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Moduli stabilization into meta-stable de Sitter

see talks by Arthur, Irene, Miguel, Severin !

e ... stick with type IIB strings on Calabi-Yau orientifolds

* (i) 3-form fluxes fix the c.s. moduli & the axio-dilaton

— no-scale in the Kahler moduli [GKP "01]

e (ii) non-/perturbative corrections fix Kahler moduli

(K) F-term breaking [KKLT, LVS, .......... ]

Kahler stabilization (C) F-term breaking

e (iii) uplift to dS = — local c.s. minima

\ (A) add-on uplift

source (anti-D3, ...)




Goal ... search for uplifts of type (C)
* only step (i):

- fluxes freeze c.s. moduli & axio dilaton
- volume moduli remain flat - 4D supergravity is no-scale

K=K+Kq,=-2InV—In(—i(t — 7)) + Kes

K® = —logi(X'Fr — X' Fp)

Wi(z,7)= /Q NGz =g'nIl(z) , Gs =gy = (f—Th)y

B : . 2.1
H(Z)_<—F1(z)> Zi=aj+1s;, 5=1...hZ



Goal ... search for uplifts of type (C)
e only step (i):

- fluxes freeze c.s. moduli & axio dilaton
- volume moduli remain flat - 4D supergravity is no-scale

Vi =X (K'D;WD ;W — 3|W|?)

— efteftes Kng,;WDjV_V only F3 flux:
non-ISD = non-SUSY

~ 1
:erTT(Z,Z)f, with f:<m >
\/ el
VCS o -
T (a,s) ~ ee=(DIIDII + IIII)



Goal ... search for uplifts of type (C)

* |ook for F-term breaking minima in the c.s. moduli potential

flu CS .
VY~ VS L (V)20 = Uplift
originally proposed by: [Saltman & Silverstein *04]
found in continuous flux approx: [Gallego, MCD Marsh, Vercnocke & Wrase *17]

in the context of ‘winding’ c.s.
valleys from GV-controlled
non_Pertu rb. effects: [Carta, Mininno, Righi & AW ’21]

[Hebecker & Leonhardt *20]

and in explicit CY construction near
Large Complex Structure (LCS) point

of C.S moduli space° [Krippendorf & Schachner ’23]



idea: construet c.s. potential near infinite-distance

= Use Hodge theory to find near-
boundary expressions for the periods

monodromy of period
transformations at infinite
distance boundary

boundary



idea: construet c.s. potential near infinite-distance

= Use Hodge theory to find near-

. . [Grimm, Li & Valenzuela 2020]
boundary expressions for the periods

e convenient choice of coordinates

7' (complex) — a': axions, s’ saxions (real)

* approximate 11(z) via nilpotent orbit o II(9aZ)?Ign Schmid, 1986]
theorem

H(Z) ~ Hnll — eZNaO

N with N* =0 Additional geometric data

a—a+1 , .
Il(a, s) —— '(a,s) =: Tll(a, s) Corrections to the nilpotent

orbit approximation are

T :=e" _ _
ae ™ +ae "+ .



idea: construet c.s. potential near infinite-distance

= Use Hodge theory to find near-

. . [Grimm, Li & Valenzuela 2020]
boundary expressions for the periods

Vi = erTT(z, z)f

| i I
vl = e sl (a) Z(s) pla), with p(a) = e “Vf, f= <m€ )
—ej

* from now just one c.s. modulus Z



[Grimm, Li, Valenzuela, 2020]
[Grimm 2021; Grimm, Lanza
& Li, 2022]



idea: construet c.s. potential near infinite-distance

e penumbra: we can look for minima with V_. > 0

e and for non-periodic axion valleys with moduli backreaction

- CI [McAllister, Silverstein & AW 2008]
— aXion mono rom)’ o [Kaloper & Sorbo 2008]

& check if they get flat enough for inflation

Vnﬂ(S ) : boundary

early works:
[Dong, Horn, Silverstein & AW 201 1]
[Hebecker, Kraus & Witkowski 2014]

[Hebecker, Mangat, Rompineve
& Witkowski 2014]

Axion valley:
o0.V=0=s,(a)



asymptotic swampland constraints on dS

e de Sitter conjecture: IVV| | s B

, , _ = > c; with |VV|7:=G"*?0,VdzV, c;, ~ O(1)
[Obied, Ooguri, Spodyneiko & Vafa, 2018]
[Hebecker & Wrase, 2018] de Sitter coefficient

[Garg & Krishnan 2018]

* Strong de Sitter conjecture:  _IVVI - o 2
[Rudelius, 2018] v — -5

2 No de Sitter vacuum asymptotically in
. the moduli space — see [Grimm, Li, Valenzuela, 2020],
[Calderén-Infante, Ruiz, Valenzuela, 2022];
2 Slow-roll inflation asymptotically
forbidden, as

. — Y geoiesic }/72 > @(1)

0?2
(d - 12H? )




testing the dS conjecture in the penumbra

® The asymptotic scalar potential is
poil — K ot (a) Z(s) pla), with p(a) = e *Vf

How to detect allowed inflationary regions?

e Uplift de Sitter coefficient: e [ate de Sitter coefficient:

\/ 2KZ0, Vg yhux

CS 2

2Z flux flux
\/ZKCS az v a v }/| ate Vﬂux Vﬂux

min

cs  _
Uplift V/flux

Y

to fake full mod. stab. at V_. =~ 0

Axion valleys s (a)

= Possible inflationary paths: (Vlate)z

.. with enough flattening & ¢ ~ <1



Large Complex Structure (LCS) penumbra

[Green, Griffiths, Kerr, 2008], [Grimm, Lanza, van Vuren, 2022]
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Periods: oS =

1 6 5
V(a,s) ~ —3(A0a +Aa’s +
S

min

V®(a,s,(a)) — Ve

6

\ 2

1
mz

| 1
——m’nz’ + ez +¢

1mnz2+bz+L
2m )

o+ Ags®) A, =A,(fluxes: ey, e, my,my )

Large Complex Structure (LCS) penumbra

[Green, Griffiths, Kerr, 2008], [Grimm, Lanza, van Vuren, 2022]
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Tyurin boundary penumbra

[Green, Griffiths, Kerr, 2008], [Grimm, Lanza, van Vuren, 2022]
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Periods:

Hnil —

Tyurin —

Tyurin boundary penumbra

[Green, Griffiths, Kerr, 2008], [Grimm, SL, van Vuren, 2022]
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Machine Learning good axion valleys ...

[Lanza & AW 2024]

2 Models are specified by several geometric parameters and fluxes

2 Different parameters can lead to substantially different physics

Algorithmic searches and machine learning
to find parameter/field space regions hosting viable valleys




summary

systematic construction of flux potential for c.s. moduli inwards
from o distance boundaries — evidence for F-term SUSY
breaking uplift vacua in the penumbra of c.s. moduli space

possibly slow-roll flat curved axion-modulus valleys in the scalar
potential showing axion monodromy - inflation candidates

so far only | axion + | modulus — need to check general case

need to combine with full moduli stabilization — are viable dS
vacua possible ?

comparison with known explicit CY examples near LCS point ?
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Machine Learning good axion valleys ...

An example of algorithm
Input: scalar potential V(a, s; A, f)
Goal: find parameter space regions for which slow-roll inflation is not forbidden

1. Choose a set of field space points (a;, s5;);
2. Choose ranges for parameters 4 and fluxes f;

a= 10, s =25
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Machine Learning good axion valleys ...

An example of algorithm
Input: scalar potential V(a, s; A, f)
Goal: find parameter space regions for which slow-roll inflation is not forbidden

1. Choose a set of field space points (a;, ;)

2. Choose ranges for parameters 4 and fluxes f
3. For each field space point (a;, 5;)
3a. Compute  y,7.(dG), Sy Ay fy)  for all the parameters in the range

3b. If, for a given (4. £0), 7@y Sy Aay B@) < 1 assign the label ‘1", otherwise assign the label ‘0’
4. Machine-learn the regions for which y0,..(a.), 5); 4, £0)) < 1 (e.g. via k-nearest neighbour algorithm)
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Machine Learning good axion valleys ...

More in general, we can scan over the parameter space compute the valleys for each
choice of the parameters, and find the minimum of ;/1 te along these valleys:
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