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We have considered the modified and the extended holographic Ricci dark energy models (MHRDE and EHRDE) in fractal
universe. We have assumed a time-like fractal profile v = t#, where B = 4(1 — «). We have reconstructed the Hubble parameter H,
the energy density, the equations of state parameter w, and the deceleration parameter g for both MHRDE and EHRDE.

1. Introduction

Motivated by the virtues and problems of Horava-Lifshitz
gravity, Calcagni [1] formulated an effective quantum field
theory with two key features: (i) power-counting renormal-
izability is obtained when the fractal behaviour is realized
at structural level; (ii) Lorentz invariance is maintained.
Calcagni [2] proposed a field theory which lives in fractal
space-time and argued this to be Lorentz invariant, power-
counting renormalizable, ultraviolet finite, and causal and
discussed its implications for quantum gravity, cosmology,
and the cosmological constant. Lemets and Yerokhin [3]
demonstrated the key features and motivations of fractal
cosmology models. Sheykhi et al. [4] investigated the ther-
modynamical properties of the apparent horizon in a fractal
universe. Karami et al. [5] investigated the holographic, the
new agegraphic, and the ghost dark energy models in the
framework of fractal cosmology, and they also discussed the
behavior of the equations of state parameter w. In the present
work, we are going to investigate the behavior of the modified
holographic Ricci dark energy (MHRDE) and the extended
holographic Ricci dark energy (EHRDE) models in fractal
universe.

The holographic dark energy (HDE) model, proposed by
Li [6], is inspired by the holographic principle [7], which
states that the maximum number of degrees of freedom in
a volume should be proportional to the surface area [8].
Applying the novel principle that L’p, < LM; (where
the infrared (IR) cut-off is encoded by the scale L, p,
corresponds to the quantum zero-point energy density, and
M,* = 8nG represents the Planck mass, with G being
the Newton’s gravitational constant) within the cosmological
context implies that the dark energy density of the universe
p, takes the same form as the vacuum energy; that is, p, =
P, [8]. Using the largest L as the one saturating the above
inequality, it turns out to be HDE, whose density is given
by pp = 352M;L_2 [6], where ¢ is a numerical factor.
Many IR cut-offs have been considered in recent works, for
example, the large scale of the universe, the Hubble horizon,
the particle horizon, the event horizon or generalized IR cut-
off, and so forth [8-12]. Studies on HDE from various points
of view include [13-18]. Gao et al. [19] have proposed a HDE
model, where the future event horizon is replaced by the
inverse of the Ricci scalar curvature, and this model is named
as “Ricci dark energy model” (RDE). This model does not
only avoid the causality problem and is phenomenologically



viable, but also solve the coincidence problem of dark energy
[20]. The Ricci curvature of FRW universe is given by R =
—6(H + 2H?* + k/a*). The RDE proposed in [19] has energy
density which is proportional to the Ricci scalar curvature;
that is, py oc R. Some significant works on RDE are [21-31].
In the present work, we are considering two special modified
forms of holographic RDE:

(i) modified holographic Ricci dark energy (MHRDE)
[8, 10, 32, 33], whose energy density is given by
purroe = (2/(E = m)(H + (38/2)H?), where £ and
n are free constants;

(ii) extended holographic Ricci dark energy (EHRDE)
[10, 34], whose density has the form pgyrpp =
3M; (¢H? +11H ), where M 123 is the reduced Planck mass
and & and # are constants to be determined. If £ = 27,
then we get back to RDE.

In the present work, we will consider separately that
the fractal universe is filled with MHRDE and EHRDE,
respectively. We will reconstruct the Hubble parameter H for
both cases. Based on the reconstructed Hubble parameters,
we will investigate the behavior of the equation of state
parameter w and the deceleration parameter g.

2. The Dark Energy Models in
the Fractal Universe

The total action of Einstein gravity in a fractal space-time is
given by [4]

S= SG + Sm) (1)
where the gravitational part of the action is given by

1

So= Jdg (x) V=g (R—2A - wd,v0"v),  (2)

and the matter part of the action is given by

5= [ de @) V=9, )

Here, g is the determinant of the dimensionless metric g,,,
A and R are, respectively, the cosmological constant and the
Ricci scalar. Moreover, v is the fractional function, and w is
the fractal parameter. The standard measure d*x is replaced
with a Lebesgue-Stieltjes measure do(x). Taking the variation
of the action given in (1) with respect to the FRW metric g,,,,
we obtain the Friedmann equations in a fractal universe as [4]

H2+£+Hz_9{;2=%’)+é)
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The curvature parameter k = 0,1, -1 corresponds to a flat,
closed, and open universe, respectively. In the present work,
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we will consider k = 0 as flat universe. The continuity
equation in a fractal universe takes the form

p+<3H+%>(p+p)=0. (5)

It is clear that for v = 1, the standard Friedmann equations
are recovered. We further assume that only the time direction
is fractal while spatial slices have usual geometry. Assuming a
time-like fractal profile v = t P, where B =4(1-«) (with (0 <
a < 1)) is the fractal dimension. The Friedmann equations
given in (4) in the absence of the cosmological constant can
be written as

k B wp? 8nG

2

AR 5 L B 6
H'+ S+ H, - —55 = 5P, (6)

) 2 B B(B+1) wp? 811G
H+H _H_2t+ o +3t2(/‘+1) = (p+3p),
7)

while the continuity equation given in (5) takes the form

p+(31-E) o+ p) =0 ®

In (6), we replace p by pyyrpe and perrpe» respectively, for
flat FRW universe (k = 0), and we get nonlinear differential
equations on H. For MHRDE, we have

2 } ..
PMHRDE = a (3€HH + H)- )

Using (9) in continuity equation given in (8), we get the
pressure pyrpp for the MHRDE model as follows:

2 3., . t A
Pranwos = 7 [—EEH ~H+ T (3¢HH + H)] .
(10)
For EHRDE we have
Perroe = 66HH + 3nH. (11)

Using (11) in continuity equation given in (8), we get the
pressure ppyrpg for the EHRDE model as follows:

3t (26HH +nH)

B-3tH 12)

PenrDE = —3 (EHZ + ”IH) +

Since we cannot have analytical solution of the differential
equations, we solve them numerically.

We plot the reconstructed Hubble parameter H in Figures
1 and 2 for MHRDE and EHRDE, respectively. In the
figures for MHRDE the solid, dashed, and dot-dashed lines
correspond to (£ = 0.5, = 1.12), (¢ = 05,7 = 1.14),
and (£ = 0.5,n7 = 1.17), respectively. For EHRDE, the solid,
dashed, and dot-dashed lines correspond to (§ = 1,7 = 2),
(¢ =1.01,n7 = 2),and (£ = 1.05,7 = 2.01), respectively. For
all figures, we have considered « = 0.8 and w = 0.02.
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FIGURE I: Reconstructed Hubble parameter H for MHRDE in fractal
universe.
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FIGURE 2: Reconstructed Hubble parameter [ for EHRDE in fractal
universe.

In Figure 1, we observe that H is a decreasing function
of cosmic time ¢ for MHRDE. In Figure 2, we observe that
for (£ = 1.01, = 2) in EHRDE, H is a decreasing function
of t. However, for the other combinations, H is decreasing
up to t = 1.2, and then it is increasing gradually. Next
we plot the time derivatives of the reconstructed Hubble

parameter H in Figures 3 and 4. For MHRDE (Figure 3), we

find that H is increasing with ¢ and staying at negative level
throughout. Although for EHRDE (Figure 4) we observe that
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FIGURE 3: Time derivative of reconstructed Hubble parameter H for
MHRDE in fractal universe.
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FIGURE 4: Time derivative of reconstructed Hubble parameter H for
EHRDE in fractal universe.

ﬁ is increasing with ¢, we find that for (6 = 1,4 = 2) and

(£ = 1.05,5 = 2.01) the H is changing its sign at ¢ ~ 1.3.

In Figure 5, we find that pyyppp is decreasing with t.
Instead, in Figure 6, we observe that pprpg is increasing with
t. The rate of increasing is less for (§ = 1.01,% = 2) than for
the other combinations. The negative pressure for MHRDE
is decreasing with time as shown in Figure 7. Instead, for
EHRDE, the negative pressure is increasing for (§ = 1,7 = 2)
and (£ = 1.05,57 = 2.01) (Figure 8). The EoS parameters

WyirpE = PmaRDE/ PvbrDE @0 WeprpE = PrHRDE/ PEHRDE



4
30— —— 77— 7T T T T T T T T
- ]
[\
\
53]
a
o~
& i
&
0.0 v v v v v v e
0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
t
FIGURE 5: Density of MHRDE in fractal universe.
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FIGURE 6: Density of EHRDE in fractal universe.

are plotted, respectively, in Figures 9 and 10. In Figure 9, we
observe that wyyrpg > -1 for all combinations of & and
n. This indicates a quintessence-like behavior. In Figure 10,
we observe that wyyrpg transits from > -1 to < -1 for
(& = 1,7 =2)and (¢ = 1.05,7 = 2.01) at t =~ 1.3. This
indicates a transition from quintessence to phantom. Thus,
the EoS parameter has a quintom-like behavior in these two
cases. For (& = 1.01,# = 2), we have wyyppg > —1.

The deceleration parameter g = (1/2)(1 + 3p/p) for the
two models has been plotted in Figures 11 and 12, and in both
cases it stays at a negative level, which indicates accelerated
expansion of the universe.
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FIGURE 7: Pressure of MHRDE in fractal universe.
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FIGURE 8: Pressure of EHRDE in fractal universe.

3. Conclusion

In the present work, we have considered, modified, and
extended holographic Ricci dark energy in fractal universe.
We have assumed a time-like fractal profile v = t*, where
B = 4(1 — «). We have reconstructed Hubble parameter for
both of the dark energy candidates in fractal universe. Under
the reconstructed Hubble parameters, we have reconstructed
dark energy candidates in fractal universe, and we have
observed that the modified holographic dark energy density
is decreasing with cosmic time ¢, and extended holographic
dark energy density is increasing with time. The equation of
state parameter for modified holographic dark energy has
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FIGURE 9: EoS parameter for MHRDE in fractal universe.
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FIGURE 10: EoS parameter for EHRDE in fractal universe.

a quintessence-like behavior and for extended holographic
dark energy has a quintom-like behavior. We have seen accel-
erated expansion of the universe through the deceleration
parameter.
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FIGURE 1I: Deceleration parameter for MHRDE in fractal universe.
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FIGURE 12: Deceleration parameter for EHRDE in fractal universe.

References

[1] G. Calcagni, “Quantum field theory, gravity and cosmology in a
fractal universe,” Journal of High Energy Physics, vol. 2010, article
120, 2010.

[2] G. Calcagni, “Fractal universe and quantum gravity;, Physical
Review Letters, vol. 104, Article ID 251301, 4 pages, 2010.

[3] O. A. Lemets and D. A. Yerokhin, “Interacting dark energy
models in fractal cosmology,” http://arxiv.org/abs/1202.3457.

[4] A. Sheykhi, Z. Teimoori, and B. Wang, “Thermodynamics of
fractal universe,” Physics Letters B, vol. 718, pp. 1203-1207, 2013.

[5] K. Karami, M. Jamil, S. Ghaffari, and K. Fahimi, “Holographic,
new agegraphic, and ghost dark energy models in fractal



cosmology,” Canadian Journal of Physics, vol. 91, no. 10, pp. 770-
776, 2013.

[6] M. Li, “A model of holographic dark energy,” Physics Letters B,
vol. 603, no. 1-2, pp. 1-5, 2004.

[7] R. Bousso, “The holographic principle;” Reviews of Modern
Physics, vol. 74, no. 3, pp. 825-874, 2002.

[8] L. P. Chimento, M. Forte, and M. G. Richarte, “Modified holo-
graphic Ricci dark energy coupled to interacting dark matter
and a non-interacting baryonic component,” The European
Physical Journal C, vol. 73, p. 2285, 2013.

[9] S.D.H. Hsu, “Entropy bounds and dark energy,” Physics Letters
B, vol. 594, pp. 13-16, 2004.

[10] L. P. Chimento and M. G. Richarte, “Interacting dark matter
and modified holographic Ricci dark energy induce a relaxed
Chaplygin gas,” Physical Review D, vol. 84, no. 12, Article ID
123507, 8 pages, 201.

[11] L.P.Chimentoand M. G. Richarte, “Interacting dark matter and
modified holographic Ricci dark energy plus a noninteracting
cosmic component,” Physical Review D, vol. 85, no. 12, Article
ID 127301, 4 pages, 2012.

[12] L. N. Granda and A. Oliveros, “New infrared cut-off for the
holographic scalar fields models of dark energy,” Physics Letters
B, vol. 671, no. 2, pp. 199-202, 2009.

[13] M. R. Setare and M. Jamil, “Holographic dark energy with
varying gravitational constant in Hotava-Lifshitz cosmology,’
Journal of Cosmology and Astroparticle Physics, vol. 2010, article
010, 2010.

[14] M. Jamil, M. U. Farooq, and M. A. Rashid, “Generalized
holographic dark energy model,” European Physical Journal C,
vol. 61, no. 3, pp. 471-476, 2009.

[15] A. Sheykhi and M. Jamil, “Power-Law entropy corrected holo-
graphic dark energy model,” General Relativity and Gravitation,
vol. 43, no. 10, pp. 2661-2672, 2011.

[16] M. Jamil and M. U. Farooq, “Interacting holographic dark
energy with logarithmic correction,” Journal of Cosmology and
Astroparticle Physics, vol. 2010, no. 3, article 001, 2010.

[17] M. R. Setare, “Holographic modified gravity, International
Journal of Modern Physics D, vol. 17, no. 12, pp. 2219-2228, 2008.

[18] M.R. Setare, “Interacting holographic dark energy in the scalar
Gauss-Bonnet gravity; Chinese Physics Letters, vol. 26, no. 2,
Article ID 029501, 2009.

[19] C. Gao, X. Chen, and Y. G. Shen, “Holographic dark energy
model from Ricci scalar curvature,” Physical Review D, vol. 79,
Article ID 043511, 7 pages, 2009.

[20] C.-]. Feng, “Statefinder diagnosis for Ricci dark energy,” Physics
Letters B, vol. 670, pp. 231-234, 2008.

[21] A. Pasqua, A. Khodam-Mohammadi, M. Jamil, and R. Myrza-
kulov, “Interacting Ricci dark energy with logarithmic correc-
tion,” Astrophysics and Space Science, vol. 340, no. 1, pp. 199-208,
2012.

[22] A. Pasqua, M. Jamil, R. Myrzakulov, and B. Majeed, “Power-
law entropy-corrected Ricci dark energy and dynamics of scalar
fields,” Physica Scripta, vol. 86, no. 4, Article ID 045004, 2012.

[23] A.Pasqua, “Power-law and logarithmic entropy-corrected Ricci
viscous dark energy and dynamics of scalar fields,” Astrophysics
and Space Science, vol. 346, no. 2, pp. 531-543, 2013.

[24] S.Chattopadhyay and A. Pasqua, “Various aspects of interacting

modified holographic Ricci dark energy, Indian Journal of
Physics, vol. 87, no. 10, pp. 1053-1057, 2013.

ISRN High Energy Physics

[25] A. Pasqua and I. Khomenko, “Interacting Ricci logarithmic
entropy-corrected holographic dark energy in Brans-Dicke
cosmology;” International Journal of Theoretical Physics, vol. 52,
no. 11, pp. 3981-3993, 2013.

[26] S. del Campo, J. C. Fabris, R. Herrera, and W. Zimdahl,
“Cosmology with Ricci dark energy,” Physical Review D, vol. 87,
no. 12, Article ID 123002, 14 pages, 2013.

[27] J. G. Silva and A. F. Santos, “Ricci dark energy in Chern-Simons
modified gravity, The European Physical Journal C, vol. 73,
article 2500, 2013.

[28] S. Chattopadhyay, “Generalized Ricci dark energy in Horava-
Lifshitz gravity,” The European Physical Journal Plus, vol. 127, p.
16, 2012.

[29] L.Xu, W. Li, and J. Lu, “Cosmic constraint on Ricci dark energy
model,” Modern Physics Letters A, vol. 24, no. 17, p. 1355, 2009.

[30] K.Y.Kim, H.W.Lee,and Y. S. Myung, “On the Ricci dark energy
model,” General Relativity and Gravitation, vol. 43, no. 4, pp.
1095-1101, 2011.

[31] X. Zhang, “Holographic Ricci dark energy: current observa-
tional constraints, quintom feature, and the reconstruction of
scalar-field dark energy,” Physical Review D, vol. 79, Article ID
103509, 12 pages, 2009.

[32] L.N. Granda and A. Oliveros, “Infrared cut-off proposal for the
holographic density;” Physics Letters B, vol. 669, no. 5, pp. 275-
277, 2008.

[33] A. Pasqua and S. Chattopadhyay, “A study on the modified
holographic Ricci dark energy in logarithmic f(T) gravity,
Canadian Journal of Physics, vol. 91, p. 351, 2013.

[34] Y. U. Fei and Z. Jing-Fei, “Statefinder diagnosis for the extended
holographic Ricci dark energy model without and with inter-
action,” Communications in Theoretical Physics, vol. 59, p. 243,
2013.



Journal of Journal of The SCientiﬁC Journal of

Advances in

Gravity e Photonics World Journal SOft Matter sed Matter Physics

Journal of

Aerodynamics

Journal of

Fluids

Hindawi

Submit your manuscripts at
http://www.hindawi.com

International Journal of

Optics

International Journal of

Statistical Mechanics

Journal
L 3

AThe

Journal of
Computational
Methods in Physics

4 Journal of
International Journal of Journal of - Atomic and
Superconductivity Biophysics Molecular Physics

Journal of Journal of

Solid State Physics Astrophysics




