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Some inflation models in string theory

Stringy inflation models

String Scenario M, r
D3/D3 Inflation 0.966 < n, < 0.972 r < 1077
Inflection Point Inflation | 0.92 < n; < 0.93 r<107°
DEI Inflation 0.93 < n, < 0.93 r< 1071
Wilson Line Inflation 0.96 < ns < 0.97 r < 10710
D3/D7 Inflation 095 <n, <097 |1002 <y <10®
Racetrack Inflation 0.95 < n, < 0.96 r < 107%
N — flation 0.93 < n, < 0.95 r <1073
Asdon Monodromy 097 <n, <098 | 0.04 <r <007
Kahler Moduli Inflation | 0.96 < ns < 0.967 r < 10710
Fibre Inflation 0.965 < n, < 0.97 |0.0057 < r < 0.007
Polv — instanton Inflation| 0.95 << n, < 0.97 r<107°

taken from [Burgess, Cicoli, Quevedo 13]
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Kahler Moduli Inflation

[Conlon, Quevedo, 05]
Advantage:
» Simple model with fixed volume in type IIB
* Moduli stabilization well under control in Large Volume Scenario

Good for physics after inflation ends (reheating etc.)

Model: Vi = eX(|DW|? — 3|W|?) T3

Swiss-cheese CY: V = (Ty + ;)32 — (T, + T,)3/2 — (T, + T3)

K=-2Iln ('V + g) W =W, + Aze—asz + A3€_a3T3

@ LVS region Vg ~ O(V™3) and V ~ e%% (1; =ReT;)
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e~2a272  stabilization (V, 1;)




Concern of loops

String-loop corrections to supergravity may spoil inflation.

1/2
T
K=-2In <V + %) + 6KSK KKK ~ c5 gs —:;7

1

==  Voop ~ (Cé’{K)ngzWon
while inflation potential: V ~ V, + 4a3W0A3%e_“3T3
Then, slow roll cond. for sufficient e-folds N, ~ 60

€ ~ V3T§/Ze—2a313 &1, In| ~ VZT??/Ze—agrs &1

(60) -1

) %% ~3.1x10712 for v0 T ~ 37 x 1075

Hence, the loop correction becomes dominant if present (D7 setups).

» (min) N
Note: LVS ‘minimum’ suggests e~ ~ pmim) ™
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Concern of gauge group ranks

Necessary to have a hierarchy to control moduli stabilization
V = Vstap + Ving» Vstap > Ving and stabilization at minimum
Realized by D7 gauge group ranks generating non-perturbative terms
W =Wy + Aye~%tabTz + Aze~%nf13, q; = 2m/N; for SU(N;)
When & ~ 760,A,/W, = —1,A3/W, = —1, and appropriate uplift,

a; N
inf _ Zstab 5 455 e.8. Nins = 2, Ngqp = 30

Astab N inf

However, tadpole cancellation and holomorphicity suggest

maximal gauge group ranks: [Collinucci, Denef, Esole, 08], [Cicoli, Mayhofer, Valandro, 11],
[Louis, Rummel, Valandro, Westphal, 12]

Nmax | 14 26 36 44 54 62 62 72 98

Visible matter branes give further restriction on tadpole.
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D-term generated racetrack

[Rummel, YS, 14]
Multi-Kahler moduli model

§

3 3
K =—2In (v +E)' V=(T,+T)2 - Y0 ,(T; +T)?

W=Wy+Y:,Ae %l

Magnetized D7-branes generate D-term:

1 52
Re(fp) "

1 1 2 1 1 2
VD4 X Re(fm)ﬁ(\/f_ét — \/T_B) 'VDs x Re(st)ﬁ(\/T_S - \/7_3)

VD= WlthF|teI’me=%fX3DD/\]/\fFD

a choice
As Vp > Vi ~ O(V~3), D-term give a constraint: T, = T, Ts = Ts.

Ve = eK(IDW|2 = 3|W|2)
*a3WoAsts e~ a3T3 4 404 Wollyrs e~ QaT3 4 tasWodsts e" 5% 4 ..

VS 0 (V—3)

~

racetrack structure
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Accidental
Kahler Moduli Inflation

Using the same parameter set:

an inflection/accidental point is generated by

A4/WO ~ 099,

as

= 2.2,
Astab

and

As /Wy ~ —0.25
Y 9 B oy
Astab o Astab

€gce ~ 2.1 x 1071 nyee ~ 7.6 X 1070

in full moduli space

—a

e T

7274=107

F272=10
F2T=107""F
TF266 =10~
7266 %107 " F
T2R4A =10
7262 =107 F

T2 = Il]'||' -

v

6 ~ 760,A2/W0 — _1,A3/W0 =—1

closer to min

Iastqb?S

« Sufficient slow-roll parameters even near minimum

&.5 4.0 4.5 0.0

« Gauge group rank hierarchy is quite relaxed. (remind agp;/astap = 15.5)

« Parameters are reasonable.

« Axionic directions (Im T;) are well stabilized.
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Accidental
Kahler Moduli Inflation

When inflation starts at the accidental point,
7 value
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At N, = 60 from the end of inflation,

n{® ~ 0963,  r6 ~540x 1010

and then moduli field values:
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When inflation starts at the accidental point,
7 value
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suffi-cient e-fblds

At N, = 60 from the end of inflation,

n{® ~ 0963,  r6 ~540x 1010

and then moduli field values:

e=asTs )~ 12%x10-7, p6EO ! U571 %10-5

significant improvement owing to accidental point near minimum!
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Loop corrections

4‘a5 WOA5T3

V=V0+ ,VZ

e~ %573 4 ... ~ V) — 4.8 X 1071°WZ + (same order)

5V]oop ~ (CgK)ZQSZWOZ ~2.1X 10_14(6':{}(]()293”/02

1
N

Not difficult to realize cX¥(U,U) < 1, g, < 1, not necessary too small

Kahler Moduli Inflation Accidental Kahler Moduli Inflation



Loop corrections

dasWyAsT
V=V,+ > 1702 > 3 =asT3 4. ~ Vo — 4.8 X 1071°WZ + (same order)

6V]oop ~ (C:I%{K)ZQEWOZ ~ 21X 10_14(C§K)2952W02

1
V3 VB

Not difficult to realize cX¥(U,U) < 1, g, < 1, not necessary too small

significant, no way of absorption negligible, absorbed into slight shift @
The best place to hide a leaf is in a forest.



Summary

« Concern of string-loop corrections is well alleviated.
String-loop corrections can be sub-leading order.

Hence Kahler Moduli Inflation can be realized in a variety of setups.

« Hierarchy of gauge group ranks is also relaxed.
Moduli stabilization is well under control. significant in D-term
Aing/Astap ~ 0(10)  EE)  apnr/ageqp ~ O(1) generated racetrack
The same works in ordinary racetrack of superpotential,
but with slightly larger a;,¢/astqp-

« Reasonable coefficients of non-perturbative terms
A /Wy = —1, A/ Wy ~ 099, As/W, ~ —0.25 : same order

Naturally realized after complex structure moduli stabilization



