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Moduli Problem

B.de Carlos, J.A. Casas, F Quevedo, E. Rouet (‘93)
T. Banks, D. B. Kaplan,A. E. Nelson (‘94)
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Constraints on moduli density
b=1 T.Asaka, M. Kawasaki (1999)
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m < 0(10TeV)

What if the modulus is
L heavy enough ?
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Heavy moduli !

e Anomaly-mediation m,,, ~(87x°)mg,, > M;,, = 0(10TeV -100TeV)

© Mirage-mediation Motivated by KKLT flux compactification in
type lIB string theory

Kahler moduli : m, =(4x*)m,,, >>0(100TeV)

Z D K D 7% Heavy moduli scenario (C&WLWT
INUAVERT—IRYI—ZHATDHENTESEMN?
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Moduli decay IC K 2EMEVEE T, = O(IMeV ~1GeV)

»  Large dilution of baryon number
—> Affleck-Dine mechanism ?

» T, <T, ~m /20 Dark matter can not be produced thermally

— Non-thermal origin ?
» Moduli-induced gravitino problem ( discussed later )




Affleck-Dine baryogenesis | Affleck, M. Dine (1985)
M. Dine, L. Randall, Thomas (1996)
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Potential of the Affleck-Dine field
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baryon & CP violating non-renormalizable terms
from Kahler potential

(1) Initially stopped at @, =V Im ¢

(1)
(2) Oscillation begins when H =m, /

& —> Generation of baryon number

P —> Matter > Anti-matter

(3) Baryon-to-entropy ratio is
fixed when the modulus decays (7, =IMeV ~1GeV)

ET-CR Tl A Does the baryon asymmetry survive!




Trapped by CCB minimum
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Non-thermal dark matter from moduli decay

SM particles
O O thermalize

Reheating O » radiation
/ ®
LSP

T~1GeV ® annihilation
e O » Dark matter
. 4

moduli

® > 99
®

LSP%Yhiggsino-likedd % L\ [Ewino-like
neutralino 73 5 T B R WXH BB EE

Q h° = 0.2(

100MeV 10‘7GeV'2( m, )
T (ov)  \100GeV

INUA IV EET—I T —
7z [ElfF IC 5t R AT e




Moduli-induced gravitino problem

M.Endo, K.Hamaguchi, F Takahashi (2006)
—>
X lp3 / 21/}3 /2 S.Nakamura, M.Yamaguchi (2006)

Moduli decay into gravitinos (spin 1/2 goldstino component)

is not suppressed
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Non-thermally produced gravitinos 1] gravitino
cause another serious
cosmological difficulty
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M.Endo, K.Hamaguchi, F Takahashi (2006)
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Dilution of gravitinos by Q-ball decay

Affleck-Dine 35 D FER I Winstability NARER. g cojeman (1985)
Non-topological soliton (Q-ball)Hh 2Bk A. Kusenko (1997)
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Trapped by CCB minimum LSP overproduction from Q-balls

Correct baryon number
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LSP overproduction from gravitinos




LSP overproduction from Q-balls

Trapped by CCB minimum
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Summary
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Heavy moduli scenario (anomaly-mediation, mirage-mediation,...)
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