Non-Gaussian cosmological perturbations:
The inflationary trispectrum
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Slow-roll Inflation

 Overdamped scalar field
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Curvature perturbation

 Single field inflation (adiabatic pert.): only one clock

= all horizon sized patches goes through same unpert.
histories

ds® = —dt® + a(t)?e*®dz? |,  ¢(t)

or
ds® = —dt* +a(t)’dz*,  ¢(t) + 6¢(t, T)

where T is conserved on super-

horizon scales (just a rescaling of coord.)

and the linear gauge-transf. is

C — %6¢ [Salopek,Bond ‘91]



CMB

* The curvature perturbations leads temperature fluctuations
in the CMB photons
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e Allows us to

fit the spectrum of
primordial curvature

perturbations to data

—

(CrCrr) = (2m)35(k + k)P



(Non) Gaussianity

Fluctuations are practically Gaussian assuming:

® Single field inflation
® (Canonical kinetic term

e Sufficiently smooth potential (slow-roll)

(Chaotic inflation, Hybrid inflation, SUGRA inflation, F-
- term inflation, D-term inflation, A-term inflation, Brane inflation, natural
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Shapes of Non-Gaussianity

® TJo leading order, the perturbations are encoded in the two-
point fuction

—

(GGir) = (2m)°6(k + k') P (k)
® A non vanishing three point function

<<k1 Ck2 <k3 >

is a signal of non-Gaussianity
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Non-Gaussianity: Single field slow-roll

® Perturbations conserved on super-horizon
scales: NG is computed at hoizon crossing

® Bispectrum from 3-point interaction )\
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Semiclassical estimates
Squeezed limit:

® Consider )\

<Ck1<k2<k3> for ki1 << kg, k3

* The long wavelength mode will rescale the spatial coord.
of the backgound of the two other modes

ds? = —dt? + e a?(t)dz?

* Taylor expanding the two point function in the background of @]

L8 1 il * \ -
nyed RS ¢ R\l ": Y MO
" . P : 4 e D y 5

=~ N e e P - .
” PR Rl s - 4 v el e o A R 7 R b=
O P Wl M S e (e AN LT TIPS T TP W L
y » v » N




Counter collinear limit:

® Exchanged graviton momentum goes to zero

® The effect of the long wave graviton is to rescale >’\/\<
the background

dz? — dx* + vi;drtdr? = k* — k* — k'K’
® Taylor expanding in the new background

<Ck1 Ck2>73 <C7<?1 Ck2> S BTNe) T a <Ck?1 Ck2>
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Obsevational bounds

Present:

Jnvr < 100 v < 10°
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In foreseeable future we can probe:
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Models of large non-Gaussianity

: 8 [Enqgvist, Sloth 01,
Simplest model: Curvaton model N oL,

Moroi, Takahashi '01]
® Light scalar field behaving as a test field during inflation

® Dominates the universe sometime after inflation and
then decays
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More complicated models:

® Since we do not know the microscopic origin of
inflation, from an Occam’s razor point of view
single field slow-roll is preferred - we expect small
non-Gaussianity

e On the other hand, when inflation is

embedded into a fundamental theory like string
theory, it typically carries with it more complicated
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Conclusions:

® Primordial non-Gaussianity can provide an
interesting consistency check for different
models of inflation

L)

® |f primordial non-Gaussianity is discovered,
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Definition and shape of fne

.3 . .
<CE1 CE2<E3> = (27T)35(3)(Eiki)ngLPC(kﬁPg(kz) + perm.
» Squeezed: k, << k,,k,
fnc'ocal maximal in squeezed T
.. k :
limit ) . 1 p
((Z) = (o(T) + f‘m 4 (Z) :
Multifield inflation
e Equilateral: &, ~ k, ~ k,

fnce94! maximal in the
equilateral limit

Non canonical kinetic term

e Folded/flattened: kg ~ 2k ~ 2k5

fnifolded maximal in the k, k,
folded limit /\\

—

kz:

Non vacuum initial cond. k,



