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This note contains a list of scientific papers on the topic of bulk viscous cosmology. Quite some
papers on inhomogeneous equation of state and also some papers on models with interaction terms
(Q) are included, even if they do no refer specifically to bulk viscosity. The papers are ordered
along the arrow of time, down to an accuracy of a year. Within each year, however, order is not
maintained at present point. The list entries contain title, abstract, authors and link (if available),
along with a reference in the references list (in the end). The table of contents may serve as a good
overview. The list might be more incomplete than I am aware of, and will anyway be

updated continuously. Boxed text is used to highlight some key content of a paper in relation to
viscous cosmology.
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A few papers up to 1990

The review of Ø. Grøn [1] should cover much of the period prior to 1990, but a few more papers could be mentioned:

Title: “Entropy generation and the survival of protogalaxies in an expanding universe” [2]

Authors: S. Weinberg.

Abstract: General formluae are derived for the bulk viscosity , shear viscosity, and heat transport due to ra-

diation, and for the damping rate of sound waves, in an imperfect, relativistic fluid. These formulae are used to
evaluate the cosmological entropy production associated with a nonvanishing mean free time of photons, neutrinos,
or gravitons, and to calculate the rate of damping of protogalactic fluctuations in the period immediately prior to
the recombination of hydrogen.

Link: http://adsabs.harvard.edu/abs/1971ApJ...168..175W

Title: “The Deflationary Universe: an Instability of the De Sitter Universe” [4]

Authors: J. D. Barrow.
Abstract: The relevance is discussed of the initial value structure of the cosmological problem for inflationary

explanations of its present structure. Existing proofs of the cosmic no hair conjecture are found to make use of an
unrealistic strong energy condition on the stress tensor of the matter fields not driving the inflation. It is shown by
explicit example that the no hair conjecture fails even in isotropic cosmological models if the strong energy conditions
is relaxed. A class of exact cosmological models are given which begin in a de Sitter state but subsequently deflate
towards the flat Friedman model. Various implications of these examples are discussed.

Comments: Bulk viscosity ζ ∼ ρ is used, and connection to particle production and classical causes of the

viscosity is briefly mentioned/discussed.

http://adsabs.harvard.edu/abs/1971ApJ...168..175W
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Link: http://www.sciencedirect.com/science/article/pii/0370269386911986

Title: “Viscous universes” [5]

Authors: T. Padmanabhan and S. M. Chitre
Abstract: The effect of bulk viscosity on the evolution of the universe at large is investigated . It is demon-

strated that bulk viscosity can lead to inflation-like solutions.

Link: http://www.sciencedirect.com/science/article/pii/0375960187901046

http://www.sciencedirect.com/science/article/pii/0370269386911986
http://www.sciencedirect.com/science/article/pii/0375960187901046
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Papers in the period 1996-2000

Title: “ ‘Understanding’ cosmological bulk viscosity.” [6]

Authors: W. Zimdahl.
Abstract: A universe consisting of two interacting perfect fluids with the same 4-velocity is considered. A heuristic

mean free time argument is used to show that the system as a whole cannot also be perfect, but necessarily implies

a non-vanishing bulk viscosity. A new formula for the bulk viscosity is derived and compared with corresponding

results of radiative hydrodynamics.

Link: http://mnras.oxfordjournals.org/content/280/4/1239

Title: “ Viscosity and matter creation in the early universe” [7]

Authors: I. Brevik and G. Stokkan
Abstract: Mechanical and thermodynamic aspects of the early universe are discussed. Adopting an isotropic

and imperfect fluid model, we can introduce one single viscosity coefficient, viz. the bulk viscosity ζ .

Allowing for particle creation or annihilation there is room for one additional coefficient, viz. the creation

rate ψ. Specializing to the FRW metric we consider the question, discussed in the recent literature, whether the
viscosity/creation concepts describe after all one and the same physical process. We conclude that they do not.
Thereafter considering the limitations on ψ set by the second law of thermodynamics, we find that it is possible to
account for the large nondimensional entropy in the universe (σ ∼ 109) by ignoring viscosity altogether, and allowing
for a particle sink (ψ < 0) of large magnitude being operative during a brief time period. Numerical examples are
given.

Link: http://link.springer.com/article/10.1007%2FBF00653769

Title: “Viscous cosmology in the Kasner metric” [8]

Authors: I. Brevik, S. V. Pettersen.
Abstract: A Bianchi type-I metric of the Kasner form is used as input in Einstein’s equations to explore which

consequences thereby occur for the equation of state for the cosmic fluid. Both shear viscosity and bulk viscosity

coefficients are assumed to be present. The solutions of Einstein’s equations can naturally be categorized into two
classes. Either the space becomes anisotropic, and the equation of state is determined once the Kasner parameters
pi are given. Or the space becomes isotropic, and the equation of state emerges in the conventional form p/ρ = γ − 1
with a definite value of . We also calculate the rate of entropy production σ̇ per particle, and find that σ̇ becomes as
large as of order 104 s−1 if we go back to the very early universe, t ∼ 10−4s. We also discuss the possibility of testing
the anisotropy of the universe by means of redshift experiments.

Link: http://journals.aps.org/prd/abstract/10.1103/PhysRevD.56.3322

Title: “Viscous cosmology in the Kasner metric” [9]

Authors: R. Maartens and V. Mndez.
Abstract: We develop a nonlinear generalization of the causal linear thermodynamics of bulk viscosity,

incorporating the positivity of the entropy production rate and the effective specific entropy. The theory is

applied to viscous fluid inflation (which is necessarily far from equilibrium), and we find thermodynamically

consistent inflationary solutions, both exponential and power law.

Link: http://journals.aps.org/prd/abstract/10.1103/PhysRevD.55.1937

http://mnras.oxfordjournals.org/content/280/4/1239
http://link.springer.com/article/10.1007%2FBF00653769
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.56.3322
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.55.1937
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Title: “Comment on Viscous cosmology in the Kasner metric” [10]

Authors: M. Cataldo and S. d. Campo.
Abstract: We show in this Comment that in an anisotropic Bianchi type-I model of the Kasner form, it is not

possible to describe the growth of entropy, if we want to keep the thermodynamics together with the dominant energy
conditions. This consequence disagrees with the results obtained by Brevik and Pettersen [Phys. Rev. D 56, 3322
(1997)].

Link: http://journals.aps.org/prd/abstract/10.1103/PhysRevD.61.128301

Title: “ Self-screening Hawking atmosphere in the presence of a bulk viscosity” [11]

Authors: I. Brevik.
Abstract: The recent theory of t Hooft [Nucl. Phys. B (Proc. Suppl.) 68, 174 (1998)] models the black hole as

a system endowed with an envelope of matter that obeys an equation of state in the form p = (γ − 1)ρ, and acts as
a source in Einsteins equations. The present paper generalizes the t Hooft theory so as to take into account a bulk
viscosity ζ in the fluid. It is shown that even a slight positive value of ζ will suffice to yield complete agreement with
the Hawking formula for the entropy of the black hole, if the value of the constant γ takes a value that is slightly less
than 4/3. The value γ = 4/3 corresponds to a radiation fluid.

Link: http://journals.aps.org/prd/abstract/10.1103/PhysRevD.61.124017

Title: “Can a Kasner universe with a viscous cosmological fluid be anisotropic? ” [12]

Authors: I. Brevik and S. V. Pettersen.
Abstract: A Bianchi type-I metric of Kasner form is considered, when the space is filled with a viscous fluid.

Whereas an ideal (nonviscous) fluid permits the Kasner metric to be anisotropic provided that the fluid satisfies the
Zeldovich equation of state, the viscous fluid does not permit the Kasner metric to be anisotropic at all. In the latter
case, we calculate the Kasner (isotropic) metric expressed by the fluids density, pressure, and bulk viscosity, at some
chosen instant t = t0. The equation of state is also calculated. The present paper is related to the recent Comment
of Cataldo and del Campo [Phys. Rev. D 61, 128301 (2000)], on a previous work of the present authors [Phys. Rev.
D 56, 3322 (1997)].

Link: http://journals.aps.org/prd/abstract/10.1103/PhysRevD.61.127305

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.61.128301
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.61.124017
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.61.127305
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Papers in the period 2001-2005

Title: “Cardy-Verlinde entropy formula in viscous cosmology” [13]

Authors: I. Brevik and S. D. Odintsov.
Abstract: The results of a paper by Verlinde (hep-th/0008140), discussing the holographic principle in a radiation

dominated universe, are extended when allowing the cosmic fluid to possess a bulk viscosity . This corresponds to a

nonconformally invariant theory. The generalization of the Cardy-Verlinde entropy formula to the case of a viscous
universe seems from a formal point of view to be possible, although we question on physical grounds some elements
of this kind of theory, especially the manner in which the Casimir energy is evaluated. Our discussion suggests that
for nonconformally invariant theories the holographic definition of Casimir energy should be modified.

Link: http://journals.aps.org/prd/abstract/10.1103/PhysRevD.65.067302

Title: “Viscous Cosmology and the Cardy-Verlinde Formula” [14]

Authors: I. Brevik.
Abstract: The holographic principle in a radiation dominated universe is extended to incorpo-

rate the case of a bulk-viscous cosmic fluid. This corresponds to a nonconformally invariant theory.

Generalization of the Cardy-Verlinde entropy formula to the viscous case appears to be possible from a for-

mal point of view, although we question on physical grounds the manner in which the Casimir energy is evaluated in
this case. Also, we consider in the present paper an observation recently made by Youm, namely that the entropy of
the universe is no longer expressible in the conventional Cardy-Verlinde form if one relaxes the radiation dominance
equation of state and instead merely assumes that the pressure is proportional to the energy density. We show that
Youm’s generalized entropy formula remains valid when the cosmic fluid is no longer ideal, but endowed with a
constant bulk viscosity ζ.

Link: http://www.worldscientific.com/doi/abs/10.1142/S0217751X03015593

Title: “Viscous Cosmology, entropy, and the Cardy-Verlinde Formula” [15]

Authors: I. Brevik.
Abstract: The holographic principle in a radiation dominated universe, as discussed first by Verlinde (2000),

is extended so as to incorporate the case of a bulk-viscous cosmic fluid. This corresponds to a non-conformally
invariant theory. Generalization of the Cardy-Verlinde entropy formula to the viscous case appears to be formally
possible, although on physical grounds one may question some elements in this type of theory, especially the manner
in which the Casimir energy is evaluated. Also, we consider the observation made by Youm (2002),namely that the
entropy of the universe is no longer expressible in the conventional Cardy-Verlinde form if one relaxes the radiation
dominance equation of state for the fluid and instead merely assumes that the pressure is proportional to the energy
density. We show that Youm’s generalized entropy formula remains valid when the cosmic fluid is no longer ideal,
but endowed with a constant bulk viscosity. In the introductory part of this article, we take a general point of view

and survey the essence of cosmological theory applied to a fluid containing both a constant shear viscosity and a

constant bulk viscosity .

Link: http://arxiv.org/abs/gr-qc/0404095

Title: “ Dark energy and viscous cosmology” [16]

Authors: I. Brevik and O. Gorbunova.

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.65.067302
http://www.worldscientific.com/doi/abs/10.1142/S0217751X03015593
http://arxiv.org/abs/gr-qc/0404095
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Abstract: Singularities in the dark energy universe are discussed, assuming that there is a bulk viscosity in
the cosmic fluid. In particular, it is shown how the physically natural assumption of letting the bulk viscosity be
proportional to the scalar expansion in a spatially flat FRW universe can drive the fluid into the phantom region
(w < 1), even if it lies in the quintessence region (w > 1) in the non-viscous case.

Link: http://link.springer.com/article/10.1007%2Fs10714-005-0178-9

Title: “ CROSSING OF THE w = −1 BARRIER IN VISCOUS MODIFIED GRAVITY” [17]

Authors: I. Brevik.
Abstract: We consider a modified form of gravity in which the action contains a power of the scalar curvature.

It is shown how the presence of a bulk viscosity in a spatially flat universe may drive the cosmic fluid into the
phantom region (w < −1) and thus into a Big Rip singularity, even if it lies in the quintessence region (w > −1)
in the nonviscous case. The condition for this to occur is that the bulk viscosity contains the power (2α − 1) of
the scalar expansion. Two specific examples are discussed in detail. The present paper is a generalization of the
recent investigation dealing with barrier crossing in Einstein’s gravity: I. Brevik and O. Gorbunova, Gen. Relativ.
Gravit.37, 2039 (2005).

Link: http://www.worldscientific.com/doi/abs/10.1142/S0218271806008528

Title: “ ‘Expansion’ around the vacuum equation of state - sudden future singularities and asymptotic
behavior” [18]

Authors: H. Stefancic
Abstract: The dark energy model with the equation of state pd = −ρd −Aραd is studied. The model comprises

and provides realization of several types of singularities in different parameter regimes: the divergence of the dark
energy density and pressure at finite time and finite value of the scale factor, the singularity of the ”big rip” type
and the sudden future singularity recently introduced by Barrow. For parameter choices which lead to a nonsingular
expansion of the universe, various types of the asymptotic evolution are found. The entire time evolution of the
universe is described both analytically and numerically. The advantages of this dark energy EOS as a parametrization
of dark energy are discussed.

Link: http://journals.aps.org/prd/abstract/10.1103/PhysRevD.71.084024

Title: “ Properties of singularities in the (phantom) dark energy universe.” [19]

Authors: S. Nojiri, S. D. Odintsov, S. Tsujikawa
Abstract: The properties of future singularities are investigated in the universe dominated by dark energy including

the phantom-type fluid. We classify the finite-time singularities into four classes and explicitly present the models
which give rise to these singularities by assuming the form of the equation of state of dark energy. We show the
existence of a stable fixed point with an equation of state w < 1 and numerically confirm that this is actually a
late-time attractor in the phantom-dominated universe. We also construct a phantom dark energy scenario coupled
to dark matter that reproduces singular behaviours of the Big Rip type for the energy density and the curvature of the
universe. The effect of quantum corrections coming from conformal anomaly can be important when the curvature
grows large, which typically moderates the finite-time singularities.

Comments: inhomogeneous equation of state and interaction terms Q.

Link: http://journals.aps.org/prd/pdf/10.1103/PhysRevD.71.063004

http://link.springer.com/article/10.1007%2Fs10714-005-0178-9
http://www.worldscientific.com/doi/abs/10.1142/S0218271806008528
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.71.084024
http://journals.aps.org/prd/pdf/10.1103/PhysRevD.71.063004
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Title: “ Inhomogeneous equation of state of the universe: Phantom era, future singularity, and crossing the
phantom barrier.” [20]

Authors: S. Nojiri and S. D. Odintsov.

Abstract: The dark energy universe equation of state (EOS) with inhomogeneous , Hubble parameter dependent

term is considered. The motivation to introduce such a term comes from time-dependent viscosity considerations

and modifications of general relativity. For several explicit examples of such EOS it is demonstrated how the type
of future singularity changes, how the phantom epoch emerges and how the crossing of a phantom barrier occurs.
Similar cosmological regimes are considered for the universe with two interacting fluids and for the universe with
implicit EOS. For instance, the crossing of the phantom barrier is realized in an easier way, thanks to the presence
of inhomogeneous term. The thermodynamical dark energy model is presented where the universe entropy may be
positive even at the phantom era as a result of the crossing of the w=1 barrier.

Link: http://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.023003

Title: “ Cosmological model with viscosity media (dark fluid) described by an effective equation of state” [21]

Authors: J. Ren and X.-H. Meng.
Abstract: A generally parameterized equation of state (EOS) is investigated in the cosmological evolution with

bulk viscosity media modelled as dark fluid, which can be regarded as a unification of dark energy and dark matter.

Compared with the case of the perfect fluid, this EOS has possessed four additional parameters, which can be
interpreted as the case of the non-perfect fluid with time-dependent viscosity or the model with variable cosmological
constant. From this general EOS, a completely integrable dynamical equation to the scale factor is obtained with its
solution explicitly given out. (i) In this parameterized model of cosmology, for a special choice of the parameters we
can explain the late-time accelerating expansion universe in a new view. The early inflation, the median (relatively
late time) deceleration, and the recently cosmic acceleration may be unified in a single equation. (ii) A generalized
relation of the Hubble parameter scaling with the redshift is obtained for some cosmology interests. (iii) By using the
SNe Ia data to fit the effective viscosity model we show that the case of matter described by p=0 plus with effective
viscosity contributions can fit the observational gold data in an acceptable level.

Link: http://www.sciencedirect.com/science/article/pii/S0370269305017259

Title: “ Cosmological model with viscosity media (dark fluid) described by an effective equation of state” [22]

Authors: I. Brevik, J.-M. Børven, S. Ng.
Abstract: We assume a flat brane located at y = 0, surrounded by an AdS space, and consider the 5D Einstein

equations when the energy flux component of the energy-momentum tensor is related to the Hubble parameter
through a constant Q. We calculate the metric tensor, as well as the Hubble parameter on the brane, when Q is
small. As a special case, if the brane is tensionless, the influence from Q on the Hubble parameter is absent. We
also consider the emission of gravitons from the brane, by means of the Boltzmann equation. Comparing the energy

conservation equation derived herefrom with the energy conservation equation for a viscous fluid on the brane, we
find that the entropy change for the fluid in the emission process has to be negative. This peculiar effect is related
to the fluid on the brane being a non-closed thermodynamic system. The negative entropy property for non-closed
systems is encountered in other areas in physics also, in particular, in connection with the Casimir effect at finite
temperature.

Link: http://link.springer.com/article/10.1007%2Fs10714-006-0271-8

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.023003
http://www.sciencedirect.com/science/article/pii/S0370269305017259
http://link.springer.com/article/10.1007%2Fs10714-006-0271-8
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Papers in the period 2006-2009

Title: “Beyond the perfect fluid hypothesis for the dark energy equation of state ” [23]

Authors: V. F. Cardone, C. Tortora, A. Troisi, and S. Capozziello

Abstract: Abandoning the perfect fluid hypothesis , we investigate here the possibility that the dark energy

equation of state (EoS) w is a nonlinear function of the energy density ρ. To this aim, we consider four different
EoS describing classical fluids near thermodynamical critical points and discuss the main features of cosmological
models made out of dust matter and a dark energy term with the given EoS. Each model is tested against the data
on the dimensionless coordinate distance to Type Ia Supernovae and radio galaxies, the shift and the acoustic peak
parameters and the positions of the first three peaks in the anisotropy spectrum of the comic microwave background
radiation. We propose a possible interpretation of each model in the framework of scalar field quintessence determin-
ing the shape of the self-interaction potential V (φ) that gives rise to each one of the considered thermodynamical
EoS. As a general result, we demonstrate that replacing the perfect fluid EoS with more general expressions gives
both the possibility of successfully solving the problem of cosmic acceleration escaping the resort to phantom models.

Link: http://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.043508

Title: “Crossing of the w = −1 barrier in viscous modified gravity ” [24]

Authors: I. Brevik
Abstract: We consider a modified form of gravity in which the action contains a power α of the scalar curvature.

It is shown how the presence of a bulk viscosity in a spatially flat universe may drive the cosmic fluid into the
phantom region (w < −1) and thus into a Big Rip singularity, even if it lies in the quintessence region (w > −1)
in the nonviscous case. The condition for this to occur is that the bulk viscosity contains the power (2α − 1) of
the scalar expansion. Two specific examples are discussed in detail. The present paper is a generalization of the
recent investigation dealing with barrier crossing in Einstein’s gravity: I. Brevik and O. Gorbunova, Gen. Relativ.
Gravit.37, 2039 (2005).

Link: http://www.worldscientific.com/doi/abs/10.1142/S0218271806008528

Title: “Crossing of the w = 1 barrier in two-fluid viscous modified gravity ” [25]

Authors: I. Brevik.
Abstract: Singularities in the dark energy late universe are discussed, under the assumption that the Lagrangian

contains the Einstein term R plus a modified gravity term of the form Rα, where α is a constant. It is found,
similarly as in the case of pure Einstein gravity [Brevik and Gorbunova, Gen. Rel. Grav. 37, 2039, 2005], that the
fluid can pass from the quintessence region (w > 1) into the phantom region (w < 1) as a consequence of a bulk
viscosity varying with time. It becomes necessary now, however, to allow for a two-fluid model, since the viscosities
for the two components vary differently with time. No scalar fields are needed for the description of the passage
through the phantom barrier.

Link: http://link.springer.com/article/10.1007%2Fs10714-006-0309-y

Title: “Cosmological perturbations in warm inflationary models with viscous pressure.” [26]

Authors: S. d. Campo, R. Herrera, D. Pavon.
Abstract: Scalar and tensorial cosmological perturbations generated in warm inflationary scenarios whose

matter-radiation fluid is endowed with a viscous pressure are considered. Recent observational data from the WMAP
experiment are employed to restrict the parameters of the model. Although the effect of this pressure on the matter
power spectrum is of the order of a few percent, it may be detected in future experiments.

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.043508
http://www.worldscientific.com/doi/abs/10.1142/S0218271806008528
http://link.springer.com/article/10.1007%2Fs10714-006-0309-y
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Link: http://inspirehep.net/record/747034?ln=en

Title: “Viscous modified gravity on a RS brane embedded in AdS5 ” [27]

Authors: I. Brevik.
Abstract: We consider a modified gravity fluid on a Randall-Sundrum II brane situated at y = 0, the action

containing a power α of the scalar curvature. As is known from 4D spatially flat modified gravity, the presence
of a bulk viscosity may drive the cosmic fluid into the phantom region (w < −1) and thereafter inevitably into
the Big Rip singularity, even it is initially nonviscous and lies in the quintessence region (w > −1). The condition
for this to occur is that the bulk viscosity contains the power (2α − 1) of the scalar expansion. We combine this
with the 5D RS II model, and find that the Big Rip, occurring for α > 1/2, carries over to the metric for the
bulk metric, |y| > 0. Actually, the scale factors on the brane and in the bulk become simply proportional to each other.

Link: http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-008-0678-3

Title: “ Two-Fluid Viscous Modified Gravity on a RS Brane” [28]

Authors: I. Brevik.
Abstract: Singularities in the dark energy late universe are discussed, under the assumption that the Lagrangian

contains the Einstein term R plus a modified gravity term Rα, where α is a constant. The 4D fluid is taken to be
viscous and composed of two components, one Einstein component where the bulk viscosity is proportional to the
scalar expansion θ, and another modified component where the bulk viscosity is proportional to the power θ2α − 1.
Under these conditions it is known from earlier that the bulk viscosity can drive the fluid from the quintessence
region (w > − 1) into the phantom region (w < − 1), where w is the thermodynamical parameter [I. Brevik, Gen.
Rel. Grav. 38, 1317 (2006)]. We combine this 4D theory with the 5D Randall-Sundrum II theory in which there is
a single spatially flat brane situated at y = 0. We find that the Big Rip singularity, which occurs in 4D theory if
α > 1/2, carries over to the 5D metric in the bulk, |y| > 0. The present investigation generalizes that of an earlier
paper [I. Brevik, arXiv:0807.1797; to appear in Eur. Phys. J. C] in which only a one-component modified fluid was
present.

Link: http://link.springer.com/article/10.1134%2FS0202289308040075

Title: “Casimir effects near the big rip singularity in viscous cosmology ” [29]

Authors: I. Brevik, O. Gorbunova, D. Sez-Gmez.
Abstract: Analytical properties of the scalar expansion in the cosmic fluid are investigated, especially near the

future singularity, when the fluid possesses a constant bulk viscosity ζ . In addition, we assume that there is a

Casimir-induced term in the fluids energy-momentum tensor, in such a way that the Casimir contributions to the
energy density and pressure are both proportional to 1/a4, a being the scale factor. A series expansion is worked out
for the scalar expansion under the condition that the Casimir influence is small. Close to the Big Rip singularity the
Casimir term has however to fade away and we obtain the same singular behavior for the scalar expansion, the scale
factor, and the energy density, as in the Casimir-free viscous case..

Link: http://link.springer.com/article/10.1007%2Fs10714-009-0923-6

http://inspirehep.net/record/747034?ln=en
http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-008-0678-3
http://link.springer.com/article/10.1134%2FS0202289308040075
http://link.springer.com/article/10.1007%2Fs10714-009-0923-6
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Papers in the period 2010-2011

Title: “ Black holes in bulk viscous cosmology” [30]

Authors: d. F. Paolis, M. Jamil and A. Quadir
Abstract: We investigate the effects of the accretion of phantom energy with non-zero bulk viscosity onto a

Schwarzschild black hole and show that black holes accreting viscous phantom energy will lose mass rapidly compared
to the non-viscous case. When matter is incorporated along with the phantom energy, the black holes meet with the
same fate as bulk viscous forces dominate matter accretion. If the phantom energy has large bulk viscosity, then the
mass of the black hole will reduce faster than in the small viscosity case.

Link: http://link.springer.com/article/10.1007%2Fs10773-009-0242-4

Title: “ Thermal fluctuations in viscous cosmology.” [31]

Authors: W.J. Li, Y. Ling, J. P. Wu, X. and M. Kuang.
Abstract: In this Letter we investigate the power spectrum of thermal fluctuations in very early stage of viscous

cosmology. When the state parameter as well as the viscous coefficient of a barotropic fluid is properly chosen, a
scale invariant spectrum with large non-Gaussianity can be obtained. In contrast to the results previously obtained
in string gas cosmology and holographic cosmology, we find the non-Gaussianity in this context can be k-independent
such that it is not suppressed at large scale, which is expected to be testified in future observation.

Link: http://www.sciencedirect.com/science/article/pii/S0370269310003023

Title: “CardyVerlinde formula in FRW Universe with inhomogeneous generalized fluid and dynamical
entropy bounds near the future singularity ” [32]

Authors: I. Brevik, S. Nojiri, S. D. Odintsov and D. Sez-Gmez.

Abstract: We derive a formula for the entropy for a multicomponent coupled fluid , which under special

conditions reduces to the CardyVerlinde form relating the entropy of a closed FRW universe to its energy together

with its Casimir energy. The generalized fluid obeys an inhomogeneous equation of state . A viscous dark fluid is

included, and also modified gravity is included in terms of its fluid representation. It is demonstrated how such an
expression reduces to the standard CardyVerlinde formula corresponding to the 2d CFT entropy in some special cases.
The dynamical entropy bound for a closed FRW universe with dark components is obtained. The universality of the
dynamical entropy bound near a future singularity (of all known four types), as well as near the Big Bang singularity,
is investigated. It is demonstrated that, except from some special cases of Type II and Type IV singularities, the
dynamical entropy bound is violated near the singularity even if quantum effects are taken into account. The dynam-
ical entropy bound seems to be universal for the case of a regular universe, including the asymptotic de Sitter universe.

Link: http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-010-1425-0

Title: “ The Little Rip” [33]

Authors: P. H. Frampton, K. J. Ludwick, and R. J. Scherrer.
Abstract: We examine models in which the dark energy density increases with time (so that the equation-of-

state parameter w satisfies w¡1), but w1 asymptotically, such that there is no future singularity. We refine previous
calculations to determine the conditions necessary to produce this evolution. Such models can display arbitrarily
rapid expansion in the near future, leading to the destruction of all bound structures (a little rip). We determine
observational constraints on these models and calculate the point at which the disintegration of bound structures
occurs. For the same present-day value of w, a big rip with constant w disintegrates bound structures earlier than a
little rip.

http://link.springer.com/article/10.1007%2Fs10773-009-0242-4
http://www.sciencedirect.com/science/article/pii/S0370269310003023
http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-010-1425-0
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Comments: The case where p = −ρ−Aρα is investigated in relation to the little rip.

Link: http://journals.aps.org/prd/abstract/10.1103/PhysRevD.84.063003

Title: “ Viscous little rip cosmology” [34]

Authors: I. Brevik, E. Elizalde, S. Nojiri and S.D. Odintsov.
Abstract: Dark energy of phantom or quintessence nature with an equation of state parameter w almost equal to

1 often leads the universe evolution to a finite-time future singularity. An elegant solution to this problem has been
recently proposed [P.H. Frampton, K.J. Ludwick, and R.J. Scherrer, Phys. Rev. D 84, 063003 (2011).] under the
form of the so-called little rip cosmology, which appears to be a realistic alternative to the CDM model. A viscous
little rip cosmology is here proposed. Whereas generically bulk viscosity tends to promote the big rip, we find that
there are a number of situations where this is not the case and where the formalism nicely adjusts itself to the little
rip scenario. We prove, in particular, that a viscous fluid (or, equivalently, one with an inhomogeneous [imperfect]
equation of state) is perfectly able to produce a little rip cosmology as a purely viscosity effect. The possibility

of its induction as a combined result of viscosity and a general (powerlike) equation of state is also investigated

in detail. To finish, a physical, inertial force interpretation of the dissolution of bound structures in the little rip
cosmology is presented.

Link: http://journals.aps.org/prd/abstract/10.1103/PhysRevD.84.103508

Title: “ On isotropic turbulence in the dark fluid universe” [35]

Authors: I. Brevik, O. Gorbunova, S. Nojiri, S. D. Odintsov
Abstract: As a first part of this work, experimental information about the decay of isotropic turbulence in ordinary

hydrodynamics, 6
5 u

2(t) ∝ t6/5, is used as input in FRW equations in order to investigate how an initial fraction f of
turbulent kinetic energy in the cosmic fluid influences the cosmological development in the late, quintessence/phantom,
universe. First order perturbative theory to the first order in f is employed. It turns out that both in the Hubble
factor and in the energy density, the influence from the turbulence fades away at late times. The divergences in
these quantities near the Big Rip behave essentially as in a non-turbulent fluid. However, for the scale factor, the
turbulence modification turns out to diverge logarithmically. As a second part of our work, we consider the full FRW
equation in which the turbulent part of the dark energy is accounted for by a separate term. It is demonstrated
that turbulence occurrence may change the future universe evolution due to dissipation of dark energy. For instance,
the phantom-dominated universe becomes asymptotically a de Sitter one in the future, thus avoiding the Big Rip
singularity.

Comments: Microscopic turbulent description instead of macroscopic bulk viscosity.

Link: http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-011-1629-y

Title: “ Viscous ΛCDM universes ” [36]

Authors: N. Mostafapoor and Ø. Grøn.

Abstract: We explore flat ΛCDM models with bulk viscosity , and study the role of the bulk viscosity in the

evolution of these universe models. The dynamical equations for these models are obtained and solved for some cases
of bulk viscosity. We obtain differential equations for the Hubble parameter H and the energy density of dark matter
ρm, for which we give analytical solutions for some cases and for the general case we give a numerical solution. Also
we calculate the statefinder parameters for these models and display them in the sr-plane.

Link: http://link.springer.com/article/10.1007/s10509-011-0690-1

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.84.063003
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.84.103508
http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-011-1629-y
http://link.springer.com/article/10.1007/s10509-011-0690-1
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Title: “ Dark goo: bulk viscosity as an alternative to dark energy.” [37]

Authors: J.-S. Gagnon and J. Lesgourgues.

Abstract: We present a simple (microscopic) model in which bulk viscosity plays a role in explaining the

present acceleration of the universe. The effect of bulk viscosity on the Friedmann equations is to turn the pressure
into an ”effective” pressure containing the bulk viscosity. For a sufficiently large bulk viscosity, the effective pressure
becomes negative and could mimic a dark energy equation of state. Our microscopic model includes self-interacting
spin-zero particles (for which the bulk viscosity is known) that are added to the usual energy content of the universe.
We study both background equations and linear perturbations in this model. We show that a dark energy behavior
is obtained for reasonable values of the two parameters of the model (i.e. the mass and coupling of the spin-zero
particles) and that linear perturbations are well-behaved. There is no apparent fine tuning involved. We also
discuss the conditions under which hydrodynamics holds, in particular that the spin-zero particles must be in local
equilibrium today for viscous effects to be important.

Link: http://iopscience.iop.org/article/...

Title: “ Accelerated expansion of the Friedmann Universe filled with the perfect liquid described by a
nonlinear equation of state.” [38]

Authors: A. V. Timoshkin and E. V. Savushkin.
Abstract: A spatially flat Friedmann model of the Universe filled with the perfect liquid with a

nonlinear homogeneous time-dependent equation of state is discussed. A gravitational equation of motion is

solved. It is shown that in this case, there can result a periodic Universe rerunning cycles of space acceleration of the
phantom (non-phantom) type with occurrence of cosmological singularities.

Link: http://link.springer.com/article/10.1007%2Fs11182-011-9648-6

http://iopscience.iop.org/article/10.1088/1475-7516/2011/09/026/meta;jsessionid=B9C79B2B3593FFD8FCB2B407C80EB3F2.c4.iopscience.cld.iop.org
http://link.springer.com/article/10.1007%2Fs11182-011-9648-6
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Papers in the period 2012

Title: “ Viscosity in Modified Gravity” [39]

Authors: I. Brevik.
Abstract: A bulk viscosity is introduced in the formalism of modified gravity. It is shown that, based on a

natural scaling law for the viscosity, a simple solution can be found for quantities such as the Hubble parameter and
the energy density. These solutions may incorporate a viscosity-induced Big Rip singularity. By introducing a phase
transition in the cosmic fluid, the future singularity can nevertheless in principle be avoided..

Link: http://www.mdpi.com/1099-4300/14/11/2302

Title: “ Dissipation of dark matter” [40]

Authors: H. Velten, D. J. Schwarz.
Abstract: Fluids often display dissipative properties. We explore dissipation in the form of bulk viscosity

in the cold dark matter fluid. We constrain this model using current data from supernovae, baryon acoustic
oscillations and the cosmic microwave background. Considering the isotropic and homogeneous background only,

viscous dark matter is allowed to have a bulk viscosity . 107 Pa · s , also consistent with the expected integrated

Sachs-Wolfe effect (which plagues some models with bulk viscosity). We further investigate the small-scale formation
of viscous dark matter halos, which turns out to place significantly stronger constraints on dark matter viscos-

ity. The existence of dwarf galaxies is guaranteed only for much smaller values of dark matter viscosity, . 10−3 Pa · s .

Link: http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.083501

Title: “ Thermodynamics and dark energy” [41]

Authors: R. Silva, R. S. Goncalves, J. S. Alcaniz, H. H. B. Silva.
Abstract: Significant observational effort has been directed to unveiling the nature of the so-called dark energy.

However, given the large number of theoretical possibilities, it is possible that this a task cannot be based only
on observational data. We discuss some thermodynamic properties of this energy component assuming a general

time-dependent equation-of-state parameter w(z) = w0 + wa f(z) , where w0 and wa are constants and f(z) may

assume different forms. We show that very restrictive bounds can be placed on the w0 − wa space when current

observational data are combined with the thermodynamic constraints derived.

Link: http://www.aanda.org/articles/aa/abs/2012/01/aa17707-11/aa17707-11.html

Title: “ Turbulence and little rip cosmology” [42]

Authors: I. Brevik, R. Myrzakulov, S. Nojiri and S.D. Odintsov.
Abstract: A variety of conditions are considered under which the cosmic dark fluid may be able to develop a future

Big Rip or Little Rip singularity. Both one-component and two-component models are considered. In the latter case we
present a way in which the fluid can be decomposed into two components, one nonturbulent (ideal) and one turbulent
part, obeying two different equations of state. For the nonturbulent part, the thermodynamical parameter, commonly
called w, is assumed to be less than 1 throughout. For the turbulent part, it turns out that it is sufficient that wturb

lies in the quintessence region in order to lead to a singularity. Both Big Rip and Little Rip behavior for dark energy
are found. In the one-component case, we examine how the universe may develop from a viscous era with constant
bulk viscosity into a turbulent era, the turbulence in effect protecting the universe from encountering the singularity
at all. The equivalent description of the same cosmology in terms of inhomogeneous (imperfect) fluid is also presented.

http://www.mdpi.com/1099-4300/14/11/2302
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.083501
http://www.aanda.org/articles/aa/abs/2012/01/aa17707-11/aa17707-11.html
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Link: http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.063007

Title: “ Dark energy cosmology: The equivalent description via different theoretical models and
cosmography tests” [43]

Authors: K. Bamba, S. Capozziello, S. Nojiri S. D. Odintsov.
Abstract: We review different dark energy cosmologies. In particular, we present the CDM cosmology, Little Rip

and Pseudo-Rip universes, the phantom and quintessence cosmologies with Type I, II, III and IV finite-time future
singularities and non-singular dark energy universes. In the first part, we explain the CDM model and well-established
observational tests which constrain the current cosmic acceleration. After that, we investigate the dark fluid universe

where a fluid has quite general equation of state (EoS) [including inhomogeneous or imperfect EoS ]. All the above

dark energy cosmologies for different fluids are explicitly realized, and their properties are also explored. It is
shown that all the above dark energy universes may mimic the CDM model currently, consistent with the recent
observational data. Furthermore, special attention is paid to the equivalence of different dark energy models. We
consider single and multiple scalar field theories, tachyon scalar theory and holographic dark energy as models for
current acceleration with the features of quintessence/phantom cosmology, and demonstrate their equivalence to the
corresponding fluid descriptions. In the second part, we study another equivalent class of dark energy models which
includes F(R) gravity as well as F(R) Hoava-Lifshitz gravity and the teleparallel f(T) gravity. The cosmology of such
models representing the CDM-like universe or the accelerating expansion with the quintessence/phantom nature
is described. Finally, we approach the problem of testing dark energy and alternative gravity models to general
relativity by cosmography. We show that degeneration among parameters can be removed by accurate data analysis
of large data samples and also present the examples.

Link: http://link.springer.com/article/10.1007%2Fs10509-012-1181-8

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.063007
http://link.springer.com/article/10.1007%2Fs10509-012-1181-8
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Papers in the period 2013

Title: “ Universe models with negative bulk viscosity” [44]

Authors: I. Brevik and Ø. Grøn.
Abstract: The concept of negative temperatures has occasionally been used in connection with quantum

systems. A recent example of this sort is reported in the paper of S. Braun et al. [Science 339,52 (2013)], where
an attractively interacting ensemble of ultracold atoms is investigated experimentally and found to correspond to
a negative-temperature system since the entropy decreases with increasing energy at the high end of the energy
spectrum. As the authors suggest, it would be of interest to investigate whether a suitable generalization of standard
cosmological theory could be helpful, in order to elucidate the observed accelerated expansion of the universe
usually explained in terms of a positive tensile stress (negative pressure). In the present note we take up this
basic idea and investigate a generalization of the standard viscous cosmological theory, not by admitting negative
temperatures but instead by letting the bulk viscosity take negative values. Evidently, such an approach breaks
standard thermodynamics, but may actually be regarded to lead to the same kind of bizarre consequences as the
standard approach of admitting the equation-of-state parameter w to be less than −1. In universe models dominated
by negative viscosity we find that the fluid’s entropy decreases with time, as one would expect. Moreover, we find
that the fluid transition from the quintessence region into the phantom region (thus passing the phantom divide
w = −1) can actually be reversed. Also in generalizations of the LCDM-universe models with a fluid having negative
bulk viscosity we find that the viscosity decreases the expansion of the universe.

Link: http://link.springer.com/article/10.1007%2Fs10509-013-1525-z

Title: “Relativistic viscous universe models. ” [45]

Authors: I. Brevik and Ø. Grøn.
Abstract: The research on relativistic universe models with viscous fluids is reviewed. Viscosity may have been

of significance during the early inflationary era, and may also be of importance for the late time evolution of the
Universe. Bulk viscosity and shear viscosity cause exponential decay of anisotropy, while nonlinear viscosity causes
power-law decay of anisotropy. We consider also the influence from turbulence, in connection with future singulari-
ties of the universe (Big Rip and Little Rip). Finally, we review some recent developments of causal cosmology theories.

Link: http://arxiv.org/abs/1409.8561

Title: “ Phantom dark energy as an effect of bulk viscosity” [46]

Authors:
Abstract: In a homogeneous and isotropic universe bulk viscosity is the unique viscous effect that is capable of

modifying the background dynamics. Effects like shear viscosity or heat conduction can only change the evolution
of the perturbations. The existence of a bulk viscous pressure in a fluid which in order to obey the second law
of thermodynamics must be negative reduces its effective pressure. We discuss the degeneracy in bulk viscous
cosmologies and address the possibility that phantom dark energy cosmology could be caused by the existence of
nonequilibrium pressure in any one of the cosmic components. We establish the conditions under which either
viscous matter or radiation cosmologies can be mapped into the phantom dark energy scenario with constraints from
multiple observational data sets.

Link: http://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.123504

Title: “ Viscosity-induced crossing of the phantom divide in the dark cosmic fluid.” [47]

Authors: I. Brevik.

http://link.springer.com/article/10.1007%2Fs10509-013-1525-z
http://arxiv.org/abs/1409.8561
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.123504
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Abstract: Choosing various natural forms for the equation-of-state parameter w and the bulk viscosity ζ, we
discuss how it is possible for a dark energy fluid to slide from the quintessence region across the divide w = −1 into
the phantom region, and thus into a Big Rip future singularity. Different analytic forms for ζ, as powers of the scalar
expansion, are suggested and compared with experiments.

Link: http://journal.frontiersin.org/article/10.3389/fphy.2013.00027/full

Title: “ Bulk viscous matter-dominated Universes: asymptotic properties” [48]

Authors: A. Avelinoa, R. Garca-Salcedob, T. Gonzalezc, U. Nucamendid and I. Quirose.
Abstract: By means of a combined use of the type Ia supernovae and H(z) data tests, together with the

study of the asymptotic properties in the equivalent phase space through the use of the dynamical systems tools

we demonstrate that the bulk viscous matter-dominated scenario is not a good model to explain the accepted

cosmological paradigm, at least, under the parametrization of bulk viscosity considered in this paper. The main
objection against such scenarios is the absence of conventional radiation and matter-dominated critical points in
the phase space of the model. This entails that radiation and matter dominance are not generic solutions of the
cosmological equations, so that these stages can be implemented only by means of unique and very specific initial
conditions, i. e., of very unstable particular solutions. Such a behavior is in marked contradiction with the accepted
cosmological paradigm which requires of an earlier stage dominated by relativistic species, followed by a period of
conventional non-relativistic matter domination, during which the cosmic structure we see was formed. Also, we

found that the bulk viscosity is positive just until very late times in the cosmic evolution , around z < 1. For earlier

epochs it is negative, been in tension with the local second law of thermodynamics.

Link: http://iopscience.iop.org/article/10.1088/1475-7516/2013/08/012/meta

Title: “ Viscous modified cosmic chaplygin gas cosmology” [49]

Authors: B. Pourhassan.
Abstract: In this paper, we construct viscous modified cosmic Chaplygin gas as a model of dark energy. We

use exponential function method to solve nonlinear equation and obtain time-dependent dark energy density. Then,
we discuss Hubble expansion parameter and scale factor and fix them by using observational data. Effect of viscosity
to the evolution of Universe is investigated. We also investigate stability of this theory.

Link: http://www.worldscientific.com/doi/abs/10.1142/S0218271813500612

Title: “ Viscous dark matter growth in (neo-) Newtonian cosmology” [50]

Authors: H. Velten, D. J. Schwarz, J. C. Fabris, W. Zimdahl.

Abstract: We assume cold dark matter to possess a small bulk-viscous pressure which typically attenuates

the growth of inhomogeneities. Explicit calculations, based on Eckarts theory of dissipative processes, reveal
that for viscous cold dark matter the usual Newtonian approximation for perturbation scales smaller than the
Hubble scale is no longer valid. We advocate the use of a neo-Newtonian approach which consistently incorporates
pressure effects into the fluid dynamics and correctly reproduces the general relativistic dynamics. This result is of
interest for numerical simulations of nonlinear structure formation involving nonstandard dark-matter fluids. We

obtain upper limits on the magnitude of the viscous pressure by requiring that relevant perturbation amplitudes

should grow sufficiently to enter the nonlinear stage.

Link: http://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.103522

http://journal.frontiersin.org/article/10.3389/fphy.2013.00027/full
http://iopscience.iop.org/article/10.1088/1475-7516/2013/08/012/meta
http://www.worldscientific.com/doi/abs/10.1142/S0218271813500612
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.103522
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Title: “ Phantom evolving wormholes with big rip singularities” [51]

Authors: M. Cataldo, P. Meza.
Abstract: We investigate a family of inhomogeneous and anisotropic gravitational fields exhibiting a future

singularity at a finite value of the proper time. The studied spherically symmetric spacetimes are asymptotically
Friedmann-Robertson-Walker at spatial infinity and describe wormhole configurations filled with two matter
components: one inhomogeneous and anisotropic fluid and another isotropic and homogeneously distributed fluid,
characterized by the supernegative equation of state ω = p/ρ < 1. In previously constructed wormholes, the
notion of the phantom energy was used in a more extended sense than in cosmology, where the phantom energy
is considered a homogeneously distributed fluid. Specifically, for some static wormhole geometries the phantom
matter was considered as an inhomogeneous and anisotropic fluid, with radial and lateral pressures satisfying the
relations pr/ρ < 1 and pl 6= pr, respectively. In this paper we construct phantom evolving wormhole models

filled with an isotropic and homogeneous component, described by a barotropic or viscous phantom energy , and

ending in a big rip singularity. In two of considered cases the equation of state parameter is constrained to be
less than −1, while in the third model the finite-time future singularity may occur for ω < 1, as well as for −1 < ω ≤ 1.

Link: http://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.064012

Title: “ FRW bulk viscous cosmology with modified cosmic Chaplygin gas” [52]

Authors: H. Saadat, B. Pourhassan.
Abstract: In this paper we study FRW bulk viscous cosmology in presence of modified cosmic Chaplygin gas.

We obtain generalized Friedmann equations due to bulk viscosity and modified cosmic Chaplygin gas. Then, we
calculate time-dependent energy density and discuss Hubble expansion parameter.

Link: http://link.springer.com/article/10.1007%2Fs10509-012-1301-5

Title: “ Cosmological perturbations in warm-tachyon inflationary universe model with viscous pressure on
the brane” [53]

Authors: M. R. Setare, V. Kamali.

Abstract: We study warm-viscous inflationary universe model on the brane , in a tachyon field theory. We

obtain the general conditions which are required for this model to be realizable. In longitudinal gauge, the primoradial
perturbation parameters are found in great details, using slow-roll and quasi-stable approximations. The general
expressions of the tensor-to-scalar ratio, scalar spectral index and its running are found. We derive the characteristics
of the inflationary universe model by using an effective exponential potential in two cases: 1 dissipative parameter Γ
and bulk viscous parameter ζ are constant parameters. 2 dissipative parameter as a function of tachyon field φ and
bulk viscous parameter as a function of radiation-matter mixture energy density ρ. The parameters of the model are
restricted by recent observational data from the seven-year Wilkinson microwave anisotropy probe (WMAP7).

Link: http://link.springer.com/article/10.1007%2FJHEP03%282013%29066

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.064012
http://link.springer.com/article/10.1007%2Fs10509-012-1301-5
http://link.springer.com/article/10.1007%2FJHEP03%282013%29066
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Papers in the period 2014

Title: “ Brane viscous cosmology in the plasma era” [54]

Authors: I. Brevik.
Abstract: We consider how the five-dimensional Randall-Sundrum (one-brane) theory becomes modified when

account is taken of the bulk viscosity of the cosmic fluid on the brane. We focus on the plasma era between
1012 K (muon pair annihilation) to about 5 · 109 K (electron-positron annihilation), which includes the first order
quark-hadron transition beginning at an energy density of about 5 · 109 MeV4. Various possibilities are examined

for modeling the bulk viscosity , preference being at the end given to the results calculated from relativistic kinetic

theory. According to this, the viscosity is negligible at the highest temperatures, but may amount to a few per cent
corrections in the later stages of the plasma era. We also briefly consider anisotropic universes where the shear
viscosity comes into play, and show that in the case of the Kasner model the influences from bulk viscosity and

shear viscosity become comparable when the anisotropy parameter of the universe is of order A ∼ 1011 in the

beginning of the plasma era, and A ∼ 102 in its later region.

Link: http://link.springer.com/article/10.1007%2Fs10509-014-2162-x

Title: “ Effects of new viscosity model on cosmological evolution” [55]

Authors: J. Wang and X. Meng.
Abstract: Bulk viscosity has been intrinsically existing in the observational cosmos evolution with various

effects for different cosmological evolution stages endowed with complicated cosmic media. Normally in the idealized
”standard cosmology”, the physical viscosity effect is often negligent to some extent by assumptions, except for
galaxies formation and evolution or like the astro-physics phenomena. Actually we have not fully understood the
physical origin and effects of cosmic viscosity, including its functions for the universe evolution in reality. In this
paper, we extend the concept of temperature-dependent viscosity from classical statistical physics to observational
cosmology, especially we examine the cosmological effects with the possibility of existence for two kinds of viscosity
forms, which are described by the Chapman’s relation and Sutherland’s formula, respectively. By considering that a
modification of Standard Model with viscosity named as CDM-V model is constructed, which is acceptable according
to astrophysical observations. In addition to the enhancement to cosmic age value, the CDM-V model possesses other
two pleasing features: the prediction about the no-rip/singularity future and the mechanism of smooth transition
from imperfect cosmological models to perfect ones.

Link: http://www.worldscientific.com/doi/abs/10.1142/S0217732314500096

Title: “ Inhomogeneous viscous dark fluid coupled with dark matter in the FRW universe” [56]

Authors: E. Elizalde, V. V. Obukhov, A. V. Timoshkin.

Abstract: A cosmological model with an inhomogeneous viscous dark fluid coupled with dark matter in a flat

FriedmannRobertsonWalker (FRW) universe is investigated. The influence of dark matter on the behavior of an
inhomogeneous viscous fluid of this kind, responsible for cosmic acceleration and for the appearance of different
types of singularities, is analyzed in detail. In particular, the critical points corresponding to the solutions of the
background equations in a useful approximation are obtained explicitly.

Link: http://www.worldscientific.com/doi/abs/10.1142/S0217732314501326

Title: “ Structure formation in a Λ viscous CDM universe.” [57]

Authors: H. Velten, T. R.P. Carams, J. C. Fabris, L. Casarini, R. C. Batista.

http://link.springer.com/article/10.1007%2Fs10509-014-2162-x
http://www.worldscientific.com/doi/abs/10.1142/S0217732314500096
http://www.worldscientific.com/doi/abs/10.1142/S0217732314501326
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Abstract: The possibility of dark matter being a dissipative component represents an option for the standard view
where cold dark matter (CDM) particles behave on large scales as an ideal fluid. By including a physical mechanism
in the dark matter description like viscosity, we construct a more realistic model for the Universe. Also, the known
small scale pathologies of the standard CDM model either disappear or become less severe. We study clustering

properties of a ΛCDM-like model in which dark matter is described as a bulk viscous fluid . The linear power
spectrum, the nonlinear spherical ”top hat” collapse, and the mass functions are presented. We use the analysis with

such structure formation tools in order to place an upper bound on the magnitude of the dark matters viscosity .

Link: http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.123526

Title: “ Entropy of viscous Universe models” [58]

Authors: N. Mostafapoor , Ø. Grøn.
Abstract: The cosmological event horizon entropy and the apparent horizon entropy of the ΛCDM and the

Bianchi type I Universe model with viscosity has been calculated numerically, and analytically in the large time
limit. It is shown that for these Universe models the cosmological event horizon entropy increases with time and for
large times it approaches a finite maximum value. The effect of viscosity upon the entropy is also studied and we
have found that its role is to decrease the entropy. The bigger the viscosity coefficient is the less the entropy will be.
Furthermore, the radiation entropy for the ΛCDM Universe model with and without viscosity is investigated, and
together with the cosmological event horizon entropy are used to examine the validity of the generalized second law
of thermodynamics, which states that the total rate of change of entropy of the Universe is never negative, in this
Universe model.

Link: http://link.springer.com/article/10.1007%2Fs10509-013-1604-1

Title: “ Extended Chaplygin gas equation of state with bulk and shear viscosities” [59]

Authors: J. Naji.

Abstract: In this note extended Chaplygin gas equation of state includes bulk and shear viscosities suggested.
Bulk viscosity assumed as power law form of density and shear viscosity considered as a constant. We study evolution
of dark energy density numerically for several forms of scale factor, and analytically under some assumptions
corresponding to early universe. We found our model is stable for infinitesimal viscous parameters.

Link: http://link.springer.com/article/10.1007%2Fs10509-013-1714-9

Title: “ Inhomogeneous viscous fluids in FRW universe and finite-future time singularities” [60]

Authors: S. Myrzakul, R. Myrzakulov, L. Sebastiani.

Abstract: We consider inhomogeneous viscous fluids in flat Friedmann-Robertson-Walker universe. We analyze

different kinds of such fluids and investigate the possibility to reproduce the current cosmic acceleration providing
a different future evolution with respect to the Cosmological Constant case. In particular, we study the presence

of finite-future time singularities. We also discuss a general class of integrable viscous fluid models whose bulk

viscosities obey to a common differential equation.

Link: http://link.springer.com/article/10.1007%2Fs10509-014-1799-9

Title: “ Bounce solutions in viscous fluid cosmology” [61]

Authors: R. Myrzakulov, L. Sebastiani.

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.123526
http://link.springer.com/article/10.1007%2Fs10509-013-1604-1
http://link.springer.com/article/10.1007%2Fs10509-013-1714-9
http://link.springer.com/article/10.1007%2Fs10509-014-1799-9
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Abstract: We investigate the bounce cosmology induced by inhomogeneous viscous fluids in FRW space-time

(non necessarily flat), taking into account the early-time acceleration after the bounce. Different forms for the scale
factor and several examples of fluids will be considered. We also analyze the relation between bounce and finite-time
singularities and between the corresponding fluids realizing this scenarios. In the last part of the work, the study is
extended to the framework of f(R)-modified gravity, where the modification of gravity may also be considered as an

effective (viscous) fluid producing the bounce.

Link: http://link.springer.com/article/10.1007%2Fs10509-014-1897-8

Title: “ Variable viscous generalized cosmic Chaplygin gas cosmology in presence of the cosmological
constant and space curvature” [62]

Authors: J. Naji et al.

Abstract: Variable viscous generalized cosmic Chaplygin gas (GCCG) was constructed in the presence of

cosmological constant and space curvature. Using the numerical analysis we find behavior of some cosmological
quantities such as Hubble and deceleration parameters. Observational data is used to fix solution and stability of
model is discussed.

Link: http://www.worldscientific.com/doi/abs/10.1142/S0218271814500722

Title: “ Nonlinear bulk viscosity and the stability of accelerated expansion in FRW spacetime” [63]

Authors: G. Acquaviva, A. Beesham.
Abstract: In the context of dark energy solutions, we consider a FriedmannRobertsonWalker spacetime filled

with a noninteracting mixture of dust and a viscous fluid , for which the bulk viscosity is governed by the nonlinear

model proposed in [R. Maartens and V. Mndez, Phys. Rev. D 55, 1937 (1997)]. Through a phase-space analysis of
the equivalent dynamical system, the existence and stability of critical solutions are established, and the respective
scale factors are computed. The results point toward the possibility of describing the current accelerated expansion
of the Universe by means of the above-mentioned nonlinear model for viscosity.

Link: http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.023503

Title: “ Modified Chaplygin Gas Cosmology with Bulk Viscosity” [64]

Authors: H. B. Benaoum.
Abstract: In this paper, we investigate the viscous modified Chaplygin gas cosmological model. Solutions for

different values of the viscosity parameter are obtained using both analytical and numerical methods. We have
calculated the deceleration and defined newly statefinder r, s pair in D dimensions. It is shown that when D = 4,
the usual statefinder parameters are recovered. Furthermore, we apply the statefinder diagnostic to the MCG model

with and without viscosity in D dimensions and explore these parameters graphically.

Link: http://www.worldscientific.com/doi/abs/10.1142/S0218271814500825

Title: “ Coupled fluids model in FRW space-time” [65]

Authors: .S. Myrzakul, R. Myrzakulov, L. Sebastiani

http://link.springer.com/article/10.1007%2Fs10509-014-1897-8
http://www.worldscientific.com/doi/abs/10.1142/S0218271814500722
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.023503
http://www.worldscientific.com/doi/abs/10.1142/S0218271814500825
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Abstract: In this paper, we analyze a two coupled fluids model by investigating several solutions for accelerated

universe in flat FRW space-time. One of the fluids can be identified with the matter and the model possesses the
standard matter solution also. Beyond the removal of the coincidence problem, we will see how the coupling may
change the description of the energy contents of the universe and which features can be acquired with respect to the
standard decoupled cases.

Link: http://link.springer.com/article/10.1007%2Fs10509-014-2036-2

Title: “ Cosmological perturbations in warm-tachyon inflationary universe model with viscous pressure” [66]

Authors: M.R. Setarea, , V. Kamalib.
Abstract: We study the warm-tachyon inflationary universe model with viscous pressure in high-dissipation

regime. General conditions which are required for this model to be realizable are derived in the slow-roll approxima-
tion. We present analytic expressions for density perturbation and amplitude of tensor perturbation in longitudinal
gauge. Expressions of tensor-to-scalar ratio, scalar spectral index and its running are obtained. We develop our
model by using exponential potential, the characteristics of this model are calculated for two specific cases in great
details: 1. Dissipative parameter Γ and bulk viscous parameter ζ are constant parameters. 2. Dissipative parameter
is a function of tachyon field φ and bulk viscous parameter is a function of matter-radiation mixture energy density
ρ. The parameters of the model are restricted by recent observational data from the nine-year Wilkinson microwave
anisotropy probe (WMAP9), Planck and BICEP2 data.

Link: http://www.sciencedirect.com/science/article/pii/S0370269314004948

http://link.springer.com/article/10.1007%2Fs10509-014-2036-2
http://www.sciencedirect.com/science/article/pii/S0370269314004948


24

Papers in the period 2015

Title: “ Inhomogeneous Dark Fluid and Dark Matter, Leading to a Bounce Cosmology” [67]

Authors: I. Brevik and A. Timoshkin
Abstract: The purpose of this short review is to describe cosmological models with a

linear inhomogeneous time-dependent equation of state (EoS) for the dark energy, when the dark fluid is

coupled with dark matter. This may lead to a bounce cosmology. We consider equivalent descriptions in terms of the
EoS parameters for an exponential, a power-law, or a double-exponential law for the scale factor a. Stability issues
are discussed by considering small perturbations around the critical points for the bounce, in the early as well as in
the late, universe. The latter part of the paper is concerned with dark energy coupled with dark matter in viscous
fluid cosmology. We allow the bulk viscosity ζ = ζ (H, t) to be a function of the Hubble parameter and the time, and
consider the Little Rip, the Pseudo Rip, and the bounce universe. Analytic expressions for characteristic properties
of these cosmological models are obtained.

Link: http://link.springer.com/article/10.1007%2Fs10509-014-2162-x

Title: “Dark energy coupled with dark matter in viscous fluid cosmology ” [68]

Authors: I. Brevik , V. V. Obukhov, A. V. Timoshkin.
Abstract: We investigate cosmological models with two interacting fluids: dark energy and dark matter in flat

Friedmann-Robertson-Walker universe. The interaction between dark energy and dark matter is described in terms

of the parameters present in the inhomogeneous equation of state when allowance is made for bulk viscosity ,

for the Little Rip, the Pseudo Rip, and the bounce universes. We obtain analytic representation for characteristic
properties in these cosmological models, in particular the bulk viscosity ζ = ζ(H, t) as function of Hubble parameter
and time. We discuss the corrections of thermodynamical parameters in the equations of state due coupling between
the viscous fluid and dark matter. Some common properties of these corrections are elucidated.

Link: http://link.springer.com/article/10.1007%2Fs10509-014-2163-9

Title: “New approach to cosmological bulk viscosity” [69]

Authors: M. M. Disconzi, T. W. Kephart, and R. J. Scherrer.
Abstract: We examine the cosmological consequences of an alternative to the standard expression for bulk

viscosity, one which was proposed to avoid the propagation of superluminal signals without the necessity of extending
the space of variables of the theory. The Friedmann equation is derived for this case, along with an expression
for the effective pressure. We find solutions for the evolution of the density of a viscous component, which differs
markedly from the case of conventional Eckart theory; our model evolves toward late-time phantomlike behavior with
a future singularity. Entropy production is addressed, and some similarities and differences to approaches based on
the Mueller-Israel-Stewart theory are discussed.

Link: http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.043532

Title: “Viscous cosmology ” [70]

Authors: C. M. S. Barbosa, J. C. Fabris, O. F. Piattella, H. E. S. Velten, W. Zimdahl.
Abstract: We discuss the possibility to implement a viscous cosmological model, attributing to the dark matter

component a behaviour described by bulk viscosity. Since bulk viscosity implies negative pressure, this rises the
possibility to unify the dark sector. At the same time, the presence of dissipative effects may alleviate the so called
small scale problems in the ΛCDM model. While the unified viscous description for the dark sector does not lead to
consistent results, the non-linear behaviour indeed improves the situation with respect to the standard cosmological

http://link.springer.com/article/10.1007%2Fs10509-014-2162-x
http://link.springer.com/article/10.1007%2Fs10509-014-2163-9
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.043532
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model.

Link: https://arxiv.org/abs/1512.00921

Title: “Accelerating cosmological expansion from shear and bulk viscosity ” [71]

Authors: S. Floerchinger, N. Tetradis, U. A. Wiedemann.
Abstract: The dissipation of energy from local velocity perturbations in the cosmological fluid affects the time

evolution of spatially averaged fluid dynamic fields and the cosmological solution of Einsteins field equations. We

show how this backreaction effect depends on shear and bulk viscosity and other material properties of the dark

sector, as well as the spectrum of perturbations. If sufficiently large, this effect could account for the acceleration of
the cosmological expansion.

Link: http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.091301

Title: “ Comment on ”Accelerating cosmological expansion from shear and bulk viscosity” ” [72]

Authors: M. Giovannini.
Abstract: In a recent Letter [Phys. Rev. Lett. 114 091301 (2105)] the cause of the acceleration of the present

Universe has been identified with the shear viscosity of an imperfect relativistic fluid even in the absence of any bulk
viscous contribution. The gist of this comment is that the shear viscosity, if anything, can only lead to an accelerated
expansion over sufficiently small scales well inside the Hubble radius.

Link: http://arxiv.org/abs/1504.07624

Title: “Testing a dissipative kinetic k-essence model ” [73]

Authors: V. H. Cardenas, N. Cruz, J. R. Villanueva.
Abstract: In this work, we present a study of a purely kinetic k-essence model, characterized basically by a

parameter α in presence of a bulk dissipative term , whose relationship between viscous pressure Π and energy

density ρ of the background follows a polytropic type law, Π ∝ ρλ+1/2, where , in principle, is a parameter without
restrictions. Analytical solutions for the energy density of the k-essence field are found in two specific cases: λ = 1/2
and λ = (1 − α)/2α, and then we show that these solutions possess the same functional form as the non-viscous
counterpart. Finally, both approaches are contrasted with observational data from type Ia supernova, and the
most recent Hubble parameter measurements, and therefore, the best values for the parameters of the theory are found.

Link: http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-015-3366-0

Title: “ Viscosity-Induced Crossing of the Phantom Barrier” [74]

Authors: I. Brevik and A. Timoshkin
Abstract: We show explicitly, by using astrophysical data plus reasonable assumptions for the bulk viscosity in

the cosmic fluid, how the magnitude of this viscosity may be high enough to drive the fluid from its position in the
quintessence region at present time t = 0 across the barrier w = −1 into the phantom region in the late universe.
The phantom barrier is accordingly not a sharp mathematical divide, but rather a fuzzy concept. We also calculate
the limiting forms of various thermodynamical quantities, including the rate of entropy production, for a dark energy
fluid near the future Big Rip singularity.

Link: http://www.mdpi.com/1099-4300/17/9/6318

https://arxiv.org/abs/1512.00921
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.091301
http://arxiv.org/abs/1504.07624
http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-015-3366-0
http://www.mdpi.com/1099-4300/17/9/6318
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Title: “ Thermal relics in cosmology with bulk viscosity” [75]

Authors: A. Iorio, G. Lambiase.
Abstract: In this paper we discuss some consequences of cosmological models in which the primordial cosmic

matter is described by a relativistic imperfect fluid. The latter takes into account the dissipative effects (bulk
viscosity) arising from different cooling rates of the fluid components in the expanding Universe. We discuss, in

particular, the effects of the bulk viscosity on Big Bang Nucleosynthesis and on the thermal relic abundance of

particles, looking at recent results of PAMELA experiment. The latter has determined an anomalous excess of
positron events, which cannot be explained by conventional cosmology and particle physics.

Link: http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-015-3337-5

Title: “ Viscous cosmology with matter creation in modified f(R,T) gravity” [76]

Authors: P. Kumar, C. P. Singh.
Abstract: The FriedmannRobertsonWalker Universe containing viscous fluid and matter creation is considered

in the modified f(R, T ) theory of gravitation, which is an arbitrary function of the Ricci scalar R and the trace T of
the energy-momentum tensor. We assume the bulk viscosity and the matter creation as two independent processes
as discussed by Progogine et al. (1988, 1989). The effects of bulk viscosity and matter creation are investigated
by considering the general form of bulk viscous coefficient ζ = ζ0 + ζ1H and particle creation rate Γ(t) = 3βH.
Assuming a particular class of f(R, T ) = R + 2f(T ), where f(T ) = αT , various forms of the scale factor are
obtained with constant and time-dependent bulk viscous coefficient using equation of state p = (γ − 1)ρ. All possible
(deceleration, acceleration and their transitions) evolutions of the Universe are discussed by constraining the models
on β , ζ0 and ζ1 in case of time-dependent deceleration parameter for positive and negative values of α. A big-rip
singularity is observed for γ < 0 at a finite value of cosmic time with some restrictions on parameters. It is also
noted that the finite time big-rip singularity can be removed for a specific range of α in phantom region. The role of
bulk viscosity and matter creation are discussed in detail through the tables and graphs of variation of deceleration
parameter and the scale factor.

Link: http://link.springer.com/article/10.1007%2Fs10509-015-2348-x

Title: “ Higher Dimensional Cosmological Models with Bulk Viscous Fluid” [77]

Authors: R. K. Tiwari, R. Singh.
Abstract: In the present study, we have investigated (n + 2)-dimensional non-static FRW models with zero

curvature in presence of bulk viscosity in the framework of general relativity. To get deterministic solutions, we
employed the conditions ζ = ζ0θ (where ζ0 is a constant) and Λ = aS−m (where a and m are constants). Physical and
Kinematical parameters of the models are discussed. In the paper, an attempt is made to compare (n+2)-dimensional
FRW models with four dimensional ones, which for n = 2 reduce to four dimensional FRW models. We also established
a relation connecting energy density and the radiation temperature in the radiation dominated era. It is also seen that
the presence of bulk viscosity accelerates the expansion of the universe, which is in agreement with recent observations.

Link: http://link.springer.com/article/10.1007%2Fs10773-014-2497-7

Title: “ FRW Viscous Cosmological Models of Generalized Chapyglin Gases” [78]

Authors: J. I. Ramos.
Abstract: Exact solutions of some viscous cosmological FriedmannRobertsonWalker (FRW) models of generalized

Chapyglin gases in fourdimensional spacetime are obtained analytically. In addition to generalized Chapyglin gases,
analytical solutions are obtained for isothermal perfect gases where the relationship between the pressure and

the density does not depend on the scale factor. It is shown that the two viscosity laws employed in the study

reported here provide similar dynamical equations and that, depending on the equation of state, flat universes

http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-015-3337-5
http://link.springer.com/article/10.1007%2Fs10509-015-2348-x
http://link.springer.com/article/10.1007%2Fs10773-014-2497-7


27

may expand as either power laws or exponential functions of the cosmic time. It is also shown that finite time
singularities may occur in some of the models considered here. The stability of the solutions obtained is also analyzed.

Link: http://link.springer.com/article/10.1007%2Fs10773-015-2569-3

Title: “ FRW viscous cosmology with inhomogeneous equation of state and future singularity” [79]

Authors: . G. S. Khadekar, D. Raut and V. G. Miskin.

Abstract: A universe media is considered as a bulk viscosity described by inhomogeneous equation of state

(EOS) of the form p = (γ − 1)ρ+ Λ(t), where Λ(t) is a time-dependent parameter. A generalized dynamical equation
for the scale factor of the universe is proposed to describe the cosmological evolution, in which we assume the bulk
viscosity and time-dependent parameter Λ are linear combination of two terms of the form: ζ = ζ0 + ζ1H and
Λ = Λ0 + Λ1H, i.e. one is constant and other is proportional to Hubble parameter H = ȧ/a. In this framework, we
demonstrate that this model can be used to explain the dark energy dominated universe, and the inhomogeneous
term of specific form introduced in EOS, may lead to three kinds of fates of cosmological evolution: no future sin-
gularity, big rip or Type III singularity as presented by [S. Nojiri and S. D. Odintsov, Phys. Rev. D 72, 023003 (2005)].

Link: http://www.worldscientific.com/doi/abs/10.1142/S0217732315501448

Title: “ Variable cosmological term Λ(t)” [80]

Authors: J. Socorro, M. D’oleire, L. O. Pimentel.
Abstract: We present the case of time-varying cosmological term Λ(t). The main idea arises by proposing

that as in the cosmological constant case, the scalar potential is identified as V (φ) = 2Λ, with Λ a constant, this
identification should be kept even when the cosmological term has a temporal dependence, i.e., V (φ(t)) = 2Λ(t). We
use the Lagrangian formalism for a scalar field φ with standard kinetic energy and arbitrary potential V (φ) and apply
this model to the Friedmann-Robertson-Walker (FRW) cosmology. Exact solutions of the field equations are obtained
by a special ansatz to solve the Einstein-Klein-Gordon equation and a particular potential for the scalar field and
barotropic perfect fluid. We present the evolution on this cosmological term with different scenarios.

Link: http://link.springer.com/article/10.1007%2Fs10509-015-2528-8

Title: “ Bulk viscosity in Friedmann universe with a varying speed of light described by modified equation of
state” [81]

Authors: .G. S. Khadekar
Abstract: We solve the Freidmann equations by considering a universe media as a bulk viscosity described by a

modified equation of state (EOS) of the form p = (γ−1)c2 +Λ(t). A completely integrable dynamical equation to the
scale factor is obtained and gives out the exact solution by assuming that the time-dependent parameter Λ and the
bulk viscosity are linear combination of two and three terms, respectively and is expressed as: Λ(t) = Λ0 + Λ1 Ṙ/R

and ζ(t) = ζ0 + ζ1 Ṙ/R + ζ2R̈/Ṙ, where R is a scale factor and Λ0, Λ1, ζ0, ζ1, ζ2 are constants. For a special choice
of the parameters, we discuss the acceleration expansion of the universe evolution and future singularities in the
framework of variable speed of light (VSL) theory.

Link: http://www.worldscientific.com/doi/abs/10.1142/S0219887815501261

Title: “Phase space analysis of bulk viscous matter dominated universe ” [82]

Authors: A. Sasidharan, T. K. Mathew.

http://link.springer.com/article/10.1007%2Fs10773-015-2569-3
http://www.worldscientific.com/doi/abs/10.1142/S0217732315501448
http://link.springer.com/article/10.1007%2Fs10509-015-2528-8
http://www.worldscientific.com/doi/abs/10.1142/S0219887815501261
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Abstract: We consider a Friedmann model of the universe with bulk viscous matter and radiation as the cosmic
components. We study the asymptotic properties in the equivalent phase space by considering the three cases for
the bulk viscous coefficient as (i) ζ = ζ0, a constant (ii) ζ = ζ0 + ζ1ȧ/a, depending on velocity of the expansion of
the universe and (iii) ζ = ζ0 + ζ1ȧ/a + ζ2ä/ȧ, depending both on velocity and acceleration of the expansion of the
universe. It is found that all the three cases predicts the late acceleration of the universe. However, a conventional
realistic behaviour of the universe, i.e., a universe having an initial radiation dominated phase and then followed
by decelerated matter dominated phase and then finally evolving to accelerated epoch, is shown only when ζ0, a
constant. For the other two cases, it does not show either a prior conventional radiation dominated phase or a matter
dominated phase of the universe.

Link: https://arxiv.org/abs/1511.05287

Title: “Bulk viscous quintessential inflation ” [83]

Authors: J. Haro, S. Pan.
Abstract: The incorporation of bulk viscosity process to General Relativity leads to the appearance of nonsingular

backgrounds that, at early and late times, depict an accelerated universe. These backgrounds could be analytically
calculated and mimicked, in the context of General Relativity, by a single scalar field whose potential could also be
obtained analytically. We will show that, we can build viable backgrounds that, at early times, depict an inflationary
universe leading to a power spectrum of cosmological perturbations which match with current observational data,
and after leaving the inflationary phase, the universe suffers a phase transition needed to explain the reheating of the
universe via gravitational particle production, and finally, at late times, it enters into the de Sitter phase that can
explain the current cosmic acceleration.

Link: http://arxiv.org/abs/1512.03033

Title: “Cosmological models coupled with dark matter in a dissipative universe ” [84]

Authors: I. Brevik , V. V. Obukhov, A. V. Timoshkin.
Abstract: We consider the cosmological system with two interacting fluids: dark energy and dark matter,

in a homogeneous and isotropic universe with dissipation. The modified gravitational equation for dark matter
is solved. The analytic representations for the Little Rip, the Pseudo Rip, and the bounce cosmology models
with dissipation are obtained in terms of the thermodynamic parameters in the equation of state. We analyze the
corrections in the energy density for dark matter, in view of the dissipative processes and the coupling with dark energy.

Link: http://link.springer.com/article/10.1007%2Fs10509-015-2451-z

https://arxiv.org/abs/1511.05287
http://arxiv.org/abs/1512.03033
http://link.springer.com/article/10.1007%2Fs10509-015-2451-z
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Papers in the period 2016

Title: “Inflation in a viscous fluid model ” [85]

Authors: K. Bamba, S. D. Odintsov.
Abstract: We explore a fluid description of the inflationary universe. In particular, we investigate a fluid

model in which the equation of state (EoS) for a fluid includes bulk viscosity. We find that the three observables
of inflationary cosmology, i.e., the spectral index of the curvature perturbations, the tensor-to-scalar ratio of the
density perturbations, and the running of the spectral index, can be consistent with the recent Planck results. We
also reconstruct the explicit EoS for a fluid from the spectral index of the curvature perturbations compatible with
the Planck analysis. In the reconstructed models of a fluid, the tensor-to-scalar ratio of the density perturbations
can satisfy the constraints obtained from the Planck satellite. The running of the spectral index can explain the
Planck data. In addition, it is demonstrated that in the reconstructed models of a fluid, the graceful exit from
inflation can be realized. Moreover, we show that the singular inflation can occur in a fluid model. Furthermore, we
show that a fluid description of inflation can be equivalent to the description of inflation in terms of scalar field theories.

Link: http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-015-3861-3

Title: “ Thermodynamic descriptions of Polytropic gas and its viscous type as the dark energy candidates”
[86]

Authors: H. Moradpour, M. T. Mohammadi Sabet.
Abstract: In this paper, at first, we focus on a FriedmannRobertsonWalker (FRW) universe in which the dark

energy candidate satisfies the polytropic equation of state and study thermodynamics of dark energy. Bearing

the thermal fluctuation theorem in mind, we establish a relation between the thermal fluctuation of the system

and mutual interaction between the dark energy and dark matter. Generalization to a viscous polytropic gas is

also investigated. We point to a condition for decaying the dark energy candidate into the dark matter needed
for alleviating the coincidence problem. The effects of dark energy candidates and their interactions with other
parts of the cosmos on the horizon entropy as well as the second law of thermodynamics are also addressed. Our
study suggests a correction term besides the Bekenstein entropy, which carries the information of the dark energy
candidate, its interaction with other parts of the cosmos, and its viscosity.

Link: http://www.nrcresearchpress.com/doi/10.1139/cjp-2015-0718#.V1kx-pF95hE

Title: “ Temperature Variation in the Dark Cosmic Fluid in the Late Universe” [87]

Authors: I. Brevik.
Abstract: A one-component dark energy fluid model of the late universe is considered (w < 1) when the fluid,

initially assumed laminar, makes a transition into a turbulent state of motion. Spatial isotropy is assumed so that

only the bulk viscosities are included (ζ in the laminar epoch and ζturb in the turbulent epoch). Both viscosities are

assumed to be constants. We derive a formula, new as far as we know, for the time dependence of the temperature
T (t) in the laminar case when viscosity is included. Assuming that the laminar/turbulent transition takes place
at some time ts before the big rip is reached, we then analyze the positive temperature jump experienced by the
fluid at t = t∗ if ζturb > ζ. This is just as one would expect physically. The corresponding entropy production is
also considered. A special point emphasized in the paper is the analogy that exists between the cosmic fluid and a
so-called Maxwell fluid in viscoelasticity.

Link: http://www.worldscientific.com/doi/10.1142/S0217732316500504

Title: “Cosmic bulk viscosity through backreaction ” [88]

Authors: R. M. Barbosa, G. Eddy, I. Chirinos, W. Zimdahl, O. F. Piattella.

http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-015-3861-3
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Abstract: We consider an effective viscous pressure as the result of a backreaction of inhomogeneities within

Bucherts formalism. The use of an effective metric with a time-dependent curvature radius allows us to calculate
the luminosity distance of the backreaction model. This quantity is different from its counterpart for a conventional
spatially flat bulk viscous fluid universe. Both expressions are tested against the SNIa data of the Union2.1 sample
with only marginally different results for the distance-redshift relation and in accordance with the ΛCDM model.
Future observations are expected to be able to discriminate among these models on the basis of indirect measurements
of the curvature evolution.

Link: http://link.springer.com/article/10.1007%2Fs10714-016-2043-4

Title: “ General Bulk-Viscous Solutions and Estimates of Bulk Viscosity in the Cosmic Fluid” [89]

Authors: B. D. Normann and I. Brevik.
Abstract: We derive a general formalism for bulk viscous solutions of the energy-conservation-equation for

ρ(a, ζ), both for a single-component and a multicomponent fluid in the Friedmann universe. For our purposes these
general solutions become valuable in estimating order of magnitude of the phenomenological viscosity in the cosmic
fluid at present. H(z) observations are found to put an upper limit on the magnitude of the modulus of the present
day bulk viscosity. It is found to be ζ0 ∼ 106 Pa s, in agreement with previous works. We point out that this
magnitude is acceptable from a hydrodynamic point of view. Finally, we bring new insight by using our estimates
of ζ to analyse the fate of the future universe. Of special interest is the case ζ ∝ √ρ for which the fluid, originally
situated in the quintessence region, may slide through the phantom barrier and inevitably be driven into a big rip.
Typical rip times are found to be a few hundred Gy.

Link: http://www.mdpi.com/1099-4300/18/6/215

Title: “ Viscous coupled fluids in inflationary cosmology” [90]

Authors: I. Brevik , A. V. Timoshkin.
Abstract: We consider the inflation produced by two coupled fluids in a flat FriedmannRobertsonWalker universe.

Different cosmological models for describing inflation with the use of an inhomogeneous equation of state for the
fluid are investigated. The gravitational equations for energy and matter are solved, and analytic representations
for the Hubble parameter and the energy density are obtained. Corrections to the energy density for matter
inducing the inflation and the coupling to energy are discussed. We analyze the description of inflation induced by
nonconstant equation-of-state parameters from fluid viscosity. The correspondence between the spectral index and
the tensor-to-scalar ratio recently observed by the Planck satellite is considered.

Link: http://link.springer.com/article/10.1134%2FS1063776116020023

Title: “ Cosmological two-fluid bulk viscosity.” [91]

Authors: L. J. van den Horn, G. A. Q. Salvati
Abstract: A simple two-fluid model of cosmological bulk viscosity, in which small deviations from thermal

equilibrium account for the viscous bulk pressure, is substantiated by kinetic theory. Some peculiar issues re-
garding its relation to the radiative fluid model are discussed. The microphysical picture underlying the viscous
dissipation is made precise. We also consider a reactive cross viscosity associated with deviations from detailed
balance, which includes the so-called creation pressure of the cosmological fluid. For collisional interactions between
the fluid components, the reactive viscous pressure is not an independent mechanism for entropy production.
Entropy from cross effects may be generated through an effective isentropic particle source. In both instances

new results are obtained for the reactive viscosity , and applied to a representative case of non-equilibrium decay.

Link: http://mnras.oxfordjournals.org/content/457/2/1878.abstract
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Title: “Constraints from growth-rate data on some coupled dark energy models mimicking a CDM expansion
” [92]

Authors: S. Fay.
Abstract: The ΛCDM expansion can be mimicked by dark energy coupled to matter. In this case, the equation

of state w̄ and coupling Q̄ of this coupled dark energy cannot be constrained by observations of the Hubble function
alone. In this article, we determine the constraints on two such coupled dark energy models, considering some current
and forecast Euclid-like growth-rate data and assuming the prior on the ΛCDM dark matter density parameter today,
Ω0m = 0.295 ± 0.04. The first model is defined by a constant equation of state. We find that, at 2σ, w̄ = 1.02+0.06

0.22

and the coupling function Q̄0 today is Q̄0H
−3
0 = 0.057+0.353

0.148 , with H0 the Hubble constant. The second model is
defined by a varying equation of state w̄ = w̄a + w̄b ln(1 + z) with z the redshift and (w̄a, w̄b) two constants. We
find that, at 2σ, w̄a = 0.99+0.17

−0.90, w̄b = 0.04+0.31
−1.17 and Q̄0H

−3
0 = 0.0002+1.35

0.18 These constraints on coupled dark energy
agree with a ΛCDM model but are too poor to discard with confidence coupled dark energy different from a vacuum
but mimicking a ΛCDM expansion.

Link: http://mnras.oxfordjournals.org/content/460/2/1863

Title: “Israel-Stewart approach to viscous dissipative extended holographic Ricci dark energy dominated
universe ” [93]

Authors: S. Chattopadhyay

Abstract: The present paper reports a study on viscous extended holographic Ricci dark energy (EHRDE) in

flat FRW universe based on Israel-Stewart approach. Under the consideration that the universe is dominated by
EHRDE the evolution equation for the bulk viscous pressure Π in the framework of the truncated Israel-Stewart
theory has been taken as τṖ i + Π = −3ξH, where τ is the relaxation time and ξ is the bulk viscosity coefficient.
Considering effective pressure as a sum of thermodynamic pressure of EHRDE and bulk viscous pressure we have
observed that under the influence of bulk viscosity the EoS parametewDE is behaving like phantom i.e. wDE ≤ −1.
It has been observed that the magnitude of the effective pressure peff = p+ Π is a monotone decreasing function of
time and due to the decreasing effect of bulk viscosity the effective pressure has been found decreasing with evolution
of the universe. Finally it has been shown that the generalized second law of thermodynamics is valid for the viscous
EHRDE dominated universe enveloped by apparent horizon.

Link: hf

http://mnras.oxfordjournals.org/content/460/2/1863


32

[1] Ø. Grøn, Astrophys. Space Sci. 173, 191 (1990).
[2] S. Weinberg, Astrophys. J. 68 , 175 (1971).
[3] Murphy, G.L. Big-Bang model without singularities. Phys. Rev. D, 1973, 8, 4231.
[4] J. D. Barrow, Phys. Let. B 180, 4 (1986)
[5] T. Padmanabhan and S. M. Chitre, Phys. Let. A 120, 9 (1987).
[6] W. Zimdahl, Mon. Not. R. Astronom. Soc. 280, 1239 (1996).
[7] I. Brevik and G. Stokkan, Astrophys. Space Sci. 239, 89 (1996)
[8] I. Brevik, S. V. Pettersen, Phys. Rev. D 56, 3322 (1997).
[9] R. Maartens and V. Mndez, Phys. Rev. D 55, 1937, (1997).

2000:

[10] M. Cataldo and S. d. Campo, Phys. Rev. D 61, 128301 (2000).
[11] I. Brevik, Phys. Rev. D 61, 124017 (2000).
[12] I. Brevik, S. V. Pettersen, Phys. Rev. D 61, 127305 (2000).

2002:

[13] I. Brevik and S. D. Odintsov, Phys. Rev. D 65, 067302 (2002).

2003:

[14] I. Brevik, Int. J. Mod. Phys. A, 18, 2145 (2003).

2004:

[15] I. Brevik, In ”Horizons in World Physics”, Vol. 246, pp. 165-183, Nova Science Publishers, (2005), arXiv:gr-qc/0404095.

2005:

[16] I. Brevik and O. Gorbunova, Gen. Relativ. Gravit. 37, 2039 (2005).
[17] I. Brevik, Int. J. Mod. Phys. D, 15, 767 (2006).
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