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Inflation

* Inflation generates the primordial density perturbations
from vacuum fluctuations in the scalar field

* The simplest models predict

A nearly scale invariant spectrum of adiabatic (curvature)
perturbations with a nearly Gaussian distribution

There are LOTS of models of inflation:

single field, multi field, new, chaotic, hybrid, power-law, natural,
supernatural, assisted, Nflation, curvaton, eternal, F-term, D-
term, brane, DBI, k- ....

With so many models we need as many observables as possible to
distinguish between them

E.g. observational bound on bispectrum |[f _NL|<100



Linear (Gaussian) field perturbations

o (t, ") = o5 (1) + 1 (t,2')
2-pt function after Hubble exit, k<aH, for field perturbations on spatially-flat hypersurfaces

(i) = O (k) (21)°8° (k 4 K)

*  to lowest order in slow-roll
CAB(k) = 645 P(k) 2
47k H.\

P~ = ()

hence for scale-invariant spectrum P(k) [] 1/k°

where

* to next order in slow-roll C48 Z 5‘43 van Tent (03); Byrnes & Wands (06)



2" and 3" order field perturbations
St = ot = ot + 90§+ @‘é‘—l—

3-pt function after Hubble exit, k<aH,
for field perturbations on spatially-flat hypersurfaces

(i, Py Phg) = B (kyy ko, k) (27)°0° (kg + kg + k)
Maldacena (2001); Seery & Lidsey (2005)

connected part of the 4-point function, after Hubble exit
(0, o Pk )e = TAPP (kg ko kg, kq)(2m)%0° (kg + ko + ks + ky)

Seery, Lidsey & Sloth (2006)



The primordial curvature perturbation C

Calculate using the 0N formalism (valid on super

hOFlZOn SCaleS) Starobinsky "85; Sasaki & Stewart "96
Lyth & Rodriguez '05 — works to any order

pmm

Efoldings &V = / Hdt

1
¢ =06N = Nap” + §NAB‘PA90B + -

ON

Where Ny = DA and SOA IS evaluated at Hubble-exit



Linear primordial perturbations
(CCir) = P (k) (21) 07 (k + K)

to lowest order in field perturbations
(1 =Nagl = P(k)= NyNgC4P(k)
* to lowest order in slow-roll C4(k) = 42 (k)
P:(k) = NAN*P(k)

where

Ak
Pk) = —

)= (12{_)




2" order primordial perturbations

A A B odriguez, astro-
CQ — NA¢2 + NAB(P1 (1‘91 Lyth & Rodriguez, astro-ph/0504045

to lowest (fourth) order in field perturbations

<Ck1 Cks Ck3> = BC(kla ko, k3)(27r)363(k1 + ko + k3)

where
Be(ki, ko, ks) = NANpNeBAPC (ky, ko, ks)
N ANpoNp [C4° (k) CPP (ky) 4+ C4€ (ky)CPP (kg) + O (k) OB (ky )]



3rd order primordial perturbations

C

a7 A AT A B, A B AT A B C
(3 =Nawsy + Nap (¢1'¢5 + 9501 ) + Napcei o1 ¢

We define the trispectrum by

(Ciey Co ks Cien)e = Te (K1, ko, k3, ka) (27)35° (k1 + ko + k3 + ka)

Te(ki ko ks, k) = NaNpNoNpTABP (ki ko, ks, ky)
+N4,4,NgNcNp [C‘qlB(h)B‘%Bc(hg, ks, kyg) + (11 perms)}
+N 4,4, Np, 5, NeNp [C42P2(ky3) O (kg) CP1P (ky) + (11 perms)]
+N 44,4, NgNcNp [C‘qlB(kg)C‘ng(kg)CAED(hl) + (3 perms)| .

Seery & Lidsey, astro-ph/0611034;
Byrnes, Sasaki & Wands, astro-ph/0611075



Primordial Gaussianity from Gaussian fields

C is a function of multiple Gaussian fields

Bispectrum and trispectrum simplify, to leading order in slow roll

Bc(kl,kg,kgj = —f\L [Pc[ P{(Ag) —I—Pc(k )P (kg,)—l—PC(kg)PC[h)]
Tc(kbkg,kg,k;l) = f\L[Pg(klg)Pq(ngPg(kil) (H pﬂl‘lllf:‘)]

54 | |
—\—2—J\,L P (ko) Pe(k3)Pe (k) + (3 perms)]
There are 3 k independent parameters
f\L_J\ WNpNAP | 25 NapeNANPNC | NypNANENg
6 (NeNCE |TNE T BT (NpNDR | |™VE T T (N ND)?

If only 1 field generates the primordial curvature perturbation,
2 independent parameters remain

5 N 25 N7 (N")?

fNL - E(N’)Q gNL = a(l\r/)g TNL — [i\vfj"l :ﬁfj\r[,




Diversion - Diagrammatic Approach

Vertex

Propagator

—_—— — —_— —_ —_ 3 — —

k2
a, .,
k1 /'/qz k3
» { - — ——
AN
g~ K
k1 q1 k3
> O —
|
Y4,
k2 | q3 k4

/
s/

Ve
q1/

—_— —— — — =

53(k — q1 — g2 — 3)NaBcC



non-Gaussianity from slow-roll inflation?

single inflaton field

can evaluate non-Gaussianity at Hubble exit (zeta is conserved)
5 N D 25 N 25

N = — — (¢ NT = — :_i)_c)z 2
Nt FIVE T 6(7} 2¢)  9NL SV 51 (2en — 2 + &%)

undetectable with WMAP or Planck data

multiple field inflation
difficult to get large non-Gaussianity during inflation
No explicit model has been constructed

Easier to generate non-Gaussianity after inflation
E.g. Curvaton, modulated (p)reheating, inhomogeneous end of inflation

Curvaton scenario

The primordial curvature perturbation is generated from a curvaton field that
is subdominant during inflation

If the ratio of the curvaton’s energy density to the total energy density is

small _ [ 3px ] <1
3px t 40r] decay
Non-linearity parameters are large fnr = O(1/r), gnr = O(1/r°)

Sasaki, Valiviita and Wands 2006



Conclusions

New data makes it worthwhile going beyond linear theory
(WMAP, ACT, Planck)

Need to compare models with data

For Gaussian field fluctuations from slow roll inflation
— Bispectrum has one new observable INL

— Trispectrum has two new observables,T); and &1

y
Only in ‘single field’ models, TNLOCfNL

Ty; and 8y are small in the standard inflaton scenario
Can be large in other models



