Cosmology of Galileons in Mimetic Gravity

CosMOLOGY OF GALILEONS IN MIMETIC
GRAVITY

Shahab Shahidi

Damghan University

31 Ordibehesht 1394



Cosmology of Galileons in Mimetic Gravity

TABLE OF CONTENTS

1.
2.
3.
4.

An intro to Mimetic Dark matter (DM) theory.
The Lorentz violating Galileons.
Cosmological implications.

Improving the theory with a matter-scalar coupling.



Cosmology of Galileons in Mimetic Gravity

L Mimetic dark matter

THE MIMETIC DM THEORY

>

Define an effective metric g, as

uv = — a¢aﬁ¢ga6§uu-

The above metric is invariant under the conformal
transformation

v

G — QX (@) Gy

v

Any theory written in terms of g,,,, will be conformally
invariant (Mukhanov 2013)

Consider the Einstein-Hilbert action

S = /d4$\/ _9R<gm/) + Sm-

v
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L Mimetic dark matter

MiMETIC DM

» The metric field equation is
G — Ty + (R+T)0,¢0,¢ = 0.

» The scalar field equation is
Vu {(R + T)@”gb] =0.

» From the first equation one can define an effective
energy-momentum tensor

izl/ - _(R + T)8u¢ay¢,



Cosmology of Galileons in Mimetic Gravity

L Mimetic dark matter

MiMETIC DM

> It represents dust with
p=—(R+T), u, =0, p=0
» One can easily prove that
9" 0,900,060 = -1 = uyut = -1

» Also V,, 7" = 0. The effective energy-momentum tensor is
conserved.
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L Mimetic dark matter

GENERALIZING MIMETIC DM

>

The geometric dark matter can also obtained from the action

S = / d*z/—g [R + A" 00y + 1) + Ly |-

v

The Lagrange multiplier enforces that 9,,¢ is time-like.

v

This breaks the Lorentz invariance dynamically; defining a
preferred direction.

v

There is a shift symmetry on the scalar field: ¢ — ¢ + const.

v

The theory resembles the Horava-Lifshitz gravity.
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L Mimetic dark matter

GENERALIZING MIMETIC DM

» Dust can not produce a self-accelerated expanding universe.
> We want to generalize the Mimetic action such that:
> It can also explain the self-accelerated expanding universe.
» Preserve the shift symmetry on ¢.

» One may add some higher derivative self interactions of ¢.
» The best candidate is the Galileons.

» Galileons are scalar fields which has higher order
self-interactions in the action, but have at most second order
time derivatives in the equations of motion.
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L Lorentz violating Galileons

THE MODEL

» The action
Siﬁﬁvﬁk%+%&+mg+%&+Mm&+ﬂ+@+
» where we have
Ly = (ad™)0¢,
1= (600%) | 209 = 200" = (6,6
Ls = (¢ad™) [(D@?’ = 3($u )OS + 20,7 b, "D, " — 6¢H¢“”G,,p¢"] :

» L, is the matter Lagrangian, and ¢, = V0.
» Varying wrt \ gives

¢/.L¢lu - 717
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L Lorentz violating Galileons

THE MODEL

» The metric field equations is
EZG;U/ - T,uu + 053T31, + a4T5y + 045’1131/ - A¢M¢V7

» where
T;“, = _¢u¢u‘:‘¢:
T, = —2¢u006 + 26,0, + ((06)% = ¢pod®) (guv — 26u61)
1
— dudv R+ 2¢p(Rpu¢u + Rpvopu) + EGuu - 2¢pRPU¢09uu + 2¢p¢oRupuo,
5 2 oA o 3 o
T, = =3((0¢)" — ¢52¢7 " )bur + 06 (66,597, — gmmR) +3¢70¢(Ropdv + Rovdu)

+30¢6% 0™ Rugur — 600 8”Pdpr + 30, AR 6 by — 305 R (dr,dv + dxydp)
=367 ™ (Rurapdv + Ruropdu) + 367 ™ (Ruorpd’, + Ruoapd” )

+ (0 = 306000677 + 20006726, ) (10 = b0)

+3bodrdpr BTN guy + 3(de 7 é3) (b — Odbgpu)-
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L Lorentz violating Galileons

THE MODEL

» The scalar field equation is
383 + au€y + asEs — 2V, (M) =0,

where we have defined

£3 = — 2(0¢)% + 2R " 0" + 26,61,
£1 = — 4(0¢)% — 8¢,1,0"7 ¢," + 1206(dp0 ") — 2(0$) R
+8(0¢)pu R* ¢y + 4¢py R*Y — 8¢ by bop RMPVY,
& =—2(09)" +3(0¢)° (4¢W¢>““ - R+ 2¢MR“”¢U> — 160¢(6ur 0P ¢, ") + 12(0¢) ¢y R*”
—12(06)dpdv dpo RV — 6(dpu¢" ) (¢pod”7) + 126406 P dpo 7" + 3(dpv o )R
— 6(3ur ") ($pRP7 bo) — 126, RP7 .Y — 66updoa RPN + 120, d1 bpod” 5 R4PVD
+3(¢uR"P$p)R — 66y RP Rpod” — 66y dpRerR"7P> + 3¢, ¢, RY ,, \RPT".
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L Lorentz violating Galileons

THE MODEL

» One can easily see that
1
V“TMV = —5(;5,/ [aggg + o€y + a5E5 — QVM()\(ﬁ“)].

» The energy momentum tensor is conserved, after using the
scalar field equation.
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L Cosmological implications

COSMOLOGICAL IMPLICATIONS

Assume

v

ds? = —dt* + a*(da® + dy? + dz?).
And a perfect fluid

The constraint equation gives

v

v

¢:t+01,

v

The shift symmetry in ¢ can be used to set ¢; = 0 without
loosing any generality.
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L Cosmological implications

COSMOLOGICAL IMPLICATIONS

» The field equations are reduced to

%(15044 +2k*)H? — 21asH® — 3a3H — p+ A =0,

.3
(3au + 2k% — 6as H)H + 5 (Baa+ 2k%)H? — 6asH® +p =0,
and

6(15a5H? — 1204 H + a3)H + 9005 H* — 108a, H?
+18a3H? — 2(3M\H + \) = 0.
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L Cosmological implications

COSMOLOGICAL IMPLICATIONS

» Assume that p = wp.

» One can solve equations for p and A with the result

2 €2
A= 3H(a3 — 6ay4H + S5asH ) + 3
a

3 c
p= §H2(3a4 + 252 —4045H) + a%'

» And the scale factor can be obtained as

(2k% 4 30y — 6as H)H

3
+ 5w +1) (267 + 34 — dasH) B2+ =2 = 0.
a
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L Cosmological implications

COSMOLOGICAL IMPLICATIONS

» Writing the evolution equation in terms of redshift

(1+ 2)h(2) [1 + m — nh(2)] %
= g (w+1) [1 +m — gnh(z)] h2(2) + ws(1 + 2)3.
» The energy density
r(z) = g [1 +m— gnh(z)] R%(z) 4 s(1 + 2)3.

» And the Lagrange multiplier

A(z) = 3h(2) [u —2mh(z) + ZnhQ(z)] +s(1+2)%.
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L Cosmological implications

COSMOLOGICAL IMPLICATIONS

» We have made the definitions

2k2 K2 n
a3 = 2,‘$21LHO7 g = ?m, a5 = E Cy = 2&2H§S,
0
n
Hy’

» The deceleration parameter can be obtain as

ny =

p(2) = 262HZr(2), \=2xk*HZA, H(z)= Hoh(z).

1+m — (2/3)nh(z) ws(1+2)°

1+ m — nh(z) h2(2) [L + m — nh(z)] -l

o) =3 (w+1)
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L Cosmological implications

DUST DOMINATED UNIVERSE

» The evolution equation reads

-3 2
(1+m—n1H)H—|—§ [1+m—3n1H} H? =0,

» Which admits a de Sitter expansion

3(1
Hy = ﬂ
2711
> The general solution is
3 1 ny H
S(t—to) = — 1 :
st =gt sarm M s o —onn
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L Cosmological implications

DUST DOMINATED UNIVERSE

P Form = 0.002, s = 0.20, and n = 1.653 (solid curve), n = 1.663 (dotted curve), n = 1.673 (short

dashed curve), n = 1.683 (dashed curve), and n = 1.693, respectively.

» The Hubble parameter

18
16

14

h(z)

12

10
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L Cosmological implications

DUST DOMINATED UNIVERSE

» The deceleration parameter

q(z)
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L Cosmological implications

DUST DOMINATED UNIVERSE

» The energy density

r(z)
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L Cosmological implications

A MATTER-SCALAR COUPLING

» Assume that the ordinary matter and the scalar field couple
through a term ag¢T’, with T is the trace of
energy-momentum tensor.

» This will add a7 to the scalar field equation and

1
(€75 <¢Tm/ +

0L,
L0 st 20

Oaghv qoB

to the metric equation.

» For dust particles, the last term vanishes.
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L Cosmological implications

A MATTER-SCALAR COUPLING

> The energy momentum tensor is no longer conserved

%

v, = ————
! 1+ agd

¢# (gm/[’m - T;w)

+ ¢VV(£7TL - %T) - QV“((;SBM,)] ’

H _ %L
with B,UV = 5W

> A test particle will move in a non-geodesic path
d?a? \ dzP dx® A g

1
3 T s ds T 5 1t age [2¢VVP+P¢V]~
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L Cosmological implications

COSMOLOGICAL IMPLICATIONS

> Define
2K2 2,%2 2K?2
) ~_H Yy = —o 5 = ——0, H = Hyl
Q3 = 3 07], ¢ 15 g, 21H0 0/,
p= 2/@2H§’r, p= 2/-€2H3P, A = 252 HOA7 ag = HoA, t = HL’
0

» Field equations become

3 2 3 A
5 (L 0R7(7) = 6h%(7) = nh(7) = r(7) + A(7) + - [BP(7) = r(7)] 7 = 0,

dh(T)

3 o 2 2 3 A _
[14 2= 20m0] B2+ 2 (14 D)2 - 2o () + P4+ S 5P + 1] 7 =0,

() L 30 oty - 6ah3(7—)

[7% (T)ffah( >+ ] dr 7

dA(T) o
o ] A[BP(t) — r(T)] =0.

+6nh (r) —2 [3A( Yh(T) +
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L Cosmological implications

DUST DOMINATED UNIVERSE

P> For A = —0.75 (solid curve), A = —0.65, (dotted curve), A = —0.55 (short dashed curve),

A = —0.45 (dashed curve), and A = —0.35 (long dashed curve), respectively.

» The Hubble parameter

20
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L Cosmological implications

DUST DOMINATED UNIVERSE

» The deceleration parameter

q(r)
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L Cosmological implications

DUST DOMINATED UNIVERSE

» The energy density

r(r)
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DUST DOMINATED UNIVERSE

» The Lagrange multiplier
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