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INTRODUCTORY WORDS
Cosmic acceleration came to stay:
slow roll inflation

V (φ)

Early Universe: Inflation
φi

Late Universe: Dark Energy

φf

ΛCDM Model

(~68% energy density content
made of Dark Energy)

Cosmological Constant, Λ>0, consistent with data

φ

• Crucial to make further progress in understanding
the origin of de Sitter (dS) vacua in string theory

• If

amount of dS vacua is huge, string theory
landscape may explain the tiny value of the CC
120
⇤
⇠
10
today
(if responsible for present day
acceleration!)

• In

any case important to understand dS vacua
in ST/SUGRA. Find systematic ways to generate
stable dS vacua

FLUX COMPACTIFICATIONS AND DE SITTER
Flux compactification in type IIB: N=1 sugra
[Giddings-Kachru-Polchiski, ’01]

1. Fluxes generate a potential for dilaton S and
complex structure moduli, Ui. Kähler moduli T remain
as flat direction

gauge

Nc

where ΛNc is the dynamical scale of the gauge theory,
and the coefficient A is determined by the energy scale
below which the the SQCD theory is valid (There are also
threshold corrections in general, these contribute subleading effects.) We see that this leads to an exponential
superpotential for ρ similar to the one above (but with a
fractional multiple of ρ in the exponent, since the gaugino condensate looks like a fractional instanton effect in
W ).
So effects 1) and 2) have rather similar consequences
for our analysis; we will simply assume that there is
an exponential superpotential for ρ at large volume. In
our companion paper [14], we investigate some interesting possibilities for cosmology if there are multiple nonAbelian gauge factors. Using the fourfolds in [27], it is
easy to construct examples (with h1,1 (X) = 2) which
could yield gauge groups of total rank up to ∼ 30. The
results of [39] suggest that much larger ranks should be
possible.
One important comment is in order before we proceed.
Besides corrections to the superpotential of the kind discussed above, there are also corrections to the Kähler
potential (see e.g. [40] for a calculation of some leading corrections). In our analysis we will ensure that the
volume modulus is stabilized at values which are parametrically large compared to the string scale. This makes
our neglect of Kähler corrections self consistent.
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The potential, V = eK Gρρ Dρ W Dρ W − 3|W |2 , at
the minimum is negative and equal to
VAdS = (−3eK W 2 )AdS = −

Flux compactification in type IIB: N=1 sugra
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6 σcr
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We see that we have stabilized the volume modulus while
preserving supersymmetry. It is important to note that
the AdS minimum is quite generic. Any corrections to
the Kähler potential will still result in a susy minimum
which solves (13).
A few comments are in order before we proceed. A
controlled calculation requires that σ $ 1, this ensures
that the supergravity approximation is valid and the α"
corrections to the Kähler potential are under control. It
also requires that a σ > 1 so that the contribution to
the superpotential from a single (fractional) instanton is
reliable. Generically, if the fluxes break supersymmetry,
W0 ∼ O(1), and these conditions will not be met. However it is reasonable to expect that by tuning fluxes one
can arrange so that W0 % 1. In these circumstances we
see from (13) that a σ > 1. Taking a < 1, one can then
ensure that σ $ 1, as required.
As an illustrative example we consider W0 = −10−4 ,
A = 1, a = 0.1. This results in a minimum at σcr ∼ 113.

[Giddings-Kachru-Polchiski, ’01]

1. Fluxes generate a potential for dilaton S and
complex structure moduli, Ui. Kähler moduli T remain
[Kachru-Kallosh-Linde-Trivedi, ‘03]
as flat direction
2. Add (mod. independent) nonperturbative terms to stabilise Kähler
moduli: only adS can be obtained
C.

VV

Supersymmetric AdS Vacua

0.5

Here, we show that the corrections to the superpotential considered above can stabilize the volume modulus,
leading to a susy preserving AdS minimum. We perform
an analysis of the vacuum structure just keeping the treelevel Kähler potential
K = −3 ln[−i(ρ − ρ)]

(11)

and a superpotential
W = W0 + Aeiaρ .
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W0 is a tree level contribution which arises from the
fluxes. The exponential term arises from either of the
two sources above, and the coefficient a can be determined accordingly. In keeping with the fact that the
complex structure moduli and the dilaton have received a
mass (5), we have set them equal to their VEVs and consider only the low-energy theory of the volume modulus.
To avoid the need to worry about additional open-string
moduli, we assume the tadpole condition (1) has been

FIG. 1: Potential (multiplied by 1015 ) for the case of exponential superpotential with W0 = −10−4 , A = 1, a = 0.1.
There is an AdS minimum.

Another possibility to get a minimum at large volume is to consider a situation where the fluxes preserve
susy, and the superpotential involves multiple exponential terms, i.e. “racetrack potentials” for the stabilization
of ρ [41]. Such a superpotential could arise from multiple
stacks of seven branes wrapping four cycles which cannot
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3. Uplift the minimum to a dS, positive
vacuum energy by adding an anti-Dbrane
Vtot = VAdS + Vuplif t

W0 is a tree level contribution which arises from the
fluxes. The exponential term arises from either of the
two sources above, and the coefficient a can be determined accordingly. In keeping with the fact that the
complex structure moduli and the dilaton have received a
mass (5), we have set them equal to their VEVs and consider only the low-energy theory of the volume modulus.
To avoid the need to worry about additional open-string
moduli, we assume the tadpole condition (1) has been
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dS vacua from flux compactifications triggered
lot of work on moduli stabilisation and stable dS
solutions in string theory/supergravity

dS vacua from flux compactifications triggered
lot of work on moduli stabilisation and stable dS
solutions in string theory/supergravity
In type IIA, D-term uplift, F-term uplift, large volume
scenario, heterotic (CY&orbifolds), M-theory . . .

dS vacua from flux compactifications triggered
lot of work on moduli stabilisation and stable dS
solutions in string theory/supergravity
In type IIA, D-term uplift, F-term uplift, large volume
scenario, heterotic (CY&orbifolds), M-theory . . .
In 4D N=1, via duality, non-geometric fluxes were
found and stable dS vacua have been found in
STU models with isotropic and non-isotropic fluxes.
[Shelton-Taylor-Wecht, ’05]
[de Carlos-Guarino-Moreno, ’09]
[Damian-Diaz-Loaiza-Sabido, ’13]
[Blåbäck-Danielsson-Dibitetto, ’13]

WIDENING THE DS LANDSCAPE
[Blåbäck-Roest-IZ, ’13]*

Consider IIB T /Z2 ⇥ Z2 orbifold compactification with
(isotropic) fluxes H3 , F3 (S, Ti = T, Ui = U )
6

In this case, the Kähler potential is
K=

log[ i(S + S̄)]

3 log[ i(T + T̄ )]

*[Simultaneously with Danielsson-Dibitetto, ’13 in IIA]

3 log[ i(U + Ū )]

We consider the tree-level flux superpotential plus a
moduli dependent non-perturbative term
W = P (ai , U )
P (fi , U ) = f0

SP (bi , U )

3f1 U + 3f2 U 2

f3 U 3

ai = RR flux , bi = NSNS flux
ãi , b̃i = “non

perturbative flux”

x = 2⇡/K , for gaugino condensation
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• duality covariance in non-geometric fluxes and
heterotic orbifolds*

HETEROTIC ORBIFOLDS
Heterotic T /ZN orbifolds fertile arena for (semi-)realistic
particle physics model building. Free CFT, can compute
LEEFT, N=1 sugra.
6

LEEFT inherits modular symmetry: W, K are modular
covariant. In particular (STU) moduli dependent nonperturbative terms can be computed:

W N P = A3 e

aS ↵

⌘ (Ti , Uj ) + A4 e

bS

⌘ (Ti , Uj )

[Parameswaran-Ramos-Sanchez-IZ, ’11]
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We found dS vacua with tachyons. Can we use Johan’s
et al. approach to include moduli dependent NP terms?
[Parameswaran-Ramos-Sanchez-IZ, ’11]
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• fluxed instanton effects

[Uranga, ’09]
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• fluxed instanton effects
• expansion in small U

[Uranga, ’09]
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We look for dS vacua in a single step stabilisation of
all moduli, avoiding SUSY adS stage, direct dS stable
vacua: all moduli contribute to SUSY breaking, lifting
the potential

V =e
Di W = @i W + @i K W

K

|DW |

2

3|W |

2

SEARCH FOR SOLUTIONS
We want to find stable dS solutions in an effective way
DI V = 0
V0 > 0
2 I
m J

K IJ DK DJ V
=
V

>0

to solve (numerically) this system we use various
techniques

THE ORIGIN
Any solution to the equations of motion can be
represented by a solution in the origin of moduli space:

[Dibitetto-Guarino-Roest,’11]

S=T =U =i

The solution can be move to any point using symmetries
of the potential, preserving the solution
The equations reduce to quadratic equations in the fluxes!
DI V =

X

(fluxes)2 (scalars)(mixed

For the non perturbative term, f (U, S)e
also take

x=1

powers)

ixT

at the origin we

SUSY Ansatz

[Danielsson-Dibitetto, ’12]

Equations of motion are implied by SUSY
DI W ⌘ AI + iBI = 0

)

DI V = 0

these SUSY parameters AI , BI are linear combinations of
fluxes. Split these into SUSY and SUSY combinations.
When written in terms of the SUSY parameters, the eom`s
take schematic form:
DI V =

X

2

(SUSY) +

X

(SUSY)(SUSY)

In other words, they become linear in the fluxes
(SUSY combi)

For this to work, one needs at least as many SUSY & SUSY
parameters (2N) as real fields (N=real fields):
➡ Specify the SUSY parameters
➡ Solve the N linear SUSY equations for N of the fluxes
➡ Solve the N linear eom wrt the other N fluxes
➡ Look for stable dS
With this approach, all fields take part in SUSY

We have 6 real fields STU: need 12 fluxes.

We have 6 real fields STU: need 12 fluxes.
The geometric fluxes in type IIB are 8 fluxes ai , bi in
P (fi , U ) = f0

3f1 U + 3f2 U

2

f3 U

3

We have 6 real fields STU: need 12 fluxes.
The geometric fluxes in type IIB are 8 fluxes ai , bi in
P (fi , U ) = f0

3f1 U + 3f2 U

2

f3 U

3

We add 4 more non-perturbative fluxes ãi
W = P (ai , U )

SP (bi , U ) + P (ãi , U ) eixT

GENETIC ALGORITHM
[Blåbäck-Danielsson-Dibitetto, ’13]
[Damian-Diaz-Loaiza-Sabido, ’13]

1. Select a population at random (vectors of SUSY)
I
V,
m
2. Calculate all desired quantities (
J . . .)

3. Mutate (perturb some parts of SUSY vectors)
4. Calculate properties for children
5. Select best solutions using fitness function
6. Repeat 3-6 until termination
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Constraints
Can get a reliable N=1 sugra solution

• Large Volume

V⇠r
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• Small string coupling gs
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1
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Rescaled Solution 5
{a0 , a1 , a2 , a3 , b0 , b1 , b2 , b3 , K} = { 1, 4, 1, 12, 4, 0, 1, 0, 67}
{ã0 , ã1 , ã2 , ã3 } ⇡ {0.180917, 0.0186322, 0.0494774, 0.0191168}

V0 ⇠ 1.3 ⇥ 10

7

mi ⇠ {70027.5, 29274.4, 6043.98, 338.867, 16.0712, 7.88339}

V ⇠ 50 ,

gs ⇠ 0.2

SUMMARY/OUTLOOK
• Extended the dS landscape in type IIB flux
compactifications
• One step (F-term) dS moduli stabilisation using
moduli dependence of non-perturbative terms.
• Our work has motivated recent work on analytic
method to construct abundant of dS vacua!
[Kallosh-Linde-Vernocke-Wrasse,’14]

• Of course need to extend to more realistic STiUi
case, compute NP term, relax of susy Ansatz, etc
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