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Alfvenic wave in polar limb spicules

E. Tavabil, S. Koutchmy?, A. Ajabshirizadeh? *, A. R. Ahangarzadeh Maralani®*, S. Zeighami®*

! Physics Department, Payame Noor University (PNU),P.O.Box 19395-3697, Tehran, Iran
2 Research Institute for Astronomy & Astrophysics of Maragha (RIAAM), P.O.Box 55134-441, Maragha, Iran
3 Institut d’Astrophysique de Paris, UMR 7095, CNRS and UPMC, 98 Bis Bd. Arago, P.O.Box 75014 Paris, France
* Department of Physics, Tabriz Branch, Islamic Azad University, Tabriz, Iran

Aims. We report several Hinode/SOT long series observations in Ca H line and discuss a remarkable dy-
namical behavior which might be nothing else than Helical-Kink mode propagation or Alfvenic waves in-
side the multi-component spicules.

Methods. Compute 2D velocity map using a technique base is using FFTs and cross-correlation function,
and use a 2"-order accurate Taylor expansion on highly processed images to locate the peak of the cross-
correlation function to sub-pixel accuracy.

Results . Obtained results show almost a large percent of solar coronal hole spicules show surge-like be-
havior in support of twisty multi-components spicules. We detected several long spicules and found (i)
the upward and downward flow is equal for lower and middle levels but the rate of upwarding motion is
slightly more in high levels, (ii) the shearing motion in left and right directions is also equal for all levels,
(iii) and the medians of the amplitudes are increased by high, (iv) the left and right-hand velocity is also
increased by high, (v) finally, we see for a large number of multi-component spicules the left and right
hand shearing motion is occurring simultaneously and close to each other, it might be understood as
twisty threads. The twisty number depends to the diameter of whole components and changing from less
than 1 turn for very thin structure to more 2 or 3 turns for surge-like very broad once, the curvature shape

due to the low twist number is similar to the transversal kink mode oscillation along the threads.

PACS number : 96.60.-j

l. INTRODUCTION

Spicules are jet-like chromospheric structures and are
usually seen all around the limb of the Sun arising in
different directions. The mechanism of spicule for-
mation and evolution is not well understood (for the
propulsive mechanisms, see reviews of Sterling 2000;
Lorrain and Koutchmy 1996; Filippov et al. 2006). The
investigation of solar spicules is necessary to under-
stand the Transition Region and the coronal heating
(Kudoh and Shibata, 1999).

Spicules are relatively homogeneous in height along
their life time of approximately 5-15 min., i.e. they are
short-lived and comparable to the photospheric gran-
ules lifetime. They have typical up flow speeds of 20-50
km/s, spicules diameter at chromospheric layers are of
the order of 200-500km.

They usually reach heights of 5000-10,000km before
fading out of view or fall back towards the solar sur-
face. Their smallest widths are only 100-200 km (Tava-
bi et al.,2011) ,Tavabi et al. found that indeed spicules
show a whole range of diameters, including unresolved
“interacting spicules” (I-S), depending of the definition
chosen to characterize this ubiquitous dynamical phe-
nomenon occurring into a low coronal surrounding.

Spicules are very thin and numerous, so along the line
of sight they could be in a large number, especially
above the limb where a long integration along the line
of sight exists. Then superposition effects (overlapping)
should be more important than it was anticipated be-
fore, when it was thought that spicules have a 1 Mm or
more diameter, because the number of spicules met
along the line of sight per resolution element is indeed
significant. A kind of collective behavior of 2 or more
components of spicules is not excluded; see Tavabi et
al. (2011).

They found that most of spicules have multiple struc-
tures (similarly to the doublet spicules) and impressive
transverse periodic fluctuations which were interpreted
as upward kink or Alfven waves.

Spicules usually have oscillation behavior, the exist-
ence of 5 minutes oscillations in spicules have been
firstly reported by Kulizhanishvili and Nikolsky (1978)
and others including spectroscopically resolved obser-
vations. Recently image sequences were studied by De
Pontieu et al. 2003, 2004; Xia et al. (2005), Ajab-
shirizadeh et al. (2007).

Oscillations in spicule with shorter period have been
reported by Nikolsky and Platova (1971). They found
that spicules oscillate along the limb with a characteris-
tic period of about 1 min.
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Recently Kukhianidze et al.(2006) reported periodic
spatial distribution of Doppler velocities with height
through spectroscopic analysis of Ha height series in
solar limb spicules ( at the heights of 3800-8700 km
above the photosphere).

Suematsu et al. (2008) have also reported the observa-
tion of a twist motion of spicules from Hinode SOT
image observation and He et al. (2009) reported high
frequency transversal motion in spicule, in agreement
with results of Tavabi et al. (2010).

Il.  OBSERVATION

We selected a sequence of solar limb observations
made at the North Pole with the broad-band filter
instrument (BFI) of the sot of the Hinode mission (Fig
1). We use a series of image sequences obtained in 17
June 2011, 25 October 2008 and 7 November 2007 in
the Ca Il H emission line; the wavelength pass-band
being centered at 398.86 nm with a FWHM of 0.3nm. A
fixed cadence of 8s is used (with an exposure time of
0.5s) giving a spatial full resolution of the SOT- Hinode
limited by the diffraction at 0.16”(120km) ;a 0.541 pix-
el size scale is used.

The size of all images used here is 1024 X 512 pixels (

Hinode read out only the central pixels of the larger
detector to keep the high cadence within the telemetry
restrictions) thus covering an area of ( FOV) 111~

%56”at the North Pole as the images are centered at

position x=0, y=948 arcsec. On the polar cap of the sun
spicules are somewhat more numerous than at low
latitudes close to the solar equator as they are slightly
taller and oriented more radially ( Filippov and Kou-
tchmy 2000)

We used the sot routine program “fg_prep” to reduce
the image spikes and jitter and to align the time series.
The time series show a slow pointing drift, with an av-
erage speed less than 0.015”/min toward the north as
identified from solar limb motion.

A superior spatial processing for thread-like feature is
obtained using the mad-max algorithm (Koutchmy and
Koutchmy, 1989; Tavabi et al. 2011), see Fig. 1 for ex-
ample.

The spatial filtering using the “mad-max” algorithm
clearly shows relatively bright radial threads in the
chromospheres as fine as the resolution limit of about
120km, see Fig.1 and Tavabi et al. (2011), and permits
to deduce in first order approximation, what could be
the individual properties of spicules . Note that this ra-
ther simple algorithm permits to reduce the complica-
tions to the overlapping effect.

I11. DATA ANALYSIS

Regarding the image processing, we found superior
results after using a spatial image processing for both
thread-like (or elongated) and loop like features ob-
tained with the so called mad-max algorithm (Koutch-
my & Koutchmy 1989). The mad-max operator acts to
enhance the finest scale structure substantially. The
mad-max filter is a weakly nonlinear modification of a
second derivative spatial filter. Specifically, it is where
the second derivative has a maximum when looking
along different directions (usually, 8 directions are
used). The behavior of the mad-max qualitatively re-
sembles the second derivative, but the strong selection
for the direction of the maximum variation substantially
enhances the intensity modulations due the most signif-
icant structure and, accordingly, considerably reduces
the noisy background like in case of a high spatial filter-
ing. It appears to reduce the blending (due to overlap-
ping effects) between crossing threads superposed along
the line of sight. The algorithm, as originally proposed,
samples the second derivative in eight directions but the
directional variation of the second derivative was gen-
eralized to a smooth function with a selectable passband
spatial scale for this work (for more details see Novem-
ber & Koutchmy, 1996).

Spatial filtering using “mad-max” algorithms clearly
shows relatively bright radial threads in the chromo-
sphere as fine as the resolution limit of about 120 km,
see Fig. 1, as well as some figl- a, b, c Mm copy group-
ing of spicules. Note that some deviation from the radial
direction is observed and the aspect ratio of each spic-
ules is often larger than 10.

501 17June 2011
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Fig. 1 inverted intensity and Mad-Maxed Hinode/SOT
CaH line.

IV. RESULTS AND DISCUSSION

We are one of the spicules is chosen with a certain
structure which is represented by the red arrows in Fig.
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1. We choose an axis to move relative to the axis of the
Spicules looked. Using the FLCT algorithm for the
spicule desired two-dimensional velocity diagram
shown in Figure 2, respectively.

We find that almost a large percent of solar coronal
hole spicules show surge-like behavior in support of
twisty multi-components spicules.
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Fig.2 Result from FLCT algorithm for 2D velocity
maps correspond to the remarked structure (red arrow)
in Fig. 1.

We detected several long spicules and found the up-
ward and downward flow is equal for lower and middle
levels but the rate of upwarding motion is slightly more
in high levels, and the shearing motion in left and right
directions is also equal for all levels.

17 June 2011
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Fig.3 Horizontal and vertical proper motion veloci-
ties for different layers above the limb.

Then we plotted the mean intensity histogram. We
found the medians of the amplitudes are increased by
high .we also found the left and right-hand velocity is
increased by high.
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Fig.4 Histograms for swaying and up and downward-
ing motions.

The analysis is repeated as same way for different im-
age and data on 25 Ocb.2008.
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Fig.5 Horizontal and vertical proper motion velocities
for different layers above the limb.
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o ‘ _ Finally ,a large number of multi-component spicules
50 (Surge-like) with swaying motion is occurring simulta-
R sl o8 neously and close to each other, it might be understood
20 20 as twisty threads. The twisty number depends to the
. s ) diameter of whole components and changing from less
OV (kmis) V(10 xkmis) than 1 turn for very thin structure to more 2 or 3 turns

Fig.6 Histograms for swaying and up and downward-
ing motions.

Fig. 7 schema of twisty and magnetically threads (left)
in high resolution and propagation of transversal insta-
bility corresponds to the right plane in the left.

for surge-like very broad once, the curvature shape due
to the low twist number is similar to the transversal
kink mode oscillation along the threads.
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Abstract: One of the latest achievements in the past years in Astrophysics is the
detection of extrasolar planets that have attraced many centers and is finding more
interested astrophysicists nowadays. Exoplanets can be detected by varlovs
methods, but the exoplanets which are centered around the eclipsing binary stars
are very especially because according to our facilities These are easier to
investigate, Therefore, in this paper we investigate methods to detect and
investigate Exoplanets around binary systems, while Transit and photometry
method can be named.

Keywords: Detection Exoplanets- Binary systems-Transit-Photometry

Introduction: There are several methods to detecting and studing extrasolar planets, such as
astrometry, transit, microlensing, FMA methods and etc, But the data show that these methods are
not suitable for the detection and study of extrasolar binary system,photometers and transit are used
to detect this type of extrasolar, while The other methods have some disadvantages which make them
weak for discovering and surveing thebinary extrasolars.for example the doppler methods are weak in
discovering the extrasolars because wavelenght changes effect are very little such detectors are very
costlynor, spectroscopy is weak because in addition to the spectral control spending far too much time
trying to in this matter.the microlenzing method loses its efficiency because of the binary of star
system.while the binary systems can interfere with the operation of this method,so it is not
recommended,and the transit and photometry methods are suggested .According to our studies,
photometers procedure, which requires alot of timing,and is considered as a transit survey, is the most
common and easiest method. Data also has shown that these two are the most helpful methods for
detecting and observing for the most of extrasolar planets in the binary system.

Transit Method for Detecting Exoplanets: When a planet passes in front of its parent star it blocks part of the star
flux. To observe such a phenomenon from another star system at a great distance from the planet, the observer
has to be within a very restricted region of space. Therefore any planet around a star does not necessarily transit
its host and we will only observe a small fraction of planets as transiting planets. The decrease in luminosity of the
host star when the planet transits is also of the order of ~1% for a Jupiter-sized planet around a solar-type star
which requires high photometric precision observations carried out during and after the transit event.

In the following analysis of the transit phenomena we will assume that planetary orbits are circular and that the
surface brightness, mass, and radius of the planet are small compared to that of the parent star. We will also
assume that the orbital radius is much larger than the size of the parent star itself.[1]
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line of
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observer

Figl. Geometry of planetary transit, showing the relation between latitude of the transit across the central star

Eclipsing binary stars provide us with a special opportunity to employ the transit method, as was first suggested
by Schneider and Cheverton (1990). Here we consider the case, that a planet orbits both components of a close
binary. By definition, the inclination of the plane of the binary components is close to 90 degree, and can be
measure precisely from an analysis of the binaries, light curve .furthermore, a planetary system is expected to
have precessionally dampened. Into the plane of the binary components during its formation (Schneider, 1994a).
For suitable eclipsing binary systems, the probability that planets will cause observable transits is close to 100%
(Schneider and Doyle,1995) . A further advantage of the observation of binary stars is the unique, quasi-periodic
transit signals they would produce. Since the star is double, there will normally be two transits, whose exact shape
depends on the phase of the binary system at the time of the planetary transit. Such a signal is well suited to
cross-correlation of model transit curves against the observed data, to allow the detection of sub-noise signals
(Jenkins, Doyle and cullers, 1996).[2]

Binary Examples for Transit Method for Detecting Exoplanets: You can see some samples of LCs obtained at the
star lensa observatory using either 50cm Newtonian of 60cm Cassegrain telescopes in Fig2. They observe and
investigated by Dwarf Project[3]
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Fig2. some samples of LCs obtained at the star lensa observatory using either 50cm Newtonian of 60cm
Cassegrain telescopes

Photometry Methods for Detecting Exoplanets: The discovery of Exoplanets implies that transits should
commonly occur. The reduction in the light from the star is simply the cross-sectional area of the planet multiplied
by the surface brightness of the disk of the binary stars. The characteristic photometric signature of a transit will
include regular repetitions of a limb-darkened ingress and egress and a flat-bottomed dimming, easily discernible
from other effects that are intrinsic to the star.

The photometric method should be pursued vigorously from the ground, as a small 1-m class telescope with a
wide field CCD detector can accomplish the task.
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Relative magnitude

If the star’s photosphere were of uniform brightness, then the fractional decrease in apparent brightness of the
star is the area ratio:

mr?/mR?
Where 7r? is the projected area of the planet, radius r, and mR? that of its star, radius R. In fact the photosphere
of a star appears to dim slightly towards the edge (the limb). This limb darkening arises because the radiation we
receive from the limb is predominantly from the uppermost regions of the photosphere, which are cooler than
deeper down. This modifies the light curve, depending on which chord of the star’s disc the planet traverses. With
a sufficiently precise light curve a correction can be applied.
Also, dips in apparent brightness can arise from events other than a planetary transit, such as a grazing transit by
a fainter companion star. This, and other types of extraneous events, can be identified from the shape of the light
curve.[5]
Jonathan Devor and David Charbonneau describe the Method for Eclipsing Component Identification (MECI),
which is an automated method for assigning the most likely absolute physical parameters to the components of
an eclipsing binary. MECI is unique in that it requires only the photometric light curve and combined color of the
eclipsing binaries. We have implemented this method using published the oretical isochrones and limb-darkening
coefficients, and publicly released its source code*. MECI lends itself to creating large catalogues through the
systematic analyses of datasets consisting of photometric time series, such as those produced by OGLE, MACHO,
HAT, and many others surveys. We will be presenting results of data mining the Trans-Atlantic Exoplanet Survey
(TrES). This sort of mining technique may be used for both characterizing stellar populations and for discovering
rare and interesting binary systems. Of particular interest are the lower main-sequence stars, for which models
underestimate their sizes by as much
as 20%. Progress in this area has been hampered by the small number of suitable M-dwarf binary systems with
accurately determined stellar properties. Finding additional systems by mining Exoplanet Surveys may provide
significant benefits for our understanding of such low-mass stars.[4]
Binary Examples for Photometry Method for Detecting Exoplanets:[6]

28 F @/ 4
' : T T T T
| -P“/ v B eam: v P=0.387 days M;=0.4630.3 M,=0.450.3
f _00f || | e S e :
' 0| et | o2 : |
20 02f | il 1”\
| \ | .
e/ °" st 74 _P=1.536 days M;=1.05+0.02 M,=0.84+0.02, .
E 0.6 ....................... g 0.5 2 = -
, 00 02 04 06 08 10
1.5;- ‘\\an :'_)
5 04 —
: 2 o 1.0
10} : h—-" ‘ 1™ ©
i 00 || atl k=
+ =1
~ ! o2} || M =
| LR [y
sl N\ 0] | st | =2 ]
: i‘.\\ | = P=2.619 days M;=1.90+0.03 M,=0.88%0.03
05| 10 15 0 02 04 06 08 10 - : Ao o R A Y S
\ Start Mass Phase o goF . T NF
\ . —
04 R R .o.‘l . e DA Ty © . . 4
{4 | = P=1.746 days M;=1.93%0.01 M,=1.84+0.02
02 e AL o o o] A2 oy e B LR s :
r ™ I i | | | o 25 -
Mt “ st | ] Mi w2y | 1 E O wan =
| ) e | W | "
M! U | o.zI i U 1 0.2 H i
°-‘i score= 10 i 0-‘i Scone=I6 5 | 04 | eometnss 30l
6 1] 06| . : : .
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 1.0 0.0 0.2 0.4 0.6 0.8
Phase Phase Phase Phase

A Modern Method: FMA is one of the newly discovered exoplanets which is used in binary systems, and stands
for Frequency Map Analyse. This is a method of obtaining a radio map of a binary system at different frequencies
over a regular schedule which can be checked or discovered exoplanets found in the payments system. The
method was introduced by in 2006 and requires a lot of more researches.[7]



40

Oyl pem o h olopo )5 enain
IWAY o)l TV 9 V7 (o) b pole oSS OMuas oSN

Conclusions: According to our researches transit and photometers are most eligible methods for detecting
exoplanets binary systems, meanwhile the photometer is more easier and accurate to use, But transit methods
are relatively simple while it can be considered by Non Observatory telescopes, and even the new founds can use
these methods for their practical and tentative works.
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Section (IOTA/ME) and Alborz space science research center for their generous and continues and also their
educative supports which had led us to some great results.
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We have used an exact general relativistic model structure within a FRW cosmological background
based on a LTB metric to study the gravitational lensing of a cosmological structure. The integration
of the geodesic equations turned out to be a delicate task. We realized that the use of the rank 8(7)
and 10(11) Runge-Kutta numerical method leads to a numerical effect and is therefore unreliable.
The so-called semi-implicit Rosenbrock method, however, turned out to be a viable integration
method for our problem. The deviation angle calculated by the integration of the geodesic equations
for different density profiles of the model structure was then compared to those of the corresponding
thin lens approximation. Using the familiar NFW density profile, it is shown that independent
of the truncation details the thin lens approximation differ substantially from the exact relativistic
calculation. The difference in the deflection angle for different impact parameters may be up to about
30 percent. However, using the modified NFW density profile with a void before going over to the
FRW background, as required by an exact general relativistic model, the thin lens approximation
coincides almost exactly with the general relativistic calculation.

PACS numbers: 98.80.Jk, 98.62.Js, 98.62.Ck , 95.35.4-d

The thin lens (Th-L) approximation in the gravi-
tational lensing is the prevailing method to estimate
cosmological parameters and the mass of large scale
structures leading to dark matter and dark energy
contents of the universe [1], [2]. The current view is
that this Th-L approximation is accurate enough at the
cosmological scales where we are faced with very weak
gravitational fields and potentials. There has already
been attempts to compare the Th-L approximation
with the integration of null geodesics in a perturbed
cosmological background ([3-5], see also [5] and the
references there). However, a full general relativistic
calculation based on an exact model is still missing.
There are two sources of misinterpretation of astro-
physical phenomenon in a weak gravity environment,
depending on the local or quasi-local phenomena under
consideration. In the case of local phenomena the
familiar perturbation theories maybe valid to some
extend. There are already detailed studies on this
subject (see [6], [7], [8]). However, if quasi-local phe-
nomena or structures come into play we may encounter
counter-intuitive effects not detected in the perturba-
tional approach to the weak field limits. The definition
of quasi-local mass in general relativity is one of these

*Electronic address: parsimood@physics.sharif.edu
tElectronic address: j.taghizadeh.f@ipm.ir
tElectronic address: mansouri@ipm.ir

issues which has been extensively studied in general
relativity [9]. We have already shown numecrically how
different various quasi-local mass definitions of a general
relativistic structure may be [10]. Another quasi-local
effect relevant to the gravitational lensing is how a
spherically symmetric structure is matched to a FRW
background. Such a general relativistic matching is only
possible through an underdensity region or a void [11];
a fact not realized in the post-Newtonian approaches
or cosmological perturbations relevant to lensing, and
missed in all studies comparing the Th-L approaches to
a more exact general relativistic lensing calculation.

We are interested in the exact general relativistic lens-
ing by an exact solution of Einstein Equations repre-
senting a cosmological structure defined by a spherically
symmetric overdensity structure within a FRW universe.
There is already an exact general relativistic model struc-
ture within an FRW universe based on a Lemaitre, Tol-
man and Bondi (LTB) metric [13-15] representing an in-
homogeneous cosmological model with a structure at its
center[10]. Choosing such a model for an extended spher-
ical lens, we study the gravitational lensing in a dynami-
cal cosmological background in the framework of general
relativity by integrating numerically the null geodesic
equations to obtain the deflection angle. The result is
then compared with the corresponding Th-L approxima-
tion to understand the accuracy of this technology and
its possible flaws in interpreting the structure and the
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mass of cluster of galaxies. The effect of the cosmolog-
ical constant in the lensing is negligible in small scales
we are considering [12] and only effect the cosmological
distances which we will take into account. That is why
we have neglected the cosmological constant in our exact
model to avoid unnecessary complexities

Take a spherically symmetric cosmological structure in a
FRW matter dominated universe with the density p(r,t).
This is modeled by a LTB solution of the Einstein equa-
tions which is written in the comoving coordinates as

(G=1,c=1)
ds? = —dt? + X2(r, t)dr* + R(t,r)dQ>. (1)

satisfying
ort) = 0 )
R/
X = TE(?“)’ (3)
B = EB(r)+ 21\2(@. (4)

Here M and E are integrating functions, where dot and
prime denote partial derivatives with respect to the co-
ordinates ¢ and r respectively. Equation (4) has three
different analytic solution, depending on the value of E.
The solution for negative E we are interested in is given
by

I — —%(1—0087}),
 m\3/2
p-simn = CO G0 )

The solution has three free functions: #(r), E(r), and
M(r). Given that the metric is covariant under the
rescaling 7 — 7(r) one of these functions may be fixed.
The geodesic equations may be written in the arbitrary
plane of # = 7 due to the spherical symmetry:

d2t _(dr\? - (dp\?
2r  Xdrdt X' [(dr\® RR [do\*
rio—+22 2 () - =2} =o,
A2 X axdx T X \dx X2 \d\
(7)
d*¢ _Rdtde _R' drde
e TR CRaova ®)

where A is an affine parameter. Equation (8) expresses
the conservation of the angular momentum:

L= RQS—f = Const. 9)

We are interested in the light-like geodesics. From the
metric we obtain the light-like condition in the form

(8) () e ()

These partial non-linear differential equations can not be
solved analytically. To integrate them numerically one
has to specify the three functions M (r),ty(r), and E(r)
and all derivatives of the metric functions, using a proce-
dure proposed in [16, 17]. We start with a generic density
profile and specify it at two different times t1, t5 as a func-
tion of the coordinate r. Now, the numerical procedure is
based on the choice of r-coordinate such that M(r) =r.
This is due to the fact that M (r) is an increasing func-
tion of r. Therefore, E and t;, become functions of M.
For the initial time we choose the time of the last scat-
tering surface: t; ~ 3.77 x 10%yr. The initial density
profile should show a small over-density near the center
imitating otherwise a FRW universe. Therefore, we add
a Gaussian peak to the FRW background density p,. We
know already that having an over-density in an otherwise
homogeneous universe needs a void to compensate for the
extra mass within the over-density region. Therefore, to
model this void we subtract a wider gaussian peak:

p(R, 1)) = py(t1) [(516(@2 - b1> () 1] ,
(1)

where ¢; is the density contrast of the Gaussian peak, Ry
is the width of the Gaussian peak, and R; is the width of
the negative Gaussian profile. The mass compensation
condition leads to an equation for b;. For the final time
we choose the time when our null geodesy has the near-
est distance to the center of our model structure. For
instance if we set our lens at the redshift z ~ 0.2 then
ty ~ 6.98Gyr.

The density profile we choose for the final time is the
universal halo density profile (NFW) [18] convolved with
a negative Gaussian profile to compensate the mass plus
the background density at that time:

p(B.t2) = (pwrw — bapp(2)) e () 4 py(tn), (12)

where
dc
PNFW = py(la) g (13)
(#) (1 #)
R, R,
and
200 3

o= ————. 14
i 3 Im(1+e¢)— 15 (14)

In our numerical calculation we will use typical NFW
values Ry = 0.5Mpc and ¢ = b5 for a galaxy cluster. Note
that at the time 5 a black hole singularity covered by an
apparent horizon has already been evolved. Therefore,
the NFW profile has to be modified and a black hole mass
greater than a minimum value has to be added to it at the
center. This physical fact is reflected in a shell crossing
singularity if we take the familiar NF'W profile similar to
that assumed for the time ¢;. The mass we have assumed
for this black hole singularity is about one thousandth of
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FIG. 1: E as a function of M for a cluster with NF'W density
profile. M is given in the unit of the Sun mass.
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FIG. 2: t; as a function of M for a cluster with NF'W density
profile. t is given in the unit of 3.263Gyr.

the mass up to the R, and equal to 5.66 x 10! M. Figs.
1 and 2 shows the LTB functions E and ¢, as a result of
these boundary assumptions. Using these LTB functions,
the density profile of our model structure is obtained and
depicted in Fig. 3.

To solve these equations we have to specify four initial
conditions taking into account the light-like condition
(10). The freedom of choosing the affine parameter
reduces the initial conditions to three. Now, the in-
tegration of the geodesics happens by a backshooting
procedure. Our initial conditions are taken to be the
time of observation, distance of the observer to the lens
expressed in terms of the redshift of the lens at the time
of the observation, and angle between the line of sight
to the image of source and the line of sight to the lens
(0 in Fig. 4):
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1.0E+04 ¢
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FIG. 3: Density profile for a cluster. The dot line corresponds
to the familiar NF'W profile and the solid line corresponds to
the modified NFW with a void.

R4
tan 6|, = ,‘2 . (15)

dX [Null

The integration is done from the observer to the source
at a specific redshift. Assuming there is no lens, the
model reduces to a homogenous flat FRW universe and
the geodesics are straight lines (in comoving coordinates)
allowing us to determine the angle between the source
and the lens (8 in Fig. 4):

sin ¢,
To — cos ¢,

Te

tan 8 = (16)

where ¢, is the OLS angle, 7, is the comoving distance
of the observer, and r, is the comoving distance of the
source from the center of coordinate system in the ab-
sence of lens at the time ¢.. From the geodesic equations
the t. is given by

1 1\2 1| R2 R? 2R,R
(153—753) =5 |5+ =77 cosee|. (I7)
Sle  w  we

We then write the lens equation and determine the
deflection angle ~:

Dos
Drs’

v7=(0-0) (18)
where we have assumed that the presence of the lens has
not a significant effect on the distances and we may use
the corresponding FRW ones.

The validity of the numerical method chosen to
integrate such complex system of partial differential
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FIG. 4: GL diagram: O is observer, S is source, S’ is image
in source plane, L is lens and ~ is deflection angle.

equations is a delicate issue. We first started with the
familiar Runge-Kutta adaptive step size algorithm with
proportional and integral feedback (PI control) [19] in
which the step size is adjusted to keep local error under
a suitable threshold. We started with the so-called
embedded Runge-Kutta of the rank 5(4). It turned out,
however, that its accuracy is too low. Therefore, we
tried the rank 8(7) and then the rank 11(10) algorithm.
The difference between these two last ranks, however,
turned out to be marginal and below one percent. Given
the time-consuming rank 11(10) algorithm, we preferred
to use the rank 8(7) one. Now, as a fist test for the
accuracy of this numerical method we tried the trivial
example of the LTB model, namely the FRW -case,
expecting a null result. The result was a non-negligible
deflection angle of the order of few milliarcseconds.
Suspecting to face a numerical effect, and trying to
understand the numerical algorithm and the source of
this numerical effect, we continued to calculate a more
concrete and non-trivial LTB case. The result for the
rank 8(7) Runge-Kutta numerical method applied to a
structure with a compact density profile did agree with
the thin lens approximation. However, in the case of a
more diffuse density profile the result showed a deflection
angle up to an order of magnitude higher than the thin
lens approximation. We did interpret this result as a
sign not to trust the Runge-Kutta method and turned
to an alternative numerical method!

The root of this numerical deficiency could be due to
the term % in our equations, which is almost zero in
the most part of the path of the light ray and changes
suddenly to 7 in the vicinity of the lens. This is a
well-known phenomenon in the numerical method of
integrating differential equations called as ”stiff” [20].
The characteristic property of such stiff equations is
the presence of two quite different scales. In our case
we have on one side the cosmological distance scale of
the source relative to the lens and the observer, and on
the other side the scale of the structure or the nearest

distance of the ray to the lens. Realizing this stiffness
property, we turned to the so-called semi-implicit
Rosenbrock method of the numerical integration of
partial differential equations [19, 20]. As a first test we
calculated again the trivial case of a FRW model which
gave an acceptable null result. We, therefore, decided to
integrate our geodesic equations using the semi-implicit
Rosenbrock method instead of the Runge-Kutta one.

The null geodesics equations of our exact general rela-
tivistic structure model is now integrated using the mod-
ified NEW density profile with a void before matching to
the background FRW universe to obtain the deflection
angle. Note that the density in the NFW density pro-
file is taken to be the oversdensity in an otherwise FRW
model, namely p— p,. However, for the Th-L approxima-
tion we have used two different density profiles namely
the familiar one and the modified one with a void be-
fore matching to the background density. In the case of
familiar NFW density profile without a void, the corre-
sponding equations can be integrated analytically to give
the deviation angle [24, 25]:

4Msing Rg x
y(z) = = 167 py0c—* (log ot F(«T)) (19)
arctan _w2
% r<1
Flz) = {1 r=1 (20)
arctan(v/z2—1)
—vo T = >1

Assuming the same modified NFW profile as in general
relativistic case for the Th-L approximation we have also
calculated the deflection angle applying the lens equation
1]

Dypgs d\IJ(Q)’ (21)
where ¥ is the lens potential.

The result for the three cases, the exact general rela-
tivistic model with our modified NFW profile, thin lens
approximation using the modified NFW with void, and
the thin lens approximation using the familiar NFW
without a void is depicted in Fig. 5. Obviously the two
cases of the thin lens approximation with the modified
NFW density profile including the void and the LTB ex-
act method almost coincide. The thin lens approximation
with the familiar density profile without a void, however,
differ from the exact LTB model. The difference in the
deviation angle can be more than 30 percent depending
on the impact parameter. The difference between the
exact general relativistic LTB model and the thin lens
approximation is due to the absence of the void in the
familiar NFW profile used in the literature. To see the
implications of the NFW parameters in this difference
we have also calculated the deviation angle for different
NFW profiles, with and without void. The result is de-
picted in the Fig. 19. We see again that the Th-L approx-
imation using different modified NFW profiles including

6—f=
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FIG. 5: Deviation angle for three cases: the general relativis-
tic result is indicated by plus points; the thin lens approxima-
tion using our modified NF'W is shown by the continuous line;
and the dashed line is for the familiar NFW profile without
the void (formula (19)).
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FIG. 6: Deviation angle for NFW density profiles with dif-
ferent parameters. Horizontal axis is normalized to Rs and
vertical axis is normalized to the maximum of the deflection
angle in each case. Dash line is for NFW model without void
(formula (19)).

a void almost coincide with the exact LTB model. Mod-
els with the NFW profiles without void, however, differ
substantially from the exact model. The difference is
higher the bigger the c; parameter is, i.c. the less the
concentration of the density of structure is.

We, therefore, conclude that by interpreting astrophys-
ical data of gravitational lensing by clusters using a fa-
miliar NFW density profile without a void we are devi-
ating from the exact result and the Th-L approximation
is no longer valid. The Th-L approximation may, how-
ever, be considered as precise enough if one modify the
density profile and add the corresponding void to it, as
require by general relativity for a quasi-local structure.
The detail of the void, such as its density contrast,its
depth and length, depends on the detail of the model
and the deviation from the familiar NFW may even be
much higher for other choices. Also note that the effect
of the void is higher for larger impact parameter. In the
case of strongly lensed objects in astrophysical applica-
tions we are usually faced with small impact parameter
where this effect is negligible. For example in the case of
Abell 2261 cluster (z = 0.225) with many strong lensing
arcs, D. Coe et al. [27] have assigned ¢, = 6.2 + 0.3 and
Myir = 2.240.2x 1015 My,. The exact general relativistic
results according to our model would lead to ¢; = 6.23
and M,;, = 2.23 x 1015M@. In the case of weak lensing,
however, we expect this effect to have significant impact
on the cosmological parameters. Work in this direction
is in progress.
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Abstract

There is no static object in the universe we live, and it seems that the universe also rotates, however
there has been no reasonable and convincing evidence but theoretical equations. In the article we will
study how the continuity equation that has been verified in most physics subjects with simple and
acceptable hypothesis can lead to a logical relation for rotating universe (angular velocity) and even
ideally the relation can be expressed numerically and we also will define the relation between angular
velocity and age of universe. Finally the relation will be clarified by Hobble parameter and Einstein—De
sitter model.
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Propagation of Gravitational Waves in Curved spacetime

Jafar Khodagholizadeh
Department of Physics ,Tarbiat Modares University , P.O.Box 14115-398, Tehran, Iran

Perturbation of gravitational fields may be decomposed into scalar, vector and tensor components.
In this paper we concern with the evolution of tensor mode perturbations in a curved spacetime
and it may be thought as gravitational waves in a classical description. We first derive the general
weak field equations then the form of the field equations in spherical waves are obtained and their
solutions are presented. We conclude with discussing the significance of the results and their impli-

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

I. INTRODUCTION

Here we investigate the freely propagating gravita-
tional field requiring no local sources for their existence in
a particular background. As an essential feature of the
analysis of general theory of small fluctuations, we as-
sume that all departures from homogeneity and isotropy
are small, so that they can be treated as first order per-
turbations. We focus our analysis on an unperturbed
metric that has K # 0 and presence of a positive cosmo-
logical constant. In the previous works mostly the case
K = 0 wre investigated extensively [1-3]. Even though in
some works K is not fixed for demonstrating the general
field equations, but for solving them usually K = 0 is im-
posed [4,5]. The study of this particular problem is inter-
esting and relevant to present day cosmology for the fol-
lowing. WMAP data alone can not constraint the spatial
curvature parameter of the observable universe j very
well, combining the WMAP data with other distance in-
dicators such as Hy , BAO, or supernovae can constraint
Q. Assuming w = —1, we find Qp = 0.73 4+ / — 0.04
and Qiotq;r = 1.02 + / — 0.02. Even though in WMAP
seven-year data it has been concluded as an evidence in
the support of flat universe, but in no way the data does
not role out the case of K =1 [6].In the analysis of grav-
itational waves commonly Minkowski metric is taken as
the unperturbed background. According to mentioned
observational data, the universe is cosmological constant
dominated at our era. So in the analysis of gravitational
waves we should replace the Minkowski background with
de-Sitter metric. The essential point is that spatially
open and flat de-Sitter spacetime are subspaces of spa-
tially closed de-Sitter space. The first two are geodesi-
cally incomplete while the third is geodesically complete
and maximally extended. From the singularity point of
view the issue of completeness is crucial for a spacetime
to be non-singular. Taking the issue of completeness seri-
ously, we have no way except to choose K = 1.We begin
by deriving the required linear field equations.

II. LINEAR WEAK FIELD EQUATION

Supposed unperturbed metric components in Carte-
sian coordinate system are [1]:

goo=-1, Gio=0, Gij=a’(t)gi
h \ IZIJ
a(t) = acosh(t/a), §i; =05 + Kil e (1)

with the inverse metric

gP=-1, g"=0, g7=d*(t)7",
g”‘ = (5” — Kxixj)
(2)
where K is curvature constant and o = % Let us

decompose the perturbed metric as:

Guv = Guv + huln (3)

where g, is defined by Eq.(1) and hy, is small sym-
metric perturbation term.Perturbation of the the metric
produces a perturbation to the affine connection[11]

1 _
6F5A 3 §gup[_2hPUFZ/\ + 8)\th + auhp)\ - aph)\y] (4)

The tensor mode perturbation to the metric can be put
in the form

hoo =0, hio =0, hiy; =a’Dy;, (5)
where Dj;s are functions of X and t, satisfying the con-
ditions

§“D;; =0, §9V;Dj,=0. (6)
The perturbation to the affine connection in tensor mode
are

oI5y = 6T = 0T, =0
2
. . a“ -
(5].—‘% = 6I‘j0 = aaDl-j + ED”

) 1 )
0T5y = 510k Dij + 03 Dis, = 0;Dji = 2K (Dim — Ka'e'Dyy,) x
l‘jxk

R e
(0% + 1— K22

)a™ — Kz'z" (04 Dy + 0;Du, — 9, Dji)]
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The Einstein field equation without matter source for the
tensor mode of perturbation gives

6Rjr = —Aa?Dyy, (8)
where
P 3. Q.
(5Rjk = —(2(1 + CLG)Djk — §Djk — ?Djk
+§6 81‘Dj;€ — 4KDjk — 5(81‘3ij1€)1‘ x
3
—inmaijk - K(akij + 8ijk)a:m
xtk

+K2Dml(6jk? + Kl — K:EQ )mmxl. (9)

Scale factor a(t) satisfies the Friedmann equation, so
we get

2a* + ai = Aa® — 2K. (10)

Inserting Eq.(10) in Eq.(9) and Eq.(9) in Eq.(8) , we
would have

3 . al 1, S
—iaaDjk — ?D]‘k = QKDjk 4F 5(‘9 BiDjk = iK.CE 6ijk
+(0i0m Djr)r's™ = K(OxDimj + 0j Dimi)x™ +

xjxk l

then we obtain the final equation.
V2Dji — 3aaDjy, — a®Djj, — 2K Djj = 0. (12)

Our first task to establish the field equations is fulfilled.
Next we look for special solutions of this field equa-
tion analogue to spherical waves that polar coordinates
(x,0, ¢) are convenient.

III. SPPHERICAL WAVE SOLUTION

To consider this case it is more suitable to work in
polar coordinates, z* = (x,#,¢). In this basis the non-
zero components of the unperturbed metric are:
~ .2 . 2
g33 = sin” x sin” 6, (13)

gin=1, go2= sin? X5

with the inverse

g =1, §*2=sin"?y, §*® =sin"?yxsin"?0. (14)
The non-zero components of the unperturbed connec-

tions are

F%g = —sinycos, 1'%3 = —siny cos x sin® 0,
F%l = COtXa F?))?) = —sin#cos 97 (15)
Fgl = cot X F§2 = cot 6.

In this case g;; is diagonal and the conditions (6) for a
transverse wave give

Dy =0 (16)

We may distinguish two independent polarizations as

00 0
D t
Doyt ="2D (o1 g (17)
S 00 —sin“f
000
Dy (x,t
Doy, 0,0 = 220D (g (18)
010

Inserting Egs.(14) and (15) in Eq.(6) and expressing V>
in polar coordinates, with a rather lengthy but straight-
forward calculation it can be shown that both D (x,?)
and Dy (), t) must satisfy the same equation as

02 B D(x,t)
—D =72 —D 2—5—=
axz (X7 t) COt XaX ( ) + Sln2 X

—3aaD(x,t) — a*D(x,t) =0 (19)
To solve Eq.(16) we may assume that

D(x.t) = D(x)D(t) (20)

Then we have
1 02
D(x) 0x?
2 D(t
2 2D
sin® y

(21)

Eq.(21) holds provided that each side is equal to a con-
stant, i.e.

1 92 cotxg i__ -
D(x) aXZD( V=25 Pt g~ e - (22
a2(t) (t) Ba(t)a(t) » o

D(t) D(t) D(#t) = —(¢" = 1), (23)

where ¢? is an arbitrary positive constant. So we have

5z D00) = 260D + (6 + Z3)D(x) =0 (24
a2(1)D(t) + 3a(t)a(t)D + (¢* — 1)D(t) = 0 (25)

To solve Eq.(24) for D,(x) we may define a new param-

eter X = cos x and D(x) = D(X), then we have

(1— XZ)%D(X) + X%f)(X) +(? -1+ ﬁ)f)(}() =
(26)

Eq.(25) has a solution
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> 2v1/2 @
Dy(X) = (1= X122 Uy(X), (27)

where U,(X) are solutions of

2
(1= X?) 25Uy (X) + XU (X) + (6~ )U,(X) =0

(28)
Now V,(X) = LU, (X) satisfies

d? d

(1 —Xz)WVq(X) - X5

Vo(X) + (¢* = DVg(X) =0
(29)

Eq.(29) is a Chebyshef type I provided that we take ¢ = n
and it is a discrete parameter. Then we have

Vi (z) = exp(Lin arccos X) (30)
and

D,,(x) = sin xexp(Liny) (31)

The temporal part is the same as plane wave analogue in
curved spacetime[7] and we have

exp(Lin(x + 7))

Do(x,t) = (cosT £insinT) inx{

1—n2

It is interesting to note that in the case of flat models,
ie. K =0, Eq.(21) in the (r, 0, ¢) bais takes the form
d? 2d 2 9
] (r) = ;ED(T) + ﬁD(T) =—¢D(r), (33)
which has the solution and ¢in flat space time is a con-
tinuesly parameter

D,(r) x retiar (34)

where ¢ can be any arbitrary real number. If we consider
the ratio 222 we get
g22
h 1 j
22— { exp(:l:z.n(x +7)) for K =1 (35)
922 siny | exp(Ein(x — 7))
has

1 .
—= x —exp(Ligr),

for K = 0. (36)
922 r

Both Eqgs.(35) and (3) are converged for large distances.
But these solutions are not physically acceptable, because
they are forbidden according to general theory of relativ-

1ty.

IV. CONCLUSION

Our investigations show that in analysis of gravita-
tional waves the background of curved spacetime ( es-
pecially de-Sitter with KX = +1) fundamentally differs
from the scale-free de-Sitter with K = 0. We found the
wave numbers should be discrete as already has been re-
alized that the spectrum of the Laplacian in spherical
space is always discrete [8]. While wave number in flat
space is always continuously. Also in general relativity
,gravitational waves are caused by quadrupole and we
obtained non-physical solution so we look for a gravita-
tional waves from dipole or monopole. In these cases we
should modify the general relativity.
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The study of the molecular clouds with the choice of the cooling function

A. R. Khesali' and K. Kokabi' and K. Faghei? and M. Nejad-Asghar!
Y Department of Physics, University of Mazandaran, Babolsar, Iran
2 School of Physics, Damghan University, Damghan, Iran

We study the evolution of the self-gravitating cooling magnetized molecular cloud using a numeri-
cal method. A self-similar formalism for the study of the evolution of molecular cloud provides an
important theoretical framework from which to explore the dynamics of star formation. In this work
we suppose the cloud with cylindrical symmetry and two components of axial and toroidal magnetic
fields. We found that the magnetic field in the central region increase. Moreover, we showed that
by the more energy loss from the cloud, caused a rise in the infall velocity.

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

I. INTRODUCTION

Understanding the formation of the first cores and
clumps at the Giant Molecular Clouds (GMCs) is one
of the most important challenges in astronomy. GMCs
are one of the sites of the star formation. There are fil-
amentary structures in most of the molecular clouds. If
we suppose that filamentary structures have been formed
from the GMCs, then their interactions would be a useful
way to find out about the star formation.

Chandrasekhar and Fermi (1953) studied the stabil-
ity of a non condensed self-gravitating equilibrium fil-
ament, according to the cylindrical symmetry of the
fluid. Also, Stodolkiewicz (1963) and Nagasawa (1987)
considered the stability of isothermal, magnetized fila-
ments. They assumed the same density distribution,
po = pe(l + 2—22)_2, though the expression for H (scale
height) is different. Nakajima (1996) assumed the density
distribution is expressed as p = pgsec h2(%). Miyama
(1987) achieved that the infall velocity is proportional to
the distance from the axis for an unmagnetized isother-
mal cylinder and its density profile is similar to that of
the Stodolkiewicz case in which the scale radius decreased
and central density increased with time.

Various physical processes such as self-gravity, ther-
mal processes and magnetic fields play the main roles
in the formation of the stars (Larson 1985, Nakamura
1995, Nakajima 1996, Tilley and Pudritz 2003, Shad-
mehri 2005, Schneider et al. 2010).

There is strong observational evidence that magnetic
fields are important for the support of precollapse molec-
ular clouds.

Molecular cloud exchanges the energy with the enviro-
ment. Processes such as cosmic ray intraction, diffuse ra-
diation field, dust irradiation, photoelectric ejection and
carbon ionization which cause an increase in the heat
of the cloud. Moreover, stellar x-ray is another factor
of heating the cloud with ionizing hydrogen. Mecha-
nisms like the hydrogen or helium inelastic intractions

with atoms, molecules or dust decrease the energy with
emission of photons by exciting the interval degrees of
freedom. The interstellar dust is also one of the most im-
portant agents in the cooling mechanism with emission
of IR photons. In this paper, the above factors are ex-
pressed as a net cooling function in energy equation. We
investigate the effects of the cooling function variations
on the filamentary molecular clouds.

According to the different magnetic fields that have
been observed in the molecular clouds, our goal is to
extend the calculations of the self-similar collapse of a
magnetized, filamentary molecular cloud.

We present the general formulation in §2. The self-
similar solution of the model is shown in §3 and we de-
scribe the initial and boundary conditions and numerical
procedures in §4. In §5 we summarize our results. [22].

II. GENERAL FORMULATION

In this section according to the symmetry of the prob-
lem, we consider the cloud as a long cylinder which its
axis is the z-axis and the magnetic field effect on the fila-
ment collapsing in both poloidal and toroidal directions.

According to the ideal gas and energy equations, the
basic equations are as follow:

op 1 B
FTi ;8—( )=0 (1)
o504 (0.9 )) = ~Vp+ L[(BY)B
—SV(B?)] — pVe (2)
10, 00
;E(TW) = 4nGp, (3)
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(rv) + A,p*T" =0, (5)

1 [op  Op 7T po
~y—17r0r

~—1lot T Vor

R
p= 5T (6)

where p, v, p, ¥, B,T denote the gas density, radial ve-
locity, pressure, gravitational potential, magnetic field
and temperature, respectively. Also v and A, are con-
stant, depending on selected intervals of temperature,
these parameters can be determined (Spitzer 1978). All
of the variations depend on the r, distance from the cylin-
der axis, and time.

As mentioned, the goal of this research is to explore
the behavior of the physical quantities of the system with
time and local variations with which achieving their ex-
act illustrative solution is impossible. Therefore using a
numerical method is essential.

In this work we use the self-similar method that will
be described in the next section.

II1. SELF-SIMILAR SOLUTION

Now by considering the dimensionless equations, we
can make the following substitutions to change our di-
mensionless equations from functions of (r, ) to separable
functions of (n,t), for the self-similar variable n = r/t".
We also use the following forms for the physical variables:

p(r;t) = R(n)t, (7)
vo(r,t) = V(n)t=, (8)
e(rt) = p(n)t, 9)
B.(r,t) = b-(n)t™, (10)
By (r:t) = bp(n)t™, (11)
p(r,t) = P(n)t*, (12)

by equilibrating the time powers, local equations will
be achieved as follow:

oR 190
e R — TlT}a—n + Ea_ﬁ(nRV) =U, (13)
oV . 9V 10P 0¢
eV VS = TR on
b.Ob. by O
“Roon R_nc’)_n(nb“’)’ (14)

L g =R (15)

€sby, — m)aa% + (%(wa) =0, (16)

esbs — nn%l;; + %%(sz) — 0, (17)
P -my + VD + T )

+R*VPY =0, (18)

Now the equations (13)-(18) can be solved by using the
Fourth-order Runge-Kutta Method which is considered
in the next section.

IV. INITIAL AND BOUNDARY CONDITIONS
AND NUMERICAL PROCEDURES

Some of the authors suggested that filamentary struc-
tures occur as a result of the fragmentation of the parent
molecular clouds through turbulent motions (Nakamura
and Hanawa 1995, Nakajima and Hanawa 1996, Klessen
and Burkert 2000, Ostriker 2001). In consistence with
the observation of filamentary molecular clouds, the den-
sity in the central region is more than the outer region.
The filamentary molecular cloud density is low in the
outer region which is the same as the density of the in-
terstellar medium. For this reason we select the typical
number density n = 10 mpy,cm™3. We expect that it
increases in the central region. Hanawa (1996) used the
density in the central region as n = 10* mpg,cm ™3 for
a typical filament that according to the observations (Li
and Goldsmith 2012, Henshaw et al. 2013) it should be
about 10% — 10* my,cm=3.

According to the boundary conditions and free param-
eter v that is selected from the cooling function, we can
solve the set of ordinary differential equations. We can
assume an initial value of v = 2.4 for a typical cloud
and determine the other parameters according to that
amount (Goldsmith 2001).

According to the observations, the magnetic field can
be seen with different shapes in the filamentary molecular
clouds that makes a different angle with the axis in the
outer region of the filament. Fiege and Pudritz (2000a)
showed that the toroidal magnetic field in the outer re-
gion of the filament is greatly dominated when the mod-
els consist of poloidal and toroidal magnetic field. To
achieve a good approximation, Tilley and Pudritz (2003)
assumed that the magnetic field in the outer region of
the filament is purely toroidal. Shadmehri (2005) as-
sumed that the toroidal component of the magnetic field
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FIG. 1. Velocity distribution in the similarity solution for
bp,out = 1.8, bz our = 0.1, v = 2.4 and v = 3.0 that shows the
cooling function effect

is dominant. Because the toroidal magnetic field in the
outer region is dominate, we assume the initial axial com-
ponent of the magnetic field smaller than the toroidal
component for the outer region. Also, the strength of
the magnetic field in the magnetized filament is about
some micro Gauss. For example, the local interstellar
medium has a magnetic field strength of 4uG (Opher et
al. 2009). The Radio Arc filaments have been estimated
to have a magnetic field strength of 10uG (Ferriere 2009,
Chapman et al. 2011). We can assume the infall velocity
in the outer region is less than 3kms—' (Nakamura et
al. 1995). So we select the typical dimensionless infall
velocity in the outer region V' = —0.5.

Tilley and Pudritz (2003) showed that in the isother-
mal case the radial velocity is proportional to the ra-
dial distance i.e. in the central region V is very low.
Shadmehri (2005) showed that there is no relationship
between V' and r in the polytropic case, but the infall
velocity near the axis is very small and it increases to
the outer region. We have considered the variations in
the infall velocity.

Figure 2 shows the value of the density which increases
from the outer region to the central region that is consis-
tent with the observations and the latest works. Regard-
ing Figure 3, it is observed that even though we proceed
from the outer region of the filament to the center, the
temperature stays stable, that is consistent with the ob-
servation (Li and Goldsmith 2003, Miettinen and Harju
2010). Also, according to this point that the pressure
in the filament is equal to the totality of thermal and
magnetic pressure, with the growth of magnetic pressure,
thermal pressure will grow less and because the temper-
ature is proportionate to the thermal pressure, with the
expansion of magnetic field in the outer region of the fil-
ament, it is obvious that with the lowering of filament
radius, the temperature grows less.

1000

800

600 .

R 400

200

-3.0 2.5 -2.0 -1.5 -1.0 -0.5
log,, m

FIG. 2. Density profile corresponding to ~ =
b-,0ut = 0.1 and different value for v

1.66,

-0.5

log,,(n)

FIG. 3. Temperature profile corresponding to v = 1.66,
and different initial value for the magnetic field

We expect that in the cloud collapsing process when
more energy is released from the cloud the infall veloc-
ity is increased. Because we introduced the net cooling
as a function, increasing v, increases the infall velocity
(Figure 1).

V. CONCLUSION

In this work we consider the evolution of a magnetized
self-gravitating molecular cloud by using the numerical
method and we calculate the effects of the different pa-
rameters on the evolution of the cloud. The magnetic
field was assumed to have the toroidal and axial compo-
nents.

The density increases in the central region similar to
the magnetic field behavior indicating the freezing of the
magnetic field. All of these parameters are related to
each other and the change of one can affect the others.
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The increase in v leads to an increase in cooling func-
tion which can be interpreted as more energy release.
We expect that increasing the energy released causes an
increase in the infall velocity.

[1] Chandrasekhar S., Fermi E., 1953, ApJ, 118, 116
[2] Chapman N. L., Goldsmith P. F., Pineda J. L., Clemens
D. P, Li D., Krco M., 2011, ApJ, 741, 21
[3] Ferriere K., 2009, A&A, 505, 1183
[4] Fiege J. D., Pudritz R. E., 2000, MNRAS, 311, 85
[6] Goldsmith P. F.; 2001, ApJ, 557, 736
[6] Henshaw J. D., 2013, MNRAS, 428, 3425
[7] Klessen R. S., Burkert A., 2000, ApJS, 128, 287
[8] Larson R. B., 1985, MNRAS, 214, 379
[9] Li D., Goldsmith P. F., 2003, ApJ, 585, 823
[10] Li D., Goldsmith P. F., 2012, ApJ, 756, 12
[11] Miettinen O., Harju J., 2010, A&A, 520, 102
[12] Miyama S. M., Narita S., Hayashi C., 1987, Prog. Theor.
Phys., 78,1051
[13] Nakamura F., Hanawa T., Nakano T., 1995, AplJ, 444,
770
[14] Nagasawa M., 1987, Progr.Theor.Phys., 77,635
[15] Nakajima Y., Hanawa T., 1996, ApJ, 467, 321
[16] Opher M., Alouani Bibi F., Toth G., et al., 2009, Nature,
462, 1036
[17] Ostriker E. C., Stone J. M., Gammie C. F., 2001, ApJ,
546, 980
[18] Schneider N., Csengeri T., Bontemps S., Motte F., Simon
R., Hennebelle P., Federrath C., Klessen R., 2010, A&A,
520, 49
[19] Shadmehri M., 2005, MNRAS, 356, 1429
[20] Spitzer L., Jr., 1978, Physical Processes in the Interstellar
Medium (New York: Wiley)
[21] Stoddlkiewicz J. S., 1963, Acta Astron., 13,30
[22] Tilley D. A., Pudritz R. E., 2003, ApJ, 593, 426



Olnl e (hpgfy Lok )5 (ranade
112 IWAY Ciguad) TV 5 T8 (o by pole (LuaSS oo oSl

oy i b (s enls Sleslinal b gl s gla J Sl b e
Yw NET IRV (I S gt

b 5 55 S 0,8 S oS e ol

oS

SIAN ] 3 Aiilp 258 o gl S it hop g, S 3 Gy dile S (sla jltle (o) 20 (slg) 50

S Lt o ptiio ] 53 & oz lpel s 0 Ll o Gkl 1 S50 i Bl e sty 2 2L
St Sl Ayl Sles gt 2l (Sl 0 Coot] cdedy 2 b 3 el iSon]  Sols oot aallles L5 8
S oy gt o Jloj sla (g Sl o SlaS ol allhe ol T S di b 5 55 000 e ik s Ll
Loy S SSW 1531 o 5 1 L ol 3 IUT (sl s dslsot aslisad] Sl Mo 50 b 5 olis SSE pli (Db
sl 053 0351 G g gl Joloei (s ok a5 oLl old g ppp pldd Kl ol Colla o

255 o ealiz] o po JUT 1 faizms losi

LV Ry

ool ks 5 a3 1) Loy Sl gile o gla el (Father Sechi) - ;56 \AVY JL. s
L dssoml b V480 JLe s (Walter Orr Roberts) 5 15 5 5 il odd adolS Uy S 6 iy S 5l S 58
Stiel dedy ot 2B B iy S 51 eS s S i 6ba g S 4 LSl (IS Lajlesle nl 65
o s 3l et Slask la s 2B S ) e ety U ey S Sl e JUEIL s J S 15
S Il 5 ol ol sl s 2B ar ol 3 g B s res & 5 S e O s
Serled ol oy ol ad sl axdls 1 O (5l S 5 26w g3 80 JEH s sl el
Ll o (6052 sl b IS
Sy s S gl Shs Bl S Ll s Ldpet heall s WSl ) plae g8 s Bl
33355 et o ¥ g8 Gl 5 ) £ S pL L LT oS 5l sy b sl 0Ll
JsSamlensls 3 g5 oy o 53 ol (6,8 IS0 sl Sslie slaylS sl o5 das o OLES ISl o sline &
4 Lpd o WSS Sllg 5o & (Sl plpel alws 4 5 Lps o LIS alds A 2 53 ) g sla
Lo L o S5 0l b dsame sl ISl 3 5 e ¥ 58 o ISl ST 0 Sl ey S
BN e b s kS Ve bl S S 0 S W o w50 kS VO 0 e
kgl ods Aoy GleS 35 5l 4t
b ISl (Sosb gls S

s @CalD esn b 53 poedS & bye Ko H byl < Ho ez e sk 5o 2 1 255 55
b sl & o o is BB olif o3l tins o 0L A OMe S A VAT 2 b L s s b s
FoskS Yool do o ISl Gl 5 Sl Aoy ad VL 2S00 1 PO 55l e esls ol
2 SN ol b ISl o adlate S 5l i ol Ve Ve b ISl S i e



113

Ol pem (g s (pled 5 (eboid
IWAY o)l TV 9 V7 (o) b pole oSS OMuas oSN

bl e o il o8 WX T S Oles b e e Sl 53 05 S0 T s
By kS YO s J Sl 3 sms e 433 V0 I adB ¥ e Jgb 5 S Wees B0 e Ly sl
3 sl s Olos 1 A8l o il by Lsd o b s 1L Lyl ST 4 Odesy 5l dm 5
sz 3 b ISl g e [2]iins o e ST on A 5 sl s Sl G 2 S
oLl bl sla sl 5l 5 iy (Sl sty sla SO GBI Gble s e JsSul il o WIS
iyt 5ol Wl ar les e s Olislaw J in Gl a e S s s LT sl s A

ol

e J Sl s Slus o8 >

0553 5 [T]amaa Vo Gl 6 5 0pdll el &8 > Soppm gl )53 Dbl (slls b S
o 5 S ol ASle 033 5 25 IS OF Bs 5 edd sdalie i35 1/0 ) Clluy ool ol
of e i by S Do e pl a8 Gl JleS a6 ) sde Ul g ansls 5 [STed b J Sl
LG @ ) JLEs] o 5 S o S (AU @S S ISl ol SBLg Jy bl o SRl Ll 2l L
s gl s Vo 4 55 OS5 S e e 0 plpal LSl sl o i Olge 4 la DSl sl sl
SIS 5 @Al ke Glendl 5 Wi (SAd S 5 5,5 5l el (o /8 5 Y G55 L) 0l 2l
15 08l Zlsel (VL (6531 51 0L Ug S 5Lasil o 8 S o a5 1y IS sl (B 6L S 5 VL w )

o e i 5la o3

Vo 33 6hls o oS o oslinel olish (gls Ao ) sk slo Sl Sales ol b s
Slos sle G Sl sk s Aes 555 4 5o Seeing 5 g sllael SISl ies 5 Ll (g5 o510 s
sl Slaslis ol 5> S 038 eslisdd (SOHO) a s olis Sls 2l (SUMER) o por i ik
SR s by I, fts Cuosp bl gla aols bl il o Sles 4B Yeex) fyczwq:b‘_é&:;‘_;\ a ol
JoSy et gl ASLIDL sl o 5 a5 Gl B oS ol 03 S LS SAV b s 5 035 oIS SSW
Loy ol o3l 53 TP Be Sl | Sy 5l o ols JoSly o DA e ey 3 e LS
gl;';;\(_;\ﬂ.ﬁ\u;ww}%>)y@g\)&wmejp‘wbd\jwt.u.sj.xm;).uumiﬁ
IS 02 e b DA i e Sl Gl 035 e I et 0 8 e (2 se Dok oL
by SMbl w2 Lcolg 0ol o8 paiie |y e o3 (00YY G Sl ) oSes e Jsb el
gl 53 b ISl 4 Glalae Lo gla 03ls &S sy Oleabl cpl 4 )R 00 5o s ls b @
Jsb (s o ol JoSs 5 sn Usb iy S sl e )1 b e ol T A
ol 038 aloma 1y sty 5 2B il S s T R 5 e ISl LSCES il b 5 sl )3 jes



114

Ol pem (g s (pled 5 (eboid
IWAY o)l TV 9 V7 (o) b pole oSS OMuas oSN

16 ,S
;)ju 093 o8 J}lﬂ}.’w) ‘_g)L..a )&...J QL;«JJM‘}N ot B QL;QJAT S99 d.]a;;‘)\ la J}g:.u.d\ (}:"&‘

Al als g LIy e s Ul g

[1] E. Tavabi, et al, , Advances in Space Research 47, 2019-2029 (2011)
[2] K.Wilhelm, Astron. Astrophys. 360, 351-362 (2000)

[3]L. D. Xia. et al, A&A 438, 1115-1122 (2005)

[4] H. Ebadi. et al, Astrophys Space Sci 337:33-37 (2012)

[5] W. Curdt. et al, Explosive Events: DOI 10.1007/s11207-012-9940-9
[6] B. De Pontieu. et al, Astronomy & Astrophysics. 338, 729—736 (1998)

&"j:j e ASESls :ff.'? o&Kisls AYAV o ).:3 <.L..i)_)\ L;.»l.i...i)_)ls 4l QL'L' ‘(5}"“)‘,3 &1‘3 e 6[51[7]



115

Olpl pod (g (2loRd )5 (podaid
WY gzl TY 3 17 5 a0l pole ol @i¥lasns oSS

.
lAeJ|JAL°J.9 Ls"\?.‘:")}’ L;’Lg.:s Q‘)bﬂst
“..Lgu QoK f‘h:&l.; pasls
Bl S 5 5 oo Dl 55 ol
Bl S ot im0 355 5yl
g pord Slidni 1S o L) G o o slaz bl S el byl 36 eSS Il il
S 3 L ks ol Y shite ol 4 o] ST 3 O I iliis (gloCand 45 ol 48]0 K a8 250
b il ol ol ol oY L]y ol 53 45 208 deslome lio (Gjltecs (ol b (o) o0 (SLa0 b s
Do ol G Flolmo Sl 15 4o [ Sl axils  poean Jﬁf‘/ g S 3 b 4 (ghosle Coleles
ol i T (o0lizl g O S ilpe 5 Gl 458,8 Cp 5oy 2t S sy o 4 0k fize (5

Sl

dedde

5 ke wbs B a3 3 g8 4 S S ks apms SSULS Gl s SleSld ol s s
SleS by 53 8 JleS O3 kms s | (CL3LEE es) O Sl L O3 b (6551 oS S8
355 e 3l bl (Sla0lds 3B o das o aslsl 3y S 4 ek Glal g 5 bates Sy 4 Loses
b e oo L 0l slite (asiis oS AS e e 1) Glodamy U8 s Sl Glagl il 53 5 L e e
SSo3hl b 3l Jbe Olse 4 Ciliss GO 53 mibline slaclbe Sy by o b bl 35le o e
SUSES bl bl i 5o DIl se0d S S > 5l il Y plad gaslie RERRE o= ol
Al e pls o L OLESES b alie LSS 53 053 GOl 51 el polie 53 4 338 o e (5550 5l 200
e 53 Sk ol anld el 3 (b o)d Gl s BB (55 S 8,8 0 L al e dle
53 el ol (lodas Sl i 5l 63 ol Mazme OF 51 VL (slagsl il 45 45 53,8 Lo Lasie (LIS
bbb s syt Sl e a8 ol sl ol ud) i SleS bl Glates moe 0 S Sa5 (e
ol (S g g 035 B e sty Slac Il LIBIL Lpd e W b Al s e 5 e slad S
Al S 2 Sl U gla b e v

Bl 5 akipd Jate slawdly OF 53 o8 ol 4 8 13 sy it SIS 513 53 i S5l (S A 3
S 3 5 SleS Db Sl Glanes Oad Sl b S50 el Sands pl opd e ek o 4 G 5
Lile eyt DS AL a2 el S 5o bl el ea gl s D3 Sl lanis 555 5l Cailes
s 4V GeV s 5l eSSl L GleS Sl e Sl w xS Loy B s k) ot OV e
b i s Ol ol 3l Soml abass sl Gbls & Il ol 5l ates of (il e Ly el Sl ik
2SS O3 Skl 5 8 e Gae) L3 2 ala) s 45 Sl b sl el eals o it

ii . . . PN . - . é 5 - 5 . a Iy .
Tl oo b ool i S e 01 S B 1 GleS Sl Sl &S el el sl A



116

Olpl pod (g (2loRd )5 (podaid
WY gzl TY 3 17 5 a0l pole ol @i¥lasns oSS

Protons (cm?s'sr” GeV'™)

Energy Spectra of Solar Protons (May 7, 1978)

1e+3 100
_——— flux of protons in
1e+2 - absence of solar modulation
% — T — — — —  with solar modulation
~ —_——— with solar modulation
1e+1 - - 10 AN
—
£ ~
1e+0 o
@» ——
» -
1e-1 3 1 /
O N
1e-2 A g \ N % ~ ~
S \ 7/ A\
1e-3 4 o 01 e
N N
1e-4
1e-5 T
0.01 041 1 10 100 001 T T T
1e+1 1e+2 1e+3 1e+4 1e+5
Energy (GeV) Energy (MeV)
=== 1:0335-0345 UT
=== 2:0345-0400 UT
———- 3:0400-0415 UT
———- 4:0415-0430 UT
5:0430-0450 UT
Galactic Cosmic Rays (GCR)

Sy 35 Sool et S L Olajen ileS Sl ol Y IS S S b 5o ey g Vode ) JKS
[Vl n Sen CMEs ™ s 35 26 5l g 5 )l (526 (500

23 rlasde S3l s Sgysh s (1 ISKE) s 2 s Vode J1 5o (JLSES LS s g JLs
S b abdgs, Jls YV kmsT buge Co o Lo AU Aol 5 gdds sl S ol s
sl ool 4 B S Ol Gt ol S sl e oS 1 @olask L3 L 5 e P oS
DV¥Tp 4 oy Gb 015 oo i oo

-P/G(1) M)

J(P.1)=1I(1)e

2

QL:J [Cm- S'lsr'l] > b QT CJMéSdJ.;.&)}} LS")‘)*;' 64.».49;«;.&}1&‘)[.310 LQJ@‘)PQTJJsJJM

(VIS8 el IMV] oy il 2 G(O) 5 1S 0

loolsale  SileS s Lot KK

5 350 ok el 5 Dl sian 0y GleS U3 Ll o ol 4 SIS Sy skl
Gl Ll 55 Lol tde jes s 5 Slalad 5 SUS S8 s p o LS psle 5l plbarls 5 o35 1
sl ol

Vs Sl s e S S 6 s 6y g sl s baelpale S mSU lalss e s itk
Jls a8 o3 Sl el Bl 4 Sl B ossd e S S« il sl iy St 53 5
53 il S slml b ot DI Ll i S 355 0 LaOT 5,550 5 Lajle (S0 0l 3 oslaf s (slallest
Lol dide e 3 Codsdome sbul ol ojlpale iy 5wl b (SOl gandad SO solisle sl bl
Ly

35 G eS Glacas 4 eil gla aten ple 5 W3 OT 51 w5 dies SleS 3 o 500505 Lo s 0



117

Olpl pod (g (2loRd )5 (podaid
WY gzl TY 3 17 5 a0l pole ol @i¥lasns oSS

VLSL;G \L&‘ szf\ w\ﬁ‘b@&fﬂmﬁclé‘ﬂv\}‘jjb JL@,S CJbJ L;&li).))u Jur.::de odalin L;’L€"S Q‘)JW
)LJ'(\' GeVd:;-ﬁGeV.U,b-ﬁ) L;Lééjf‘ U) Lg‘)":‘:’)j} L}JL@; Qb: éu)jbpa)sjq,.w‘ L}J..LQJ (‘}ﬁ L;b\:

SleS D3 Ll 5l G ad e Ve L B e gl glae,l sl 80 s ke 5l U Sles s

Sl sl 0555 g5 5 S Lo ol Je (6551 Ol o3l gacule S s
El'ﬂllX
Or, ok, = [J(E]e.)EAE )
E

w oy IS g el o (655 pslie ¥ L}g‘i):ai@u(b&ui}j\é@)f by SGoslas; l s
HGIW I dj.)q-).}a.,\..i:;.:)\jé

.C‘.ula-\.:..n‘) wﬁ)Q‘)‘,buOQT)BTAS‘SA:JJPGAJJJ&Q_)‘J’)W‘): LAU_,S‘JJ,: .h.a_,; B“J"(S}j‘ﬁ}\iﬁ R JJJ:-

\ Y Y ¥ 0 GCR
t=Fes =148 =148 =148 [=\Yr+§
4/44AX) + 7 ¥V XY AAAEXY T SIAEXY T AAYOXY QGAANXY T
GeVem?® s sr! GeV em™ s sr! GeV em™ s sr! GeV em? s sr! GeVem™ s sr! GeVem™ 5! sr!

:wﬂj)‘.xﬂjﬁrmm?&ié\ﬁ 1
O3 L O s Sleas 5 (Ken 53 L (MO0 kg o (F (mpe e Sslul 4 e mlae L ()
ghw 4 DL b odd Jem (551 pled Wl 5 (F ooad o3l 5o iy ool 5l U Sles
)55 5 ol

(O) 53 o3k 8 Jlbe Olsis & pebas cal a4y 4y JUBI (5531 Ol el 3l Sl e 5 Al yo ol 3 a2l oS

13l

dE, . =107 Jouls )

total

L loolsabe Ol Sls s slialy 53 Gl il a3 SO of ISK0) s Sl b sleslgale gl Kos G b 5l o g sl
T . I . T . _h

€ O 53 S Sl 17 —F IR + 12 = 2nrycos(6y — ) il b b Jlee Ly iy

h=[pal-e)]"? Slie & slasls OS o3l B 5 (77 XV hms) s ol fle i S0 5l s>

Solde gdslas

D3 e Laras gaki s lanl aS @ = +/veer QY A= VaWNE K L el soslpale SO sl 10 AL e
Y oal e eslsale S lasiin shyls 45 (Slojlsale s 3 g dale VYYO) KL ol Sl ol (AL 4 S
a3 Sles oo 1y Cdles b 5 AL o V2 kmls sad o 31 e 15 AL Sl G5 4 ses Olse a4 o
4o 3l (e L) (6550 Sl cpl s 518U Ol () salaly 4 455 L OF rad 45 3,5 Al b )e's

ool lie LB [F] st LS 51 B0 ISl Ooled e L oS el sl oy ~ 10 mls?



118

Olpl pod (g (2loRd )5 (podaid
WY gzl TY 3 17 5 a0l pole ol @i¥lasns oSS

IS S 3 ejlsale Ky o e ¥ S

S S s
eV slie Jol Wil 5 e L5d o 55 hedy it laesl i 5o a8 SleS Db ol 0L Jlule b
5 aB\Yer Ol b O, & 51 o3 YAR0 slaas (0) Slej o3l b s Olse 4 caldly S L 5 655
S L 3 ~BXV T ol Gl s 350 e Sl &S 35d e Sl e dx s Sl e el e
S5 el ity Slnlome 53 ek g 5 M (358 5 dalt Jald 1 0l dls o V) GeV ot s
SS DU a0 0 gl ren 5 asd e 4 S B s i p 5 el 3 &b Gl Ole lams 55 SleS
Se 3l SaShy 56 cou s ) JLasl 5 S b 55 (IS s pead il e st ol (Bolo 8 g 4
o e W s e 2 ClOlys 35 g0 SO b (Sleslinile Jamen p3 gl 51 3L &S Sus),
oY Gl 3sm gl el 03551 G w5 Lol (pes Doslre 4 &S Gy JleS DS LS la S
S )l 3l S Jle Ol 4y e 5550 Iyl 0 4 Oy S il (5l a0l Sl IS - s
S ol opl 53 (F 5 (7 gla o o b5 Sl ey Glor 3 e 85 013 5,8 15 15 b b
U It s Saralone Sl 3 il ) VL alie bie (il 0351 oy g lab 5 ol 8315 8
2o Kl e ol S i e 03 LS (gleand gl s, 5l LL (V] - s b L
Skt Sl L3 b s 53 alg 53 &S il 4Bl S 5 p sz Dl S e 3 ] s

.@;M‘}})‘ﬁasmﬂ‘ijLAAJ‘jﬁbﬂ

a &
1. Foukal P. V., Solar Astrophysics, Wiley-VCH Verlag GmbH&Co. KGaA, 2004,
pp:348
2. Grieder P. K. E, Cosmic Rays at Earth, Researcher’s Reference Manual and Data
Book, Elsevier, 2001, pp:930
3. Seeber G, Satellite Geodesy, Walter de Gruyter. GmbH&Co. KG, 10785 Berlin,
2003, pp:104

. Faraday Rotation Measure
. Solar Flares

. Coronal Mass Ejections

. Soft and Firm Errors

Y. LEO

ii
iii

iv



Olpl pems (hpg R (2lopd S (edain
119 IWAY Ciguad) TV 5 T8 (o by pole (LuaSS oo oSl

RZ TAU bl 398 2090 oo Wi ©glid 098 dwlxo

a")%wémw

528 09,5 y35 play olSils |

oS>

o 45 RZ TAU 55 (690 s (655 mmio ponico (slgile; oloi (5,915, 5L I i ) 4o Lo
wa> O-C oo idl o e G )T Sl pices ol ldol, Lwgh ol piiio zviw, i (slo ool
L_Jj[.u 0,99 L_JLPM.&J‘;[O) u.........r d...wb:a 4.1‘-5.9}.6 u/'J"qu"L""/)" oLf;/’j ﬂ_n)}o.v 4..1‘/)//) Wu’//g&’b/ﬁ
Qgd> JWU"/J"’ g_)jL_v 0,99 u/).....u ‘_s.'la) M: U"’L"J/U"/)" 5 fo.JuLu) C;/"JLNWUJ/
= dp _ -11
3,5 dewlo = 3.51x10

X
g_)jl...v 0,99 g_Jl).....u cO'C (ST ‘Gmlm 693 gs’l"ﬁ‘b p...m.a...u ¢ RZ TAU : Lbojlg A.}J.S

Calculation of the new period of over contact binary system RZ TAU
M. Zabihinpoor *

! Physics Department, Payame Noor University, Iran
Abstract

In this paper first, we collected all the minimums of the light curves of Eclipsing Binaries RZ TAU which
have been concluded from the photometry data published by astronomers since 1991 till now. The new
and completed O-C curve of this system has been presented and then by analyzing it we succeed to
calculate the time ratio of this star system's period changing. According to that, the time ratio of it's

period changing has been calculated about: % =3.51x10"11

X

Key Words: RZ TAU, over contact binary, o-c curve, period changing.
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Probing galaxy groups evolution in cosmological simulation

Mojtaba Raouf ', H. G. Khosroshahi!, A. Dariush?, A. Molaeinezhad !, S. Tavasoli!
1 School of Astronomy, Institute for Research in Fundamental Sciences (IPM), Tehran, 19395-5746, Iran
2JoA, Cambridge, UK

In this study we provide a set of observationally measurable parameters which allow age-dating
of galaxy groups to an extend where we are able to identify old galaxy groups with a very high
probability in the Millennium simulation. We first show that the galaxy luminosity gap combined
with the luminosity of the brightest group galaxy for a given halo mass can at most identify old
galaxy group with 70 per cent probability. Extending this parameter space to a 5-dimensional pa-
rameter space, i.e. the above three observables, plus the halo concentration and the separation of
the brightest group galaxy from the luminosity centroid of member galaxies (an indicator of the
luminosity segregation) in the group allows us to find old groups with 100 per cent probability.

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

I. INTRODUCTION

The age determination for galaxy systems in the hier-
archical structure formation is not trivial because in this
paradigm more massive galaxy systems such as galaxy
clusters are formed through the mergers of smaller galaxy
systems, such as galaxy groups, are generally ”young”
systems. A galaxy group however can be recently formed
or ”"forming” while some could be relatively old if they
have managed to avoid a merger with other galaxy sys-
tems. In fact the answer to the question of age deter-
mination should come from the the cosmological simula-
tions where evolutionary history of galaxy systems can
be investigated. The millennium simulation (Springer et
al 2005) and the implemented semi-analytic galaxy mod-
els offer the tools needed to develop an insight into this
subject.

Since then there have been many studies focused on the
detailed characterisation and properties of fossil groups (
[5]; [16]; [14]; [15]; [7]), based on X-ray and optical obser-
vations. One of the largest sample of fossil groups stud-
ied in details [8] shows that for a given optical luminosity,
fossil groups are not only more X-ray luminous than the
general population of galaxy groups, but also they have a
more concentrated halo as well as hotter IGM for a given
halo mass.

One of the largest cosmological simulation now avail-
able, the Millennium Simulation [13] joined with Semi-
Analytical Models of galaxy formation, provide a useful
tool to address open questions regarding the age deter-
mination of the galaxy systems. Dariush et al (2007)used
the L x-M scaling law and showed that in X-ray luminous
galaxy groups with halo mass >10'® Mg, the luminosity
gap is a good indicator of the halo mass assembly, such
that when the magnitude gap Ami2 > 2 galaxy halos ac-
cumulate 50 per cent of their mass by z = 1 and thus are
older than their counterparts with small luminosity gap.
Dariush et al (2010) show that ”fossil phase” where the

above observational criteria are met may not last very
long compared to the cosmic time.

Dariush et al (2007) concluded that fossil systems iden-
tified in the Millennium Simulation assemble a larger
fraction of their masses at higher redshifts than control
groups [1]. In addition, the group age increases with iso-
lation and halo concentration [17].

In this paper first, in light of evolutionary tracks of

fossil and control systems into the redshift from z ~ 1
to present epoch, we intend to find the best definition of
old and young systems.
Second, by using the result of Millennium simulation,
coupled with the Semi-analytical model of Guo 2011 [3],
we presented a diagram, Third, we compare the halo con-
centration parameter for all old and young systems (Fig.
3,4). Finally in section 4.3, we focus on the more precise
definition of old and young systems,

II. MILLENNIUM SIMULATION AND
SEMI-ANALYTIC CATALOGUE

In this work we use the public release of two large
N-body simulations, Millennium Simulation(Hereafter:
MS) [13]. The cosmology adopted in simulation is a
ACDM with the following parameters: €2, = 0.25,Q;, =
0.045, Qo = 0.75, h=0.73, n=1,05 = 0.9 (note that the
value of oy is assumed to be greater than its present value
of 0.82 given by WMAP9). The Hubble constant param-
eter is characterized as 100 h km s~ Mpc~!. These two
simulations use the same number of particles, N = 21602,
but cover different volumes and therefore they have dif-
ferent numerical resolutions. Thus the computational
boxes have sides of 500 h~*Mpc and particles masses of
8.6x 10® h=! Mg .
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FIG. 1. Distribution of the halos in the plane of luminosity gap Amis within 0.5R200 and the Brightest Galaxy Group (BGG)

magnitude in r-band for all the halos(M,(BGQ)).

Data point are colour-code according to ratio of the group halo mass at

redshift z ~ 1 to its mass at z=0 (ao,1). The horizontal line separates groups, fossil (Amjz > 2) and control(Am;2 < 0.5). The
plane has been divided into panels within which we give the probability that the halo within the sub-region is old or young. In
this diagram panels (6),(11),(12) contain mostly old systems while the panels (3),(4),(9) are mostly occupied by young systems.
By our definition, a group is old if its halo has over 50 per cent of its final mass at z=1 and its young if this fraction is less

than 30 per cent.

III. DATA
A. Definition and Selections of old and young groups

Fossil galaxy groups as old systems are selected accord-
ing to a combination of X-ray and optical criteria, based
on observation definition given by [4]. Their X-ray lumi-
nosity have to satisfy Ly po > 0.25%10%2 h=1 erg s71,
and the difference between r-band magnitudes of the
first and second ranked galaxies, Amjo, within half the
projected radius enclosing 200 times the mean density
(R200), must be Amjs > 2 magnitudes. A limit of
0.5R20p is used because L, galaxies within this radius
should spiral into the centre of the group due to orbital
decay by dynamical friction within the Hubble time [4].

IV. RESULTS
A. Mass and luminosity gap evolutions

Magnitude gap between the brightest galaxy, and the
second brightest galaxies in each group, is often used as
an indicator of the dynamical age of group, particularly
in old groups ( [1]).

The assembly time of a dark matter halo, defined as
the look-back time when its main progenitor reaches a

mass that is more than 50 per cent of the present halo
mass.

Dariush et al. 2007 reveal in MS, where the struc-
tures in Universe form hierarchically, fossil systems as-
semble a higher fraction of their mass(more than 50 per
cent) at prior epoch and form earlier compared to con-
trol groups,which have been formed at low redshift [1].
Therefore we use this approach as an indicator of old and
young systems.

B. Old and young groups in the Millennium
Simulation

As a definition, a galaxy group which formed more
than 50 per cent of its total mass by z =~ 1 is named
7old” . A group is labelled ”young” if less than 30 per
cent of its final mass is formed by z ~ 1 [1]. In Fig.
1, we plot the magnitude gap Amjs (within 0.5Ra00) as
a function of their Brightest Galaxy Group(BGG) mag-
nitude in r-band (M,(BGG)), estimated for all 39132
groups (i.e. groups with M (Rgog) > 10 h='Mg ) us-
ing [3] SAM at the present epoch(z = 0). Groups are
colour-coded according to their 1 parameters(defined
as "age” of systems), where a1 = Myn1/M,—o.

The horizontal line subdivides groups into magnitude gap
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FIG. 2. A comparison between the concentration (C) of old (red—line) and young (blue—dash—line) groups in MS using
Guo 2011 SAM. In various ranges of mass we show in panels a, b, ¢ that old systems are more concentrated with respect to
young ones. Panels d, e, f show the distribution of distance from the center of BGG and luminosity centroid in various ranges
of Mass.In All Panels a Gaussian curve has been fit to the distribution of old and young systems, individually. Optimal fitting

parameters have been reported in table 1.

TABLE I. table shows the optimal value of concentration and luminosity de-centring (Separation) parameters at Location
of peak of Gaussian curve fitted to the distribution of old(O) and young(Y) systems in various mass bins.

Bin size(Halo Mass(M))

Concentration(C =

Ra00/71) Log(Separation)[Mpc]| |

13< log(M) <13.5
13.5< log(M) <14
log(M) >14

0:3.567+0.002 Y:3.038+0.009
0:3.495+0.003 Y:2.941+0.006
0:3.406+0.009 Y:2.867+0.009

0:-1.25840.006 Y:-0.914+0.009
0:-1.09640.006 Y:-0.854+0.007
0:-0.960+0.012 Y:-0.708+0.009

bins and fossils (Amys > 2) and controls(Amis < 0.5).
Vertical lines bin the groups according to the luminos-
ity of their brightest galaxy (BGG) in 5 magnitude bins
from -20.5 to -25.5. In this diagram we show that the
galaxy luminosity gap combined with the luminosity of
the brightest group galaxy for a given halo mass can be
used to select old galaxy groups with 68 per cent prob-
ability (e.g., M, (BGG) > —21.5 and Amjy > 2) and
young galaxy group with 92 per cent probability (e.g.,
M, (BGG) < —23.5 and Amjs < 0.5). Generally old
groups are low mass groups with relatively dim BGG
while young galaxy groups are generally massive groups
with luminous BGG.

1. Halo concentration

There are different ways to estimate halo concentra-
tion in the literature. A popular method is by fitting
a NFW profile pxrw =4ps/x(1 + x)? to the halo den-
sity distribution, where @ = r/ry and ps and 7, are the
characteristic density and radius. Then the halo concen-
tration is found as the ratio of the Virial radius to the
characteristic radius rg, thus C' = Rago/7s.

Ludlow et al. 2012 show that, the virial-to-half mass
radius Rago/rh, provides a more reliable tracer of con-
centration of dark matter in mass-concentration relation
diagram using MS [9]. We estimate the halo concentra-
tion as the ratio between the virial radius and half-mass
radius for all candidates of old and young systems. As
expected, Fig. 2.a,b,c reveals that halo of old systems
are more concentrated compared to young groups. Ta-
ble 1. shows a significant difference between the location
of the peaks trough the Gaussian fits of old and young
histograms in various mass bins. As a guide, concentra-
tion 3 is seen as a borderline between the old and young
groups however there is a scatter.

2. Group luminosity de-centring

Rasmussen et al. 2012 in a study of ongoing star
formation of groups, suggested that separation of the
brightest group galaxy from the luminosity centroid of
member galaxies in the group is directly link to it dy-
namical age [11]. As shown in Fig. 2.d,e,f young sys-
tems show larger separation between BGG and Lumi-
nosity centroid of the galaxies with respect to old groups.
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The highest probability for a system to be considered as
old is log(Separation)<-1. Systems with log(Separation)
greater than —1 are mostly young systems.

For these diagrams we determine luminosity centre us-
ing L, =10"04Mr=Mro) [, . wwhere L, is luminosity of
each galaxy in r-Band and the coordinate of luminosity
centre of groups by (Xr) = > X;L;/>_ L;, where L; is
the luminosity of galaxy in group and X; is the coordi-
nate of galaxies(i.e x,y,z).

C. 5-dimensional estimation of old or young groups

As we have shown both halo and galaxy parameters
can be used to distinguish groups based on age, albeit,
with limited success. We introduce a 5-dimensions pa-
rameter space in which concentration and mass are halo
parameters and M, (BGG), Amy (bin size is 0.5) and lu-
minosity de-centring (Separation) are observable galaxy
properties in order to age-date groups with an improved
efficiency. In Fig 3 we made an attempt to show the
distribution of probability of finding old groups in this
5-dimensional space. The three axis show luminosity
gap (Ami2, halo concentration Cspo and BGG luminosity
(M, (BGG@)), while the colour coding is used for the lu-
minosity de-centring. These are given in three halo mass
bins. Size of the symbols gives the probability of finding
old groups for a given location in the parameter space.
Larger the symbol more probable is to find old groups.
This method, as seen in the top and middle panels (fig 3)
allows us to find locations in the parameter space where
groups are 100 percent old according to our definition
of age. Similarly, Fig 4 gives the probability of finding
young groups.

V. DISCUSSION

The results in this study can be summarised as follows:
We quantify the probability of finding galaxy groups with
a given halo mass accumulation history, namely old and
young galaxy groups, in the parameter space of the lu-
minosity gap and the BGG luminosity for a given halo
mass. We show that there is a limited success in identify-
ing galaxy groups based on these two parameters and the
probability of finding groups that accumulate above 50
per cent (old groups) of their final halo mass by redshift
1 is limited to 70 per cent at its best.

A search for the same old groups in a 5-dimensional
parameter space of two halo parameters, i.e. halo con-
centration and halo mass, and three galaxy related ob-
servables, i.e. BGG magnitude, Amj, and physical sepa-
ration between the group optical luminosity centroid and
the BGG position, allows us to reach a 100 per cent prob-
ability.

Our finding show that conventional definition of the
fossil groups can result in a contaminated sample of old
groups. However, additional observable parameters such
as halo concentration and luminosity segregation can
complement the earlier approach and result in a major
improvement in galaxy group age-dating.
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Star Formation History in irregular galaxies in our local group

Sara Rezaeikhoshbakht!, Atefeh Javadi''?, Habib Khosroshahi! and Jacco Th. van Loon?
LSchool of Astronomy, Institute for Research in Fundamental Sciences (IPM), P.O. Box 19395-5581, Tehran, Iran
2 Astrophysics Group, Lennard-Jones Laboratories, Keele University, Staffordshire ST5 5BG, UK

We have investigated the star formation history of the Large and Small Magellanic Clouds using the
Long Period Variables over 88 and 14 deg2, respectively. Long Period Variables pulsating in their
fundamental mode for the LMC and SMC were chosen from Spano et al. (2011) and Soszynski et al.
(2011). The Star Formation Rate (SFR) varies from 0.0001 M?yr-1kpc?2 to 0.0022 M? yr-1kpc?2
for the Large Magellanic Cloud (LMC) and from 0.0001 M? yr-1kpc?2 to 0.0019 M? yr-1kpc?2 for
the Small Magellanic Cloud (SMC). For the LMC, we have found an ancient star formation epoch
at 13 Gyr ago referring to the time when the galaxy formed. In case of the Small Magellanic Cloud
(SMC), two formation epochs are seen; one ancient epoch at 6 Gyr ago and another epoch of star
formation at 0.7 Gyr ago. For an area of 3deg2 at the core of the LMC the old star formation
epoch is again observed but there is also a secondary star formation episode starting 3 Gyr ago and
lasting until 0.5 Gyr ago. For an area of 1 deg2 at the core of the SMC, the same trend is seen as in
the whole galaxy in spite of the fact that the Star formation rate is stronger in the central region..

I. INTRODUCTION

The Magellanic Clouds are irregular dwarf galaxies in
our local group; however, further researches showed cer-
tain bar structure which suggests that they had been
bared spiral galaxies in the past and their present irreg-
ular shapes are due to their tidal interactions with one
another and with the Milky Way. Our method of find-
ing Star Formation History (SFH) is based on studying
Long Period Variables (LPVs) which are mostly AGB
(Asymptotic Giant Branch) stars at their very late stage
of evolution. Thank to recent projects such as OGLE-
I, II, III and others which have monitored the Magel-
lanic Clouds for years, we have been provided with rich
databases of variable stars which enable us to study these
nearby galaxies. [1].

II. DATA AND METHODOLOGY

We used a catalogue of LPVs in the LMC from Spano
et al. (2011) and in the SMC from Soszynski et al.
(2011). In the case of the LMC, they have used EROS-2
survey which covered an area of 88 deg2 and provided a
database of 856864 variables in the LMC fields of which
43551 are considered as LPVs (Spano et al. 2011). For
the SMC, Soszynski et al. (2011) used OGLE-III project
which has monitored an area of 14 deg2 on the SMC.
During 13 years, the OGLE project monitored the sky
in I-band and V-band and provided a database of about
6 million stars in the SMC of which 19384 LPVs are de-
tected (Soszynski et al. 2011). Since most LPVs are AGB
stars at their final stage of evolution, it is vastly prefer-
able to use their near infrared properties to avoid domi-
nating their luminosity by surrounding dust. The appro-

10

12

14 -

16 [~

Col(J-K)

FIG. 1. Colour-magnitude diagram of the LMC, plus
Marigo isochrones. Blue data points are stars above the RG-
B-tip.

priate stellar evolution model is provided by PADOVA
group (Marigo et al. 2008) which is used for dereddening
correction. From the theoretical model, long period AGB
stars are expected to be at the peak of the isochrones in
Color-Magnitude diagram (CMD).

In Figures 1 and 2, Marigo isochrones were fitted to the
CMD of the Large and Small Magellanic Clouds and two
different groups of reddening slopes are seen; one group
with higher slopes associated with those stars surrounded
by oxygeneous dust and another group with lower slopes
associated with carbonaceous dust. These slopes will be
used to correct all reddened variables.
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III. STAR FORMATION HISTORY

For finding the final SFH we should go from K-band
magnitude to the SFR, step by step (Javadi et al. 2011).
First, their K-band magnitude should be converted to
the mass through mass-luminosity relation;

log M [M_] = aK +b. (1)

Then using mass-age relation the age of stars can be de-
rived;

logt [yr] = a log M [M_] + b. (2)

Since more massive stars evolve faster than lower mass
stars, the Mass-Pulsation relation is used (Javadi et al.
2011) to link the birth mass of stars and their pulsation
duration;

3

log(0t/t) = D+ _ajexp ((log M [M,] — b;)*/(2¢7)) .
=1

3)

The final step is to use the Initial Mass Function (IMF)
of Kroupa model and subdividing stars into age bins in
a way that there are equal numbers of stars in each bin.

m

() [ frar (m)m dm

ot fnT((ttﬁdt) Fiue (m) dm’

£(t)

(4)

LMC and red lines: central star formation.

Where; (dt) is pulsation period, My, = 0.02Mg and
Muyax = 200Mg, ”dn/” = The number of variable stars
observed in the age bin. Figures 3 and 4 show the SFH
for various regions of the LMC and SMC, respectively.
In addition to the global star formation we have selected
stars from central region of 3 deg2 in the LMC and 1 deg2
in the SMC. Black lines represent global star formation,
blue lines show the outskirt star formation and red lines
indicate the central star formation.

IV. CONCLUSION

Star formation rate of the Large Magellanic Cloud var-
ied from 0.0001 M? yr?1 kpc?2 to 0.0022 M? yr?1 kpc?2
for the entire galaxy and from 0.002 M? yr?1 kpc?2 to
0.01 M? yr?1 kpc?2 for the central part. We find a rapid
drop in the star formation rate at the outskirt of the
galaxy which could be originated from the gas removal
from the galaxy. Star formation rate of the Small Magel-
lanic Cloud varied from 0.0001 M? yr?1 kpc?2 to 0.0019
M? yr?1 kpc?2 for the entire galaxy and from 0.0006
M? yr?1 kpc?2 to 0.0067 M? yr?1 kpc?2 for the central
part. For both galaxies, the central star formation is re-
markably dominant which predictably shows that central
regions are much more activate in forming stars. Small
galaxies seem to be slow in their star formation. Some
of them have already lost their gas and stopped form-
ing stars; on the contrary, others, such as the Magellanic
Clouds , have kept their gas and form stars in bursts
when they get disturbed (for instances when they inter-
act with one another and/or with the Milky Way).
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[1] Javadi A., van Loon J.Th., Mirtorabi M.T., 2011, MN-
RAS, 411, 263.
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Statistical Distribution of Coronal Mass Ejections and Solar
Flares Occurred in 2012
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Abstract

It is a well-established fact that Coronal mass ejections (CMES) and Solar flares play a crucial role
in changes of space weather. Statistical studies of these intense solar phenomena properties can
improves our knowledge of their actions and also contribute to having a good prediction of space
weather. Therefore in this paper we have Studied all CMEs and flares occurred in year 2012. The
respective data have been recorded by the SOHO and SDO satellites. We have plotted the statistical
distribution of CME parameters such as speed, width and position angle and also the distribution of
solar flares in different classification of GOSE X-ray satellite. This study shows at that rising phase
of solar cycle 24, the north hemisphere of the Sun was much more active than other side. Also it
shows that about 54.64% of all CMEs occurred at position angle (0 -90 degree).
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Introduction

Solar activity refers to any natural phenomena occurring on or in the sun, such as Solar flares, CMEs,
Solar wind, etc. and all of them are very influential in space weather. Solar flares are defined as
sudden intense variation in brightness. Solar flares occur when magnetic energy, that has built up, in
solar atmosphere, suddenly releases from corona. Radiations are emitted across entire electromagnetic
spectrum from radio waves of long wavelength to gamma rays of short wavelength. The amount of
energy released is of the order of 10°"ergs/sec. Large flares can release energy up to 10%%ergs/sec [1].
Coronal mass ejections (CMESs) are transient phenomena that involve the expulsion of significant
amounts of plasma and magnetic flux from the Sun into interplanetary space, on a timescale between
a few minutes and several hours. It has become generally accepted in recent years that the fast
interplanetary manifestations of CMEs are the major solar drivers of space weather, including large,
non-recurrent geomagnetic storms [2, 3]. Usually, the Earth-directed CMEs are seen as halo CMEs,
whose material entirely surrounds the coronagraph occulting disk [4]. In this work all CMEs and solar
flares have been investigated statistically.

Observation and Data Sources

The primary data set used in this study is the compilation of white-light CMEs at the CDAW Data
Center at NASA’s Goddard Space Flight Center (http://cdaw.gsfc.nasa.gov/CME_list).

This data base contains the measured properties of white light CMEs observed by the Solar and
Heliospheric Observatory (SOHO) mission’s Large Angle and Spectrometric Coronagraphs (LASCO)
[5]. The intensity of the geomagnetic storms were obtained from the disturbance storm (Dst) index as
listed at the World Data Center in Kyoto (http://swdcdb.kugi.kyoto-u.ac.jp/dstdir/). We also made use
of the Solarsoft data archive (http://www.Imsal.com/solarsoft/last_events/) to confirm flare locations.
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Solar Flares

We selected all the GOES C, M, and X-class flares occurred in 2012 that was 11033 flares. Source
regions of all the X-class flares were listed in the Solarsoft data archive. By playing movies of EUV
images obtained by SOHO’s Extreme-Ultraviolet Imaging Telescope (EIT), we were able to identify
the heliographic locations of these flares.

We have studied the distribution of daily flares in 2012, all X-class flares listed in the below table,
which five of them are associated with Halo CME. As it shown in the below table more of them
occurred at north hemisphere of the Sun.

Table 1. Characteristics of X-class flares observed during at the rising phase of solar cycle 24 in 2012

GOSE Class Date Peak Time Location Active Region
X 1.7 2012-01-27 18:36 N33W85 AR 1402
X11 2012-03-05 04:05 N19E58 AR 1429
X 5.4 2012-03-07 00:24 N18E31 AR 1429
X 1.3 2012-03-07 01:14 N15E26 AR 1429
X11 2012-07-06 23:08 S13W59 AR 1514
X1l4 2012-07-12 16:49 S13wW03 AR 1520
X138 2012-10-23 03:17 S13E58 AR 1598
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Figl. Histogram of distribution of observed daily flare size in 2012.

Coronal Mass Ejections

A total of 1947 CMEs were observed during the study period, 82 of them was Halo CME. The actual
number of CMEs is expected to be larger because some of the narrower CMEs erupting from close to
the disk center are not likely to be observed by the coronagraphs [6] the speed and width were
measured in the sky plane, so they are expected to be lower limits to the actual values. The location of
a CME is represented by the central position angle (CPA), which is defined as the mid-angle of the
two side edges of the CME in the sky plane. Position angle (PA) is measured counterclockwise from
Solar North in degrees. The PAs 0°, 90 °, 180°, 270, and 360" correspond to the north pole, eastern
equator, south pole, western equator, and north pole, respectively.

The distribution of the 2012 CME angular widths and position angles is shown in Figure 2. The last
bins of the position angle distributions show the full-halo CMEs (apparent width =360 degree). The
full halo CMEs appear to surround the occulting disk of the coronagraph [7]. The charts below shows
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that a major contribution of CMEs occurred at the position angle of (0 <PA< 90 degree), which means
at the north-east of the sun.
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Fig2. Histogram of distribution of observed daily Position Angle and Width of CME in 2012.
The distribution of 2012 CMEs speed is shown in Figure 3. The speed distribution of CDAW CMEs
(Fig. 3) is Gaussian, indicating that the CDAW CME speed distribution is log-normal [8]. The general
population, there were 1947 CMEs identified. The distributions are peaked around 300 km/s which all
of them are slow CMEs. A major contribution of CME speed was between 300 to 1000 Km/s.
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Fig3. Histogram of distribution of observed daily Speed Fig4. Correlation between CMEs speed and width of
of CME in 2012 CME in 2012

Figure 4 shows a very good correlation between CMEs speed and width in 2012. The speed of CMEs
increases as the angular width of CMEs expands.
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Conclusion

In this work, we have studied the intense solar eruptions of year 2012 in raising phase of solar cycle
24, such as narrow and wide CMEs, Halo CMEs and X-class solar flares. After data analyzing and
studying of evolution of CME parameters after leaving the Sun, the following conclusions can be
drawn about this study:

1. From all 11033 flares listed in Solarsoft data center for 2012, 37.94 % of them were B-class, a
major contribution of their size was C-class, and only 0.06% of them were X-class which
there are very important for space weather. X5.4 flare is the biggest one in year 2012 and
caused the largest solar storm with -143 nT value of Dst index. Also, 57.14 % of X-class
flares occurred of the north of the sun.

2. Fromall 1947 CMEs occurred in 2012, 54.64 % of them (significant number) occurred in the

north of sun. Halo CMEs are very influential events in space weather and in year 2012 only
4.21 % of all CMEs are Halo. Also 4.87% of these Halo CMEs had speed more than 2000
Km/s.

3. As it has shown in the figure 3, there was a very good correlation between speed and width of
CMEs. Therefore
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Oscillations of Solar Spicules and their Dissipation

Ebadi, H.!
! Department of Astrophysics, Faculty of Physics, University of Tabriz, Tabriz, Iran

Solar spicules exhibit transversal oscillations which cab be interpreted as propagation of kink modes
or Alfvenic waves. Here we investigate on dissipation of Alfvénic waves in solar Spicules. Phase
mixing and Kelvin-Helmholtz instability can account as their dissipation mechanisms.

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

I. INTRODUCTION

The spicules were discovered almost 130 years ago but
they still remain as one of Solar Physics mysteries [1].
They are observable in H,, D3 and Ca II H chromo-
spheric lines. The general properties of them can be
found in some reviews [2], [3] and [4]. Phase mixing has
been proposed as a mechanism of efficiently dissipating
Alfvén waves in the solar corona by [5]. [7] calculated nu-
merically the damping times of standing Alfvén waves in
the presence of viscosity and resistivity in coronal loops.
[6] studied the effect of stratification and diverging back-
ground magnetic field on phase mixing, and found that
the wavelength of an Alfvén wave is shortened as it prop-
agates outwards which enhances the generation of gradi-
ents. [8] showed that the enhanced phase mixing mech-
anism can dissipate Alfvén waves at heights less than
half. [9] studied the Kelvin-Helmholtz instability in Solar
spicules kink waves.

II. RESULTS AND DISCUSSION

To solve the coupled Egs. 1, and 2 numerically, the fi-
nite difference and the Fourth-Order Runge-Kutta meth-
ods are used to take the space and time derivatives,
respectively. We set the number of mesh grid points
as 256 x 256. In addition, the time step is chosen as
0.001, and the system length in the z and z dimensions
(simulation box sizes) are set to be (0,2) and (0,8).

o, s o, 9,
5% Vi(x,2) {Bog;(x,z) o + Bo.(z,2) P
—vp(z) 852’ + V30, (1)
and
Oby _ vy vy
ot |:B0T(:E7Z) O +BOZ(I7Z) 82]
ob
—vo(w) 5 + 0V, 2)

The normalized kinetic energy, magnetic energy, and
total energy are presented in FIG. 1, FIG. 2, and FIG.
3, respectively.
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FIG. 1. Time variation of normalized kinetic energy
(r =13s).

Moreover, we studied the Kelvin-Helmholtz instability
in spicule conditions. FIG. 4, FIG. 5, and FIG. 6 illus-
trated « — z variations with respect to time. The figures
show that it is possible to have Kelvin-Helmholtz insta-
bility in spicules.

IIT. CONCLUSION

In our model, we assume that spicules are small scale

structures with an initial shear flow and field, and a uni-
form temperature along them. Density variation along
the spicule axis is considerable, and stratification due
to gravity is significant.The divergent configuration of
initial magnetic field with sheared plasma flow can fas-
ten the phase mixing and dissipation of standing Alfvén
waves in Spicules. This is in agreement with the fact that
spicules have short lifetimes, and are disappeared after a
few periods.
If we assume that spicule oscillations are due to propaga-
tion of Alfvénic waves, then Kelvin-Helmholtz instability
can account as a possible mechanism in dissipating of
them.
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FIG. 3. Time variation of normalized total energy.
FIG. 5. z — z variations of density at ¢ = 650 s.
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The clumps formation in protostellar discs with
density-dependent cooling timescale

Kazem Faghei
School of Physics, Damghan University, Damghan, Iran
kfaghei@du.ac.ir

The purpose of this paper is to investigate the effects of cooling function in clumps formation of
protostellar discs. We exploit a cooling timescale with the power-law dependence on the density,
OTeoor < X% where a is a free constant parameter. We use this cooling timescale in a simple
prescription for cooling rate, du/dt = —u/tcoor, where u is the internal energy. We perform our
simulation using smoothed particle hydrodynamics (SPH) method. The simulations represent the
disc is very sensitive to a cooling timescale with density dependence. As under such cooling timescale,
the disc becomes gravitationally unstable and clumps form in the disc. This property even occurs for
cooling timescales which are much longer than the critical cooling timescale, t.,0,i€2 2 7. We found
by adding the dependence of cooling timescale on the density, the clumps number increases and
the clumps can also form in the smaller radii. The simulations imply that the sensitivity of cooling
timescale to density is more than temperature, as even for small dependence of cooling timescale on
density, the clumps can form in the disc. However, the more dependence will be needed, if we use

cooling timescale with temperature dependence.

I. INTRODUCTION

The existence of accretion discs has been confirmed in
many astrophysical systems, including x-ray binaries and
cataclysmic variable stars, around supermassive black
holes in active galactic nuclei (AGN), and around young
forming stars. Historically, the accretion discs had been
considered on the non-self-gravitating cases and the in-
fluences of self-gravity had been investigated in a few
researches. In the last two decades, the importance of
study of disc self-gravity has increased, especially in the
context of protostellar discs and in accretion discs around
supermassive black holes in active galactic nuclei. It can
be due to increase of computational resources in simu-
lation of self-gravitating accretion discs and the obser-
vational evidences on the large scales of active galactic
nuclei and on the small scales of protostellar and proto-
planetary discs.

The gravitational instability of a disc can be considered
through using Toomre parameter,

Csk

@= TGY’ (1)
where ¢, is the sound speed, k is epicyclic frequency, and
Y is the surface density (Toomre 1964). An accretion
disc can be gravitationally unstable if Toomre parameter
becomes smaller than its critical value, Q < Qepriz. In
addition to the stability criterion mentioned above, the
disc must be cool at a fast enough rate. Gammie (2001)
assumed the cooling rate as

(du > o
dt cool tCOOl 7

where v is the internal energy and t.,.; is the cooling
timescale. Gammie (2001) showed that fragmentation

occurs if and only if Qtcoor S Berit, where Q is the angular
velocity of the disc and the critical cooling timescale,
Berit, 18 approximately 3 for a ratio of specific heats, v =
2.

Faghei (2013) investigated the effects of cooling func-
tion in clumps formation of protoplanetary discs through
use of two-dimensional SPH simulations. He assumed
the ratio of local cooling to dynamical timescales, to be
a constant and also a function of the local temperature.
He found for a constant 5 and v = 5/3, the fragmenta-
tion occurs only for 3 < 7. While, in the case of 8 with
temperature dependence, the fragmentation can also oc-
cur for larger values of 8. In a real study of cooling
rate, based on the optical depth, the cooling timescale
is a function of the density and temperature. However,
in the recent studies of cooling protoplanetary discs, the
cooling timescale in the unit of dynamical timescale is
assumed to be a function of temperature and from its
dependence on density has been ignored (e. g. Faghei
2013). Thus, in the present paper, we are going to in-
vestigate the influences of cooling timescale with density
dependence on the clump formation in protostellar discs.

II. SIMULATION METHOD AND
CONSTITUTIVE PHYSICS

The performed simulations in this paper are similar
to Rice et al. (2005) and Faghei (2013), i. e. we use
smoothed particle hydrodynamics (SPH) method. We
will choose all quantities in units with values typical pro-
tostellar disc. Thus, we choose astronomical unit (au)
and the sun mass (Mg) as the units of length and mass,
respectively. In code unit, the star is in the centre of
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the disc and disc made of 125000 SPH particles between
Ri, = 0.25 to Rour = 25. The central object and disc
have the masses of M, = 1 and My;sc = 0.1, respec-
tively. The initial surface density profile is taken to be a
power law ¥ oc R~!, while the initial temperature profile
is T oc R705,

In the simulations, we allow the disc to heat up due
to both pdV work and viscous dissipation. Thus, the
energy equation can be written as

du P

where u is internal energy, p is the density, p is the gas
pressure, and ¢[= 7,;0;v;] is the viscous dissipation, with
being 7;; as the viscous stress tensor.

As mentioned in introduction, we investigate the
effects of the cooling rate on the evolution of self-
gravitating disc. The radiative cooling for a particle with
internal energy u; can be written as

dui Uq
= — 2
( dt )cool Tecool ’ ( )

where T.o0; = SQ~1, with being 3 as a constant in Gam-
mie (2001). But, in this research we assume  as a func-
tion of surface density,

Bi = Bo (Eizm)_ : (3)

where [ is the parameter § in Gammie’s model, 3,,;,, is
minimum density throughout of the disc, and a is a pos-
itive constant. We will apply the cooling function in the
right-hand side of the energy equation. We expect this
cooling function accelerates to achieve the balance be-
tween external cooling and internal heating. For a = 0,
equation (3) switches to Gammie’s model and thus the
parameter 3 becomes a constant. While for a > 0,
becomes smaller than fy. On the other hand, through
using equation (3), the dense particles achieve the higher
cooling rate and can cool rapidly. Thus, this prescrip-
tion of the cooling rate can enhance the growth and the
saturation of gravitational instabilities.

III. SIMULATION RESULTS

In this paper, the effects of cooling timescale are as-
sumed in the two cases:

(i) B to be a function of density, 5 = Bo(X/Zmin) "%,
(ii) B to be a function of temperature, 3 = Bo(u/Umin) "
(Faghei 2013).

For the above cases, we perform simulations with sev-
eral input parameters, such as [y, a, and b. The gas is
assumed to be purely in the form of molecular hydrogen;
hence, we assume p = 2 for the molecular weight. For all

TABLE I. List of the main simulations through use of
ﬁi = Bo(Ei/Emm)_a or ﬁz = ﬁo(ui/umm)_b. The arti-
ficial viscosity parameters in these simulations are set to
(Oésph,ﬂsph) = (1.0,2.0).

Simulation name Bo a b Clump?
Run00 7 0 0 yes
Run01 8 0 0 no
Run02 8 0 0.05 yes
Run03 8 0.025 0 yes
Run04 10 0 0.05 no
Run05 10 0 0.1 no
Run06 10 0 0.2 yes
Run07 10 0.05 0 no
Run08 10 0.075 0 yes
Run09 12 0 0.25 yes
Run10 12 0.1 0 yes
Runll 14 0.15 0 yes
Runl2 16 0.17 0 yes
Run13 18 0.18 0 yes
Runl4 20 0.19 0 yes

simulation, we also assume v = 5/3. In each run, we stop
simulation when the clumps form in the disc. In the non-
fragmenting cases, we run simulation at least seven outer
rotation period. Because, it is a sufficient time for non-
fragmenting disc to reach the steady state. Despite this,
at the end of the non-fragmenting simulations, if there is
any evidence for fragmentation, they are continued until
either these fragments become much denser than the lo-
cal density, or they shear away. For an example, in Figure
1, we have shown the evolution of a self-gravitating and
cooling disc for Sy = 4 and a = b = 0. At the end of sim-
ulation, the clumps/fragments form in the disc similar to
simulations of Rice et al. (2005).

A self-gravitating disc, which is heated due to gravi-
tational instability and viscous dissipation, will fragment
if the cooling timescale is short enough (8 < 7; Faghei
2013). Faghei (2013) showed the occurrence of clump
formation increases for the cooling timescale with tem-
perature dependence, 3 = Bo(u/Umin) ", with being b as
a free parameter. Moreover, he showed that clump for-
mation can be occurred even for the cooling timescales
of longer than the critical cooling timescale. In Table
1, we have shown some simulations with temperature-
dependent cooling timescale, simulations Run02, Run4-
Run6, and Run09. These simulations represent that the
clumps can be formed even for 5, > 8.

As mentioned in the introduction, the purpose of this
paper is to show that the cooling timescale with den-
sity dependence is effective to form clump in the self-
gravitating discs. In this way, we can expect to form
fragment in a gravitationally unstable disc even if the the
cooling timescale is not short enough, 8y > 8. We investi-
gate this property with a pure density-dependent cooling
timescale, 5 = Bo(3/Xmin) % In Table 1, we present
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FIG. 1. Time evolution of the logarithm of the surface den-
sity in times of ¢ = 25 (top left), ¢ = 400, (top right), ¢ = 800
(bottom left), and ¢ = 1615 (bottom right). The input pa-
rameters are fp =4 and a = b = 0.

the disc with this cooling timescale, simulations Run03,
Run07, Run08, and Runl0-Runl4. In these simulation,
Bo > 8, in which case none of the discs were expected
to fragment for the constant 3 (Rice et al. 2005; Faghei
2013). As seen in the simulation Run03 with 8y = 8, the
clump forms in disc with a = 0.025. As the fj increases,
the minimum value for parameter a also increases. For
example, in the simulation Runl4 with gy = 20, the
clump formation can be occurred with using a = 0.19.

In Figure 2, we have plotted four discs, in which cool-
ing timescale in these discs has the several power-law
dependence on density, i.e. a = 0,0.025,0.05, and 0.1.
The discs are run with Sy = 8 and b = 0. In top left
panel of Figure 2, we see a disc with the constant cooling
timescale, 8 = By = 8. As we expect no clump forms in
this disc. In the other panels of Figure 2, since we use the
density-dependent cooling timescale, the clumps form in
the discs. Moreover, the number of clumps increases by
adding parameter a.

From Table 1, we can also compare the cooling
timescales with density-dependent and temperature-
dependent. For the disc with Sy = 8, the clump forms if
the exponent in temperature-dependent cooling timescale
becomes larger than 0.05, however this threshold expo-
nent in the density-dependent cooling timescale decreases
to 0.025. This property also happens for larger [y, for
example if By = 12, the clump forms if @ = 0.1 or
b = 0.25. Thus, we can conclude the sensitivity of the
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FIG. 2. The logarithmic surface density structure at the
end of simulations through use of density-dependent cooling
timescale. The input parameters are So = 8, and a = 0 (top
left), a = 0.025, (top right), a = 0.05 (bottom left), and
a = 0.1 (bottom right).

cooling timescale to the density is more than tempera-
ture. This property has not been previously reported by
researchers.

IV. SUMMARY AND DISCUSSION

In this paper, we has simulated a cooling and
self-gravitating protostellar discs using two-dimensional,
smoothed particle hydrodynamics method. We allow the
heating effects in the disc due to work done on the gas
and artificial viscosity to capture shocks. The disc is
cooled using a simple parametrization for the cooling
function (Gammie 2001). Faghei(2013) showed the cool-
ing timescale with temperature dependence is effective to
form clumps in the unstable discs. However, a real cool-
ing framework based on the optical depth implies that
the ratio of cooling to the dynamical timescales has the
dependence on the temperature and the density. Thus, in
this paper, we assumed the cooling timescale in the unit
of the dynamical timescale is the function of temperature
and density. For the shearing effects, we exploit a com-
mon form of artificial viscosity by Monaghan & Gingold
(1983), which uses the parameters asp, and Bspp.

For consideration of the cooling timescale with den-
sity and temperature dependence, we have performed
the simulations with the long cooling timescales, 3 2 8,
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whether the clump can be formed. The simulations
showed that the clump formation accelerates if we use
such cooling timescale. As, by the dependence increase of
cooling timescale on density or temperature, the number
of clumps increases and even the clumps can be formed
in the smaller radii.
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The effect Of Wind and thermal conduction On large Scale magnetized ADAFSs in the
presence of viscosity and magnetic diffusivity

Jamshid Ghanbaril*? and Arezo tajmohammadi!
! Department of Physics, School of Sciences, Ferdowsi University of Mashhad, Mashhad, 91775-1486, Iran
2 Department of Physics, Khayam Institute of Higher Education, Mashhad, Iran

We examine the effects of winds on advection dominated accretion flows with thermal conduction
in the presence of viscosity and magnetic diffusivity under a self-similar treatment. The disk gas
is assumed to be isothermal. For a steady state structure of such accretion flows a set of self sim-
ilar solutions are presented. We consider wind in a general magnetic field with three components
(r, p, 2) in advection-dominated accretion flows. The solutions show that the structure of accretion
flow depends on the thermal conduction and outflows.

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

I. INTRODUCTION

The resistive diffusion of magnetic field is important
in some systems, such as the protostellar discs (Flem-
ing & Stone 2003), discs in dwarf nova systems (Gammie
& Menou 1998), the discs around black holes (Kudoh
& Kaburaki 1996), and Galactic center (Kaburaki et al.
2010). Also, two and three dimensional simulations of
local shearing box have shown that resistive dissipation
is one of the crucial processes that determines the sat-
uration amplitude of the magnetorotational instability
(MRI). As, linear growth rate of MRI can be reduced
significantly because of the suppression by ohmic dissi-
pation (Fleming et al. 2000; Masada & Sano 2008).

As mentioned, the observational evidences and the
MHD simulations express that the toroidal component of
magnetic field and the magnetic diffusivity are important
in accretion discs. Thus in this paper by using Akizuki
and Fukue (2006) technique we will investigate the ef-
fects of winds and thermal conduction on a viscous and
resistive ADAF in the presence of a general large-scale
magnetic field. Moreover, it is agsumed that magnetic
diffusivity in the present model is not constant, and es-
caping and creating of magnetic fields are unbalanced.

II. BASIC EQUATIONS

We investigate the effect of mass outflow by the wind
and mass accretion rate by viscosity simultanesously. In
cylindrical coordinates (r,¢,z), we vertically integrate
the flow equations, also we suppose that all flow variables
are only a function of . The continuity equation reads
d 1 OMw
—IV) + ——F— =0 1
87"( ) 2r Or (1)
where V,. is the accretion velocity (V, < 0) and ¥ = 2pH
is the surface density at a cylindrical radius r. Also, p

is the midplane mass density of the disk and the mass
loss rate by outflow/wind is represented by Mw. So
Mw(r) = [ 4wr'rig, (r')dr’ where M (r) is mass loss rate
per unit area from each disk face. We write the depen-
dence of the accretion rate M, as follows (e.g., Blandford
& Begelman 1999)M,, = —27RXV,

On the other hand, we can write the continuty equa-
tion:

12 vy = 2pm @)
where p the mass loss rate per unit volume and H is the
disk half-thickness The equation of motion in the radial
direction is:

v, V2 GM. 1d ., ¢
o T T TR T
1 d
~ s (C 2 +Xc}) (3)

where V,,, ¢; and ¢, ¢, and ¢, are the rotational velocity
of the gas disk, sound speed and Alfven velocity compo-
nents of the fluid respectively. Sound speed is defined as
=t 22, Dyas Deing the gas pressure and Alfven velocity
is defined as

2Pnage ..

Cripys = Brp,/ (4mp) = (4)

where Pp,o,, . 18 the magnetic pressure in three direc-
tions. The integrated angular momentum equation over
zZ gives:

V, d _
rdr (rVy) =

cr O(Z1%¢y)

1 d,, odY Q)2 dM  cyer
= S s sl B
¥r2 dr (v dr) 27Yr? dr r ¥z o

(5)
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where the first term on the right hand side represents the
viscous force per unit volume and the second term of the
right hand side represents angular momentum carried by
the outflowing material. Here, [ = 0 corresponds to a
non-rotating wind and I = 1 to the outflowing material
that carries away the specific angular momentum (Knigge
1999). As noted in the introduction, we assume both of
the kinematic coefficient of viscosity and the magnetic
diffusivity due to turbulence in the accretion flow. Thus,
it is reasonable to use these parameters in analogy to
the a-prescription of Shakura & Sunyaev (1973) for the
turbulent,
v=Ppn=og - (6)

where P, is the magnetic Prandtle number, which is as-
sumed a constant of order of unity,  is the magnetic
diffusivity, and a is a free parameter less than unity.

By integrating over z of the hydrostatic balance, we
have:

GM He, d
g e
73 Y dr

We will show the dynamical properties of the disk for
different values of B,,By, B,. Now we can write the en-
ergy equation considering cooling and heating processes
in an ADAF. We assume the generated energy due to vis-
cous dissipation and the heat conducted into the volume
are balanced by the advection cooling and energy loss of
outflow. Thus,

1
(B%e) =+ 55+ (7)

XV, dc? ,dp  faXcl 2 dQ

—_— =2 = JER— 2_
y—1dr 2HVre, dr QO ( dr )
2H d 1 Sy 7
— g PEs) = gnomu (Vi (r) + 2H - J (8)

where the first term on the right hand side is the ad-
vection transport energy. The advection factor of f in
general depends on the details of the heating and radia-
tive cooling mechanisms and will vary with position (e.g.
Watari 2006, 2007; Sinha et al. 2009). However, we as-
sume a constant f for simplicity. Clearly, the case f =1
corresponds to the extreme limit of no radiative cooling
and in the limit of efficient radiative cooling, we have
f = 0. The second term on righ hand side represents en-
ergy transfer due to thermal conduction and Fy; = 5¢,pc?
is saturated conduction flux on the direction of the tem-
perature gradient (Cowie & McKee 1977). Dimensionless
coefficient ¢, is less than unity. Also, the last term on the
right hand side of the energy equation is the energy loss
due to the wind or outflow (Knigge 1999). Depending on
the energy loss mechanisms, the dimensionless parameter
1o may change. We consider it as a free parameter for our
models so that larger ng corresponds to more energy ex-
traction from the disk because of the outflows. Also the

last term on the right hand side of the energy equation is
the resistive heating rate. Also J =V X B is the current
density, B being the magnetic field. We consider a mag-
netic field in the disk with three components B, ,B, and
B, in the cylindrical coordinates (r, ¢, 2). Therefore, we
need the three-components of the inducation equation to
measure the magnetic field escaping/creating rates:

B, =0 9)
B,= L 1V,B,~V;B) - 1¢B)]  (10)
By =~ L (VB +100) a

where B,, Bw and B, are the field escaping /creating rates
due to the magnetic instability.

Now, we have a set of ordinary differential equations
that describe the dynamical behavior of a magnetized
ADAF flow including the wind.

III. SELF-SIMILAR SOLUTIONS

To better understanding of the physical processes tak-
ing place in our hot accretion disk, we seek self similar
solutions of the above equations. Therefore, following
Akizuki & Fukue (2006), we write similarity solutions as

Vi(r) = —c1aVi(r) (12)
Vo (r) = caVi(r) (13)
c; = csVy (14)
%,cp,z = % = 25r,<p,z03G—M (15)
where
Velr) =4/ <2 (16)

where the coefficients c¢1,co and c3 are similar to those
in Akizuki & Fukue,(2006), and S,,0, and 8, measure
the ratio of magnetic pressure in three directions to the
gas pressure, Or¢.: = DPmagir,e,z [Pgas- We assume the
surface density ¥ has the form of:

2 = Sor’ 17)

The half-thickness of the disk still satisfies the relation
H and we obtain

H(r) = Hyr (18)
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Note that the value of s should be determined iteratively
for consistency. Then we assume that the power law in-
dex of the density p in the radial direction is constant
regardless of z. Hence we set p oc r¥71.

.. B : s=5
p= ,007'8 27-Br,cp,z - BrO,ch,zOT 2 (19)
y 2 s+1 B 1 . g3
My = Mor®T2,my, = ——nigr®™2 (20)
47
It should be noted that, for a self-similar disk without
any wind mass loss, the suffix s is s = —%. By substi-

tuting the above self-similar solutions into the dynamical
equations of the system, we obtain the following system
of dimensionless equations, to be solved for ¢;,co and cs:

MOw

— . T 21
A oraGMY, 1)

_ H§
B 2H0V/BT/BZ(%) +1 +Bcp +Bcp

C3 (22)

1
—5c3a2 = -1-[s—-1+8.(s+1) + B,(s+ 1)]es

(23)
-1 -3
- G = Ta(s + 1)cacs +cs(s + 1)/ BrBo—
e Mo (s + 1)ac (24)
2150 VG M g 2
1 9 1
(")/j + (S bt 1))6163 = ZfC3c§ bt gnm
5 1,3 aof 2 2 2
—a¢s(s - §)c3 + a[(s —2)°B, + s°B,)c5 (25)
where m = mé‘;’—"w—m is the nondimensional mass ac-

cretion rate. Now, Hy can be found from equation (22)
as,

Ho = 5l(s ~ Dea/Brbiot

V(s = 1)28,B. + 41+ B, + Br)es]

and thus we obtain the half-thickness of the disk H =
Hyr. We obtain an algebraic equation of degree four for
C1:

(26)

G*cl +2EGE + (E? + 2FG)c} + (2EF — D*)c; + F? =0
27)

FIG. 1. Numerical coefficients ¢;s as a function of advec-
tion parameter f for several values of s. All panels are set up
forl=1,n0=1,a=03,8.=1,85 =1,¢s =01, P, =0
and y =1.3

where

A 1-2%(s+ 1) o
= [W] (28)
A=[(s—1)+B:(s — 1)+ B,(s +1)]AA (29)
B (1 1)AAC = 2744 30
= (m +s5—-1)AA,C = Zf (30)

5 1 )
D= ~gy(s — 5)(44)" (31)
W= 2L1(s - 2%, + 56,1447 )
E:(B—AC—W),F:}ln—C,G:%MC (33)

This algebraic equation shows that the variable ¢; which
determines the behaviour of radial velocity depends only
on a,¢s,Br, B,, 8, and f. Other flow’s quantities such as
¢2 and c3 can be obtained eagily from c;:

1
& = —§c%a2 + A +1 (34)

1-2(s+ )2

3(s+1) ) (39)

C3 :Cl(

IV. RESULTS AND DISCUSSION

Now we can analysze the behavior of solutions in the
presence of outflow and thermal conduction. The pa-
rameters of the model are the ratio of specific heat -,
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FIG. 2. Numerical cofficients ¢;s as a function of thermal
conduction ¢, for several values of 3. All panels are set up
forl=1,n0=1,84=1,8.=1,Pp,=0c0and f=1

FIG. 3. Numerical cofficients ¢;s as a function of advection
parameter f for several values of P,,. All panels are set up for

I=1,mo=1,8;=1,8=1,y=13,¢, =01, =03,s = —0.4

and f=1

the standard viscose parameter a, energy-advection pa-
rameter f, degree of magnetic pressure to gas pressure in
different directions 3,,8,, 08, and s which determines the
outflow from the disks.

To show the behavior of the solutions respect to the
wind influences we have plotted disks physical quanti-
ties for different values of s in Figure 1. The value of
s measure the strength of outflows, and larger values of
s denote strong outflows. Each curve is labeled with its
corresponding s. We can see that ADAFs with winds ro-
tate more quickly than those without wind, radial flows of
the accretion materials also decrease for larger s. Strong-
wind models have a lower vertical thickness compared to
the weak-wind model because by increasing s we can see
that c3 decreases which means that the sound speed and
vertical thickness decrease as well.

Figure 2 shows how ¢;,¢2 and ¢3 change with ¢,. We
can see by increasing ¢, radial velocity and sound speed
increase but rotational velocity decreases. Actually, out-
flows play as a cooling agent and thermal conduction pro-
vides extra heating and there is a competition between
these physical factors.The effects of winds and thermal
conduction on ¢1, ¢; and ¢ are against each other. Also
by increasing 84, c1, ¢ and cs increase. This result agrees
well with Ganbari & Tajmohammadi (2013).

In Figure 2 we can see by increasing the magnetic dif-
fusivity, P!, the radial velocity increases, also sound
speed and vertical thickness increase as well. While the
rotational velocity decreases by increasing P, .

V. CONCLUSION

Our results have shown that strong wind/outflow can
have lower temperature and they are satisfied with the
results presented by Kawabata & Mineshige (2009). The
most important finding of these similar solutions is that,
our accreting flow is affected not only by mass-loss but
also by loss of energy by the wind/outflow. Actually,
outflows play as a cooling agent and thermal conduc-
tion provides extra heating and there is a competition
between these physical factors.

The present model represented the outflows and ther-
mal conduction in accretion flows can improve by the
resistivity and magnetic field. These properties are in ac-
cord with resistive MHD simulations of Fendt & Cemeljié
(2002) and Cemeljié et al (2008).For example, Fendt &
Cemeljié (2002) showed that resistivity can affect the out-
flows structure in accretion discs. Moreover, they found
that the outflow velocity increases with the magnitudes
of the resistivity and toroidal magnetic field.
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INVESTIATION OF THE EFFECT OF TMIPERATURE AND MAGNETIC FIELD
ON THE STRUCTURE OF STRANGE QUARK STAR
G. H. BORDBAR'?; F. KAYANIKHOO'

'Physics Department, Shiraz University
’Research Institute for Astronomy and Astrophysics of Maragha

Abstract

In this paper, we have calculated the equation of state of quark matter in different temperatures in the presence
of strong magnetic field using the MIT bag model. Then, by using general relativistic TOV equation, we have
calculated the structure of spin polarized strange quark star. Finally we have compared our results with
observational results for strange quark star.
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The Effect of Twisted Magnetic Field on the Kink Waves

K. Karami' and K. Bahari?
! Department of Physics, University of Kurdistan, Pasdaran Street, Sanandaj, Iran
2 Physics Department, Faculty of Science, Razi University, Kermanshah, Iran

We consider the kink modes in a zero-beta cylindrical compressible thin magnetic flux tube mod-
elled as a twisted core surrounded by a magnetically twisted annulus, both embedded in a straight
ambient external field. The dispersion relation is derived and solved numerically to obtain the fre-
quencies of the kink waves. The main result is that the twisted magnetic annulus does affect the
period ratio P; /P of the kink modes. For the kink modes, the magnetic twist in the annulus region
can achieve deviations from P; /P> = 2 of the same order of magnitude as in the observations.

I. INTRODUCTION

Transverse coronal loop oscillations triggered by explo-
sive events, such as flares or filament eruptions, were first
identified by Aschwanden et al. (1999) and Nakariakov et
al. (1999) using the observations of TRACE (Transition
Region And Coronal Explorer). These oscillations have
been interpreted as the kink MHD modes of a cylindrical
coronal flux tube by Nakariakov et al. (1999).

One of the important tools in the coronal seismology
is determination of the period ratio P;/P. between the
period P; of the fundamental mode and the period P»
of its first harmonic. The deviation of the period ratio
from its canonical harmonic value of 2 has been observed
in coronal loop oscillations. Verwichte et al. (2004), us-
ing the observations of TRACE, have identified the fun-
damental and its first harmonic of the transverse kink
mode in two coronal loops. The period ratios observed
by Verwichte et al. (2004) are 1.81+0.25 and 1.64£0.23.
However, these values were corrected with the improve-
ment of the observational error bars to 1.82 £ 0.08 and
1.58 4+ 0.06, respectively, by Van Doorsselaere, Nakari-
akov & Verwichte (2007). Also Verth, Erdélyi & Jess
(2008) added some further corrections by considering the
effects of loop expansion and estimated a period ratio of
1.54. All these values clearly are lower than 2. This may
be caused by different factors such as the effects of den-
sity stratification (see e.g. Andries et al. 2005; Erdélyi
& Verth 2007; Karami & Asvar 2007; Safari, Nasiri &
Sobouti 2007; Karami, Nasiri & Amiri 2009) and mag-
netic twist (see Erdélyi & Carter 2006; Erdélyi & Fedun
2006; Karami & Barin 2009; Karami & Bahari 2010) in
the loops. Note that in some cases the period ratio is
shifted to higher values than 2. For instance, in Table
1 of Andries et al. (2009) there are two observational
examples with P; /Py > 2. This may be caused by the ef-
fect of magnetic field expansion (see e.g. Verth & Erdélyi
2008; Ruderman, Verth & Erdélyi 2008; Verth, Erdélyi
& Jess 2008; Karami & Bahari 2011). Also there are
some observational cases in which the period ratios do

not show any significant departures from their canonical
harmonic values. For instance, in Table 1 of Andries et
al. (2009) there is an example with P;/P, = 2. Also
Van Doorsselaere et al. (2009) found Py/P, ~ 2 and
Py /P; = 3 in a highly twisted loop structure which is
certainly not homogeneous and the loop structure could
be classified as a sigmoid.

The twisted magnetic tubes have been investigated in
ample detail by Bennett, Roberts & Narain (1999) and
Carter & Erdélyi (2007, 2008). For a good review see
Karami & Barin (2009).

Ruderman (2007) studied the nonaxisymmetric oscil-
lations of a compressible zero-beta thin twisted mag-
netic tube surrounded with the straight and homoge-
neous magnetic field taking the density stratification into
account. The main result of Ruderman (2007), which
also has been already obtained by Goossens, Hollweg &
Sakurai (1992), was that the twist does not affect the
kink mode.

Karami & Barin (2009) investigated both the oscilla-
tions and damping of MHD surface and hybrid waves in
coronal loops in the presence of twisted magnetic field.
They showed that the frequencies and the damping rates
of both the kink and fluting modes increase when the
twist parameter increases. They obtained that the pe-
riod ratio P; /P, of the fundamental and first overtone
for both the kink and fluting surface modes are lower
than 2 (for untwisted loop) in the presence of twisted
magnetic field.

Karami & Bahari (2010) examined the effect of twisted
magnetic field on the resonant absorption of MHD waves
in coronal loops. They concluded that with increasing the
twist, the ratio of the oscillation frequency to the damp-
ing rate of the kink modes changes from 39.3 to 43.5,
which approximately is one order of magnitude greater
than the ratio reported by Nakariakov et al. (1999), Ver-
wichte et al. (2004), and Wang and Solanki (2004) de-
duced from the TRACE data.

In the present work, our main aim is to investigate
the effect of twisted magnetic field on the frequencies of
kink waves in coronal loops to justify the deviation of the
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period ratio Py /P, from 2 observed by the TRACE (see
Karami & Bahari 2012).

II. EQUATIONS OF MOTION

The linearized MHD equations for a compressible zero-
beta plasma are

oov 1

W‘H[(VMB) x B + (V x B) x B, (1)
95B
W_V><(5v><B), (2)

where év and §B are the Eulerian perturbations in the
velocity and magnetic fields; p is the mass density.
The background magnetic field is assumed to be

B; = <0,Air, Bzi(r)), r<a,
B =1{ By = (0, Ao, Bzo(r)), a<r<R, (3)

B. = (0,0, B.c). r>R,
where A;, Ay, B, are constant and a, R are radii of
the core and the tube, respectively. From both the equi-
2
librium equation, i.e. df: = —2?“’, and the continuity
condition of the magnetic pressure across the boundaries
of the tube, i.e. B?(a) = Bi(a), B3(R) = B%(R), the
z-component of the equilibrium magnetic field can be ob-
tained as

B2(r) = B + A%(a® — 2r?),
B2y(r) = B3 + A§(a* — 2r?), (4)
B2, = B3 + A3(a® — R?),

where By is an integration constant. The above mag-
netic field configuration in the absence of the annulus is
the same as the background magnetic field considered by
Ruderman (2007).

Following the second order perturbation method in

terms of € := %;‘ ~ kya < 1 given by Ruderman

(2007), solutions of Eqs. (1)-(2) in terms of P = %,
the Eulerian perturbation in the magnetic pressure, and
&, = —0v,/iw, the Lagrangian perturbation in the radial
displacement, for the interior and annulus regions yield

B2 d(rg,
A
By AF
+< 2rm )7“5,», (5)
d / d(re,) -
L) e

where F =k, + mB%.

In the interior and annulus regions, solutions of Eq.
(6) are

m-1 r<a,

fr(’l’) = { g:mfl +,.W,.7m71’ a<r< R7 (7)

and solutions for dP(r) are obtained from substituting
Eq. (7) in (5) as

B2F?  ByAF\ ar™
SP(r) = ( 2 — 20t i ) r<a
P(r) piw ypm + o —.r <a, (8)
B2F?  BoAgFy\ Br™
SP _ 2 ot'o 041040
(r) (pow 4 27 ) m
B2F?  BoAgFy\~yr ™
. 2 Doty DoAolfo\Y
(pow 4w 27 ) m TS k. 0)

For the exterior region, r > R, we obtain

A26P  1d6P [, m?
o tra - (P )r=o (10)
47 dSP
& (r) = —MQ—B(%W? (11)
where
AT pow?
k2 =p2 - —° 12

Equations (10) and (11) are same as Eqs. (26) and (25a),
respectively, in Ruderman (2007). In the exterior region,
r > R, the waves should be evanescent. Solutions are

SP(r) = ek, (k'r), k% >0, (13)
= e g 14
&r(r) = —Em m(KT), (14)

where K, is the modified Bessel function of the sec-
ond kind and a prime on K, indicates a derivative with
respect to its appropriate argument. The coefficients
a,f,v and ¢ in Egs. (7), (8), (9), (13) and (14) are
determined by the appropriate boundary conditions.

ITII. BOUNDARY CONDITIONS AND
DISPERSION RELATION

The necessary boundary conditions at the perturbed
tube boundary are that the plasma displacement in the
radial direction and the magnetic pressure should be con-
tinuous as

gri

&ro

_¢ —¢, 15
r=a 61"0 r=a r=R 5 ¢ r= ( )
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B2, B2,
0P — 356| =0Po— z=6&0|
beo r=a r=a (16)
0Py — 260 T OP, .

Using the above boundary conditions and the solutions
given by Eqgs. (7), (8), (9) for the internal and annulus
regions and Eqgs. (13), (14) for the exterior region, the
dispersion relation is derived as

(=010, — =525 ) [1 - (a/R)™™]
~E5 [0 — (/R0
+25, 15, — (a/ R0, =0, (17)
with
. 1 B2k?
—=j __<pjw2_ 0 z)

m 47

4;

-1 (2Bok: +mA;)(1 —m), (18)
1 B2k?2
0 _ 4 2 0z
= m(pow 4m )
Ao
+m(2B0kz —I—on)(l —I-m), (19)

= _ B3 K2 Ku(KR)
" 4An KR K (K'R)’

(20)

where the superscript j in =, stands for i and 0 cor-
responding to the interior and annulus regions, respec-
tively.

IV. NUMERICAL RESULTS

To solve the dispersion relation (17), numerically, we
choose the physical parameters L = 10° km, a/L = 0.01,
pe/pi =0.1,p0/pi = 0.5, pi = 2x10 1 gem =3, By = 100
G. For such a loop one finds vy, = \/f%pi = 2000 km s !,
wy, == S =0.02 rad s,

The effect of twisted magnetic field on the frequencies
w is calculated by the numerical solution of the disper-
sion relation, Eq. (17). Figure 1 shows the frequencies of
the fundamental and first overtone ! = 1,2 kink (m = 1)
modes with radial mode number n = 1 versus the twist
parameter of the annulus, By/B, := AB‘—’O“, and for dif-
ferent relative core widths a/R = (0.65,0.9,0.99). Note
that here the parameter A; does not need to be set ex-
plicitly. Because the second term in Eq. (18) containing
the contribution of the parameter A; is automatically re-
moved for the kink (m = 1) modes.

Figure 1 reveals that: i) for a given a/R, the frequen-
cies increase when the twist parameter of the annulus

increases. The result is in good agreement with that ob-
tained by Carter & Erdélyi (2008) and Karami & Barin
(2009). ii) For a given a/R, when the longitudinal mode
number, [, increases, the frequencies increase. iii) When
a/R goes to unity then the frequencies become indepen-
dent of By/B,. Therefore in the absence of the annulus,
the twist does not affect the kink modes in the specific
case of having By oc . This is in good agreement with
that obtained by Goossens, Hollweg & Sakurai (1992)
and Ruderman (2007).

The period ratio Py/Ps of the fundamental and first
overtone, I = 1,2 modes of the kink (m = 1) waves with
n = 1 versus the twist parameter of the annulus is plotted
in Fig. 2. Figure 2 shows that: i) the period ratio P;/ Py
with increasing the twist parameter of the annulus, for
n = 1 decreases from 2 (for untwisted loop), comes down
to a minimum and then increases. Note that when the
twist is zero, the diagrams of P; /P, do not start exactly
from 2. This may be caused by the radial structuring
(po # pi, pe 7 pi).- But for the selected thin tube with
a/L = 0.01, this departure is very small, O(10~*), and
doesn’t show itself in the diagrams (see McEwan et al.
2006). ii) For a given B,/B,, the period ratio P;/Ps for
n = 1 increases when the relative core width increases.
Figure 2 clears that for the kink modes (m = 1,n = 1)
with a/R = 0.5, for both By /B, = 0.0107 and 0.0153 the
ratio P, /Py is 1.82. This is in good agreement with the
period ratio observed by Van Doorsselaere, Nakariakov
& Verwichte (2007), 1.82 £ 0.08, deduced from the ob-
servations of TRACE. See also McEwan, Diaz & Roberts
(2008).

V. CONCLUSIONS

Oscillations of kink waves in coronal loops in the pres-
ence of the twisted magnetic field is studied. To do this,
a coronal loop is considered as a straight cylindrical com-
pressible zero-beta thin flux tube with magnetic twist in
the internal and the annulus and straight magnetic field
in the external region. Using the perturbation method
given by Ruderman (2007), the dispersion relation is ob-
tained and solved both analytically and numerically for
obtaining the frequencies of the kink modes. Our numer-
ical results show that

i) for a given relative core width, frequencies of the
fundamental and first overtone I = 1,2 kink (m = 1)
modes with radial mode number n = 1 increase when
the twist parameter of the annulus increases;

ii) when the relative core width, a/R, goes to unity
then the kink (m = 1) modes with n = 1 become inde-
pendent of the twist;

iii) the period ratio Py /P, for the kink (m = 1) modes
with n = 1 is lower than 2 (for untwisted loop) in the
presence of the twisted magnetic annulus. The results of
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Py /P, for the kink (m = 1) modes with n = 1 are in
accordance with some observations of the TRACE.

[1] Andries, J., Goossens, M., Hollweg, J.V., Arregui, I., Van
Doorsselaere, T., 2005. A&A 430, 1109.
[2] Andries, J., Van Doorsselaere, T., Roberts, B., Verth, G.,
Verwichte, E., Erdélyi, R., 2009. Space Sci. Rev. 149, 3.
[3] Aschwanden, M.J., Fletcher, L., Schrijver, C.J., Alexan-
der, D., 1999. ApJ 520, 880.
[4] Ballai, I., Jess, D.B., Douglas, M., 2011. A&A 534, A13.
[5] Bennett, K., Roberts, B., Narain, U., 1999. Sol. Phys.
185, 41.
6] Carter, B.K., Erdélyi, R., 2007. A&A 475, 323.
7] Carter, B.K., Erdélyi, R., 2008. A&A 481, 239.
8] Edwin, P.M., Roberts, B., 1983. Sol. Phys. 88, 179.
9] Erdélyi, R., Carter, B.K., 2006. A&A 455, 361.
10] Erdélyi, R., Fedun, V., 2006. Sol. Phys. 238, 41.
11] Erdélyi, R., Fedun, V., 2007. Sol. Phys. 246, 101.
12] Erdélyi, R., Verth, G., 2007. A&A 462, 743.
13] Goossens, M., Hollweg, J.V., Sakurai, T., 1992. Sol.
Phys. 138, 233.
[14] Goossens, M., Terradas, J., Andries, J., Arregui, I.,
Ballester, J.L., 2009. A&A 503, 213.
[15] Karami, K., Asvar, A., 2007. MNRAS 381, 97.
[16] Karami, K., Bahari, K., 2012. ApJ 757, 186.
[17] Karami, K., Barin, M., 2009. MNRAS 394, 521.
[18] Karami, K., Nasiri, S., Amiri, S., 2009. MNRAS 394,
1973.
[19] Karami, K., Bahari, K., 2010. Sol. Phys. 263, 87.
[20] Karami, K., Bahari, K., 2011. Ap&SS 333, 463.
[21] McEwan, M.P., Donnelly, G.R., Diaz, A.J., Roberts, B.,
2006. A&A 460, 893.
[22] McEwan, M.P., Dfaz, A.J., Roberts, B., 2008. A&A 481,
819.
[23] Mikhalyaev, B.B., Solov’ev, A.A.,
249,
[24] Nakariakov, V.M., Ofman, L., DeLuca, E.E., Roberts,
B., Davila, J.M., 1999. Science 285, 862.
[25] Roberts, B., 1981. Sol. Phys. 69, 27.
[26] Ruderman, M.S., 2007. Sol. Phys. 246, 119.
[27] Ruderman, M.S., Erdélyi, R., 2009. Space Sci. Rev. 149,
199.
[28] Ruderman, M.S., Roberts, B., 2002. ApJ 577, 475.
[29] Ruderman, M.S., Verth, G., Erdélyi, R., 2008. ApJ 686,
694.
[30] Safari, H., Nasiri, S., Sobouti, Y., 2007. A&A 470, 1111.
[31] Van Doorsselaere, T., Nakariakov, V.M., Verwichte, E.,
2007. A&A 473, 959.
[32] Van Doorsselaere, T., Birtill, D.C.C., Evans, G.R., 2009.
A&A 508, 1485.
[33] Verth, G., Erdélyi, R., 2008. A&A 486, 1015.
[34] Verth, G., Erdélyi, R., Jess, D.B., 2008. ApJ 687, L45.
[35] Verwichte, E., Nakariakov, V.M., Ofman, L., Deluca,
E.E., 2004. Sol. Phys. 223, 77.
[36] Wang, T.J., Solanki, S.K., 2004. A&A 421, L33.

2005. Sol. Phys. 227,

Kink Modes (n=1, m=1, 1=1)
450 /_————

3.5 L L L L L
0 0.005 0.01 0.015 0.02 0.025 0.03

Kink Modes (n=1, m=1, 1=2)

o 0.005 0.01 0015 002 0025 0.03
B¢/Bz=AoajBo

FIG. 1. Frequencies of the fundamental and its first over-
tone kink (m = 1) modes with radial mode number n = 1
versus the twist parameter of the annulus, By/B. AD“,
for different relative core widths a/R = 0.65 (dash- dotted)
0.9 (dashed) and 0.99 (solid). Frequencies are in units of the
interior Alfvén frequency, wa, = 0.02 rad s™'.
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FIG. 2. The period ratio Pi/P» of the fundamental and its
first overtone kink (m = 1) modes with radial mode number
n = 1 versus the twist parameter of the annulus for different
relative core widths a/R = 0.5 (dotted), 0.65 (dash-dotted),

0.9 (dashed) and 0.99 (solid). Auxiliary parameters as in Fig.
1.
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The study of resonantly damped oscillations of elliptically shaped magnetic flux tubes

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

The effects of elliptic shape of the coronal loop on the resonant absorption is studied. To do so, a
typical coronal loop is modeled as a straight, zero-3, nonaxisymmetric and longitudinally stratified
cylindrical magnetized flux tube. We developed the connection formulae introduced by previous
studies, for the case of elliptical shape tubes. Using the connection formulae, the dispersion relation
is derived and solved numerically to obtain the frequencies and damping rates of the fundamental
and first-overtone modes of fast kink body waves due to the resonant absorption. Our numerical
results show that the elliptic shape of the loop alters the frequencies and damping rates of the tube
as well as the ratio of frequencies of the fundamental and its first-overtone modes.

I. INTRODUCTION

Transverse oscillations of coronal loops has been ob-
served by TRACE for several years (see e.g. Aschwanden
et al. 1999). Nakariakov et al. (1999) interpreted these
oscillations as fast kink modes with the period ranging
from 2.3 to 10.8 min and decay time from 3.2 to 20.8
min. The observed values of the periods and decay times
make it possible to obtain indirect information on the
conditions of the plasma and magnetic field in coronal
loops.

The property of resonant absorption as a non-thermal
mechanism makes it possible to describe the heating of
magnetic loops in solar corona as well as rapid decaying
of magnetohydrodynamics (MHD) waves even in weakly
dissipative plasmas (see e.g. Tonson 1978; Safari et al.
2006).

Verwichte et al. (2004), using the observations of
TRACE, have identified the fundamental and its first
harmonic of the transverse kink mode in two coronal
loops. The period ratios Py /P, observed by Verwichte
et al. (2004) are 1.81 + 0.25 and 1.64 £ 0.23. All these
values clearly show that the period ratio is lower than
its canonical harmonic value of 2. This may be caused
by different factors such as the effects of density strat-
ification (see e.g. Andries et al. 2005a, 2005b; Erdélyi
& Verth 2007; Karami & Asvar 2007; Safari, Nasiri &
Sobouti 2007; Karami, Nasiri & Amiri 2009) and mag-
netic twist (see Erdélyi & Carter 2006; Erdélyi & Fe-
dun 2006; Karami & Barin 2009; Karami & Bahari 2010,
2012) in the loops.

Karami, Nasiri & Amiri (2009) investigated the ef-
fect of longitudinally stratification on resonant absorp-
tion of MHD waves for both kink (m = 1) and flut-
ing (m = 2) modes. They found that the frequencies
and damping rates of both the fundamental and first-
overtone modes increase when the stratification parame-
ter increases. Also for stratified loops they obtained the
ratio of the frequencies wy/wy of the first overtone and
its fundamental mode less than 2.

Morton and Erdélyi (2009) studied the effects of both
the elliptical shape and the stage of emergence of the
loops on the period ratio Py /P, for the minor and major
cases. Their results showed that the parameter charac-
tristing the stage of emergence, affects the value of period
ratio Py /P,, and the greatest contribution from emer-
gence to the period ratio occur when the loop is fully
emerged. Also they showed that the ellipticity of the
loops has an important role in the value of Py /Py for mi-
nor elliptical case but the period ratio seemed to have
no important dependency on the ellipticity for the major
case.

Here we combine the two models considered by
Karami, Nasiri & Amiri (2009) and Morton & Erdélyi
(2009) to investigate the effect of the elliptic shape of the
tube on the resonant absorption.

II. EQUATIONS OF MOTION AND MODELING
OF THE FLUX TUBE

The linearized MHD equations for a zero-beta plasma
are given by

oov 1
+Iv2%v, ()
p
0B 2 _,

where 0v and 6B are the Eulerian perturbations of veloc-
ity and magnetic fields; B, p, o, n and ¢ are the constant
background magnetic filed, the mass density, the elec-
trical conductivity, the viscosity and the speed of light,
respectively.

The simplifying assumptions are the same as in Karami
& Asvar (2007). According to Andries et al. (2005b)
and Karami, Nasiri & Amiri (2009), one can expand the
perturbed quantities dv and dB as follows
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0B(r,z) = f: SBX) (r) 1) (z),

k=1

bvirz) = 3 6vi (0)p (z) 3)
k=1

where 1(*)(2)s form a complete set of orthonormal cigen-
functions and satisfy the eigenvalue relation

Lap® = gp®), (4)

where L4 is the Alfvén operator,

B? 9? 0?
2 _ 2, 2
La=pt+ gz =o(+dgz). O
. 7 . _ B .
with Alfvén velocity va = Tiro and straight constant

background magnetic filed B = Bz.

We further assume there is a density stratification
along the tube axis in z-direction. Since we deal with
resonantly damped oscillations, it implies that the den-
sity varies in radial direction too. Therefore, following
Morton & Erdélyi (2009) and Karami, Nasiri & Amiri
(2009) we consider the density profile given by

p(’I“,Z) = pg(?")p(z), (6)

where

cos (a(z)) (1 — €2sin? (a(z))) —A

p(z) =exp |—p

1—A ’
Pins (’I“ < R1)7
po(r) = [%] (R—7) + pex; (R1 <7 <R),
Pexy (T > R)a

and

EZQ_§Y7 ™)

is the ellipticity of the loop with minor half-axis of length
b, and major half-axis of length a. Here «(z) is the an-
gle between the vertical axis of the loop and the plasma
element located at distance z. Also R is the loop radius
and R; < R is the radius at which the resonant absorp-
tion occurs. The thickness of the inhomogeneous layer,
| = R— Ry, will be assumed to be small. p;, and pex are
the constant interior and exterior densities of the tube
respectively. Also pu := % is defined as stratification
parameter, where H and L are the density scaleheight
and length of the loop, respectively.

Following Morton & Erdélyi (2009) for the minor ellip-
tical case, one can obtain the value of «(z) by calculating
the ellipse arc length defined as

/Otl (1 — sinz(t)) = (%’z - 1)
X /;2 (1 — sinz(t))%dt, (8)

where t; and ¢y are parametric angles given by
b b
{1 = arctan (— tan(a)), o = arctan <— tan(@)), 9)
a a

and

f = arctan [% <%) %] (10)

is the angle between the vertical axis of the loop and a
line that joins the ellipse center to the loop foot-point
(see Fig. 2 in Morton & Erdélyi 2009).

According to Karami, Nasiri & Amiri (2009), in the
absence of dissipation, in the interior region (r < Ry),
solutions of Egs. (1) and (2) are

+o00

SBM™ (r,2) = Y~ AW I (ki acr)p ™9 (2),  (11)
k=1
in wB
(S’l/'?(n )(’I",Z) = —?

+o00 k: ; .
XD B A J ()00 2), (12
k=1

where

Cin,k
B2?/An’

ki2n,k — (13)
Here J,, is the Bessel function of the first kind and
a prime on Jy, and hereafter on each function indi-
cates a derivative with respect to their appropriate argu-
ments. The solutions for the exterior region r > R, are
the same as equation (12) except that Jy,, index ”in”,
and |k, k|, respectively, are replaced by K, "ex” and

et = — B;’}i‘ﬂ everywhere. Where K, is the modified
Bessel function of the second kind and shows that the
wave amplitude vanishes in large distance away from the

tube boundary.

III. BOUNDARY CONDITIONS, CONNECTION
FORMULAE AND DISPERSION RELATION

In absence of dissipation effects, an appropriate disper-
sion relation is obtained by requiring that the solutions
for perturbed quantities are continues at the tube sur-
face. When a dissipative layer is considered, the solutions
may experience jumps across the layer. An appropriate
relation connecting the solutions of outside and inside
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the tube, is called the “connection formulae”. The jump
across the boundary for §B, and v, is

[0B.] =0, (14)

Yoo Bom?2 <¢(;n,k) |5B£in,k)>

[0v,] = — Z

=1 413 <¢(in"k) | Lay ’¢(i“’k)>

ot (15)

where L 41, ¢(®) and ¢§-in’k) are given by Karami, Nasiri
& Amiri (2009).

It can be shown that the effects of loop shape and the
density profile on jump conditions, appears only in the
function Si;. For an elliptic coronal loop, Si; is defined
as follows

Skj = \/%/O.L sin (I%Tz) In (p(2)) sin <%Tz)dz (16)

Substituting the fields of equation (11) and (12) in jump
conditions (14) and (15) gives the dispersion relation ob-
tained by Karami, Nasiri & Amiri (2009). Note that
| = R — R; is the thickness of the inhomogeneous layer
and R; < rp < R is the radius at which the singularity
occurs.

IV. NUMERICAL RESULTS

As typical parameters for a coronal loop, we assume
L =10° km, R = 10® km, B = 100 G, pi, = 2 X
1014 g cm 3 and Pox/pm = 0.1. For such a loop one
finds vg, = 2 x 103 km s~ ! vy, = 6.4 x 10° km s~ *
and wy,, = —3= = 0.02 rad s~ 1.

The effect of the elliptic shape of the tube on both the
frequencies w and damping rates v are calculated by nu-
merical solution of the dispersion relation. The results
are displayed in Figs. 1 to 3. Figures 1 and 2 display
the result of frequency, damping rate and ratio w/|vy| but
for the minor semi-emerged loop (A = 0) with differ-
ent ellipticity parameters € = 0.0, 0.4 and 0.6. Figures
1 and 2 show that (i) for a given ellipticity parameter e,
both frequencies w1, ws and their corresponding damping
rates |y1], |y2| increase when the stratification parame-
ter p increases. (i) For a given u, both frequencies and
damping rates increase with increasing e. For instance,
for 1 = 0.9 considering a loop with € = 0.6 would cause
to increase wy, wa, |v1| and |y2| up to 3.5%, 4%, 3.5% and
5.3%, respectively, in comparison with a semi-circular
loop (¢ = 0). (iii) The ratio w/|y| remains unchanged
by increasing the stratification parameter. Also this ra-
tio is independent of the elliptical shape of the loop.

Figure 3 illustrates the frequency ratio ws/wy as a func-
tion of stratification parameter for a semi-emerged loop
(A = 0) with different ellipticity parameters. Figure 3
presents that (i) for a given ellipticity parameter, the

ratio wy/wy decreases from 2 by increasing the stratifi-
cation parameter and approaches below 1.5. (ii) For a
given pu, the frequency ratio wy/w; decreases when e de-
creases. This is in good concord with the result of Morton
& Erdélyi (2009).

V. CONCLUSIONS

We studied resonantly damped oscillations of kink
body standing waves in longitudinally stratified ellipti-
cal coronal loops. We modeled a typical coronal loop
as a straight pressureless cylindrical flux tube embedded
a straight magnetic field in which the density varies in
both longitudinal and radial directions. We extended
the relevant connection formulae for the case at which
the loops are elliptically shaped. By numerically solving
a given dispersion relation, we obtained the frequencies
and damping rates of fundamental and first-overtone kink
modes. Our numerical result showed that by increasing
the stratification parameter in the loop, both frequencies
and damping rates increase while the ratio of the fre-
quencies wy/w; decreases. Also the results revealed that
as the ellipticity of the elliptical loop increases from a
semi-circle to a nearly stretched semi-ellipse one, the fre-
quencies and damping rates increase too; but the ratio
wa /wy experiences a slight change.
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on the time varying GG and the holographic dark energy model

M. Malekjani*? and M. Honari-Jafarpour?
! Department of Physics, Faculty of Science, Bu-Ali Sina University, Hamedan 65178, Iran.
2 Research Institute for Astronomy & Astrophysics of Maragha (RIAAM)- Maragha, Iran, P. O. Box: 55134-441.

Here we investigate the holographic dark energy model in the framework of FRW cosmology where
the newtonian gravitational constant,G, is varying with cosmic time. Using the complementary
astronomical data which support the time dependency of G, the evolutionary treatment of EoS
parameter and energy density of dark energy model are calculated in the presence of time variation
of G. It has been shown that in this case, the phantom regime can be achieved at the present
time. We also calculate the evolution of G- corrected deceleration parameter for holographic dark
energy model and show that the dependency of G on the comic time can influence on the transition

epoch from decelerated expansion to the accelerated phase.

Finally we perform the statefinder

analysis for G- corrected holographic model and show that this model has a shorter distance from
the observational point in s — r plane compare with original holographic dark energy model.

I. INTRODUCTION

Nowadays, it is widely believed that the cosmos is ex-
periencing an accelerated expansion. This idea and belief
came into existence after collection of data from ” Type Ia
supernova” in 1998 [1]. Also the other data from WMAP
[2],SDSS [3] and X-ray [4] experiments support this accel-
erated expansion. In the framework of standard cosmol-
ogy, the existence of dark energy with negative pressures
is essential to interpret the cosmic acceleration. Hence,
dark energy scenario has got a lot of attention in modern
cosmology both from theoretical and observational point
of view. Observationally, The result of SNela experi-
ment shows that dark energy occupies about 72% of the
total energy of our universe, dark matter and baryons
about 28% of the total energy of the universe [1]. Al-
though the nature of dark energy is still un-known, but
the ultimate fate of the current universe is determined
by this mysterious component. Till now, some theoret-
ical models have been proposed to interpret the behav-
ior of the dark energy.The first and the simplest one is
Einstein’s ”cosmological constant” [5] which, of course,
has two problems called fine -tuning and cosmic coinci-
dence. The cosmological constant has the fixed equation
of state wp = —1, while the dynamics of current expan-
sion can be explained by dynamical dark energy models
with time varying equation of state. The scalar fields
such as quintessence [6], phantom [7] or the combina-
tion of both which is called quintom [8] are examples
of dynamical models. The other dynamical dark energy
models which interprets the current acceleration of ex-
pansion are constructed based on quantum gravity the-
ory [9]. The holographic dark energy (HDE) model is
one of the the proposed models based on the holographic
principle in quantum gravity [10]. According to the holo-
graphic principle, a short distance ultra-violet (UV) cut-
off is related to the long distance infra-red (IR) cut-off,
due to the limit set by the formation of a black hole [10].

The holographic principle indicates that the zero-point
energy of a system with size L should not be exceed from
the mass of black hole with the same size. From the above
principle, the energy density of HDE model in cosmology
can be described as:

3c?
Pi= SeGLE W

Where L is the cosmic horizon and c is a numerical con-
stant of order unity and G is a Newton’s gravitational
constant. The length scale L has an essential role in the
definition of energy density of HDE model. Therefore
the various model of HDE have been constructed for dif-
ferent of infrared (IR) cutoff length. For example the
simple choice of IR cutoff is the Hubble length which
leads to wrong equation of state for DE [10]. However
in the presence of interaction between dark matter and
DE the HDE model with Hubble radios IR cutoff can
derive the accelerated expansion and also solve the coin-
cidence problem [11]. The other choice for IR cutoff is
the particle horizon. In this case, like Hubble length, the
accelerated expansion cannot be achieved [11]. Another
choice is the event horizon where the cosmic acceleration
can be interpreted in this case [12]. Nojiri and Odintsov
(2006) investigated the holographic DE model by assum-
ing IR cutoff depends on the Hubble rate, particle and
future horizons, span of life of the universe and cosmo-
logical. In this generalized form of HDE the phantom
regime can be achieved and also the coincidence problem
is demonstrated. Unification of early phantom inflation
and late time acceleration of the universe is the other fea-
ture of this model. Recently, the HDE model has been
constrained by various astronomical observations [13-16].
In addition, there are some theoretical and observa-
tional supports indicating that Newton’s gravity con-
stant varies and changes with cosmic time. The first
theoretical idea in this respect is the pioneering work
of Dirac [17], and then the idea of Dyson [18]. Also,
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the Branse-Dicke framework in the Physics predicts the
variability and fluctuation of G [19]. Moreover the vary-
ing behavior of G in Kaluza-Klein theory was associated
with a scalar field appearing in the metric component
corresponding to the 5-th dimension and its size varia-
tion [20].In this theory, a scalar field paired with grav-
ity by a new parameter replaces the quantum gravity.
The variability of G with time is also supported from
the observational viewpoint. The observational data col-
lected by Type Ia Supernova [21],Hulse-Taylor Binary
[22], astro-seismological data from pulsating white dwarf
stars [23,24], helio-sesmiological [25] and the Big Bang
Nuclei-synthesis data [26] support a variable value for G
with time. We refer to these observations in the section
3 of the paper. Here in this work we consider the HDE
model with time varying G, the so-called G-corrected
HDE model, in spatially flat FRW universe. We consider
the event horizon as an IR cut-off in relation (1). In this
concern some other works have been done in which the
HDE model has been considered with time dependency
of G, i.e., [27]. Here we obtain the equation of state wgq
as well as deceleration parameter ¢ and statefinder pair
{s,r} for G-corrected HDE model in FRW universe and
also solve the related equations numerically by using the
observational values for G(t).

It is clear that constraining a given model against the
observational data is model dependent. Therefore some
doubts usually remain on the validity of the constraints
on cosmological parameters. In order to solve this prob-
lem, we use the cosmography, i.e. the expansion of scale
factor in Taylor series with respect to the cosmic time.
The first term of Taylor series is the Hubble parameter

(H = 42, the second term is the deceleration parame-

ter (q :;%), the third term is the jerk pframeter
(r = —%%3), the forth term is snap (k = —%7) and

the fifth term is lerk parameter (I = %). The present
values of the above parameters can be used to describe
the evolution of the universe. For example ¢y < 0 indi-
cates the current accelerated expansion of the universe
and also rg allows to discriminate between different dark
energy models. Since Hubble’s parameter which corre-
sponds to the first derivative of the scale factor (a) and
the deceleration parameter which corresponds to the sec-
ond derivative of the scale factor (d) can not distinguish
between the different models, we need a higher deriva-
tive of scale factor. Sahni et al. [28]and Alam et al. [29],
by using the third time derivative of scale factor, intro-
duced the statefinder pair {s, r} in order to diagnosis the
treatment of dark energy models. The statefinder pair in
spatially flat universe is given by:

a r—1
- . - 2
"TuER T PT3g— D @)

The statefinder parameters s and r are the geometrical
parameters, because they only depend on the scale fac-

tor. Up to now, different dark energy models have been
investigated from the viewpoint of statefinder diagnostic.
These models have different evolutionary trajectories in
{s, r} plane, therefore the statefinder tool can discrim-
inate these models. The well known A — CDM model
corresponds to the fixed point {s = 0,7 = 1} in the
s — r plane [28]. The distance of the current value of
statefinder pair {s,r} of a given dark energy model from
the fixed point {s = 0,7 = 1} is a valuable criterion to
examine of model. Also the recant investigation by ob-
servational data resulted the best fit value for statefinder
in flat universe as {s,ps = —0.006, 7ops = 1.02} [30]. The
other dark energy models which have been studied from
the viewpoint of statefinder diagnostic are :

the quintessence DE model [28,29] , the interacting
quintessence models [31,32], the holographic dark en-
ergy models [33,34] , the holographic dark energy model
in non-flat universe [35], the phantom model [36], the
tachyon [37], the generalized chaplygin gas model [38],
the interacting new agegraphic DE model in flat and non-
flat universe [39,40], the agegraphic dark energy model
with and without interaction in flat and non-flat universe
[41,42], the new holographic dark energy model [43], the
interacting polytropic gas model [44] and the interacting
ghost dark energy model [45].

The paper is organized as follows: In section (2) the G-
corrected HDE model has been presented in falt FRW
universe and the equation of sate wy, deceleration pa-
rameter ¢ and statefinder pair {s, 7} have been calculated
in the presence of time variation of G. In section (3) we
present the numerical results and in section (4) the paper
is concluded.

II. THE G-CORRECTED HDE MODEL IN A
FRW COSMOLOGY

The Hilbert-Einstein action with time varying gravita-
tional constant, G(t) = Go¢(t), is

1 R
S = T67Go /H[M + Lyn)d'x (3)

Here we assume the scalar function ¢(t) for time depen-
dency of G(t). Also Gy is usual gravitational constant
and L,, is the lagrangian of matter field. By variation
of above action with respect to metric g,, the first cor-
rected Friedmann equation for zero-zero component of
field equation in flat geometry can be obtained as follows

=GO 4 py+ HE (@)

2
H G

Since the value of G/G is small particularly in the late
time accelerated universe, therefore we have ignored the
higher time derivative of G (i.e., G/G) and also larger
powers than one (i.e., (G/G)?, ...).
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The equation (4) for standard model with time varying
gravitational constant can also be obtained from Branse-
Dicke gravity by assuming (w = 0 and ¢ = 1/¢(t)) in
equation (2) of [46]. Here w is the Branse-Dicke param-
eter and 1) is Branse-Dicke scalar field.

If we consider the derivative of G according to Ina the
above G-corrected Friedman equation can be re-written
as:

G.  8rG(t)
LA

where prime is derivative with respect to x = In a.

H*(1 - (Pm + pa), ()

Assuming the event horizon as an IR cut-off as

t H
Rh:a/d—:a/—,dd, (6)
a é

The energy density of HDE model in Eq.(1) is written as

3c?
= 7
P4~ 8nG (t)RZ @
In terms of dimensionless energy densities

Pe Pe

where thep. = %&) is the critical energy demnsity, the
corrected Friedman equation(5) can be written as
G
Qm —+ Qd =1- a (9)
this equation is look like to the Friedman equation in
the non-flat universe : Q,, + Q4 = 1 — Q. Based on
observational data described in introduction we consider

the negative values for g Therefore the added term

(/G in right hand side of (9) can be interpreted as non-
flatness parameter 2 in non-flat universe.
In addition the evolution of Hubble parameter in terms
of scale factor in G-corrected flat universe including dark
matter and dark energy can be calculated from Eq.(4) as
follows
H2(1 - $) = B2 Qa3 + Qga~ 3000
o) = 0 [Qma™ + Qaa ], (10)

where Hj is the present value of Hubble parameter.

The conservation equations for dark matter and dark
energy are given by:

pm+3Hpm =0 (11)

pa+3H(1+wa)ps =0 (12)

Taking the time derivative of (7) by using R, = 1+ HR;,
and (7) in relation (12) we obtain the equation of state
for G-corrected HDE model as follows

1 2V 1G
Wy =—7 — =~—= +

3 3 ¢ 3G (13)

Also, taking the derivative of (13) with respect to = =
Ina, we obtain

) 16, -1
oM G. 3 G
(—C (1 55) 501 +wde)a>

Here we have ignored the terms including (G/G)? and

(G/@)? and also G/G. In what follows which we derive
and calculate, we keep only the first- order correction of
G (ie., G/G).

Now, derivative of Qg = % = ng%i
tionary equation for dark energy density for G-corrected
HDE model as follows

yields the evolu-

’ c H
Qy = —QQd[ﬁ + ﬁ + 1] (15)

In addition taking the time derivative of corrected Fried-
man equation (4) obtains

H 1G 3 G

—1l-==)=—2=(1 Q 2— 16
Therefore the equation of motion for energy density of
G-corrected HDE, i.e., Eq.(15) is written as

’ G
Qd(l — ﬁ) = Qd X (17)
V0, G G
(3(1 +wde) + 7(2 — a) — 36 — 2)

The deceleration parameter ¢ = —1 — H /H? which repre-
sents the decelerated or accelerated phase of the expan-
sion of the universe, by using (13)and (16), is written for
G-corrected HDE model as
1G,. 1 3G

q( *55)*5(1+3wd9d)*55 (18)
For completeness, we now derive the statefinder pair
{s,7} in G-corrected HDE model. For this aim, by time
derivative of (16), we first obtain

; 3G
H ==y
9 3G. 11G
?“Wm@@mwfzafza 0
3

G )
75(1 — a)(wde + ded)
Inserting (16) and (19) in r = % + 3% + 1 we obtain
the following equation for the parameter r of statefinder
pair
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3G
9 3G. 716G
51+ ) (wafla( = 32) = 55)

3. G . , 9G
75(1 — 5)(wd9d+ Qqwq) + 50 +1

From (2), by using (18) and (20) we also obtained the
parameter s in G-corrected HDE model as follows

3 5G. 1G
§ = [5(1 + ’LUde) (wde(l — Za) — Za) (21)
1, 3G, ' a
3 3G, 5@
e =58) - 5]

In the limiting case of time-independent gravitational
constant G (i.e., G = 0) all the above relations reduce
to those obtained for original holographic dark energy
(OHDE) model in [47].

III. NUMERICAL RESULT

There are many astronomical observations which show
the time dependency of Newtonian gravitational con-
stant. All these data are in agreement with Dyson idea
who pointed out that G varies in the length of cosmic age
H~!. Based on the observational data from WMAP five-
year observations the present value of Hubble parameter
is Hyp = 6.64 x 10~ yr=! [2,48]. Moreover the astronom-
ical observations are in the line of Dirac’s theory in which
G(t) < t71 as follows [49]

G(t) = ki H(t) = ka[H()]3 p(t) 2 (22)

where k1 and ko are constant. The data gathered from
SNelA data yields the best rang for variation of G as:
—107Myr=! < & < 0 [21] and the data obtained from
Binary Pulsar PSR1913 determines the range of variation
of & as: —(1.10 £ 1.07) x 10" Myr=t < & < 0 [22].
The data obtained from Helio-sesmiological determines
the best range —1.6 x 10712yr=! < & <0 [25].

Another estimation for % has been done through
astro-seismological data obtained from pulsating white

dwarf star which yields the best range of variation as:
=2.5x10710yr~t < & < +4.5x 1071 0yr~" [23]. In [24],
the range of & was determined as & < +4.1x 10~ yr~1.
It should be noted that all the above range of % are calcu-
lated for z < 3.5. Finally from the observational data of
Big Bang nuclei-synthesis, we have —4.0 x 107 Byr—t <
& < 43 x 1073yr~! [26]. More details for the vari-
ation of G with cosmic time can be seen in [50]. In
previous section we calculated the effect of variation of

G on the HDE model in terms of % Therefore, we
change the time derivative to derivative with respect to
e ¢

z = Ina as G = H % where el is a dimensionless nu-

merical value, because the dimensions of Hubble Param-
eter is same as % Here we call this numerical value as
a = g In this work we use the SNela observational
data—10"yr—t < g < 0 which covers the other ob-

servational range of % . We also use the present value
Hy = 6.64 x 10~ 1yr~! based on observational data from
WMAP five-year observations [2,48]. The parameter «,
using by these observational data can be obtained as
|a| ~ 0.10. Therefore we choose the illustrative values
a = —0.1,0,0.1 which are in the order of the observa-
tional value. At follows we calculate the evolution of
cosmological quantities: EoS parameter, energy density,
deceleration parameter and statfinder pair of G-corrected
HDE model and obtain the effect of parameter o on the
evolution of these cosmological quantities.

A. EoS parameter

By solving (13), we show the evolution of EoS pa-
rameter of G-corrected HDE as a function of redshift in
Fig.(1). Here we fix the holographic parameter ¢ = 0.87.
Note that for this value the original HDE model with-
out G correction can not enter the phantom regime. The
black solid curve relates to original HDE model with-
out G correction. The red- dashed curve is indicated for
a = 0.1 and blue- dotted- dashed line represents o = 0.1.
Here we see that the G-corrected HDE model can en-
ter to phantom regime when a < 0, i.e. blue-dashed
line. Hence one can conclude that the G-corrected HDE
model can cross the phantom divide without a need of
interaction between dark matter and dark energy. Also,
the G-corrected HDE model crosses that phantom line
(wg = —1) from up (wgq > —1) to below (wqg < —1). This
behavior of G-corrected HDE model is in agreement with
recent observations in which the universe transits from
quintessence regime (wq > —1) to the phantom regime
(wqg < —1) at the near past [51].
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FIG. 1. The evolution of EoS parameter of G-corrected
HDE model versus redshift parameter z for different illustra-
tive values of a as indicated in legend.

B. energy density

Here we calculate the evolution of energy density of G-
corrected HDE model as a function of redshift parameter
from the early time up to late time by solving equation
(15). In Fig.(2), we plot the evolution of energy density
Qg4 versus of redshift for different illustrative values of «.
We see that at the early times 2 — 0 and at the late
times Q4 — 1, meaning the dark energy dominated uni-
verse at the late time. In this figure by fixing ¢ = 0.87 the
parameter « is varied as illustrative values —0.1, 0.0, +0.1
corresponding to dotted-dashed -blue, solid -black and
dashed -red curves , respectively. We see that in the past
times the dark energy becomes more dominant for pos-
itive values of a and at the late times the dark energy
dominated universe can be achieved sooner for negative
values.

0 1 2 3 4 5

FIG. 2. The evolution of density parameter of Dark energy
of G-corrected HDE model(€2;) versus redshift parameter z
for different illustrative values of a.we can see the different
value of a resulted different evolutionary trajectory with red-
shift.

C. deceleration parameter

Here we study the expansion phase of the universe by
calculating the evolution of deceleration parameter ¢ in
G-corrected HDE model. By solving equation (18) and
using (15), we plot the evolution of ¢ versus redshift pa-
rameter z in Fig.(3). We see that the parameter ¢ start
from ¢ = 0.50, representing the C'DM model at the early
time. Then the parameter ¢ becomes negative, represent-
ing the accelerated expansion phase of the universe at re-
cent epochs. Therefore the G-corrected HDE model can
interpret the decelerated phase of the expansion of the
universe at the early times and accelerated phase later.
we fix the parameter ¢ = 0.8 and for the different illus-
trative value of the « = —0.1,0.0,40.1 corresponding to
dotted-dashed -blue, solid -black and dashed -red curves
, respectively. We see for negative value of «, the acceler-
ated expansion can be achieved sooner than the original
HDE model(a = 0.0) and also positive value of a.
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FIG. 3. The evolution of deceleration parameter (q) of G—
corrected HDE model az a function of redshift parameter z
for different illustrative values of a.we can see accelerated ex-
pansion can be achieved sooner for a = +0.1.

D. statefinder diagnosis

The statefinder pair {s, r} for G-corrected HDE model
is given by relations (20) and (21). In statefinder plane,
the horizontal axis is defined by the parameter s and
vertical axis by the parameter r. In Fig.(4), by putting
(13),(14)and (15)in (20) and (21) and solving them ,we
obtain the evolutionary trajectories of G-corrected HDE
model in s — r plane for different values of parameter
a. By expanding the universe, the evolutionary trajec-
tories evolve from right to left. The parameter r de-
creases then increases, while the parameter s decreases
forever. The trajectories cross the A — C DM fixed point
{s = 0,7 = 1} at the near past. In the other words,
the G-corrected HDE model has mimicking the ACDM
model at the near past. The present values of the cos-
mographic parameters, introduced in introduction, have
been observationally constrained using the Markov Chain
Monte Carlo method in [52] as follows: H, = 0.718,
g = —0.64, o = 1.02 , kp =70.39, I = 4.05 . Us-
ing go = —0.64 and ry = 1.02, we calculate the present
value of statefinder parameter s as so = —0.006. Hence
the observational point sg = —0.006,79 = 1.02 in s-r di-
agram is very close to ACDM fixed point sqg = 0,79 = 1.
The observational point is indicated by green star in Fig.
(4). Here we fix the holographic parameter ¢ = 0.87 and
vary a as o = —0.1,0.0,40.1 corresponding to dotted-
dashed -blue, solid -black and dashed -red curves, respec-
tively. We see that different values of a result different
trajectories in s — r plane. Therefore the G-corrected
HDE model in s — r plane is discriminated for differ-
ent values of . The colored circles on the curves repre-
sent the today’s value of statefinder parameters {so, o}
of the model. We also see that for positive values of

13} c=0.85

1.2f
Present =%
value v

1.1F

. .
0.9¢ Observation * ‘N,
value N\

0.8f

07 s s s s s s s
-0.2 -0.1 0 0.1 0.2 03 0.4 0.5 0.6
s

FIG. 4. The he evolutionary trajectories of G-corrected
HDE model in s — r plane for different values of a.we can see
the different value of a result different evolutionary trajecto-
ries. also we can see for the o = +0.1 the distance of present
value from A — CDM fixed point and {seps, Tobs } (present
value) are shorter.

a, the distance of {sg,7¢} from the observational point
{S0bs = —0.006, rops = 1.02} is shorter and for negative
values of o and longer for positive values of o compare
with original HDE model.

IV. CONCLUSION

In summary, we extended the holographic dark en-
ergy (HDE) model by assuming the time dependency
of Newtonian gravitational constant, G, in standard
FRW cosmology. Regarding, the astronomical data
from type Ia Supernova [21],Hulse-Taylor Binary [22],
astro-seismological data from pulsating white dwarf stars
[23,24], helio-seismological data [25] and the Big Bang
Nuclei-synthesis data [26], we obtained the parameter
|| = % = 0.10. The evolution of EoS parameter, decel-
eration parameter and energy density parameter of HDE
model in the presence of G correction have been calcu-
lated. We showed that the G correction can affect the
evolution of above parameters at the present time up
to near past and is negligible at the early times. It was
shown that for an illustrative value of holographic param-
eter c in which the original HDE model can not cross the
phantom line, the G- corrected HDE model can achieve
the phantom regime and cross the phantom line from up
(wg > —1) to below (w< — 1) in agreement with recent
observations [51]. The parameter « can also influence on
the transition from decelerated expansion to the acceler-
ated expansion. We showed that for a > 0 the transition
from ¢ > 0 to ¢ < 0 earlier and for o < 0 later com-
pare with original HDE model. Finally we performed
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the statefinder diagnosis analysis for G-corrected HDE
model and showed that the G correction can affect on
the evolutionary trajectories of the model in s — r plane.
We concluded that for a@ > 0, the distance of present
value {sg,70} from the observational point is shorter and
for @ < 0 is longer compare with original HDE model.
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UW BOOTIS a semidetached eclipsing binary

Davood Manzoori,! Sogand Deljoo!
! Department of Physics, University of Mohaghegh Ardabili , P. O.Box. 179, Ardabil, Iran

In this research the wide band (400-700 nm) light curve analysis, along with spot modeling of the
Uw Boo system, was carried out using the PHOEBE program. Then absolute dimensions of the
system were determined. In addition times of minima data ("O-C curve”) were analyzed. Apart
from an almost parabolic variation in the general trend of O-C data, indicative of a secular decrease
in the orbital period with rate 0.0195 sec/yr, which was attributed to a mass transfer with the rate
Ama = —2.10 x 107" Mgyr~'; a sinusoidal variation with a period of 22.56 + 1.32 yr, modulating
the orbital period, were found, which was attributed to a third body orbiting around the system. It
is notable that this is the first comprehensive study of the system.

I. INTRODUCTION

UW Bootis=BD+472134, period=1.00471 primary’s
spectral type FO and that of secondary is not
known, Variability of the system was discovered by
Ceraski(1929), . Guthnick and Prager (1936) reported
that the light curve to be of W UMa type and Gaposchkin
(1939) gave a period of 1.0047152 based on photographic
minima. This system was classified as semidetached
eclipsing binary of spectral type FO by khopolv (1985).
Srivastava & Kandpal (1987) reported the observations
primary minimum (only) in U, B, and V filters and
showed that that the primary is symmetrical and its
depth is 0".66 in all the three filters. They also studied
the period variations of the system and concluded that
the period of the system is costant. No other information
is found about this system.

II. LIGHT CURVE SOLUTION AND SPOT
ANALYSIS

Over 5190 photometric data points of UW Boo system
were selected from Super WASP (Wide Angle Search for
Planets) project, which were collected between the years
2006-2008 in a broadband filter with a passband of 400 to
700 nm (for details see Butters et al. 2010). The present
work utilizes the PHOEBE (Physics Of Eclipsing Bina-
riEs) version 0.3a code (prsa and Zwitter 2005; Prsa et
al.2008), which is a photometric program based on the
Wilson-Devinney code (see Wilson-devviney 1971, Van
Ham and Wilson 2003)and produces corresponding pa-
rameters, as well as absolute dimensions. The following
ephemeris given by the Srivastava & Kandpal (1987)

Trint = 2442540.3525 + 1d.00471E (1)

was used to convert all the data to phase-magnitude sys-
tem. The PHOEBE version 0.3a program, was used to
obtain the solutions of the LC in semidetached mode.
The limb darkening coefficients X;andXs were taken
from Van Hamme limb darkening tables.The gravity

darkening coefficients g1 & g2 and bolometric albedos A1
& A2, are set to the following constant values gl=1 (ap-
propriate for radiative atmosphere), g2=0.32 (appropri-
ate for convective envelope) and also A1=1 and A2=0.5
(the subscript 1, is used for primary, hotter and more
massive component and 2 for cooler and less massive
component).

Since no radial velocity data was available, a q search
was preformed in order to obtain an initial value for the
mass ratio. This search which consists of running the
program in semidetached mode by varying g for a set of
q values starting from 0.1 (e.g. 0.1, 0.2, 0.3 and so on)
and choosing the minimum residuals as initial value for
LC analysis. The best case (for q range) was between
0.30 - 0.4. After this, q value is treated as free parameter
for deriving the LC solutions.

Apart from the q, the mass ratio, the other parameters
Qq,and €y, the linear functions of the surface potential
of primary and secondary , respectively, i, the orbital in-
clination, e, the orbital eccentricity, T4, T5, temperatures
of primary and secondary components respectively, and
L1, luminosity of the primary component, g; were set
as free. The free parameters were adjusted sequentially
by trial and error method. The calculated parameters
along with the mean absolute dimensions are listed in
Table 1 and 3, respectively. While the normal points and
synthetic LC are illustrated in Fig. 1. All the parame-
ters with subscription ” ®” refer to the relevant quantities
of the sun. The errors of parameters listed in Table 1,
are mean statistical errors. It was observed that the syn-
thetic LC could be best fitted to the observed data points
by assuming a rather large dark spots on the secondary,
the details of which are given in Table 2. The positions
of the spots on the component stars were specified and
denoted in Fig. 2.

III. ORBITAL PERIOD VARIATIONS OF UW
BOO

The O-
C data points were collected from different sources, i.e.,
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TABLE III. Spot parameters obtained through PHOEBE Programme for UW Boo components

Sol Mode
Semidetached

Star Colat (Deg)
2 38.50

Long (Deg) size(Deg) Temp. factor
137.50 14.45 0.70

TABLE I. The results obtained through light curve analy-
sis using PHOEBE program
Param Valuesfor —

semidetached sol. >

i(Deg) 78.2+0.03 €
71 (K) 798048
Ta(K) 463845
o) 3.300+.003 ] ]
Qo 2.556+0.255
q 0.0.340+0.001 00 05 10
(£25) 0.939+0.02 Phase
(ﬁ) 0.061 FIG. 1. Synthetic light curve, (continuous curve) using
r1(point) 0.3561 double contact mode of the PHOEBE program, and observed
r1(pole) 0.3358 light curve (filled squares) in V filter, fitted based on the cal-
r1(side) 0.3450 culated parameters in Table 1 and spot parameters of Table
r1(back) 0.3513 2 for UW Boo.
ra(point) 0.3747
r2(pole) 0.2697
ro(side) 0.3132
ro(back) 0.3132 Web sites of AAVSO; Cracow Eclipsing Binaries Min-
e 0.010 £0.006 ima Database (i.e. http://www.as.up.Krakow.pl/o-c/ )
Xi=Xo 0.712 mainly from (the updated) website of Czech Astronom-
Data size Chi2 1.23 ical Society, O-C webpage. Then using the ephemeris
5497

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

given by equation 1 these O-C data were converted to
a common epoch, and plotted against the Epoch cycles
(E) in Fig. 3. The general trend of O-C values displayed
in Fig. 3 may be roughly fitted by an downward curved
parabola. The coefficients of which along with correla-
tion coefficients and statistical errors are given just in
upper portion of the Fig. Also the residuals between the
fitted parabola and O-C normal points are displayed in
the upper portion of the Fig. 4. Since the general trend
of residues indicate a wave like character, to carry on
further analysis, we plot them separately in Fig. 4, and

Param Semidetached sol. best described by the following Eq.

Period 1.00471(adopted)

e LSy 6002 y=wt Asin(eE ) ford>0 ()
My /Mg 0.597 £ 0.020

Rl/R® 1.945 + 0.042 Where, Yo = —0441F — 4 d, A=0.0051 d, LTe —
Rs/Re 1.612 + 0.053 2497 cycle, and w = 4065 cycle, the period of P1 =
Li/Ls 6.646 £ 1.50 22.56 £+ 1.32yr cycle.

Ly/Lg 2.395 £ 0.04 Furthermore the residuals between the fitted sin curve
M por 4.703 and the plotted points are quite scattered and display no
Mo por 1.939 additional systematic (significant) variations.
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FIG. 2. Representation Roche geometry (upper panel) and
spotted regions (darker areas) on the surface of the secondary
component of UW Boo.

0.08 —

0.06

0.04

0.02

0.00

O-C(days)

oo . H
-0.02 . . - - 4
-0.04 4

-0.06 s

-0.08

T T T T T T T T T
-2000 0 2000 4000 6000 8000 10000 12000 14000

E(cycles)

FIG. 3. Representation of the (O-C)residual values (filled
squares) and its description by an downward curved parabola
(continuous curve)for UW Boo.

IV. RESULTS AND DISCUSSION

Since the UW Boo system was defined as a semide-
tached type star by Kholpove (1985) and the appearence
of experimental points also displayed a typical Algol-like
LC, therefore, the attempt was made to obtain LC solu-
tion and fit in the semi detached mode of the PHOEBE
program. Visual inspections of the Fig. 1 reveal a rather
broad primary eclipse implying, a total eclipse, and the
orbital plane inclination close to 90°. The depth dif-
ference between the primary and secondary eclipses in-
dicates a significant temperature difference between the
two components i.e. AT = T1 — T2 = 3342K. More-
over the configuration of the system obtained based on
the values of Table 1, by using the Binary Maker (BM3)
software, displayed in Fig. 2 shows that the primary is
completely inside of its Roche lobe while the secondary

0.08 T T T T WModdl

Bine
Equation y=y0+A*sin(pi* (x-xc)w)
4 Roduced Chi-Sar 6 97413E5
0.06 Adi. R-Square 0.16135
Val Standard Erro
0 441264 6.35973E4
Rogular Residual X 24672660 308 44455+
ofSheet1 B w 40046970 230.85873
A 00051 _8.36261E-4

0.04

0.02 Lo s E
0.00

-0.02 4

Residuals(days)

. .
-0.04 -

-0.06 -

-0.08

T T T T T T T
2000 4000 6000 8000 10000 12000 14000
E(cycles)

T T
-2000 0

FIG. 4. The residuals between the observed (O-C) differ-
ences and the fitted parabola and their description by a sin
curve

is very near to its contact position.

One of the main characteristics of semidetached (Algol
type) binaries is mass transfer due to Roche lobe fill-
ing of late secondary component. Visual inspections of
the O-C data points plotted in Fig. 3, reveal that the
general trend of plotted points in the Fig. can be ap-
proximated by a rough downward parabola (i.e., the con-
tinuous curve), which indicates a secular increase in the
period with the rate (dP/dt = 0.0195 £ 0.0026sec/yr),
estimated in this work. This secular period increase
can be explained in terms of mass transfer from the
less massive to the more massive hotter star with the
rate of —2.10 x 10~?mg /yr. According to Biermann &
Hall (1973), the dynamical instabilities initiate a sud-
den transfer of mass from cooler star and decrease the
period, as angular momentum is temporarily stored as
faster than synchronous rotation in or around the hot-
ter star. Then the angular momentum is returned to the
orbit on a friction time scale and the period increases.

A. Causes of Cyclic Change In The Period

As stated in section 3, the quasi-periodic behavior of
the residuals between the observed O-C data and fitted
parabola (Fig. 3), suggests three possible causes for pe-
riod change, i.e., I)- Light time effect. and II)- Apsidal
motion. IIT)- Magnetic activity cycle.

I)- Light time effect- Despite detection of cyclic
changes in the period with modulation period of P2 =
22.56 + 1.32yr.As pointed out in section 3, the presence
of a third body, is is less probably because of the scat-
tered O-C residual graph (see Figs. 3 & 4). II) Apsidal
motion: Tough apsidal motion can not be ruled out in
this system, but findings of this paper do not support
its presence, for apsidal motion, not only a strictly peri-
odic and eccentric orbit is required (which is not the case



Olpl pod (g (2loRd )5 (podaid
244 IAY Clgs )l TV 9 Y8 (ol b pale  LeoST lwams olKisls

in this system), but also O-C residuals points for the
primary and secondary should be in complete antiphase
(see Manzoori & Ghozaliasl 2007). The eccentricity cal-
culated from the observed data is rather low, i.e., 0.01.
However, unfortunately due to lack of secondary eclipse
observations i.e. (O-C)2 residuals, the second test could
not be performed. III)Magnetic Activity Cycle Effect:
Considering just preceded discussion, the period 22.56
yr cycle, modulating the orbital period Therefore may
be attributed to magnetic activity cycle operating in this
system.

V. CONCLUSION

In conclusion we may accept the UW Boo as a semide-
tached binary, in which the secondary has filled its Roche
lobe and transferring mass to the more massive primary
with rate —2.10 x 102, Moreover a magnetic activity
cycle of 22.56 yr duration is affecting the orbital period
of the system.
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