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Vi. musk be evolved ko Hp

Any post imﬂfm&wv\a\“v evolution must be
evolved to the present energy density
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1 1 1
Ningit Z(l — 3wyp ) Npp = 5o + Zlnr + Zln(pk/pend)

N, ~ 7121 —In K + lln
aoHO 4

+
12(1 + Wint) Pend

1 — 3win ln( Pth ) ,

PLANCK paper
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1 1 1
Nz’nf A Z(l 7 Swrh)th =95 HE Zl??/l“ e Zln(pk/pend)

Nins =55+ 5

compute observables in terms of Nis and
see whether ik fits data for N = §0-40!

1
V () = e ng — 1= =8N



Planck+WP-+BAO
Planck+WP-+highL
Planck+WP

Natural Inflation
Hilltop quartic model

Power law inflation
Low scale SSB SUSY

R? Inflation

V x ¢?

V x ¢*/3
V x ¢
V x ¢*
N.=50

_ N.=60
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How does making
predictions change for
modular Casmai.ogfj?



Modular Cosmotogj

- moduli: Light scalar fields with Plancie
suppressecl interactions

goncﬁarov, Linde, Vysotsﬁy 1984; Dine,

Lwﬂ S Tiscﬁ[er, Q\femescﬁans@ 1984; Cougﬁ[cm,

u Holman, Ramond, Ross 1984; Linde 1996.
=0 p ~ Mp
Y = ¢/Mp; ~ 1
my < HEE i Dine, Randall, Thomas (1998)
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Inflation —p reheating

, radiaktion

Nrad

reheating g— - moduli (matter)
po 1V rh2 \Y mod

12



IM{:L&&EOM st r@_heaﬁgy\S
Nin f Nip1
reheating g
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= 59.43
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radiakion

Nrad

moduli (matter)
Nmod
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Central value of e-folding shifts

1 V167 My Y2
Nz’nf: (55ln( it ))5
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1 V167 M Y2
Nz'nf: (55§ln( A )) )

g

Central value of e folding shifts
For my, ~ 10° TeV : Nins =41 — 51

For m, ~ 10° Tey : Nins =43 — 53

(Y ~ 0.1 assumed)



Tev Modulus

RBlack doks wikh no modulus
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1076 Tev Modulus

RBlack doks wikh no modulus
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Tev Modulus

Black doks wikh no modulus
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lmyt&ao&mms: i1

1 AerMEN e | 1
b ) 4(1—3wrh1)N’rel 4(1—3wrh2)N’r€2

1 1 Ok
= 55.43 — Nyp¢ + =1 —1
55.43 f+4nr+4n(pend)
analytical Mumerical
understanding of
reheating: o, < 1/3



Conskraint on Modulus mass

_3<55.43—Nk—|—% In(52<)+1 In r)

m, = V16t M, Y e

- take Y = 0,01, then for N = o
Wl 0% 2 10%T

nuch s&romaer thain BBN bound
( Trcnin: > WeVe "m, 50ROV )

K.D, Maharana s LQTSQ SUSY bT’QO\M’EMS scale ... ¢
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Conclusions

- modulus dominated cosmology is a
generic feature of string/suqgra motivated
SCENATLO

1 V167 M, Y >
Nz’nf: (55§ln( o ! )) T )
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Conclusions

- modulus dominaked Cosmatc}gj LS o
generic feature of string/sugra motivated
SCeNnaArLoO

1 V16w M, Y ?
Nz’nf =G (55 —ln( k2 )) <)

3 M

= o modulus mass
derived using preasmm CMRB daka

- typically for N ¥ 50 and PLANCK central
value of spectral index m, > 10° — 10° TeV

R3



Thanlke You
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Simplicity: Neglect v’ and enerqy
density dependent term

excluded

50 -

e-foldings

much sktronger than BBN bound
Treheat 2 Mgv mgp il 5() TeV



P
N
D
o

N
S
.©
-

(]

—

P
L

(4]

O

&
'

.

O

]

o
|_

0.96 0.98
Primordial tilt (ny)

Planck+WP+BAO
Planck+WP+highL
Planck+WP

Natural Inflation
Hilltop quartic model
Power law inflation

Low scale SSB SUSY

R?2 Inflation

V x ¢?

V (,-")2/3
V x ¢
V x ¢°
N.=50

N.=60




