Primordial Cosmology
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Standard paradigm: single-field inflation + (p)reheating
—————> single fluid dominated FLRW Universe

FLRW metric
- dr? _
ds® = —dt® + a® (¢ - r? (d0? + sin? 0dé?
(t) 1 — Kr? | ( b )
Matter component. perfect fluid T/W — PGuv + (,0 + p)u nUy
1
W= = radiation
3
P =wp W = O dUSt
w = —1  cosmological constant
. o . , K 1
-+ Cosmologzcal constant = Einstein equation H~* - > = 5 (87TGN 0+ A)
a
a 1

- =3 A —4nGy (p+p))
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More complicated models: hybrid (GUT), vector modes, ...
— anisotropic (locally or globally)

Bianchi [ metric:

d82 _ _dtQ 4 Clz(t) GQﬁx(t)de 4 eQﬁy(t)dyQ 4 eQﬂz(t)dZQ} Z 6@ — ()
- S ie{z,y,2}
A2 (1) A2(t) AL ()
Matter: 2 perfect fluids Master function A (niy) Ny = —Guniny
conserved currents
IA V,n =0
Generalized pressure & = A + ) n>
X,y an}%y -
H T OA T H 7
Stress energy tensor 17, = v T 509 Ny Thyy = Z [ Peo”, + (px + Px) uluy |

Xy X

Integrability condition
(geometric) niw;, = 0
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A simple example: the radiation/matter transition

Fluids: massive particles, number density n — entropy s

Master function A= — (mn T /154/3)
/ \ »
usual a? behaviour
- _ 3.a2Bi
Shear from the metric o; = (3;€
Initial condition = radiation dominated FLRW  prad > Pmat Bi(t) = Ci" Vi
oi(t) — 0

I[nitial condition = matter dominated FLRW Prad << Pmat Gi(t) = C™ Vi
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A simple example: the radiation/matter transition

Fluids: massive particles, number density n — entropy s

. n—1 _0s
Master function A= — (m + ™’ 7 ) n — KS

New coupling constant

Shear from the metric o; = 6@’62&

Initial condition = radiation dominated FLRW Prad = Pmat

Initial condition = matter dominated FLRW Prad << Pmat
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Background: time dependent quantities IA O\

on? 0s?
Einstein equations + vorticity + integrability /

H, = —H.+HyH, —4n [un (1 +2V7) + Ts (1 + 2V7)]
H, = —H?+ H,H, —4r [un (1+2V?) 4+ Ts (1 + 2V?)]
o B \
62_81n,ux
2172 . 2 HZ = 0l X
1 o Vi Cns Vi, n H, + H, - nn
14 V2 14 V2 n 14 V2
_ c Ol p”®
Xy —
2 27172 : H Olnn
Conls 1 G u H,+ H,+ — )
1+ V2 1+ V2 S 1+ V2

Constraint ~ H,H, +H,H,+ H,H, =87 (_A + MnVHQ T TSVsz)
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Linear perturbations around the Radiation/Matter background

f(il?,t) — fback(t) + 5f(Z, t) + -

Perturbative expansion

0N = —pong — pony
t z
U = n2dB* +n2dBY — nyul ik O, Oy — Ny UL L Onx | Oux | 04
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y y y y ~ 0z ot
s — o [ O ouy OB
/’Lt _ lut Ny uf{ BX
Sny  Oui  OB< _G0A, ony,  dul  Suf on,  oul,  Sud
oz = e (T U+ e+ 2 0T = 5‘P+nxuf<uif< o g (2
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Geometric quantities 0 A 0 A

SH — 22 _ gl

t > A A

5Gt, = —2(H + H,)0H — 2HSH, + —41
AZ

0G™, = 0GY, = —0H — 6H. — (2H + H.)6H — (H + 2H.) 6H.. + —01
5G*, = —— (61 4 (H — 1.)51]

t - A% yh
SGF, = —2 (5H+3H5H)

Plane wave analysis S S
Ony = Nye™n® Jull = Alte!™*

4 X t X
0 = —ik.B*nul <5nx + 5& + o5 ) + ik B*nyut, (5nx + 5& + o5 )

|=> o Uk B nx  ul B
ony  Oul Ny  ouZ
iksul ( " uX) + ik, u ( " uX)

_I__

N ut N u?

X

- yEa
, , (uxos — 1)° 2 — (o) — uy)” Coy (Uxoy — 1) e 0
Matrix equation => _
i Cyx (Uyoy — 1) (ugo, —1)° 2 — (0, —uy)® | | O ( 0 )
\ 7y /

COSMO/CosPA 2010 - Tokyo - 30t Septembre 2010 10




Vanishing determinant => quartic equation

[(uxaz — 1)2 ez — (0, — ux)ﬂ [(uyaz — 1)2 ci — (0, — uy)ﬂ — CyuyCyx (Ux0T, — 1)2 (uyo, — 1)2 =0
l \Uz — _Azkt/kz

A u?/ul

k=k.€eR & w=k o= AW =w'+#0"+#uw’ +#1w+#0=0

Complex solution => Unstable mode

0 5
_IO x e\fm(w)t

P

can grow non linear very rapidely
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Possible observational consequences

Start non linear growth of structure earlier and faster

Priviledged spatial direction in matter structures

correlation functions
low CMB multipoles
e
Qo

Magnetic fields ...

Constraints

Work in progress, any idea welcome!
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Thank you!

HDME D!
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