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Motivation

axionic shift symmetry of an inflaton protects from corrections
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axionic shift symmetry of an inflaton protects from corrections

string theory has many axionic moduli

% Ramond-Ramond p-forms
gauge symmetry - shift symmetry
* complex structure moduli

at special points in moduli space



axionic shift symmetry of an inflaton protects from corrections

string theory has many axionic moduli

% axion monodromy inflation
potential polynomial, generated by fluxes
% natural, aligned, .. inflation

potential periodic, generated by e.g. instantons



Moduli stabilisation
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moduli stabilisation leaves only one axion light
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How to stabilise moduli for aligned inflation?



Aligned inflation

[Kim, Nilles, Peloso]

- two axions with sub-Planckian axion decay constant

- two axionic linear combinations, one heavy, the other

aligned inflation potential

V(¢) = A* [1 — cos ( )}

Jers

with super-Planckian effective

axion decay constant



So what leads to a cos-potential?



The conifold

conifold condition e.g. quintic |Z| ~u =5 —1)=0

vicinity of the conifold | Z]| <« 1

[Giddings, Kachru, Polchinski]

backreaction of fluxes leads to a warped CY

ds® = eQA(y)nW dx" dx” + e_ZA(y)gW dy" dy”

strongly warped regime not so well controllable



The vicinity of the conifold

% negligible warping ..

6—4A(y) ~ | |

we get this e.g. by requiring Mgtring > Mz



The vicinity of the conifold

i single field inflation {j
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* exponential mass hierarchies

t — . =

origin: log-term in the periods

X'~ ZlogZ + ...

example quintic: consider axio-dilaton + c.s.
W=fFfX'4+ihSF —ih S X"

Dz;W =0 DsW =10



The vicinity of the conifold

i single field inflation Jj
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* exponential mass hierarchies

origin: log-term in the periods

X'~ ZlogZ + ...
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What about the volume moduli?



The conic LARGE volume scenario

we only considered the GVW part

7 ~ e Sth = P> e?5th

LARGE volume scenario natural candidate
to stabilise the volume in the controllable regime
near the conifold



The conic LARGE volume scenario

K = —2log (Tb% — TS% CRe(S)%)

assume superpotential

standard LVS with

large if N > 1, else fluxes can fix it



Shift symmetries of complex structure moduli



Shift symmetry of complex structure moduli

[Garcia-Extebarria, Grimm, Valenzuela]

Kalb-Ramond field and RR fields: shift symmetry from gauge symmetry
complex structure moduli shift symmetric at special points
large complex structure

Kes. = — lng(éRUz)

imaginary parts of c.s. moduli axionic

SU; = SU; +a



Shift symmetry of complex structure moduli

[Garcia-Extebarria, Grimm, Valenzuela]

Kalb-Ramond field and RR fields: shift symmetry from gauge symmetry
complex structure moduli shift symmetric at special points

conifold example IP11226[12] 7 — | 2‘627T7j9

1
K., = —log(%\ZF log |Z]? + C|Z]* + A+ RY + BRY?)

0 — 0 + const SY — &Y 4+ const

iIn general

higher orders 0 —0-+n
break



Realising inflation



Procedure for inflation

example Werr=J1+ U+ 35+ AW,

1. stabilise non-inflatonic moduli
configurations with minimum number of fluxes (simple)
leave inflatonic direction flat

2. turn on a small inflaton-dependent term
e.g. polynomial for axion monodromy inflation

here: exponential term from integrating out conic modulus



Aligned inflation example

W=/,+LU+/S+(0Z+53Z1ogZ ++ ...



Aligned inflation example

QU+ 583 fi(0Z+0Z1ogZ+7 +..)

one axionic direction not stabilised



Aligned inflation example

W=/,+LU+/S+(0Z+53Z1ogZ ++ ...

DS W =20 DU W =20 schematically.. some subtleties

1

integrate out Z VIZ|



Aligned inflation example

W=/,+LU+/S+(0Z+53Z1ogZ ++ ...

DS W =20 DU W =20 schematically.. some subtleties

L
V|Z

W:fl—l—f2U+f35—|—f1( 6_(f4s+f5U)—|—...)

integrate out Z Mz ~




Aligned inflation example

W=/,+LU+/S+(0Z+53Z1ogZ ++ ...

DS W =20 DU W =20 schematically.. some subtleties

L
V|Z

W=/+LU+/S+f(0el

integrate out Z Mz ~




Aligned inflation example

W=/,+LU+/S+(0Z+53Z1ogZ ++ ...

DS W =20 DU W =20 schematically.. some subtleties

1

integrate out Z Z VIZ|

W=/Ff+/LU~+[54 [

1

Mmod ™ V
J = —= SR ::W
7] 1 exponentlally light axionic mflaton 1
Mgy ~ — e e a—



Periods.. example IP11226[12]

1
remember K., = —log(z—\Z\2 log |Z]? 4+ C|Z]? + A+ RY + BRY?)
70

Fy=1, =2
Fo=ci+cY+cesZ+e,Yo+esYZ4csZ%+ ..
X =G 46 Y4324+ Y +6YZ+E2°+ ...
Xe=ri4+rY+r3Y 4+ Y Z+r, 2%+ ...

1

X1 = 2m,210gz+f1 + 7Y +i1 Z + ...

we want: terms e.g. linear in Z& Y and a Log term




Periods.. example IP11226[12]

1
remember K., = —log(z—\Z\2 log |Z]? 4+ C|Z]? + A+ RY + BRY?)
70

Fy=1, =2
Fo=ci+cY+cesZ+e,Yo+esYZ4csZ%+ ..
X =G 46 Y4324+ Y +6YZ+E2°+ ...
Xe=ri4+rY+r3Y 4+ Y Z+r, 2%+ ...

1

X1 = 2m,210gz+f1 + 7Y +i1 Z + ...

some non-trivial cancellations can lead to simpler potentials




Periods.. example IP11226[12]

1
remember K., = —log(z—\Z\2 log |Z]? 4+ C|Z]? + A+ RY + BRY?)
70

Fy=1, =2
Fo=ci+cY+cesZ+e,Yo+esYZ4csZ%+ ..
X =G 46 Y4324+ Y +6YZ+E2°+ ...
Xe=ri4+rY+r3Y 4+ Y Z+r, 2%+ ...

1

X1 = 2m,210gz+f1 + 7Y +i1 Z + ...

even if we could control a part, we cannot control ...




Periods.. example IP11226[12]

1
remember K., = —log(Q—\Z\2 log |Z]? + C|Z|* + A+ RY + BRY?)
70

by =1, =7

Fy=ci+coY +esZ+e,Y2+es Y Z 4 cq Z2 -
X =G+ Y+ 2+, Y?+6Y Z + ¢ Z2
X2 = oY 41 Y2+ i Y L+ ra 2240

X' = —o—=Zlog Z+ 1 +7Y +i1Z 4 ..

S

even if we could control a part, we cannot control ...




% region near the conifold

exponential mass hierarchies with negligible warping
% potential for aligned inflation

generated purely by the form of the periods

* exact form of the periods crucial



Aligned inflation
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* region near the conifold

exponential mass hierarchies with negligible warping
% potential for aligned inflation

generated purely by the form of the periods

% exact form of the periods crucial

THANK YOU!



