How to Compute Primordial
Non-Gaussianities

Sam Passaglia'

LUniversity of Chicago KICP



: infl .. .
Vacuum Fluctuations =% CMB Initial Conditions



Gaussianity

~

f(r)isa GRF <= P(f(k))



Gaussianity

~

f(r)isa GRF <= P(f(k))

— —

(f(kr) f(Ra)) = o2 6(k — K)



Gaussianity

~ 1 o

f(r)isa GRF <= P(f(k)) = -Lte &

— -

(f(k1) [f(ka)) = o2 5(k — k')

(f(k1)f(k2)f(k3)) =0



Our Field is /R (o< W)



Our Field is (/R (x V)

<C(k17 _OO)C(]@? _OO)C(k& _OO)> =0



Our Field is (/R (x V)

<C(k17 _OO)C(k% _OO)C(k& _OO)> =0

(¢ (b1, )¢ (K, 1)C (K3 1)) =7



Inflation

S = [day/=g(iR — Lg"6,00,6 — V()



Inflation

S = [day/=g(iR — Lg"6,00,6 — V()

S = [d'ay/=g(iR — 1" — V(¢))



Evolving ¢ through Inflation

(C(k1,t)C (Ko, t)C(ks, 1)) =7



Evolving ¢ through Inflation

(C(k1,t)C (Ko, t)C(ks, 1)) =7

H = Hbackground + Hfree + Hinteraction



In-In Formalism

H = Hbackground + Hfree + Hinteraction



In-In Formalism

H = Hbackground + Hfree + Hinteraction

(W(t)) = (Ut to)W (t0)U (t, t0))



In-In Formalism

H = Hbackground + Hfree + Hinteraction

(W(t)) = (Ut to)W (t0)U (t, t0))

U(t.to) = Texp (=i [} dt'Hyee(t') + Hipa(t))



In-In Formalism



In-In Formalism

(W(t)) = (U (t, to)W (t)U(t, t0))

(W(t)) = (U (t, o)W (to)U (¢, t0))



In-In Formalism

(W(t)) = (U (t, to)W (t)U(t, t0))
(W(t)) = (U (t, o)W (to)U (¢, t0))

(W(t))
t,

U1t 10)Upree (1) W (OUL (8 0)U (1, )

free



In-In Magic

(W(t)) =
-1 tatO)UfTEE(t?tO)WI( )Ufree(t tO)U(t7t0)>



In-In Magic

(W(t)) =
-1 tatO)[]fTEE(t7tO)l1/I( )l]free(t to)l](t,t0)>

Ul

free

(t,t0)U(t,tg) = T exp( zj; dtHI

znt



So Back to Inflation

S = [d'ay/=g(5R — 39" — V(¢))



So Back to Inflation

S = [d'ay/=g(5R — 39" — V(¢))

d82 = —N2 dt2 + hij (dxl + Nj dt) (dxj + NZ dt)



So Back to Inflation

S = [d'ay/=g(5R — 39" — V(¢))
d82 = —N2 dt2 + hij (dxl + Nj dt) (dxj + NZ dt)
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Di[Ki — K]
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Example: Expanding around background
ds® = —dt* + a*dz?

Constraint equation

9 )
GR -2V — & — L(K;; K7 — K?) =0
becomes the Friedmann Equation...
3H> =9 +V
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Still have some gauge freedom

ADM Metric
d82 = —N2 dt2 + hij (dSIZZ + Nj dt) (dxj + NZ dt)

Gauge-Fix for scalar perturbations
hw =a €2C5
= i
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Expand action to cubic order in the
perturbations ((, lapse, shift)

Eliminate the lapse and the shift using the
constraint equations.

Quadratic will give us ¢(¢), Cubic will give
Hinteraction (t)
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U = 2V
v + (k* = 2" /2)v, = 0
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So for the interaction picture field (;(7),
we have

[ts time evolution
u = m(l — ikT)e*T

The vacuum
al0) =0 — (...) = (0]...|0)

The contraction
(Cr(k1,0)Cr(k2,0)) = 2(%—3)5(7{1 ko)
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Can prove H;,; = — L

Hin(7) D [ Pzae*¢(z, 7)) (x, ) (2, T)

(Ckl( )Gha (£)Cs (1)) =
(T exp( zft dtH] ()¢, (£)CL, ()¢, (1) T exp( zft dtH] (t
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Can finally compute the bispectrum

(G ()i (0)iy (0)) =
(Re [~2i¢}, (0)CE, (0)H,(0) [° 1410y A7 Pa?e2 (, 7/) G (, 7) (2, 7))

3 d3Q1 d3qg d®qs ,—i(q1+qat+gs)z
Fourier Space [ d*z — f s e
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Wick Contractions

(G, (0)CE, (0)GE, (0)Cy, (T) g (T) Gy (1))
becomes products of

(Cet1)Gq(t2)) = (2m) utr)u(t2)d(k — q)



After doing the contractions and
computing the integrals...

One term in the bispectrum of single-field

inflation

<<k1( )Ckz( )<k3(0)> =
165W< )30 (ki+ka+ks) (kaks)* (£ +15+1 — 2+1 — 3)
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