] have set a bound
on the separation between the Hubble inflationary energy and the Planck scale, namely

H < 2.5 · 10−5MP . (6.3)
10Constraints between m3/2 and the value of a positive scalar potential have been found in literature

when considering other mechanisms, such as destabilization of the volume modulus [89, 90] or catastrophic
gravitinos production [91, 92] (see also [38–40]).
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This is in fact directly related to the observational upper bound on tensor-to-scalar ratio
r . 0.06. In the slow-roll approximation, the relation between H and r is given by

H =

√
π2As r

2 MP ' 10−4√r MP , (6.4)

where As is the amplitude of scalar perturbations and all the quantities are meant as
calculated at the scales which exited the Hubble horizon around 60 e-foldings before the
end of inflation.

The bound eq. (6.2), provided by the GMC on the gravitino mass in terms of the
Hubble parameter, can be therefore recast in terms of the tensor-to-scalar ratio (calculated
at horizon exit) as

m3/2 >
(
10−12 r

3
2
) 1
n MP , (6.5)

where we remind that n gives the scaling of the mass m of the infinite tower in terms of
m3/2 as in eq. (5.3).

We can use this bound (6.5) in order to get information on the gravitino mass range
allowed by the GMC, if we will detect primordial gravitational waves. In this case, our
assumption is that the gravitino mass does not change much from the time of inflation up
to now (this typically happens, for example, if the uplifting mechanism to realize inflation
in string theory is of the form of what discussed in appendix A).

Next generation CMB experiments [35, 36] (such as CMB-S4 and the Simons Obser-
vatory) have a target of r = O(10−3). This means that, in the case of the strong GMC
(n = 1), any detection of B-modes in the next future would point at a lower bound for the
gravitino mass of the order

m3/2 & 102 GeV . (6.6)

One could also consider the highest inflationary energy today compatible with observa-
tions (i.e. the value that saturates the bound eq. (6.3)). The eventuality of such a detection
would of course correspond to a much stronger bound of the order

m3/2 & 102 TeV . (6.7)

In figure 1, we show the lower bound (6.5) for different values of n in logarithmic scale.
One can also appreciate the estimates extracted above, eq. (6.6) and eq. (6.7), being at the
intersection between the orange line (n = 1) and the vertical green and red lines.

6.2 An upper bound on the scalar field range in terms of m3/2

In a quasi-de Sitter phase sustained by the energy of a scalar potential one has typically a
field displacement ∆φ. Inflation provides a primary example of this situation. The SDC [2]
implies that while traversing such a distance, an infinite tower of states will have decreasing
masses and the quantum gravity cut-off will decrease as [94]

ΛQG = Λ0 e
−λ∆φ , (6.8)
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Figure 1. Log-log plot of the lower bounds on the gravitino mass (in GeV) in terms of the tensor-
to-scalar ratio measured at CMB scales, as given by eq. (6.5). The plot is given for n = {2/3, 1, 2, 3}
and the orange line corresponds to the predictions of the strong GMC. The red vertical line shows
the upper bound r . 0.06 set by Planck [93] while the green vertical area corresponds to the future
target r = O(10−3) of next-generation experiments [35, 36].

where Λ0 ≤ MP is the original naive cut-off of the EFT. This implies a universal upper
bound on the scalar field variation such as

∆φ < 1
λ

log MP

ΛQG
. (6.9)

If we now use the expression for the cut-off eq. (5.4), we obtain

∆φ < n

3λ log MP

m3/2
, (6.10)

which provides a model independent upper bound of the scalar field variation in terms of
the gravitino mass. We remind that n defines the power-dependence of the mass tower in
terms of m3/2 as given by eq. (5.3). Note that, to use the formula of the cut-off eq. (5.4)
in terms of m3/2, we are assuming that ∆φ is the distance along which the gravitino mass
decreases. We therefore identify implicitly the tower predicted by the GMC with the tower
of the SDC. If we set n ' λ ' 1,11 we notice that the bound eq. (6.10) would constrain
large scalar field variation (i.e. ∆φ > 1) just for very high values of the gravitino mass
quite close to the Planck scale, namely for m3/2 > 10−2MP .

6.3 Gravitino coupling constant and Hubble parameter

In a background with a positive cosmological constant, the work [15] has shown that there
exists a general lower bound on the mass of a charged particle. In the case of the gravitino,

11Lower bounds on the exponential rate λ have been proposed for example in [95, 96].
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this reads
m3/2 >

√
q3/2 g3/2 MPH . (6.11)

If we combine this with the first inequality of eq. (5.8) (which holds independently from the
specific background), we obtain a bound between the Hubble parameter and the gravitino
gauge coupling constant of the form

g5
3/2
q3/2

>
H

MP
. (6.12)

If we assume that g3/2 < 1, the latter represents a stronger bound than the one ob-
tained from the magnetic WGC and requiring perturbative control of our EFT, that is
H < ΛQG < g3/2 MP . Detection of B-modes in next-generation CMB experiments would
point at a bound g3/2 & 0.08.

7 Conclusions

The focus of this work has been the role of the gravitino, in the context of the swamp-
land program. We proposed a new swampland criterion, the Gravitino Mass Conjecture
(GMC), stating that the limit of vanishing gravitino mass leads to the breakdown of the
effective description. Our claim is supported by large classes of models arising from string
compactifications to four dimensions, with N = 1, 2 supersymmetry on a generic back-
ground. Note however that the GMC however does not forbid string vacua, which are
strictly supersymmetric and have a vanishing gravitino mass m3/2 = 0. The analogy with
the Higuchi bound [8] for the graviton (although this is valid just in de Sitter backgrounds)
seems natural: a massless graviton is certainly allowed but arbitrary small values of the
mass are not.

We discussed extensively the connection of the GMC to other existing swampland con-
jectures. In particular, we pointed out similarities and differences of the GMC with respect
to the Anti-de Sitter Distance Conjecture (ADC) [37]. In the case of supersymmetric AdS
vacua, where m2

3/2 and Λ can be simply identified as given by eq. (2.4), the two conjectures
are equivalent to each other. Furthermore, given the general supergravity lower bound
eq. (3.7) on the gravitino mass in terms of the value of the scalar potential, one has also
that, for AdS spaces, the GMC implies always the ADC: the limit of small gravitino mass
necessarily implies a small value of the potential. More generally, this implication (i.e.
m3/2 → 0 implies |V | → 0) can be extended also to positive potentials when the gravitino
mass goes to zero in the limit of large internal volume, that is when eK goes to zero. In
fact, the factor eK appears overall both in the definition of the gravitino mass eq. (3.5)
and in the expression of the scalar potential. However, the opposite (i.e. |V | → 0 implies
m3/2 → 0) is in general not true. One may keep a finite value of the gravitino mass while
going to the limit of vanishing potential via compensation of supersymmetry breaking F-
and/or D-terms. In this case, the ADC and the GMC would lead to different conclusions
concerning the tower behaviour and the associated phenomenology. This applies specifi-
cally to non-supersymmetric vacua, especially in cases for which m3/2 and the cosmological
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constant Λ are separated from each other. It is therefore an interesting question, if such
a decoupling between m3/2 and Λ is possible in microscopic string constructions, with a
single tower associated to the gravitino mass or possibly to two distinct towers. Instead, if
such a decoupling belongs to the swampland, this would mean that m3/2 and Λ are always
parametrically linked together. They may, for example, satisfy a power relation such as

m2
3/2 ∼ |Λ|

p (7.1)

in Planck units, which for p = 1 corresponds to saturating the lower bound eq. (3.7), at least
for AdS vacua. Therefore, in the case of a parametric link between m3/2 and Λ, the ADC
and GMC would be even more closely related (equivalent just in the case of p = 1). We
would like however to notice that, assuming for example m2

3/2 ∼ |Λ|, this would enforce also
a further fine-tuning of the supersymmetry breaking terms, which should follow a relation
such as VF + VD ∼ m2

3/2 ∼ |Λ|. Moreover, applying this relation to the case of the current
cosmic acceleration with Λ ∼ 10−120 MP , we obtain that the mass of the gravitino should
be m3/2 ∼ 10−33 eV and a consequent supersymmetry breaking scale MSUSY ∼ 10−15 TeV,
which seems in contradiction with current observations. Perhaps, if one would like to stick
to this link as given by eq. (7.1), one may use current observational bounds on the scale
up to which we have not observed SUSY and get a constraint on the power p.

In the framework of N = 2 supergravity, we identified the existence of a relation
between the gravitino mass and the abelian gauge coupling, allowing us to interpret the
GMC in view of the absence of global symmetries in quantum gravity.

After inspecting the quantum gravity cut-off predicted by the GMC, we discussed
also phenomenological implications of our conjecture on backgrounds with positive energy.
Specifically, we showed that the GMC predicts a universal lower bound eq. (6.2) for the
mass of the gravitino in terms of the Hubble parameter, under which the EFT breaks
down. By employing this, we can show that any detection of primordial gravitational by
next generation CMB experiments [35, 36] would suggest a lowest possible value of around
10GeV for the mass of the gravitino.

Our work can be extended in various directions and we would like to sketch some of
them below. The proposed GMC is a statement on the obstruction in taking the limit
of a vanishing mass. In this respect, as we already highlighted, it has some similarities
with the Higuchi bound on the mass of particles of integer higher spin [8]. It would
be interesting to understand if it is possible to re-derive such a bound exclusively from
swampland considerations.

Another possible development would be to investigate further the relation between the
gravitino mass and gauge coupling derived in N = 2 supergravity and understand under
which conditions such a relation survives in models with minimal supersymmetry. This
could shed light on the origin of the N = 1 scalar potential from higher supersymmetric
models. At the same time, one could also try to understand if swampland ideas are strong
enough to fix its functional form.

Note added. Two days after the present work appeared on arXiv, the paper [97] was
posted too, proposing the same conjecture on the gravitino mass. The two works have
therefore some overlap but also complementary discussions.
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A Position of the de Sitter vacuum after uplifting

In this appendix, we provide a simple derivation of the fact that the position V1 of the
de Sitter minimum will be almost unchanged with respect to the position V0 of the anti-
de Sitter vacuum, if the uplifting contribution scales as a negative power of the internal
volume, that is Vup = c/Vp (with c and p positive). We want to show that δV = V1−V0 � 1.

We consider an expansion of the potential VAdS around its minimum, prior to the uplift:

VAdS(V) = VAdS(V0) + b(V − V0)2 , (A.1)

where the first term gives the depth of anti-de Sitter vacuum and b = 1/2V ′′AdS(V0) > 0,
with the prime indicating derivative with respect to the volume. The minimum of the full
potential VdS = VAdS + Vup is such that

V ′dS|V=V1 = (V ′AdS + V ′up)|V=V1 = 0 . (A.2)

After including the expansion (A.1) and the explicit form of Vup, we have[
b(V − V0)2 + c

Vp
]′ ∣∣
V=V1

= 0 , (A.3)

which gives
δV = V1 − V0 = cp

2b
1
Vp+1

1
. (A.4)

At large volume we have δV � 1 and the shift of the minimum after uplifting is thus
negligible.

B Rewriting the N = 2 scalar potential

In this appendix, we give some details on how to rewrite the scalar potential of N = 2
supergravity in N = 1 languange. We concentrate on each term in (4.12) separately.

Let us start from V1. This term depends entirely on the vector multiplets. Using the
special geometry relation

(∂iP0
Λ)LΛ = −P0

Λf
Λ
i , (B.1)

which can be derived from P0
ΛL

Λ = 0, we have

V1 = gīk
i
Λk

̄
ΣL̄

ΛLΣ = gī∂iP0
Λ∂̄P0

ΣL̄
ΛLΣ = UΣΛP0

ΛP0
Σ = −1

2(ImN−1)ΛΣP0
ΛP0

Σ . (B.2)

– 24 –



J
H
E
P
0
6
(
2
0
2
1
)
0
7
1

Notice that the minus sign is consistent with the fact that the matrix ImNΛΣ is negative
definite.

Next we consider V2. This term is more involved since it contains the metric huv and
thus information about the quaternionic nature of the manifold. By using that

PxΛPxΣ = 1
2
(
PΛP̄Σ + PΣP̄Λ

)
+ P3

ΛP3
Σ, (B.3)

where PΛ = P1
Λ − iP2

Λ, we have

huvk
u
Λk

v
ΣL̄

ΛLΣ = 1
12h

uv∇uPxΛ∇vPxΣL̄ΛLΣ

= 1
12h

uvL̄ΛLΣ
[
∇uP̄(Λ∇|v|PΣ) +∇uP3

Λ∇vP3
Σ

]
= 1

12h
uvL̄ΛLΣ

[
∇uP̄Λ∇vPΣ −∇uP̄[Λ∇|v|PΣ] +∇uP3

Λ∇vP3
Σ

]
.

(B.4)

Then, one uses
huv∇uP[Λ∇|v|P̄Σ] = 4P[ΛP̄Σ] + 4ifΓ

ΛΣP3
Γ, (B.5)

which can be derived from the quaternionic equivariance condition, together with the spe-
cial geometry relation

L̄ΛLΣfΓ
ΛΣ = L̄ΛkiΛf

Γ
i = i

2(ImN−1)ΓΛP0
Λ , (B.6)

to get
huvk

u
Λk

v
ΣL̄

ΛLΣ = 1
12h

uvL̄ΛLΣ(∇vP̄Λ∇bPΣ +∇uP3
Λ∇vP3

Σ)

− 1
3 L̄

ΛLΣP[ΛP̄Σ] −
1
6(ImN−1)ΛΣP3

ΛP0
Σ.

(B.7)

We notice that the second line contains mixed terms P[ΛP̄Σ] and P3
ΛP0

Σ. The latter are
needed to reconstruct the mixed product in VD, equation (4.23), but the coefficient is not
the correct one. However, if we write

V2 = 4huvkuΛkvΣL̄ΛLΣ = (6− 2)huvkuΛkvΣL̄ΛLΣ (B.8)

and we substitute (B.7) only in the first factor, namely the one with coefficient 6, the
term P3

ΛP0
Σ thus generated will have the correct coefficient to provide the mixed product

in VD, while the term P[ΛP̄Σ] will cancel precisely against an analogous one coming from
V3. Therefore, we recast V2 into the form
V2 = −2huvkuΛkvΣ

+
[1

2h
uvL̄ΛLΣ(∇vP̄Λ∇bPΣ +∇uP3

Λ∇vP3
Σ)− 2L̄ΛLΣP[ΛP̄Σ] − (ImN−1)ΛΣP3

ΛP0
Σ

]
.

(B.9)
Finally we look at V3, for which we have

V3 = (UΛΣ − 3L̄ΛLΣ)PxΛPxΣ = (UΛΣ − 3L̄ΛLΣ)
(
P(ΛP̄Σ) + P3

ΛP3
Σ

)
= UΛΣPΛP̄Σ − 3L̄ΛLΣP̄ΛPΣ + (UΛΣ − 3L̄ΛLΣ)P3

ΛP3
Σ + 2L̄ΛLΣP̄[ΛPΣ]

= gīDiWD̄W̄ − 3WW̄ + 2L̄ΛLΣP̄[ΛPΣ] −
1
2(ImN−1)ΛΣP3

ΛP3
Σ − 4L̄ΛLΣP3

ΛP3
Σ.

(B.10)
By adding up (B.2), (B.9) and (B.10), one obtains (4.19).
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