Coupled 3-form Dark Energy
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What is a three-form?

Totally antisymmetric tensor with three indeces
Aijr = —Ajik

For example, a three-form defines the cross product

—

(C? X b)z = €ijk ajbk

where ¢, IS the Levi-Civita symbol.



Why forms?

1. To test the robustness of scalars.
Is it the only natural possibility?

2. Vectors and two-forms,
Support anisotropy;
Require non-minimal couplings — possible instability.

Three-forms,
Viable isotropic inflation.

3. They exist in fundamental theories
String theory.



Three-form action

Action for the three-form 4,,, ,
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F,ul/pa — 4v[,uA1/pa] — v,uAl/pO' — VO'A,LU/p + vaa,uu

We have the equations of motion:

V.-F =12 (V’(A2) - 2p7:;(<j22))> A
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and due to antisymmetry we have the additional constraints:

2 (v’(A2) + 2,0777;,((2122))) A=0



Equations of motion

Consider flat FRW cosmology:
ds® = —dt* + a*(t)dx?
Most general three-form compatible with FRW:
Aijk = a’(t)eijnx(t)
Equations of motion of the field x with f = 2m , /m

X +3HX + Vy+3Hx = —kpmf

Equation of motion of dark matter fluid:

pm + 3H prm = Kpm f



Equations of motion

Friedmann equation

= (B2 (crsmat s v+ )

can also write:

H2 K’2 V+10m
3 1—r2(x'+3x)?%/6
= kX +3x| < V6. '=d/dIna.

Evolution of the Hubble rate:

lﬁ)2

H = —— (Vax + (1 + 5/x)pm)

Equation of state parameter of y:

V,x + K pm
X

wy = —1+ ;
X




Effective potential

X—i—SHX—I—V,X—I—SHX: —kpmf
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We are going to study 4 cases:

)V =0,f=0;
(i) V=0, f#0;
(i) V £0, f =0:

(iv) V #0, f #0.



Case: V=0, f =0

yi =X +3xi #0  otherwise  p, =0.

wy, = —1
It is @ cosmological constant!
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Case: V=0, f #0;

K
wy = 1 J Pm
Px
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Case: V #0, f =0;

With V = Vx?;
v
X
wy = —1 4+ —=x
Px
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Case: V #£0, f #0;

With V = Vo x?;
V,+k
wx = —1 + X fpm
Px
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Case: V #£0, f #0;

With V = Tx?and x; = x: =0

Vy+K
wy, = —1+—2 Jom
Px
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Newtonian limit of linear perturbations

Linear evolution of matter density perturbations
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for sufficiently large modes there is extra source term for growth of
perturbations!



Growth at a given time

Om(z =0)/0m(z = 103)
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Growth for a given mode

Om(2)/0m(z = 103)
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Summary

e Three-forms possess accelerating attractors and saddle points which
can describe three-form driven inflation or dark energy;

e Three-forms can give rise to viable cosmological scenarios with
potentially observable signatures distinct from standard single scalar
field models;

e In the presence of a coupling to dark matter, growth of structure is
enhanced for small scales.



Further afield

e Formation of structure (N-body simulations, perturbative approach);
e Other couplings to matter;

e Screening mechanisms.



