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Motivation

Problem
Dark sector of the universe

Mimetic matter
Unified description of dark matter and dark energy
One constrained scalar field

⇒ New phenomology

Alexander Ganz alexander.ganz@phd.unipd.it 2



Mimetic Matter (1)

Starting from the Einstein-Hilbert action Chamseddine & Mukhanov
(2013)

S = 1
2

∫
d4x
√
−gR(gµν) + Sm(gµν , ψ)

Non-invertible conformal transformation

gµν = −
(
g̃αβ∂αϕ∂βϕ

)
g̃µν ≡ X̃ g̃µν

⇒ Conformal invariant theory

g̃µν → Ω(x)g̃µν , X̃ → Ω−1(x)X̃

Transforming the action

S = 1
2

∫
d4x

√
−g̃
(

X̃ R̃ + 3
2 X̃−1g̃µν∂µX̃∂νX̃ − 3�X̃

)
+ Sm(g̃µν , ψ)

Alexander Ganz alexander.ganz@phd.unipd.it 3



Mimetic Matter (2)
Fixing the Conformal gauge degree of freedom X̃ = 1 Barvinsky
(2014), Golovnev (2013)

S =
∫

d4x
√
−g̃
[1
2 R̃ − λ (g̃µν∂µϕ∂νϕ+ 1)

]
+ Sm(g̃µν , ψ)

Equations of Motion

gµν∂µϕ∂νϕ+ 1 = 0
Gµν − Tµν = (−G + T )︸ ︷︷ ︸

2λ

∂µϕ∂νϕ

∂µ
(√
−g (−G + T ) gµν∂νϕ

)
= 0

The trace λ mimics the CDM density

T dm
µν = ρdmuµuν ≡ (−G + T ) ∂µϕ∂νϕ

Alexander Ganz alexander.ganz@phd.unipd.it 4



Generalization of Mimetic Gravity

Starting from a general scalar-tensor theory Chamseddine et al. (2014),
Arroja et al. (2015), Arroja et al. (2016)

S =
∫

d4x
√
−g
[
L(gµν , ϕ)− λ (gµν∂µϕ∂νϕ+ 1)

]
+ Sm(gµν,ψ)

Equations of Motion

gµν∂µϕ∂νϕ+ 1 = 0
Eµν + Tµν = −(E + T )∂µϕ∂νϕ
∂µ
(√
−g(E + T )gµν∂νϕ

)
+ Ωϕ = 0

L(gµν) can be any Lagrangian for instance Horndeski model
Possible to model any background
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Linear Perturbations around FRW (1)
Evolution equation for mimetic Horndeski model Arroja et al. 2016

Φ′′ + C1Φ′ + C2Φ = 0

No Laplacian term ⇒ sound speed c2
s = 0

Mimetic cubic Horndeski model

L = K (ϕ,X )− G3(ϕ,X )�ϕ︸ ︷︷ ︸
∼V (ϕ)

+1
2R

Same evolution and Poisson equation as for CDM and a perfect dark
energy fluid Arroja et al. (2017)

Φ′ +HΦ + a2

2M2
pl

ρ̄CDMvϕ + (ρ̄DE + p̄DE )vϕ +
∑

f =r ,b
(ρ̄f + p̄f )vf

 = 0

∆Φ = 4πGeffa2δρ
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Linear Perturbations around FRW (2)

Restricting to ΛCDM background (V (ϕ) = Λ) ⇒ behavior of
standard ΛCDM at linear level
Direct coupling between scalar field and curvature

L = V (ϕ) + f (ϕ)R

Gravitational slip

γ = Ψ
Φ = 1 + ln (f )′

ln (δϕ)′

Different evolution and Poisson equation
⇒ Deviations from a standard ΛCDM model at linear level
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Instabilities

Non-linear Hamiltonian for mimetic matter Chaichian et al. (2014)

H = Hgr + pϕ
√
1 + hij∂iϕ∂jϕ

⇒ Stability condition

λ = pϕ√
h
√
1 + hij∂iϕ∂jϕ

> 0

Physical interpretation: positive dark matter density
Generalization for mimetic scalar-tensor models
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Summary

Mimetic gravity offers a unified description for CDM and DE
Stable solutions require λ > 0
At linear level one can model exact the same behavior as standard
ΛCDM
Deviations enforces direct coupling between curvature and the scalar
field f (ϕ)R
Future plans: Constraining the parameter space
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Backup

Generalization to non-invertible disformal transformation Deruelle, Rua
(2014), Arroja et al. (2015)

gµν = A(ϕ, X̃ )g̃µν + B(ϕ, X̃ )∂µϕ∂νϕ

B(ϕ, X̃ ) = A(ϕ, X̃ )
X̃

+ b(ϕ)

Choice of A(ϕ, X̃ ) = X̃ and b(ϕ) = −1 leads to non-invertible
conformal transformation
Equivalence to the non-invertible conformal transformation
Takahashi,Kobayashi (2017), Langlois et al. (2018)
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