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Universe components and expansion

Components of the Universe as perfect fluid with equation of state:p =wp
Energy Momentum Tensor: T, = (p + p)u,u, + pguy
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Dark Energy and Cosmological constant +

4 Accelerated Expansion of the Universe

4 Our Proposal




Standard Approaches and leltatlons }’  “

+ K-essence scalar Field Theory

+ Pathological Dynamics for perturbations

+ Our approach




Dynamical Model: Basics

+ A generic perfect fluid has a Lagrangian of the
form U(b) described by three scalar fields ®“.
With w = —1, no dynamics.
b=(Det[B*"))/?, B =¢"9,®9,®", a,b=1,2,3.

Medium type  d.o.f. Properties

Superfluid 1 Zero kinetic term
. Perfect barotropic 2+ 1 Zero kinetic term
+ Add a scalar field ®° to have more operators that id P
d g Perfect fluid 2+ 1 Zero kinetic term
represent a coupled fluid/superfluid U(b,y, x) but fuid /superfluid 242 Zaro Kinetlo torm
still withw = —1 no dynamics. Ty Solid 241 Zero kinetic term

VX Ty,Tz) Supersolid 2+ 2 Healthy dynamics

X = (_guua”(I)an(I)O)l/Z. Vy =X
Summary of all type of medium one

+ Healty dynamics only by adding a solid component  "can build starting from four scalar
through the operators ty,7,. B is the matrix B®? fields.
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Dynamical Model: Basics

+ Fluctuations introduced as 4 scalar fields Qy=t+my,, P,=x,+m, ,a=1,2,3

+ Perturbations of ®2 decomposed in two transverse vector modes 7* and a
longitudinal scalar mode: &,

+ Modified Energy Momentum tensor with anisotropic terms and additional velocity.

Tyy = (U —bUp) gy, + (yUy — bUb)u"u,, + xU,v,v, + QE’V)UT}, + fo,?U,z

+ I o
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Dynamical Model: Stability
Conditions

+

+ Anomalous stability condition with w = —1. s
Energy not positive definite. Hamiltonian composed _ ;

of two harmonic oscillators but with opposite sign.

‘ Catastrophic effect? By studying the evolution of DCC fluctuations and their effects on the
propagation of Gravitational waves and on structure formation this doesn’t seem to be true.

+
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Cosmological Perturbations

We studied the dynamic of perturbations of this DCC, analyzing also the effects on the
evolution of the matter density contrast and on propagation of gravitational waves.

‘ We worked in conformal time t, using a DeSitter scale factor a(t) = —ﬁ where Hj is the
0

today Hubble constant . We also used Newtonian Gauge.




Result: Matter Density Contrast

+ In ACDM 4§ remain constant at all scales 8gi = 6 —3H vy

Sgithick S dashed

0.00101

Matter density contrast at HL =103 Matter density contrast at Hi =100
0 0
6 grows as a power law at large scales. Oscillations induced by DCC at small
scales.
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Result: Matter Density Contrast

() intermediate case. Incomplete 6 Small scale case. Growth when 7 — 0

. . 1
oscillations due to the scale factor: a(z) = ——-
0
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Matter density contrast at HL =10




Result: Gravitational Waves

"' The equation of motion for Gravitational
Waves in this DCC dominated Universe is:

+ The solution in De Sitter is combination of
Bessel functions J,,. and Y, :

+ At small scales oscillatory behavior with amplitude < a™! as in the cosmological constant

case.

+ At large scales, with M, > 0, the amplitude grows logarithmically

+
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Thanks!

+ Do you have any questions? +

Giuseppe Di Donato
Les Houches 10/07/2025
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Extra Slides

The Dynamical Cosmological Constant model
has the following characteristic:

e The medium has an equation of state
withw = —1.

e Four scalar fields to have non-trivial
dynamics for its perturbations.

e The presence of anisotropic stress is
crucial for stability of the system.

e Stability of the model withw = -1 is
reached in an anomalous region where
the Hamiltonian is non positive definite

Implications

The matter density contrast
grows at large scales.
Instead shows induced
oscillations at small scales.

Amplitude of gravitational
waves grows logarithmically in
the large scales limit.
Standard evolution in the
small scales limit.
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Extra Slides

d2>m
B 4
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M0>§M1, M, >0,




Extra Slides

¢’2 ( Ul’l’ + 2 U\X + U,.\'}' )

__4(Ur}’+UrZ)
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Extra Slides
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Extra Slides

Vector Modes equation of propagation Y +471£(a2«:1H5 +K) 4, N ©2d’c Hi+K) ; _
g 2a%c HZ +k* 1 v '

2

ke [VREE (R =3e) e L.
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Vector Modes: Large Scales = g (—kr)BVO8Q)/2 o gi (—fr) B HVI-Be)/2)

Vector Modes: Small Scales o rakn |VRERRE <3e) ey
Hgi:SH’l( \/ﬁ) g *3 ;((—_‘) kzq

No growing modes for vector degrees of freedom, only oscillations at small scales and
decreasing modes at large scales

+
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