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Structure formation and GSL in some viable f(R)-gravity models

S. Asadzadeh, M.S. Khaledian, K. Karami

Department of Physics, University of Kurdistan, Pasdaran St., Sanandaj, Iran

Here, we investigate the growth of matter density perturbations as well as the generalized sec-
ond law (GSL) of thermodynamics in the framework of f(R)-gravity. We consider a spatially flat
FRW universe filled with the pressureless matter and radiation which is enclosed by the dynami-
cal apparent horizon with the Hawking temperature. For some viable f(R) models containing the
Starobinsky, Hu-Sawicki, Exponential, Tsujikawa, and AB models, we first explore numerically the
evolution of some cosmological parameters like the Hubble parameter, the Ricci scalar, the decel-
eration parameter, the density parameters and the effective equation of state parameter. Then, we
examine the validity of GSL and obtain the growth factor of structure formation. We find that for
the aforementioned models, the GSL is satisfied from the early times to the present epoch. But
in the future, the GSL for the all models but the Hu-Sawicki and AB models, is violated in some
ranges of redshift. Our numerical results also show that for the all models the growth factor for
larger structures like the ACDM model fit the data very well.

I. F(R)-GRAVITY FRAMEWORK

One of the representative approaches to explain the
current acceleration of the universe is to consider a theory
of modified gravity (MG), such as f(R) gravity, in which
the Einstein-Hilbert action in GR is generalized from the
Ricci scalar R to an arbitrary function of the Ricci scalar
[1]. A f(R) model with negative and positive powers of
Ricci curvature scalar R naturally admits the unification
of the inflation at early times and the cosmic acceleration
at late times [2]. Tt can also serve as dark matter (DM),
[3]. The modified Einstein-Hilbert action in the Jordan
frame is given by [1]

SJ - /\/__g d4I [@ + Lmattcr:| ) (1)
167G
where G, g, R and L atter are the gravitational constant,
the determinant of the metric g,,, the Ricci scalar and
the lagrangian density of the matter inside the universe,
respectively.
For a spatially flat FRW metric, taking T#(m) =
diag(—p, p, p,p) in the prefect fluid form, the Friedmann
equations in f(R)-gravity are given by [4]

3H? = 87G(p + pp), (2)
2H = —87G(p+ pp +p + pp), (3)
where
1 .
87Gpp = 3 (RF —f) —3HF

+3H*(1 - F),

81Gpp = %I(RF— f)+F+2HF
—(1—F)(2H + 3H?),

with

R=6(H +2H?).

(6)

Here H = a/a is the Hubble parameter. Also pp and
pp are the curvature contribution to the energy den-
sity and pressure which can play the role of DE. Also
p = PBM + PDM + Prad and P = Prad = prad/3 are the
energy density and pressure of the matter inside the uni-
verse. The energy conservation laws are established for
the pressureless matter, p,, = pMm + poM, radiation, praq
and DE, pp. On the whole of the paper, the dot and the
subscript R denote the derivatives with respect to the
cosmic time ¢t and the Ricci scalar R, respectively.

II. GROWTH RATE OF MATTER DENSITY
PERTURBATIONS

The evolution of the matter density contrast é, =
0pm/pm provides an important tool to distinguish f(R)-
gravity and generally MG models from DE inside GR
and, in particular, from the ACDM model.

The linear evolutions of matter density contrast, in a
flat FRW background is govern by [5,6]

Om + 2H by — 4nGlog pindm = 0, (7)

where
G[4 1 M3a?
Gt == |z —s5—55| 8
TTF (3 3R+ M2 (®)
and M? = % Equation (8) obviously shows that the

screened mass function, i.e. Geg/G, is the time and scale
dependent parameter. In the present work, we obtain the
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evolution of linear perturbations relevant to the matter
spectrum for the scales; & = 0.1,0.01,0.001 A Mpc_l7
where h corresponds to the Hubble parameter today.
For smaller scales, k > 0.2 h Mpc ™', the effect of non-
linearity becomes important, which is out of the scope of
this paper.

III. GENERALIZED SECOND LAW OF
THERMODYNAMICS

According to the GSL, entropy of the matter inside
the horizon beside the entropy associated with the sur-
face of horizon should not decrease during the time [7].
Karami et al. [8] showed that within the framework of
f(R)-gravity, the GSL for a spatially flat FRW universe
enclosed by the dynamical apparent horizon and contain-
ing the pressureless baryonic and dark matters as well as
the radiation is given by

TaSior = ﬁ 2H?F — HHE + 2(H + H2)F} . (9)
where Siot = Sm + Sa is the total entropy due to dif-
ferent contributions of the matter and the horizon. Here
Sa = % is the geometric entropy of the horizon in f(R)-
gravity, where A = 4774 and 7 is the dynamical appar-
ent horizon which is same as the Hubble horizon for a flat
FRW universe, i.e. 7o = H™!. Also Tx = ﬁ (1—2}}%)
is the Hawking temperature on the apparent horizon.
Note that Eq. (9) shows that the validity of the GSL,
ie. TaSior > 0, depends on the f(R)-gravity model. In
subsequent sections we examine the validity of the GSL
for some viable f(R) models.

IV. COSMOLOGICAL EVOLUTION

To obtain the evolutionary behavior for f(R) models
we need to solve the following equation [9)

(14 2)%y + (1 + 2)yy + Joym + J3 =0, (10)
where
1-F
J=-3—(—— 11
! <6H2FR)’ (11)
2—F
Jp= — 12
> 3H?FR’ (12)
Jy=—3(1+2) — ——
3 (42 =~ S~
_ 1 _
[(1 F)((1+2)° +2x(1 + 2) )+3QmO(R Al (3)
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We are intersected in investigating the growth of struc-
ture formation and examining the GSL in f(R)-gravity,
hence in what follows we consider some viable f(R) mod-
els including the Starobinsky [5], Hu-Sawicki [10], Ex-
ponential [9], Tsujikawa [11] and AB [12] models, Egs.
(15)-(19), respectively.

f(R) =R+ A\R; (1—1—2—2)"—1] , (15)
_p af(@)"
J(R) = R~ BR, (1-¢ %), (17)
F(R) = R — AR, tanh (g), (18)
COS E_
f(R) = g + glog <%(b)b)> ) (19)

In the next section, we only present the results and figures
obtained for AB model. The overall results obtained for
the rest of models are illustrated in section VI.

V. NUMERICAL RESULTS

With the help of numerical results obtained for yg(2)
in Eq. (10), we can obtain the evolutionary behaviors
of H, weg = —1 — 32%, q, Qm, Qp and GSL for our se-
lected f(R) models. The results for the AB f(R) model
are displayed in Figs. 1-5. Figures show that: (i) the
Hubble parameter decreases during history of the uni-
verse. (ii) The effective EoS parameter, wes, starts from
an early matter-dominated regime (i.e. weg = 0) and in
the late time, z — —1, it behaves like the ACDM model.
(iii) The deceleration parameter ¢ varies from an early
matter-dominant epoch (¢ = 0.5) to the de Sitter era
(g = —1) in the future, as expected. It also shows a
transition from a cosmic deceleration ¢ > 0 to the accel-
eration ¢ < 0 in the near past. The current value of the
deceleration parameter is obtained as —0.6 which is in
good agreement with the recent observational constraint
qo = —0.431513 (68% CL) obtained by the cosmography
[13]. (iv) The density parameters Qp and Qy, increases
and decreases, respectively, as z decreases. (v) The GSL
is always satisfied from early times to the late cosmolog-
ical history of the universe.
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AB f(R) Model

FIG. 1. The variations of the Hubble parameter H versus
redshift z. Auxiliary parameters are Qm, = 0.24, Qp, = 0.76,
Qrady = 4.1 x 107% and b= 1.4, ¢ = Rs/(b + log(2 cosh b)).

AB f(R) Model

Wefr(2)

FIG. 2. The variations of the weg versus redshift z. Auxil-
iary parameters are as in Fig. 1.

In Figs. 6-8, we plot the evolutions of growth factor f,
g and Geg /G, versus z for the AB f(R) model. Figures
show that: (i) The evolution of the growth factor f(z)
for this model and ACDM model together with the 11
observational data of the growth factor, show that for
smaller structures (larger k), the f(R) model deviates
from the observational data. But for larger structures
(smaller k), the growth factor very similar to the ACDM
model, fits the data very well. (ii) The linear density
contrast relative to its value in a pure matter model g =
d/a starts from an early matter-dominated phase, i.e.
g ~ 1 and decreases during history of the universe. For
a given z, g in the AB f(R) model, is greater than that
in the ACDM model. (iii) The screened mass function
Gegr /G for a given wavenumber k is larger than one which
makes a faster growth of the structures compared to the
GR. However, for the higher redshifts, the screened mass
function approaches to unity in which the GR structure
formation is recovered. Note that the deviation of Gog/G
from unity for small scale structures (larger k) is greater
than large scale structures (smaller k).
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AB f(R) Model

q(z)

FIG. 3. The variations of the deceleration parameter q ver-
sus redshift z. Auxiliary parameters are as in Fig. 1.

AB f(R) Model

Qu(z)

Qi(z)

FIG. 4. The variations of the density parameter €2; versus
redshift z. Auxiliary parameters are as in Fig. 1.

VI. CONCLUSIONS

Here, we investigated the evolution of both matter
density fluctuations and GSL in some viable f(R) mod-
els containing the Starobinsky, Hu-Sawicki, Exponential,
Tsujikawa and AB models. Our results show the follow-
ing.

(1) All of the selected f(R) models can give rise to a late
time accelerated expansion phase of the universe. The
deceleration parameter for the all models shows a cosmic
deceleration ¢ > 0 to acceleration ¢ < 0 transition. The
present value of the deceleration parameter takes place in
the observational range. Also at late times (z — —1), it
approaches a de Sitter regime (i.e. ¢ — —1), as expected.

(ii) The effective EoS parameter weg for the all models
starts from the matter dominated era, weg ~ 0, and in
the late time, z — —1, it behaves like the ACDM model,
weg — —1.

(iii) The GSL is respected from the early times to the
present epoch. But in the future, the GSL for the all
models but the Hu-Sawicki and the AB models, is vio-
lated in some ranges of redshift.

(iv) For the all models, the screened mass function
Ger/G is larger than 1 and in high 2z regime goes to 1.
The deviation of Geg/G from unity for larger &k (smaller
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AB f(R) Model

GT, S 100

FIG. 5. The variations of the GSL versus redshift z. Aux-
iliary parameters are as in Fig. 1.

AB {(R) Model
2 . . : . .
ACDM
18} = = =k=0.1 hMpc ™
----- k=0.01 hMpc™
16F e k=0.001 hMpc™"
® Observational Data

L L L L L
0 0.5 1 15 2 25 3

FIG. 6. The variations of the growth factor f(z) versus
redshift z. Auxiliary parameters are as in Fig. 1.

structures) is greater than the smaller k (larger struc-
tures). The modification of GR in the framework of
f(R)-gravity, gives rise to an effective gravitational con-
stant, Geg, which is time and scale dependent parameter
in contrast to the Newtonian gravitational constant.

(v) The linear density contrast relative to its value in
a pure matter model, g(a) = dn/a, for the all models
starts from an early matter-dominated phase, g(a) = 1,
and decreases during history of the universe.

(vi) The evolutionary behavior of the growth factor
of linear matter density perturbations, f(z), shows that
for the all models the growth factor for smaller k& (larger
structures) like the ACDM model fit the data very well.

[1] T.P. Sotiriou, V. Faraoni, Rev. Mod. Phys. 82, 451
(2010);
A. De Felice, S. Tsujikawa, Living Rev. Relativ. 13, 3
(2010);
S. Nojiri, S.D. Odintsov, Phys. Rept. 505, 59 (2011).

[2] S. Nojiri, S.D. Odintsov, Phys. Rev. D 68, 123512 (2003).

Yo Y¢

AB f(R) Model

1.1 T T T

0.8}¢ ACoM
= = =k=0.1 hMpc™"'
orsyf e k=0.01 hMpc™" []
““““ k=0.001 hMpc™"
07 : : : : :
05 1 1.5 2 25 3

FIG. 7. The variations of the linear density contrast rela-
tive to its value in a pure matter model g = §/a versus redshift
z. Auxiliary parameters are as in Fig. 1.

AB f(R) Model
15 T T .
= = ==0.1 hMpc™"'
N~ k=0.01 hMpc™"
4% -1
"\ k=0.001 hMpc
L WS
~ :_‘_-':: -,
1.3 ~ .
. \
X N, [y
A\ 1
5 1.2f Ay [y
S ) )
- ) v
. [}
110 * \
N, N\
. .

1 H.?::m- X N—
09 . . . . .

0 05 1 15 2 25 3

FIG. 8. The variations of the screened mass function
G /G, versus redshift z. Auxiliary parameters are as in Fig.
1.

[3] Y. Sobouti, Astron. Astrophys. 464, 921 (2007).

[4] S. Capozziello, et al., Int. J. Mod. Phys. D 12 1969,
(2003);
S. Capozziello, V.F. Cardone, A. Troisi, Phys. Rev. D
71, 043503 (2005).

[5] A.A. Starobinsky, JETP Lett. 86, 157 (2007).

[6] S. Tsujikawa, Phys. Rev. D 76, 023514 (2007);
S. Tsujikawa, K. Uddin, R. Tavakol, Phys. Rev. D 77,
043007 (2008).

[7] R.G. Cai, S.P. Kim, JHEP 02, 050 (2005).

8] K. Karami, M.S. Khaledian, N. Abdollahi, Europhys.

Lett. 98, 30010 (2012).

9] K. Bamba, C.Q. Geng, C.C. Lee, JCAP 08, 021 (2010).

] W. Hu, L. Sawicki, Phys. Rev. D 76, 064004 (2007).

] S. Tsujikawa, Phys. Rev. D 77, 023507 (2008).

]

]

S. A. Appleby, R. A. Battye, Phys. Lett. B 654, 7 (2007).

[
1
1
1
13] S. Capozziello, et al., Phys. Rev. D 84, 043527 (2011).

[10
[11
[12
13




olad) 4l psle (LSS oMuaas sl
Ol poad (a5 oleas S (pesiaa
VWAL cudigual Yo 5 YE

The effect of inclination angle of the coronal loop plane
on the resonant absorption of kink waves

S. Amiri, Z. Ebrahimi and K. Karami
Department of Physics, University of Kurdistan, Pasdaran St., Sanandaj, Iran

Here, we investigate the effect of inclination angle on the resonant absorption of standing fast kink
body waves in the solar coronal loops. To this aim, we consider a typical coronal loop as a straight,
zero-f3, nonaxisymmetric and longitudinally stratified cylindrical magnetic flux tube. With the help
of connection formulae, we derived and solved numerically the dispersion relation governing the
quasi normal kink modes. Consequently, we obtained both the frequencies and damping rates of the
fundamental and first-overtone kink modes. We concluded that as the inclination angle of the loop
plane increases: (i) the frequencies and their relevant damping rates decrease. (ii) The frequency
ratio we /w1 of the first overtone and its fundamental mode increases. (iii) The ratio of the oscillation

frequency to the damping rate remains unchanged.

I. INTRODUCTION

Since the first observation of transverse oscillations of
coronal loops by Nakariakov et al. [1] many studied have
been made to explain and interpret such decaying oscilla-
tions. Verwichte et al. [2] observed two values 1.81+0.25
and 1.64 £+ 0.23 for the period ratio P;/P, in different
loops.

Karami, Nasiri & Amiri [3] showed that for both kink
(m = 1) and fluting (m = 2) modes, in the presence of
longitudinal density stratification one sees that the fre-
quencies ratio of resonantly damping oscillations is less
than 2 which justifies the observations. On the other
hand, as the stratification parameter increases both the
frequencies and their relevant damping rates increase.
But the ratio of any frequency to its relevant damping
rate does not experience any change with changing the
stratification parameter.

Karami et al. [4] studied the effect of an elliptic shape
and its stage of emergence on the resonantly damped
oscillations of stratified coronal loops. Their results in-
dicated that both the elliptical shape and stage of emer-
gence of the loop alter the kink frequencies and damping
rates of the tube as well as the ratio of frequencies of the
fundamental and its first-overtone modes. Their obtained
results were in agreement with the findings of Morton &
Erdélyi [5] for the period ratio P; /Px.

One of the geometrical aspects of coronal loops that
can plays role in interpreting coronal and the loops seis-
mology, is the inclination of the loop plane from a plane
normal to the photosphere. Aschwanden et al. [6] in-
vestigated seven different kink oscillations event of AR
8270 and estimated some geometrical characteristics of
the loops including the inclination angle.

In the present paper we consider an inclination angle 8
for the loop plane and would like to demonstrate how it
affects the resonant absorption in a longitudinally strat-
ified loop.

II. EQUATIONS OF MOTION AND MODELING
OF THE FLUX TUBE

The linearized MHD equations for a zero-£ plasma are
as follows
v 1

+ 1926y, (1)
p

2
8(;5_;3 =V x (6vxB)+ 4(;—0V26B’ (2)
with Jv and dB being the Eulerian perturbations of ve-
locity and magnetic fields. Also B, p, o, n and ¢ are the
constant background magnetic filed, the mass density,
the electrical conductivity, the viscosity and the speed of
light, respectively.

We make some simplifying assumptions the same as the
paper of Karami & Asvar [7]. The perturbed quantities
ov and 0B can be expanded as [3,8]:

$B(r,2) = 3 6B (1)y(2),
k=1
Svira) = 3 6v )y (), 3)
k=1

where 1)(*) (2)s form a complete set of orthonormal eigen-
functions of Alfvén operator L4, and satisfy the relation
L™ = np™*) [3,8]. One can write the density func-
tion as p(r,z) = po(r)p(z). We assume po(r) to be as

that of [4], i.e.,
Pin; (’f‘ < Rl)’

por) =8 [ (R=1) + pox, (Bi<r<R), ()
Pex (’F < R),

PRI
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where R is the loop radius and R — R; indicates the
width of the inhomogeneous layer [. For the longitudinal
direction z, we choose [9]

p(z) = exp [— pcos(8) sin (ﬂ;)} (5)
Here the stratification parameter y is defined as p := %,

with L and H being the length of the loop and the density
scale height respectively. Solving Egs. (1) and (2)for
body waves in the interior region and in the absence of
dissipation(i.e., out of the inhomogeneous layer) will lead
to the solutions of [4], with all definitions and symbols
being held here:

—+oo

> AR (ki)™ (2),  (6)

k=1

6BV (r,2) =

in wB
Sop(r,2) = — =
“+oo k K . s
x Y S AW 1 (i) (), (7)
=1 Tlin,k

Tin, k
B2 /An”
function Jp, index ”in”, and |kin x| are replaced by the

modified Bessel function Ky, "ex” and kexx = — ];75’/‘2;,

where k7, | = For the exterior region the Bessel

respectively.

III. CONNECTION FORMULAE AND
DISPERSION RELATION

In the inhomogeneous layer of the tube -where the den-
sity decreases from its interior to its exterior constant
value- the tube oscillation frequency equals the Alfén fre-
quency. Consequently the solutions amplitude become
unlimited and one can not obtain any analytical solution
there. In the thin boundary approximation the jumps of
the solutions across the layer - or the so called “connec-
tion formulae”- help to relate the interior and exterior
analytical solutions. According to [4], the jumps are as
follows

[6B,] =0
+o0o Bom? <¢un,k) |6B,§i“’k)> _
) | = — (1n,k). ]
[0V, ] zk: 42, <¢(1n,k) | LA1‘¢(i“7k)>¢ (8)

Here L 4; denotes the derivative of L4 in Alfvén radius.
Also ¢tnk)’s are the eigenfunctions of L4 with vanishing
eigenvalues. They are defined as follows [4]

OL 4
or T=Tra

po)(r)
o ;9

r=ra~R

= (1)2[1 + Skk]

La =

u@)@bﬁjﬁ&&gh&;é&m‘d

Ol poad (a5 oleas S (pasian
cetgua,l Yo 5 V¢

and
1nk \/72¢1nk . (—Wz), (10)
where
¢§m,k) _ { p(lfsj% j fz , (11)

2
Skj = “\z pcos ()
E o kr | . mzy . 4w
></0 sm(fz) sm(f) sm(fz)dz.

To obtain a dispersion relation and consequently the
complex frequencies & = w + iy of various modes, one
should substitute exterior and interior solutions into the
jump conditions (8) and set r = R, where the resonant
occurs. The form of the dispersion relation and all its rel-
evant functions and symbols in this paper are the same
as Eqs. (28)-(32) in [4].

(12)

IV. NUMERICAL RESULTS

To obtain the frequencies and damping rates we take
the stratification parameter u = 0.9. Also we assume
the necessary parameters of the coronal loop and its sur-
rounding medium to be the same as those in [4], i.e
L =10°km, R = 10° km, B = 100 G, p;, = 2 x 104
gr em™2, pex/pim = 0.1, v4, = 2 x 10 km s7!, vq_ =
6.4 x 10% km s~!. We normalize frequencies and damping
rates with respect to wa,, = —3= = 0.02 rad s~.

In Figs. 1 and 2 we plot the frequency w, the damping
rate |y| and the ratio w/|y| for both fundamental and
first-overtone modes of kink (m = 1) waves, versus the
loop plane inclination angle 6. Figures show that: (i)
as the loop becomes more inclined, both frequencies wy
and wsy decrease. For instance, by increasing the angle of
inclination from 0 to 75° the decrease of w; and ws are
45% and 32% respectively. (ii) The damping rates |y|also
decrease when the inclination angle increases. The per-
centage of decrease in this case is 46% for |y:1| and 23%
for |y2|, when @ increases from 0 to 75°. (iii) The ratio
w/|7y| - which is proportional to the number of oscilla-
tions take place before damping completely - does not
affected by the loop plane inclination angle . Therefore,
we expect two loops with different inclination angles to
have the same number of oscillations.

In Fig. 3, the frequency ratio wy/w; of the first over-
tone and its fundamental mode is plotted versus the in-
clination angle. Figures shows that: (i) for a stratified
loop, the frequency ratio ws/wy increases with increasing

L STINEEET -,
S --'7*13*_ =
.2 L
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FIG. 1. The oscillation frequency w1, the damping rate |1 |
and the ratio w1 /|y1|, versus the loop plane inclination angle
6 for the fundamental kink modes (m = 1) with the stratifi-
cation parameter p = 0.9. The loop parameters are L = 10°
km, R/L = 0.01, I/R = 0.02, pex/pin = 0.1, pin = 2 x 107*
gr cm™® and B =100 G.
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FIG. 2. Same as Fig.
modes (m =1).

—_

, but for the first-overtone kink

the loop plane inclination angle. Therefore, the inclina-
tion angle is one of the important aspects that should
be taken into account for a comprehensive interpreting
of coronal seismology using frequency ratios. When the
inclination angle varies from 0 to 75° then the frequency
ratio we/wy increases from 1.55 to 1.94, i.e. it changed
approximately 25%.

V. CONCLUSIONS

The main goal of this work was to illustrate that how
an inclination with respect to the vertical plane - which
is observed in coronal loops - does affect the resonant ab-
sorption of kink waves in such oscillating loops. To do so,
we modeled a coronal loop as a longitudinally stratified
flux tube. Using a connection formulae, we derived the
relevant dispersion relation and solved it numerically in
thin tube thin boundary approximation. Consequently,
we obtained the frequencies and damping rates of the

50

i
FIG. 3. The frequency ratio ws/w of the first overtone and

its fundamental mode versus the inclination angle 6 for kink
modes (m = 1). Auxiliary parameters as in Fig. 1.

fundamental and first-overtone kink modes. Our numer-
ical results show that the frequencies and their relevant
damping rates decrease with increasing the loop plane
inclination angle. But the ratio of the oscillation fre-
quency to the damping rate which shows the number of
oscillations, remains unchanged. Also the frequency ra-
tio wa/wy of the first overtone and its fundamental kink
mode increases when the inclination angle of the loop
plane increases.
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Stable Planetary orbits in binary Star Systems
Behzad Bojnordi Arbab, Amir Kayvan Lashkari, Atefeh Mirzabeigi

Bahonar University of Kerman

Abstract

In this paper, we will describe the motion of three body motion, also with special case of
circular restricted three body motion (CRTB). By solving equations of motion for several situations,
we obtain the velocities for which, the planet keeps in stable orbits. Lagrangian points are also
important suggestions for stable orbits. In this investigation, we found that a vast majority of planets
found in binary systems are in binaries with eccentricities near to 0. So we chose to focus on CRTBs.
Even Roche limit is considered in the lower limits of the orbits.

Introduction
The 3-body Problem

The three body problem is one of the hardest problems that has been in the minds of physicists from the fathers
of physics like newton until now. The solutions to it, leads to orbits for moons and artificial satellites, as well as
3-star systems and binary systems with a planet. Lagrangian points were the first and easiest solutions to this
problem. In this paper, we call the three body problem as TBP.

Equations
We have a system with three bodies; 1st: The massive star with the mass of sun, 2nd: The star with half the mass
of sun, 3rd: The planet. So we have a three body problem. But the low mass of the planet, suggests that we can
solve a general two body problem and obtain the orbits for the binary stars. In this view, first we have to solve
the two-star system in general. It must be a close orbit because a binary star has to remain as a binary system in
long periods of time. For a binary system, the positions of each star can be written as:

w*mumy|® = g(my +my) =1
The x and y coordinates of the starl and star2 in this coordinates system are given by:
X1 =-u y,=0andx;=1-p y,=0

The system of second-order non-dimensional differential equations of motion of a point-mass
satellite or celestial body in this rotating coordinate system are given by

d’x _dy X — X X — X,

2 (1= _

dt? dc ~ ~ a-w e # T3
d?y  dx y y d?z z z
2y (1= (- = —p=

X,y,z:components of position
X1=—f x=1-up
u = starl — star2 mass ratio = m;/m, ~ 1/81.27
The Jacobi integral for the three-body problem is given by
V:P=x2+y2+—C
Our MATLAB script graphically displays motion of a spacecraft or small celestial body in the circular-restricted
three-body problem.

YI=X Y, =X Y3=Y Y=Y

. dyy . . dy, Vi+u yi—14+u . _dys .
O R e I - R ok et Tt
dy, Vs

. Vs
Vi= g = T2, +y3—(1—u)§—ug

= ’(}’1+M)2+3’3? r2=\/(}’1—1+ﬂ)2+}’32

This problem is for ease of use, formulated in canonical units. The length unit is taken to be the constant
distance between the stars, and the unit of time is chosen such that the Stars have an angular velocity about the
barycenter equal to 1

Where
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Open Orbit

When the planet is in an open orbit which the planet escapes the system immediately, the planet seems to escape

in a very interesting way. It seems in figure 1 That the planet is moving from the system in a direction which no

force is present.

This issue can be answered: our coordinate system is rotating. So it is not an inertial system.

In reality, in these cases, the planet moves away from the binary system in a spiral or parabolic contour. But in

this non-inertial system, the movement seems awkward.

05

y coordinate
y coordinate

05k

1 1 1 L 1 L L 1 1 - L L L 1
£ -4 3 2 -1 0 1 2 3 4 5 i 05 0 0.5 1
x coordinate x coordinate

S-type and P-type planets

We have two major families of planets orbiting the binary stars. There is the S-type planets, which are orbiting
almost around one star. In this case, the planet's orbit is a circle or an ellipse which is like the orbits around one
star. This is a result from the very small distance of the planet from one star, and the great distance from the
other. The S-type planets are in orbits nearer to the star with the maximum distance of Rmax. This sort of orbit
is shown as figure 2.
And there is the P-type planets, which orbit around the binary system from a distance, large compared to the
semi axes of the binary. In this case, the planet is moving around the whole system and never crosses the line
between the stars. These P-type planets are supposed to orbit the system in contours that are larger than a
distance, name it Rmin. (1)

Roche limit

There is another physical limit for the planet to be stable. And it is the Roche limit. When a satellite or planet
gets too near to its mother planet or star, the difference between the gravitational forces of the nearest point to
the farthest point of the planet from the star, leads to a tidal force which expands the planet in its direction. If the
planet reaches a point which the gravitational force from the planet itself is not able to pull together the mass of
planet, it gets apart and is not a planet anymore. This Roche limit is the distance "d(R)" in which:

"

Stable Planetary Orbits
langrangian points

P,
de.QﬁRm( p\ )

lagrangian points for the system of S1 and S2 are obtained this way:
The nonlinear equation for the L4, L,, L5 libration point is

x—(l_”)+ 2 B x_(l—u)_ 2 _ 0
(x+mw? (x—1+wpw? (x+mw? (x—1+w?
ot 1—p) I

=0
(x+w? (x—1+p?
The lower and upper bounds used during the root-finding search for all three equations are

x = —2 and x = 2 Respectively
The L, liberation point is located at x = 1/2 — u,y = v/3/2 and the liberation point is at
x=1/2—pu,y=—-+3/2

c e . R
sin g o
RS- TR
S _-',*"s‘; -
e - ] LI -
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. S two liberation points r; =1, = 1

< egquilibrium coordinates and energy >

mass ratio = 5.0000000000e-001

location x—coordinatce yv—coordinate energy
L1 0.000000 0.000000 —2.0000000000e+000
Lz 1.198406 0.000000 -1.7283981120e+000
L3 —-1.198406 0.000000 -1.7283981120e+000
L4 0.000000 0.86060025 —1.3750000000e+000
L5 0.000000 —-0.866025 -1.3750000000e+000

Velocity Distributions for stable orbits

In order to obtain stable orbits, we started by experimenting with different velocities and starting points in order to
distinguish the conditions for stable or non-stable orbits.

The contours for each condition has been captured and we set some conditions in order to know if a planet is in
a stable orbit:

If the given planet remains in orbit within 100 periods of binary stars, in which remaining in orbit
means the planet does not reach the -5 to 5 (times the distance of the two stars) boundary.

We started series of simulations in order to find the high limit for velocity of the planet. When we reached the
velocity in which from thereafter, the orbit became unstable, the velocity was named the critical velocity of that
point. The critical velocities of several points were obtained and the results are as follows:

4
/‘ 3.5
£ 3
s / 2.5
< ;
> 2
.g 1.5
= :
R 05
0
-1.2 -1 -0.8 -0.6 -0.4 -0.2 0
Position
chartl 1
4
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>
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(]
o \
<
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0.5 \\4
0
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User Defined Initial Conditions User Defined Initial Conditions
User Defined Initial Conditions User Defined Initial Conditions
User Defined Initial Conditions User Defined Initial Conditions
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Dynamical Evolution of Star Clusters in a Time-dependent Galactic Potential

S. Taghavi'?, H. Haghi', A. Hasani Zonoozi*
! Department of Physics, Institute for Advanced Studies in Basics Sciences, Zanjan
2 Department of Mathematics, Mazandaran University of Science and Technology, Behshahr

Abstract

In order to understand the orbital history of Galactic halo objects, such as globular clusters, authors usually assume a
static potential for our Galaxy with parameters that appear at the present-day. According to the standard paradigm of
galaxy formation, galaxies grow through a continuous accretion of fresh gas and hierarchical merging with smaller
galaxies from high redshift to the present-day. This implies that the mass and size of the disk, bulge, and halo changes
with time. We investigate the effect of assuming a live Galactic potential on the orbital history of halo objects and its
consequences on their internal evolution. We numerically integrate backward the equation of motion of objects in both
live and static potential; we show that in a live potential, the birth of the objects, 13 Gyr ago, would have occurred at
significantly larger Galectocentric distances, compared to the objects orbiting in a static potential. Based on the direct
N-body calculation of star clusters carried out with collisional N-body code, NBODY6, we also discuss the
consequences of the time-dependecy of a Galactic potential on the evolution of star clusters in a simple way, by
comparing the evolution of two star clusters embedded in galactic models, which represent the galaxy at present and
12 Gyr ago, respectively. We show that assuming a static potential over a Hubble time for our Galaxy, as it is often
done, leads to an enhancement of mass-loss, an overestimation of the dissolution rates of globular clusters, an
underestimation of the final size of star clusters, and a shallower stellar mass function.
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Dynamics of cold clouds in the broad-line region of AGNs
Fazeleh Khajenabi

Golestan University

ABSTRACT

We investigate orbital motion of Broad-Line Region (BLR) clouds in AGNs by considering
central gravitational force and non-isotropic radiation force. It is assumed that the intercloud
gas can be described using Advection-Dominated Accretion Flows (ADAFs) where its pressure
distribution depends on both the radial distance and the latitudinal angle. We also discuss about
stability of the orbits and a condition for the existence of bound orbits is obtained. It is shown
that BLR clouds tend to populate the equatorial regions more than other parts simply because
of the stability considerations. Drag force may also affect orbit of BLR clouds as we discuss.

42

. -
.
LTS TR
i _.‘,’ﬁl':-*_ -
Te . 2 . .-‘ -



S N e e s

Ol psad a5y oleas S Gueauna

WAL cudigua,l Yo V¢

ol S5 5351 (B 2o

Slgly Sl s
Gyl Sio olSils

oS
Ol oSz slice 4 (0 o 8l 380 slo (il ancd ol ped 4 3 sla Jloys (goud 938 Ol s (g5l ,IS0]
bt Sy 23 0l oz e Wgh @ omie Sl JSaS anlf SIS LS 5 S0 58 g ple w5 S)b S
slr oY yobe (LD oS slive o Jlidew ool 53 adl (oo oo 5l Al Gl (Brre e Sl cnl il o0
5 sals ym e BB S S5 5 o S sl eyl oo 5L 5 o sl J5She oS35 o
LSS auple die; opl 40 0ol (goo, sle sl g (goud 93,8 Sl ilew 5l dgm g0 (sla cols @ S pgd Sy 4o

A anlgE By (el (5 0y Cemt) J97 5 Adgl sl )l s LSCA5 anl B caled o

43




Olas) gl psle (LSS o Maas sl
Oloal psad (o855 (2leds S asasaa
VWAL cadgual Yo o YE

Intermediate inflation in a non-canonical setting

K. Rezazadeh!, K. Karami' and P. Karimi?
! Department of Physics, University of Kurdistan, Pasdaran St., Sanandaj, Iran

2 Education Organization of Kurdistan Province, Sanandaj, Iran

We study the intermediate inflation in a non-canonical scalar field framework with a power-like
Lagrangian. we obtain an inverse power law inflationary potential and approximate the total e-fold
number of inflation in our model. Then, we estimate the inflationary observables and show that in
contrast with the standard canonical intermediate inflation, our non-canonical model is compatible
with the observational results of Planck 2015. Subsequently, we obtain an approximation for the
energy scale at the initial time of inflation and show that it can be of order of the Planck energy
scale. Therefore, we can resolve one of the mysteries of the inflation theory.

PACS numbers: 98.80.Cq

I. INTRODUCTION

Inflationary scenario is one important part of modern
cosmology. In this scenario, it is believed that a rapid
expansion has occurred in the very early stages of our
universe. Consideration of this fast accelerated expansion
can resolve some of basic problems of the Hot Big Bang
cosmology, such as horizon problem, flatness problem and
relic particle abundances problem.

In the standard model of inflation, a canonical kinetic
term is included in Lagrangian and usually this term is
dominated by the potential term. But also there are some
models of inflation in which the kinetic term can be differ-
ent from the standard canonical one [1-5]. These models
are known as the non-canonical models of inflation.

In this paper, we focus on the intermediate inflation
in a non-canonical setting. First, we turn to obtain the
inflationary potential for our model. Then, we approxi-
mate the total e-fold number of inflation in our model.
In addition, we estimate the inflationary observables and
compare them with the observational results of Planck
2015 [6]. Subsequently, we find an approximation for the
energy scale at the start of inflation.

II. INTERMEDIATE INFLATION IN A
NON-CANONICAL FRAMEWORK

Let us consider the following action
5= [t v=g £0x,0) 1)

where £, ¢ and X = 0,¢0"¢/2 are the Lagrangian, the
inflaton scalar field and the kinetic term, respectively.
The energy density ps and pressure py of the scalar field
for the above action are given by [1-5]

44

py = 2X (gf() L (@)
Py = L. (3)

In this work, we consider the flat FRW metric. Therefore,
the kinetic term turns into X = ¢?/2. Also, dynamics of
the universe is determined by the Friedmann equation

1
H? = —=py, (4)
302

together with the acceleration equation

a 1
-—= - 3pe) , 5
PR Ve (o +3ps) ()
where Mp = 1/+/87G is the reduced Planck mass, a is
the scale factor and H = a/a is the Hubble parameter.

The first and second slow-roll parameters are defined
as

)i
€=—ﬁ, (6)
€
77:672[‘[87 (7)

respectively. In the slow-roll approximation, we have ¢ <
1 and n| <« 1.

In this paper, we assume that in the action (1), the
Lagrangian has the power-like form

e =x(75)" - v ®

where « is a dimensionless parameter and M is a param-
eter with dimensions of mass [3-5]. For a = 1, the above
Lagrangian turns into the standard canonical Lagrangian
L(X,6) = X - V(9).

Inserting the Lagrangian (8) into Eqgs. (2) and (3), we
find the energy density and pressure of the scalar field ¢
as




X a—1
Py = X(M4) — V(o). (10)
We can show that by use of the slow-roll conditions

for the Lagrangian (8), the first slow-roll parameter (6)
is related to the potential V' (¢) as

()G @

Also, in the slow-roll regime, the potential energy domi-
nates the kinetic energy and thus the Friedmann equation
(4) reduces to

1

H(0)= 53

V(9). (12)

Moreover, in the slow-roll regime, the evolution equation
of the scalar field is [4]

fMe [6V(9) et
b= %(%m)< w@)@M} } . (13)

where § = 1 when V' (¢) > 0 and § = —1 when V'(¢) < 0.
In this paper, we are interested in studying the inter-
mediate inflation with the scale factor

alt) = exp [A(Mp)!] (14)
where A >0 and 0 < f <1 [7-9].

With the help of Egs. (4), (5), (9) and (10) for the
intermediate scale factor (14), we find the inflationary
potential as [5]

¢ —S
=Wl — 1
Ve =5 ) (15)
where
da(1—f)
= ——= 16
"Toayf-2 (16)
and
3 x 290173 o mat T D N S
VO = 4a(l—f)
(204 f —2)70F7 2
4a—2 2(1—f) 4
x (Af)2F7=2 (1 = f)?F7=2 Mp, (17)

where M = M/Mp. We see that the potential driving
the intermediate inflation in our non-canonical frame-
work, like the potential of the standard canonical case
[9], has inverse power law form.
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III. ENERGY SCALE AT THE INITIAL TIME OF
INFLATION

It is convenient to express the amount of inflation with
respect to the e-fold number defined as

Qe
The above definition leads to
H

Here, we are interested in obtaining the evolution of the
scalar field ¢ in terms of the e-fold number N. To this
end, in Eq. (19) we replace H and ¢ from Egs. (12) and
(13), respectively. We notice that the potential (15) has
inverse power law form, thus V'(¢) < 0 and consequently
we take 6 = —1 in Eq. (13). Now, we can solve the differ-
ential equation (19). To determine the initial condition,
we use the first potential slow-roll parameter (11) which
for our inflationary potential (15), reads

2(atf-1)

)
2(a—1) 2af
(Af) =575 2a + f - 2) =5

d) _ 2aff
2a+f—2
(i) T

This is a decreasing function during inflation and hence
the relation ey = 1 is related to the initial time of infla-
tion [10]. Consequently, the value of the scalar field at
the start of inflation is obtained as

3af fa—1) _ 4f(a—1)
2%a+7—2 (y2at7—2 N Zati—2 (1 —

gy =

(20)

i1

VB M (AN (- )T
200+ f — 2

¢i Mp.

(21)

With this initial condition, the differential equation (19)
gives

_ 2v2ap ™ (1 - f)*
a? 20+ f —2) (Af)T

2a+

X [f (Ni = N = 1) + 1] 757 Mp,

(22)

where NV; is the e-fold number corresponding to the initial
time of inflation.

In the slow-roll approximation, the power spectrum
of scalar perturbations for our non-canonical model (8)
acquires the form [3-5]

6aav(¢)5a—2

1

. . ( )2&1
s — a—8rrd4(a— 2

Tmies \ Myl SMAe-DY(g)* )

. (23)

This quantity should be evaluated at the sound hori-
zon exit specified by aH = csk where k is the comoving
wavenumber and ¢; is the sound speed defined as [1-5]
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2 8p¢/8X

= . 24
7 Bpy/0X (@)
For our non-canonical model (8), it reduces to
1
cs = (25)

V2a =1’

which is a constant quantity. Using Eqgs. (15) and (22)
in Eq. (23) and after some simplifications, we get

V2a—1(Af)Y!
82 (1 - f)

sl

Py = [f(Ni =N —1)+1°77. (26)
In the above equation, we see that for the value of f =
2/3, the scalar power spectrum is independent of the e-
fold number N and we expect a Harrison-Zel’dovich scale
invariant spectrum. The scalar spectral index is defied

as

_ dlnPs

A T

(27)

Here, we use the equation aH = ¢4k and we note that H
is approximately constant during slow-roll inflation, and
also ¢, is constant for our non-canonical model. There-
fore, we get

dlnk = —dN. (28)

Using this relation together with Eqs. (27) and (26), we
obtain the scalar spectral index as

2-3f
F(Ni—N-1)+1

ng=1-— (29)

In addition, using Egs. (28) and (29), we find the running
of the scalar spectral index as

dns 2-3Nf
dink — [f(N,;=N—-1)+1"

(30)

The power spectrum of the tensor perturbations for our
non-canonical model (8) is given by [2]

_ 2 (V(g)
Pi= 32 < M3 )aH_k’

where it should be calculated at the horizon exit specified
by aH = k. Inserting Eqgs. (15) and (22) into Eq. (31),
we obtain

(31)

2Af)7 _20-4)
po= 2 - N T @)
The tensor spectral index is defined as
_ dln Pt

With the help of Eqgs. (28), (32) and (33), we obtain the
following relation for the tensor spectral index
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2(1- /)
N —N-D+1

ng = —

(34)

Another important inflationary observable is the tensor-
to-scalar ratio defined as

ﬁ
i
|3

(35)

Substituting Eqgs. (26) and (32) into (35), we obtain the
tensor-to-scalar ratio as

16 (1 —
r= 0-7) . (36)
V2a —1[f(N; — N —1) +1]
Now, using Eqgs. (25), (34) and (36), we see that the
consistency relation for our non-canonical model [3-5]

r = —8csny (37)

is satisfied.

If we evaluate the inflationary potential (15) at ¢; given
by Eq. (21), we find the potential energy at the initial
time of inflation as

2(1

Vi= V(o) = 34N> (1 - )T M.

(38)

Here, we take o = 20 and f = 1/4 and set A = 4.119 as
determined in [5]. In addition, we take the e-fold number
of the horizon exit as N, = 60. Now, if we fix 738|N* =
2.207 x 107° from Planck 2015 TT,TE EE+lowP data
combination [6] in Eq. (26), then we find the e-fold
number corresponding to the initial time of inflation
as INV; = 201. We define the total e-fold number as
Niot = N; — N, where N, is the e-fold number corre-
sponding to the end time of inflation and vanishes ac-
cording to definition (18). Therefore, our non-canonical
inflationary model predicts the total e-fold number of in-
flation as Nyt = 201. It should be reminded that this
value is an approximation according to Linde’s idea about
the eternal inflation [11,12].

In order to show the consistency of our discussion, we
estimate the inflationary observables and compare them
with the Planck 2015 observational results. For this pur-
pose, we evaluate the inflationary observables at N, =
60. Therefore, using Eq. (29) we obtain ns = 0.9653
which lies in the range with 68% CL allowed by Planck
2015 TT,TE,EE+lowP data (ns = 0.9644 + 0.0049) [6].
Also, from Eqs. (30) and (36), we get dns/d1Ink = 0.0002
and 7 = 0.0534, respectively, which are in agreement
with Planck 2015 TT,TE,EE+lowP data at 68% CL [6].
Furthermore, from Eq. (34) we see that our model pre-
dicts the tensor spectral index as n; = —0.0417 that
can be checked by precise measurements in the future.
Therefore, we conclude that in contrast with the stan-
dard canonical inflation, our non-canonical model is con-
sistent with the Planck 2015 observational results.

At this point, we obtain an approximation for the en-
ergy scale at the start of inflation. To this end, we use Eq.

.
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FIG. 1. Evolution of the inflationary potential (15) versus
the dimensionless time ¢ = Mpt. The dotted line specifies the
potential energy at the initial time of inflation.

(38) and find the potential energy at the initial time of
inflation as V; = 21.30M 3. Therefore, we find the energy
scale at the start of inflation as Vil/4 ~ Mp ~ 1018GeV
which is of order of the Planck energy scale. There-
fore, we can provide a reasonable explanation for one
of the mysteries of the inflation theory that the en-
ergy scale defined by the energy density of the universe
at horizon exit is a few orders of magnitude less than
the Planck energy scale and is approximately of order
Mp/100 ~ 1016 GeV according to observational results,
while we expect that inflation occurs at the energy scale
of order Mp ~ 10'®GeV [13]. In fact, we resolve this
problem by implying that inflation begins from the en-
ergy scale of order Mp but it converges rapidly to the
energy scale of order Mp /100 at which the slow-roll be-
haviour occurs so that the horizon exit takes place at
this energy scale. In order to show this remark more
concretely, we use Eq. (15) to plot the evolution of infla-
tionary potential versus dimensionless time. This plot is
demonstrated in Fig. 1. It should be noted that we could
solve this problem in our inflationary model because the
slow-roll conditions are not perfectly satisfied during a
short period of time at the beginning of inflation. To
show this fact, we use Eq. (6) for the intermediate scale
factor (14) and plot the evolution of the first slow-roll
parameter relative to dimensionless time in Fig. 2. This
figure shows that after a short period of time, inflation
rapidly enters the slow-roll regime (¢ < 1) in which the
horizon crossing takes place.

IV. CONCLUSIONS
Here, we investigated the intermediate inflation char-

acterized by the scale factor a(t) = exp [A(M pt)! } where
A>0and 0 < f <1 in anon-canonical framework with
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FIG. 2. Evolution of the first slow-roll parameter (6) versus
the dimensionless time ¢ = Mpt.

a power-like Lagrangian. We showed that in our non-
canonical framework, the intermediate inflation is driven
by the inverse power law potential. Having the inflation-
ary potential in hand, we turned to find an approxima-
tion for the total e-fold number of inflation in our model.
Subsequently, we estimated the inflationary observables
and showed that in contrast with the standard canonical
intermediate inflation, our non-canonical model of inter-
mediate inflation can be compatible with Planck 2015
results. Finally, we obtained an approximation for the
energy scale at the initial time of inflation and showed
that it can be of order of the Planck energy scale. There-
fore, we could provide a convincing explanation for one
the mysteries of the inflation theory.
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Stability of galactic disks in MOG
Mahmood Roshan
Ferdowsi university of Mashhad
Abstract

In this paper, I review the current status of the Modified Gravity (the so-called MOG). Then I will
consider the local/ global gravitational stability of self-gravitating disks in MOG. In the case of local
stability, we find the generalized version of the Toomre's stability criterion for fluid disks as well as
stellar disks and discuss some possible deviations between MOG and Newtonian gravity. For global
stability, we use numerical simulations using the predictor-corrector method. I will present our last

results obtained frorn the above mentioned simulations.
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Motion Of Test Particle In The Space Time Of Black Hole In Conformal Weyl Gravity

Soroushfar Saheb, Saffari Reza and Hoseini Bahareh
Department of Physics, University of Guilan, P.O.Box: 41335-191/4, Rasht, Iran.

In this paper we consider the motion of test particles in the black hole space-time given by P. D.
Mennheim and D. Kazanas. We derive the analytical solutions for the equation of motion of neutral
test particles. the geodesic equations can be solved in terms of Weierstrass elliptic functions and
derivatives of Kleinian sigma functions. the different types of the resulting orbits are characterized
in terms of the conserved energy and angular momentum.

I. INTRODUCTION

One of such alternative theories of gravity is Conformal
Gravity(CG)(Maldacena, 1997), a gravitational theory
which is based on a large symmetry principle known as
conformal symmetry. Intuitively, beside of local Lorentz
symmetry, it also has an scaling symmetry in which the
physics is invariant under the rescaling the metric as
Juv = eQ(I)gl“, . The motion of test particles (both mas-
sive and massless) provides the only experimentally fea-
sible way to study the gravitational fields of objects such
as black holes.For this purpose the Weierstrassian ellip-
tic functions are most useful because they lead to simple
expressions. The resulting structure of the equations of
motion is essentially the same as in Schwarzschild space-
time, where they can be solved analytically in terms of
elliptic functions as first demonstrated by Hagihara in
1931 [8]. This method was also applied to the analyti-
cal solution of the equations of motion in 4-dimensional
Schwarzschild de Sitter [7] and Kerr de Sitter space-
time [9], as well as in higher dimensional Schwarzschild,
Schwarzschild-(anti)de Sitter, Reissner-Nordstrom 2 and
Reissner-Nordstrom -(anti) de Sitter spactime [10]and in
higher dimensional Myers-Perry spacetime [11].

II. METRIC AND FEILD EQUATION

Let us consider a conformal Weyl gravity. An exact
static, spherically symmetric black hole solution is given

by [1]

dr? 2102 .2 2
—— +r°(df* +sin” 0dp°) (1)

ds* = —B(r)dt* + B

where the coordinates are defined in the range —oco <
t<oo,r>0,0<60<7mand0< ¢ < 2w, and the lapse
function, B(r) , is given by

B(2 —357)

B(r)=1- — 3By + 1 — kr? (2)

Here , k and are positive constants associated to the cen-
tral mass, cosmological constant and the measurements
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of the departure of the Weyl theory from the Einstein -
de Sitter, respectively. [2]

IIT. ANALYTICAL SOLUTION OF GEODESIC
EQUATIONS

The geodesic motion in such a space-time is described
by the geodesic equation
ast dx?f dx’
il it 3
ds? e ds ds 3)

where I'’is the Christoffel symbol. The first constant
of motion is given by the normalization condition ds? =

L9 d;: df: = 3¢ where for massive particles € = 1 and
for light € = 0. conserved energy and angular momentum
dt  dt (2 —3vP) 9

E=g4—=-—1-8——-3 —k 4
g, = 5. (1= B— By +ar —kr) (4)

de 2 dp

L= P p—.
Yo ds r ds (5)

which reduce the geodesic equation to one ordinary dif-
ferential equation

dr L?
— =E?-B(r = 6
= (e + ) (6)
Together with energy and angular momentum conserva-
tion we obtain the corresponding equations for r as func-
tions of ¢

dar L?
dp :ﬁ(E —B(T)(6+T7)) (7)

Eq.(6) gives a complete description of the dynamics of
the geodesic motion. Eq.(6) suggests the introduction of
an effective potential

B(2—348) L?
T

Vers = (1 - —3B’y+'yr—kr2)(e+r—2) (8)

For the analysis of the dependence of the possible types
of orbits on the parameters of the space-time and the test




particle or light ray it is convenient to use dimensionless
quantities. Thus, we introduce

Sl=

r
m

—~

and rewrite Eq.(7) as

(d /dp)? = keLi® — veLi® + (E2L + 3BveL — eL + k)it
+(€8(2 = 387)L — 1)’ + (367 — 1)i?
+ B(2 = 3yB)F = Ry(F) (10)

The major point in this analysis is that Eq.(10) implies
Rs; > 0 as a necessary condition for the existence of a
geodesic. Thus, the zeros of Ry are extremal values of
7(¢) and determine (together with the sign of R, between
two zeros) the type of geodesic. The polynomial R, is in
general of degree 6 and, therefore, has 6 (complex) zeros.
but the positive real zeros are of interest for the type
of orbit. As 7 = 0 is a zero of R, for all values of the
parameters, this zero is neglected in the following and

(dF /dp)? = keLi® — veLF* + (E*L + 3BveL — L + k)i
+ (B2 = )L —7)r? + 38y - V)7
+ B2 —B) = Ry(F) (11)

is considered instead of Rs. By a comparison of coeffi-
cients we can solve the equations for £? and L dependent
on e.

(r—38)(yr =378 +2)

L =
r2(=2kr3 + yr? — 3v5% + 283)

(12)

22— 2(—kr3 +4r% — 3arB + 3a8? + r — 23)?
- (r=3B)(yr =38 +2)r

Fig.(1) the results of this analysis are shown for test par-

(13)

ticles. we introduce a new variable u = M/r, which
yields
du o 3 2
(35)" = (B2 —vB)u” + (3fy — 1)u
+ (B2 = BY)L —Y)u+ (E*L + 3BveL — eL + k)
vel kel
- —+ — 14
—t e (14)

Null geodesics

For € = 0 Eq.(14) is of elliptic type Ps(u) = 32°_ asu'.
With the standard substitution u = é(ély — %) Eq.(14)
can be transformed to the Weierstrass form and so that
this equation turns into:

d
(ﬁ)2 =4y° — goy — g3 = P3(y), (15)
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a3 aias aiazas agag aj
where g2:ﬁ_ 1 and gng—T—mThe

analytical solution of Eq.(15) for ¢ = 0 is then given by

y(p) = ple = win) (16)
Then the solution of Eq.(10) acquires the form

as

7(p) = . 17
(?) 4p(p — Pin; g2, 93) — % a7
where
> dz as as
@i =<P0+/ — = — + — (18)
" vo VA3 — g2 — g3 dro 12

depends only on the initial values g and rg.

Timelike geodesics

For e =1 Eq. (14) should be rewritten as

du

(g = (B2 —1B)’ + (367 — Do

+ (B(2 = BY)L — y)u? + (E2L + 3BveL — eL + k)u?
— veLu + kel = ps(u) (19)

the solution of this equation is
u(p) = ——(o) (20)

where o; is the i place derivative of Kleinian ¢ function
and o, is

o(z) = Ce*'k20[g, h] (2w 2; 1), (21)

which is given by the Riemann #-function with character-
istic [g, h]. A number of parameters enters here: the sym-
metric Riemann matrix 7 , the period-matrix(2w, 2),
the periodmatrix of the second kind (27,27), the
matrixx = 7(2)~! and the vector of Riemann constants
with base point at innity 2[g, h] = (0,1)* + (1,1)*7. The
constant C'can be given explicitly, see e.g. [6], but does
not matter here.then the analytical solution of Eq.(10) is

() = ——¢o (22)

Orbits

According to the Fig(1) and the Eqgs.((12) , (13)) there
are three regions. the physically acceptable regions are
given by those values of r, for which E? > V.ts, The
following different types of orbits can be identified

1. Flyby orbits: r starts from oo, then approaches a
periapsis r = 7, and goes back to oco.

a* g v . *
L SN oL
- .;*':-': .
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FIG. 1. different regions of geodesics movement of particles
for values:e = 1,k = =55, =1,a =10"°.
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FIG. 2. effective potential of geodesics movement of parti-

cles. lateral line is second power of energy.

2. Bound orbits: 7 oscillates between two boundary
values r, < r <rg, with 0 <7, <1y <00.

3. Terminating bound orbits: r starts in (0,7,] for
0 < r, < oo and falls into the singularity at r» = 0.

4. Terminating escape orbits: r comes from oo and
falls into the singularity at r = 0.

The four regular types of geodesic motion correspond
to different arrangements of the real and positive zeros
of R(r) defining the borders of R(r) > 0 or, equivalently,
E? > V¢ . number of real and positive zeros of R ()
charaterize the possible orbits in every region. fore xam-
ple for the E = +/0.94, L = 0.07 there is four real zeros,
see (potential of Fig (2)) and that there are two orbits
(Figs. (3, 4):

bound orbit and terminating bound orbit which parti-
cle move from r, and falling to singularity of black hole.
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FIG. 3. E? = /0.94, L = 0.07.terminating bound orbit.

3k

FIG. 4. E* = 1/0.94, L = 0.07.bound orbit.

IV. CONCLUSION

In this work we considered the motion of massive and
masless test particles in the metric presented in [1].the
geodesic equations can be solved in terms of Weierstrass
elliptic functions and derivatives of Kleinian sigma func-
tions. The results obtained in this paper can also present
a usefull tool to calculate the exact orbits and their prop-
erties, including observables like the periastron shift of
bound orbits, the light de ection of flyby orbits, the de
ecton angle and the Lense-Thirring efect. It would be
interesting to extend this work to a charged and rotating
version.
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Analysis of the instability due to the drag force in dusty protoplanetary discs
Mohsen Shadmehri

Golestan University

ABSTRACT

We first give a very short review of various mechanisms for the formation of structures in
protoplanetary discs. Then we investigate drag force driven instability in dusty protoplanetary
discs in the linear regime. We extend previous studies by including multiple dust populations
and growth rate of the perturbations is calculated numerically. For a system with two phases
dust particles, it is found that the instability becomes stronger. It has important astrophysical
implications such as estimating the minimum dust abundance for clumping of dust particles due
to this kind of instability. We also discuss about other important physical agents (e.g., magnetic
tields) that may affect the instability significantly.
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Investigation the stability of ghost and Chaplygin models of dark energy by means of
observational constraints in an interacting mechanism

Sheikahmadi, Haidar!; Aghamohammadi Ali?; Saaidi, Khaled!

! Faculty of Science, Department of Physics, University of Kurdistan, Sanandaj
2 Sanandaj Branch Islamic Azad University, Iran

Abstract

A non-minimal coupling between scalar field and the lagrangian of all component of the Universe has been
considered; and then using this concept we investigate the classical stability of the both Chaplygin gas and ghost
models of dark energy. The positive sign of the square sound speed term indicates the stability of this model in all

epochs.
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Automatic detection for Extreme-ultraviolet solar coronal bright points

Hossein Safari, Azar Nasiri and Nasibe Alipour

Here, we aims to automatic detection of extremeultra violet solar coronal bright points observed
by Atmospheric Imaging Assembly (AIA). The method is based on machine learning SVM classifier
and image Zernike moments. The size frequency distributions of detected bright points show the
lognormal behaviors. Around 3 percent of solar surface is covered by solar coronal bright points.

PACS numbers: 05.10.-a ,05.10.Gg, 98.70.Vc

I. INTRODUCTION

This Coronal bright points (solar coronal bright points
were observed on the X-ray and extreme-ultraviolet im-
ages [1]. Coronal bright points with the size less than 60
arcsec are appeared on the solar atmosphere and their
lifetimes are ranged from a few minutes to few days [2].
A majority of solar coronal bright points are associated
with canceling magnetic bipoles and a small percentage
of them are related to the ephemeral active region [3].
SDO/AIA is providing full Sun images through UV and
EUYV filters. Here, using an automatic detection algo-
rithm by using SVM and invariants of Zernike moments,
the solar coronal bright points are recognized.

II. METHOD

Coronal bright points detection methods are developed
based on intensity characteristics as compared with back-
ground [4, 5]. The following steps are employed to recog-
nised bright points from 193 A AIA images:

- Coronal bright points are mostly seen in quiet sun re-
gions and coronal holes. In active regions they dis-
appear into the general background activity there is
too much line-of-sight confusion. We selected coro-
nal bright points for training classifier network. Ac-
cording to Sattarov et al., (2010), we select poten-
tially bright points that are centered to an image-
tile with radius greater than 2 Mm (3 arcsec) and
less than 20 Mm (28 arcsec). Their shapes would
not elongated and crescent-like structures In Figure
1, a typical light-curve of a CBP in three phases is
shown. The final selected bright points (700 bright
points) are used as class 1 of our training data set.
In class 2, some non-bright points features with
sample spatial sizes (60" x60") are selected. In Fig-
ure 2, samples of selected CBPs and non-CBPs are
shown.

- The Zernike moments of each image tiles of bright
points and non-bright points image-tiles are com-
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puted. The magnitudes of the moments are fed to
the SVM classifier. Now, the network classifier are
ready to use.

- For each images of size 40964096 from 193 A data set,
were calibrated and de-rotated, imagetile, starting
from x1 = 1 and yl=1 with the size Ax=20 and
Ay=20 is extracted.

The Zernike moments of this image-tile is computed
and the magnitudes of the moments are fed to the SVM
classifier. The code picks up a label 1 for a bright point
feature and 2 for a non-bright point feature. If it is
a bright point, the locations (Zmaz, Ymaez) and time t
are saved. Then the small box is moved first in x-
direction until the end of the grid is reached and then
in y-direction.

III. RESULTS AND DISCUSSION

Using the automatic detection method, the coronal
bright points of full disk 193 A SDO/AIA images are rec-
ognized. The recognized bright points with distances of
their brightness centers (the position of maximum value
of brightness) larger than 60 arcsec are called ”separate
events”. For distances smaller than 60 arcsec, using the
Region Growing (RG) algorithm the pixels (Ri) of each
bright points are determined. Also, two bright points
with separate pixels, Ri(Rj = (), we know as ”sepa-
rate events”. On 20 hours period of study of AIA im-
ages, the average numbers of 600 coronal bright points
(separate events) per image are detected. These average
numbers are twice of Sattarov et al. (2010) and Zhang
et al. (2001). In Figure 3, samples of identified CBPs
(marked with red contours) are presented. As we see,
the considerable number of faint and small bright points
are detected. Javaherian et al. (2014), have shown that
the structures of Zernike moments are distinctive enough
to identify the faint and bright features with various sizes
and different rotation angles using a SVM classifier [6].
The disagreement between the number of bright points




with previous studies (e.g., Sattarov et al., 2010) may be
depend on spatial resolution of data as used and perfor-
mances of recognition algorithms.

The frequency distribution of size of bright points as
a function of the sizes (A) in log-log scale is shown in
Figure 4.

N .

)
ASun

The filling factor of bright points for a full disk image
is given where, N is the number of observed CBPs and
Aguyn is the area of solar surface within £60 longitude
and latitude. The evolution of the filling factor of bright
point cores, and their distributions are shown in Figures
5. The filling factor is ranged in 0.012-0.017. This gives
3 percentage of solar surface is covered by area of bright
points and twice of Zhang et al. (2001).
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FIG. 5. The evolution of the filling factor of CBPs, and
their distributions for 7 June 2010 are shown.
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FIG. 1. Temporal evolution of a CBP. A typical light cure
of the coronal bright point.
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FIG. 3. SoHO/EIT full disk image at 195 A on 16 Febru-
ary 2008 00:00 UT. The locations of CBPs (green contours)
recognized by presented algorithm are shown.
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Torsional Alfvén waves in Solar Spicules

Ebadi, H.1:2
! Astrophysics Department, Physics Faculty, University of Tabriz, Tabriz, Iran
2 Research Institute for Astronomy and Astrophysics of Maragha, Maragha 55184-441, Iran.

Based on observational data it is cleared that the spicules axis have transversal oscillations. These
oscillations may be modeled via either Kink waves or Alfvén waves. In the present work we model
these waves as torsional Alfvén waves. The SUMER/SOHO spectroscopic data are used to calcu-
late the period ratio of fundamental mode and its first harmonic. It is showed that this value has
departures from its canonical value of 2 because of steady flows and density stratification.

PACS numbers: 05.10.-a ,05.10.Gg, 98.70.Vc

I. INTRODUCTION

Observation of oscillations in solar spicules may be
used as an indirect evidence of energy transport from
the photosphere towards the corona. Transverse motion
of spicule axis can be observed by both, spectroscopic and
imaging observations. The periodic Doppler shift of spec-
tral lines have been observed from ground based corona-
graphs [1]. The observed transverse oscillations of spicule
axes were interpreted by kink [1,2] and Alfvén [3] waves.
The kink mode, amongst others, differs from the torsional
Alfvén mode, in that it displaces the whole flux tube in
the transverse direction, while torsional mode does not
displace the tube at all. Hence the kink mode is a bulk
motion of the internal and external plasma, whereas the
torsional Alfvén mode can exist independently on each
magnetic surface. However, despite this significant dif-
ference, the kink mode is still highly Alfvénic [4].

One of the most important functions of coronal seis-
mology is determining the period ratio P;/P» between
the period P; of the fundamental mode and the period P
of its first harmonic. [5] analyzed the time series of oxy-
gen line profiles, obtained from SUMER/SOHO on the
solar south limb spicules. They calculated Doppler shifts
and consequently Doppler velocities on a coronal hole
region. They performed wavelet analysis to determine
the periods of fundamental mode and its first harmonic
mode. The calculated period ratios have departures from
its canonical value of 2. Different factors such as the ef-
fect of density stratification and magnetic twist [6] can
cause the deviation of the period ratio from its canonical
value.

II. OBSERVATIONS

SUMER is a high-resolution normal incidence spectro-
graph operating in the range 666-1610~A (first order)
and 333-805~A (second order). The angular pixel size is
~1. The spectral pixel size depends slightly on the wave-
length. Contriving normally allows sub-pixel resolution.
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a) Line width variations at h=4 arcsec of 0(1031.93 4
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FIG. 1. a. Line width variations of the studied spicule
4" above the limb in OvI (1031.93 A) line. b. The wavelet
power spectrum. The contour levels are chosen so that 75%,
50%, 25%, and 5% of the wavelet power is above each level,
respectively. The cross-hatched region is the cone of influence,
where zero padding has reduced the variance. c. The global
wavelet power spectrum.

It can vary from about 45 mA /pixel at 800~A to about
41~mA/pixel at 1600~A and its precision on the time is
very good (100 ms).

We analyze OvI (1031.93 A) line profiles from the time
series by fitting to a Gaussian and calculated line widths.
we used the two stable photospheric neutral oxygen emis-
sion lines (i.e. O1 (1027.43 A) and O1 (1028.16 A)) that
happen to be in the same spectral window with the OvI
lines. Line width variations and proper wavelet analysis
results are presented in Figure 1 for Ovi (1031.93 A).
The wavelet power spectrum, the cone of influence, and
the global wavelet power spectrum are plotted in each
figure. The contour levels are chosen so that 75%, 50%,
25%, and 5% of the wavelet power is above each level,
respectively.




III. RESULTS AND DISCUSSION

We consider an equilibrium configuration in the form
of an expanding straight magnetic flux tube with varying
density along tube. We use cylindrical coordinates r, ¢,
and z with the z-axis coinciding along tube axis. it is
claimed that about 20% of observed spicule kink waves
are standing. Possibly there is a similar percentage of
standing torsional Alfvén waves in spicules. So, in what
follows we continue on standing torsional Alfvén waves
with the nodes located at 2 = 0 and z = L (L is spicule
length). To describe the plasma motion we use the lin-
ear ideal MHD equations for a cold plasma. The final
equation is as follows:

9%¢, 1 0¢, 1 5 9
- 4 s =0, (1
5 Hp 0: \amg e ) =0 )
where a = (% In this equation the lengths

are normalized to spicule length (L), and frequencies
to Alfvén frequency (wa = % = 0.06 rad/s; V4 =
\/5% =75km/s; By =12 G, po = 1.9 x 1071% kg m—3,
po =47 x 1077 T m A~1, and L = 8000 km). Magnetic
and density scale heights are determined as Hp = 1816
km and H, = 752 km.

We solve equation 1 numerically by using differen-
tial transform method (DTM) to obtain both eigenfre-
quencies and eigenfunctions of standing torsional Alfvén
waves in stratified and expanding solar spicules. We use
the rigid boundary conditions and assume that £,(0) =
¢,(L) = 0. In Figure 2 we plotted Torsional Alfvén
modes frequencies and the period ratio P,/P, between
the period P; of the fundamental mode and the period P,
of its first harmonic. Frequencies are increasing with an
increase of . The ratio P;/P; is decreasing with a and
reaching to observed values around oo = 3 (Hp ~ 3H)).
The fundamental mode and its first harmonic period ra-
tios have departures from its canonical value of 2.

IV. CONCLUSION

We consider an equilibrium configuration in the form
of an expanding straight magnetic flux tube with vary-
ing density along tube. We use cylindrical coordinates
r, ¢, and z with the z-axis coinciding along tube axis.
It is claimed that about 20% of observed spicule waves,
are standing torsional Alfvén waves. More realistic back-
ground magnetic field, plasma density, and spicule radios
inferred from the actual magnetoseismology of observa-
tions are used. We used a novel mathematical method
which was explained in the last section to solve equa-
tion 1. Fundamental and its first harmonic frequencies
are increasing with . On the other hand their ratio is
decreasing with a and reaching to the observed values
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FIG. 2. Torsional Alfvén modes period ratio Pi/P> be-
tween the period P of the fundamental mode and the pe-
riod P, of its first harmonic are plotted. The colors black,
blue, red, and green are corresponded to M4 = 0,0.2,0.3,0.4,
respectively.

around a ~ 3. The fundamental mode and its first har-
monic period ratios have departures from its canonical
value of 2 which was distinguished by observations. The
density stratification and magnetic twist are two main
factors which make the period ratio departures from its
canonical value of 2. These two factors are studied in
spicules both observationally and theoretically. FEigen-
function variations with height show that the oscillations
amplitude are increasing towards higher heights. It is in
agreement with the results of spicule observations. This
means that with a little increase in height, amplitude of
oscillations become expanded due to significant decrease
in density, which acts as inertia against oscillations.
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The Frontiers of Galaxy Formation & Evolution
Moein Mosleh

IPM
ABSTRACT

Over the last decade, we have witnessed enormous progress in the ability to understand the
formation and evolution of galaxies. However, there are many open questions still remaining on
all aspects of the galaxy formation and evolution. More work needs to be done in order to link
between observed properties of galaxies and their underlying physics. I will briefly introduce
some of the important current questions on galaxy formation and evolution. And will talk about

upcoming opportunities to resolve different aspects of these questions.
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RY Aquarius a binary with pulsating /-scuti primary component

Davood Manzoori, Salar Abbasvand, Farshid Najafi Nezhad!
! Department of Physics, University of Mohaghegh Ardabili , P. O.Box. 179, Ardabil, Iran

We present analysis of period and Light Curve (LC) variations in Ry Aqr system, the Fourier
frequency analysis indicates that primary is a pulsating, J-scuti variable star, moreover O-C curve
analysis shows that the period of the system is secularly decreasing with a rate of dp/dt=0.074 sec/yr.
This decrease in the orbital period variations was attributed to a mass and angular momentum loss
from the system with rate 2.57 x 107'° Mg /yr. Apart from the secular period decreases the orbital
period of the system is modulated by a cyclic period of 72.69 yr, this period was attributed to a
third body orbiting around the barycenter of the system.

I. INTRODUCTION

RY Aqr (HD 203069) is a semidetached rather low
mass eclipsing binary of period 1.966d, visual magni-
tude 8.81 and spectral type A7-8V+K2V, as reported
by Pickering (1908). Its peculiar characteristic is intrin-
sic variability reported by Helt (1987) with out analysis
the system was discovered as a variable star by Leavit.
Dugan (1924) carried out the first photometry of the sys-
tem and first spectroscopic observations of the system
was made by Popper (1980, 1982). Helt (1987) observed
the system photometrically in narrow band Stromgreen
uvby passband filters. He used two different Methods of
WINK (Wood, 1972) and Wilson-Devinney (1971) codes
to analyze the obtained data, his result indicated a main
sequence star of mass 1.27M® for primary and a low
mass 0.26 M ® companion, which nearly fills its Roche
critical surface. Helt (1987) also reported a period of
1.98d for intrinsic variability of the system. Popper
(1989) reobserved spectroscopically the system and re-
ported M1 =1.26M® and M2 =0.26M® .

The period changes of the system was studied by Soy-
dugan (2008) who found a period of 90 yr cycle is
modulating the orbital period and he attributed this to
(LTTE). The system was reported to be an X-Ray source
observed by Einstein survey of Algol like system.

In this study of the system we purpose to redetermine the
physical and orbital elements of the system and discuss
variations in the period as well as fluctuations in the LC,
and phenomena causing these variations, using modern
software PHOEBE.

II. PERIOD VARIATIONS

To study the period changes of the system, we have
collected the O-C values from different source mainly
from the updated O-C webpage of Czech Astronomical
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Society*. All the collected data were converted to the
a common Epoch using the following linear Ephemeris
from Keriner,

Trinr = HJD 2423977.191500 4+ 1.3572855E (1)

then the O-C data were plotted against Epoch cycles,
shown in Fig. 1, and is roughly fitted by a downward
parabolic curve described by the Eq.

az? +br+c=0 (2)

where,a = —(2.296 4 0.096) x 1079 b = (—9.4254 +
0.552) x 1076, ¢=0.03920.002, The residuals between the
fitted parabola and O — C' normal points are displayed
in Fig. 2, as obvious from Fig. 2. these residual indicate
a quasi-sinusoidal behavior, which can be fitted by a sin
curve with the following particulars:

Z = Zy + sin(wt + ¢o) 3)

Where A = 0.075 £ 0.003d, w = (4.653.0 £ 0.32) X
107%d=1, (¢po = 4.734 + 0.172) Zy, = —0.027640.003d
And corresponding period P; = 72.69 + 2.50yr. For
more discussions and interpretation (see section V B).
the parabolic behavior of O-C curve described in above
and indicated in Figs. 1 & 2, implies a secular period
decrease which can be attributed to the mass angular
momentum loss from the system. Moreover the quasi pe-
riodic changes of the residuals plotted in Fig. 2 can be
due to cyclic (or periodic) effect modulating the orbital
period. (see the subsection V.B for interpretations and
discussions).

III. OBSERVATIONS AND LIGHT CURVE
ANALYSIS

We have downloaded photometric data in the BVI
passbands from webpage of American Association of

“http://var.astro.cz/ocgat
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FIG. 1. Representation of the (O-C)residual values (filled
squares) and its description by a downward curved parabola
(continuous curve)for RY Aqr.
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FIG. 2. Representation of the residuals between parabolic
fit and (O-C)residual values (filled circles) and its description
by a sine curve(continuous curve), for RY Aqr.

Variable Star Observers (AAVSO). A total of 1627 points
in B and I and 1644 data points in V, passband filters
were selected. The downloaded data were phased by the
following Ephemeris given by Keriner

Trinr = HJD 2423977.191500 + 1.3572855F (4)

Then the phased data are plotted against magnitude
in Fig. 3. Since the appearance of the plotted data, was
resembled a typical semidetached LC, moreover the sys-
tem was reported to be a semidetached (see Helt 1978,
Popper 1989), therefore the semidetached mode of the
PHOEBE program was chosen to obtain simultaneous
BVI, LCs analysis. Furthermore, the appropriate grav-
ity darkening and Bolometric Albedo coefficients are se-
lected according to the spectral types of the primary
and secondary components, i.e., gl=1.0, A1=1.0 and
22=0.32 , A2=0.5. The limb darkening coefficients are
read from Van Hamme (1993) tables automatically by
the PHOEBE program according to the input data. To
avoid the solution degeneracy and obtain reliable param-
eters, following the Popper (1989), we fixed the mass
ratio (¢ = My/M;) at ¢=0.206, moreover, since the spec-
tral type of the primary component was reported to be
AT7-A8, and reference to the discussion of Helt (1987),
the temperature T1, of the primary is set to T1=7800K,
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TABLE I. Spot parameters obtained through PHOEBE
Programme for SV Cam components

Star Colat — Long — size — Temp.—
(Deg) (Deg) (Deg) factor

2 75 310 17 0.90
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FIG. 3. Synthetic BVI LCs (continuous curves), obtained
using SD mode of the PHOEBE program observed LCs (filled
circles), for RY Aqr.

and did not further adjusted. The other main param-
eters, i.e.,Q1,the dimensionless surface potential of the
primary,Ts,the effective temperature of the secondary, i,
the inclination of the orbital plan, e, the eccentricity and
L1, the monochromatic luminosity of the primary com-
ponent were set as free parameters. The free parameters
were adjusted by trial and error method so that to min-
imize the cost (and x?) function along with the formal
errors of the adjustable parameters. However, It was ob-
served, during the process of fitting to get the best LCs
solutions the assumption of a dark spot with particulars
given Tabel 1 below was necessary.

So by considering statement of the Helt (1987) in mind
i.e., "The Roche lobe filling solution gives much poorer
fits than those solution that size of the star B can be
adjusted freely.” The mode was switched to the detached
mode, however by keeping the parameters at the same
values the errors of the parameters particularly the AQ
in this mode were reduced to considerably lower values.

IV. FOURIER ANALYSIS OF THE LC
RESIDUALS

As evident from the observed light curve presented in
the Fig. 3, there are a clear fluctuations, with low am-
plitudes at out of eclipse phase in all the three filters.
In Fig. 4 we have plotted the out of eclipse residuals
in B-Parsband after subtraction of by syntactic LC. os-
cillatory character of residual curve is clear. Therefore
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FIG. 4. Residuals between the synthetic and observed LC
in B-passband, for RY Aqr. system, fluctuations in the resid-
uals are clear,

to investigate these oscillations, since the spectral type
of the primary was reported to be A3 type, moreover
the position of the primary component on the H-R di-
agram was well in the base of instability strip see the
Fig. 5. Therefore, the LC residuals in the passband B
(shown in Fig. 4), were subjected to frequency analysis,
using period 0.4 software (Lenz & Breger 2005) which is
based on the Fourier analysis. To perform this we have
subtracted the synthetic LC from the observed data, ex-
cluded the data for primary minimum residuals, then car-
ried out, the analysis only for the out of eclipse phases,
i.e., residuals between 0.1-0.95 phases, after subtraction
of zero level i.e. frequency . The frequency spectrum of
these data is illustrated in Fig. 3, as evident from Fig
6, there is a distinct peak in the frequency f=6.881948
with amplitude=0.014, which corresponds to a period of
P, = 0.003d = 3.4h, this period is quite close to the
range of period 1-3 h, the range of J-scuti type pulsator
. Hence the RY Aqr is an algol type binary with a pul-
sating (primary) component.

V. RESULTS AND DISCUSSIONS

A. Period variations

Visual inspections of the Figs. 1 & 2, the general trend
of O-C point indicates a downward curved parabolic vari-
ations as described in section 2, which indicates a secu-
lar decrease in orbital period with a rate of dp/dt=0.074
sec/yr. This decrease in orbital period may be attributed
to mass and angular momentum loss from the system
with a rate of m = 2.57 x 1071 Mgyr. Since the sec-
ondary component is a late (G-K type) star moreover
as stated in section 3, due to appearance of the dark
spots on the secondary component, therefor the solar like
phenomenon (e.g. Flaring,) can occur on the surface of
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of RY Aqr. as evident the primary lies on the base of the
instability strip
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FIG. 6. Fourier frequency spectrum of the residuals after
subtraction of synthetic LC from the photometric data except
around the primary eclipse phase, for RY Aqr

the secondary which explains the detected mass loss and
AML from the system. The other possible mechanism
for the mass loss and AML could be through magnetized
star winds (magnetic breaking). The moving out ejected
charged particles in the star wind from the star surfaces
are trapped in the magnetic field of the star. However,
since the secondary in the Algol-type binaries exhibit a
fast rotation, and deep convective layer and hence pos-
sesses strong magnetic field therefore those particles car-
rying momentum are twisted up due to rapid rotation of
the star, shown the star rotation momentum is lost. How-
ever since in the binary stars, synchronization of orbital
and rotation periods are expected the loss of rotational
angular momentum, as pointed out above causes the de-
crease of the orbital period, through spin orbital coupling
consistent with observations.

B. Cause of quasi periodic variation

The cyclic variation in the orbital period may be
caused by one of the followings,




a) Apsidal motion,
b) Magnetic cycle effect,
¢) Light Travel. Time effect (LTTE).

Requirements for apsidal motion, are that variations
modulating the orbital period should be strictly periodic
and also eccentric orbit is a must, however these are not
supported by the finding of this paper, see Fig 1, the
other requirement is that the O-C residual points for pri-
mary and secondary eclipses should be in complete oppo-
site phase which are again not supported by the results
of present paper, as they are in phase agreement (see the
Fig.1). On the other hand the period 72.69 yr found for
cyclic variation, seems to be too long to be due to mag-
netic cycle effects, as for instance these magnetic cycle
duration for Sun is 11 yr, for U Sge, 9 yr, for UW Boo
22 yr. Therefore this period 72.69 yr cycle, may be at-
tributed to the presence of an additional third body in
orbit around the barycenter of the system the particulars
of which may be estimated as below:

Assuming a third body with circular orbit and coplanar
with the system, then we may estimate the the radius of
the orbit and a lower limit to the mass of the possible
third body using the equation 5 below, by putting the
orbital inclination of the presumed third body i3 = 90°
and using the amplitude (A), from the Eq. 3, we get (see
Mayer 1990),
algsim'g =Axc
g = 0 __(main i _ 1
3 (m1 +mg +m3)?  P;

[
(5)

where the quantities,

w = longitude of periastron,

a2 = 12.97AU, orbital radius of the eclipsing pair rela-
tive to common center of mass,

my = 1.27Mg), mass of the hotter component (primary),
my = 0.26 M, mass of the cooler component (secondary)
e = 0, orbital eccentricity of the third body orbit

Ps; ~ 72.69 + 2.51 yr, orbital period of the third body
and A = (7.540.3) x 1072 d, the semiamplitude of the
LTTE

based on these values the estimated mass of the possible
third body ms ~ 1.59 £ 0.50 M, and its orbital radius
ag ~ 12.47 £ 2.34AU.

The mass and period of the presumed third body found
are notagseed with those of Soydugan (2008),i.e., 90 yr
and 1.06 M, .

VI. CONCLUSION

The main conclusions are 1- The primary component
of the system is a pulsating § scuti star with perod of 3.4
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h. 2- The system is a three body system and the sec-
ondary is a near contact spotted subgaint. In addition
the system is losing mass and angular momentum with a
rate of 2.57 x 107 19M,.
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Light and period analyses of two ultrashort binaries KIC 8758716 and KIC 10855535

Davood Manzoori, Salar Abbasvand, Farshid Najafi Nezhad and Neda Amjadi'
! Department of Physics, University of Mohaghegh Ardabili , P. O.Box. 179, Ardabil, Iran

Light and period analyses for two ultra-short binary systems, found by Kepler Space Telescope
were carried out for the first time, using PHOEBE code. Analysis of period variations for KIC
8758716 system, shows mass and angular momentum loss with rates m = 1.087 x 1072, AJ =
—3.99 x 10%kg.m yr~', respectively. However period analysis of the KIC 10855535 indicates a
sinusoidal variation indicative of presence of a third body orbiting the system with period 412 d.
In addition analysis of photometric light curves (LC) were performed in both detached and over
contact modes. The results of analysis indicate that these systems are in detached configuration
rather than contact, consistent with the Stepien’s theory of angular momentum loss (AML).

I. INTRODUCTION

In recent years, the different projects e.g. COROT,
MACHO, OGLE, Kepler, etc. Proposed to study and
find exoplanet objects, provided vast amount of photo-
metric data and as a side product data for large number
of eclipsing binary and other type of variable stars. In
this study of eclipsing binary we purpose to study and
determine the orbital and physical elements of some ul-
trashort period or detach over contact binary stars. The
over contact W UMa stars are class of binary stars, in
which both of the components fills their roche lobes and
form a common envelope, these kind of E.B usually have
mass ratio between 0.2-0.5 however their periods between
0.1-1.5d and they have spectral type between F-K. As
pointed of out above since these type of binaries form
a common envelope, therefore the surface temperatures
of the components in a system are close a each other.
Binnendijk(1970) divided the contact systems in to, two
categories based on LC morphology i.e. class A & W type
binaries. The W subtype have deeper primary minimum
in their LC produced through occultation of smaller com-
ponent by bigger one. While in A-subtype the primary
of the LC is a transit.

II. PERIOD VARIATIONS
A. variations in the period of KIC 8758716

To study the period changes of the system, we have
collected the Eclipse Time Variations (ETV) values from
Conroy et al. (2013). The ETV are plotted against the
corresponding barycentric Julian Dates (BJD). All the
collected data were converted to the a common Epoch
using the following linear Ephemeris,

Trinr = BJD 2454953.673258 + 0.107205E (1)

then the ETV data were plotted against BJD, shown in
Fig. 1, and is roughly fitted by a downward parabolic
curve described by the Eq.
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FIG. 1. Representation of the ETV residual values (Points)

and its description by a downward curved parabola (continu-
ous curve)for KIC 8758716.

a1z + asx +az =0 (2)

where,a; = (—2.05491 4 0.04788) x 1075, as = (0.0275 &
6.612) x 1074, a3 = —44.188 4 1.914. The residuals be-
tween the fitted parabola and O — C' normal points are
displayed in Fig. 2, as obvious from Fig. 2. these resid-
ual indicate no significant variations (see the subsection
V.B for interpretations and discussions)

B. Period Variations in KIC 10855535

ETVs for this system are plotted in FIG. 2, as evident
from the Fig. these values indicate a sinusoidal behavior,
which can be fitted by a sin curve with the following
particulars:

Z = Zy+ A sin(wt + ¢o) (3)

Where A = 138.544-0.22 Sec, w = 0.0024187-+0.0001d*,
(¢ = 0.969 £ 0.002), Zy = 54.71 4+ 0.16sec And corre-
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FIG. 2. Representation of ETV/BJD (points) and sin fit
(continuous curve)for KIC 10855535.
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FIG. 3. Frequency spectrum of ETV for KIC 10855535.

sponding period P3 = 413 4+ 17d. For more discussions
and interpretation see section IV. the parabolic behavior
of O-C curve described in section and indicated in Fig. 1,
implies secular period decrease which can be attributed
to the angular momentum loss (AML) from the system.
Moreover the periodic changes of the residuals plotted in
Fig

III. DATA REDUCTION

In this study of eclipsing binaries we have used photo-
metric data from Kepler Space Telescope mission (2009),
which were collected during years 2009-2012, morder to
have accurate filtering a results have, selected only for
few nights of observe these observation were obtained in
wide range pass band 430-780 nm. We use PHOEBE
code to obtain LCS solutions use of PHOEBE require
suitable input parameters, for this purpose we have se-
lected over contact W UMa mode of the program and
accor-dance to this mode we set the reflection albedos
A1=A2=0.5, and gl=g2=0.32, appropriate to convective
envelope. The lambda darking coefficient, were read au-
tomatically from Van Hamm (1993) in accordance input
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temperatures for the components. Since there exist no
spectroscopic observations of the system. Therefore we
proceeded to find the photometric mass ratio (q) through
a synthetic g-search method, by setting the value of q to
set of values (0.1, 0.2, 0.3, etc.) and for each value of
q, we adjusted the other main parameters (i.e. T1, T2,
01, i, L1, the luminosity) of the binary system so that to
make the x? function Minimum ¥ errors to be less, then
these values of the 7s one plotted against the respected
g-value, in Figs and the value for the q & selected this
value of q as a variable and then we have adjusted the
other parameters i.e. T1, T2, Q1. so that to minimum
the x? function value, and also find best fitting and su-
per position of observed and the synthetic LCS with each
other by eye inspection. The obtained parameter value
one tabulated is table 1, and LCS are plotted in Figs 2.
During the fitting process, in same ease to best fit the
observed and synthetic, it was necessary to assume dark
spots the primary and or secondary components these
spots are arranged in table 2.

However, It was observed, during the process of fitting
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FIG. 6. Synthetic LC (continuous curves), obtained using
contact W UMa mode of the PHOEBE program observed LC
(filled circles), for KIC 8758716.
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FIG. 7. Synthetic LC (continuous curves), obtained using
contact detach mode of the PHOEBE program observed LC
(filled circles), for KIC 10855535.

to get the best LCs solutions the assumption of a dark
spot with particulars given Tabel 1 below was necessary.
The mode was switched to the detached mode, however
by keeping the parameters at the same values the errors
of the parameters particularly the Af) in this mode were
reduced to considerably lower values.

these residual indicate a sinusoidal behavior, which can
be fitted by sin curve with the following particulars:

IV. RESULTS AND DISCUSSIONS
A. Period variations

Visual inspections of the Fig. 1 i.e. ETV for KIC
8758716 system indicates, a general trend of ETV points
indicates a downward curved parabolic variations with
particulars, described in section 2, which indicates a sec-
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TABLE I. The results obtained through LCs analysis using
PHOEBE program

Param Valuesfor — Values for
KICB8758716 KIC 10855535
e 0.001+0.003 0.001£0.002
i(Deg) 67.300£0.069 62.820+0.680
T1(K) 6550£5 6850+4
T>(K) 6550 + 5 6500 + 4
0 4.088+0.009 3.984+0.008
Qo 3.986+0.009 3.922+0.007
q 0.325+0.0013 0.455+0.001
Ly 11.370+0.014 10.564+0.013
el3 - 0.070£0.001

TABLE II. Absolute physical and orbital parameters, of
the XZ And system obtained through LC analysis

Param Valuesfor KIC8758716  Values for KIC
10855535

Period(d) 0.107205(adopted) 0.112782(adopted)

A(Rw) 0.4983 0.502

M, /Mo 0.109 0.092

My /Mg 0.035 0.042

Ri/Re 0.134 0.144

R2/Re 0.0613 0.087

Li/Ls 11.370 £ 0.014 10.564 + 0.013

Ly/Le — —

M por 10.303 9.584

Mo por 8.613 8.256

ular decrease in the orbital period with a rate of dp/dt=-
0.002 sec/yr. This decrease in orbital period may be at-
tributed to mass and angular momentum loss from the
system with a rate of 7 = 1.10 x 10712Mgyr—!. Refer-
ring to the table 1, the temperatures of the components
stars are relatively low, close to F-G spectral type and
capable of mass and angular momentum loss(AML) from
the system through magnetic braking, therefore the de-
crease in period. The rate of angular momentum loss
from the system calculated by using the period decrease
is AJ = 3.99 x 1036 kg.m/yr which is at least 3-4 orders
of magnitude lower than the regular mass losing systems.
This is consistent with the Stepein (2006, 2011), theory
of the mass and angular momentum loss and evolution of
short period low mass close binaries, according to which
theory, they had no enough time within the age of the
Universe, for the components evolve and fill their Roche
lobes and to form a contact system.

Apart from the above statements regarding the AML the-
ory, to get an accurate LC solution, we started with over
contact W-UMa mode of the PHOEBE program, but,
despite relativity good fit of the LC and reasonably low
errors of the adjusted parameters, the configuration of
the system obtained using the obtained parameters in-
dicated a detached one. Moreover the solution of the
LC obtained in detached mode gave relatively more ac-




curate parameters with lower errors of estimations (see
table 1). Fig 2, i.e. the ETVs for KIC 10855535 system,
indicate a very regular sine curve, this was attributed
to the presence of a third body orbiting with a period of
413d around the barycenter of the system. The mass and
orbital radius of which and estimated below.

B. Cause of quasi periodic variation

The cyclic variation in the orbital period may be
caused by one of the followings,
a) Apsidal motion,
b) Magnetic cycle effect,
¢) Light Travel. Time effect (LTTE).
Requirements for apsidal motion, are that variations
modulating the orbital period should be strictly peri-
odic and also eccentric orbit is a must, however these
are not supported by the finding of this paper, see Fig
1, the other requirement is that the O-C residual points
for primary and secondary eclipses should be in complete
opposite phase which are again not supported by the re-
sults of present paper, as they are in phase agreement
(see the Fig.1). On the other hand extrem regularity of
ETVs curve and the period 412 d found for cyclic varia-
tion, do not favor magnetic cycle effects, as for instance
these magnetic cycle duration for Sun is 11 yr, for U Sge,
9 yr, for UW Boo 22 yr. Therefore this period 412 d,
may be attributed to the presence of an additional third
body in orbit around the barycenter of the system the
particulars of which may be estimated as below:

Assuming a third body with circular orbit and coplanar
with the system, then we may estimate the the radius of
the orbit and a lower limit to the mass of the possible
third body using the equation 5 below, by putting the
orbital inclination of the presumed third body i3 = 90°
and using the amplitude (A), from the Eq. 3, we get (see
Mayer 1990),
a12siniz = A x ¢

(mgsin ig)® 1
(m1 —|— mao + m3)2 o P32

(algsin i3)3
Py

[
(4)

where the quantities,

w = longitude of periastron,

a2 = 0.227AU, orbital radius of the eclipsing pair rela-
tive to common center of mass,

my = 0.092M, mass of the hotter component (primary),
mo = 0.042Mg, mass of the cooler component (sec-
ondary)

e = 0, orbital eccentricity of the third body orbit

P; ~ 412 4+ 17 d, orbital period of the third body

and A = (1.5+0.002) x 1072 d, the semiamplitude of the
LTTE
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based on these values the estimated mass of the possible
third body ms ~ 0.096 +0.006 Mg and its orbital radius
as ~ 0.387 £+ 0.065AU.

The mass and period of the presumed third body found
are are comparaable to the primary mass, however its
orbit is relatively low this might be a reason for regular
sinosidal period change..

V. CONCLUSION

The main conclusions, drawn from the results are: sys-
tem KIC 8758716 is losing mass and AM with rates and
= 1.087 x 10712 AJ = —3.99 x 103%kg.m yr—! respec-
tively. The system KIC 10855535 is a Tertiary system.
The results in this paper confirms the Stepein theory of
AML regarding low mass short period close binaries.
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An overview on Topological and Geometrical Properties of Cosmological
stochastic Fields

Seyed Mohammad Sadegh Movahed
Shahid Beheshti University
Abstract

Due to many reasons, fluctuations in cosmological fields become stochastic. Therefore, we have
to rely on robust methods to extract reliable results. Some of stochastic fields in cosmology and
astrophysics in various dimensions are initial conditions, CMB, Large scale fluctuations and
lyman-alpha forest and etc. In this talk, I will give some motivations about stochasticity in
cosmological fields and then some topological and geometrical measures will be assessed and

discussed.
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Evolved Stars in Galaxies; Star Formation History and Feedback : NGC 147 and
NGC 185

Roya Hamedani Golshan!, Atefeh Javadi', Habib G. Khosroshahi' and Jacco Th. van Loon?
1 School of Astronomy, Institute for Research in Fundamental Sciences (IPM), P.O. Box 19395-5531, Tehran, Iran
2 Lennard-Jones Laboratories, Keele University, ST5 5BG, UK

NGC 147 and NGC 185 are low metallicity dwarf elliptical galaxies. They are known to be the
satellites for Andromeda galaxy and form a pair with a roughly equal mass. In spite of similarities
mentioned, NGC 147 and NGC 185 have been through different star formation history and at
the present time they have different amount of interstellar gas and dust. We present the first
reconstruction of star formation history and explore the feedback from dusty stellar wind.

Our method is based on pulsating Asymptotic Giant Branch stars (AGBs). Stars in this late stages
of evolution derive their maximum luminosity which is directly related to birth mass. By using Long
Period Variable stars we obtain the amount of gaseous mass converted to stellar mass, looking back
in time. As a result we find one peak of star formation as old as 7 Gyr and 10 Gyr in NGC 147
and NGC 185 respectively. However, the star formation rate in NGC 185 swiftly drops down to an
approximately constant amount.

Furthermore, AGBs lose most of their mass during the stellar winds. We have modeled the Spectral
Energy Distribution of individual stars with DUSTY code and the stellar mass loss rate have been
obtained in order of 107 Mo yr~—'. Estimation the total mass loss rate is in progress. This will help

us to judge the future star formation.
PACS numbers: 05.10.-a ,05.10.Gg, 98.70.Vc

I. INTRODUCTION

NGC147 and NGC185, Andromeda’s paired satellite
galaxies with the same order amounts of mass and even
same structures but different Star Formation History
(SFH) offer a unique opportunity to consider star for-
mation histories and dust production. Furthermore,
NGC147 and NGC185 categorized as dwarf elliptical
galaxies, therefor they are appropriate candidates to be
investigated to get insight about evolution of dwarf el-
liptical galaxies. We have applied puygo1a7 = 24.15 and
uncoiss = 23.95 following section 3 in [7], which results
NGC 147 and NGC 185 to be Dygci1a7 = 675 £ 27kpc
and Dyago1ss = 616 &= 26kpe far apart.

Chemical evolution of galaxies depends on Initial Mass
Function (IMF), Star Formation Rate (SFR) and galaxy
chemical enrichment that occurs at the end point of
stars’ evolution. [2] showed the efficiency of using evolved
Asymptotic Giant Branch stars (AGBs) with long period
variability in the surface brightness in the rang of 100 to
1000 days, known as Long Period Variable stars (LPVs),
to achieve SFH. AGBs are evolved stars with low to in-
termediate mass (0.8-8 Mg). Since cool AGBs emit most
of their flux in near-infrared wavelengths, the K-band is a
good measure of the bolometric flux. On the other hand
the most evolved, dust-enshrouded AGB stars can be de-
tected at infrared wavelengths. Therefore,the K-band is
an appropriate wavelength for observing LPVs.

This paper aims to construct the birth mass function of
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LPVs and derive star formation history in inner 6".4 x 6’.4
region of NGC147 and NGC185 (section 2.2). In section
2.3, by modeling Spectral Energy Distribution (SED) of
individual stars, we have estimated the amount of dust
that evolved stars shed into Inter Stellar Medium (ISM).
Then in section 3 we have reviewed the results. You can
find the discussion under section 4.

II. DATA AND METHODOLOGY

Optical Data : As a part of a photometric survey of
local group galaxies to resolve AGBs, NGC 147 and NGC
185 were observed in four optical wavelengths with AL-
FOSC instrument on Nordic Optical Telescope during
the nights from 30 August to 1 September 2000 ( [8]).
ALFOSC instrument covers a 6.5 x 6.5 field of view
on CCD. The rectangular boxes on Figure 1 specify the
area that [8] is observed. The boxes cover an area of
1.27 x 1.27 kpc? on NGC 147 and 1.16 x 1.16 kpc? on
NGC 185. 18300 and 26496 AGBs were detected in this
area in NGC 147 and NGC 185 respectively.

Near-IR Data : LPVs are the keystones of our methods
to calculate star formation rate. We used catalog of LPVs
from [5], which observed NGC 147 and NGC 185 on 38
nights between October 2003 and February 2006 in the
Gunn-i-band with ALFOSC. NGC 147 and NGC 185 also
were observed on single-epoch K-band using NOTCam,
during two sequential nights in September 2004. LPVs
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FIG. 1. Spatial distribution of AGB stars (blue) from [1], LPV stars (red) from [5] and Carbon stars (black) from [9] and [4]

over NGC 147 (left) and NGC 185 (right) galaxies.

were detected by image subtraction. And ultimately [5]
contains 726 LPVs: 213 of them belongs to NGC 147 and
513 to NGC 185.

We have also made use of the carbon stars photome-
teric data published in Sohn et. al. (2006) and Kang et.
al. (2005). Observations were obtained with Canada-
France-Hawaii Telescope, using the CFHTIR imager.
The field centered on NGC 147 was observed with J,
H and K filters during the night of June 5, 2004 and
the images of NGC 185 were obtained during the night
of June 3, 2004 in the same filters. [9] reported near-IR
photometery data of 91 carbon stars for NGC 147. Near
IR photometery data for 73 carbon stars in NGC 185 is
available in [4].

Mid-IR Data : To estimate the amount of dust with
the method explained in section 3.2, mid-IR data plays
an important role. DUSTINGs used the InfraRed Array
Camera (IRAC) on-board of Spitzer Space Telescope to
obtain images of local group dwarf galaxies in 3.6 um and
4.5 pm. Imaging covers each galaxy in a distance along
the semi-major axes that contains half of the visible light.
DUSTINGSs by the aim of detecting variable AGB stars
observed each galaxy at two epochs of 6 months apart (
[1]).

Spatial distribution of stars in the field of each galaxy
is depicted in Figure 1. We have cross matched all the
above catalogs to gain appropriate catalog of data, which
results the Color-Magnitude-Diagrams in Figure 2 for
NGC 147 and NGC 185.
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A. Star Formation History

SFH of a galaxy is the description of gas amount, in
solar mass unit, which has been converted to stars over a
time interval in the past. In other words, SFH could be
reported by Star Formation Rate (SFR), £, as a function
of elapsed time. Therefore the amount of stars’ mass,
dM, created during a time interval, dt, is:

AM(t) = £(t)dt (1)

[2] indicates that to calculate SFR based on variable
stars counts the following relation is applicable:

et = 0 [T fr g (m)mdm
ot f::((tt;rdt) frvr(m)dm

(2)

where fryr is the initial mass function, dn/(t) and dt are
an statement of numbers of LPVs and pulsation duration
respectively.

LPVs reach their maximum luminosity that relate
their birth mass. Theoretical models of Padova [6] are
appropriate tools to transform this maximum luminosity
to birth mass. We have applied Padova models to con-
struct mass-K band magnitude relation. The left panel
in Figure 3 and 4 show this relation for the mean metal-
licity of target galaxies; Z = 0.0019 and 0.0015. We can
see a veer to lower K-band magnitudes for super-AGBs.
[2] indicates that beside the advantages of Padova mod-
els, the evolution of super-AGB with the birth mass of
0.7 < M < 1.2 — 1.3Mg through the thermal pulsating
phase is not fully included in these models. Therefor we
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FIG. 2. Color-Magnitude-Diagram of NGC 147(left) and NGC 185 (right). Isochrons are depicted with labeled logarithmic

time [6].

accept the red lines as the best fits and we use the co-
efficient of linear relation between K-band magnitude to
calculate birth mass of stars.

K-band magnitude for the Carbon-stars that are the
more dusty stars have been corrected with respect to the
slope of Isochrons as follows:

Ko=K +a(1.25 — (J — K)) (3)

a is slope of isochrons. Mass-age relation, like the ones
in the 2% panel of Figure 3 and 4 are obtained from
isochron tables of Padova model. These graphs relate
the birth mass of variable stars that are observable at
present time to the time is spent from their birth.

A correction factor is appeared in equation 2, this fac-
tor is a statement of the duration in which star pulsates
with large amplitude. For an LPV to be detected in the
observations, pulsation duration is an important factor.
Massive stars spend less time in this phase than lower
mass stars. By using isochrons table and fitting a mul-
tiple Gaussian function, we are able to achieve pulsation
duration as a function of Mass in the 37¢ panel of Figure
3 and 4.

B. Driving Mass Loss

Stars in their late stages of evolution are of the most
important sources of dust in the galaxies. To derive the
mass loss rates of the variable stars we follow a two-step
approach. First, we model the SEDs of variable stars for
which both near and mid-IR data is available. We use
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/ “ J-K = 2.391

[ 7= 052

| |M = 3.96x10- M yr
L = 1.02x10% L,

T P S L
1 10

A[pm]
FIG. 5. curves: SEDs from DUSTY code, dots: Observed
Fluxes

these results to construct relations between the dust op-
tical depth and bolometric corrections on the one hand,
and infrared colors on the other. Then, we apply those
relations to the variable stars for which no mid-IR. coun-
terpart was identified, to derive their mass loss rates too
([3])- Figure 5 displays our modeling for one of the stars.

III. RESULTS AND DISCUSSION

SFR as a function of elapsed time is depicted in Figure
6 for NGC147 and NGC185. The horizontal error bars
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FIG. 3. a) Mass-Luminosity relation for Z = 0.0019. The solid lines are the linear spline fits, in which the function is
interpolated over the super-AGB phase to massive red super-giants, i.e. for 0.7 < log(M/Mg) < 1.2 — 1.3.
b) (Birth) Mass-Age relation for AGB stars and red super-giants derived from the [6] isochrones for Z = 0.0019, along with

linear spline fits.

¢) Mass-Pulsation relation. The points show the ratio of pulsation duration to age as tabulated in the [6] isochrones for Z =
0.0019; the solid lines are our multiple-Gaussian fits to these data: interpolating over the super-AGB regime. (Metallicity of

NGC 147 is assumed to be Z = 0.0019).
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FIG. 4. Same as Figure. 3 for Z = 0.0015

correspond to the start and end time for which the SFR
was calculated in a bin. We found that 78% of NGC147
total mass, 1.1 x 108 M, formed in its peak of star form-
ing epoch. NGC185 shows a peak of star formation with
interchanging 61% of its total mass, 2.7 x 105Mg, to
stars. The SFR dramatically decrease to a nearly con-
stant amount after this epoch.

We have also achieved the whole mass loss rate as
follows for carbon stars, using the relation in section
2 and 3 of [3]; 1.1 x 107*Myyr~for NGC147 and
2.9 x 10~*Mgyr—! for NGC 185.

IV. CONCLUSION

The total mass of stars created in NGC 185 is 2.7 x
108 M. Davidg (2005) proposed this amount to be 2 x
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108 M. NGC147 total mass of stars is 1.1 x 108 M.
Modeling the dust of carbon stars gives an esti-
mate of the total mass entered ISM. For NGC147
and NGC185 this amount is 1.1 x 107*Mgyr~! and
2.9 x 107*Myyr~! respectively. Welch et al.(1996) pre-
dicted 1.8 x 107*Muyr—! mass loss rate for NGC185.
Gallagher et al. (1981) drive a mass return rate of
1—2x1073Mgyr—! for NGC 185.

[1] Boyer M. L., et al., 2014, ApJS, 777, 142
[2] Javadi A., et al., 2011, MNRAS, 414, 3394
3] Javadi A., et al., 2013, MNRAS, 432, 2824
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Cosmological consequences of a non-canonical scalar field

Ossoulian, Zohdieh'; Golanbari, Tayeb and Saaidi, Khaled!
! Department of Physics, Faculty of Science, University of Kurdistan, P.O.Box 66177-15175, Sanandag, Iran.

Using the non-cononical model of scalar field, the cosmological consequences of a pervasive, self-
interacting, homogeneous and rolling scalar field are studied. In this model, the scalar-field potential
is "nonlinear” and decreases in magnitude by increasing the value of the scalar field. A special
solution of the nonlinear field equations of ¢ that is a time dependent, fixed point is obtained.
The fixed point relies on the non-cononical term of action and ¢- parameter which is appeared in
energy density of scalar field red-shift. The behavior of baryonic perturbations in linear pertur-
bation scenario a considerable amount of energy density of scalar-field at low red-shifts prevents
the growth of perturbations in the ordinary matter fluid. The energy density in the scalar field is
not appreciably perturbed by nonrelativistic gravitational fields, either in the radiation-dominated,
matter-dominated, or scalar-field-dominated epochs.

PACS numbers: 98.80.-k, ...

I. INTRODUCTION

Numerous observational data indicates that the Uni-

verse is undergoing a positive accelerated expansion
epoch. To justify this, scientists propose that the Uni-
verse should be dominated by an ambiguous and un-
known form of matter which is called dark energy. The
observation strongly states that only 4.9% of the universe
is filled by ordinary matter. The evidence indicates that
the best candidate for dark energy is cosmological con-
stant A, [1], however it suffers from two known problems
as fine tuning problem and coincidence problem. These
two problems convince scientists to make other propos-
als to justify the existence and behaviour of dark energy.
Amongst such proposals, people interestingly investigate
variety of models based on scalar field scenarios, such as
Brans-Dicke [2], quintessence [3], k-essence [4], tachyon
[5], phantom [6], quintom [7], and chameleon [8].
The main goal of this paper is to try to codify the con-
straints experiments on the potential of ¢ which is ob-
tained in a noncononical formalism of scalar field. We
construct and investigate an acceptable model to see
whether there are any important deviations from stan-
dard CDM theories. We are actually interested in the
behavior, in linear perturbation theory, of density per-
turbations in the scalar-field energy density and in the
densities of baryons and radiation.

II. THE MODEL

The noncanonical version of Einstein scalar field action
is defined as

S= /\/?gd% (A?R +F(X)— V() + £m> . (1)
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Where the kinetic term of noncanonical scalar field is ex-
pressed by an arbitrary function F(X), in which X =
—(9""V .0V, $)/2. The non-canonical scalar field la-
grangian is £, = F(X) — V().
We assume the scalar field energy density red-shifts is
given by
0),@0
po=ry ()1, (2)
here ¢ # 0. Therefore by using conservation equation,
pi + 3H(p; + p;) = 0, we have

po = (1505, g

where w = (¢ — 3)/3 is equation of state parameter of
scalar field. By considering F(X) = FyX"™ and using
energy-momentom tensor for scalar field we obtain

0) on_172%
L |Pe 27| a0\
6= || ) Q)
V() = [6”_ e ”q} (2.

III. A COMPONENT DOMINATED
COSMOLOGY

As we mentioned before, in this paper, we have as-
sumed components of fluid in the Universe are matter (or-
dinary and cold dark matter), radiation and scalar field.
In addition in this section we shall consider our paper
in which the only contribution to the stress-energy ten-
sor is one components of matter (ordinary and cold dark
matter), radiation or scalar field. In fact we assume the




energy of one component is dominant and therefore one
can neglect the other components of perfect fluid in the
Universe. According to conservation equation for density
energy and the equation of state for it, p = (v/3 — 1)p,
the energy density of the dominant component is resulted
as

ap\ Y
py =Pt (f) : (6)

a

which p(vo), is the value of energy density at a = a¢ and
(v/3 —1) is the equation of state parameter of dominant
component. Therefore the Friedman equation is as bel-
low

(é)zz Y <@)7 (7)
a 3M2 \ a '

Using Egs. (4) and (7) one can obtain

o i yn—gqg—2n
é . Q/)((z,O)Qn_l o 3M§ 2 a ST ®)
a 3Fyn P02 a0 ’

Therefore by integrating (8), we have

o 1 n—

o (BN ()
yn —q 3gn pfyo) ag ’

(9)

and ¢y is the value of ¢ at a = ag. From Egs.(5) and (9),
we have

2ng

Vi(g) =Vo(d— o),

(10)

where V is constant. The Einstein scalar field equa-
tions (with this potential) have a special solution. In
this section we study spatially homogeneous perturba-
tions about the special solution. We will have to study
the structure of the four-dimensional, spatially homoge-
neous, phase space (¢, (b) To do this we need to consider
the scalar field equation of motion, which are given by

s <4(n+ 1) —~(2n — 1)) y

(11)

2(2n —1) T
n [ 3M} "
e (p("uf> e M T -0
Fo(2n —1)(¢ —yn) ) :

where prime indicates derivative with respect to x and
we have changed variable as ¢ = a/ag and y = ¢ — ¢g. A
special solution of differential equation (11) is introduced

as

Ye(z) = ka®, (12)
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To study the structure of the phase space of scalar
field’s equation of motion, one can make a change of vari-
able as

y(2) = e(@ua). (13)
In above y.(x), the special solution of differential equa-
tion, is unperturbed part of scalar field and w(z) is the
perturbed part of the scalar field which should have a
stable and attractor solution. So for stability of the solu-
tions of scalar field, the differential equation (11), should
solve for the perturbed part. All dynamical information
in equation of motion for ¢ is at evaluation equation
u(x). By substituting the general solution into differ-
ential equation (11) and change the variablethe x = et
result is:

. Y .

2 Ty 14
“+{(2n—1) 2" O‘}“ (14)
3 q(2n—1)+~n

o e
+O‘{(2n—1) 2 +a} B (Z+u)2n2] )

where overdot indicates derivative with respect to t. The
critical point of this system is defined as a point which
the velocities vanish. So therefore the only critical point
is & = 0. Hence according with (11) we have the evolu-
tion of u(t). To study the evolution of function u(t), we
use phase space to explain the stability of this nonlinear
problem by use linear analyse. Therefore, in phase space
(u(t),u(t)), Eq.(14) is rewritten as

ilt) = p(t),
)=~ | s — 3 + 20| 000
3.1 u(t) TR
e [(2711) "9 +O‘] u(t) =

(P2 + u(t))2n72

then for p(t) = 0, we have

a(2n—1)+vyn
q—n

u(t)? 1 — u(t) =0.

The point (ug, po) = (1,0) is the only acceptable crit-
ical point for the equations (15), and (17). The sys-
tem at critical point doesn’t have evolution and so the
differential equation (11), just have the special solution
(12). Of course at p(t) = 0, there are a number of criti-
cal points, that u(t) is [(yn — ¢)8 'n~2]th root of unity.
u(t), should be real, so we don’t work with the complex
fixed points. It is seen that by changing y(z) — —y(z),
the differential equation (11), for some values of ¢ and n,
is invariant. In this case there are two critical points, but
our purpose is to explain the solutions which y/(z) > 0.
So one of the critical points is omitted. The second part
of the function y(z) = y.(z)u(z), u(x) can be perturbed

(17)

(15)
(16)

S p i
. R TR
¥ .-‘;ﬁf':-*_ <t

.



by adding wu;(t) to the critical point (ug,po) and substi-
tuting at phase space equations (15) and (17). The result
is (in fact u;(t) is a small fluctuation around the critical
point (ug, po) = (1,0)) added and transform it to the crit-
ical point (up + w1 (£), po +p1 (1)) = (1 + ua(£),p1 (1))).

ia(1) = 0+ pr (1), (18)
i) = |4 - 52|+ [o-3- 3] meo, 9

The eigenvalues of small oscillations around critical point
are given by

Mgy = f(n,q,7) £ig(n,q,7), (20)
where
2g—6—7v
f(naq77) = ?;
1
3n q (¢—3—-2)27°
g(n,q,’y): ’-)/(2n_1_§)_f2 ) (21)

Based on the eigenvalues, one can investigate the behav-
ior of critical points

e if the different eigenvalues are, real and positive,
then the critical point is unstable.

e if the different eigenvalues are, real and negative,
then the critical point is stable.

e if one of the eigenvalues is positive and another one
is negative, the critical point is a saddle point.

While the eigenvalues are complex, there are cases we’ll
write bellow:

e if \y =a+if8, \o = a—if which a > 0 and 8 # 0,
the critical point is unstable and spiral.

o if \y =a+if, Ao = a—if which @ < 0 and 8 # 0,
the critical point is stable and spiral.

e if \y =i, Ay = —if the answers will be pendulous
and the critical point is called central.

In next section we evaluate the eigenvalues A for different
n and q:

IV. INVESTIGATION OF EPOCHS DOMINANT

In this section we want to examine our results of previ-
ous section for different epochs of evolution of Universe.
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A. Radiation dominated epoch of cosmology

In this subsection we shall consider models in which the
only contribution to the stress-energy tensor is radiation
component. According to conservation equation for radi-
ation, and the equation of state for radiation, p = p/3,0one
can see that in radiation epoch v = 4. Therefore the final
result for the potential form and eigenvalues for 0 < ¢ < 3
and different n, are given at Table I, (for 0 < ¢ < 3 the
ratio of scalar field density to radiation density, is an
increasing function of time).

A V() ~
g=1 —2 4245 (¢ — o) ™07
n=1 g=2 —1.5+1.2 (¢ — o) 2
q=25 —1.2+23i  (p—¢o) >
g=1 —24 1.7 (¢ — o) °
n=3 g=2 —15+1.7 (¢ — o)1
g=25 —1.3+1.6i (¢ — po)~%!
g=1 24 1.4 (¢ — o) "¢
n=2 q=2 —1.54 1.3 (¢— o) "?
qg=25 —1.2+1.2i (¢ — o)~ '8

TABLIE I. The eigenvalues A for different values of n and
q, in radiation dominated epoch.

It is shown that for all values of n = 1,1.5,2 and ¢ =
1,2,2.5 the eigenvalues A are A = a + i which o < 0
and (8 # 0, then all critical points are spiral and stable.

B. Matter dominated epoch

According to conservation equation for matter compo-
nent and the equation of state for matter, one can find
that v = 3. Therefore the final result for the potential
form and eigenvalues for 0 < ¢ < 3 and different n, are
given at Table II.

It is shown that for all values of n = 1,1.5,2 and ¢ =
1,2,2.5 the eigenvalues A are A = « £+ ¢ which a < 0
and 3 # 0, then all critical points are spiral and stable.

C. Scalar field dominated epoch

In this section we shall consider models in which the
only contribution to the stress-energy tensor is scalar field
component. In fact we assume the scalar part of energy is
dominant and therefore we neglect the other components
of perfect fluid in the universe. According to conservation
equation for scalar and the equation of state for scalar




A V(o) ~
g=1 “1L7£21 (o)t
n=1 || ¢=2 ~12+21i (¢ o)
g=25 142 (¢ — o)™ "
g=1 ~17+150 (- o) °
n=2% || ¢=2 ~12£15 (¢ —¢o)?
q=25 14 1.4i (p—¢o) 7
g=1 ~17+11  (p—¢o) "B
n=2 qg=2 —1.24+1.2 (¢ — o) 2
¢=25  —1+11i (¢ — o)~ >*

TABLE II. The eigenvalues A for different values of n and
q, in matter dominated epoch.

Ps = (q/3—1)pg, one can find v = ¢, Therefore the final
result for the potential form and eigenvalues for 0 < ¢ < 3
and different n, are given at Table III.

A Vi(g) ~
_=s0)
g=1 —17407 e Wp
n=1 | ¢g=2 ~15+1.9 e
_ V2B(6—dq)
=25 —14+22 e Mp
g=1 ~1.7+0.9 (¢ — o) ™"
n=3 | ¢g=2 —15+11i  (p— o) °
g=25 —1.4+1.3i (¢ — ¢o)~°
g=1 —L7+ 11 (¢ —¢o) ™"
n=2 | ¢g=2 —1.5+£07 (¢ — o)
q=25 -1.4+09  (¢—¢o)*

TABLIE III. The eigenvalues A for different values of n and
q, in scalar field dominated epoch.

It is clearly seen that all eigenvalues which are complex
such as A\ = o £+ i which a < 0 and 5 # 0, describe
critical points which are spiral critical point and stable.
For n = 1 and ¢ = 2 the eigenvalues are A\; = 0.4 and
Ao = —3.4 so the critical point is a saddle point. For n =
3/2,2 and ¢ = 1 the different eigenvalues are negative so
these two critical points are stable.
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V. CONCLUSION AND DISCUSSION

Nowadays, there has been much investigation of cos-
mological models with scalar fields. This means, a vari-
ety purposes such as, hierarchy problem, much s princi-
ple in gravitation theory, steady state cosmology model,
inflation, as a candidate for CDM, as a candidate for
DE and so on. For considering the mentioned models,
a variety forms of scalar field model is used. In this
paper we want to obtain a definite form of scalar field
potential in the non canonical form of scalar field ac-
tion. It is shaw that for definite scalar field potential
which we obtain in definite epoch, the scalar field solu-
tions for an appropriate range of parameter are stable.
In fact, we have obtained that in radiation and matter
epochs, all eigenvalues of small oscillations around crit-
ical point are as A = a + 48 which a < 0 and § # 0,
then all critical points are spiral and stable. In addition,
in scalar field epoch for (n,q) = (1,2) the eigenvalues
are A\ = 0.4, Ao = —3.4, so the critical point is a saddle
point and for (n,q) = (3/2,1), and (2,1), the different
eigenvalues are negative so the critical point are stable.
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Generalized second law of thermodynamics on the apparent horizon in f(G)-gravity

A. Abdolmaleki', T. Najafi2,
! Center for Excellence in Astronomy & Astrophysics of Iran (CEAAI-RIAAM), Maragha, Iran
2Department of Physics, University of Kurdistan, Pasdaran St., Sanandaj, Iran

Here, we investigate the GSL of gravitational thermodynamics in the framework of modified Gauss-

Bonnet gravity or f(G)-gravity. We consider a spatially FRW universe filled with the matter and
radiation enclosed by the dynamical apparent horizon with the Hawking temperature. For two viable
f(G) models, we first numerically solve the set of differential equations governing the dynamics of
f(G)-gravity. Then, we obtain the evolutions of the Hubble parameter, the Gauss-Bonnet curvature
invariant term, the density and equation of state parameters as well as the deceleration parameter.
Finally, we examine the validity of the GSL. For the selected f(G) models, we conclude that both
models have a stable de Sitter attractor. The equation of state parameters behave quite similar to
those of the ACDM model in the radiation/matter dominated epochs, then they enter the phantom
region before reaching the de Sitter attractor with w = —1. The deceleration parameter starts from
the radiation/matter dominated eras, then transits from a cosmic deceleration to acceleration and
finally approaches a de Sitter regime at late times, as expected. Furthermore, the GSL is respected
for both models during the standard radiation/matter dominated epochs. Thereafter when the uni-
verse becomes accelerating, the GSL is violated in some ranges of scale factor. At late times, the
evolution of the GSL predicts an adiabatic behavior for the accelerated expansion of the universe.

I. THE F(G) THEORY OF GRAVITY

One of interesting alternative theories of gravity is
modified Gauss-Bonnet gravity, so-called f(G)-gravity,
where f(G) is a general function of the Gauss-Bonnet
curvature invariant term G = R? — 4R, R* +
Ry po R*P7 [1-5]. The f(G)-gravity has recently been
obtained a lot of tendency as a possible description of DE
[6]. This kind of modified gravity (MG) theory has differ-
ent particulars, among stability, the ability of description
the present accelerated expansion of the universe, phan-
tom divide line crossing and transition from deceleration
to acceleration phases [7]. The action of modified Gauss-
Bonnet gravity is given by [3]:

4 1
= / d'ay/ =g (

2k2R+f(G) +Lr+Lm> , (D)

where k? = 87Gx = 1 and Gy is the Newtonian gravi-
tational constant. Also g, R, L;, Ly, and f(G) are the
determinant of metric g,., Ricci scalar, the matter La-
grangian, the radiation Lagrangian and a general func-
tion of the Gauss-Bonnet term, respectively. For a spa-
tially flat FRW universe, we have

R:6(H+2H2), G = 24H? <H+H2), 2)

where H = a/a is the Hubble parameter and an overdot
stands for a derivative with respect to the cosmic time t.
Also, the Friedmann equations in f(G)-gravity take the
form [8]

1

. 1
szgpm H:_§(pt + py). (3)
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Here p; and py are the total energy density and pressure
defined as

Pt = Pm+pr+ PG, Dt =Pm + Pr+ DG (4)

where p,, and p, are the energy density of matter and
radiation, respectively. Also pg and pg are the energy
density and pressure due to the f(G) contribution defined
as

pc = Gfa — f — 24H? fg, (5)

pe = 16H® fo + 16HH fo + 8H?fq — Gfa + f.  (6)

Moreover, the continuity equations governing the pres-
sureless matter (p, = 0), the radiation (p, = p;/3) and
the f(G) contribution are satisfied. By using of Eqs. (5)
and (6), one can obtain the equation of state (EoS) pa-
rameter due to the f(G) contribution as wg = pg/pa-

Also from Eq. (3), the effective EoS parameter can be
2H

obtained as wet = py/py = —1 — 5772

II. GSL IN F(G)-GRAVITY

As one of the most important theoretical touchstones
to examine whether f(G)-gravity can be an alterna-
tive gravitational theory to general relativity, we explore
the GSL of thermodynamics on the apparent horizon in
f(G)-gravity, and obtain the condition for the GSL to be
satisfied. The GSL says that the sum of horizon entropy
and matter entropy inside the horizon must not decrease
with time [9]. Now, we consider a spatially flat FRW




universe filled with the matter and radiation. We further
assume that the boundary of the universe to be enclosed
by the dynamical apparent horizon with the Hawking
temperature. The dynamical apparent horizon in a flat
FRW universe is same as the Hubble horizon [10]. Fol-
lowing [9], the associated Hawking temperature on the
apparent horizon 74 is given by
A

1
= 1— .
Imia ( 2HFA)

Now we are going to use the first law of thermodynam-
ics to find the general condition needed to hold the GSL
in f(G)-gravity. The entropy of matter and radiation
inside the horizon are given by the Gibbs equation [11]

(®)

Ta

(7)

TadSw = dEwm + pmdV,

TadS, = dE; + p.dV, (9)

where Ep, = p,V and E, = p, V. Also V = 4773 /3 is the
volume of the dynamical apparent horizon 74 containing
the pressureless matter (p, = 0) and radiation (p, =

Pr/3).
Taking time derivative of Egs. (8) and (9) and using
the continuity equations one can get

27 (H+H2)

TaS = ——

{4H —16H (H2 . 2H) fo+
16H2fg}. (10)

where S = S, +Sy,. The horizon entropy in f(G)-gravity
is given by [6]

Sp=8r* (H > +8fq) . (11)

Using Egs. (7), (10) and (11), the GSL in f(G)-gravity
yields
2m
e
[2}'[2 +8HIT (4H i 3H2> fo + 16H? (H n HQ)f'G} . (12)

TAStot =

where Siot = S; + S + Sa. Equation (12) shows that
in f(G) gravity, the validity of the GSL, i.e. Tx St > 0,
depends on the explicit form of the f(G) model. For the
Einstein gravity (f(G) = 0), one can immediately find
that the GSL (12) reduces to

4 H2
20, (13)

TAStot =

which shows that the GSL is always fulfilled through-
out history of the universe. In what follows, we examine
the validity of the GSL (12) for two viable f(G)-gravity
models.
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III. TWO VIABLE F(G) MODELS

Here, we are interested in examining the GSL for two
viable f(G) models which are introduced by [3,4] to ex-
plain the accelerated expansion of the universe at present.
The first model has the form [3]

2

@) =a(ct-5)",

where o and (§ are two constants of the model.
second f(G) model is given by [4]

(@) = )\\/CC;T* arctan (i)
A G?
~SVG (1455 ) —aan/Go,  Model 1L (15)

where « is an arbitrary constant and A is a positive con-
stant. Also G, = H$ and Hy is the Hubble parameter at
present.

With choice of suitable initial conditions, we numer-
ically solve the differential equations governing the dy-
namics of f(G)-gravity for both model T and model II
[12]. The evolutions of the Hubble parameter H, the
Gauss-Bonnet curvature invariant term |G| and the quan-
tity H® faq versus N = In(a/a;) for model I and model II
are plotted in Figs. 1 and 2, respectively. Figures show
that: (i) the Hubble parameter decreases during history
of the universe. (ii) The GB term switches its sign dur-
ing the transition from the standard radiation/matter
dominated epochs to the accelerated era (which corre-
sponds to passing through the minus infinity in logarith-
mic scale). (iii) The quantity HSfgq satisfies the con-
dition 0 < HY faa(G1) < 1/384 which shows that both
models have a stable de Sitter attractor. (iv) H, |G| and
HSfqq at late times go to a constant value when the
universe enters a de Sitter regime. Notice that the result
of Fig. 2 for model IT is the same as that obtained in [4].

The evolutions of the density parameters ., Qn, Q¢
and the effective EoS parameter weg, versus N for model
I and model II are plotted in Figs. 3 and 4, respec-
tively. Figures illustrate that: (i) for both models, Q,,
Qum, Q¢ and weg behave quite similar to those of the
ACDM model in the radiation/matter dominated epochs.
(ii) For model I, weg oscillates rapidly during the acceler-
ated epoch and goes deep into the phantom-like region as
the universe enters the de Sitter period. (iii) For model
II, weg oscillates slowly around —1 as the system enters
the epoch of cosmic acceleration, which implies that the
de Sitter solution is a stable spiral. Note that the results
of Figs. 3 and 4 are the same as those obtained in [3] and
[4], respectively.

The evolution of the deceleration parameter ¢ = —1 —
H/H2, for model I and model 1T is plotted in Figs. 5 and
6, respectively. Figure 5 clears that for model I, the de-
celeration parameter starts from ¢ = 1 corresponding to

Model I, (14)

The




Model |

10° //

107

107

_______________

107 \

N=In a/a,

FIG. 1. The evolutions of the Hubble parameter H, the
Gauss-Bonnet curvature invariant term |G| and the quantity
H®faq, versus N = In(a/a;i) where a; is the initial value of

o ) ] T
the scale factor. Auxiliary parameters are: o = 10V55 and
B=-10"17.

Model Il

FIG. 2. Same as Fig. 1 but for model II. Auxiliary param-
eters are: a = 10 and A = 0.075.

the radiation dominated epoch, then shows a cosmic de-
celeration (¢ > 0) to acceleration (¢ < 0) transition [13]
and finally oscillates rapidly into the de Sitter regime
(¢ = —1). Figure 6 presents that for model II, g varies
from the matter dominated epoch (¢ = 0.5), then tran-
sits from a cosmic deceleration to acceleration and ap-
proaches smoothly a de Sitter regime at late times, as
expected.

Finally, we examine the validity of the GSL for both
models. In Figs. 7 and 8, we plot the variation of the
GSL, Eq. (12), versus N for model I and model II, re-
spectively. Figures illustrate that for both models, the
GSL during the radiation/matter dominated epochs is
fulfilled. Thereafter when the universe enters the cosmic
acceleration era, i.e. g < 0 see Figs. 5 and 6, the GSL
does not hold (i.e. Ta Sot < 0) in some ranges of N. At
late times, the GSL for model I oscillates rapidly and for
model IT approaches smoothly into the de Sitter universe,
adiabatically (i.e. TaSior = 0).
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Model |

i if
0 5 10
N=In a/a,

20

FIG. 3. The evolutions of Qu, Qac, Q, and wes, versus N.
Auxiliary parameters as in Fig. 1.

Model Il

0 2 4 6 8 10
N=In a/a,

FIG. 4. Same as Fig. 3 but for model II. Auxiliary param-
eters as in Fig. 2.

IV. CONCLUSIONS

One of gravitational alternative theories for DE is
f(G)-gravity, in which DE emerges from the modifica-
tion of the Gauss-Bonnet invariant term. Here, we in-
vestigated the GSL of gravitational thermodynamics in
the framework of f(G)-gravity. To do so, we considered
a spatially flat FRW universe filled with the pressure-
less matter and radiation. We supposed the boundary of
the universe to be enclosed by the dynamical apparent
horizon with the Hawking radiation. We derived a gen-
eral relation for the GSL which its validity depends on
f(G)-model. Hence, for two viable f(G)-models, we first
solved numerically the set of differential equations gov-
erning the dynamics of f(G)-gravity. Then, we examined
the validity of the GSL for the two selected f(G)-models.
Our results show that the GSL is fulfilled for both models
during the standard radiation/matter dominated epochs.
But when the universe becomes accelerating, the GSL is
violated (i.e. TaSior < 0) in some ranges of scale fac-
tor. At late times, the evolution of the GSL predicts an




Model |
T

05

-051

1t

-15r

0 2 4 6 8 10 12
N=In a/a,

FIG. 5. The evolution of the deceleration parameter g ver-
sus N for model I. Auxiliary parameters as in Fig. 1.

Model Il

0 2 4 6 8 10
N=In a/a,

FIG. 6. Same as Fig. 5 but for model II. Auxiliary param-

eters as in Fig. 2.

adiabatic behavior (i.e. TaStor = 0) for the accelerated
expansion of the universe.
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FIG. 7. The evolution of the GSL versus N for model I.
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The Effect of magnetic diffusivity parameter on Two Dimentional
ADAFs with Outflow

J. Ghanbaril?, M. Mousapour?
Department of Physics, School of Siences, Ferdowsi University of Mashhad, Iran
2Department of Physics, Khayyam University , Mashhad, Iran

ABSTRACT

The aim of this paper is to investigat the role of magnetic diffusivity parameter on the
structure of ADAFs. We use the self-similar assumption in radial direction to solve the
MHD equations for hot accretion disks. The toroidal component of magnetic field and all
three components of the velocity field v = (vr, Vg, v(p) are considered in our work. Our
results indicate that the outflow region, where the redial velocity becomes positive in a
certain inclination angle 0, , always exists. We see that the stronger magnetic diffusivity
parameter does not have any sensible effect on the inclination angle, 6,. Numerical
calculations of our model have revealed that the magnetic diffusivity parameter has a
significant effect on the vertical structure of accretion disks.

Key words: accretion, accretion disks, MHD, magnetic diffusivity, outflow.

INTRODUCTION

Accretion disks are challenging and controversial issues, in recent decades, which have attracted
researchers to study the various models. Many theoretical models have been proposed for better
recognitions of accretion disks. One of them is the standard accretion disk model which is
presented by Shakura & Sunyaev (1973). Another model is advection-dominated accretion flows
model (ADAF). Structure of accretion disks is undergoing the thermal conduction, magnetic field,
viscosity, etc. Magnetic fields have a great significance in accretion disks. They can have two
sources. Disks could either itself has a continual magnetic field or its magnetic field be derived
from external sources (see Moffat 1978). The effects of a magnetic field on the structure of
ADAFs were also studied extensively (Balbus & hawley 1998; Kaburaki 2000; Shadmehri 2004;
Meier 2005; Shadmehri & Khajenabi 2005, 2006; Ghanbari et al. 2007; Abbassi et al. 2008, 2010;
Bu et al. 2009). Indeed the crucial role of magnetic field in a hot flow is expected because of the
high temperature of accreting gas in ADAFs (10° — 102 K). For the first time Lynden-Bell
(1969) considered the role of magnetic field in the context of active galactic nuclei and found how
it might be responsible for angular momentum transport and the origin of anomalous disk
viscosity. Narayan & Yi (1995) by using the self- similar method in radial direction, solved the
disk structure along 6 direction. The self-similar approach adopted by Narayan & Yi (1995) is
only partially supported by numerical simulations, i.e., there exists a new class of accretion flow,
which is hot and optically thin and it is advection dominated. Also recent researches indicate that
outflow is commonly observed to be associated with the hot accretion flows (Stone & Pringle
2001, De Villiers, Hawley, Krolik & Hirose 2005; Ohsuga & Mineshige 2011, Yuan et al. 2012a,
2012b). Moreover, numerical simulations indicate that vg is non-zero (Stone, Pringle &
Begelman 1999; Ohsuga & Mineshige 2011; Yuan, Bu & Wu 2012). The ADAFs solutions with
wind were reported by Abbassi et al. (2008, 2010), Mosallanezhad et al. (2013; hereafter MAB)
where the effects of wind and outflow are achieved by adding relevant terms in MHD equations.
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THE BASIC EQUATIONS AND SELF-SIMILAR SOLUTIONS

Here, we consider a steady state (0/0t = 0) and axisymmetric (/3¢ = 0) situation. Spherical
coordinates are used (r,0,p). We neglect self-gravity of the accreting flow and relativistic
effects, and use only the Newtonian gravity of the central object in our model. The magnetic field
is considered with toroidal configurations B = (0,0, B, ) and we adopt a-prescription for effective
turbulent viscosity. Thus the MHD equations, are as follows:

%+p|7_v=0 (1) ., pr=—pVp—VP+-JxB+V.T )
De D /1 0B 4m
p[ﬁ—l'PE(;)]:Q+_Q—+QcondEQadv+Qcond 3 §=7X<DXB—?T]]) (4)

where p, v = (v, vg,v,), v, p, B, J = (c/4m)V x B and T are the mass density, velocity vector,
gravitational potential, gas pressure, magnetic field, current density, and the tensor of viscous
stress, respectively. Now we reformulate the basic equations (1)-(4) in spherical coordinates and
by using Self-similar method, investigate the set of our equations in two dimentions (r, 0) as
follows

5 0) = 1,(0) |, vy(r,0) = ve(®) T, v, (r6) = ,(6) |

-n 1
p(r,0) =p@r™ , P60 =PBGMr 1, B,(r,0) = b(0)/GM,rz 2
We arrived to these equations

3 dvg (6 dp(6
p(6) [(n - E) 1,(8) — vy (8) cot 6 — ”;(g )] —vg ‘;(0 ) g )
p(6) [— VE(60) + v3(0) + v3(6) ~ vp(0) P 1] 4t DP(O) 45— (n— Db2(6) = 0 ©)
0(60) [v (6) cot 6 — lvrvg v6(6) d”sge)] - ‘;—Z - %b(a) {b(a) cot 6 + %} =0 %)

b%(6) dv¢(9)
HOLE R N C) 1+ @) p(G){vgcot9+Evr(9)} — 0(8)vy(6) —0 )
P(6) {y e(e)ﬁ— (ny —n— D), (0)p(6)
b%(6)
Hfr—D| 1+ @) p(G)wp(G)
db(o 2 dP(0
o {(b(a) 0t9+%> ( (n—1)b(e)> H p(0)vg d(g)
Ao . Pp . Pp\ 2Pp 2Pp _
+?{P+C0t0(P—7) (P—T)—T'F pz }—0 (9)
P(6) b(0) \ (@?b©®) db®) 1 b(6)
”%(9){(1 81TP(9)>{ a2 T ag ctfrann- sinze}
b(6) b2(0) \ (P p) b2 (2b P
(b(e)cote+W)[<1+8HP(G)){F—;}+8nP(9){ P}]}+ v,(8)b(6)
db (8 d
— g d(g)— b(6) ”9() =0 (10)

where A, , @, are two thermal conductlon parameters that are simply related to each other by 1, =
5p(6)C,(60)D, . Parameter @ is the saturated thermal flux and it is smaller than unity. Tanaka&
Menou (2006) applied some approximations and they concluded that 1, =~ 8.4;.

Here we have p(6),p(6),b(0),v,(0),v(6),v,(0), the variable 0 and eight input parameters
(a, £, 7,1, Mo, Bo» D5, Ao), iN Which S, is the ratio of the gas pressure to the magnetic pressure at the

equatorial plane which is considered to be constant. B, = Pgas 900 = 8 |900

mag
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The set of OEDs can be solved numerically with proper boundary conditions. We assume the
structure of the disk is symmetric to the equatorial plane, and then we have

_ . _dp_dP_dvr_dv oy _
Now by putting the above boundary conditions into the equations (5)-(10), we obtain

E.E;— —-B+VBZ—4AC

Z2Replo0", PJ90" =
2A

vr|90°= EP[90° , S2|90° —(n——)vr|90 , v3[90° =
(n-1) bane
SVE[90" 4+ v2[90" + [+ 1)+ 2] Pl90" -~ 1= 0, 190" = (E1E5+E6)F|90
1—30((n—2)(1+[301) , E2=Zf0((y—1)(1+[301) , Eg=ny—-n-1
E4=§fno(v—1)Bal(n—1)2(1+ﬁal) Es =5 (1+B3") , Eg=1-;n(n—1)

E? EE3
A=— , B=

: B+ D+ -1, C=-1

Magnetic field i |s an important quantity for determining the behavior and structure of the disk. We
investigate the structure of our thick disk in the presence of magnetic field. Fig. 1 shows the effect
of various values of magnetic field parameter 3, on the profiles of the physical variables along 0
direction. In which we adopta =0.3, y=5/3, f=1, n1=0.3, n = 1and &, = 0.03. In this Fig,
dotted, dashed and solid lines correspond to g, = 10% B, = 103 and B, = 102 respectively.
According to Fig. (1-a), we see that g, affects a little on the inflow region (v.(9) < 0). But it
makes tangible changes in the amount of outflow. In other words, the toroidal component of
magnetic field prevents the material outflow from the surface of the disk. Moreover, as seen in
Fig. (1-b) the stronger magnetic field does not have any sensible effect on the v,,. But in Fig. (1-
) we see that the stronger magnetic field enlarges the value of vy in the midplane (the negative
direction of vy is indicative that material moves from the equator to the polar axis of the disk). It
is predicted that (Fig. 1-d) the mass density at first increases slightly and then decreases along 0
direction towards the disk surface by increasing g,. Therefore we can conclude that mass density
in areas close to the equator is more than areas close to the disk poles. Fig. 2 shows the effect of
magnetic diffusivity parameter n, on the profiles of the physical variables. The dotted, dashed
and solid lines correspond ton, = 0.2,, = 0.3 and n, = 0.4 respectively. We supposed that a =
0.3,8, =103,f =1,y = 5/3andn = 1. The radial and azimutal velocities will slightly increase
as 7, increases (Figs 2-a, ¢). By moving towards disk surface and approaching the vertical axis,
asn, increases vg, P and p decreas (Figs.2-b, d, e). Fig. (2-f) is dedicated to variations of the
magnetic field. By looking at this Fig., we can conclude that variations of n, parameter have a
main effect on the magnetic field strength. We adopt values of 0.15, 0.2 and 0.25 for viscosity
parameter, a. According to Fig (3-a), by increasing the parameter a, radial velocity becomes more
negative. This means that inflow increases. Therefore we achieve to the outflow in smaller angles.
According to Fig (3-b) the magnetic field increases by increasing o and the magnetic field is
stronger near the vertical axis. Gas pressure becomes smaller for larger values of a. In other words,
by increasing the viscosity parameter, gas pressure decreases in the regions close to the disk
surface, approximately (Fig. 3-c).

DISCUSSION

The main aim in this paper is to verify the effect of the magnetic diffusivity parameter on the
structure of ADAFs along the 6 direction. Since we also have considered vy # 0, our solutions
represent an inflow-outflow behavior. Here, we may also investigate the effects of the magnetic
field parameters (B, no) and viscosity parameter («), on the ADAFs structure. Our results show
that inflow and outflow behaviors are not sensitive to n, changes but by increasing n, the velocity
of winds driven from the surface of the disk and compression of the mass and pressure in
approaching the vertical axis decreases. Therefore we observe that « and S, reduce the outflow
in which it causes the reduction of the disk thickness.
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Figure 1. Profiles of the physical variables corresponding to ADAFs model along 0-direction for different values of
the gas pressure to the magnetic pressure in midplane of the disk,3,.The dotted, dashed and solid lines denote 8, =
102,103, 10*respectively. Here a. = 0.3,y =5/3,f=1,17,=03andn=1.
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Figure 2. Profiles of the physical variables corresponding to ADAFs model along 8-direction for different values of
magnetic diffusivity parameter, n,. The dotted, dashed and solid lines denote n, = 0.2, 0.3 and 0.4 respectively. Here
a=0.3,8,=103f=1, y=5/3andn=1.

Figure 3. Profiles of the physical variables corresponding to ADAFs model along 8-direction for different values of
viscosity parameter, a
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Structure formation in the presence of interaction between MGDE and DM

Kayoomars Karami
Department of Physics, University of Kurdistan, Pasdaran St., Sanandaj, Iran

Within the framework of FRW cosmology, we study the structure formation in the presence of inter-
action between viscous modified ghost dark energy (MGDE) and dark matter (DM). For a spatially
non-flat FRW universe containing MGDE and DM, we solve numerically the differential equation
governing the MGDE density parameter. Consequently, we obtain the growth rate of matter for our
model in a linear perturbation regime. We conclude that the evolution of DM density perturbation
in the presence of interaction with viscous MGDE shows a suppression of growth of structure.

PACS numbers: 98.80.—k, 95.36.4+x

I. MODIFIED GHOST DARK ENERGY AND
DARK MATTER

More recently, a new dark energy (DE) model called
ghost DE (GDE) has been motivated from the Veneziano
ghost of choromodynamics (QCD) [1-3]. The GDE den-
sity is given by [1-3]

PD = OZH, (1)

where « is a constant with dimension [energy]®, and
roughly of order of A%CD where Aqcp ~ 100MeV is QCD
mass scale. With H ~ 10733eV | A%CDH gives the right
order of observed DE density. This numerical coincidence
is impressive and also means that this model gets rid of
fine tuning problem [1-3]. This new kind of DE model
has got a lot of enthusiasm recently in the literature [4].
Although the GDE model is consistent with the observa-
tional data, it suffers from the difficulty to describe the
early evolution of the universe. This motivated Cai et al.
[5] to introduce the modified GDE (MGDE) density as

PD :OZH+£H2, (2)

where the constant « is same as that defined in the GDE
and f3 is another constant with dimension [energy]?.
Within the framework of Einstein gravity, we consider
a spatially non-flat FRW universe filled with MGDE den-
sity pp and DM energy density py,. Therefore, the first
Friedmann equation reads
k

1
H2 S T o2 m ), 3

+ 5= 5ag (o0 w) 3)
where the scalar curvature k& = 0,1,—1 denote a flat,
closed and open FRW universe, respectively. Also Mp =
(87G)~1/2 is the reduced Planck mass.

Using the fractional energy densities

" pe 3MZHZ TP T p T 3MEH?'
k
=g W
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the Friedmann equation (3) can be rewritten as
14+Qr =Qp + Q. (5)
Substituting Eq. (2) into the middle relation of Eq. (4)

gives

[0
Oy =——+1—
D 3,7‘[12_—,H+ Vs (6)

where

B

-5 (7

y=1

Using Eq. (6), the curvature energy density parameter

takes the form
Qe Qp +~-1\2 ®
(QDO + Y= 1)2 a '

O =

where we take ag = 1 for the present time and the sub-
script “0” denotes the present value of a quantity.

Following the observational evidences we extend our
study to the case in which the MGDE has a bulk viscos-
ity property [6-8] and also interact with DM [9,10]. In
the presence of bulk viscosity and interaction, the energy
densities of MGDE and DM do not conserve separately
and continuity equations take the forms

pp +3H(1+wp)pp = 9H’€ - Q, 9)

pm + 3Hpm = Q, (10)

where wp = pp/pp is the equation of state (EoS) pa-
rameter of MGDE. Also £ = eH !pp is the bulk viscos-
ity coefficient with the viscosity constant e [11-14] and
Q = 3V’H(pp + pm) is the interaction term with the
coupling constant b [15].

Taking time derivative of Eq. (3) and using Eqs. (4),
(5), (9) and (10) one can get

o o
sio g s
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]

Q
1+ ?’c + (OJD — 36)QD:| .
Taking time derivative of Eq. (2), using (11), and sub-
stituting the obtained result into Eq. (9) gives the EoS
parameter of the interacting viscous MGDE as

1 Qk 'y—l Qk
S S N
“p QD—7—1{ 3+QD<+3)

1+Q
+2b2< ;; k)}—i—?)e. (12)
D

Taking the derivative of Eq. (6) with respect to redshift
z=1_—1 and using Egs. (11) and (12) gives

dQD__ 3 QD+’Y—1
dz 142 Qp —v—1

X [QDI?erZ(lJer)].

(13)

Note that Eq. (13) shows that the MGDE density pa-
rameter is independent of viscosity constant. The vis-
cosity appeared only in the dynamical EoS parameter of
MGDE, Eq. (12).

We solve the differential equation governing the
MGDE density parameter, Eq. (13), numerically. In
Fig. 1, variation of the MGDE density parameter 2p
versus redshift z = % — 1 for different coupling constants
b? is plotted. Figure 1 shows that: i) for a given b%, Qp
increases during history of the universe. ii) At early and
late times, 2 increases and decreases, respectively, with
increasing b2.

II. THE GROWTH OF STRUCTURE
FORMATION

Here we investigate the growth rate of matter in the
presence of interaction between viscous MGDE and DM.
Following [16], the structure formation takes place in the
Newtonian regime. Hence, the equations of motion con-
taining the Fuler and Poisson equations for DM in the
non-relativistic approximation reduce to

ov _ Vpn
e + (v.V)v=— p— Vo, (14)
V24 = 41Gpp, (15)

where v and ¢ are the velocity of DM and gravitational
potential, respectively. According to the linear perturba-
tion theory [16], substituting the perturbations

v = v+0v, Pm — Pm + 0pm, (16)

¢ = o+ 09,

Pm — Pm + 6Pm,
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into Egs. (14) and (15) and retaining only first order
corrections to the background variable, one can obtain

0H = —2H§H — ?5%,

(17)
where we have used V.v = 3H and set v? = 0 for the
pressureless DM (p, = 0).

Now we generalize the linear perturbation formalism
introduced in [16] to the case of interaction between vis-
cous MGDE and DM. Note that Eq. (17) still holds in
the presence of interaction and viscosity. Because the
bulk viscous coefficient € and the coupling constant of in-
teraction term b? only appear in the continuity Eqs. (9)
and (10).

From Egs. (2) and (10), we have

P + 3H pry = 30°H(aH + BH? + pyy). (18)
Substituting the perturbations py — pm + dpm and
H — H + §H into the above relation yields the density
perturbation equation for DM as

8pm + 3H(1 —b*)6pm
= [P0+ 36 (att + 2602 o1

(19)

In terms of the DM density contrast d,, = dpm/pm, Eq.
(19) can be rewritten for 6H as

Om + 22 (aH? + BH?)om

OH = T . (20)
—3(1 = ?) + 22 (2aH + 33H?)
Taking the time derivative of Eq. (20) gives
6H = ! (21)
- 2aH+38H2\ ]’
31— 207 (14 2oLe002 )
where
2 .
- {bz (HM”’BH) _1} 5
Pm
2 yve. .
+ o [—7aH2 — 63H> + ”Tpm(a + 3BH)} Om
b2 3 2
+ [—3aH + 47CGpm (2aH +38H )} Oy (22)

m

and from Eq. (17) we have used H = —H? — 471G py /3.
We also have neglected the terms higher than O(b?). Us-
ing the latest observations (golden SNela, the shift pa-
rameter of CMB and the BAO) and combining them with
the lookback time data we have that b2 could be as large
as 0.2 (see [17]) although a value of b? < 0.04 is favored.
Inserting Eqs. (20) and (21) into (17) and using
0pm = pmdm, one can get the evolution equation for the
dimensionless DM density perturbation d,, as [18]
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2 ..
{1 2 (1 n W)}g
Pm

+{2H+b2 <M—W(a+35H)—2H)}5

Pm 3

_ {477Gpm — b2 [3}[3 <30‘—;26H>

+47rG(20¢H +3BH? + 2pm>} } S = 0. (23)

Note that the viscosity constant € does not appear in
Eq. (23). This comes back to the fact that in our model,
the DM has not the viscosity properties (see Eq. 10)
and due to choosing a specific form for the bulk viscosity
coefficient ¢ = eH ~'pp in Eq. (9), the viscosity constant
€ does not affect d,, in our model.

In the absence of interaction, i.e. > = 0, Eq. (23)
recovers the well known relation given by [16]
Om + 2Hbm — 47Gpmdm = 0. (24)
Using the following definitions
gm :5m/Hg7 Sm :Sm/HOa H:H/H07 (25)
_ o«
T 3MEH,
one can rewrite Eq. (23) in dimensionless form as
jlgm+«72(§m+j36m = 07 (26)
where
) 2a/H +3(1—7)
J=1-0b"|1+ q , (27)
o,/ 3 _
Jo=2H + b7 | Q——l +(B3y—-5)H|, (28)
2(1 —v)H
Js = —ngHQ + 302 H K?"” 1=7) ) +a (29)
3 _ _
In terms of the growth factor f defined as [16]
dln 51’11 dln 6111
= = — 1
fe) = o = (S, (30)
equation (26) can be rewritten as
dH
—(1+z)H2f+H{ (1+2) (31)

e (@) (3) e

Note that for the matter dominated universe, i.e. H? =
pm/3M3, solution of Eq. (24) yields 6, = a. In this case,
Eq. (30) gives the growth factor f = 1.
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FIG. 1. MGDE density parameter, Eq. (13), versus red-
shift for different coupling constants b>. Auxiliary parameters
are Qr, = 0.01, Qp, = 0.76 and v = 1.105.

In general, the differential equation (31) has no ana-
lytical solution. Hence, we need to solve it numerically.
To do so, we first need to know the dimensionless Hubble
parameter H(z). From Eq. (6) and last relation in Eq.
(25) we obtain

"= 0w -1

(32)

and

a=Qp, +v-1L (33)
Now with the help of 2p(z) plotted in Fig. 1 which has
been already obtained by numerically solving Eq. (13),
one can obtain the evolutionary behavior of the growth
factor f(z) of DM. In Fig. 2, variation of the growth
factor f(z) versus redshift for different coupling constants
b? is plotted. Figure 2 shows that: i) for a given b2, f
decreases during history of the universe. ii) For a given
z, f increases with increasing b2. The result for b2 = 0 is
same as that obtained by [5].

Using Eq. (30), the dimensionless DM density pertur-
bation §,, takes the form

(34)

Sun(2) = Gy €XP [ 1@ dz}

o 1+2

In Fig. 3, we plot the evolutionary behavior of d,,(2) for
different b2. Figure 3 presents that: i) for a given b2, d,,
increases during history of the universe. ii) For a given z,
0 decreases with increasing b2. This shows a suppression
of structure growth relative to the non-interacting case.
In the presence of interaction, there is less DM in the
past (see Fig. 4), and this leads to a suppression in the
growth of structure. This is in agreement with the result
obtained by [19]. Note that the suppression is specific to
the circumstance that the interacting and non-interacting
cases are normalized to have the same parameters today,
ie. Qm, and -
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FIG. 2. Growth factor of DM, Eq. (31), versus redshift
for different coupling constants b*>. Auxiliary parameters are
Qr, = 0.01, Qp, = 0.76, v = 1.105 and fo = 0.473.
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FIG. 3. Dimensionless DM density perturbation, Eq. (34),
versus redshift for different coupling constants b?. Legend and
auxiliary parameters as in Fig. 2.

III. CONCLUSIONS

Here we studied the Veneziano MGDE model in the
framework of Einstein’s gravity. We considered a spa-
tially non-flat FRW universe filled with interacting vis-
cous MGDE and DM. We derived a differential equation
governing the evolution of the MGDE density parame-
ter and solved it numerically. Using the linear pertur-
bation theory we investigated the evolution of growth
of structure in our model. Our numerical results show
that: (i) The MGDE density parameter Qp for a given
coupling constant b2, increases when the time increases.
The evolutionary behavior of 2p is independent of vis-
cosity. (ii) The evolution of DM density perturbation
dm in the presence of interaction shows a suppression of
growth of structure. Since the DM density is lower in
the past relative to the non-interacting case, leading to
a suppression of growth of structure. Here the viscosity
constant € does not affect §,,, because the DM has not
the viscosity properties in our model.
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FIG. 4. DM density parameter, Qm = 1 4+ Qr — Qp, ver-
sus redshift for different coupling constants b>. Legend and
auxiliary parameters as in Fig. 1.
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Investigation of non-Canonical Intermediate Inflation in light of Planck 2015
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Intermediate inflation is considered in a non-canonical scalar field model, in which the kinetic term
of scalar field is taken as a power-law function. The free parameters of the model are constrained by
using the most recent observational data related to scalar spectra index, tensor-to-scalar ratio, and
scalar perturbation amplitude. The results are used to depict the potential behavior of the model

and estimate the initial and final time of inflation.

PACS numbers: 05.10.-a ,05.10.Gg, 98.70.Vc

I. INTRODUCTION

Inflationary scenario is known as the best candidate
for describing very early evolution of the Universe. The
scenario was first introduced by Alan Guth , as a possible
solution to the Big Bang model problems. Since there,
various models of inflation have been introduced, based
on canonical scalar field dynamics which dominates the
Universe and has a negligible interaction with the other
components of matter. Inflationary scenario properly
solves the hot Big Bang model problems, not to men-
tion the fact that the scenario predicts an interesting
feature as quantum perturbations in the early times of
the Universe evolution, that has received huge interest.
The perturbations are separated to scalar, vector and
tensor perturbation [1]. Amongst them, scalar perturba-
tion, seeds for large scale structure of the Universe, and
tensor perturbation, known as gravitational wave too,
are the most important ones. The latest observational
data comes from Planck data which released on Febru-
ary 2015 [2]. This states that the amplitude of scalar per-

turbation is about In (1010143) = 3.094, and the scalar

spectra index is about ny = 0.9645. In contrast with
scalar perturbation, Planck does not give an exact value
for tensor-to-scalar ratio r. It only specifies an upper
bound for this parameter as r < 0.10 [2].

One of inflationary scenarios is ”intermediate inflation”
[3], where the scale factor gets an exponential function
of time as a(t) = exp (At*), A > 0 and 0 < a < 1. This
can be acquired from a potential asymptotically looks
like negative power but not exactly [4]. The scenario
indicates on a expansion faster than power-law inflation
(a(t) = tP,p > 1), and slower than de-Sitter inflation
(a(t) = exp(Ht), H = cte). Intermediate inflation in Ein-
stein gravity creates a scale invariant perturbation when
a = 2/3 [3]. The scenario is able to satisfy the bound
on scalar spectra index ns; and tensor-to-scalar ratio r,
measured by observation on CMB [5].

Recently the cosmological models of scalar field in-
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cluding non-canonical kinetic term have played a signif-
icant role in cosmological studies. The general form of
its action is expressed by L4 = {(¢)F(X)V(¢), where
X = (V,oV#9)/2 [6]. The case with V(¢) = 0 leads
to a well-known model as k-essence. The main idea of
k-essence comes from Born-Infold action of string theory
[7]. The model is able to give some interesting results
about dark energy [8]. In [9], the model is applied as a
possible way for inflation and describing early time evo-
lution of the universe.

In the present work, we are going to take f(¢) = 1, and
V(¢) as scalar field potential; in other word, we take a
pure kinetic k-essence plus a potential term. This kind
of model is known as non-canonical scalar field [10]. This
case is another class of the general form which could be
as important and interesting as k-essence model. The
cosmological solution of the model has been studied in
[10], where it was shown that it is possible to build up a
unified model of dark matter and dark energy for a sim-
ple form of non-canonical kinetic term F(X). The same
case has been considered in [11] where the authors found
that producing a unified model of dark matter and dark
energy for a pure kinetic k-essence is very difficult. It
sounds that the non-canonical scalar field model is capa-
ble to be an appropriate model of the universe evolution
and has merit for considering in more detail. Then, we
motivated to use non-canonical scalar field in intermedi-
ate inflation scenario as a possible model for describing
one of earliest universe evolution. In this regards, the ki-
netic term is taken as a power-law function of X, and the
general form of evolution equation are obtained. Conse-
quently, the model contains some free parameters, that
are aimed to be determined by using the newest obser-
vational data. Therefore, it is absolutely necessary to
discuss perturbation of the model and derive related pa-
rameters. The perturbation parameters which are being
to use, are scalar spectra index, tensor-to-scalar ratio and
scalar perturbation amplitude. The result indicates on
the presence of a non-canonical term for kinetic energy
term, and o > 2/3.




II. NON-CANONICAL SCALAR FIELD MODEL

The general form of Lagrangian could be read as

MG
s= [ 150V T |2 R+ La 1)

where L,/ is the Lagrangian of non-canonical scalar field
which is defined as Lo = F(X)—V(¢). The kinetic term
of non-canonical scalar field is denoted by F'(X), which it
is an arbitrary function of X (where X = —g"*V ,0V,¢).
At the rest of the work, the kinetic term is taken as a
power-law function of X as F(X) = FyX".

Variation of action with respect to independent variables
g and ¢, and substituting the spatially flat FRW metric
comes to the Friedmann evolution equations. In addition,
taking variation of the action with respect to the scalar
field results in the wave equation, which is a restate of
energy conservation relation. Surely the case for n =1
and Fy = 1 comes to usual canonical scalar field model.

Intermediate inflation scenario illustrates an expan-
sion phase that stays between power-law inflation and
de-Sitter expansion in very early times. In this scenario,
the scale factor of the Universe is given by an exponential
function of time as a(t) = exp (At®), in which « stands
in the range 0 < a < 1, and A is a constant to justify
the dimension.

Applying the assumption on Friedmann eqiations, the
scalar field is derived as a function of cosmic time, and
in turn the potential could be depicted as a function of
scalar field.

In order to have a quasi-de Sitter expansion during in-
flation, the time rate of the Hubble parameter during
a Hubble time should be smaller than unity [12]. The
same behavior is usually assumed for time derivative of
scalar field [12]. These conditions are known as slow-
roll approximations, and based on them we defined the
main slow-roll parameters as following ey = -H /H? and
Ny = —¢/H$ [12]. As a first condition for inflation, there
must be positive acceleration for the Universe, that is
satisfied when the slow-roll parameter ey is smaller than
unity. Amount of inflation during inflation time period
is measured by number of e-folds parameter defining as
N =In (a(te)/a(t;)). Then, the initial and final value of
the scalar field during inflation are read as

2o (1—a)F%  2me v
¢iz :%; ¢ez =A<Z)>i : AEOO+ Oé./\[ )
Aaf ™ o

The constant parameters are aimed to be specified us-
ing the latest observational data. In this regards, study-
ing perturbation is absolutely necessary. Inflationary
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models predict three kind of perturbations as scalar, vec-
tor and tensor perturbation. One of the most important
metric perturbation is scalar perturbation. Scalar fluc-
tuations become seeds for cosmic microwave background
(CMB) anisotropies, or for large scale structure (LSS)
formation. The amplitude of scalar perturbation could
be derived doing some calculation, and it is given by [13]

HA
Ame

Ir(p+ \/)
where c4 is sound speed, that is constant, equal to ¢4 =
(2n—1)~" (reader could refer to [13] for more detail). De-
pendence of scalar perturbation on wavenumber k is de-
scribed by ng known as scalar spectra index. The param-
eter is given by ng—1 = dIn(P) /[ In(||) = —Aey+€\nxy.
In addition to scalar fluctuation, the inflationary scenario
predicts tensor fluctuation, which is known as a gravita-
tional wave, too. It has been found out that the tensor
fluctuations play a significant role, and they should be
more attended for determining best-fit values of the cos-
mological parameters from the CMB and LSS spectra.
The amplitude of tensor perturbation is obtained as [13]

Py (3)

Vo OHE

= M& A€ @
v

Pr

The tensor spectra index is defined in a similar way, given
by np = dIn(Pr)/[In(]]) = —€ex.

The imprint of tensor fluctuation on the CMB brings
the idea to indirectly determine its contribution to power
spectra by measuring CMB polarization. Such a contri-
bution could be exhibited by the r quantity, which is
known as tensor-to-scalar ratio and represents the rela-
tive amplitude of tensor-to-scalar fluctuation,

_& o 16€H

TR T Va1

Therefore, constraining r is one of the main goals of the
modern CMB survey. According to the current accu-
racy of observations, it is only possible to place an up-
per bound on the allowed range of r [14]. The latest
data about the quantity comes from Planck collabora-
tion on February 2015. Planck full mission data for
ACDM+r model resulted in a new constraint on the
quantity r as r < 0.10 (Planck TT,TE,EE+lowP), < 0.11
(Planck TT+lowP+lensing) at 95% C.L. Note that, as we
concentrate on Planck-2015 data about the quantity r,
we realize that the previous mentioned constraint could
rise in some cases. For instance, according to [2], for
ACDM + r 4+ dlnng/dInk model, there is r < 0.176
(Planck TT+lowP+lensing)
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III. OBSERVATIONAL CONSTRAINT

The provided argument simplifies our way to determine
the free parameters of the model by utilizing the latest
observational data. In this regards, the perturbation pa-
rameters are being computed at the end of inflation. In
the first step, we turn our attention to scalar spectra in-
dex, tensor-to-ratio parameter, and amplitude of scalar
perturbation. The final result has been prepared in the
following table for different values of ng, r, and N.

Ns 0.9625 0.9635
r | 0.08 0.10 0.12 0.08 0.10 0.12
N =60|a | 0.685 0.685 0.685 | 0.697 0.697 0.697

n | 1.646 1.233 1.009 | 1.528 1.158 0.957

nr|—0.015 —0.015 —0.015|-0.014 —0.014 —0.014

A | 1.309 1.413 1.504 | 1.748 1.890 2.014
t; | 2.000 1.788 1.633 | 2.075 1.856 1.694
te | 2470 2209 2.016 | 2.456 2.200 2.008
N =65|a | 0.651 0.651 0.651 | 0.662 0.662 0.662
n | 1.836 1.355 1.093 | 1.706 1.271 1.036

nr|—0.016 —0.016 —0.016|—-0.015 —0.015 —0.015

A | 0.543 0.582 0.620 | 0.726 0.781 0.830
t; | 1.804 1.614 1.473 | 1.884 1.685 1.538
te | 2.898 2592 2.366 | 2.873 2.570 2.346

TABLE I. Constraint on the parameters n and « based
on Planck data about scalar and tensor spectra indices. The
quantity A is defined as A = 107°A. The initial and final
time of inflation is denoted as Z; = 10°¢,, and #. = 105%t,,
where the variable ¢, indicates the Planck time ~ 1073

The observational constraint values for free parameters
of the model are expressed in Table.l. In order to consider
the general behavior of the potential during inflation, the
potential is plotted for different values of tensor-to-scalar
ratio, scalar spectra index, and number of e-folds. It is
shown that the potential is always smaller than Planck
energy, and reduces by passing time.

Fig.?7? illustrates the potential behavior in term of scalar
field for three different values of tensor-to-scalar ratio r,
by taking ns = 0.9635, and N = 60. For r = 0.08, related
to Fig.1, the potential has a similar behavior as [15], it in-
crease at first and then start decreasing. During inflation
period, scalar field gets larger when a smaller value for r
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FIG. 1. The potential versus scalar field is displayed for
ns = 0.9635, N = 60 and » = 0.08. Here the variable Vp is
defined by Vp = V(¢)/M,.
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FIG. 2. The potential versus scalar field is displayed for
ns = 0.9635, N = 60 and » = 0.10. Here the variable Vp is
defined by Vp = V(¢)/M,.

is picked out, not to mention the fact that the situation
is opposite for potential so that it goes up by elevation
of r. Additionally, the difference between initial and fi-
nal scalar field becomes bigger by reduction of r. Fig.??
is devoted to depict the potential behavior versus scalar
field for different values of scalar spectra index ng, and
number of e-folds N. Fig.4 portrays the potential behav-
ior for » = 0.12, N = 60, and three different values of
scalar spectra index. It is found that as well as growth
of the potential by downturn of ng, the gap between ¢;
and ¢, rises. Effect of number of e-folds on the potential
behavior is shown in Fig.5. Larger value of N, which
indicates more expansion of the Universe, causes bigger
difference between initial and final value of scalar field.
It could be seen when N grows, inflation happens for big-
ger potential, and inflation ends for bigger value of scalar
field as well. In other word, inflation lasts more in order
to produce higher amount of inflation.

To sum up briefly, it could be said that, the general be-
havior of the potential is same during inflation: it de-
creases by enhancement of scalar field, or by passing time,
and there is almost the same order of initial and final
value of the potential for each cases. It also should be
noticed that the scalar field in all cases above sounds to
be bigger than Planck mass, however its magnitude is
the same order of Planck mass. From Fig.??, it could be
demonstrated that bigger values of r results in smaller
values of ¢ during inflation. Consequently, the scalar
field decreases and it could goes below Planck mass if
bigger value of r is chosen.
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FIG. 3. The potential versus scalar field is displayed for
ns = 0.9635, N = 60 and » = 0.11. Here the variable Vp is
defined by Vp = V(¢)/M,.
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FIG. 4. The potential behavior versus scalar field is plot-

ted for r = 0.12, N = 60, and three different values
of ns as ns = 0.9615(solid line), 0.9625(dashed line), and
0.9635(dotted line).

IV. CONCLUSION

Intermediate inflation was studied in a non-canonical
scalar field model. This type of inflation model takes an
exponential function of time for the universe scale factor

as a(t) = exp (Ato‘), where 0 < a < 1, to describe an

accelerated expansion between power-law and de-Sitter
expansion. Non-canonical scalar field model contains a
modified term of kinetic energy in action, and in this pa-
per it was picked out as a power-law function.

Constraining the free parameters of the model by us-
ing the latest observational data is the main goal of the
work. Doing so, we used observational data about scalar
spectra index, tensor-to-scalar ratio, and scalar pertur-
bation amplitude. The constraint value for a showed
that this parameter is about a ~ 0.6,0.65,0.7. On the
other hand, the obtained constraint for power of kinetic
term gives n =~ 1,1.2,1.5,2, which indicates on the pres-
ence of a non-canonical kinetic energy. By using these
constraint values, tensor spectra index was determined,
and the results shows that the model prediction about
tensor spectra index is in good agreement with obser-
vational data. The other free parameter was A, which
was estimated of order 10?, resulted from scalar pertur-
bation amplitude. The potential behavior and inflation
time were other topic which investigated at next stage.
The potential was plotted for different values of ng, r,
and number of e-folds N. It was shown that the gen-
eral behavior of the potential is same so that the model
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FIG. 5. The potential behavior versus scalar field is plotted
for r = 0.12,ns = 0.9635 and three different value of N as
N = 55(solid line), 60(dashed line), and 65(dotted line). Here
the variable Vp is defined by Vp = V(¢)/M,.

produces a potential that reduces by passing time or in-
creasing scalar field. Studying inflation time came into
this result that inflation starts at about 10738 second af-
ter big bang, and it ends at about 1073° second after big
bang.

[1] V. F. Mukhanova, H. A. Feldmanc, and R. H. Branden-
berger, Phys. Rep. 215, 203 (1992); K. A. Malik and D.
Wands, Phys. Rep. 475, 1 (2009).

2] P. A. R. Ade et al. (Planck Collaboration)
arXiv:1502.02114.

[3] J.D. Barrow, Phys. Lett. B235, 40 (1990); J.D. Barrow
and P. Saich, Phys. Lett. B249, 406 (1990).

[4] A. D. Rendall, Class. Quant. Grav. 22, 1655 (2005).

[5] J. D. Barrow, N. J. Nunes, Phys. Rev. D 76, 043501
(2007).

[6] A. Melchiorri, L. Mersini, C. J. Odman, and M. Trodden,
Phys. Rev. D 68, 043509 (2003).

[7] A. Sen, Mod. Phys. Lett. A 17, 1797 (2002); N. D. Lam-
bert and I. Sachs, Phys. Rev. D 67, 026005 (2003).

[8] T. Chiba, T. Okabe, and M. Yamaguchi, Phys. Rev. D
62, 023511 (2000); C. Armendariz-Picon, V. Mukhanov,
and P. J. Steinhardt, Phys. Rev. Lett. 85, 4438 (2000);
Phys. Rev. D 63, 103510 (2001).

[9] C. Armendariz-Picon, T. Damour, and V. Mukhanov,
Phys. Lett. B 458, 209 (1999); J. Garriga and V. F.
Mukhanov, Phys. Lett. B 458, 219 (1999).

[10] Wei Fang, H. Q. Lu, and Z. G. Huang, Classical Quantum
Gravity 24, 3799 (2007).
[11] N. Bose and A. S. Majumdar, Phys. Rev. D 79, 103517

(2009).

[12] S. Weinberg, Cosmology (Oxford University, New York,
2008).

[13] S. Unnikrishnan, V. Sahni and A. Toporensky, JCAP 08,
018 (2012)

[14] M. Tegmark, Astrophys. J. 514, L69 (1999); M. Tegmark,
M. Zaldarriaga, and A. J. S. Hamilton, Phys. Rev. D 63,
043007 (2001).

[15] J. D. Barrow and A. R. Liddle, Phys. Rev. D 47, R5219
(1993).




o) 4k psle (LSS o aaas slSils
Ol psad (a5 (plaas S (rasana
VWA cadgnal Yo o YE

Analysis of two low mass ultra-short close binaries KIC 7375612 and KIC 12350008

Davood Manzoori, Salar Abbasvand, Mohadeseh Yahyavi, Niloofar Karimi and Farzaneh Jafari!
! Department of Physics, University of Mohaghegh Ardabili , P. O.Box. 179, Ardabil, Iran

We present here Light Curves (LC) analysis and period variations of two ultra-short period binary
systems. Period analysis of the system KIC 7375612 indicates a secular decrease in the period with

rate 0.001secyr "

, which was attributed to the mass and angular momentum loss (AML) With rates

m = —6.37 x 1073 M®, AJ = —7.63 x 10°kg.myr ! | respectively, estimated in this work. Apart
from the mass & AML detected. It was found that the orbital period of this system is modulated
with an alternating variation of period 898 + 14 d, which was attributed to a third body circling
around the system. Moreover LCs analysis of these systems were performed by PHOEBE code, in
both detached & over contact UMa modes, the results favors the detached solution rather than over
contact. There by supporting the Stepeins statement that, low mass short period binary systems
might have not had enough time to fill their Roche lobe and over flow its mass via AML.

I. INTRODUCTION

The term ultra-short binary which in recent years is
entered to the literature of eclipsing binary stars, usu-
ally seems to be used for the binaries with period shorter
than P = 0.22 d, i.e. the sharp cut off limit in the pe-
riod of contact W UMa type binaries. The history of
discovery of these type of binaries data to 1992, after
Rucinski (1992), who first introduced the cut off limit
(i.e. P=~0.22d). The in 1995 Udalski et al. (1995) dis-
covered the BW3.V38 system with period P=0.1984d and
listed in the catalog of periodic variable stars, of OGLE
observing project. This was complemented by Norton
et al. (2007) who reported a period of P=0.1926 d for
system and again in the year (2011) Norton et al. pre-
sented list and LCS of 53 ultra-short period binary star
in super WASP data. Lohr et al. (2013) reported 143
candidates of short period binary system again in Super
WASP project data. Drake et al. (2014) presented 367
candidates of ultra-short binaries from Catalina Surveys
data. In continuation. Soszynski et al. (2014) reported
242 ultra-short period binary systems data with period
less than 0.22 d. And finally Prsa et al. (2011) presented
a catalog of 2773 eclipsing binary with at least 22 ultra-
short period (i.e. with period less than 0.22 ). In this
study of eclipsing binaries we present, light and period
analysis of 2 ultra-short binary using PHOEBE software,
in section 2, we give the method of analysis, we have de-
voted the section 3 to period analysis and section 4, is
dedicated to the results and discussions.

II. ANALYSIS OF THE PERIOD VARIATIONS

To study the period variations of the systems, we have
collected the Eclipse Timing Variations (ETV) values
from Conroy et al(2013). the ETV are plotted against the
corresponding barycentric Julian Dates (BJD) for both of
the systems. All the collected data were converted to the
a common Epoch using the following linear Ephemeris,
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Trminr = BJD 2454953.638704 4+ 0.1600729E (1)
for KIC 7375612, and
Trint = BJD 2455002.016287 = 0.1845296 E (2)

for KIC 12350008. then the ETV data were plotted
against BJD, for both of the systems KIC 7375612, and
KIC 12350008 shown in Fig. 1 and 4, and is roughly
fitted by a downward parabolic curve for KIC 7375612,
described by the Eq.

x4+ =0 (3)

where,co = (—2.293 £ 0.048) x 107¢, ¢; = (118.333 +
0.209), co = —0.0011 £ 1.875. The residuals between the
fitted parabola and ETVs normal points are displayed in
Fig. 2, as obvious from Fig. 2. these residual indicate a
quasi periodic variations, which can be fitted by sin curve
with the following particulars:

Z = Zy + A sin(wt + ¢o) (4)

Where A = 32.68 & 0.35s, w = 452.55 + 1.76d ™, (¢g =
0.969 4+ 0.002) Zy = 3.64 + 0.26d And corresponding pe-
riod P3 = 898 4 14d For more discussions and interpreta-
tion See section 3. the parabolic behavior of O-C curve
described in section II and indicated in Fig 1, implies
secular period decrease which can be attributed to the
mass and AML from the system. Moreover the quasi pe-
riodic changes of the ETVs residuals plotted in Fig. 2
were subjected to Fourier analysis, the frequency spec-
trum of which is displayed in Fig. 3, as evident from
the FFT analysis, (Fig. 3) there is at least one peak
well above noise level with frequency f = 0.001113d~!
and amplitude A=32.92 sec, (see the subsection V.B for
interpretations and discussions). However ETVs for sys-
tem KIC 12350008 plotted in Fig. 4, seems to be quite
scattered and we could not deduce any significant result
from this Fig.




400 - 4

200

ETV(SEC)
o
1

-200

-400

55(‘)00 555‘)00 56(‘)00 56%00
BJD 2400000+

FIG. 1. Representation of the ETV residual values (Points)
and its description by a downward curved parabola (continu-
ous curve)for KIC 7375612.

ITII. LIGHT CURVE ANALYSIS

In this study of eclipsing binaries we have used photo-
metric data from Kepler Space Telescope mission (2009),
which were operational during years 2009 2012, to have
a more accurate fitting and results, we have selected the
photometric data only for few nights of observations,
these observations were obtained in a wide range pass
band filter 430780 nm. We have used PHOEBE code to
obtain LCs solutions. Use of PHOEBE requires suit-
able in put parameters, for this purpose we have se-
lected over contact W UMa mode of the program and
in accordance to this mode we set the reflection albedos
A1=A2=0.5, and gl=g2=0.32, appropriate to convective
envelope. The limb darkening coefficient, were read au-
tomatically from Van Hamm (1993) in accordance input
temperatures for the components. Since there exist no
spectroscopic observations of the systems. Therefore we
proceeded to find the photometric mass ratio (q) through
a intensive g-search method, by setting the value of ¢ to
a of set of values (0.1, 0.2, 0.3, etc.) and for each value
of q, we adjusted the other main parameters (i.e. T1,
T2, Q1, i, and L1, the luminosity) of the binary system
so that to make the x? function minimum and it errors
to be less than corrections to the parameters. these val-
ues of the Xs were plotted against the respective g-values
in Figs. 5&6, and then the value of ¢ corresponding to
minimum Xs were selected as initial input value for q and
set it as a variable and then we have adjusted the other
parameters i.e. T1, T2, Q1. so that to minimize the
x? function value, and also find best fitting (and super
position) of observed and the synthetic LCs with each
trail value of other parameters by eye inspections. The
obtained parameter values are tabulated in Table 1, and
LCs are plotted in Figs. 7&8. During the fitting process,
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FIG. 2. Representation of the ETV residual values sub-
tracted from the fitted parabola (Points) and its description
by a sine curve (continuous curve)for KIC 7375612.
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FIG. 3. Frequency spectrum of ETV for KIC 7375612.

in order to obtain best fit of the observed and synthetic
LCs, in case of tertiary systems, we have set the light
value of the third component also as a variable.
However, It was observed, during the process of fitting

to get the best LCs solutions the assumption of a dark
spot with particulars given Tabel 1 below was necessary.
The mode was switched to the detached mode, however
by keeping the parameters at the same values the errors
of the parameters particularly the A in this mode were
reduced to considerably lower values.

these residual indicate a sinusoidal behavior, which can
be fitted by sin curve with the following particulars:

IV. RESULTS AND DISCUSSIONS
A. Period variations

Referring to Fig 1, i.e. the ETV of system KIC 7375612
the overall behavior of plotted points show a well down-
ward curved parabolic behavior, which was described in

e
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FIG. 4. Representation of ETV/BJD fit(points) and sine
fit (continues curve)for KIC 12350008 system.
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FIG. 5. The relation between gs and X s for KIC 7375612.

section 2(by Eq. 2). This kind of behavior usually can be
attributed to mass and angular momentum loss from the
system via magnetized star wind (i.e., magnetic braking),
rates of which are estimated as: 7 = 6.365 x 107 M®,
AJ = —7.63 x 10% kg.m yr—!, respectively. The com-
paratively low rate of AML in this low mass short period
system (see table 2), moreover, more accurate solution
and fittings of these systems in detached mode and Roche
configurations prepared by Binary Maker software (not
shown here due to space limitation), all favors detached
configuration of the system. This situation is consistent
with the AML theory of Stepein (2006, 2011), that low
mass short period close binaries, would take so long pe-
riod to evolve to its Roche lobe filling situation which
exceeds the age of the Universe, e.g. according to Ste-
pein (2006) a star with primary mass of 1 Ms would take
7 Gyr, whereas this period increases to more than 13
Gyr, for a star with 0.7 Ms as initial mass of the pri-
mary. Therefore such a low mass binaries have not yet
had enough time to reach Roche lobe over flow. In Fig.
2 we have illustrated the residuals between the observed
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FIG. 7. Synthetic LC (continuous curve), and observed LC
(points) obtained using detached mode of the PHOEBE pro-
gram for KIC 7375612.

ETV points and fitted parabola, which still indicate a
quasi-periodic behavior, which was fitted by a sine curve
described in section 2 (Eq. 3), this behavior can be
attributed to the presence of a third body circling the
barycenter of the system with the following particulars.
using the equation 5 below, by putting the orbital in-
clination of the presumed third body is = 90° and using
the amplitude (A), from the Eq. 3, we get (see Mayer
1990),
algsinig =Axc¢

173.15A4 ]
V1 — e?cosw

()

(mgsin ig)® 1 [
Py

(a12sin iz)? B
P32 o (m1 —+ mo + m3)2

where the quantities,

w = longitude of periastron,

a12 = 0.065AU, orbital radius of the eclipsing pair rela-
tive to common center of mass,

my = 0.045 Mg, mass of the hotter component (primary),

e
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FIG. 8. Synthetic LC (continuous curve), and observed LC
(points) obtained using detach mode of the PHOEBE pro-

gram , for KIC 12350008.
TABLE I. The results obtained through LCs analysis using

PHOEBE program

ParamValuesfor — Valuesfor — Values for —
KICT7375612 — KICT7375612 — KI1C12350008—
detached mode  Contact mode detached mode

e 0.001+6.390x 10~ %00 0.00240.002

1(Deg) 55.00+0.24 57.0040.76 72.00£1.17

T (K) 6008+2 66004426 600848

T>(K) 5910+ 5 5800 5950 £ 8

0 3.46940.003 3.50+0.02 6.82+0.02

Qo 3.46640.003 3.50+0.02 4.80+0.01

q 0.49040.001 0.48040.002 0.38040.001

L1 11.370+£0.014 10.10£0.02 10.10 £ 0.02

el3 0.07040.001 0.07040.001 -

mg = 0.022Mg, mass of the cooler component (sec-

ondary)

e = 0, orbital eccentricity of the third body orbit

P3; ~ 898 + 14 d, orbital period of the third body

and A = (3.78 £ 0.004) x 10~* d, the semiamplitude of
the LTTE

based on these values the estimated mass of the possible
third body ms3 ~ 0.01 £ 0.002 Mg and its orbital radius
az ~ 0.70 £ 0.03AU.

The mass and period of the presumed third body found
are are comparaable to the primary mass, however its
orbit is relatively low this might be areason for aregular
sinosidal period change.

V. CONCLUSION

The main conclusions are, 1- system KIC 7375612
is a tertiary system with the period of the third body
P3= 898 d and mass ms =~ 0.01 £ 0.002 M;. Also
losing mass and AM with rates 1 = —6.635 x 10713
AJ = —7.63 x 10%°kg.m yr ! respectively. 2-The results
of LCs analysis favores detached configurations rather

Ols 1l pole (LSS wilians sl
Ol psad (oia 55y (olaas S (aasana
WAL cudigua,l Yo 5 VE

TABLE II. Absolute physical and orbital parameters, of
the systems obtained through LCs analysis

Param Valuesfor KIC8758716  Values for KIC
10855535

Period(d) 0.160073(adopted) 0.184530(adopted)

A(Ro) 0.5041 0.502

M, /Mg 0.045 0.036

M /Mg 0.022 0.014

Ri/Ro 0.173 0.078

R2/Re 0.114 0.055

L./Lg 11.370 £ 0.014 10.10 +0.02

La/Lo - -

M por 9.41 10.97

M3 por 8.42 10.15

than over contact, and therefore confirming the Stepein’s
theory of AML regarding low mass short period close bi-
naries. 3-Despite some varations in the period of system
KIC 12350008, it is difficult to infer the causes of varia-
tions, due to large scatter of observed ET Vsdata.
Acknowledgements We acknowledge with thanks the
variable star observations from the AAVSO International
database contributed by observers worldwide and used in
this research.
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Low Mass Stars and Brown Dwarfs in Pleiades: binary fraction and mass function
Maryam Hashemi?, Najmeh Sheikhy', Hossein Haghi'

TASBS

*Zanjan University

We present the results of wide field Infrared and near-infrared survey of 5.8 deg around the Pleiades
cluster centre. We remove non-cluster contamination on the basis of proper motions and ] and K
photometry of PPMXL catalogue and W1 and W2 photometry from the WISE survey and present
1157 candidates cluster members down to 0.04Moe. We have used this list of members to investigate
the cluster binarity, mass function and mass segregation. We find a binary fraction of 41 = 10 percent.
The candidate’s radial distribution presents evidence that mass segregation has already occurred in the
cluster. The Pleiades mass function is then derived across the stellar-substellar boundary and we find
that, between 0.04Mo and 4Me, it is well represented by a power-law, dN/dM & M—a, with index of
Qow = 0.69 & 0.06 for low mass and Otigs = 2.83 £ 0.18 for high mass stars. Finally, the candidate’s
radial distribution and mass function presents evidence that mass segregation has already occurred in
the cluster.
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