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In this talk, I would like to revisit the
cosmological moduli problem (CMP).
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In this talk, I would like to revisit the
cosmological moduli problem (CMP).

Whats CMP?
Why now?
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Cosmological moduli problem

G. D. Coughlan et al (1983)

@ : light modulus field

during inflation
A ¢

The moduli dominate the Universe and decay late,
spoiling the success of BBN. Even if they decay
before BBN, the baryon asymmetry will be diluted.
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10-10%TeV. SUSY?

Predicted range for the Higgs mass

Split SUSY
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xperimentally favored

1010 1012 10]4 1016 1018

Supersymmetry breaking scale in GeV
G.F Giudice, A. Strumia / Nuclear Physics B 858 (2012) 63-83
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10-10%TeV. SUSY?

@ The 125GeV Higgs mass suggests high-scale
SUSY breaking aft, say, 10-10%TeV.

@ The cosmological moduli problem will be
greatly relaxed, and successful moduli
cosmology may be possible.

® The moduli problem may provide a probe of
high-energy physics and the early Universe.

@ So, let us revisit the moduli problem.
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What are the Key ingredients?

1) Initial deviation from the low-energy minimum
during inflation.

2) Coherent oscillations after inflation.

3) Decay into light degrees of freedom.

1) and 2) determine the moduli abundance.
The cosmological impact depends on 3)
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What are the Key variables?

The moduli dynamics depends on

1) if the Hubble-induced correction exists

2) if the inflation scale is larger than the modulus
mass

The moduli decay depends on the mass spectrum,
how it is stabilized, how SUSY is broken, etc.

a )

Hinf'mqb, m3/2, mr c -

\_ J
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Moduli abundance (1)

Initial deviation




Simplifying assumptions

@ The typical scale of the moduli is given by
the Planck scale, Mp = 2.4 x 10'%GeV.

@ The initial position is not close to special
points such as local exftrema.

It is trivial to change the typical scale.

If the moduli sits close to a local maximum, the moduli
domination is more likely.
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Thermal history

inflaton

radiation
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Case analysis

w/o Hubble
correction

w/. Hubble
correction
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Case analysis

W/@ Hubble

correction

w/. Hubble
correction
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Suppose that the moduli does not receive any
Hubble-correction during inflation due to e.g. a
shift symmetry.

the initial position is deviated from the min. by
accumulation of quantum fluctuations.

A¢ ~ M,

\ < .,/wduring inflation
e 5
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Suppose that the moduli does not receive any
Hubble-correction during inflation due to e.g. a
shift symmetry.

the moduli settles down at the minimum during

inflation.

A ~ 0

~N

J

\\\\\¥ ;TT@V/
O 0
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w/o Hubble
correction

w/. Hubble
correction
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Case analysis

y‘/ L A L 2) :
w/o Hubbl| A¢NMP'

correction

w/. Hubble
correction
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Suppose that the moduli mass receives Hubble-
correction during inflation, thru Planck suppressed
interactions.

( N

. 1 c
A toy model:| 1 — §m35¢2 5 Hze(d — M)

\_ _/

We assume ¢~ O(1) for the moment.

during inflation

low-E potential
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This is considered to be the case if Hinris bounded above
to avoid run-away and decompactification.

201258 H7H AEH



Case analysis

y L ;
W/{o) = ADDIE

correction

w/. Hubble
correction

N.B. This is just initial deviation. The moduli abundance
depends on the moduli dynamics after inflation.
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Moduli abundance (2)

Coherent oscillations




Let us estimate the moduli abundance.

If Hins = my , the moduli starts coherent oscillations
when H;; ~ m, after inflation.

s TN
Py L2 Cel . OFh 3T
S s |rR pr 4 3miM?2 A
P1 losc ?""P |1If higher than Td, the
SRR | A 2 moduli domination.
from inflaton = _TR i Y A /
g\ M
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Case analysis

w/o Hubble
correction

w/. Hubble
correction
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Case analysis

w/o Hubble
correction

w/. Hubble
correction
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Case analysis

w/o Hubble
correction

w/. Hubble
correction
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Suppose that the moduli mass receives Hubble-
correction during inflation, and Hi,s < my .

Whether the coherent oscillations are induced
depends on how the Hubble correction changes

with fime.

low-E potential <
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If (in an extreme case) the Hubble correction
disappears instantly after inflation, the coherent
oscillations are induced with an amplifude A¢ .

low-E potential <: - > during inflation
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On the other hand, if the Hubble correction changes
slowly with time, compared with the modulus mass,
no coherent oscillations are produced.

This is because the number density is conserved as
it is the adiabatic invariant.

low-E potential < : :> during inflation
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The typical time scale of the change of the Hubble
correction is determined by the inflaton mass, m.

The Hubble-induced mass
originates from here.

L =0I* — S (D,WKYD;WT — 3|W %)

\_ J

After inflation, the inflaton starts fo oscillate,
and the inflaton potential energy first goes fo
the kinetic energy in a time scale of mr™.
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To summarize,

4
| Hinf
T for mr > m
Po . SR(mqb) ' ’
S
0 for my < my

The inflaton mass is important for the
moduli problem.

Kamada, Higaki, FT, 1207.2771
cf. Nakayama, FT, Yanagida 1109.2073
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Case analysis

W/@%b‘oba

correction

Hinf ’
0.17%
A/ — 55 - | me
\)J// 1]1 U LXE IO¢ 2y ().1 TR p_¢ ) for mI > me
correction S 2 0

for my < my
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Case analysis

w/o Hubble §

correction %

w/hubblest Fo ;i i ]
correction % ~ R e

for my < my
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Case analysis

w/o Hubble ‘

correction

w/ Hubble®} Lo o | g

for m; < mg |§
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Cosmological constrainfs




Cosmological constraints

¢

L =
AM,

F,,F* is assumed

LSP overproduction 1

DM overabundance

X-ray
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Cosmological constraints

¢ 1% .
0 | | | L= i, F.,F" is assumed
i p

10

10—5 i

LSP overproduction 1

DM overabundance

X-ray
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Cosmologlcal constraints

¢ s
0 , . , . , . 1 L= iS assumed
107 | AM,

10—5 i

LSP overproductzon

DM overabundance

X-ray
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Adiabatic suppression
mechanism

Linde hep-th/9601083
FT, Yanagida 1012.3227,1101.0867.
Nakayama, FT, Yanagida, 1109.2073, 1112.0418, 1203.2085
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w/o Hubble correction

w/ Hubble correction ¥

Adiabatic suppression
mechanism

Linde hep-th/9601083
FT, Yanagida 1012.3227,1101.0867.
Nakayama, FT, Yanagida, 1109.2073, 1112.0418, 1203.2085
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What if the Hubble-induced mass is
enhanced, namely, ¢ >> 17?




Consider a toy model,

( )

2
C" .9

1
V = §m?b¢2 | 5 Hie(¢p— M)

\ J

Now we assume c>> 1, say, c = O(10 — 10%)
Typical scale is changed accordingly: M, ~ M, /c

Such an enhanced coupling arises from the following quartic
coupling in the Kahler potfential.

LEEEIy

201258 H7H AEH



The time-dependent potential minimum is given by

4 )

c? H?
min t) = M>|<
Pmin(?) mé + 2 H?

| 2 during inflation

9 Hmf(¢ M*)2

low-E potential

\;ﬁf / ¢
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The time-dependent potential minimum is given by

The min.
moves when
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Since the potential changes slowly compared with the
mass, the moduli follows the minimum adiabatically.

The final oscillation amplitude is exponentially
suppressed by a factor of

é )

5 — 3ijc<3p+1>/z eXp( CZ”), a(t) o 7

\ y
Linde (796)

if one starts from t=0.

The moduli abundance is suppressed by SZ.

“Adiabatic suppression mechanism”.
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Numerical result

c=1
c=1(analytic)

c=10(analytic)

10° ol
10" 10~ 10° 10 10" 10
m¢ ! Nakayama, FT, Yanagida, 1109.2073

The moduli abundance is reduced significantly
Just by increasing ¢ by a factor 10.
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Numerical result

c=1
c=1(analytic)

c=10(analytic)

10° ol
10" 10~ 10° 10 10" 10
m¢ ! Nakayama, FT, Yanagida, 1109.2073

The moduli abundance is reduced significantly
Just by increasing ¢ by a factor 10.
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Contours of the suppression factor

C Nakayama, FT, Yanagida, 1109.2073

Suppression of order 10-%° is possible if ¢ > 30.

Reheating should take place after the modulus oscillation.
FT, Yanagida 1101.0867



Caveats

@ Viable only when the potentials can be approximated
by the quadra‘l'ic form. Lukas, Niemeyer, Yamaguchi, 96

@ The mechanism does not say anything about the
initial abundance which is determined during the
first PeriOd of oscillation. Nakayama, FT, Yanagida, 1109.2073

@ The inflaton dynamics in general makes
additional contributions because m; > my .

(" )

There are additional contributions which are

not exponentially suppressed.
. J
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Additional contributions

Nakayama, FT, Yanagida, 1109.2073

@ Hinr < 0

’Og) gT ¢* : ke :
S 8 ;. Mp CHZ' :

@ Single-field inflation

e .
S 32 Mp CSHinf

@ Multi-field inflation




Additional contributions

Nakayama, FT, Yanagida, 1109.2073

@ Hinr < 0

i’j) gT P : e :
S 8 ;. Mp CHZ' :

@ Single-field inflation

i;) ET ¢* : / g \7:
s PRI UM p & KetHar 1

@ Multi-field inflation
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Finite inflation scale

@ The moduli stays at the potfential minimum during
inflation.

@ The Hubble-induced mass starts to change with
time as H o< 1, in a time scale of m;™.

@ The difference of the velocity results in the
modulus production.

during inflation

b =0

\ )¢
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Finite inflation scale

@ The moduli stays at the potfential minimum during
inflation.

@ The Hubble-induced mass starts to change with
time as H o< 1, in a time scale of m;™.

@ The difference of the velocity results in the
modulus production.

just after inflation,

\
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Single-field inflation

In general, the potential minimum moves at the end
of inflation.

2|¢ — & °|1)°
M3, ’

K =|g]" + |I|" +c
The relevant scalar potential reads

V = 3H{|¢]* +c*H|¢ — .| g1
SH: M2 = Vipe(I)
3H2M2Z= |I|? + Vine(I)
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Single-field inflation

In general, the potential minimum moves at the end
of inflation.

[ L=|01?— & (D,WKID:WT —3|W|?) j
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Single-field inflation

In general, the potential minimum moves at the end
of inflation.

The relevant scalar potential reads

V=3HgP + CHNP -t e3>
3H2M1% £ ‘[‘2 e V;nf(]>

1 llates affer inflati 7

[ L=|01?— & (D,WKID:WT —3|W|?) j

s The moduli starts to oscillate with an amplitude ~ 6. /c?
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Multi-field inflation

e.g. hybrid inflation:

W = S’ — o)

During inflation, S has non-zero F-term.
After inflation both S and the waterfall fields oscillate.

In general, the inflaton and the waterfall fields are coupled
to the moduli in a different way.

O e O £ i Tt
1 M2 M2 y

The potential minimum changes at the end of inflation and
the modulus oscillations are induced.
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Cosmological constraints

¢
AM,

L= Fu, ™ is assumed

LSP overproduction 1

DM overabundance

X-ray
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Cosmological constraints

¢

[ —
4M_p

F,,F* is assumed

c =30
H..r =102 GeV

DM overabundance
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Summary of adiabatic
suppression mechanism

@ A large Hubble-induced mass is required.

@ Viable only if the potential can be
approximated by the quadratic term.

@ The moduli abundance can be suppressed by
L

Hinf
suppressed in contrast to the original claim.

a factor of c , but not exponentially
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Modulus decay

Endo, Hamaguchi and FT., hep-ph/0602061, hep-ph/0605091
Nakamura, Yamaguchi, hep-ph/0602081
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If the modulus mass is heavier than 100TeV,
it decays before BBN.

Then, is there no cosmological problem if such
heavy moduli dominates the Universe?
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If the modulus mass is heavier than 100TeV,
it decays before BBN.

Then, is there no cosmological problem if such
heavy moduli dominates the Universe?

1. Moduli-induced gravitino/LSP problem
2. Baryogenesis

201258 H7H AEH



Gravitino Pair-Production from scalar decay

Endo, Hamaguchi and FT., hep-ph/0602061, Nakamura and Yamaguchi,
hep-ph/0602081, Kawasaki, F.T. and Yanagida, hep-ph/0603265,
0605297, Asaka, Nakamura and Yamaguchi, hep-ph/0604132

@ Relevant interactions:

1 4
e 1L = —ge“’”p" (G(b(?pgg G057 e a1

1 A 7
_geG/2 (Gpop + Goz +h.e) ¥, [V, v ¥,

¢ : any heavy scalar, e.g. moduli/inflaton

Z : SUSY breaking field, w/ G*G, ~ 3 G=K+In|W|

Taking account of the mixings,

ms /2
ey
s ~ (®) i

for mg < m,



Gravitino Pair Production Rate:

g Y
5 2 3
3/2 = |G¢‘ e ~ 1 ( <¢> ) My
\ 2887 m3/2M 32m \ Mp Mz J
Endo, Hamaguchi and FT., hep-ph/0602061
Nakamura a?'ld Yamaguchi, he;f—;fh/OéOZOSl For mq5 < mz

@ The branching fraction of the modulus decay into
gravitinos can be sizable, if its coupling to the visible
sector is Planck suppressed, and if it is Kinematically
allowed.
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unstable
gravitino

Q3nh>0.13

" BBN bound from NLSP decay stable

.;///4/./_/[/././/[//.//4/\/2(44///Z/.///Z/.//ZZ/.//Z//.//Z//./

gravitino
WDM

: _2. _i

10 1
B, qu5 — 103 TeV

Endo, Hamaguchi and FT., hep-ph/0602061 B3/2 — OO]_ — O].
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(i) Late-time entropy production;

Endo, Hamaguchi and ET., hep-ph/0602061
K. Choi, K.S. Jeong, W.-1. Park and C.S. Shin, arXiv:0908.2154

(ii) Increasing the gravitino mass;
Nakamura and Yamaguchi, hep-ph/0602081

Naturalness? Low-energy SUSY?
(iii) R-parity violation;

DM candidate? Maybe axion?
('V) AX'”O LSP? Nakamura, Okumura and Yamaguchi, arXiv:0803.3725

(v) Stronger coupling with the visible sector and

suppressed coupling with gravitinos in LVS
Conlon, Quevedo, 0705.3460
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Baryogenesis, Moduli
problem and LVS

Kamada, Higaki, FT, 1207.2771




@ Some of the moduli, especially heavy ones, may
not be produced if the inflation scale is low.

@ Still the lightest one may lead to the cosmological
moduli problem.

@ Even if it decays before BBN, we need an efficient
baryogenesis.

@ Also the moduli-induced gravitino problem should
be avoided.

We consider Affleck-Dine mechanism
and Large Volume scenario.

Balasubramanian, Berglund, Conlon and Quevedo, hep-th/0502058
Conlon, Quevedo, Suruliz, hep-th/0505076

Blumenhagen, Msoster, Plaushim, 0806.2667

Cicoli, Conlon, Quevedo, 0805.1029

201258 H7H AEH
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Affleck-Dine mechanism

Affleck, Dine (1985)

In the SUSY SM, there are
many flat directions composed
of squarks and/or sleptons.

(e.g. udd, ell)

A flat direction is parametrized
by a complex scalar field ¢
(AD field). eg. udd = ®°
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Scalar potential of the AD field

Flat directions are lifted by SUSY breaking and non-
renormalizable operators.

WNr = ’ 2 (n=4-9)
7Es
i e.qg.) W = (LH,)? (udd)?, (eLL)?
U(1)-preserving terms U(1)-breaking terms
2 e | 22 n
__ W2 2 R i | D |
V((I)) B (m() i ) ‘(I)‘ | an_(; | (An MJ}_S | hC)
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Scalar potential of the AD field

Flat directions are lifted by SUSY breaking and non-
renormalizable operators.

Beg (g =4

n—3
M e.g.) W = (LH,)?, (udd)?, (eLL)?

U(l)—preserving terms U(1)-breaking terms

due to non-ren.
inflaton operator
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Dynamics of the AD field

1. Takes a large VEV during inflation
2. Follows the instantaneous min. after inflation.
3. Starts to oscillate and kicked into the phase direction.

:62H2¢2

¢ = V2|
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Dynamics of the AD field

1. Takes a large VEV during inflation
2. Follows the instantaneous min. after inflation.
3. Starts to oscillate and kicked into the phase direction.

¢ = V2|
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Dynamics of the AD field

1. Takes a large VEV during inflation
2. Follows the instantaneous min. after inflation.
3. Starts to oscillate and kicked into the phase direction.

starts to oscillate
when H = m/c

¢ = V2|
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Dynamics of the AD field

1. Takes a large VEV during inflation
2. Follows the instantaneous min. after inflation.
3. Starts to oscillate and kicked into the phase direction.

starts to oscillate
when H = m/c

¢ = V2|
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The negative Hubble-induced mass Is required:

Limtih
If a massive mode is coupled to both, the cut-off
scale Is given by its mass.

K

1M,
Mk ~ oy

My
RRYIVER

M

2
Mwind ~ M ™ V1/3

M string stringR

c~ V3 P2 o PY3 >> ]

The baryon asymmetry is enhanced by c or c°.
The AD mechanism may work even in the low-

scale inflation.



We assume the type IIB orientifold flux compactifications,
and consider an extended version of Large Volume Scenario

with poly-instanton corrections.
Blumenhagen, Moster, Plauschinn, 0806.2667

K = —2log (V—Fg)

V= (77171)3/2 — (77272)3/2 — (77373)3/27

—27TT3) —27TT3)

W — Ae—a(T2+016 L Be—b(TQ+CQ€

)

_ Ae—aT2 _ BG_bT2 _ (aAcle—CLTQ _ bBC2e—bT2)€—27TT3 e ,

— —27T:
= W + Auge 27 4+

T;; — T; ZO'Z Y < 0 ,\
Ni=1,2,3 — 0(01 o 1)7 gs — 0(01)7 Ci=1,27 a, b= 0(1)7 X = _0(100) Oa ’
A, B> 1.
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A numerical example:

(V) = 78559,  (Ty) =25.18,  (Ty) = 2.88.

We assume that the MSSM sector is localized
on the D7 brane wrapping on the 72 4-cycle.
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Mass spectra

YA 1 ,‘
Kvis — (T2 il L ) ’@‘2 i‘gbz’|27 fvis,a — _(T2 -+ haS), ins — WMSSM(¢ViS).
(T, + T ) 47

m2 ~ —F!(F7)18;0;7 log(e™ Kmeawi/3 7)
1| FT|? _ ms N ([Wegt|?)

~y —

V 27’1 o V V?’ ’

2 Il mo ui/3 .
M, ~ F'0;1og(fvisa) + g <b F? — ZZtr T(¢p;)) F Or log (e~ modul Zz)>

~h FS alFTl Mgz (West)
“o7y 47TV 21 log(V)V  log(V)V?’

N B o I Yiq-in
Ajpiy, = (n—3)F F"0Orlog (e—nKmoduli/SZil e L )

in

1 Fh N FS Mgz (Wesr)
V27’1 S‘l‘ST V VQ .
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Mass spectra

Ty + T))™ 1 !
Kvis — ( = ) ’¢z‘2 i‘gbz’|27 fvis,a, _(T2 + haS)y ins — WMSSM(¢ViS)'
(T, +17) 7T

My > Mgy 2> My > mss2 > Mo 2 My, > An > M,.

j Fundamental parameters Moduli masses F-terms Soft masses

| Mgtring = 1.2 x 1016 GeV| mgpy = 3.4 x 1013 GeV | F° = O(103) GeV m3 = 1.4 x 107 GeV

‘ M, =17.9 x 1016 GeV  |m, 5, = 3.1 x 1017 GeV| F?2/21 = O(10) GeV |mg = O(10° — 107) GeV

[Wege| /M3 = 4.1 x 107 My o5 = 5.3 x 10" GeV|F'5 /273 = 2.9 x 107 GeV|4,, = O(10° — 10%) GeV
(V) = 78559 mq =1.5x10° GeV |F11 /21 = 1.4 x 107 GeV| M5 = O(10%) GeV

BSOS L3 P o o e - o SR - P o e el RN BSOS - P L PV e o BSOS g P L e el o IR g
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Mass spectra

Ty + T))™ 1 !
Kvis — ( = ) ’¢z‘2 i‘gbz’|27 fvis,a, _(T2 + haS)y ins — WMSSM(¢ViS)'
(T, +17) 7T

My > Mgy 2> My > mss2 > Mo 2 My, > An > M,.

j Fundamental parameters Moduli masses F-terms Soft masses

| Matring = 1.2 x 10° GeV| msy = 3.4 x 107 GeV F% = 0(10%) GeV m3/2 = 1 4 X 109 GeV
M, =79 %10 GeV |mr,g, = 3.1 x 107 GeV| F™ /27, = O(10) GeV fmy = O(10° - 107) GeV/|}

[Wege| /M3 = 4.1 x 107° My s = = 5.3 x 10" GeV F13 /275 = 2.9 x 107 Ge = O(10° — 10%) GeV |}

(V) = 78559 e = 1.5 % 1()6 GeV | Tl/ 2711 = 1.4 x 10” M jo = O(10°) GeV

BSOS L3 P o o e - o SR - P o e el o BSOS -
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Moduli decay

Through mixing with T2, the lightest modull
IS coupled to the gauginos as

_5¢1 Eai hg

pl

1/2
No (majz)* ) 7~ 600 CeV L A
Lot T ( M, ) b i Y\ 105Gev 10°GeV )
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Moduli decay

Through mixing with T2, the lightest modull
IS coupled to the gauginos as

_5¢1 Eai hg

pl

1/2
No (majz)* ) 7~ 600 CeV L A
Lot T ( M, ) b i Y\ 105Gev 10°GeV )
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Baryon Asymmeitry

'.. ¢1 B
. Np —10 C Tdec mo 1 qbc,osc
s (o) ~ 10" 0er { 5 (103Gev> 106GeV (1014Ge\/

The right amount of the baryon asymmetry
can be created by the AD mechanism, in the

presence of the entropy production by the
modulus decay.
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Moduli Curvaton

Kawasaki, Kobayashi, FT, 1107.6011

201258 H7H AEH



Linde, Mukhanov "97
< ‘ l r Va'I'O n Enqvist and Sloth 01
Lyth and Wands 01

Moroi and Takahashi “01

® Curvaton is an alternative mechanism for
generating the density perturbation.

@ Inflation model building becomes easier.

@ Non-Gaussianity can be generated, which,
if discovered, will exclude a simple inflation
model.
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Linde, Mukhanov 97

curvaton ey

Lyth and Wands 01
Moroi and Takahashi “01

1. Light during inflation

T SJ O.lHinf

The light mass can be naturally realized if the curvaton
has an approximate shift symmetry.

2. Comes close to dominating the Universe

Y > 0(0.01)

Pr decay
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Lore of curvaton

ofn. ~ 1/r (?)

@ If we want to have fn. = O(10), isnt this a
fine-tuning? Another puzzle?

ans = 1 (?)

@ Two-point functions should be consistent
with obs. before talking about three-
point function.
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Lore of curvaton

ofn. ~ 1/r (?)

@ If we want to have
fine-tuning? Anothe

Tensor=to=Scalar Ratio (r)

@ns =] (?) ™ Prmordal Tit (n

@ Two-point functions should be consistent
with obs. before talking about three-
point function.
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What does n. < 1 mean?

Formula: n,—1~

J : curvaton
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J : curvaton
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What does n. < 1 mean?

Formula:

J : curvaton
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What does n. < 1 mean?

Formula:

J : curvaton

In order to obtain the red-tilted spectrum without
relying on the inflation models, the curvaton must
satisfy

V" (0,) ~ —0(0.01) x H: f_

Negative and (relatively) large mass!
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The potential needs to be deviated
from the quadratic potential!

Related works:
Enqvist and T.Takahashi "08, Enqvist et al 09, Kawasaki, Nakayama FT "09.
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Hillfop curvaton

When one goes to the hilltop limif, the expression
for the curvature perturbation is modified.

Non-gaussianity increases mildly in the hilltfop limif,
and fn. >> 1 is possible even if the curvaton dominates.
Kawasaki, Kobayashi, FT, 1107.6011
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Hillfop curvaton

When one goes to the hilltop limif, the expression
for the curvature perturbation is modified.

non-uniform onset of oscillations

Non-gaussianity increases mildly in the hilltfop limif,
and fn. >> 1 is possible even if the curvaton dominates.
Kawasaki, Kobayashi, FT, 1107.6011
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Application to Nambu-Goldstone curvaton

We require

Then, the initial condition must be close to the
hilltop, because otherwise the curvaton would
start to oscillate soon after inflation.
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(2) hilltop case

P
o
12 Y

log; o (Pren [GeV])
¥

10°

A A A A

8
log)o (Hinf [GeV]) log)o (Hins [GeV])

Figure 15: o,/nf = 1 —=10"% r > 1. Figure 16: o./nf = 1 — 107", » > 1.
fnL ~ 20 in most of the allowed region. L ~ 30 in most of the allowed region.
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Prediction of 1107.6011

@ In Nambu-Goldstone curvaton, fn. is
predicted fo be in the range of 10 and 30.

@ In particular, if we consider the
modull curvaton with the decay
constant about 10!7 - 10'¢ GeV,

fn. should be about 30.

N.B. : The curvaton is assumed to dominate the Universe at the decay,
in contrast fo the works in the pastf, and that is why this prediction is robust.
N.B.2 : The inflation is assumed to be not the chaotic one. So r <<< 0.1.
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Conclusion

@ Considering the 125GeV SM-like Higgs boson,
the SUSY breaking scale at 10TeV - 1000TeV
IS attractive.

@ Moduli problem is then relaxed, and
successful cosmology becomes possible.

@ Baryogenesis, dark matter, inflation model
building are important remaining issues.

@ Moduli curvaton predicts fn. about 30.

@ Moduli will be a probe of the high energy
physics and early Universe!
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