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Many good courses
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Many BBQs and happy hours . . .
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Many BBQs and happy hours . . .
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Summer schools

TASI, Ann Arbor, 1984
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Fernando’s first string phenomenology paper
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Graduation, 1986

Austin, May 1986

11/37
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Dualities, 1990’s
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Dualities, 1990’s

S-duality Quartet, Madrid, December 2011
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On the family front, three lovely daughters

Geneva, September 1990
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The Second Millenium
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Bottom-up, LVS, string inflation, dS, . . .

In Cambridge, Elisa Quevedo
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Bottom-up, LVS, string inflation, dS, . . .

In Trieste
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CSRs

No continuous spin representations in perturbative string theory

Generic prediction !
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Introduction
fluxes: non-trivial backgrounds for field strengths

e.g. NS-NS:

∫
Π3

〈H〉 = h 6= 0 ; R-R:

∫
Π3

〈F〉 = f 6= 0 Π3 : internal 3-cycle

can be used to

B fix moduli, i.e. 〈Φ〉 , in the 4d effective theory

\

V Φ : massless scalar with flat potential

∃ in generic standard compactifications

B trigger supersymmetry breaking

B induce axion monodromy inflation

B . . .
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moduli Φ

typical: axiodilaton S , Kähler (size) T , complex structure (shape) U

in N=1, S ,T ,U ∈ chiral multiplets, Re Φ : saxion, Im Φ : axion

it is necessary to fix 〈Φ〉

to avoid fifth forces

gauge couplings determined by vevs,
1

g2
YM

∼ Re〈aS + bT + cU〉

first attempt to fix S (heterotic): W = h + ce−γS Dine, Rohm, Seiberg, Witten

more modern (IIB): W = Wflux(S ,U) + Wnp(T ) = Wflux + ce−γT

KKLT, Kachru, Kallosh,Linde,Trivedi ; Large Volume Scenario, Balasubramanian,Berglund,Conlon,Quevedo

in KKLT, LVS MT � MS,U
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Idea

combine moduli stabilization and axion monodromy inflation

in string scenario with

-

MΘ

inflaton mass

Hinf Mmod MKK Ms MPl

to obtain Mmod > MΘ , fix all S ,U,T , moduli at tree level

it can be done using non-geometric fluxes !
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Flux-scaling scenario
flux induced moduli potentials in 4d

S = 1
`8
s

∫
d10x

√
−G

{
e−2ϕ

[
R− H2

]
−
∑

n F
2
n + · · ·

}
∫

Π3

〈H〉 = h ⇒ V =
h2e2ϕ

R12
⇒ W =

{
h heterotic

hS orientifolds

superpotentials in N=1 type II orientifolds with NS-NS and R-R fluxes∫
Π3

〈H〉
∫

Π3

〈H〉
IIB ⇒ W (S ,U) ; IIA ⇒ W (S ,U,T )∫

Π3

〈F〉
∫

Π2m

〈F2m〉

to recover T -duality introduce non-geometric fluxes Shelton, Taylor, Wecht

H
T←→ F

T←→ Q
T←→ R

∗ N=1 VF from W and Kähler potential K : VF = eK
{
K I JDIWDJW − 3

∣∣W ∣∣2}
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Generalized superpotential I Aldazabal, Cámara, A.F., Ibáñez;
Graña, Louis, Waldram; Benmachiche, Grimm

IIB orientifolds on Calabi-Yau 3-fold M characterized by (J,Ω, h2,1
± , h1,1

± )

W generalizes

∫
M

(F− iSH) ∧ Ω Gukov, Vafa, Witten

W =

∫
M

(F +DΦc) ∧ Ω , Φc = iS − iTασ
α − iG aωa ; α = 1, · · · , h1,1

+

a = 1, · · · , h1,1
−

Ω = Xλαλ −Fλβλ , Fλ = ∂λF , F : prepotential ; λ = 0, · · · , h2,1
−

U i = −i X
i

X 0
; i = 1, · · · , h2,1

−

D = d − H ∧ −F ◦ −Q • −R x

 F ◦ : p-form → (p + 1)-form
Q • : p-form → (p − 1)-form
R x : p-form → (p − 3)-form

e.g. on 4-form: Dσα = −q̃λααλ + qλ
αβλ q̃, q : non-geometric fluxes

D2 = 0⇒ Bianchi identities, e.g. q̃λαqλ
β − qλ

αq̃λβ = 0
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Generalized superpotential II

W =

∫
M

[
F− i S H + i Tα

(
Q • σα

)
+ i G a (F ◦ ωa)

]
∧ Ω = W (S ,U,T ,G )

= −
(
fλX

λ − f̃λFλ
)

+ iS
(
hλX

λ − h̃λFλ
)

+ iTα
(
q α
λ Xλ − q̃λαFλ

)
+ iG a

(
fλaX

λ − f̃ λaFλ
)

Kähler potential Grimm, Louis

K = − log

(
−i
∫
M

Ω ∧ Ω

)
− log

(
S + S

)
− 2 logV

V =
1

6
e−3φ/2

∫
M

J ∧ J ∧ J

Flux induced R-R tadpoles

Nflux
D3 =

∫
M
H ∧ F ;

[
Nflux

D7

]α
= −

∫
M

(
Q • σα

)
∧ F ; also

[
Nflux

D5

]
a
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Criteria for moduli stabilization

B supersymmetric minima with unconstrained axions have tachyons Conlon

thus, search for non-supersymmetric minima with saxions stabilized

in perturbative regime (weak string coupling, large radius)

B only axions can remain massless

B values of 〈Φ〉 and Mmod are parametrically controlled by adjusting

fluxes

B mass of lightest massive axion (inflaton candidate) is parametrically

or numerically controlled

B require Mmod < MKK,Ms
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STU Example, h2,1
− = 1, h1,1

+ = 1

K = − log
(
S + S

)
− 3 log

(
T + T

)
− 3 log

(
U + U

)
W = −f− 3 f̃U2 − hU S − qUT

stable AdS non-supersymmetric minimum with flux scaling

axions: ImU = 0, hImS + qImT = 0

saxions: ReT = −15
f̃

q
v , ReS = −12

f̃

h
v , (ReU)2 = v 2 =

1

3
√

10

f

f̃

q < 0 , h < 0 , f > 0 , f̃ > 0 , f� f̃ ⇒ ReT ,ReS > 1

mass scales

M2
mod = µ

M2
Pl

4π · 27

h|q|3

f
3
2 f̃

1
2

, µ ≈
(

2.1, 0.37, 0.25 ; 1.3, 0.013, 0
)
, M3/2 ∼ Mmod

M2
s

M2
KK

= 62.5

(
h

q

)1
2

,
M2

mod

M2
KK

∼ hq

(
f̃

f

)1
2

, MPl
&
p
Ms

&
p
MKK

&
p
Mmod
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Some general results

B analyzed several models with non-supersymmetric flux-scaling extrema,

also including more T ’s and odd Kähler G ’s

B not always possible to have Mmod < MKK

B when h1,1 > 1 new tachyons appear but can be lifted by a

D-term potential due to magnetized D7-branes wrapping Σ4

VD =
M4

Pl

2Re(f )
ξ2 , ξ =

1

V

∫
Σ4

J ∧ c1(L) FI depends on Tα

Freed-Witten condition ⇒ ξ = 0 at the AdS supersymmetric minimum

ξ = 0 also at AdS non-supersymmetric extremum with same ratios of vevs

extremum is not shifted but negative mass of Kähler tachyon is uplifted
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Minkowski and de Sitter vacua I

via Q-fluxes only de Carlos, Guarino, Moreno; Blabäck, Danielsson, Dibitetto

in STU models need at least 2 non-geometric fluxes

W = −qT (U − U3) + iS(ε2 + 3iε1U + 3ε2U
2 + iε1U

3) so(3, 1)⊕2

−ξ3(ε1 − 3iε2U + 3ε1U
2 − iε2U

3)− qξ7(1− U2) de Carlos, Guarino, Moreno

ReT

q = −3, ε1 = 1, ξ3 = 1, ξ7 = 16

ε2 = 45 AdS

ε2 = 44 dS

no flux-scaling

lightest mode is saxion
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Minkowski and de Sitter vacua II

via anti D3-branes KKLT, KKLMMT

Vup =
A

V 4
3

, for D3 on warped throat

STU example: W = −ifU + ih0S − 3ihSU2 − iqT

without Vup, non-tachyonic susy AdS with flux scaling

ReT = −5
1
2 f

2q

(
h0

h

)1
2

, . . .

with Vup, new stable non-susy Minkowski with flux scaling

ReT =
f

3
1
4 q

(
h0

h

)1
2

, . . . ; A = AMink =
3

1
4

2
qh

(
h

h0

)1
2

taking A > AMink leads to dS, lightest mode is saxionic
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Minkowski and de Sitter vacua III

via D-terms from U(1)λ̂ multiplets, λ̂ = 1, · · · , h2,1
+ Robbins, Wrase

VD =
[
(Re f )−1

]λ̂σ̂
Dλ̂Dσ̂ , Dλ̂ = i∂IK δλ̂ΦI

flux dependence from δΦI = ξλ̂δλ̂ΦI , e.g. for h1,1
− = 0

Dλ̂ =
1

V
(
fλ̂α t

α − rλ̂ e
ϕV
)
, V = 1

6
καβγt

αtβtγ , Tα = 1
2
καβγt

βtγ + · · ·

geometric F-flux R-flux

Dλ̂ depends on S and T , gauge kinetic function f depends on U

toy ex. h2,1
+ = 1 : f = cU, W = i fU + i f̃U3 − ihS + iqT , VD =

f 2
1̂1

c URT2
R

(
3 + q

h
TR
SR

)2

V =VF + VD admits Mink. vacuum with massless axion → inflaton candidate Θ

Θ becomes massive at 2nd stage, W ′ = λW + ∆W λ� 1

MKK > Mmod > MΘ requires fractional fluxes

can arise from polynomial corrections to prepotential
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Summary and Final Comments

Using non-geometric fluxes, constructed non-susy non-tachyonic

models with all moduli, except some axions, stabilized in AdS.

Moduli vevs and masses can be controlled by flux scaling but there is

tension with Mmod < MKK.

Minkowski and dS flux-scaling vacua can be achieved via D3

or D-term uplift.

Natural set-up for F-term axion monodromy inflation.

10d origin of N = 1, 4d scalar potential with non-geometric fluxes
Blumenhagen, A.F., Plauschinn

? Dimensional reduction of double field theory on a Calabi-Yau 3-fold

with small fluxes gives scalar potential of N = 2, 4d gauged supergravity

of D’Auria, Ferrara, Trigiante.

? Upon orientifold projection, N = 2→ N = 1, V = VF + VD + Vtad

33/37



Happy 60th Birthday !

Best wishes for the future.
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Happy 60th Birthday !

Best wishes for the future.

Especially, . . .
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wish you success with the crusades
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wish you success with the crusades

F. Quevedo, PASCOS 2011
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Thanks !
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