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» Why derivatives?

» A model - with and without cosmological constant
» Background cosmology

» Parameter estimation

» Dynamical system analysis

» Conclusions...
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MOTIVATIONS

» The accelerated expansion of the Universe is one of the most
interesting findings of modern cosmology.
» It is mainly explained by the presence of the cosmological
constant (CC).
» There are issues on ACDM model:
, Hubble tension, og tension,...

» It would then be promising to search for a late time gravity
theory to or compensate the effect of CC.



» Our idea: dealing with derivatives of the matter Lagrangian.

» The evolution of the non-relativistic matter energy density wrt
the redshift
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» Roughly speaking, the density around z = 0 is nearly flat.

» So, derivatives of the matter density is nearly constant, which
can play the role of the cosmological constant.
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» The action (SS, Zahra Haghani, PDU 30 (2020) 100683.)

S:fd4x\/—_g'[K2(R—2A)+aV“fV”f +Sm,

» f(L,,) is an arbitrary function of the matter Lagrangian with
mass dimension 1.

» Aisthe CC.

» a is a dimensionless constant.

» The o term is a kinetic term for scalar field f.

» The theory is not equivalent with [ (R, I,,,) theory.

«O» «F>» «=)» «

i
it
S
¥l
i)



» The equation of motion is
K2 (Guy + Aguv)+alef(Tuv - gﬂvLm)
1 1
+a VMfVVf_ Egﬂvvafvaf = E TMV’

» Prime denotes derivative with respect to the argument.

» The second line is the equation of motion of the scalar field

f(Lm).

» In the first line, we have a new term relating to the true nature
of f(Lyy).
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CONSERVATION OF ENERGY

» (non-)Conservation of the energy momentum tensor:
VH Ty = 2(Tyy — Lin&uv) VFLog[1-af'LIf].

» When a = 0, the conservation equation restores.

» In the case of , One obtains
VA Ty = =2(p + p)hyy V*Log[1-af' LIf].

> hyuy = uyuy + gy is the projection tensor.

» In the case of FRW space-time, everything depends on time
and derivatives are orthogonal to h,, so the
energy-momentum tensor becomes



NEWTONIAN LIMIT

» The metric in the Newtonian limit
ds® = —(1+20(X)di* + (1 — 2D () d3°.

» The only non-zero component of the energy momentum
tensor in this limit is Ty = p.

» If fis a smooth function so that
f=Y aip'.
i=0

» [ appears with at least in eom. The derivative
coupling term do not contribute to the linear level.

> As aresult we have

V2®(%) = 4nGp (%),



» Assume [ =y(—L;,/pc)".

» The Hubble parameter becomes

» We have defined

hzzaz(r+QAo)+%/3r2(”_D'r2,

H=Hoh, pm=L" p6,=25 r=pn+p,
Pc Pc
32 2
pe=6H;,  p=L2T
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COSMOLOGY

» Note the matter sources are conserved

. _Qmo ~ _QrO
pm="g> =g

» Transforming to the redshift coordinates and neglecting
radiation

_ 1+ Z)?’Qm() + Qo

T 1+ (1 +2)8mQ 20

(1+ 2)

» In the case of non-vanishing CC: the CC can be obtained as
QAQ =1- Qmo + ﬁQmZOn
» In the case of vanishing CC: one obtains

B=(Qmo—1)Q, 2"
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Hy =69.32138
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function of redshift:

» The evolution of the Hubble and deceleration parameters as a

00

» Red line is the ACDM curve.

» Bars are the observational data.

30
(H. Boumaza and K. Nouicer, PRD 100 (2019) 124047.)
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» Dynamical variables are

Qma® Q,a® n?
Qm = hz ’ Qr = 7) h= g.

» From the Friedmann equation, one gets

1-Q,,,—Q, 3
- (Qm+Qr)n_1(3Qm+4Qr)

» We have 2 dynamical dof.
» [ =-0.42 at best fit.
> Qm, Qr = 0.

» Also we have Q,, +Q, < 1.

Qp=
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» The dynamical variables are

Qpod?
z Q= AO
a n?
1

O =1-0pn=Qr+ BT Qp + Q"D (3Q,, +4Q0)%.

» In this case the system has 3 dynamical dof.
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» The evolution of Q;,;,, O, and Qg4 =1 - Q,, — Q; as a function
of N=1Ina

Ina

» Dashed curves: ACDM model.
» Dotted curves: Non-vanishing CC.
» Solid curves: Vanishing CC.

» Red: radiation, Blue: matter, Black: dark energy.
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| [ @nQp) | Type [ wep | Status |

R 0,1) Radiation || 1/3 || unstable
M (1,0) matter 0 saddle
NP2 — » Stable manifold passing (0, 0).
e —— > Cl 0,0) lerati
\.\>\\ oser to (0,0), more acceleration we
e \ ] get: wer <0.

\ i » The black solid curve: de Sitter

\¥ expansion wp = —1.
NS, e

» The universe starts from radiation

‘\\“\\ E point, meet the matter dominated

020, o0 0z o4 o6 08 10 12 saddle point and falls to acceleration
On phase at late times.
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NON-VANISHING CC - DYNAMICAL ANALYSIS

] [ ©@mQrnQp [ Type [ wey || Status |

R 0,1,0) Radiation || 1/3
M (1,0,0) matter 0
A (0,0, x) de Sitter -1

> xisarbitrary.

/ /
b //’ > A isa de Sitter fixed line.

/jv: » Stable point at (0,0).

/
— ~
)// —————— » The universe starts from the

AN radiation point, meet the
-~ — Y .
— — matter dominated saddle
A — : i
-0zl , > pointand falls to acceleration
Op phase at late times.




CONCLUSIONS

» Derivatives of the matter Lagrangian could be considered as an
alternative to ACDM model, or at least compensate some
percent of CC.

, Galileon like ...

» Also, we can consider derivatives of the energy-momentum
tensor itself. The cosmology does not altered much.

» One of the derivative matter coupling is that the
matter becomes conserved at least at the background level.

» Other f(R, T) theories does not have this property; should put
it by hand.

» We should think more about the early cosmology in this
model...



Thanks for your attention!



