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Intoduction

• Cosmic spacetime anisotropy

• Horava-Lifshitz Gravity

◦ space and time are not treated on an equal footing

◦ general covariance is broken down to foliation preserving
diffeomorphism

◦ xμ → x′μ(x) ⇒ ~x → ~x′(~x, t), t → t′(t)

◦ t → b3t, x → bx

◦ perturbatively renormalizable and free of ghosts

• Extra dimensions

• Cosmological test of the parameterz



Anisotropic conformal transformations

ds2 = gμν(dxμ + Nμ
mdym)(dxν + Nν

ndyn) + γmndymdyn



• Foliation Preserving Diff. ;

xμ → x′μ ≡ x′μ(x, y), ym → y′m ≡ y′m(y)

xμ′ = xμ + ξμ(x, y), ym′ = ym + ξm(y); ∂νξ
m = 0

δgμν = Lξ(x)gμν + ξm(y)∂mgμν ,

δNμ
m = Lξ(x)N

μ
m + Lξ(y)N

μ
m + ∂mξμ

δγmn = Lξ(y)γmn + ξμ∂μγmn

• Finite transformations;

g′
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∂xρ
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∂xσ

∂x′ν

)
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N′
m
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∂yn

∂y′m
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Nν
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∂x′μ

∂yn

]

γ′
mn(x
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∂yp
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∂yq

∂y′n

)

γpq(x, y)



• Covariant Quantities

Dmgμν = ∂mgμν − Nρ
m∂ρgμν − ∂μNρ

mgρν − ∂νNρ
mgμρ.

Fμ
mn = ∂mNμ

n − ∂nNμ
m − Nρ

m∂ρNμ
n + Nρ

n∂ρNμ
m

◦ Under foliation preserving diffeomorphism

(Dmgμν)
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∂νγpq



4+D FPDG Action

Horizontal vector fieldŝ∂m = ∂m − Nμ
m∂μ;

∂̂′
m =

∂yn

∂y′m
∂̂n

S=
∫

d4+Dx
√
−g

√
−γ
[
R(4) + αR̂(D) − λ

4γmnγpqgμνFμ
mpF

ν
nq

+ δ
4γ

mngμνgαβ(DmgμαDngνβ − βDmgμνDngαβ)

+ ε
4gμνγmnγpq(∂μγmp∂νγnq− η∂μγmn∂νγpq)

]
+ Sm,

R(4) = gμνRμν , R̂(D) = γmnR̂mn(Γ̂, ∂̂Γ̂),



• Einstein-Hilbert action is not conformally invariant. A
scalar fieldφ is introduced;

S=

∫
dnx

√
−g

[

φ2R+
4(n− 1)

n− 2
∇γφ∇

γφ − λφ
2n

n−2

]

Invariance undergμν → e2ω(x)gμν , φ → e
2−n

2 ω(x)φ

• Isotropic conformal transformation(n = 4 + D)

gμν → e2ω(x,y)gμν , Nμ
m → Nμ

m, γmn → e2ω(x,y)γmn

• Anisotropic conformal transformation

gμν → e2ω(x,y)gμν , Nμ
m → Nμ

m, γmn → e2zω(x,y)γmn

φ → e−v(z)ω(x)φ

• Critical Exponent

ym → bzym, xμ → bxμ, Nμ
m → b1−zNμ

m, ϕ → b−v(z)ϕ,



4+D FPDCG Action

S(C) =
∫

d4+Dx
√
−g(4)√γM2+D

∗

[

φ
2+Dz

v
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R(4) +A1

∇μ∇μφ
φ +A2

∇μφ∇μφ
φ2

)

− V0φ
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v

(
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φ2

)

− α2φ
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v 1
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mpFν
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v
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1
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+ C1γ
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φ + C2γ

mn∇̂mφ∇̂nφ
φ2

}

− α5φ
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v

{
1
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The 5Dz-Weyl gravity

S=
∫

dyd4x
√
−gNM3

∗

[

ϕ2
(

R− 12
z+2

∇μ∇μϕ
ϕ + 12z

(z+2)2
∇μϕ∇μϕ

ϕ2

)

+β1ϕ
− 2(z−4)

z+2
{

BμνBμν − λB2
}

+β2ϕ
2AμAμ−V(ϕ)

]

.

Bμν = Kμν +
2

(z+ 2)Nϕ
gμν(∂yϕ −∇ρϕNρ), B ≡ gμνBμν ,

Aμ =
∂μN
N

+
2z

z+ 2
∂μϕ

ϕ

V = V0ϕ
2(z+4)

z+2

• Nμ = 0

• Ground state:gMN(x, y) =

(
gμν(x) 0

0 N(x)

)

• N = 1

Gravitational constant;
1

16πG
=
∫

dyM3
∗ϕ

z+2 ∼ RM3
∗ϕ

z+2

Effective potential;

Veff =
∫

dyM∗V0ϕ
z+4 ∼ RM∗V0ϕ

z+4 ∼ V0

(
Mpl

M∗

) 2z+8
z+2
(

1
2RM∗

) 2
z+2

(?)



Cosmological test of anisotropic conformal symmetry

S=
∫

dyd4x
√
−gM3

∗

[

ϕ2
(

R− 12
z+2

∇μ∇μϕ
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w
w
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√
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Evolution equations

3H2 = ω
2

ϕ̇2

ϕ2 − 6H ϕ̇
ϕ + V

M2
pϕ2 + ρr,0

M2
pϕ2a4 + ρm,0

M2
pϕ2a3 ,

−3H2 − 2Ḣ = 2ϕ̈
ϕ + 4H ϕ̇

ϕ +
(
2 + ω

2

) ϕ̇2

ϕ2 −
V

M2
pϕ2 + ρr,0

3M2
pϕ2a4

ϕ̈ + 3Hϕ̇ − 6
ω (2H2 + Ḣ)ϕ + Vϕ

ωM2
p

= 0

ρDE =
ϕ2

0

ϕ2

(
ωM2

p

2
ϕ̇2 − 6M2

pHϕϕ̇ + V

)

+

(
ϕ2

0

ϕ2 − 1

)
ρr,0

a4 +

(
ϕ2

0

ϕ2 − 1

)
ρm,0

a3

pDE =
ϕ2

0

ϕ2

[
2M2

pϕϕ̈ + 4M2
pHϕϕ̇ + M2

p

(
2 +

ω

2

)
ϕ̇2 − V

]
+

1
3

(
ϕ2

0

ϕ2 − 1

)
ρr,0

a4



Numerical Analysis and Data Comparison



Discussions

• z = −2 is the Einstein limit  + Λ?

• Mass Hierarchy?;

L = −
1
2

gμν∇μs∇νs− α2φ
8+2z
2+z

0

[(
s
φ0

)2

− w2

]2

=⇒ mh ∼ φ
4

2+z
0 Mpl

• Mattercoupling and KK spectrum aroundz = −2
• Beyond SM?




