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Task:
moduli stabilisation scheme behind axion monodromy inflation

see also [Hebecker, Mangat, Rompineve, Witkowski]

o type IIB: fluxes stabilise complex structure moduli and axio-dilaton

W = [QA(SH+ F3)

@ Kahler moduli are stabilised by corrections

e.g. non-perturbative corrections to superpotential W ~ =27

@ stabilise all saxions, while unstabilised axions are allowed

@ axionic inflaton is the lightest state
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moduli stabilisation

Procedure: [Blumenhagen, DH, Plauschinn]

1. stabilise complex structure moduli and the axio-dilaton except the

axionic inflaton

2. turn on small fluxes to stabilise the inflaton

tune moduli masses bigger than axion mass

W =X |/Vmod + Wax

with A >>1

axion mass not tunable to be smalll

3. stabilise Kahler moduli s.t. M+ > M,
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K&hler moduli stabilisation via gs-, o'~ and non-perturbative corrections

= MT < Mrest

tree level Kahler moduli stabilisation

W= — ( fx XN — ?‘ F)\) f RR-flux
+iS (hy X — B Fy) h H-flux
—iG(ha X = P Fy) f geometric flux
+iTa (XY — 3Fy) g non-geometric Q-flux

[Shelton, Taylor, Wecht], [Grana, Louis, Waldram]

non-geometric fluxes stabilise h_IF1 moduli
geometric fluxes stabilise A1 moduli

[Aldazabal, Camara, Font, Ibanez], [Micu, Palti, Tasinato]
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example
Kahler sector of the swiss cheese CY P11 16,0[18] with !t = p11 =0 and

h}rl = 2 with Kahler potential
K=—log(S+S)— 2Iog<(T1 +T1)32 —(T> —1—72)3/2) .

and superpotential
W=if+ihS+igqTi+igTs,

gives three extrema, of which one is a true minimum:

solution (s,71,72,0) susy | tachyons | A
! (_Z’ih’ T2 <3§fqg) T2 (ngi%q;) ,0) | yes 2 AdS
? @ sy s O | o | 2 | Ads
3| Chsaty s [ o |1 | AdS
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properties of the minimum:

@ non-susy AdS
@ two axionic combinations unstabilized

o fluxes can be chosen such that
s is in the perturbative regime
Kahler moduli in the large volume regime
complex structure moduli in the large complex structure regime
2
: 2 _  h(@+a) My
© masses scale like M7 ;= Hi— 5 g

hierarchy between masses but without parametrical control

one tachyonic modulus

if stabilised axion lightest state and mass gap large enough

= inflaton candidate
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flux scaling vacua

@ all terms in the superpotential have the same scaling

W=if+ihS+iqT =i(f + nlh% + ngqi)
hence only a subset of the available fluxes is allowed to be turned on

@ Mass hierarchy between inflaton and other moduli through
W = X Whoa + Wax

possible in some cases, in other cases backreaction not negligible

@ Bianchi identities, D3 and Dy tadpole and Freed-Witten conditions
have to be considered
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Problems

@ we investigated either the Kahler or the complex structure sector of

real Calabi Yau manifolds

dilute flux limit — Ralph Blumenhagen's talk

hierarchy of masses should be fulfilled

Mp) > Mg > Mgk > Myoq > Hinge > Mg hard to achieve

minima AdS — uplift

massless saxions for A1l > 0

tachyons for h°* > 1 and h}rl >1

— uplift for hf >1
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cosmological constant uplift

Minima AdS — uplift to dS necessary, e.g. add a term of the form

€

Vup:W.

e.g simple example with axio-dilaton and one Kahler modulus V ~ 5 the
minimum gets shifted as

25hq® ¢ <5q>5 2
Vo =— ~— +— | —= +O€ .
°7 21672 16 \ 6f )

@ uplifted minimum is destabilised for 5 > 1/4
o therefore an uplift with D3-branes does not work

@ more complicated scenarios, with e.g. matter field contributions
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Tachyon Uplift

D-term of a stack of D7 branes

M3
V, Pl ¢2
P~ DRe(f )g
with
¢ the Fl-term of U(1) carried by brane
and

f gauge kinetic function

_I_
apply Freed-Witten anomaly cancellation conditions
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tachyon uplift - swiss cheese

k(eyma+ayn)

2
(mym1+ ma) (7’13/2 — 73/2)

Vp =

It turns out that V3 = 0 = minimum not changed. Only adds a positive

term to the tachyonic Kahler moduli mass:

2 5h(q3 + 43) 125 k (g3 + 3)°

me,. = = = )
" 362 32413q1q2(m @} + mq3)
Mechanism does not work for complex structure moduli tachyons

= flux scaling vacua work mainly in the small h?! regime
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Soft SuSy Scale

The gravitino mass is given by
M% = el ’WO‘zv
2
and the gaugino masses are

1 .
M, = 5(Reig,)—lF'a,-f_,,

with

@ masses of order ~ M,,q = quite high

e F' =0 accidentally possible = vevs through e.g. o/ corrections
intermediate susy scale
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Conclusions

@ we considered moduli stabilisation with geometric and non-geometric

Q- and P-fluxes on type IIB CYs
@ very nice flux scaling vacua
@ also the mass hierarchies and soft breaking masses are discussed
@ good candidates for inflaton
Outlook
@ uplift mechanisms needs to be clarified

@ dS vacua analytically?
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