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Cosmo & Swamp

Gary Shiu


(Discussion with Fernando Quevedo)

“Swamp Stirrers”



Pendulum Swung too Far?

Are there  de Sitter vacua? 

or none?

10500

Inflation in string theory?

Detectable level of gravitational 
waves generated by inflation?



de Sitter on trial?



Are we too harsh on de Sitter?
• A commonly voiced opinion: “There isn’t a fully moduli stabilized (MS)SM constructed 

from string theory, why are we so critical about de Sitter vacua in string theory?”

• Need to establish a fair baseline for comparison.
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Are we too harsh on de Sitter?
• A commonly voiced opinion: “There isn’t a fully moduli stabilized (MS)SM constructed 

from string theory, why are we so critical about de Sitter vacua in string theory?”

• Need to establish a fair baseline for comparison.

George Box: "All models are wrong, but some are useful”.

Models here refer to statistical models, but this comment as 
I now argue also applies to string theory models.

We may set an agreeable threshold for saying “I think we have it”.

Microstate counting of black hole entropy was done for 5d SUSY 
BPS black holes [Strominger, Vafa, ’96], not black holes in our world. 
Yet most would agree that it passes the “we have it” threshold.
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Particle Physics Cosmology

Stabilize moduli

Non-Abelian gauge group , 
Chiral fermions,

Higgs mechanism

G

 ,  
Chiral matter fields of the SM, 

Absence of chiral exotics

G ⊃ SU(3) × SU(2) × U(1)Y

Masses and couplings (and phases)

Stabilize moduli

 in Λ > 0 D ≥ 4

Exponentially small Λ > 0

Λ ∼ 10−120 > 0

* If we keep going, the two lists would eventually converge since particle physics 
and cosmology are inseparable in a string vacuum. Think of this as a priority list.
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Abstract

We study the effects of adding RR, NS and metric fluxes on a T6/(Ω(−1)FLI3) Type IIA orien-

tifold. By using the effective flux-induced superpotential we obtain Minkowski or AdS vacua with

broken or unbroken supersymmetry. In the Minkowski case some combinations of real moduli

remain undetermined, whereas all can be stabilized in the AdS solutions. Many flux parameters

are available which are unconstrained by RR tadpole cancellation conditions allowing to locate

the minima at large volume and small dilaton. We also find that in AdS supersymmetric vacua

with metric fluxes, the overall flux contribution to RR tadpoles can vanish or have opposite

sign to that of D6-branes, allowing for new model-building possibilities. In particular, we con-

struct the first N=1 supersymmetric intersecting D6-brane models with MSSM-like spectrum

and with all closed string moduli stabilized. Some axion-like fields remain undetermined but

they are precisely required to give Stückelberg masses to (potentially anomalous) U(1) brane

fields. We show that the cancellation of the Freed-Witten anomaly guarantees that the axions

with flux-induced masses are orthogonal to those giving masses to the U(1)’s. Cancellation of

such anomalies also guarantees that the D6-branes in our N=1 supersymmetric AdS vacua are

calibrated so that they are forced to preserve one unbroken supersymmetry.

1On leave from Departamento de F́ısica, Facultad de Ciencias, Universidad Central de Venezuela, A.P.

20513, Caracas 1020-A, Venezuela.
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Moduli Stabilized MSSM-like vacua?
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MSSM vacua from Flux Compactifications

Fernando Marchesano and Gary Shiu
Department of Physics, 1150 University Avenue, University of Wisconsin, Madison, WI 53706

We construct the first D = 4 Minkowski string theory vacua of flux compactification which are
(i) chiral, (ii) free of NSNS and RR tadpoles, and (iii) N = 1 or N = 0 supersymmetric. In
the latter case SUSY is softly broken by the fluxes, with soft terms being generated in the gauge
and chiral sectors of the theory. In addition, the low energy spectrum of the theory is MSSM-like
with three generations of chiral matter, the dilaton/complex structure moduli are stabilized and the
supergravity background involves a warped metric.

PACS numbers: 11.25.Mj,11.25Wx

Moduli stabilization and supersymmetry breaking are
perhaps the two most pressing problems in string phe-
nomenology. Generic D = 4, N = 1 string vacua possess
a large number of moduli, which typically remain mass-
less unless supersymmetry is broken. Recently, there
have been some attempts to stabilize moduli in string
theory by considering compactifications with fluxes [1].
Interestingly, depending on how the gauge and chiral sec-
tors are embedded, these background fluxes can also in-
duce SUSY-breaking soft terms [2, 3]. While this is an
interesting scenario, there is no concrete global construc-
tion in which the full gauge and matter content of the
Standard Model is embedded in this framework. In fact,
previous attempts [4, 5] seem to suggest that there is
some incompatibility between chirality and N = 1 flux
compactifications.

The purpose of this letter is to present the first exam-
ples of chiral D = 4 flux vacua leading to a MSSM-like
spectrum. We construct both N = 1 and N = 0 models,
in the latter case SUSY being broken by the presence of
the flux. However, both Ramond-Ramond and Neveu-
Schwarz tadpoles cancel, so our examples are free of the
usual stabilization problems of non-supersymmetric mod-
els. Nevertheless, SUSY breaking is felt by the chiral and
gauge sectors of the theory, in such a way that soft terms
are induced in the effective theory.

The construction of the model is based on type IIB
string theory compactified on a T6/(Z2 × Z2) orbifold,
modded out by an orientifold action. When no RR and
NSNS fluxes are turned on, these models are related by
T-duality to [6, 7]. The Z2 × Z2 generators θ,ω act as
θ : (z1, z2, z3) "→ (−z1,−z2, z3) and ω : (z1, z2, z3) "→
(z1,−z2,−z3). The orientifold modding is given by ΩR,
where R : (z1, z2, z3) "→ (−z1,−z2,−z3) and Ω the usual
world-sheet parity. The model thus contains 64 O3-
planes and 4 O7i-planes, each of them localized at Z2

fixed points on the ith T2 and wrapping the other two.

The above closed string background generates a non-
trivial contribution to the Klein bottle string amplitude
and hence crosscap tadpoles, which can be canceled by
introducing an open string sector. This sector consists of
type IIB D(3 + 2n)-branes, filling up D = 4 Minkowski

space and wrapping 2n-cycles on the compact manifold.
The particular example we present below contains D3,
D7 and (anti)D9-branes. The latter two may contain a
non-trivial magnetic field strength F = dA in the internal
worldvolume components, as allowed by D = 4 Poincaré
invariance. This non-trivial gauge bundle usually re-
duces the rank of the gauge group and, upon Kaluza-
Klein reduction, leads to D = 4 chiral fermions. This
magnetic flux also induces D-brane charge of lower di-
mension, contributing to the corresponding tadpole. For
instance, a D9-brane with magnetic flux will usually have
also charges of D7, D5 and D3-brane.
The general framework for constructing magnetized D-

brane models in this specific setup was derived in [5],
whose notation and conventions we will follow. The topo-
logical information of a set of Na D-branes is encoded in
six integers (ni

a,m
i
a): m

i
a is the number of times that the

D-branes wrap the ith T2 and ni
a is the unit of magnetic

flux in that torus. The magnetic field of such D-branes
then satisfies

mi
a

2π

∫

T2

i

F i
a = ni

a. (1)

This notation also describes D7, D5 and D3 branes.
For instance, a D7-brane not wrapped on the first torus
is expressed as [(n1

a,m
1
a)] × [(n2

a,m
2
a)] × [(n3

a,m
3
a)] =

[(1, 0)] × [(n2
a,m

2
a)] × [(n3

a,m
3
a)], whereas a D3-brane as

[(1, 0)] × [(1, 0)] × [(1, 0)]. The chiral spectrum arising
from two sets of D-branes a and b is determined by the
’intersection product’:

Iab =
3
∏

i=1

(

ni
am

i
b −mi

an
i
b

)

. (2)

We also demand the D-brane content to be invariant
under the full orientifold symmetry group. In terms of
the Z2 × Z2 symmetry, this implies that D-branes fixed
under any of the elements of this group must carry in-
variant Chan-Paton factors, projecting the initial U(Na)
gauge group to U(Na/2). On the other hand, invariance
under ΩR implies that to each D-brane a with topologi-
cal numbers (ni

a,m
i
a) we must add its image under ΩR,
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Abstract:We construct N = 1 and N = 0 chiral four-dimensional vacua of flux compact-

ification in Type IIB string theory. These vacua have the common features that they are

free of tadpole instabilities (both NSNS and RR) even for models with N = 0 supersymme-

try. In addition, the dilaton/complex structure moduli are stabilised and the supergravity

background metric is warped. We present an example in which the low energy spectrum

contains the MSSM spectrum with three generations of chiral matter. In theN = 0 models,

the background fluxes which stabilise the moduli also induce soft supersymmetry break-

ing terms in the gauge and chiral sectors of the theory, while satisfying the equation of

motion. We also discuss some phenomenological features of these three generation MSSM

flux vacua. Our techniques apply to other closed string backgrounds as well and, in fact,

also allow to find new N = 1 D-brane models which were believed not to exist. Finally, we

discuss in detail the consistency conditions of these flux compactifications. Cancellation

of K-theory charges puts additional constraints on the consistency of the models, which

render some chiral D-brane models in the literature inconsistent.

Keywords: Superstring vacua, Compactification and String Models, D-branes.
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Abstract

We study the effects of adding RR, NS and metric fluxes on a T6/(Ω(−1)FLI3) Type IIA orien-

tifold. By using the effective flux-induced superpotential we obtain Minkowski or AdS vacua with

broken or unbroken supersymmetry. In the Minkowski case some combinations of real moduli

remain undetermined, whereas all can be stabilized in the AdS solutions. Many flux parameters

are available which are unconstrained by RR tadpole cancellation conditions allowing to locate

the minima at large volume and small dilaton. We also find that in AdS supersymmetric vacua

with metric fluxes, the overall flux contribution to RR tadpoles can vanish or have opposite

sign to that of D6-branes, allowing for new model-building possibilities. In particular, we con-

struct the first N=1 supersymmetric intersecting D6-brane models with MSSM-like spectrum

and with all closed string moduli stabilized. Some axion-like fields remain undetermined but

they are precisely required to give Stückelberg masses to (potentially anomalous) U(1) brane

fields. We show that the cancellation of the Freed-Witten anomaly guarantees that the axions

with flux-induced masses are orthogonal to those giving masses to the U(1)’s. Cancellation of

such anomalies also guarantees that the D6-branes in our N=1 supersymmetric AdS vacua are

calibrated so that they are forced to preserve one unbroken supersymmetry.

1On leave from Departamento de F́ısica, Facultad de Ciencias, Universidad Central de Venezuela, A.P.

20513, Caracas 1020-A, Venezuela.
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Departamento de F́ısica Teórica C-XI and Instituto de F́ısica Teórica C-XVI,
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We construct the first D = 4 Minkowski string theory vacua of flux compactification which are
(i) chiral, (ii) free of NSNS and RR tadpoles, and (iii) N = 1 or N = 0 supersymmetric. In
the latter case SUSY is softly broken by the fluxes, with soft terms being generated in the gauge
and chiral sectors of the theory. In addition, the low energy spectrum of the theory is MSSM-like
with three generations of chiral matter, the dilaton/complex structure moduli are stabilized and the
supergravity background involves a warped metric.
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Moduli stabilization and supersymmetry breaking are
perhaps the two most pressing problems in string phe-
nomenology. Generic D = 4, N = 1 string vacua possess
a large number of moduli, which typically remain mass-
less unless supersymmetry is broken. Recently, there
have been some attempts to stabilize moduli in string
theory by considering compactifications with fluxes [1].
Interestingly, depending on how the gauge and chiral sec-
tors are embedded, these background fluxes can also in-
duce SUSY-breaking soft terms [2, 3]. While this is an
interesting scenario, there is no concrete global construc-
tion in which the full gauge and matter content of the
Standard Model is embedded in this framework. In fact,
previous attempts [4, 5] seem to suggest that there is
some incompatibility between chirality and N = 1 flux
compactifications.

The purpose of this letter is to present the first exam-
ples of chiral D = 4 flux vacua leading to a MSSM-like
spectrum. We construct both N = 1 and N = 0 models,
in the latter case SUSY being broken by the presence of
the flux. However, both Ramond-Ramond and Neveu-
Schwarz tadpoles cancel, so our examples are free of the
usual stabilization problems of non-supersymmetric mod-
els. Nevertheless, SUSY breaking is felt by the chiral and
gauge sectors of the theory, in such a way that soft terms
are induced in the effective theory.

The construction of the model is based on type IIB
string theory compactified on a T6/(Z2 × Z2) orbifold,
modded out by an orientifold action. When no RR and
NSNS fluxes are turned on, these models are related by
T-duality to [6, 7]. The Z2 × Z2 generators θ,ω act as
θ : (z1, z2, z3) "→ (−z1,−z2, z3) and ω : (z1, z2, z3) "→
(z1,−z2,−z3). The orientifold modding is given by ΩR,
where R : (z1, z2, z3) "→ (−z1,−z2,−z3) and Ω the usual
world-sheet parity. The model thus contains 64 O3-
planes and 4 O7i-planes, each of them localized at Z2

fixed points on the ith T2 and wrapping the other two.

The above closed string background generates a non-
trivial contribution to the Klein bottle string amplitude
and hence crosscap tadpoles, which can be canceled by
introducing an open string sector. This sector consists of
type IIB D(3 + 2n)-branes, filling up D = 4 Minkowski

space and wrapping 2n-cycles on the compact manifold.
The particular example we present below contains D3,
D7 and (anti)D9-branes. The latter two may contain a
non-trivial magnetic field strength F = dA in the internal
worldvolume components, as allowed by D = 4 Poincaré
invariance. This non-trivial gauge bundle usually re-
duces the rank of the gauge group and, upon Kaluza-
Klein reduction, leads to D = 4 chiral fermions. This
magnetic flux also induces D-brane charge of lower di-
mension, contributing to the corresponding tadpole. For
instance, a D9-brane with magnetic flux will usually have
also charges of D7, D5 and D3-brane.
The general framework for constructing magnetized D-

brane models in this specific setup was derived in [5],
whose notation and conventions we will follow. The topo-
logical information of a set of Na D-branes is encoded in
six integers (ni

a,m
i
a): m

i
a is the number of times that the

D-branes wrap the ith T2 and ni
a is the unit of magnetic

flux in that torus. The magnetic field of such D-branes
then satisfies

mi
a

2π

∫

T2

i

F i
a = ni

a. (1)

This notation also describes D7, D5 and D3 branes.
For instance, a D7-brane not wrapped on the first torus
is expressed as [(n1

a,m
1
a)] × [(n2

a,m
2
a)] × [(n3

a,m
3
a)] =

[(1, 0)] × [(n2
a,m

2
a)] × [(n3

a,m
3
a)], whereas a D3-brane as

[(1, 0)] × [(1, 0)] × [(1, 0)]. The chiral spectrum arising
from two sets of D-branes a and b is determined by the
’intersection product’:

Iab =
3
∏

i=1

(

ni
am

i
b −mi

an
i
b

)

. (2)

We also demand the D-brane content to be invariant
under the full orientifold symmetry group. In terms of
the Z2 × Z2 symmetry, this implies that D-branes fixed
under any of the elements of this group must carry in-
variant Chan-Paton factors, projecting the initial U(Na)
gauge group to U(Na/2). On the other hand, invariance
under ΩR implies that to each D-brane a with topologi-
cal numbers (ni

a,m
i
a) we must add its image under ΩR,
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This is also the setup (DGKT) which gives infinitely 
many AdS vacua [DeWolfe, Giryavets, Kachru, Taylor]



Dine-Seiberg Problem

• No free-parameter in string theory, couplings = moduli vevs, e.g. 

• If different order terms compete to give a minimum, why aren’t higher order terms important?

• If # of vacua is finite (e.g. fluxes bounded by tadpoles), coupling is not parametrically weak. 
This applies to KKLT and LVS.

• DGKT [DeWolfe, Giryavets, Kachru, Taylor] gives infinitely many flux vacua, but parametrically weak 
coupling, large volume dS vacua still not possible [Junghans];[Banlaki, Chowdhury, Roupec, Wrase].

gs = e−ϕ

�

V (�)

V (�) ⇠ a e�� + . . .

V (�) V (�)

V(ϕ) = ae−ϕ − be−2ϕ + ce−3ϕ + …V(ϕ) = ae−ϕ − be−2ϕ + …
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Entropy Bound
• Exponential falloff was argued to be a universal behavior of  potential in any direction 

at parametrically large distances in field space (not just the dilaton) [Ooguri, Palti, GS, Vafa].

• In spacetime with , there is a horizon and an entropy bound [Bousso]. 

• At large field distances, tower of states dominate the entropy  

• Refined de Sitter conjecture: 

V > 0

V > 0

⇒ V(ϕ) ∼ e−cϕ

Swampland distance conjecture

  Slogan: “Transplanckian trips in field space not allowed”

  More precise

Adiabatic motion in moduli space over transplanckian (geodesic) 
distances leads to breakdown of effective field theory

[Ooguri, Vafa; Palti;...]

- Appearance of infinite tower of light modes

- Other disasters? - What if non-adiabatic?

Distance conjecture [Ooguri, Vafa]

mtower ∼ e−aϕ for ϕ → ∞

S ≤ R2 =
1
V
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1. Introduction

Recently, motivated by a number of string theoretical construc-
tions with controlled approximations, it was proposed in [1] that 
the potential for scalar fields in string theory satisfies the universal 
bound,

|∇ V | ≥ c
Mp

· V , (1)

for some constant c > 0 of order 1, where Mp is the Planck 
mass.1 Cosmological implications of this conjecture were studied 
in [2]. The bound is called the de Sitter conjecture as it excludes 
(meta-)stable de Sitter vacua in string theory. There have been a 
number of follow up papers [3–48].2 The main aim of this paper 
is to connect this conjecture to another better established swamp-
land condition, which is known as the distance conjecture [52]. 
We will show that, in any weak coupling regime of string the-
ory,3 a refined version of this conjecture follows from the distance 

* Corresponding author.
E-mail address: palti@mppmu.mpg.de (E. Palti).

1 The power of Mp in the conjecture depends on the dimensions. In this paper, 
for brevity, we write the formulas for the specific case of 4 dimensions.

2 For alternative perspectives on cosmology and microscopic aspects of de Sitter 
see [49], [50] and [51].

3 In this paper, weak coupling refers to any limit in any direction in the space 
of low energy scalar fields where a parametrically controlled approximation to a 
physical observable is possible, while the weak string coupling refers to the specific 
limit of the dilaton field.

conjecture, combined with Bousso’s covariant entropy bound [53]
applied to an accelerating universe.

The refined version of the de Sitter conjecture which we pro-
pose in this paper is stated as follows:

Refined de Sitter Conjecture. A potential V (φ) for scalar fields in 
a low energy effective theory of any consistent quantum gravity must 
satisfy either,

|∇V | ≥ c
Mp

· V , (2)

or

min
(
∇i∇ j V

)
≤ − c′

M2
p

· V , (3)

for some universal constants c, c′ > 0 of order 1, where the left-hand 
side of (3) is the minimum eigenvalue of the Hessian ∇i∇ j V in an or-
thonormal frame.

Note that the conjecture is trivial if V is non-positive because 
(2) is satisfied, or in the limit Mp → ∞, where gravity decouples. 
This refined version still excludes (meta-)stable de Sitter vacua.

In this paper we provide evidence for the refined conjecture 
only in parametrically controlled regimes of string theory, but it is 
natural to conjecture that it holds more generally. Possible refine-
ments of the original de Sitter conjecture have been considered in 
[4,3,6,15]. The refinement above is in essence the same as the pro-

https://doi.org/10.1016/j.physletb.2018.11.018
0370-2693/ 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
SCOAP3.
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Lifetime of de Sitter
• Whether the conjecture has any teeth observationally depends on the values of “order 1” 

constants  and whether we are in the asymptotic regime.

• Trans-Planckian Censorship Conjecture (TCC) [Bedroya, Vafa, ’19] posits that sub-Planckian 
fluctuations remain quantum. If true, this puts a bound on the lifetime of de Sitter: 

• Computed OTOC in de Sitter space & established that de Sitter space is a fast scrambler 
[Aalsma, GS, ’20]; the shortest time for a static observer to decode info from the horizon is:

• Does not show breakdown at . Formation of a singularity is unavoidable for a static 
observer (for JT gravity in dS):  [Aalsma, Sybesma, ’21].

c, c′￼

tscrambling
tscrambling ≪ t ≪ ttrap ≪ tPage ≡ SdS /H

tdS ≤
1
H

log
Mp

H

tscrambling ∼
1
H

log S ∼
2
H

log
Mp

H
Further discussions in [Aalsma, Cole,

 Morvan, van der Schaar, GS, ‘21]



“If it doesn't fit, you must acquit.” *
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Note that this is N1/4 times the result (14) for a single species, 
and γ = 1/4 and δ = 3/2 in the parametrization of (9). In the 
large N limit, SN can saturate the Bousso bound R2. Using (12), 
we find c = b. This, however, requires an extremely large number 
of species, N ∼ R2, with the minimum entropy assigned to each.

Since (16) is meant to be the lower bound on Stower(N, R), 
the exponents in (9) should be bounded as γ ≥ 1/4 and δ ≥ 3/2. 
Therefore,

2 − δ

γ
≤ 2. (17)

Since (11) relates N ∼ R
2−δ
γ , the number N species needed to sat-

urate the Bousso bound should scale slower than R2 in general.

6. Cosmological implications

While the de Sitter conjecture is not sensitive to the particular 
O(1) values of δ and γ , the phenomenology is. To give a brief 
overview of this dependence, we consider a tower which is evenly 
spaced, so the mass scale of the nth states is mn ∼ nm. For the 
cutoff scale #N , below which there are N states contributing to 
the entropy, we consider the range N− 1

2 < #N < 1. We therefore 
have states with a mass scale in the range

R
3(δ−2)

2γ < m < R
δ−2
γ . (18)

If our universe is in a weakly coupled regime, it would neces-
sarily imply that the dark sector involves a tower of light states 
(see [106] for similar scenarios). Since the Hubble scale of our cur-
rent universe is R ∼ 1060, taking the free particle values of δ = 3

2
and γ = 1

4 would give a phenomenologically unrealistic scenario. 
Thus, if the lower bound is saturated, our current universe would 
be in a strongly coupled regime. Taking different values, for exam-
ple δ = 7

4 and γ = 1, would give N ∼ 1015 and MeV < m < TeV. 
There would be time dependence for the mass of such a tower 
as the quintessence field evolves (see in particular a recent study 
of this [107]). The strong dependence of the cosmology and phe-
nomenology on the particular microstate counting scheme of the 
tower of states leads to a close interaction between microscopic 
physics and observations, and it would be interesting to develop it 
further.

7. Relation to weak gravity conjecture

While the analysis in this paper has been focused on the weakly 
coupled region, it is natural to speculate extension of the de Sitter 
conjecture to the entire parameter space of string theory. In this 
respect, it is interesting to point out a similarity between the de 
Sitter conjecture (1) and the scalar weak gravity conjecture pro-
posed in [60], which states that for each canonically normalized 
massless scalar field φ, there must exist a particle whose mass 
m(φ) satisfies |∂φm| > m.

The connection between the conjectures may arise by thinking 
about objects whose mass behaves like the scalar potential V (φ). 
For example, a space-filling three-brane would have a tension set 
by T = V (φ), and an analogous statement to the scalar weak grav-
ity conjecture to the tension would lead to an equation of the form 
|∇T | ! T , which is of the type expected for the de Sitter conjec-
ture. Furthermore, the second condition (3) could be interpreted in 
this context as the stability of objects predicted by the weak grav-
ity conjecture. We leave a more detailed study of such potential 
connections for future work.

8. Connection to Dine–Seiberg problem

In [70], Dine and Seiberg argued that no non-supersymmetric 
stable or metastable vacuum of string theory can be found at a 
parametrically weak string coupling point. Since no potential is 
generated when the string coupling constant g vanishes, if the 
potential is non-zero at small value of g , we can parametrize it 
as V = gn , where a positive power n depends on the first loop 
order with non-zero contributions to V . Since g is parametrized 
by the canonically normalized dilaton φ as g = e−φ , this give 
V (φ) ∼ e−nφ . Note that this satisfies the de Sitter conjecture 
|∇V | > c · V by taking 0 < c < n. It is possible that V vanishes 
to all orders in string perturbation theory, but that some non-
perturbative effect generates it. In such a case, we can estimate 
V ∼ gne−A/gk

and the de Sitter conjecture is again satisfied, where 
n is determined by the first loop order with non-trivial contri-
butions to V in the instanton background and k is an even or 
odd positive integer depending on whether the contribution comes 
from closed or open string instantons. The conclusion of [70] is 
that either our universe is rolling toward the weak string coupling, 
because the leading correction to V would have to suffice to give 
such a behavior at parametrically weak coupling, or it is stabilized 
at g ∼ O(1), which will be hard to establish or rule out. Our anal-
ysis has gone beyond their result in that, for the V > 0 case, we 
found a universal behavior of the potential in any long distance 
directions in the scalar field space.

With the relation discussed in this section in mind, it is im-
portant to make clear that our result is independent of the Dine–
Seiberg argument, for which by-pass mechanisms have been pro-
posed. We only rely on the assumptions that the distance con-
jecture holds and that we are in a sufficiently weakly-coupled 
regime that the light states dominate the Hilbert space. However, 
we would also like to emphasize that not having parametrically 
good control over couplings does not mean that no control is pos-
sible. Rather, we view our results as showing that establishing the 
validity or violation of the de Sitter conjecture will require careful 
studies of string theory vacua, quantifying corrections and sharp-
ening estimate of errors in our existing techniques and developing 
more powerful tools. Given the importance of the dark energy 
problem, effort into this direction is well justified.
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1. Introduction

Recently, motivated by a number of string theoretical construc-
tions with controlled approximations, it was proposed in [1] that 
the potential for scalar fields in string theory satisfies the universal 
bound,

|∇ V | ≥ c
Mp

· V , (1)

for some constant c > 0 of order 1, where Mp is the Planck 
mass.1 Cosmological implications of this conjecture were studied 
in [2]. The bound is called the de Sitter conjecture as it excludes 
(meta-)stable de Sitter vacua in string theory. There have been a 
number of follow up papers [3–48].2 The main aim of this paper 
is to connect this conjecture to another better established swamp-
land condition, which is known as the distance conjecture [52]. 
We will show that, in any weak coupling regime of string the-
ory,3 a refined version of this conjecture follows from the distance 

* Corresponding author.
E-mail address: palti@mppmu.mpg.de (E. Palti).

1 The power of Mp in the conjecture depends on the dimensions. In this paper, 
for brevity, we write the formulas for the specific case of 4 dimensions.

2 For alternative perspectives on cosmology and microscopic aspects of de Sitter 
see [49], [50] and [51].

3 In this paper, weak coupling refers to any limit in any direction in the space 
of low energy scalar fields where a parametrically controlled approximation to a 
physical observable is possible, while the weak string coupling refers to the specific 
limit of the dilaton field.

conjecture, combined with Bousso’s covariant entropy bound [53]
applied to an accelerating universe.

The refined version of the de Sitter conjecture which we pro-
pose in this paper is stated as follows:

Refined de Sitter Conjecture. A potential V (φ) for scalar fields in 
a low energy effective theory of any consistent quantum gravity must 
satisfy either,

|∇V | ≥ c
Mp

· V , (2)

or

min
(
∇i∇ j V

)
≤ − c′

M2
p

· V , (3)

for some universal constants c, c′ > 0 of order 1, where the left-hand 
side of (3) is the minimum eigenvalue of the Hessian ∇i∇ j V in an or-
thonormal frame.

Note that the conjecture is trivial if V is non-positive because 
(2) is satisfied, or in the limit Mp → ∞, where gravity decouples. 
This refined version still excludes (meta-)stable de Sitter vacua.

In this paper we provide evidence for the refined conjecture 
only in parametrically controlled regimes of string theory, but it is 
natural to conjecture that it holds more generally. Possible refine-
ments of the original de Sitter conjecture have been considered in 
[4,3,6,15]. The refinement above is in essence the same as the pro-

https://doi.org/10.1016/j.physletb.2018.11.018
0370-2693/ 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
SCOAP3.

Conclusions except below:



Small  Harmless≠
• Another commonly voiced opinion:

• First consider QFTs without gravity, e.g.,

• A negative ci —no matter how small — violates unitarity and causality.

• Gravity introduces subtleties (e.g. t-channel graviton exchange) [See Parra-Martínez’s talk]

• The gravitational positivity bounds may be only approximately positive [Hamada, Noumi, GS, ’18];
[Alberte, de Rham, Jaity, Tolley, ’20]; [Tokuda, Aoki, Hirano, ’20];[Caron-Huot, Mazac, Rastelli, Simmons-Duffin, ’21]. 

• Does not undermine the point that small  harmless.≠

ℒ = −
1
4

FμνFμν +
c1

Λ4
(FμνFμν)4 +

c2

Λ4
(FμνF̃μν)2 + … or ℒ =

1
2

∂μϕ∂μϕ +
c3

Λ4
(∂ϕ)4 + …

“If a construction is a small perturbation from one which is trustable

(e.g. small uplift), why should there be any problem?”



String Corrections

• Assuming small parameters mean control, we should make sure that all couplings are small 
and volumes (in both string and Einstein frames) are large.

• In attempted controlled constructions, one encountered order 1 string frame volumes [Denef, 
Douglas, Florea, Grassi, Kachru, ’05]; [Demirtas, Kim, McAllister, Moritz, Rios-Tascon, ‘21].

• Exact results are rare: exact in  and perturbatively exact in  Kahler potential for the 
vector multiplet in a specific  compactification [Garcia-Etxebarria, Hayashi, Savelli, GS ’12].

• Continuous efforts in computing perturbative  corrections to the Kahler potential for  
compactifications [Grimm, Savelli, Weissenbacher, ’13]; [Grimm, Keitel, Savelli, Weissenbacher, ’13]; [Junghans, GS, 
’14]; [Berg, Haack, Kang, Sjors, ’14];[Minasian, Pugh, Savelli, ’15]; [Ciupke, Louis, Westphal, ’15]; [Grimm, Mayer, 
Weissenbacher, ’17]; [Antoniadis, Chen, Leontaris, ’18]’ [Cicoli, Quevedo, Savelli, Schachner, Valandro, ’21]; [Klaewer, Lee, 
Weigand, Wiesner, ’21], …

• Need to sum over genuine  corrections to all orders (perturbative and non-perturbative) 
in  , not just those inherent from . 

gs α′￼

N = 2
α′￼ N = 1

N = 1
α′￼ N = 2
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You be the Judge!


