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Early Universe Inflation
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Generation of cosmological fluctuations

calar metric Fluctuations from Infiation
2 = —(1 — 2)dt? + (1 + 2d)a?dz?

Initial conditions from Inflation —

d

Random Gaussian Field ®(&) +«

inflation —>

irsa: 09070006

Qo = 1
BPP7 — Ps = Agkms1
2
Pp = £ 5k"T
P
N =62 —1In 101%Gev

-1/4
me

Page 4/129




Light tield at inflation
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Light field at inflation
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Scalar metric Fluctuations Scalar field fluctuations
ds? = —(1 — 2®)dt2 + (1 + 2P)a2dz2 o(t, %) = o(t) + 5o(t, %)

5Rﬁ_m5Ty uzaéqﬁ,z—H,n—fdt/a

= =
uZ‘l-(kz—i;)uk:O

T,

3 "o

=

N

ER_H—___—__-_‘_-_ _'_'_/44”_’_)_#{ __ﬂ_,...-f“_—‘ =
. = V3
el 5713!%&|2  MoV?2 V(o) ~ o™
P o
k = {IH T’Ls—l R - w -
Often P S(k ) e A s (%) B CSe————
e = = a— 1 m2 qb2
o o w42 = 3 1 4
g ! 2‘\- ,.//; V — EA(;J)

Pirsa: 09070006

mmmber of efoldmc N = In:

Page 9/129

;uj



an
S
o

] |

§E§ WMAP Syr ¢ :

s Acbar ¢
—_— Boomerang ©
§ CBI ©

:

:

1ml‘@"‘
. @
]

-l

e

2]

&
{.r-ﬂ-i#l
PR

Illllllllllllllillllil

I(1+1)C,"/21 [uK?]
2
o
lllllllfrl’l[ll]lllllllll[l[ll

e,
Il

100 500 1000 1500
Multipole moment [

10/129

ns—1
Py(k) = As ()

B ... L. mmibD




Large field models

V = o¢n ns —1=_—21tn —

WMAP + CBI + VSA Chaotic Inflation
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Particlegenesis
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426252 Modulated Fluctuations e
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Modulated fluctuations in Hybrid Inflation V(e.s) = %({rﬁ — ) + %@‘3,-;‘3
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Non-Gaussianity theory

® = o + [ (93— < 92 >)

single field fyr = 2(ns —1) ~0.01
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multiple fields/non-canonical kinetic fy any
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Modulated fluctuations in Hybrid Inflation V(e.s) = g(gﬁ S %'.f_ﬁg?-

bifurcation point ¢, = Vv

g

o(t)
g TO R e T
¢c(x0 + x)

v

iInhomogeneous waterfall

Pirsa: 09070006 Page 16/129

Bernardeau. LK. Uzan 03 0



Non-Gaussianity theory

® = Og + figgt (@Z— < d2 >)

single field fy; = #(ns—1) ~0.01

modulated /curvaton fyy >~ 1

multiple fields/non-canonical kinetic fy any
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Non-Gaussianity data

® = Og + fiogt (®Z— < d2 >)

WMAP5 -9 < f"""*‘ <111 at 95% C.L.
WMAP5+SDSS  _1 < fioeal < 70 at  95% C.L.
Planck Afat
CMBPol Afget ~2-3
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V(g) = zA¢*
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New Type of Modulated
Fluctuations from Preheating

iyv 28 ; 1 _2412. 3
A" + 5970

Iso-inflaton field is light if
g% /X ~ O(1)

A. Chambers, A. Rajantie arXiv:0805.4795
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Xk(t) =
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Chaotic Billiards
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Stability/instability chart
Of the Lame equation
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Chaotic Billiards
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Chaotic Billiards
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from parametric resonance x; = P, (t) el,?

from billiard ygq ~ e/
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from parametric resonance xp = Pi.(t) etk

from billiard yq ~ e’
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Stability/instability chart
Of the Lame equation
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Ml cadrica Mo el

from parametric resonance i = Pi.(t) etkt

from billiard yg ~ e/



from parametric resonance i = Pi.(t) ekt

from billiard yg ~ e\
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from parametric resonance xp = Pi.(t) etk

from billiard ygq ~ e’
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Evolution of total energy density

g%d2x? up to t = 256/m
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preheating turbulence

exp excitation of bosons
= NMumber Density I
1. - 10”
- INc*.~n-lim=.lar '
= J“bubbly” stage thermalization

Q 100 200 300 400 S00
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Evolution of total energy density

g%¢2x? up to t = 256/m
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preheating turbulence

exp excitation of bosons
= Number Density \
1. 10" —
"-—
= II\h::m-lim:.'e:;‘ar I
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f“bubbly” stage thermalization
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Evolution of total energy density

g%d2x? up to t = 256/m
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Eﬁ:lution of total energy density

g%¢2x? up to t = 256/m
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Evolution of total energy density

g29%x2 up to t = 256/m
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preheating turbulence
exp excitation of bosons
= Number Density l
1. - 10%

”_
'Non-linear '
J“bubbly” stage thermalization
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V(¢,x) = z26* + 59%6%x2

é— V20 +g°x°d =0

X — Vx +g°¢*x =0

302 = 25 (302 + i + 425767 + 1932 4 V(6.))
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preheating turbulence
exp excitation of bosons

B Number Density ‘
f'_

INf.::}n-lin'elar l
J“bubbly” stage thermalization
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V(,x) = z2¢* + 59°%0°x>

¢ — V2 +g°x°¢ =0

X—Vx+g°¢°x=0

3H? = 5 (36° + 3 + +35,2V67 + 55V + V(6,X))
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preheating turbulence
exp excitation of bosons
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V(,x) = z0¢* + 59°%0°x>

¢— V20 +g°x°d =0

X — Vox +g°¢*°x =0

302 = 25 (302 + 5 + 45762 + 5932 4 V(6.))
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V(p,x) = z2¢* + 59°%0°x>

387 = 85 (102 + 1 + 45576 + 559 + V(6.0)
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"separated universes’ approximation

{ =dlnalg = IN(x;)
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V(g,x) = z2¢* + 59°%0°x>

¢ — V26 +g°x%°¢ =0

X — Vx +g°¢*x =0

302 = 25 (302 + 5 + 42576 + 1932 4 V(6.))
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"separated universes’ approximation

( =dlnalyg = IN(x;)
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i e | We search for pp(:n effects
it JHW' = Symplectic DEFROST:
O iRt 'E"_f|§f._f_'s_!|._.'!?’
I"wlra-!!%"'ig!’” ’}’”’; il | energy conservation ~|0-'3 |evel!!
LA . DEFROST ~10- level & Felder’s LatticeEasy

- LT | ~10 level.
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| attice simulation codes

« Good publicly available codes:

| atticeEasy (G. Felder), 2 order PDE solver;

DEFROST (A. Frolov), 2™ order PDE solver;

Qur new lattice simulation code:

Higher (optional 2™ 4th 6t 8" order Symplectic PDE integrator
Energy conservation ~ 1071 levelll

MPI parallelized for large size simulation

initialization in configuration space (DEFROST algorithm) or
momentum space (LatticeEasy algorithm).

Numerically calculate initial super-horizon mode functions

More recent updates (non-canonical scalar fields simulation: a
module for GW spectrum calculation...)

YyYyYy¥Y v

Y VY
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if the k=0 mode is not in the parametric
resonance bands (gZA=3 example)
then oln a is not modulated by ¥b
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Chaotic Billiards
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N_, (? efolds)=> # of efolds before current horizon scale (10+ Mpc) exits
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no spikes
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no spikes
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h—h‘é ~ no spikes
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