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Moduli Problem, Thermal Inflation
and
Baryogenesis




Cosmological Moduli Problem

Superstring Theory
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Hubble induced mass

Moduli starts oscillation with large amplitude

do ~ Mg ~ 101°GeV



Coughlan, Fischler, Kolb, Raby, Ross (1983) Banks
® Cosmic Density et al (1994), de Carlos et al (1993)

Qie s il ( s )
2 : GeV

for stable moduli

® Moduli Decay
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Cosmological Constraint
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Cosmic Density

X and yrays

IIIIIu] 1 Illllul 1 IIIIIu] [T

10~ 100102107 10° 10' 10° 10° 10

4

Asaka,MK (1999) + MK, Kohri, Moroi (2005) for BBN



Cosmological Constraint

% = (pg/5)/ (pero/50)
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Asaka,MK (1999) + MK, Kohri, Moroi (2005) for BBN



Solution to Moduli Problem

® Large Entropy Production == dilute moduli

® Thermal Inflation Lyth, Stewart (1995)

® Domain Wall Decay

MK, F Takahashi (2005)
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Thermal Inflation Lyth, Stewart (1995)  Yamamoto (1986)
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Flaton (x) potential |y ~ vy + (77 — m2)[x [ 1 X
N M*

finite temp

g s V01/4 » Vacuum energy dominates
» Inflation with e-fold ~10



Thermal Inflation

dilute big bang moduli




Thermal Inflation

» dilute big bang moduli

However,




Minimum Moduli Density Predicted by T
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Baryon Number of the Universe?

Large entropy production i dilute pre-existing
with Low Ty baryons

Most of conventional baryogenesis mechanisms may not work

Aferck-Din.e = Work for
baryogene5|$ me < O(10)MeV
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Baryon Number of the Universe!

Large entropy production i dilute pre-existing
with Low Tp baryons

Most of conventional baryogenesis mechanisms may not work

Aferck-Din.e = Work for
baryogenesis mg < O(10)Me
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Q-ball Formation

—l Obstacle to AD

100

S. Kasuya and MK (2000)



Late-time Affleck-Dine Srewart MG Yanagion {176

Leptogenesis by LH|, Flat Direction

Superpotential / MINNIM

W = y"QHyu+y*QHyd+ y°LHge
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Scalar Potential of Flat Directions
V=Vr+Vp+Vsp ;_ (O>,Hu= (hu)’Hd:(hd())

[ 0
® F-term Vp = {P\XX + 22 xhohal* + A IRZ |2
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® D-term
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Dynamics of Flat Directions

(1) At the end of thermal inflation

x =0 mQLHuzm%—m?{u<O

LH, flat direction rolls away

from the origin

(2) Flaton rolls down

<X> = Yo ===ip [ Term

g, =, — iy, + |l > 0
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LHLI direction starts to rotate

Lepton humber generation




Lattice Calculation Nakayama, MK (2006)

We studied the full dynamics by using lattice simulation including
all relevant scalar fields

Initial angular dependence of baryon asymmetry
TR =1 GeV

ArclAds i — il 6
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Resultant baryon asymmetry vs CP violation
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—> no CP violation

Net baryon asymmetry can be created due to CP
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1~ 800 — 840 GeV
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—> This scenario works

However, we only investigated restricted
parameter space




Conclusion

® Moduli Problem is solved by thermal
inflation

® However, baryon number is also diluted by

thermal inflation
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