fi‘*“:f R At
"""""" Non-Gaussianity
from
Hillfop Curvaton

Sep.29@JGRG21
Tohoku Univ.

Fuminobu TAKAHASHI
(Tohoku U and IPMU)

arXiv:1107.6011 M. Kawasaki, Takeshi Kobayashi, FT



| What is the origin of
the density perturbation??? |

CMB temperature anisotropy contains information on
the very early universe.

The prime candidate is the inflaton, butf,..



Life may be more complicated
than we expect.




curvaton = e

Enqvist and Sloth 01
Lyth and Wands 01

1. Ligh-l- during inﬂa.'_ion Moroi and Takahashi 01
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The light mass can be naturally realized if the curvaton
has an approximate shift symmetry.

2. Comes close to dominating the Universe

r= Fo > 0(0.01)

Pr decay

3. Can generate non-Gaussianity.



Lore of curvaton

ofn. ~ 1/r (?)

@ If we want to have
fine-tuning? Anothe
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@ Two-point functions should be consistent
with obs. before talking about three-
point function.



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:

Negative and (relatively) large mass!



The potential needs to be deviated
from the quadratic potential!

Does the curvaton dominate the Universe?
Does the prediction of the density
perturbation change?



For the curvaton mechanism to work, the energy
fraction should be sizable at the decay.

There are two possibilities.

1. Very long lifetime

2. Initial position close to
the hilltop.



Very rough skefch
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non-uniform onset of oscillations



A bit more detalil

We evaluate 0,sc as a function of o
using an attractor solution.

cH(t)o ~ ki)
0o
(This is valid as long as | 7z| <1)
We define H_,. as s 1
OSC HO_ s Iy

Using the §N -formalism, we estimated the density
perturbation analyftically.



Results

V/(Uosc) e BX(OOSC)} V/(Uosc)
V(Uosc) Oosc V/(U*) .

(1~ X (o)™ {

N.B. X represents the fluctuation of Hesc, and it
vanishes in the case of the quadratic potential.



Hilltop curvaton
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The curvature perturbation rapidly increases while
fNL only mildly logarithmically increases in the hilltop
limift.



__Application fo NG curvafon

f Vio)= AS1 —ofs (%)

(1) st

We assume

Very high Tr and Hinr
are required;

because the curvaton soon
. starts to oscillate after

g (Hi [GeV) inflation in the non-hilltop
case.

Figure 11: o,/7f =3/4, r > 1.



Application to NG curvaton
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Figure 15: o,/nf = 1 —=10"% r > 1. Figure 16: o./7nf = 1 — 107", » > 1.
fnL ~ 20 in most of the allowed region. L ~ 30 in most of the allowed region.




Summary

@ The red-tilted power spectrum suggests a
negative curvature of the curvaton potential:

V" (0,) ~ —0(0.01) x H?

@ In the hilltop limit, fa. can be as large as O(10)
for dominant curvaton, and it is not sensitive to
the initial deviation from the maximum.

@ In the case of the NG curvaton, fno = 10-30.






Spectral Index
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Using g';\: = (function of 7, ggsc) X s, )
we obtain

: G Sl T,
o = n
dlnk V/(U*)
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@ For non-tachyonic curvaton,

On the other hand, assuming single-field canonical
slow-roll inflaton,

1 | do
M, |dN

Z\/l_ns

Therefore, ns = 0.96 requires a super-Planckian
field range for the inflaton.



Attractor Solution
see arXiv:1107.6011




Hilltop limit
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fne increases VERY SLOWLY in the hilltop
limit.



pseudo-Nambu-Goldstone Curvatons

black : tose 2 tren
blue: r =1
: BBN

purple : curvaton subdominant at onset of oscillation
(energy density smaller than 100% (1%) for
dominant (subdominant) curvaton at tosc)

red: fnp < 74
green dashed : GW bound

orange ! tend < treh
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Hips (10" GeV)

curvaton decay energy density{1/4} ~
temperture in terms of GeV

(numbers in boxes : fNL)

fNL ~ 35 in most of the allowed region



IS
r1suggested by obs.

We consider a Nambu-Goldstone boson type model.



Any prediction?

@ Yes!
@ Predicts non-gaussianity fn. as
fNL = 20-40
for most parameter space, and

® non-Gaussianity is generated for the
dominant curvaton.



Analaysis

5PN
Ja = 6 do2
~ 40(1+7)  5(443r) [Vowe) 3X(0u)
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