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Slow-Roll Inflation

« Standard Slow-Roll: Scalar field
with almost-flat direction In the
potential

» Possible form of the potential:
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with f(¢) — 0 as @ — o0,
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Kahler Moduli in Type 11B

D=10TYPE IIB
STRING THEORY Complex Structure Moduli:

Shape or Extra Dimensions

/ » Fixed Semiclassically by Fluxes

mm) |oduli

Scalars with \
flat potential

o Kahler Moduli:
Calabi-Yau - Size of 4-cycles on Extra Dimensions
‘ * Fixed by Quantum Corrections
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Kahler Moduli as Flat Directions

« Kahler moduli: Tree level no-scale + 1-loop extended no-scale [Cicoli, Conlon, Quevedo: 2008]

» Volume: lifted by leading-order corrections:

» BBHL: Vs (V) [Becker, Becker, Haack, Louis: 2002]
» Uplifting: Vup (V) (anti-D3, T-branes, ...)



Kahler Moduli as Flat Directions

Kahler moduli: Tree level no-scale + 1-loop extended no-scale [Cicoli, Conlon, Quevedo: 2008]

\olume: lifted by leading-order corrections:

» BBHL: Vs (V) [Becker, Becker, Haack, Louis: 2002]
» Uplifting: Vup (V) (anti-D3, T-branes, ...)

Other Kahler moduli: LO flat directions ====) good inflaton candidates !

Need: Subleading quantum corrections (loops, non-perturbative effects)



Non-Perturbative Blow-Up Inflation o ———

SWISS CHEESE _ 32 3/2 _ 3/2 L 232 with T =1 4+ 0,
- 0(a’3) correction to K: non-perturbative correction to W.
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Non-Perturbative Blow-Up Inflation
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0(a'®) correction to K:

K=-2In (V— i/Z)
235

V=Vivs +V,  where:
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(a;T;) ~ £%/3g,

non-perturbative correction to W.
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[Conlon, Quevedo: 2006]
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Non-Perturbative Blow-Up Inflation
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[Conlon, Quevedo: 2006]
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0(a’3) correction to K: non-perturbative correction to W.
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L_oop Corrections

» No exact computation of loop corrections on CY background

» 1-loop corrections computed on toroidal orientifolds [Berg, Haack, Kors: 2005]
 Conjectured generalization to CY orientifold [Berg, Haack, Pajer: 2007]

* Two kinds of corrections to K

. C.(KK)t. lei
1. Kaluza-Klein (KK): 6K(¥E) = ¢, i i ‘ Extended no-scale in V
(KK) ’e J ; V [Cicoli, Conlon, Quevedo: 2008]
- W) o)
2. Winding (W): sx{") =%~ 50

1

 For a Blow-Up mode t:

Cloo Cloo
6K, (1) ~ V\/; ) OV, (7) V3\/P%

« EFT understanding from 1-loop corrections to 2-point functions and V
[Von Gersdorff, Hebecker: 2005] [Cicoli, Conlon, Quevedo: 2008] [Gao, Hebecker, Schreyer, Venken:2022]



LLoop Blow-Up Inflation

» Potential
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LLoop Blow-Up Inflation

» Potential including loop corrections:
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LLoop Blow-Up Inflation

» Potential including loop corrections:

VT E—I—B Ty e 20 e _C Tpe T - Cloop ]
o 3 2 ¥ 2 3
V V V % Vo
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*  Runaway for cioop

200 !
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Inflationary Parameters

» Slow-roll parameters:

2 2
e 1 ‘/, o~ 2 (bcloo )
V=" (1 = ?/2005/3> ) ({2 7@) =5 Vars,iirs
V 2 _ ‘/,(p(p -y _10 bcloop
N = "v = "9 Vi/3eE/s
« Cosmological parameters:
Px 1/3,,8/3
Ne:/ ldgpggv - , s 2 7/22
Pena Voo 16 b cloop Cloop = 1/(1677) ¢ = 0.06 N,
10/3
A, = Lt _ W Ve 2.5 x 1077 V= 1743 N
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20 bcloop
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. € ™ p

r — 9 V2/3g0i0/3




Post-Inflationary Evolution

» N, from post-inflationary dynamics [Dutta, Maharana: 2015]:

1 1

1
N, ~ 57+ Zlnr_Z(N¢+NX)+Zln

(P(Z;d))

* Ny, N, : e-folds of inflaton and volume domination mmmmm=) depend on SM realization

* Decay of last dominant modulus ) drives reheating:
- SM fields (Higgs, gauge bosons)

1/3
w T big cycle axions 9,: Dark Radiation mmmE) ANz = . ( 10'75)) Ly

ANgg <0.2—-0.5 95%CL
[Planck: 2018]

7 \9«(Tin Ly ssmsm
[Higaki, Takahashi: 2012]
[Cicoli, Conlon, Quevedo: 2013]
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SM Realization and Scenarios

+ SM D7-branes cannot wrap ts [Blumehagen, Moster, Plauschinn: 2007] nor 7, (FI terms would
make It too heavy) mmms) Introduce 7sm and Tint
3/2 3/2
V= Tb/ — 732 — T;’/z — ’TSK/[ — A(Tint — Tom) 3/
* D-term stabilization ( &p; = 0):
2
TsSM = A”(Tint — TSM)
>1=0 By 75y — 0:SM on D3-branes at singularity
A+ 0 ‘ Tint fixed in terms of t,,, still flat. Fixed by loop potential [Cicoli, Mayrhofer, Valandro: 2011]:

2
Vioop(Tsm) = ?}/g [ T d mmmmm) S\ on D7-branes
- 3 Scenarios: VTSM - V/TsM VT

I, Scenario I: SMon D7, T, wrapped by hidden-sector D7s
Il Scenario II: SM on D7, T, not wrapped
1. Scenario IHl: SM on D3

TN

Ila: 7, wrapped I11b: 7, not wrapped

11



Scenario |

3
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Inflation

Scenario |

(8Wﬁ¢mV).Mb
Iy hh

. - Y, m?o 327 V5/2
YR T 6An M:? [Cicoli, Hebecker, Jaeckel, Wittner: 2022]
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Scenario |

EWIVIY\ M, Do, g
3 I'y—hn -
Doy o Y M T
PTIRTE T G4 M2 [Cicoli, Hebecker, Jaeckel, Wittner: 2022] — ANeg ~ 0
N(p:%ln(rﬂinf )’:1 N ggln H{teq) ~ 3
P—=>YrVh X o Fx—)hh
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——> r~17x10"°

Y ~ 10616 T ~ 4 x 1010 GeV
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Scenario |1
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Scenario |1

N,W3(InV)%/2\ M
T ~ g’ o p H te
inf
N,~ -In ( ) ~ &

Radiation Matter Dark
Domination | Domination | Energy

Inflation Inflaton domination

l ns >~ 0.9761

N, ~ 52 ‘ px =2 0.2 ‘ r~1.7x10"°

YV ~ 10525 T ~ 3 x 102 GeV
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Lo—ynn = fiél_w@
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x—H,Hy

FX_XHqu &

\Volume
Domination

FX—HS‘bﬁb ~ 972

FX_)Hqu

[~ 2

Radiation Matter
Domination | Domination

Dark
Energy

14




Scenario Illa

r
2 2n3 x—=>%0y 2
i = Lmm = 22T | R 27
©—>YnY = n 24 M2 v 4 143
Y 64w M ( )“ P ANegt = 2~ 2 0.36
2 Hit
2 Hin ~ S| )~ =D
Ny = —ln( f ) = = 3111 (FXﬁHqu) e
3 FQO—VYh’Yh

Dark
Energy

Radiation Matter
Domination | Domination

\Volume
Domination
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Domination

Inflaton

Inflation Domination

« ~ 0.2 ne >~ 0.9757
Neg515 ‘ ¥ S ‘ r~18x1077°
YV~ 10477 T ~ 10% GeV
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Scenario I11b

VA mg’( Ly—w,0, ~ 972
r . (WeV)*2N M, Dot = 9 -8
(,0—)19[,’!91, D 1.43
64 1% ANyg >~ —— ~0.36
9 H. N. ~ gln M ~ 0.5 / ~ 2 i Za
N(PN—ln s ~ 11 L 'y sy H s o
3 ]__‘go_)qunﬁb X udld |

Inflaton Radiation \Volume Radiation Matter Dark
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Scenario I11b

VA mg’( Ly—w,0, ~ 972
- _ (We(V)*2\ M, Dol = 9402 L'x— ., Ha 14
Pt 64 \% g ANyg ~ il 0.36
2 H. nglnM ~ 0.5 [~ 2 s Za
Ny~zln| =2~ ) ~11 T3 \DomH.) N
3 F90—>'l9b19b - d|

Inflaton Radiation \Volume Radiation Matter Dark

Inflation Domination Domination Domination | Domination | Domination | Energy

. ~0.2 ns =~ 0.9757
N,~515 =y [~ —> re~1.8 %1077
V ~ 10477 T, ~ 10° GeV

> Same predictions as in Scenario Illa!
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Conclusions

New inflationary model: Loop Blow-up Inflation

Inflaton: blow-up mode with potential from 1-loop corrections

Loop corrections from BHP conjecture and low-energy EFT considerations
Inflationary potential:

bcloop
V=1 (1 = V1/352/3
Interesting predictions:
1. Microscopic parameters: V ~ O(10%), ¢, ~ 0.2 with EFT under control
2. Number of e-foldings: 51.5 S Ne < 53
3. Cosmological Parameters: ng ~ 0.976, r ~2 X 10_5, 0 < ANeg < 0.36

Thank you for your attention!
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Control over EFT

EFT always under control: t,, Is within Kahler cone throughout inflation.
For51.5<S N, <53: V~0(10%), ¢@,~0.2 =) Needtocheck!

Explicit CY example [Cicoli, Krippendorf, Mayrhofer, Quevedo, Valandro: 2012]:

_ 3/2 3/2 3/2 : 27 .9 9.5 9.5
V== E(Tb — V31" =319 with Tp =S th Ts =5t5, T =ty

Kahler cone conditions:
t, +t, >0, ty +t, >0, ts <0, t, <0
e Canonical normalization: /
2/3 2/3
T — <\/_§) V2/3(p4/3 ~ ( 1 ) T (p4/3
¢ 2 182

* At horizon exit:
ltql _ ( : )1/3 ©.2/3 ~06¢,23 ~02 =) Inside the Kahler cone!

tp 2\6
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e Scenario I:

e Scenario Il:

e Scenario Ill:

Comments on Spectral Index

ng = 0.9765, AN . = 0

ng = 0.9761, AN . =~ 0.14

ng = 0.9757, AN, = 0.36

~ 20

 —

~ 20

 —

~ 1.20

 —

* Possible improvements: include additional corrections

ns = 0.9665 + 0.0038 68% CL
[Planck: 2018]
ns = 0.9589 + 0.0084 68% CL
Negr = 2.89 X033
[Planck: 2018]
ns = 0.983 £ 0.006 68% CL

ANeff = 039
[Planck: 2015]

» F4 corrections [Cicoli, Licheri, Piantadosi, Quevedo, Shukla: 2023]

» Subleading loop corrections
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