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Lessons:
Multiple fields Inflation

Ensemble of acceleration histories (trajectories)
for the same underlying theory

Prior probabilities of trajectories P(H(t))

Small amplitude of gravity waves r from inflation 7 ~ 1010

Some exceptions
r~ 1072
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Measurement of GW from CMB anisotropy polarization
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SPIDER Tensor Signal
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Gravity Waves Signatures from Pre-inflation?  Gumrukcuoglu, LK, Peloso 08

ds® = —dt* + a’dz® + b*dy® + *d2*

s
2 =1
V =Vp (1 —e%%)
L3
H; = 352
pi—1/3
Hgf)]

t < 1/Ho (a(t). b(t). (t)) = (a0, bo. co) - £ gi:zzll

| W

(a(t).b(t).r:(t)) s, B ) [sinh(BHgt)] e [tanh(

£ > 1/Hyp (a(t).b{t}.c(t)) = (ag. by, cg) - €7
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The most general metric perturbations around (11) can be written as

a2, (1+2®) awady awb (Bi+B)
_ng ﬂ?'{l—:.?.‘l') ﬂb@l (B;-l-é:)
b [(1 -2 E)JU +2 E_;'j + E{;‘J)]

The canonical variables are

2b M, p
V=b|lbo+— pg"@z 5 . Hy = -2 IppzraHb 3
H,ps + Hy (2p7 + p7) H, pt + Hy (2p; + pT)
and
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Gravity Waves Signatures from Pre-inflation?  Gumrukcuoglu, LK, Peloso 08
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The most general metric perturbations around (11) can be written as

—ﬂi(l +2®) ap adhy an b (B; + B;)
at(1—-2W¥) abd (B,;“I‘éi)

G =
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Gravity Waves Signatures from Pre-inflation?  Gumrukcuoglu, LK, Peloso 08
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The most general metric perturbations around (11) can be written as

a2 (142®) awadx amb (B:+ B)
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Gravity Waves Signatures from Pre-inflation?  Gumrukcuoglu, LK, Peloso 08
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The most general metric perturbations around (11) can be written as
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ds® = —dt* + a*dz* +b* (dy” + d=*) OGuv
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limits on the total duration of inflation and
the initial GW amplitude.
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Expanding and contracting Kasner solutions are instable against GW

[(C%), 1 {C%)gl (numerical)
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FIG. 7: Contribution to 5C2/C?, defined in eq. (40). from H, (left panel) and H, (right panel)
modes with some fixed comoving momentum. The times and momenta are chosen as in Figure 6.
While in Figure 6 the background geometry is expanding (from the singularitv at 5 = 07). the
background geometry is contracting (towards the singularity at i = 07 ) in the evolutions shown

here.
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BKL story
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BKL story

ds* = dt* — g (£ x7) dx*dxP
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hag = a>(£)lalg + U2 (E)mamg + (#)nang .

- (&bc)' 1 [.2 & 2 2]
R =+ 555 VO - (ub* —vc?) ] =
m _ (abc) 1 i 2ea n2]
—Rm = — =+ 55555 ¥ b* — (Aa® —vP) ] —@

NN 2
—R* = — (Aa? —ub?)°| =0
"= abe 2222 IV C ( ) ]
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BKL billiard

hag = aztt}lalﬁ - bz(t)m,m;; - Cz(t)ﬂaﬂ_g .
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BKL billiard

| |
Equipotential lines of the Bianchi type IX model in the 5., 5_ plane.

Pirsa: 08090052 Page 31/60



BKL billiard

Equipotential lines of the Bianchi type IX model in the f ., 6_ plane.
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The Generalized Kasner Solution

Pr(XT) + P (X7) + pulx7) = pr(x7) + po(x7) + p3(x7) =1

Unstable mode
I-VAl=0

Generalized solution is valid as far as
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BKL billiard

hag = az(t)lalﬂ - bz(t)m“m;; - Cz(f)ﬂaﬂ_g :
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The Generalized Kasner Solution

Pr(ET) + Pm(x7) + Palx7) = PR(x7) + PR (x7) + PA(x7) = 1

Unstable mode
I-VALIl=0

Generalized solution is valid as far as
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BKL billiard

hag = az(t)lalﬁ - bz(t)mgm_g - Cz(t)n,n_g :

PI=P1: pm=P2: Pn=p3:

a~tPhr, b~tP2, ¢~ tP3,

<

a~tPt, bo~tPm, o~ tPe

pr_ |P1| pr =_2|Pl|_P2 pr=P3-2|p1|
T1-2|p | it 1I—2)m) > 1—2Zim|

irsa: 08090052

Page 37/60




(ub* — vcz)z —
28+ = (Aa? — w:z)2 — u?b?

.
|

Eher — (..-\az — ;Ibz)z — vt
Bianchi type 11 .
oy = — €
1
Prr =T = E“v’“

irsa: 08090052 Page 38/60



istability of contracting Kasner against vacuum fluctuations of gravitons
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iIstability of contracting Kasner against vacuum fluctuations of gravitons
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Stochastic equation for generalized Kasner contraction collapse

|
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Kg + xﬁx"

1 9
L2(/) = ppcay
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iIstability of contracting Kasner against vacuum fluctuations of gravitons
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Stochastic equation for generalized Kasner contraction collapse
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Family phase portrait of inflation o+ 3Ho¢+ ¥ —4
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Stochastic equation for generalized Kasner contraction collapse
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Family phase portrait of inflation o+ 3H¢+ Vge—0
3H?2 =22 (¢2/2 +V)
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Light field at inflation
o = [dPk(api(t)e™ + h.c.)
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fe(n) = g e (1—ikn)

H/a(t) <k < H
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Exbbianad=: 1 H
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end of recombination
inflation time
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Generation of cosmological fluctuations
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Stochastic equation for slow-rolling inflaton

¢+3Ho+Vy,=0
slow roll

o(t,Z) = o(t) + do(t, T)
5¢ = [/ 0(k—a(t) H)ép+short wavlength modes

3Hop = —-Vy+1

< n(®)n(t) >= H5s(t — ')

Pirsa: 08090052



irsa: 08090052 Page 57/60
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Stochastic equation for generalized Kasner contraction collapse
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Stochastic equation for generalized Kasner contraction collapse
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