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Slow-Roll Inflation

 Standard Slow-Roll: Scalar field V()
with almost-flat direction in the A
potential 20
—
» Possible form of the potential:
Slow-roll
V(@) = Vo[1 - f(@)] inflation
with f(¢p) > 0as ¢ — +x.
Reheating d. B &

Credits: String Cosmology: from the Early Universe to Today
[Cicoli, Conlon, Maharana, Parameswaran, Quevedo, Zavala: 2023]



Kahler Moduli Inflation

» Type 11B String Compactifications === Moduli with leading-order flat potential

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

\Volume V: lifted by leading-order corrections:

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

Other Kahler moduli: LO flat directions === good inflaton candidates t,'

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



Classification of Inflationary Models

« Classification of inflationary models with Kahler moduli based on:

a) Topology (bulk/local): determines the canonical normalization t, ()
b) Lifting Effects (perturbative/non-perturbative): determine the shape of the potential

 All models give a potential of the form:

V() =Vll— f(e)]

with £ (¢) depending on topology + lifting effects and such that f(¢) « 1 for ¢ » 1.



Lifting Effect

Non-Perturbative:

V(t) ~e ™ (a>0)

Perturbative:

V@~  (B>0)

Topology
Bulk (fibre) Non-Perturbative Fibre Inflation: Loop Fibre Inflation
f@) x e
f(p) o e7Fke
() = e® [Cicoli, Pedro, Tasinato: 2011]

[LUst, Zhang: 2013]

[Cicoli, Burgess, Quevedo: 2008]
[Broy, Ciupke, Pedro Westphal: 2015]
[Cicoli, Ciupke, de Alwis, Muia: 2016]

Local (Blow-up)

t(p) =y V393

Non-Perturbative Blow-Up Inflation
IOET A

[Conlon, Quevedo: 2006]
[Bond, Kofman, Prokushkin, Vaudrevange: 2006]

Loop Blow-Up Inflation

f((p) X vzﬁ/3(p4ﬁ/3

[Bansal, LB, Cicoli, Hebecker, Kuespert: 2024]

New!




Non-Perturbative Blow-Up Inflation

Calabi-Yau volume:

V= Ti/z — Tg/z — TZ’)/Z o~ Tl?;/z with T;= t; + i9;
 LVS stabilisation: o(a’®) correction to Kéhler potential and non-perturbative correction to W:
K=-2In <V — 2;3/2> W =W, + Ag e %Ts + A(pe'aq)T(P
S

Scalar Potential: V = Vs + V,
~ —2agTg —AagTs
Vivs(V,75) = 7 (Bs e e )

14 Vz 4.gs

. 3/2 3/2
) T, e 2apTy 7 0% with a, " > ag
Vo(V.70) = VB, v —lo—2
) <7, ~ 2395 and <V >~ e%ts ~ g%l

Inflationary potential [Conlon, Quevedo: 2006] :

2/3
3V
N 4/3

V(T(p) ~ Vo1 — C(pv T(pe_a(p’f(p] ) V(p) =V, [1- C~¢V5/3(p4/36_a¢v2/3<p4/3]

with V, = 17]% Exponentially Flat Plateau!
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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:

(KK) '
: _ KK) _ C;m tg Extended no-scale in V
1. Kaluza-Klein (KK): SK KK = Js i > m— [Cicoli, Conlon, Quevedo: 2008]
w)
2. Winding (W): SKW) = ZiC;,T

See Hebecker’s talk for

 For a Blow-Up mode t: details

8K (t) =~ C}l)O\;)?p ‘ SV(t) = ]C;;):)/;

» 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 for T, including loop corrections:

V . ‘7 ﬁ + B T<p e_2a<PT<P _ C T(pe_a(PT(P N ClOOp
V3 @ 1% ¢ vz V3 [Ty
: : : ! Fixed parameters: ¥V =1000, C, =B, =a, = =1
« Non-perturbative Blow-Up inflation if: o P | o S A |
Cloop<< 107° 20¢ ik
If C00p = 107° mmmmp Loops dominate IR
. ; L <10
Inflationary potential: =
= i
g 05
Cloop b Croop o i
V=Vp| 1= =Vo(1_—) o
B \Te Vi/s /3 00!
. 1/3 :
with b = 1@) . 05"
B\3 :
_1‘07 | 1 . L L 1 . | 1 |
0.10 0.15 0.20 0.25



» Slow-roll parameters:

Inflationary Parameters

= vy (1- )

V1/3<p2/3

» Cosmological parameters:

e 1 _2v/3p83
Ne=J "——=dp=:
(pe \/ﬁ 9 bCloop
~ V3 oy, v2/3p0/3 _
=—= 2% __ =725x10"7
Vo 4 (bcloop)
- r —n, relation:
. _ 20 bcioop
ng=1+2n,—6¢€, = 1 — 5 i N

32 (bcloop)2

r = 16¢, =

9 V2/3,10/3

———>

Cloop — 1/(16 T[Z)

——>

——>

N 2 (bCloop)Z

( Ve 2
€ =5\ /) 79 V2731073

\n Ty 9 V1/3¢p8/3
@, = 0.06 N//??
v =1743 NJ/M

r = 0.003(1 — ny)11/15

10



Post-Inflationary Evolution

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

N, ~ 57 + =1 1(N +N)+1l b
© 4n7" 4\ ® X 4n Pend

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

* Decay of last dominant modulus vy drives reheating:

AN S 02—-05 95% CL
[Planck: 2018]

SM fields (Higgs, gauge bosons)
1/3
big cycle axions ¥,; Dark Radiation =) AN = 2 ( 10.75 ) _Tyoso

7 \9«(Trn) Fy-smsm

[Higaki, Takahashi: 2012]
[Cicoli, Conlon, Quevedo: 2013] 11




SM Realization and Scenarios

+ SM D7-branes cannot wrap t, [Blumehagen, Moster, Plauschinn: 2007] nor z,, (FI terms would make it too heavy)
=) Introduce tsy, and Ty,

3/2  _3/2 _3/2 _3/2
V= Tb/ —TS/ —T(p/ —TSI<4 — ATy — Topr)3/?

« D-term stabilization (¢éz; = 0):
Tsy = A (Tine — Tsy)

> A =0 === 15 —» 0:SM on D3-branes at singularity
» 1 # 0 === T, fixed interms of tg,,, still flat. Fixed by loop potential [Cicoli, Mayrhofer, Valandro: 2011]:

_wi( v g )
Vloop(TSM) — 3 (m \/W—\/‘t_s) — SM on D7-branes

- 3 Scenarios:
I Scenario I: SMon D7, 7, wrapped by hidden-sector D7s
il Scenario Il SM on D7, 7, not wrapped
1. Scenario I: SM on D3
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Scenario |

Inflation

1%
I'(@ = Yryn) = e
2 Hinf
N,=~=Iln
® 3 (F‘P—’Yhyh

3 I'x -

e ) .

Inflaton
Domination

My

R ~ (CZW03\/an
32w

37\ TT,

)

VS/Z

I'(x » 9p9)

RCEYD &1

m M [Cicoli, Hebecker, Jaeckel, Wittner: 2022] —
2 H(t
~ =In <M> ~ 3

Radiation
Domination

@, = 0.2
P ~ 10616

|

Volume
Domination

——>

Radiation Matter

ANegr = 0

Dark

Domination | Domination | Energy

ng =~ 0.9765
r~17x10">
T = 4% 101°GeV
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Scenario |1

(N,WE V)2 \ M, H(teq)
F((p—)AA)-( S — F(X—>hh)<<1
N. =
ANeff ~ (0.14

|

Inflation Inflaton domination

Radiation Matter Dark
Domination | Domination | Energy

o~ 02 ng =~ 0.9761
- * T . — ~ 17 X 10_5
N, 52 — VYV =~ 10525 TZ ~ 3 x 1012GeV
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Scenario Illa

3 P = o) = T L)
- = —
F(@ = Vivn) = e 2 &= Hulla) =07 M? I'(x ~ HyHa) e
’ 2 (H(teg) ANefr = 72 0.36
Ny~ %ln (r 7 ) ~ 1 Ny = 3 ln(rﬂm 10.5
P=>YhYh

Inflation Inflaton Radiation \Volume Radiation Matter Dark
Domination| Domination Domination Domination | Domination | Energy

ng =~ 0.9757

@, =~ 0.2 s e
N, =515 =) ) 047 ——> r=18x10

T, =~ 108GeV
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Scenario I11b

72 m)3( FQ( - ﬁbﬁb) ~ 972
NP WOS(lTlV)g/Z M, ['(x - HyHg) = 24 ﬂM_g I'(x » HH;)
® = Vot 64 1 V4 — ANefr = Caig 0.36
2 Hiaar N ~Eln<M>~05 Z =2 Z
~ 2 in ~ X~ o o
No=~Zin (r(pw> s 7141 3™\ T

Inflaton Radiation \Volume Radiation Matter Dark

Inflation Domination Domination Domination | Domination | Domination | Energy

. = 0.2 ng = 0.9757
~ * = U > ~1.8x 107
Ne =515 =) ) 0447 rTh ~ 1>(;8GeV
I

‘ > 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:

Cloo
Vip) =V, (1 — 1,1/3—(,)'3/3)
Interesting predictions:
1. Microscopic parameters: V ~ 0(10%), ¢, = 0.2  with EFT under control
2. Number of e-foldings: 51.5 S N, < 53

3. Cosmological Parameters: ng = 0976, r=2x10"° 0SS ANgsr < 0.36

Thank you for your attention!
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Control over EFT

EFT always under control: 7, 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:
ol 1 \1/3 2/3 2/3 : .
Lol (=) @23 = 06923 ~02 mmmm=) |nside the Kéhler cone!

tp
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Comments on Spectral Index

* Scenario | 26
ng ~ 0.9765, ANggs =~ 0 () 71 = 0.9665+0.0038  68% CL
[Planck: 2018]
. nario II:
Scenario ~ 20 ne = 0.9589 + 0.0084  68% CL
ng = 0.9761, ANy = 0.14 (=) Nggs = 2.89 £ 938
[Planck: 2018]
 Scenario IlI:
~1.20 ne = 0.983 + 0.006 68% CL
ng = 09757, ANegr ~ 0.36 (=) AN = 0.39

[Planck: 2015]
* Possible improvements: include additional corrections

> F* corrections [Cicoli, Licheri, Piantadosi, Quevedo, Shukla: 2023]
» Subleading loop corrections
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