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Introduction
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All particle densities
quickly washed out

Reasons to contemplate inflation;
there is an extra bonus: generation
of cosmological perturbations.
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1. Quasi-de-Sitter solution

A scalar field slowly rolls
down a potential
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Is this interpretation
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Multi-field inflation
%(au(b) (0" @) + %(@LX) (0"x) = V(, x)

QOA-—\ \EE gg On super-Hubble scales, along a
v 3/ 8 turn in the inflationary trajectory,
g ¢ there is a coupling between the
adiabatic and entropy modes and
the latter can source the former.

€7

Curiously, sometimes ignored; see eg. account in
Avgoustidis, Cremonini, Davis, Ribeiro, KT & Watson ‘11
Ny 5 S
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Hubble radiu b \ instantaneous entropy (isocurvature)

crossing \.l Q perturbation
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instantaneous adiabatic (curvature)

Gordon et al, 2000 > pertu rbation
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Multi
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Hubble radiu

crossing \. K QO_

(0.x)(0"x) = V(e, x)

On super-Hubble scales, when the
inflationary trajectory turns away
from geodesic lines in the field
space, there is a coupling between
the adiabatic and entropy modes
and the latter can source the

5 S former.

\ instantaneous entropy (isocurvature)
perturbation

\ instantaneous adiabatic (curvature)

perturbation

2

e.g. Groot Nibbelink & Van Tent 2000, 2001,

>

DiMarco & Finelli, 2005, Tolley & Wyman 2009, ¢
Achucarro et al. 2010, Cremonini, Lalak, KT 2010, 2011...
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£ = 50,8)0"9) + 300000 ~ V(6.



Violent events in the past?
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Violent events in the past?

Pr/Po = 1+ 2 A8 sin(2k ko)

Shiu & Xu, 2011

Pr/Po =1+ el A0 A2

Gao, Langlois & Mizuno, 2012

PR/PO — ] EOM’s unaffected for kph =>> 0
% 7«»544- Warcan



Moderately fast turns

EOM'’s neglecting terms suppressed by the slow-roll parameter € = —H/H2
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(Ve =aQy, Vs =ads, pzé/H)

R. Tungyuelec, U of Warsaw



Moderately fast turns

EOM’s neglecting terms suppressed by the slow-roll parameter € = —H/H2
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2 2
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Ui Ui Ui

(Vo =aQy, Vs =ads, p=0/H)

have the following solutions for k > p > ,LL(Q,/]{, ,ug/k

Vo \ _ —ikn CQSH R —sin 6
Vg sinf |’ cos 0



Moderately fast turns
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analysis of the model by

Gao, Langlois & Mizuno, 2012
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Moderately fast turns
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Very fast turns

EOM’s neglecting terms suppressed by the slow-roll parameter € = —H/H2
2 2 /
— p° — 2 2 2
v+ <k2 Ho '02 ) v, + (—pv8> — —'gvs =0
i i Ui
7 2 | M —pP—2 20 ,  2p
v, + | K+ == > Vs — —Vy — —5Ug =0
Ui Ui Ui
Assume ,0/77 = —A0 5(77 — 770) (Shiu & Xu 2001) p — H/H

No effect on Pr , either






Quasi-single field inflation

A

geodesic lines

inflationary trajectory

weak coupling 6/H
Chen & Wang, 2009



Quasi-single field inflation

1 e2b(2)
L= 5(0,0)(0"¢) + ——(9,x)(0"x) = V(¢,X)




Quasi-single field inflation

A

'
¢
geodesic lines

inflationary trajectory b(¢) X _¢

weak coupling 6/H possibility of a strong coupling
Chen & Wang, 2009 2112 .g. roulette inflation, Bond et al. 2006
1<<Mpb e.g. roulette inflation, Bond et a

application with a weak coupling
Cremonini, Lalak & KT, 2010



Quasi-single field inflation

Toy model ﬁ,: .

Cremonini, Lalak & KT, 2011

b(¢p) =—¢/M, M < Mp

2 '
Vg, x) = Vo <1+&'(¢Mf0> +5Z\§P> ’

b(¢) ox —¢

small, slow-roll € = 2/3*
large, m| > H or 7Nss = mi/3H2 > 1

possibility of a strong coupling
2 1/2  eg. roulette inflation, Bond et al. 2006
1<<MPb e.g. roulette inflation, Bond et a



Quasi-single field inflation

Toy model e X

Cremonini, Lalak & KT, 2011

Homogeneous EOMs
b+ 3Ho+V, —be?x? =0, ’

. . ] 7 . —2b L

X+3Hx+20px +e "V, =0 b(¢) X _¢

possibility of a strong coupling
2 1/2  eg. roulette inflation, Bond et al. 2006
]_<<Mpb e.g. roulette inflation, Bond et a



Quasi- smgle ﬁeld inflation

Toy model Y parameters
Cremonini, Lalak & KT, 2011 =3 ‘f mJ_ H
Homogeneous EOMs v
b+ 3Ho+V, —be?x? =0, ’
. . ] 7 . —2b L
X+3Hx+20px +e "V, =0 b(¢) OC—¢

EOMs for perturbations

d2 2 2 0 2 d 0 _i_g Ucur
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B solve semi-analytically (alas, no time) possibility of a strong coupling
B solve numericall 2172  eg. roulette inflation, Bond et al. 2006
y 1 < MEb

Lalak, Langlois, Pokorski & KT, 2007 / L
g 1 < 2M3b%e = €2
% 7«4;%%.{ of Wancan




Quasi-single field inflation

Later development X parameters

For k7| < & and m) < EH
curvature perturbations described

by an effective theory with a single degree
of freedom and a modified dispersion relation.
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2 mJ_ k
|
T 4£2H? 42 H?2
Baumann & Green, 2011; b ( ¢) O( - ¢
first term: Tolley & Wyman, 2009, Achucarro et al, 2010

see also: Ashoorioon et al. 2011
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possibility of a strong coupling
2 1/2  eg. roulette inflation, Bond et al. 2006
1<<Mpb e.g. roulette inflation, Bond et a

1 < 2M3b%e = €2
R, Tunsqokié, U of Warsaw
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k|| = ¢

Pr/Pst

klr| = v/€

Cremonini, Lalak & KT, 2011
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Summary

» Several examples show that
the effects of sub-horizon
fast turns decouple as k2
(at least).

» Some new things possible

with non-canonical kinetic
terms

Cremonini, Lalak, KT 2010, 2011
Avgoustidis, Cremonini, Davis, Ribeiro, KT, Watson 2012

» Work in progress...




Just one backup slide



Pg,

\
104 3 -
2 2
W\ Mo/ H” = 100

\

\
10° |- \ B
107 |- B
10 - _
200.1, 210
1-—£=10 = 10
B 10*
Y s

10*

10°

102

10

Temporary instability
at the Hubble radius crossing

Enhancement of the curvature
perturbations by many orders
of magnitude

Cremonini, Lalak, KT 2011



