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» Lagrangian construction Is equivalent to the former.

* |t modifies the Friedmann equations and generalizes the
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Interacting DM-DE
pu +3H(py + Py) = ; ppe +3H(ppg + Ppg) = —

Q = ¢ ppp H --- Valentino et. al

Planck 2018, Hy = 72.8"72 km s~1 Mpc~1 with

§ = —0.54%553

Energy flow

Problem with Intéfattion

» Lack of generalization of Q.

» Lack of physical motivation of Hubble parameter H
appearing In the interaction.

* Instability in the dark sector at the perturbation level.

The Lagrangian of the interacting DM-DE can be written as

L=Leg+Ly(WP)+ Lpp(P) + Lin: (P, P)

* Variation yields:

3H* = py + PpE + Pint
2H+3H*=—Py + Ppg+ Pins

PM+3HPM=QM
ppe +3 H (Ppg + ppe) = Qpg

 The constraint relation:
Pint + 3 H (pint + Pint) +Qy +Qpg =0

Equivalence of two picture~

Lagrangian approach

Former approach

PDE Pint

_PDE _PDE"

L inear Transformation

Py = apy + B ppe + VY Pint
ppe = (L —a)py + (1 = B)ppe + (1 — V) Pint

pu +3H Py +P)=(—-y)Qy+ (B —y)Qpg
ppe + 3 H (bpg + Ppg) = —(@—v)Qu — (B —v)Qpk

Q=(a—Yy)Qu+ (B—v)QpE

Interaction.
Action of an Interactinc

- Fluid Action

R
S: fV_gZKZ

—/—gL(X,P) —

Kinetic Interaction

V=g pm,s)+J* (@, +5s0,+Bral)

+a,fqa(p, ., X) J e,

Derivative Interaction

The covariant derivative of stress tensor becomes,

v, T”O

For the Derivative interaction

QO — acfcqb¢ T acch ¢¢ — _V TMO

0 Y 0
V.Ty =Q°=n*a3H fan=-V,Ty

ittty analysis

Autonomous Equations
xi’ — hi(x'y' Z)
Critical
points: x; = 0

Eigenvalues of J;; = (E;, E3, E3)

Stability: stable: (-,-,-). Unstable: (+,+

Saddle: (-, +,*).

Kinetic Model

) - dx,-')
I/ 3x3

E—] <0, E2<0, E3<0
[ 0.65<Qy<1, 0<cs?<1

* The coupling Introduced at the Lagrangian
level generalizes the interaction, making it
easy to identify instabilities.

Constructed two types of coupling: (1) one
In which the interaction Is a function of both
field and fluid parameter, and using
dynamical analysis with an

, the model demonstrates
stable accelerating solution during the late-
time phase; and (i1) another in which field
velocity Is coupled with particle flux
density, resulting in H in the continuity
equation.
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