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Introduction

@ There is overwhelming observational evidence that the Universe is
undergoing accelerated expansion.
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@ There is overwhelming observational evidence that the Universe is
undergoing accelerated expansion.

@ This late—time acceleration of the Universe must be driven by some
unidentified energy source, generally referred to as dark energy (DE).
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Introduction

@ There is overwhelming observational evidence that the Universe is
undergoing accelerated expansion.

@ This late—time acceleration of the Universe must be driven by some
unidentified energy source, generally referred to as dark energy (DE).

@ The ACDM model is in an excellent agreement with these
cosmological probes and its parameters have now been determined to

a very good accuracy.
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Introduction

There is overwhelming observational evidence that the Universe is
undergoing accelerated expansion.
This late—time acceleration of the Universe must be driven by some
unidentified energy source, generally referred to as dark energy (DE).
The ACDM model is in an excellent agreement with these
cosmological probes and its parameters have now been determined to
a very good accuracy.
From a theoretical viewpoint, this concordance cosmology is
somewhat troubling:
o the observed cosmological constant is surprisingly small
4 4
Aobs, ~ (107%eV) " ~ (107 Mp)" |
when compared with the theoretical expectation of
Atheory ~ (TeV)4 ~ 10_60Mé| .
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Introduction

@ There is overwhelming observational evidence that the Universe is
undergoing accelerated expansion.

@ This late—time acceleration of the Universe must be driven by some
unidentified energy source, generally referred to as dark energy (DE).

@ The ACDM model is in an excellent agreement with these
cosmological probes and its parameters have now been determined to

a very good accuracy.
@ From a theoretical viewpoint, this concordance cosmology is
somewhat troubling:
o the observed cosmological constant is surprisingly small

Aobs. ~ (1073eV)* ~ (1073 Mp) " |
when compared with the theoretical expectation of
Atheory ~ (TeV)* ~ 10700, .
@ Rather than dealing directly with A, a number of alternative routes,

such as quintessence, have been proposed which skirt around this
thorny issue.
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Theoretical Model

We consider the scalar—tensor theory described by the following action:
4 Mlgl 1 v
S: d TN —g TR_igM 8;L¢8V¢_V(¢)+£SM
+ [/ =5 G )
where k% = MP_I2 = 87 G together with

@ R - Ricci scalar,
@ ¢ — DE scalar field,
o V(o) — potential of the scalar field,

o Lgy — Lagrangian which includes a relativistic component r, and a
baryon component b.

Jurgen Mifsud On the interactions between dark energy and dark matter 28/08/17 3/7



Theoretical Model

We consider the scalar—tensor theory described by the following action:
4 Mlgl 1 v
S = d TN —g TR — igu 8”,(;381/@5 - V(¢) + ESM

+ /d4$”EDM (Quuﬂb),

Particle quanta of the DM fields ), propagate on geodesics defined by the
metric

g;w = C((b)gw/ + D(d’) aqu oo,

e C(¢) — conformal coupling
o this is the well-known conformal transformation which characterises
the Brans—Dicke class of scalar—tensor theories.
e D(¢) — disformal coupling

e this appears in the Einstein frame formulation of any covariant theory
involving an invariant other than R.
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Theoretical Model — Background Evolution

In the standard flat FRW metric with T
conformal time 7, and scale factor a(7), the " |,
Friedmann equations are given by \:Z '5"‘:‘,\
2 : N
Hz - %az (:0¢ + pp + pr + pc) ) LO: \\"'*::ff:::-_-u.-.m
K2 F = : - :
H = = a® (s + 306 + o+ 200 + pe) | o

where coupled DM is denoted by a subscript ¢, and H = a’/a. The
modified Klein—Gordon equation simplifies to

(Zs/l + 2IH¢/ + 0/2‘/:¢ — CL2Q ,
and the fluid conservation equations reduce to
pr+4Hp, =0, p,+3Hpy =0, p.+3Hp. = -Q¢,
with the coupling function
@2Cy+ D gof” = 2D (G267 + a*V + 3HY)

©=- 2[a2C + D (2o — 97)]

Pe -
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Theoretical Model — Evolution of Perturbations

@ The matter growth rate function: o[

0.755 F N E
g dlnd, &, ok
m — " 77 T As¢c E H
dlna  Hé,, ' o i
i §o074f A R E
with U T———
Sp4pebe oo
o 5m = % — matter 0.725
density contrast 072
6 b d . 0.715
@ 0y — baryon density contrast e - - P T ™ .
. . —1
e &, — coupled DM density k (hMpe)
contrast . : : e ; :

@ On subhorizon scales DM
experiences

Hett _, iQd
H Hp.
Gett =14+ 36272
- 2 2 07 B . . . . . L
G K= Pe 10 107 10 1078 0.01 0.1 1
k (fl)Ipc’l)
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Parameter Constraints

C(¢) = >, D(¢) = Diyy, V() = Vg'e ™
@ Conformal Coupling o Disformal & Mixed Couplings
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Conclusions

@ The cosmological characteristics of the conformal and disformal
couplings were discussed.

@ A disformal coupling leads to intermediate—scales time—dependent
damped oscillations in the matter growth rate function.

@ The conformal coupling is tightly constrained with the CMB,
although the disformal coupling is able to evade this probe.

@ These interacting DE models enhance the growth of small-scale
perturbations, thus do not alleviate the claimed LSS tension.

@ Forthcoming data of the LSS, CMB, and their cross-correlations
should be able to place tighter constraints on DE couplings.
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