On the adiabatic solution to
the moduli problem
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Polonyi field

® SUSY breaking field in gravity-mediation Z

® Super/Kahler potential

W = Zu® + Wy K =1|Z|?
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Polonyi potential

e Superpotential W = Zu®+ W,
Kahler potential K =|Z|?
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Polonyi Problem

® Polonyi has Hubble mass during/after inflation

Fr|? ~ H*M?
KNWIZ‘ uIQ [,NH2|Z|2 ‘ Il P
I : inflaton

[ ) [ ) [ ] [ ] [ ) [ ] .
~ ® Polonyi begins oscillation at H~m with amplitude ~MP
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Polonyi Problem

 lifat [ Coughlan et al. (1983), Ellis et al. (1986),
e POth)’I lifetime Goncharov et al. (1986) |

1TeV
> ~104sec( 7 )
4

T’r :reheat temperature
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20 orders of magnitude tuning
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Polonyi Problem

i Coughlan et al. (1993), Ellis et al. (1986),
® Polonyi lifetime e it ( ).(|';8eé)a]( )

® Polonyi abunc : :reheat temperature
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Moduli Problem

® Moduli : light scalar appearing after
compactification of extra dim. in string theory

® Gravitational coupling

® : SUSY breaking field
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Solutions

e Moduli is heavy enough to decay before BBN

— Moduli-induced gravitino problem
[ Endo, Hamaguchi, Takahashi (06), Nakamura, Yamaguchi (06) ]

— Dilution of the baryon asymmetry
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Adiabatic suppression

e Linde (1996) proposed that moduli oscillation
amplitude is exponentially suppressed if it has
large Hubble mass term.
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® Moduli amplitude
is suppressed
for large c

® Suppression
factor :

3\/2p7TCM

2

4

solve moduli
problem without
entropy production

[ A.D.Linde (1996) ]
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Schematic picture

® Potential changes adiabatically : 7. > |Zmin/Zmin|
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Moduli production at
the end of inflation

® The moduli dynamics is adiabatic as long as
there is no timescale faster than the moduli mass

e Ihe Hubble parameter changes adiabatically
in M.D.or RD.era mn ~cH §FH ~ g2

® |s this true for whole the history!  No!

e Ihe Hubble parameter changes at the end of
inflation with timescale of inflaton mass m
H ~mgH Adiabaticity is violated if mg > Hins
[ KN, F Takahashi, T.Yanagida, 201 | ]



Moduli abundance

® SUGRA single-field inflation case
7 — 4. ¢ : inflaton

K =|Z|° +|¢]° +¢

M3 c> 1

_ 92+ V(9)

H2
M3
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Moduli abundance

( )

Pz m, X cHing(02)?/2 3Tg ET (z* >2< m, >

s 3HZ M2 1 327"\ Mp) \BHpg

inf
J
KN, F Takahashi, T.T.Yanagida, | 109.2073

This amount is always induced at the end of inflation.

. o e
( compare it with standard result = - _TR< : > )

8"\ Mp
e This is power suppressed by c (not exponential)

o Suppressed by inflation scale

Even in the adiabatic mechanism, there is model
dependent lower bound on the moduli abundance
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Moduli abundance

® Multi-field inflation case

b12|Z — Z,|? Y% = Z=|

o Hybrid inflation W = kX (¢p — M?
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Results for hybrid inflation

zszp/cX, z¢:zx/2 m, =2 x 107> Mp
[y =10"2"Mp K= 1, M =0.1Mp

10 ¢ | »

5t numerical
10 f analytic
10_6 :
107 F Cop = 2
1070 \
107
1070
numerical i 1011 L

anallytic ] [

15 20

1012 L

The formula fits with numerical result
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Lowcut off theory

KN, F.Takahashi, T.T.Yanagida, 1 112.0418
Suppose that moduli interaction strength with ¢/Mp

diffuse gamma
BBN ——

mod overclose
reionization - - —..

LSP from moduli
adiabaticity =—
thermal gravitino
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No moduli

problem for
low TR !

c = 100
m, — cm3/2
Hie = 108 GeV
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Another example

[ M.Kawasaki, N.Kitajima, KN, 1 1 12.2818 ]

® Another toy model for the adiabatic suppression

1 1 1
V = omg(d— ¢o)” + 5meS° + S A°5%¢° ms, S > Me

O ExerC|se ~evaluate the abundance of ¢
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Another example

[ M.Kawasaki, N.Kitajima, KN, 1 1 12.2818 ]

® Another toy model for the adiabatic suppression

1 1 1
&2 §mi(¢ —¢0)” + gmgS + 5A%5¢° ms, S > Me

of ¢
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The final abundance of ®

M.Kawasaki, N.Kitajima, KN, | 112.2818

Many orders of magnitude difference may result unless
these effects are carefully taken into account.
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The final abundance of ®

Adiabatic
suppression

10°

M.Kawasaki, N.Kitajima, KN, | 112.2818

Many orders of magnitude difference may result unless
these effects are carefully taken into account.
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The final abundance of @
Parametric resonant

amplification V.

msg — 1
m¢ = 0.01

_ Adiabatic
______ suppression

10° 10°

M.Kawasaki, N.Kitajima, KN, | 112.2818

Many orders of magnitude difference may result unless
these effects are carefully taken into account.
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mplications for
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High-scale SUSY?

High—Scale supersymmetry Split supersymmetry

my, = 126 GeV my, = 126 GeV
68,95,99% CL 68,95,99% CL

125GeV Hi
may imply
10-100TeV SUSY
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10° 104 100 10° 107 10® 10° 10'0

Supersymmetry breaking scale in GeV Supersymmetry breaking scale in GeV

Giudice, Strumia, |1 108.6077
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Revive Polonyi Model

e O(100)TeV SUSY

— Anomaly mediation for the gaugino mass
No Polonyi field

lbe, Yanagida | 112.2462 ;Moroi, KN, | 112.3123;
Ibe, Matsumoto, Yanagida, 1202.2253

® O(10)TeV SUSY J.L.Feng, K.T.Matchev, D.Sanford, I 1 12.3021

— Polonyi field for the gaugino mass

— Polonyi Problem

We revive the conventional Polonyi model

12F2H21HAEH



Revive Polonyi Model

Assume enhanced
coupling of Polonyi
with inflaton X.

The Polonyi
problem can be
solved and it
can be consistent
with leptogenesis

scenario. Hior [GeV]
[ KN, FETakahashi, T.T.Yanagida, in prep. ]
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Summary

® VWe derived correct expression for the
moduli abundance under the adiabatic
suppression mechanism.

® The result depends on inflation model.
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Thermal Moduli

®  Moduli are also produced scattering of
particles in thermal bath, similar to gravitino

z
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Constraint on reheating temperature in
adiabatic suppression scenario

Polonyi: ¢, =30,c; =5, Gravitino LSP

Adiabaticity ——-—-
Gravitino

[ KN, FTakahashi, T.Yanagida, in prep. ]
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Moduli Problem

® Light scalar field in compactification of
extra dimensions in String theory

e E.g. Kahler moduli in KKLT stabilization

Ny .
el iy o Nt
) - . \l.‘ "y st

in type |IB string theory
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Constraint on the modulus abundance

2
Q' (m,<T, )

Qh'm>T,) (TR=10MeV)

4

10°10710°10° 10107107 107" 10° 10" 10° 10° 10
m, [GeV]

[ Asaka, Kawasaki (1999) ]



