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Abstract

© 2018 by the authors. We study a new exactly solvable model of coupling of the Dark Energy
and Dark  Matter,  in  the  framework  of  which  the  kernel  of  non-gravitational  interaction  is
presented by the integral Volterra-type operator well-known in the classical theory of fading
memory. Exact solutions of this isotropic homogeneous cosmological model were classified with
respect to the sign of the discriminant of the cubic characteristic polynomial associated with the
key equation of the model. Energy-density scalars of the Dark Energy and Dark Matter, the
Hubble function and acceleration parameter are presented explicitly; the scale factor is found in
quadratures. Asymptotic analysis of the exact solutions has shown that the Big Rip, Little Rip,
Pseudo Rip regimes can be realized with the specific choice of guiding parameters of the model.
We show that  the  Coincidence problem can be  solved if  we consider  the  memory  effect
associated with the interactions in the Dark Sector of the universe.

http://dx.doi.org/10.3390/sym10090411

Keywords

Dark Energy, Dark Matter, Memory

References

[1] Turner, M.S. The dark side of the universe: From Zwicky to accelerated expansion. Phys. Rep. 2000, 333, 619-
635

[2] Peebles, P.J.E.; Ratra, B. The Cosmological Constant and Dark Energy. Rev. Mod. Phys. 2003, 75, 559-606
[3] Sahni, V. Dark Matter and Dark Energy. Lect. Notes Phys. 2004, 653, 141-180
[4] Copeland, E.J.; Sami, M.; Tsujikawa, S. Dynamics of dark energy. Int. J. Mod. Phys. D 2006, 15, 1753-1935
[5] Sahni, V.; Starobinsky, A. Reconstructing Dark Energy. Int. J. Mod. Phys. D 2006, 15, 2105-2132
[6] Capozziello, S.; Nojiri, S.; Odintsov, S.D. Unified phantom cosmology: Inflation, dark energy and dark matter

under the same standard. Phys. Lett. B 2006, 632, 597-604
[7] Nojiri, S.; Odintsov, S.D. Introduction to Modified Gravity and Gravitational Alternative for Dark Energy. Int. J.

Geom. Meth. Mod. Phys. 2007, 4, 115-146
[8] Frieman, J.; Turner, M.; Huterer, D. Dark Energy and the Accelerating Universe. Ann. Rev. Astron. Astrophys.

2008, 46, 385-432
[9] Padmanabhan, T. Dark Energy and Gravity. Gen. Relat. Gravit. 2008, 40, 529-564

[10] Bamba, K.; Odintsov, S.D. Inflation and late-time cosmic acceleration in non-minimal Maxwell-F(R) gravity and
the generation of large-scale magnetic fields. JCAP 2008, 0804

[11] Nojiri, S.; Odintsov, S.D. Unified cosmic history in modified gravity: From F(R) theory to Lorentz non-invariant
models. Phys. Rept. 2011, 505, 59-144

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Kazan Federal University Digital Repository

https://core.ac.uk/display/197479113?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.3390/sym10090411


[12] Nojiri, S.; Odintsov, S.D.; Oikonomou, V.K. Modified Gravity Theories on a Nutshell: Inflation, Bounce and Late-
time Evolution. Phys. Rept. 2017, 692, 1-104

[13] Bamba, K.; Capozziello, S.; Odintsov, S.D. Dark energy cosmology: The equivalent description via different
theoretical models and cosmography tests. Astrophys. Space Sci. 2012, 342, 155-228

[14] Del Popolo, A.Non-baryonic darkmatter in cosmology. Int. J.Mod. Phys. D 2014, 23
[15] Yepes, G.; Gottlober, S.; Hoffman Y. Dark matter in the Local Universe. New Astron. Rev. 2014, 58, 1-18
[16] Zurek, K.M. Asymmetric Dark Matter: Theories, signatures, and constraints. Phys. Rept. 2014, 537, 91-121
[17] Gleyzes, J.; Langlois, D.; Vernizzi, F. A unifying description of dark energy. Int. J. Mod. Phys. D 2015, 23,

1443010
[18] Chimento,  L.P.;  Jacubi  A.S.;  Pavon,  D.;  Zimdahl,  W.  Interacting  quinessence  solution  to  the  coincidence

problem. Phys. Rev. D 2003, 67, 083513
[19] Scherer, R.J. Phantom Dark Energy, Cosmic Doomsday, and the Coincidence Problem. Phys. Rev. D 2005, 71,

063519
[20] Velten, H.E.S.; vom Marttens, R.F.; Zimdahl, W. Aspects of the cosmological 'coincidence problem'. Eur. Phys. J.

C 2014, 74, 3160
[21] Wang, B.; Abdalla, E.; Atrio-Barandela, F.; Pavon, D. Dark Matter and Dark Energy Interactions: Theoretical

Challenges, Cosmological Implications and Observational Signatures. arXiv 2016, arXiv:1603.08299
[22] Farrar, G.R.; Peebles, P.J.E. Interacting dark matter and dark energy. Astrophys. J. 2004, 604, 1-11
[23] Zimdahl, W. Interacting dark energy and cosmological equations of state. Int. J. Mod. Phys. D, 2005, 14, 2319-

2326
[24] Del Campo, S.; Herrera, R.; Pavon, D. Interaction in the Dark Sector. Phys. Rev. D 2015, 91, 123539
[25] Balakin, A.B.; Bochkarev, V.V. Archimedean-type force in a cosmic dark fluid. I. Exact solutions for the late-time

accelerated expansion. Phys. Rev. D 2011, 83
[26] Balakin, A.B.; Bochkarev, V.V. Archimedean-type force in a cosmic dark fluid. II. Qualitative and numerical

study of a multistage universe expansion. Phys. Rev. D 2011, 83
[27] Balakin, A.B.; Bochkarev, V.V. Archimedean-type force in a cosmic dark fluid. III. Big Rip, Little Rip and Cyclic

solutions. Phys. Rev. D 2013, 87, doi:10.1103/PhysRevD.87.024006
[28] Balakin, A.B.; Bochkarev, V.V.; Lemos, J.P.S. Light propagation with non-minimal couplings in a two-component

cosmic dark fluid with an Archimedean-type force, and unlighted cosmological epochs. Phys. Rev. D 2012, 85
[29] Balakin, A.B.; Dolbilova, N.N. Electrodynamic phenomena induced by a dark fluid: Analogs of pyromagnetic,

piezoelectric, and striction effects. Phys. Rev. D 2014, 89
[30] Balakin, A.B. Electrodynamics of a CosmicDark Fluid. Symmetry 2016, 8, 56
[31] Jiménez, J.B.; Rubiera-Garcia, D.; Sáez-Gómez, D.; Salzana, V. Cosmological future singularities in interacting

dark energy models. Phys. Rev. D 2016, 94, 123520
[32] Brunner, H. Volterra Integral Equations; Cambridge University Press: Cambridge, UK, 2017


