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Predictions of slow-roll inflation

Scale invariant spectrum g,
@ One of the greatest triumphs of inflation
@ Confirmed by recent observations e.g. WMAP5: ng = 0.96
© Naturally generated
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Predictions of slow-roll inflation

Scale invariant spectrum g,
@ One of the greatest triumphs of inflation
@ Confirmed by recent observations e.g. WMAP5: ng = 0.96
© Naturally generated under the slow-roll approximation

true ]
slow-roll <—= inflation
false
Inflation = nearly scale invariant %¢: NOT necessarily true

e.g. false vacuum inflation
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Z . during false vacuum inflation

Conclusions

@ A drunken sailor cannot move in
a deep, narrow hole: ¢ =0

%, ~¢

No preferred rest frame in pure
dS space: Meaningless quantity!
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Z . during false vacuum inflation

@ A drunken sailor cannot move in
a deep, narrow hole: ¢ =0

%, ~¢

No preferred rest frame in pure
dS space: Meaningless quantity!

@ We DO have a preferred frame

2 ) W
Mg = My + Z = Megr(1)

Breaking the perfect dS phase

Curvature perturbation spectrumfrom false vacuum inflation Jinn-Ouk Gong



Introduction
oeo 000

Two-point Correlation functions

Power spectra
00000

Conclusions

Z . during false vacuum inflation
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@ A drunken sailor cannot move in
a deep, narrow hole: ¢ =0

H
@’
No preferred rest frame in pure

dS space: Meaningless quantity!

@ We DO have a preferred frame

2

m? = Meg(1)

Mg = m¢

Breaking the perfect dS phase

@ He can go home for more rum
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How can we proceed?

Conclusions

Situation is OK, but the method is inadequate

Full quantum computation goes as:
@ Calculate the inflaton 2-point correlation function
G(x, x') = (P p((x)
@ Calculate the energy density 2-point correlation function
D(x,x) ~ (6p(x)6p(x))/ p? ~ DIG(x, x)]
@ Calculate %y using V>® ~ 6p/p
Q Calculate 4 using ®© ~ [ Z.dn
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Inflaton field 2-point correlation function

Given

U
mé+ —)(/)2

1
V=W+-
075 a?

Glx, x') =(p(0)p(x))

2
_ (E) foo dscosh(vs) 1+ pyv2coshs—2(1 3—/2u) o~ PVZeoshs20-1)
2} Jo [2coshs—2(1 — w)]

I‘2— _ 2
p=\emy u=TEITI e w2 a2

M
2nn’' H?

| ©
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Inflaton field 2-point correlation function

Given

1 5 .U2 2
V=V0+z(m¢+;)('b

I

Expansion near s= 0

G(x, X') =(p(x)p(x))

H)? [
(52

p=\/Enm'>1,u=

Early times ‘ Super -horizon separation

2 ! "2
Gl 2 ~ ( 2H ) g VEm - o Hr )]
i 2= (-n]
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Energy density 2-point correlation function (1/2)
Density perturbation on the comoving hypersurface
V2(pA) = V2 (- T%) +3Ho' (- T°))
2-point correlation function of pA:
D(x, ¥) =(V4[pA)] V2 [pAW)])
=17 0f P (0097 {[0,000 G(x, )] (05100, Glx, ¥
+[0p00' G(x,X)] [0,0,04:0p G(x,x) ] }

with the time dependent coefficients

flpoj‘ _ flpjo :% 5

=6/

. , 1 . .
A =a? [5#6“ +5 (007 + 5,~’51’C)]
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Energy density 2-point correlation function (2/2)

Useful properties of G(x, x'):
@ Functionofr=|x-x|: G= G(r)
@ Anti-symmetric w.r.t. spatial derivative: 0y = -0y
@ Symmetric w.r.t. time: G(r;t,t') = G(r; 1, 1)

.-+ After some calculations, we find that to leading order

_(H)! 2 (um?t g
D(T,T])~(g) 167 (Hm) (ﬂ—)li
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2-point correlation function of ® in configuration space

®: gauge invariant curvature perturbation in the Newtonian gauge

, % pA
Poisson equation: —® = ———
a? 2mg,
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2-point correlation function of ® in configuration space

®: gauge invariant curvature perturbation in the Newtonian gauge

, % pA
Poisson equation: —® = ———
a? 2mg,

Super-horizon separation: V2 — (2u)?

D(x,x') =4mip, (Hm* (V3| Vi@ )| V5 [VED()])
~4my (H)* ) (D) D (1))

Thus the 2-point correlation function of ® in configuration space

$o (%) =(PX)P(x +1))

_r (L)“M
64\ 2mmp) ()
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By inverse Fourier transform

P

We have to integrate

f dre
0

2ur
p Jo(kr): blows up to infinity at r=0

kB —ik-r
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Power spectrum of ®
By inverse Fourier transform

k3 —ik-r
Py = 2—ﬂ2fd3r€q>(r)e

We have to integrate

oo e—Zyr
f dr - Jo(kr): blows up to infinity at r =0
0

We are interested in the correlations of 2 points with r > |7]---
@ The singularity at = 0 should NOT matter
@ Cutoffscale 1/

e~2ur 0o —2ur
f dr ]O(kr) — dr Jjo(kr) = —Ei(-2)
1/p r

gz(/--')fEi(_z)( H )4( )4(5)3
U= 3, 27 mp K 7]

Curvature perturbation spectrumfrom false vacuum inflation Jinn-Ouk Gong



On super-horizon scales the general solution for ®

3 S
(I):EC1—2

n
(1 +wd(n)dn'
ni

Given ®, % is expressed as

20"+ (5+3w) D
c=

-C
30+ w) A !
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R.and O

On super-horizon scales the general solution for ®

3 ,;f 1 2 ! !
(DIECH? 5 (1+w)a (n)dn

Given @, % is expressed as

3 20" + (5+3wW) AP

T30+ w) A !

We need the information of aand 1+ w
@ a: perfect dS expansion a=—1/(Hn)

@ 1+ w: we need to evaluate {p + p) = ?2?
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(p + p) during dS stage

2
(p+p) = <</32+ vo) >

3a?

We take into account: - -

@ Fourier mode expansion

_ d3k ik-x T op* —ik-x
00 = | o3 [aorme™™ + agime

@ Cutoff at a large physical momentum, k/a < (k/a). = HA

© Evaluate in the limitn — —oco

‘Regularized / renormalized’ {p + p):

2
H* |m¢‘

_ 2, _
<P+p>ren—A16n2 72 (um*; A=0(1)>0
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Power spectrum of 2,

m2
1+w= ﬁ % (,un)2
We can explicitly evaluate the integral
2
®=-Cix(un)’; «x= 322%
On large scales,
. _Za(k;n)
K2 (‘un)4
—2Ei(-2) [ H2 )’ (k)3
=) ()
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Power spectrum of 2,

2
A ‘md" 2
l+w=——=——(un)
2,2
487° my,
We can explicitly evaluate the integral
2

A |myl
o=-C 2 ; =

T K= e,

On large scales,

. =9”<1>(k;77)
K2 (um)*
_ —2Ri(-2) iz)z(_)
ng =4
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Conclusions

@ NOT all inflation models incorporate slowly rolling inflaton
field
e e.g. false vacuum inflation
o Difficulty: comoving hypersurfaces are not well defined
@ We have calculated the power spectrum £?5 and the spectral
index ng
e Purely quantum field theory approach: regularizing mass p
e Highly scale dependent

2\ (k)
P ~@’(0.1)(—2) (—)
m2 ) \p
¢
ng =4
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