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Motivation
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- Anomalies in the CMB

- Anisotropic inflation

- Late—time acceleration; anisotropic dark eneray
- A complete description of the Universe



The model

A aeneral action allowing couplings Between p—forms, and couplings
with kinetic functions of a scalar field
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Backaround equations

A, In the x direction A, = (0, va(t),0,0).
B, orthoaonal to the |-form field B, dx* A dx” = 2vg(t)dy A dz.

ds? = —N(t)2dt? + o20(t) [e740(t)dx2 i e2a(t)(dy2 +dz2)] 7

a=e*(t) is an isotropic scale factor, o(t) is a spatial shear-
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BOth |- and 2-form fields acquire the effective mass term my //fifa throuah their
interactions. Varjing the action with respect to N, a, 0, and ¢, we ogtain
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where pa and pg are the eneray densities of |- and 2-forms
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Anisotropic inflation: uncoupled case (m, = 0)

In this case
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Slow-roll approximations ¢?/2 < Vei(¢) and |4 < [3a0].
3M316% ~ Ver(¢) and 3ap ~ —Veg, o,
Then, the critical couplinas f1(¢) oc e ** and f(¢) ox e 2* correspond to
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these couplings separately cive rise to anisotropic inflation with the
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where ¢ and ¢ are constants. Applying the slow-roll approximation
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- ca > & > 1In this case we can ianore the 2-form. The [-form eneray
density reduces to

a—1 do MI2)1 Verr,p 1
. =N Ve 3 —— _7’7 .
S oSl da Ver @
> Civ—= i €y
—— —— (€ 4y ey
iH! 3c C1
- &> a > 1 The 2-form eneray density is Given Ry
o —1 do M2 Veg 5 1
e Lt e A
28 c2 A do Veg
o 2(c2 — 1) €v
— == o) =T
H 3c .

- ca = ¢ > 1 The densities could Be written as

de Mg Verrp 1 ¢ 2pa+p8 _ €v —25 20
= S e ~ _& p v
dov Veg a’ € 2M§1H2 + 3M§1H2 e A = PA€ ,FB = pBé
raB ca—1 1 Vo P | 5 Pf\
= ——"—cV e s O V. PEOAR e Ag
i 2rap+1 a e 2rap+1 Ay pg CP3’

> 2(I’A571) C]_*l
—~ ——— (3
H 2!’/\3 aF 1 3(.‘1




Numerical solutions

Quadratic potential — V(o) = 24707

VA = VA VBZE ﬁAiipA ,68:7/)3 ¢ = ¢
7% My’ 2 /\/IS1 g v /\/IS1 - My’
S 14 1. 1 1
a— forsitits F o080 i 14
\/a +6<Z> +6¢ +3pA+3pB,
~ 1 2 1
H/:_3 (2ol 2% 2 hgapnt
o 2¢ 3PA 3,03’
1 Yy ! 2A 2,\
ey 1ot L
o o+ 3PA T 308>
¢" = =3H¢' — ¢ + 2c16pa + c26P5 -
i e (I:I—|—(7/+ gq@&’) = g sl L
2 fifs
Paps

T (F/ =0 %q%’) +2m,

fih



Solution for the case m, =0, ¢c; = ¢ =2
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Anisotropic inflation: coupled case (m, # 0)
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Imposing the conditions pa =0 and pg = 0,
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Anisotropic inflation in the reaime m2/H? < 1.
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where we employed the slow-roll approximation 3M2 H? ~ Vg tocether with
the condition pa < Veg.
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Hence the anisotropic shear can survive during inflation for the coupled
system of |- and 2-forms.




Numerical solutions

Solution for the case m, = pu, c1 =2, o = —4
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Concdlusions

. p—forms could generate anistropic hair during inflationary
epoch.

. General solutions $#r the evolution of shear, withput
INVOkING a particular form of the effective potential Vg

. For the coupled case, for the couplinas satisfyinGg oo = —2¢;
and c; > 1, we found a8 new class of anisotropic
inflationary solutions alona which Both pa and pg are
approximately constant.

. Inflation is important.
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