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Abstract:

In this study, we have examined the exact solutions of the field
equations for a Bianchi type V universe filled with bulk viscous fluid
within the framework of f(R,T) theory, where f(R,T) =R + 2f(T)
and R and T represent the Ricci scalar and the trace of the energy
momentum tensor, respectively. We used a combination of exponential
and hyperbolic scale factors to determine the physical parameters and
metric potentials in the space-time. We also investigated the geometrical
and physical parameters of the model, as well as the energy conditions.
Additionally, we found that the state finder diagnostic pair falls within
an acceptable range.
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CC-BY-NC-SA 4.0 deceleration parameter.

1. INTRODUCTION

According to the cosmological observations, modern cosmology attracts much attention of the researchers
because of its ability to explain the late-time acceleration of the Universe. One possibility in explaining the
observations is by assuming that at large scales the Einstein gravity model of general relativity breaks down,
and a more general action describes the gravitational field. This is the main reason why the modern cosmology
is the fastest growing field in the study of the Universe. Modern cosmology achieved a new path because of
the idea of accelerated expansion of the Universe. This idea was observed by type-la supernovae experiments,
suggesting that the Universe is undergoing an accelerated expansion [1-6]. As a result of the coupling the
motion of the massive particles becomes non geodesic and an extra-force orthogonal to the four velocities
arises. The connections with modified Newtonian dynamics and the pioneer anomaly were explored. This
model was extended to the case of arbitrary coupling in both geometry and matter in [7]. The astrophysical and
cosmological implications of the non minimal coupling matter-geometry coupling were extensively
investigated in [8, 9]. The Palatini formulation of the non minimal geometry-coupling models was considered
in [10]. In this context a maximal extension of the Hilbert-Einstein action was proposed [11] by assuming that
the gravitational Lagrangian is given by an arbitrary function of the Ricci scalar R and of the matter Lagrangian
Lm. The gravitational field equations have been obtained in the metric formalism as well as the equations of
motion for test particles, following from the covariant divergence of the stress energy tensor. Harko et al [12]
proposed f(R, T ) gravity theory by taking into account the gravitational Lagrangian as the function of Ricci
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scalar R and of the trace of energy-stress tensor T. They have obtained the equation of motion of test particle
and the gravitational field equation in metric formalism both.

Recently several cosmological models have been developed in f(R,T) gravity in framework of non-exotic
matter that give the clue that the trace of energy momentum-tensor may be responsible for present cosmic
acceleration in the universe [13-21]. The bulk viscosity in f(R,T) gravity for a FRW universe is introduced
in [22]. They have studied the realistic models considering the dissipative processes due to the presence of
viscosity. Later, the bulk viscous cosmological model for anisotropic Bianchi | universe in this theory was
presented in [23]. The authors in [24] have studied the dynamics of shearing anisotropic viscous fluid and its
stability with cylindrical symmetry in f(R, T) gravity. Moreover, the Little Rip and Big Rip model in f(R,T)
theory of gravity was investigated in [25-27]. The bouncing scenario of the f (R, T) gravity model was well
explained by Singh et al [28]. Aktas and Aygiin [29] have discussed magnetised strange quark matter solutions
in f (R, T) gravity with a cosmological constant and they found that f (R, T) theory can explain the late-time
acceleration of the Universe. Samanta and Myrzakulov [30] studied bulk viscous fluid in f (R, T) theory. Very
recently, Pawar et al [31] have discussed the Bianchi-V model in the presence of f (R,T ) gravity using
modified holographic Ricci dark energy and they found negative value of the deceleration parameter (DP)
which indicates that the Universe is in the accelerated expansion phase and they observed that the Universe is
isotropic throughout the evolution. Similarly, Pawar et al [32] and Sharif [33] have analysed f (R, T) theory
with different energy sources and in different cosmological models. Samanta [34] has investigated f (R, T)
gravity for the Bianchi type-V Universe filled with wet dark fluid.

Motivated by the above discussion, in the present paper, we consider spatially homogeneous and anisotropic
Bianchi type-V universe filled with bulk viscous fluid cosmological model in the f (R, T ) theory of gravity.
The geometrical and physical aspects of the models are also studied. This work aims to investigate new class
of Bianchi type V bulk viscous fluid cosmological model under (R, T) gravity and it is organized as follow.
The paper is organised as follows: Section 2 discusses gravitational field equation of f (R, T) modified gravity.
In section 3, we have studied the metric (Bianchi type-V) and field equations for f (R, T ) gravity. In section
4, we have discussed Dynamical parameters and their physical discussion. Section 5 is devoted to the
cosmological interpretations. Finally, in section 6, we have concluded our work.

2.GRAVITATIONAL FIELD EQUATION OF f(R,T) MODIFIED GRAVITY

The f (R, T) theory of gravity is the generalization or modification of General Relativity (GR). In this theory,
the modified gravity action is given by

S =J [f RT) + L | y=gdx, @)

where f(R, T)is an arbitrary function of the Ricci scalar R, T is the stress energy tensor T;; of matter andL,, is
the matter Lagrangian density. It would be worthwhile to mention that if we replace f (R, T) with f(R), we get
the action for f (R) gravity and the displacement of f (R, T)with R leads to the action of GR. g is the determinant
of the metric tensor g;;.The f(R, T) gravity field equations are obtained by varying the action S in equation
(1) with respect to the metric tensor

1 1
frRRTIR;; = > f(R,T)gij — (V;V; — g;;1)fr(R,T) = kT;; — fr(R,T) (Tij - geij)- (2
where V; being the covariant derivative and

6T
ORD) and f, = URD g - gaplles ©)

=V, fr="3 =~ YT 97 550

The field equations in f(R, T) modified gravity model we assume that the particular functional f(R,T) as

fR,T) =R+ 2f(T) (4)

Otherwise functional can be taken in different ways corresponding to viable models. Here f(T) is an arbitrary
function of the trace of the stress-energy tensor of matter.
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By using this functional, field equation can be rewritten as

1 ! —~r!
Rij =S Rgy; = 8nTy; + 2f ()T + [2pf(T) + f(T)]gi;- (5)
where the prime denotes a derivative with respect to the argument.

The simplest cosmological model can be obtained by choosing the function f(T ) so that f(T) = AT, where A
is a constant.

3. METRIC AND FIELD EQUATIONS

Now we consider a The diagonal form of the metric of Bianchi type V universe with the metric as
ds? = dt? — A%dx? — e?P*[B%dy? + C?dz?] (6)
Here A, B, C are cosmic scale factors and £ is an arbitrary constant.

Moreover, assuming the energy-momentum tensor for an imperfect bulk viscous fluid
which takes the form

Tij = (p + Pwu; — pg;j (7
where p is the effective pressure given by

p=p—cusi 8
satisfying a linear equation of state

p = €p, 0<e<l 9

Here p is the equilibrium pressure, p is the energy density of matter, < is the coefficient of bulk viscosity and
u’ is the flow vector of the fluid satisfying u;u‘ = 1. The semicolon stands for covariant differentiation. On
thermodynamic grounds bulk viscosity coefficient ¢ is positive, assuring that the viscosity pushes the
dissipative pressure p towards negative values. However, the correction applied to the thermodynamical
pressure p due to bulk viscous pressure is very small. Therefore, the dynamics of cosmic evolution are not
fundamentally influenced by the inclusion of the viscous term in the energy-momentum tensor.

The spatial volume V' and the average Hubble’s parameter H are defined as

V=a
3H =

BC
+

(10)
(11)

+

SIS
N[N N
w |
ala.

The shear scalar o and anisotropy parameter Am are defined as follows

2 2

=@ Q) + (O] 2 @
=1y (5 @)

where AH; =H; —H,(i=1,2,3) and H; = %, H, = gand H; = g are the directional Hubble parameters.

AB  BC  AC 3B% _

T R GRS DU (14)
B ¢ BC B2_ . _
§+E+R—A—§—Ap (81T+3A)p (15)
A, ¢ Ac p*_ . _
Z+E+E_E_/1’D (87T+3/1)p (16)
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A B, 6 AB p% _ _
24_B_C_p (18)
A B C

After integrating eq. (18) and absorbing integration constant into B or C, we get
A% = BC (19)
These we have five highly non-linear differential equations with six unknowns, namely A, B,C,p,p,¢

.Therefore to find a consistent solution to these equations, subtracting (16) from (15), eq. (17) from (16), eq.
(17) from (15) and integrating the resulting equations, we obtain the following three relations respectively:

d
%‘ m,dexp [klf t] (20)
d
% = mydexp [kz fa—g] (21)
B d
- = madexp [k3 fa—g] (22)

where m,,m,, ms, kq, k,, ks are constants of integration.
We write the metric functions from (20)-(22) in explicit form as

d
A= adexp [al fa—z] (23)
d
B = ad,exp [az fa—z] (24)
d
C = adzexp [a3 fa—z] (25)
Where dl =3 mlm ) dz - ﬂ 1_1m ) d3 - V (m2m3)_1ﬁ (26)
and a; = %’ a, = k33k1’ as = @ , (27)

The constants d4, d,, d; and a4, a,, a5 satisfy the following two relations:

al + az + 0(3 = 0, dl d2d3 =1. (28)
Substituting eq. (19) in egs. (23)-(25), we obtain

A=a (29)
B = adexp [a f %] (30)
C =ad lexp [—af%], (31)

Whered1 = 1,d2 = d;l = d, a, = 0, a, = —az3=0a

4. DYNAMICAL PARAMETERS AND THEIR PHYSICAL DISCUSSION

The cosmological parameters such as scale factor a, Hubble parameter H, deceleration parameter g * have a
very significant role in describing the evolution of the Universe. And, these are the key parameters of most of
the cosmological models in modified gravity theories. The modified gravity field equations can be solved by
considering explicit form of the average scale factor as

a = e™sechmt (32)

The derivation and the motivation to choose such scale factor has already been described by Moraes and Santos
[35]

The spatial volume of the metric is

V = a3 = e3™(sechmt)? (33)
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Substituting (32) in (29)-(31) and integrating, we obtain expression for the metric functions as

A = e™sechmt (34)
B = dsech(mt)exp[nt + kpe 3™ cosh(3mt) — gcosh(mt) + 2msinh(mt)(rcosh(2mt) +s)] (35)
C = d~'sech(mt)exp[nt — kpe 3™ cosh(3mt) — qcosh(mt) + 2msinh(mt)(rcosh(2mt) + s)] (36)

a
12(9n4-10n2m2+m*)

where =k, nm?-9n3=p, 27n(n®*-m?) =g,

m2—9n?=r, 5m?-9n?=s
The directional Hubble parameters are

H, = % = n — mtanh(mt) (37)

H, = g =n + 3kpe~3™[msinh(3mt) — n cosh(3mt)] — mgsinh(mt) + 4m?rsinh(mt)sinh(2mt) +
2m?cosh(mt)(rcosh(2mt) + s) (38)

H; = % = n — 3kpe~3™[msinh(3mt) — n cosh(3mt)] — mgsinh(mt) + 4m?rsinh(mt)sinh(2mt) +
2m?cosh(mt)(rcosh(2mt) + s) (39)

The average Hubble parameter is

H= % [3n — mtanh(mt)] (40)
The dynamical scalar expansion 8 and shear scalar o2

6 = [3n — mtanh(mt)] (41)
o’ = Emztanh2 (mt) + [3kpe 3™ [m sinh(3mt) — n cosh(3mt)] — mgsinh(mt) +
4m?rsinh(mt)sinh(2mt) + 2m?cosh(mt) (rcosh(2mt) + s)]z} (42)

The average anisotropic parameter Am is

Am = 1 [n-mtanh(mt)]?+2n2+2[3kpe~>"[m sinh(3mt)—n cosh(3mt)]-mgsinh(mt)+4m>rsinh(mt)sinh(2mt)+2m2cosh (mt) (rcosh(2mt)+s)]? 1
mn 3 3[31’1—mtmrlh(mt)]2 (43)
The deceleration parameter is
2
m
¥= —1 —
q 1 cosh(mt)[3ncosh(mt)—msinh(mt)] (44)
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Figure 1. Spatial Volume vs. time for m=1.1, Figure 2. Hubble Parameter vs. time For m=1.1,
n=0.2 n=0.2
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Figure 3. Scalar expansion vs. time m=1.1, Figure 4. Plot of deceleration parameter g as
n=0.2 a function of cosmic timetform = 1.1,n = 0.2

For the model represented by metric functions in (34)-(36) the energy density p and the bulk viscous pressure
p are given by

p= (Sniw {nz — [3kpe~ 3" [m sinh(3mt) — n cosh(3mt)] — mgsinh(mt) 4m?rsinh(mt)sinh(2mt) +
2 2 (8m+31) _ _ 4n?] _ (37T+2.)ﬁ2 —2nt 2
2m?cosh(mt)(rcosh(2mt) + s)]* + 2n Grran [n — mtanh(mt)] ey Grran ¢ cosh mt} (45)
7.2
.‘E‘
E
=
6.8
6.6
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time in Gyr

Figure 5. Plot of Energy density p vs. timetform =1.1,n=02,a=8=41=1

P=T8nr2n(n+ 40 {2nA(n — mtanh(mt)) — (87 + 22)

[n — mgsinh(mt) + 4m?rsinh(mt)sinh(2mt) + 2m2cosh(mt)(rcosh(2mt) + s)]?
—9(kp)2e~%"[m? sinh?(3mt) + n? cosh?(3mt) — mnsinh(6mt)] + 8wf%e " cosh?mt (46)

Bulk viscous pressure

o.5 1 1.5

time in Gy

Figure 6. Plot of Bulk viscous pressure p vs. timetform=1.1,n=02,a==14=1
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The baratropic equation of state parameter may be used to obtain the coefficient of bulk viscosity, which is
obtained from Eqs. (46) as

1
- (8w + 21)(8m + 41)(3n — mtanh(mt)

C {[8r(e + 1) +2(2¢ + 1)A]

[n — mgsinh(mt) + 4m?rsinh(mt)sinh(2mt) + 2m?cosh(mt)(rcosh(2mt) + s)]?
—9(kp)?e~™[m? sinh?(3mt) + n? cosh?(3mt) — mnsinh(6mt)]
+[16nm + 2nA(3e — 1)](n — mtanh(mt)) — 4n*Ae — 8[e(3m + 1) + w]B%e > cosh®mt} (47)
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16.34 1

16.32 A

16.3
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Bulk viscosify coefficient
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[=] 0.02 0.04 0.06 0.08 0.1
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Figure 7. Plot of Bulk viscosity Coefficient ¢ vs. timetform =1.1,n=02,a==1=1,¢ =0.1
5. COSMOLOGICAL INTERPRETATIONS

We have the following observations. Recall that our aim in this work is to enable f (R, T ) gravity to induce a

cosmological scenario.

1) All the scale factors and spatial volume (V) is constant at t = 0. This shows that the universe starts
evolving with constant volume at t = 0 and expands with cosmic time t. The spatial volume (V) is finite
at initial epoch and it decreases with increase in cosmic time (Fig. 1).

2) The mean Hubble’s parameter H and the directional Hubble’s parameters are dynamical. From Fig. 2, one
can easily see that the Hubble parameter H is a decreasing function over the growth of time.

3) Initially scalar expansion (Fig. 3) is finite. It decreases as cosmic time increases.

4) The evolution of the deceleration parameter as a function of cosmic time presented in Fig. 4. From Fig. 4,
one can observe that the evolution of the deceleration parameter starts with positive value of g *, which
represents the deceleration phase. it gradually decreases and maintains a constant behaviour during the late
time of the universe. It shows universe is accelerating. After late time, it goes to the de-Sitter expansion
phase.

5) Energy density p, Bulk Viscous Pressure p and Bulk viscosity Coefficient ¢ (Fig. 5, 6, 7) increases with
time. Energy density and Bulk viscous pressure are constant at an initial time and it tends to infinity as t
tends to infinity.

6) We observed that, initially the positive value of the Hubble parameter and the deceleration parameter shows
that the universe is expanding and accelerating exponentially at early time. Our model is expanding, shearing
and accelerating and has no initial singularity.

6. CONCLUSION

In this article, we have constructed a cosmological scenario of Bianchi type V universe in f (R, T ) gravity.
The gravitational field equation has been established by taking f(R,T) = R + 2f(T)into consideration. To
find the deterministic solution, we have considered a scale factor as a = e™*sechmt, where n and m are
positive constants. This generates a transition of the universe from the early decelerating phase to the recent
accelerating phase.
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The main features of the models are as follows:

o The models are based on exact solutions of the f(R, T ) gravity field equations for the anisotropic Bianchi-
V space-time filled with bulk viscous fluid.

e The energy density has been graphed versus time in Fig. 4. It is evident that the energy density remains
always positive and increasing function of time. Initially it is constant for t = 0.

o From the figure we observe that bulk viscous pressure is increasing function of time. It starts from a constant
positive value and approaches to infinity.

¢ At the initial time, we have finite energy density, finite bulk viscous pressure and as we discussed earlier.
This means that our Universe has no initial singularity.

o We observe that the model has no initial singularity at t = 0. Also, we see that H, 0 are finiteatt = 0 . These
parameters are decreasing function of time. Whereas initially for t = 0, the parameters p, p, ¢ are constant
and increasing function of time and approaches to infinity.

e The model represents an expanding, shearing, non-rotating and accelerating universe.

o Now for a Universe which was decelerated in past and accelerating at present epoch, the DP must show
signature flipping as already discussed. Therefore, our consideration of DP to be variable is physically
justified.

Our derived model is accelerating at present epoch
Thus, the solutions demonstrated in this paper may be useful for better understanding of the scenario of Bianchi
type V universe in the evolution of the universe within the framework of f (R, T ) gravity theory.

References:

1. Riess, A. G., Filippenko, A. V., Challis, P., Clocchiatti, A., Diercks, A., Garnavich, P. M., Gilliland, R. L.,
Hogan, C. J., Jha, S., Kirshner, R. P., et al. (1998). Observational Evidence from Supernovae for an
Accelerating Universe and a Cosmological Constant. Astron. J. 116, 1009-1038.

2. Perlmutter, S., Aldering, G., Goldhaber, G., Knop, R. A., Nugent, P., Castro, P. G., Deustua, S., Fabbro,
S., Goobar Groom D. E., et al. (1999). Measurements of Q and A from 42 High-Redshift Supernovae.
Astrophysical J. 517, 565-586.

3. Knop, R. A., etal. (2003). New Constraints on QM, QA, and w from an Independent Set of Eleven High-
Redshift Supernovae Observed with HST. Astrophys. J. 598, 102-137.

4. [4] Hoftuft, J., et al. (2009). Increasing evidence for hemispherical power asymmetry in the five- year
WMAP data. Astrophys. J. 699, 985-989.

5. Bennett, C. L., et al. (2003). First-Year Wilkinson Microwave Anisotropy Probe (WMAP)" Observations:
Preliminary Maps and Basic Results. Astrophys. J. Suppl. Ser. 148, 1-27.

6. Spergel, D. N., et al. (2003). First-Year Wilkinson Microwave Anisotropy Probe (WMAP)” Observations:
Determination of Cosmological Parameters Astrophys. J. Suppl. Ser. 148, 175-194.

7. llha, A., Lemos, J. P. S. (1997). Dimensionally continued Oppenheimer-Snyder gravitational collapse:
solutions in even dimensions. Phys. Rev. D 55. 4, 1788-1794.

8. Banados, M., Teitelboim, C., Janelli, J. (1994). Dimensionally continued black holes. Phys. Rev. D 49. 2,
975-986.

9. llha, A., Kleber, A., Lemos, J. P. S. (1999). Dimensionally continued Oppenheimer-Snyder gravitational
collapse: solutions in odd dimensions. J. Math. Phys. 40, 3509-3518.

10. Maeda, H. (2006). Final fate of spherically symmetric gravitational collapse of a dust cloud in Einstein-
Gauss-Bonnet gravity. Phys. Rev. D 73. 104004-1040020.

11. Jhingan, S., Ghosh, S. G. (2010). Inhomogeneous dust collapse in 5D Einstein-Gauss-Bonnet Gravity.
Phys. Rev. D 81, 024010-024017.

12. Harko, T., Lobo, F. S. N., Nojiri, S., Odintsov, S. D. (2011). f(R, T) gravity. Phys. Rev. D 84. 2 ,024020.

13. Shabani, H., Farhoudi, M. (2014). Cosmological and solar system consequences of f (R,T) gravity models.
Phys. Rev. D 90. 4, 044031.

14. Baffou, E. H., et al. (2015). Geodesic Deviation Equation in f(R, T) Gravity Astrophys. Space Sc. 356,
173-184.

15. Yadav, A. K. (2014). Bianchi-V string cosmology with power law expansion in Gravity. Euro Phys. J.
Plus. 129, 194.

16. Yadav A. K., Ali, A. T. (2018). Invariant Bianchi type | models in f(R,T) Gravity. Int. J. Geom. Methods
in Mod. Phys. 15, 1850026.

Available online at: https://jazindia.com 397



https://arxiv.org/abs/1311.5885
https://www.worldscientific.com/doi/abs/10.1142/S0219887818500263

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Journal of Advanced Zoology

Yadav, A. K., Srivastava, P. K., Yadav, L. (2015). Hybrid expansion law for dark energy dominated
universe in f (R, T) gravity Int. J. Theor. Phys. 54, 1671-1679.

Moraes, P. H. R. S., Sahoo P. K. (2017). The simplest non-minimal matter-geometry coupling in the f(R,T)
cosmology. Eur. Phys. J. C77, 480.

Yadav, A. K. (2019). Transitioning Scenario of Bianchi-1 Universe within f(R; T) Formalism. Brazilian
Journal of Physics. 49, 262.

Aygn, S., Aktas, C., Sahoo, P. K., Bishi, B. K. (2018). Scalar Field Cosmology in f(R,T) Gravity with A.
Gravitation and Cosmology, 24, 302-307.

Sharma, L. K., Yadav, A. K., Sahoo, P. K., Singh, B. K. (2018). Non-minimal matter-geometry coupling
in Bianchi | space-time. Results in Physics. 10, 738-742.

Sahoo, P. K., Moraes, P. H. R. S., Sahoo, P., Bishi, B. K. (2018). f(R,T) = f(R) + ATf(R,T) = f(R) +
AT Eur. Phys. J. C78, 736.

Singh, V., Singh, C. P. (2013). Functional form of f (R) with power-law expansionin  anisotropic model.
Astrophys and Space Sci., 346, 285-289.

Sahoo, P. K., Sahoo, P., Bishi, B. K. (2017). Anisotropic cosmological models in f(R,T) gravity with
variable deceleration parameter. Int. J. Geom. Methods Mod. Phys. 14, 1750097.

Azmat, H., Zubair, M., Noureen, I. (2018). Dynamics of shearing viscous fluids in gravity. Int. J. Mod.
Phys. D27. 1, 1750181.

Srivastava, M., Singh, C. P. (2018). New holographic dark energy model with constant bulk viscosity in
modified f (R, T) gravity theory. Astrophys. Space Sc. 363, 1-15.

Aygun, S. (2017). Marder type universe with bulk viscous string cosmological model in f (R, T ) gravity
Acrticle. Turk. J. Phys. 41, 436-446.

Singh, J. K., Bamba, K., Nagpal, R., Pacif, S. K. J. (2018). Bouncing cosmology in gravity. Phy. Rev. D
97, 12, 123536.

Aktas, C., Aygin, S. (2017). Magnetized strange quark matter solutions in f (R, T) gravity with
cosmological constant. Chin. J. Phys. 55, 71-78.

Samanta, G, C,, Myrzakulov, R. (2017). Imperfect fluid cosmological model in modified gravity. Chin. J.
Phys., 55, 1044-1054.

Pawar, D. D., Mapari, R. V., Agrawal, P. K. J. (2019). A modified holographic Ricci dark energy model
in f (R, T) theory of gravity. Astrophys. Astron., 40, 1-8.

Pawar, D. D., Buttampalle, G. G., Agrawal, P. K. (2018). Kaluza—KlIein string cosmological model in f (R,
T) theory of gravity. New Astron. 65, 1-6.

Sharif, M., Sadiqg S. (2018). Gravitational decoupled anisotropic solutions for cylindrical geometry., Eur.
Phys. J. Plus. 133, 1-11.

Samanta, G. C. (2013).Universe filled with dark energy (DE) from a wet dark fluid (WDF) in f (R, T)
gravity. Int. J. Theor. Phys., 52, 2303-2315.

Moraes, P. H. R. S., Santos, J. R. L. (2016). A complete cosmological scenario from f (R ,T ¢) gravity
theory. Eur. Phys. J. C76. 60, 1-9.

Available online at: https://jazindia.com 398



https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=YhOcEmgAAAAJ&cstart=20&pagesize=80&citation_for_view=YhOcEmgAAAAJ:rO6llkc54NcC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=YhOcEmgAAAAJ&cstart=20&pagesize=80&citation_for_view=YhOcEmgAAAAJ:rO6llkc54NcC
https://link.springer.com/content/pdf/10.1140/epjc/s10052-017-5062-8.pdf
https://link.springer.com/content/pdf/10.1140/epjc/s10052-017-5062-8.pdf
https://link.springer.com/article/10.1007/s13538-018-00632-7
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=miEMkCMAAAAJ&pagesize=80&citation_for_view=miEMkCMAAAAJ:F2UWTTQJPOcC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=miEMkCMAAAAJ&pagesize=80&citation_for_view=miEMkCMAAAAJ:w0F2JDEymm0C
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=miEMkCMAAAAJ&pagesize=80&citation_for_view=miEMkCMAAAAJ:w0F2JDEymm0C
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=ljTOmbIAAAAJ&cstart=20&pagesize=80&citation_for_view=ljTOmbIAAAAJ:RtRctb2lSbAC
https://www.worldscientific.com/doi/abs/10.1142/S0219887817500979
https://www.worldscientific.com/doi/abs/10.1142/S0219887817500979
https://scholar.google.co.kr/citations?view_op=view_citation&hl=zh-CN&user=6M4vOeMAAAAJ&cstart=20&pagesize=80&citation_for_view=6M4vOeMAAAAJ:2P1L_qKh6hAC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=keQCO5sAAAAJ&citation_for_view=keQCO5sAAAAJ:UeHWp8X0CEIC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=keQCO5sAAAAJ&citation_for_view=keQCO5sAAAAJ:UeHWp8X0CEIC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=ENTlp1MAAAAJ&citation_for_view=ENTlp1MAAAAJ:7PzlFSSx8tAC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=ENTlp1MAAAAJ&citation_for_view=ENTlp1MAAAAJ:7PzlFSSx8tAC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qeyPHMQAAAAJ&citation_for_view=qeyPHMQAAAAJ:kNdYIx-mwKoC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=ENTlp1MAAAAJ&citation_for_view=ENTlp1MAAAAJ:3fE2CSJIrl8C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=ENTlp1MAAAAJ&citation_for_view=ENTlp1MAAAAJ:3fE2CSJIrl8C
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=vYfVCegAAAAJ&citation_for_view=vYfVCegAAAAJ:4DMP91E08xMC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=hqFaSVMAAAAJ&citation_for_view=hqFaSVMAAAAJ:u5HHmVD_uO8C
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=hqFaSVMAAAAJ&citation_for_view=hqFaSVMAAAAJ:u5HHmVD_uO8C
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=jJWG1DkAAAAJ&citation_for_view=jJWG1DkAAAAJ:GnPB-g6toBAC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=jJWG1DkAAAAJ&citation_for_view=jJWG1DkAAAAJ:GnPB-g6toBAC
https://scholar.google.com.pk/citations?view_op=view_citation&hl=en&user=r5yYFg0AAAAJ&cstart=20&pagesize=80&citation_for_view=r5yYFg0AAAAJ:yZoBfgUKqwcC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=vYfVCegAAAAJ&citation_for_view=vYfVCegAAAAJ:d1gkVwhDpl0C
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=vYfVCegAAAAJ&citation_for_view=vYfVCegAAAAJ:d1gkVwhDpl0C
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=XzALteUAAAAJ&citation_for_view=XzALteUAAAAJ:CdxZDUztZiMC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=XzALteUAAAAJ&citation_for_view=XzALteUAAAAJ:CdxZDUztZiMC

