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TheLarge Volume Scenario

· Consider type IB on CY orientifold with 03/0 planes
· Fy/Hy flux => C.S. moduli stabilized

=> Minkowski vacuum ("no-scale"(
·Mahlermoduli stabilization :

W = Wo ; k
= - 2(V

,
V = U(Ti

, Tz)

(ti = Re(Ti) = 4 - cycle volumes)

"S" : y = +32 - 532



Tb#
leadingorder : W = Woi K = - Zenz

=> v = e" (IDWR-31w() = o

oreil=> I



=> Is andU are stabilized in AdS at

Ts ~ 32% & v exp(ts)

=> Volume can be exponentially large by
a mild tuning of gs.

#plift : "old" anti-D3-idea :

Ef => Vup-exVgs
KS-throat

53 -> x



It is known that creating metastabledS vacua

in this way has issues · In particular :

Vads s 1
, Vup ~ ExtVIg23

Y -L

must be comparable

=> exp(k/g, M % - 25/3

↑ ↑
flux numbers defining US throat ;

at the same time : K.M = Nthroat ↑tadpole
(Ntadpole E 250 in known CX-orientifolds)



· Recent work has shown that there are serious

controlissues"
[ Junghaus 122

Gao(AH/Schreyer(Venken 22

AH/Schreyer /Venken'22

Schreyer/Venken 22 , Schreyer

=> "Parametric Tadpole Constraint"

=> Highereurvature corrections in throat

limiting gsM
?

Cenforcing large K. M)



#Nevertheless:

· let us assume some form of Uplift can
be realized

· Just as an example , the term-uplift may
be promising [Saltman/Silverstein'Oh

Gallego/Marsh/ VerenockalWrase"17
AHI Leonhardt '20

Krippendorf/Schachner 23I
· Also : "T-brane uplift" [Cicoli/Queredo/Valandro "15

,
I

-base our work on a stabilized, uplifted .

LVS



· Realizing Inflation is a serious additional challenge
· However

,
the LVS has agoodniff-in"starting point :

sflat directions" :

include more "big-cycle-type" Kahler moduli :
312312

V = Tp - Ts -> v = V(ti) - T3

↑
The LVS potential stabilizes only
= V & Ts .

The ratios Etij of
IS 11

of additional big cycles remain unfixed .



· This observation underlies many inflationary models

[oncon/Queredo 105 ; Bond/Kofman 1 ... 106

Cicoli/Burgess/Queredo 100
; Cicoli/Ciupkel- :1:I

· Simplest version :
BlowupInflation

Tb =G= corresponding
canonical field :

Inflatorof
.



V = T - T - Ts
3/2

-

(Ti)

·To large => flat potential
· [p small => stabilized non-perturbatively

,

just like Ts

V = Krs
,
up(, [s) + [Wetide

Un
- exponential flatnessI~ &
-



· It is well-known thatLoop corrections endanger
Blowup Inflation [Conton/Quevedo ; Cicoli)Burgess/Queredo]

· let us discuss this in detail :

Loopcorrections

· Can be viewed as 10d field theory loops on CY
Iron Gersdorff/AH 105 ]

· Can be calculated explicitly for torns orbifolds
· More discussion & [Berg/Haack(Kors'05]
comparative analysis :

[Berg/taack/Pajer : Sicoli/Conson/Queredo : Svenkent



· We want to work on a CY and hence need the

Feed: theoretic approach [recent comprehensive study :

Gao/AH/Schreyer/Venken '22]
· Classically , all geometric moduli acquire logarithmic
Kinetic terms in 4d :

23 (d)
· The loop-corrected form is them

2 - (1 + Mr/Mi)(85) =

UV cutoff
X ↑

coupling suppression

Simplied by 10d SUSY



· It follows that loop corrections to a modulus
Kinetic term enjoy a relative suppression by RO

CR = generic radius scale

· Now focus specifically on the blowup modulus [Q
(For simplicity , we ignore Is ,

-

- treating it as fixed

busk ------
⑨>

Ty - 0
-[ 17

CY
- -

d limit

..

-



· The specific blowup structure implies that ,
before Wege rescaling to the 4d Einstein frame,
#should be part of "sequestired sector" :

2nd
,
Brans-Dicke

> k(tp)(0+ (2↓
·AfterWeye rescaling :

Zud
,
E

> k(1/2 . (Otp12&

= lotp)/ or (from known

·Withloop corrections : Kahler potential)

ZudE> (1+) COTAR/ENV (Resale: YRO)



· This integrates to a Kahler potential correction

Gkm 1
-

Ed

(Consistent with what BHK/BHP call a
"winding mode correction.". But , crucially , we
claim it arises in any N = 1 situation

,
also

without local D7 branes.)
· More precise picture : e

.g. 03

~Imust avoid N=2 7cancellation (
Y
+q



Importantquestion : Can we avoideuch a correction

by insisting on a "local"

N = 2 situation ?

(i. e. no nearby O-planes)

#swer: No
,
since this would also forbid

the crucial ETH - term

(creating the minimum in which

we reheat

Comment: Even fluxes can not induce the -To

term in N=2 geometries due to U-scaling & holomorphicity



· Thus
,
we finally arrive at

Vint-Gera-Vegeta
scoop -C ... t 3

↑ ↑

Gao et al., Using BHK 4 d EFT logic

· Blowup inflation in trouble !

· Potential way out : Go to much largerTp.
Iwas mentioned but not analysed by Cicoli)Quevedo '11)



Illustrationof resulting potential

(Cloop chosen much too large for better visibility .)

Coop > 0 is a necessity !



·Fromnow on : Use canonical field/i
· Note : ·Owe is the largest allowed
-

value since it implies [
T

.
J.

·d-1 is the "small-o" regime ,-

where non-part effects create a minimum .

tentialrelevant for inflation :

I I
↓ with



· Deriving the inflationary parameters is straightforward:

d& =
--= j 2 L 4813

G
-Us-1 ~
p 8/3

j Ne-
↑

number of e-foldings
from of to drehect

As ~W
↓Non-trivial : Need b =** & V to match all data

& theory constraints.



Issues:
-

· slow-roll needs large V
· but large V makes As too small

· this can be counteracted by large Wo
,
but this

is limited by the Ntadpole = 250
.

radingWo for Ntadpole ,
one derives :

↑ ~ [AsNetCop/Ntadp.] 12 Un [NN/Asc
(for 01) factors see paper



-Basedon this
, explicit numerical solutions

Satisfyingall constraints are easily found :

I.g. ! Scoop zi Ntadp . ~50

22

=> 4 x = 0. 06 . Ne ~0. 2

V = 1700 . Ne ~104
(with New 50

=> (most critical parameter) Us = 1- = 0
.
975

JCMB-data = ns = 0
. 967 = 0. 004 at 10)



· at an approximate level , this is excellent :

Only a 25-deviation in the most critical parameter !

· However
,
let us explore more details :

- The prediction Us = 1- depends

#ly. on the functional form V-1- 3 .

- But this form may be compromised by
ferms of higher order intp/v43 :

=> v - e - 0 .[ + a + by
23
+-I



· Here we assumed analyticity in 2-cycle variables

(Is this justified ?(

· Thesignand size of the crucial coefficient "I"
are not known.

· Much more could be done here in principle,
but it involves further research in loop effects...



-Secondline of thought concerning a possible ,
~

more precise prediction of Us :

D asscime that our result Us = 1 - =
4Ne

holds who corrections

· Notethat A) We can be more precise about

Ne by studying reheating
B) The CMB result Us = 0

. 967

changes if dark radiation is

present (cf. A)



ifferentscenarios have to be distinguished
S

#M onD7s

· Inflaton-cycle wrapped by (other) DF's (I)
· Inflaton-cycle not wrapped by D7's (II)

Monfractional D3s

· Inflaton-cycle wrapped by DF's (I a)
· Inflaton-cycle not wrapped by DA's (b)



eyplayers in analysis :

· Dark radiation contribution AN
eff

from U-axion and (potentially) Esm-axion

· Ne = 57 + Yenr-ENp- EN,
1 1I I

e-foldings with early DM

domination by inflator &
or by volume modulus V.



#Non-trivialaspects of analysis :

· Determine decay rates between :

[ & its axion ; End its axion ; V& its axion

DE-gauginos (SM & hidden) ; SM-Higgses

· Determine who dominates energy density 3

for how long .

#elpfulin some scenarios :

Fast V-decay to SM-Higgs through loops
helps avoiding too much Dark Radiation

-> Cicoli/AH/Jaeckee/Wittner 22I



as an example ,
consider Scenario (a)

#MonD3s
; inflator - cycle wrapped by DF's

· inflaton decays quickly to hidden sector gauge bosons
· => no significant Na
· I is dominated for a long time by

(Nu -10)

· finally ,
V decays to sown axion and to Higgs

=> Significant amount of DR ; ANeff = 0. 36

(near mox, allowed value



&Results for this scenario :

· Ne = 51. 5
; Ry (CMB ; AN =0. 36) = 0

. 98310. 006

[recall : ns (CMB, AN = 0) = 0
. 967]

· Us (Loop Blowup , (a) = 0
. 976

=> This 1.25 off in opposite direction !

Thus
,

it is clear that intermediate scenarious

(e.g . (1) with ANeff = 0. 14) fit even better.

Unfortunately , Plancl does not provide us for all

A Neff....



Conclusions
-

· LVS Kahler moduli sector has (relatively) flat directions
· Concretely ,

an additional flow up cycle provides an

excellent inflation candidate

· However
, loop corrections spoil slow-roll

· Slow-roll is regained in a new regime
Cat much larger [p) with a power-like potential.

· Quite non-trivially , one can find regimes with

both calculational control & almost perfect pheno .

-


