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curvaton schematically

curvaton: massless field during inflation with O, << O,

ENERGY DENSITY
slow roll

oscillation

inflaton inflaton decays

'/u’rv/aton decays

curvaton not moving
— flat spectrum

time



1. Curvaton dominant at decay — all matter from curvaton
matter inherits perturbation from the curvaton

2. Curvaton not yet dominant at decay — decay products
thermalize with inflaton decay products

curvaton perturbation can be dominant if

Py 1 10~  such that %P, =107
Ls Pror

and inflaton perturbation small

curvaton perturbation generated during curvaton oscillation from inflationary seed
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curvaton must decay:
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higher order operators must exist:
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self-interactions




even weak interactions cosmologically important:
- large field values — probe interaction terms
- interactions — non-linearities

curvature perturbation at constant p hypersurface
g p— AN separate universe formalism
he fiel
N=N(G)=ln(a/a0) depends on the field

initial condition

during curvaton oscillations

N ~ 0(10) but AN =~ 0(10™)

non-linearities: sensitivity to the initial condition
- in particular: non-gaussianity
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=0 for gaussian perturbation

non-gaussianity of the primordial perturbation
very important observable

... perhaps the single most interesting that Planck will measure



Limits;:

-9< f, <111
-3.5x10° < g,, <8.2x10

single-field inflation  f,, = O(g)U 1
multi-field inflation £, = O(1)

Planck expected to set limitto  fy, <5

preheating may generate large non-gaussianities



non-gaussianity in curvaton models

r= rdec = ( 3100- j
4p” +3p0' decay

GV — dGOSC
do. / =0 for quadratic case
O. = O-osc
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can be large

non-quadratic case: more complicated



Assume “small” deviation from quadratic form

p
1,2 2 4 _O
V=-m.o" +Am,

o)

measures the strength of interaction

small: s<<2/p

non-integer p < logc
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The spectral index of f;
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If deviations are not always small ﬂ[||:> numerics

4+n

O
M"

V=_im’c’+1

Equations of motion:
0=6+(3H+T)c+m’c+A(n+4)c""
p =—4Hp +T6°
3H = p, +p,

inflation

initial condition: k/////

H.

2

O=0,, 0, =0,+



curvature perturbation is

gIN(G*)—N(CT )

+

Po V(G;) 01
IOr 3H*

for fixed m, n, free parameters are H.. r=

H > find I' at equal p such that ¢ = 10

“natural” value of 6. < . ?

87
FP =) P, <exp(—3H;t V(G*)j
178
) flatdistribution up to V(G*) ~ . *2
T

not quantum fluctuation = classical force V'~ H’



Four phases:
e slow roll O =~ O

. : . ~ n+6
e non-quadratic oscillaton O, * a

e quadratic oscillation P, = d

e decay I'=H

scan through parameter space,
adjust parameters such that ¢ = 107
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perturbation sensitive to parameters:
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contrainton I

curvaton must decay before CDM freeze-out

N\

perturbations adiabatic

M > 0(10) GeV

PP 20 = T

freeze

freeze

T2
) r>H,  ~ Eex107 Gey

spectrum scale invariant: V' ' < 1 0_2 [{*2



non-quadratic term /.
irrelevant :
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when non-linearities important, AN shows oscillations
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n=4,m=10"M

ALLOWED REGIONS

correct amplitude R — /
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curvaton decay




TeV scale curvaton?

if one assumes quadratic potential.:

H., _ - _ P
gz—reﬁzlos ; reﬁ”'\'rdec_ -
G* p}"_l_pG

correct perturbation amplitude, non-gaussianity, decay before
DM freeze-out

purely quadratic potential not consistent if m ~TeV
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allowed regions
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What could the TeV scale curvaton be?

obvious candidates: MSSM flat directions

- can one have the required small I'?

KE, Mazumdar, Taanila



conclusion

 1gnore curvaton self-interaction at your peril
 rich phenomenology

 signature: large non-gaussianity
— comp. bispectrum w. trispectrum

— spectral index




