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The Proposition of Sun Electric

Ali Ajabshirizadeh!2
! Research Institute for Astronomy and Astrophysics of Maragheh, Maragheh, Iran
2 University of Tabriz, Faculty of Physics, Dept.of Astrophysics, Tabriz, Iran

Today, most astronomers believe that the fundamental question about the Sun has been answered:

it is a self-consuming thermonuclear furnace.The thermonuclear Sun is a ball of gas so large that its
internal pressure generates a core temperature of about 15 millionC, enough to produce a continuous
thermonuclear reaction.In this model the Suns engine is the same as the hydrogen bomb. So how
is it that stars show such remarkable stability? For this thermonuclear reaction to occur, the Sun
requires no contribution from the space around it. The power comes from the sun itself. In this
model, X-Rays generated in the Sun’s thermonuclear core progressively lose energy and ’cool’ by
collisions as they gradually percolate outwards, taking millions of years to reach the ”convection
zone. In the convection zone the heated gases become turbulent and like hot air expanding and rising
in the Earths atmosphere rush up to the surface as ”convection currents,” then fall back toward
the radiative zone as they cool. It should be noted that no other known physical body transfers
internal heat by radiation. In the below is a list of prominent attributes of the Sun. Every feature
listed poses a problem the thermonuclear model cannot easily explain. But these features can be
explained by another model. Neutrino deficiency, Neutrino variability, Solar wind, Neutrinos and
solar wind, Photospheric jets or spicules, Solar chromospheres, Corona, Coronal holes, Differential
rotation by latitude, Differential, rotation by depth, Equatorial plasma torus, Sunspots, Sunspot
migration, Sunspot penumbra, Sunspot cycle, Magnetic field strength, Even surface magnetic field,
Helioseismology, Solar density, Changing size In this model one could explore 4 key issues currently
challenging the thermonuclear model of the Sun. We give an electric model explanation for each.
1. Temperature: why the spectacular increase in temperatures from the surface of the Sun outward
to the corona? 2.Solar wind: why the rapid acceleration of the charged particles of the solar wind,
up to millions of miles per hour away from the Sun? 3.Sunspots: why the mystifying Sunspot
behavior? 4.Polar jets: why the peculiar polar jets?

FIG. 1.

I. INTRODUCTION

The visible ”granulation” in the photosphere or sur-
face of the Sun is said to be boiling gases as they rise,
then cool. On the margins of the dark regions on the
surface, called ”sunspots,” we see that the granules are
the tops of rope-like structures rising from below. So-
lar physicists identify these structures as the convection
currents that the thermonuclear model calls for. But the
orderly structure and behavior of photosphere ” granules”
defy any notion of boiling hot gas. In fact the ropes of

(Y

the sunspot penumbra do not stop at the surface of the
photosphere, but extend outward thousands of kilome-
ters into a surrounding maze of filaments, all constrained
by complex magnetic fields. These penumbra filaments
bear no resemblance to any known form of convection in
a hot gas. Standard concepts of simple heat transport do
not seem to work when applied to sunspot activity. The
above problematic sunspot anomaly is only one of count-
less anomalies now challenging the traditional concept of
the self-powering thermonuclear sun. The very presence
of sunspots is unexpected. Vast electrical currents stream
across interstellar and intergalactic space. These cosmic
”power lines” can be detected by the radio "hum” they
emit. Where two neighboring intergalactic currents cross
paths, they draw matter into a spiral vortex to form a
spiral galaxy. The galaxy is lit by electric lights the stars
strung along the current streams. Electric currents in
space plasma can provide a new understanding of the
Sun. The Suns surface is carpeted with complex mag-
netic fields. Only electricity can produce magnetic fields.
Therefore, the Sun must be understood in terms of elec-
tric circuits. Where are these circuits? What creates
them? And what sustains them? Traditionally, doubts
about an electric sun have focused on a simplistic electro-
static model. It is well known that electrostatic charge
could only sustain the Suns output for a brief moment.
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FIG. 2.

But Hannes Alfvn pointed out that the Sun and its envi-
ronment must be understood in terms of electrodynam-
ics and circuit theory. Electric current flows inward along
the arms of the galaxy, generating an encircling magnetic
field. The magnetic field confines and ’pinches the galac-
tic plasma into the magnificent spiral arms we see, lit
by stars. The current, on reaching the galactic center,
is stored in a compact plasmoid a donut-shaped electro-
magnetic plasma structure. The plasmoid occasionally
releases its stored energy in jets along the spin axis, at
which time it is called an active galactic nucleus. This
plasmoid is typically hidden by surrounding dust. The
thermonuclear model locates nuclear reactions in the core
of the Sun.The electric model sees nuclear reactions oc-
curring in the solar photosphere, where the current den-
sity is greatest. Here high-energy plasma discharge takes
the form of innumerable tightly packed electrical torna-
does. In the laboratory they are called anode tufts. The
nuclear reactions are powered by the true source of the
Suns energygalactic Birkeland currents. In its relation-
ship to the galactic environment the Sun is the anode
or positively charged body. The cathode in this elec-
tric exchange is not a specific object but rather a virtual
cathode found at the heliosphereouter limit of the Suns
influence. On Earth, when a high-voltage power trans-
mission line discharges into the surrounding air the noisy
glow is called a corona discharge. Much the same phe-
nomenon occurs in the corona discharge of the sun. There
is no generally accepted explanation for sunspots or their
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FIG. 4.
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strange cyclical behavior in the thermonuclear model.
The electric model proposes that the Sun’s ’circuit’ would
look something like the diagram on the left. As the main
current varies in strength, a transformer action occurs in
the Sun to produce secondary currents which generate
varying magnetic fields. In electrical terms this action
will explain both the Sun’s magnetic field reversal and
the enigmatic behavior of sunspots.

II. RESULTS AND DISCUSSION

Each of the four unresolved issues noted above came
as a great surprise to solar physicists. But in the elec-
tric model these features are expected. For a thermonu-
clear Sun the power comes from the core reaction. The
heat moves outwards. If so, the temperature should de-
crease as we move away from the source of heat. Instead,
the temperature is at a minimum just above the photo-
sphere (surface) and rises spectacularly in the corona and
beyond. The energy to heat the electric Sun comes ex-
ternally from the galaxy. The weak electric field in inter-
planetary space is concentrated most strongly above the
surface of the Sun. Protons (positively charged particles)
are accelerated away from the photosphere to collide with
the thin atmosphere of the corona, heating it to a million
degrees or more. Seen in these terms, the super-heated
corona is a familiar glow discharge phenomenon recog-
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FIG. 7.

nized by high-voltage engineers. In the laboratory the
glow discharge tube (figure 7) demonstrates how distinct
plasma regions form between the anode and the cathode.
The high resolution image of the solar corona highlights
the paths of filamentary electric currents flowing between
the photosphere and space.

The solar wind does not simply boil off the hot corona.
The glow discharge of the electric Sun is visible in the
corona and descends into the red anode glow of the chro-
mosphere. Correspondingly, the highest particle energies
are not at the photosphere (the Suns visible surface) but
above it. Far above it. At 2.8 million kilometers from the
sun the temperature reaches 100 million degrees. This
strange phenomenon of the reverse temperature gradient
of the sun contradicts every original expectation of the
thermonuclear model. But it is exactly what is expected
in the electric model, and mirrors perfectly the glow dis-
charge phenomenon observed in the laboratory. Solar
wind: why the rapid acceleration of the charged particles
of the solar wind, up to millions of miles per hour? If the
high temperature of the corona could explain the accel-
eration of the solar wind we would expect cool red giant
stars to have the weakest winds. But in fact they have
the strongest. The Sun is not hot enough to boil off its
atmosphere against its powerful gravitational attraction.
Yet the particles of the solar wind defy the Sun’s gravity,
accelerating past Venus, Earth, and Mars. Since these
particles are not miniature rocket ships, such accelera-
tion is the last thing one should expect from a thermonu-
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clear star. In the thermonuclear model the solar wind
rushes out from the Sun, slows through the termination
shock and finally halts at the heliopause. The interstellar
medium (plasma) backs up to where a bow shock occurs.
These are features of supersonic objects moving through
air. In the electric model, a simple mechanical analogue
does not apply. The Sun is an electrical body moving
in an electrified environment. In the electric model the
Sun and its planets are protected within a plasma sheath
or cell (heliosphere), far beyond the outermost planets.
Across the thin boundary of the heliospheric sheath there
is a strong electric field. This field accelerates charged
particles to speeds approaching the speed of light-they
become cosmic rays. Cosmic rays thus give us a measure
of the driving voltage of stars (tens of billions of volts).
The intense electric field across the boundary sheath con-
trasts sharply with the electrical environment inside the
sheath. Shielded within this cocoon the planets are sub-
ject only to a weak electric field, causing a steady drift of
electrons toward the Sun. Across spacecraft dimensions
of a few meters, the electric field is immeasurably weak.
But in the immense volume of theheliosphere, it causes a
drift of electrons that becomes a focused electric current
sufficient to power the Sun. The Suns plasma environ-
ment is shaped by powerful electromagnetic forces within
a spiral arm of the Milky Way. Colliding gases play no
more than a minor role. In the electric model the entire
heliosphere lies at the core of an invisible hourglass shape,
formed by the pinching of galactic currents. This feature
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of the Suns larger plasma domain is well illustrated in the
laboratory by the Z-pinch, typical of high-energy electric
discharge. The best visible example in space is provided
by dusty planetary nebulae (figure 11). Without a source
of internal heat to blow it up like a balloon the Sun would
collapse under its own weight. The only long-lived source
of heat is nuclear power. It must release extremely slowly
or the Sun would explode. No experiment has tested the
complex and unlikely theory. And the 15,000,000 K tem-
perature cannot be measured. The thermonuclear model
predicts ghostly neutrinos that can escape the Suns core
and swiftly reach the Earth. The expected neutrinos are
largely missing. Rather than considering the thermonu-
clear model seriously threatened by this contradictory
discovery, it was assumed that the problem had to lie
with the neutrinos. In the electric model of the Sun,
simple laboratory gas laws do not apply. The visible sur-
face (photosphere) is a thin electrical discharge layer at
the top of a plasma atmospherethe continuous lightning
that produces the shining sphere of the Sun. We do not
know what the Sun is made from by simply measuring
its gravity and volume, because the volume we measure
is an electrical display and not the true size of the Sun.
The Sun is much more than a neutral ball of hydrogen
gas. Within its vast hydrogen atmosphere, there is a
smaller, more dense body. The electric sun does not re-
quire the lethal radiation of an unstable internal hydro-
gen bomb. And it doesnt require internal heat to prevent
gravitational collapse. All kinds of neutrinos come from
the nuclear reactions in the photosphere. Sunspots are
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a problem in the thermonuclear model. Their darkness,
structure and behavior have required great ingenuity in
attempts to explain them. Yet they remain mysterious.
The strong magnetic fields of sunspots have long puzzled
solar physicists. Theorists suggest that convection drives
an internal dynamo, and that the Suns higher speed of
rotation at the equator winds up a magnetic field, form-
ing flux tubes or tubular concentrations of the magnetic
field. Occasionally a buoyant flux tube breaks through
the photosphere to form a leading and trailing sunspot
of opposite magnetic polarities. However, the magnetic
fields generated by internal dynamo models do not match
the magnetic field of the real Sun. An equatorial plasma
current ring or torus surrounds the positively charged
Sun. In the same way, a charged, magnetized sphere
produces a torus in the plasma laboratory. Sunspots are
dark regions where an electric discharge from the sur-
rounding torus has displaced the bright photosphere. In
fact, Kristian Birkelands laboratory experiments repli-
cated the solar torus and sunspots many decades before
astronomers discovered magnetic field concentrations in
the Suns photosphere. Sunspots have strong magnetic
fields. Lightning in the Earths dense atmosphere is mag-
netically pinched by the current and follows an exceed-
ingly thin path. Similarly, Birkeland currents compress
and strengthen the Suns ambient magnetic field by the
pinch effect as they enter the solar atmosphere. One
of the key questions about sunspots is how do sunspots
remain intact with magnetic fields repelling each other?
The answer is simple in the electric model. Parallel Birke-
land current filaments attract each other until they are
very close. Electric charge is then redistributed within
each filament in such a way that they rotate around each
other. The twisting motion gives rise to a repelling force
between the filaments at close range so that sunspots
maintain their integrity even in the process of coalesc-
ing. The electric model holds that nuclear reactions oc-
cur in the Suns photosphere. The nuclear reactions pro-
duce neutrinos. As emerging sunspots reduce the area of
electrical-discharge activity in the photosphere, declining
neutrino counts are expected. Nuclear reactions in the
Suns core could have no plausible influence on sunspot
numbers at the surface. Sunspot number is also directly
related to solar wind acceleration. When the power to
the Sun increases the sunspot number increases and the
solar wind blows more strongly. In the cool margins of
large sunspots we see structure and movementcorkscrew-
ing penumbral filaments. There is no thermonuclear
model of sunspot penumbrae. They are an enigma. If
these filaments were due to convection, as the thermonu-
clear model proposes, temperatures at the deeper levels
should be hotter than at the surface. But they are a
thousand degrees cooler. Nor would convection currents
produce the filamentary bridges seen in the image. The
electric model views the penumbral filaments as electrical
vortices, or tornadoesa slow form of lightning discharge.
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The enigmatic granulation of the visible surface of the
Sun can thus be seen as the billowing tops of the so-
lar tornadoes, flecked by ceaseless lightning. The intense
electrical discharge producing these filaments is the true
source of the Suns nuclear reactions. Nuclear fusion is not
hidden in the core of the Sun; it is a surface event, thus
explaining the heavy elements (fusion byproducts) seen
in the solar spectrum. X-rays are a measure of electrical
activity, like sunspots. They change together. The Sun
is connected to a galactic circuit which, like all circuits,
is subject to resonant behaviorthat is, cyclical change.
The origin of the sunspot cycle is not in the Sun, it is
not on the Sun, it is beyond the solar system. Seen in
x-rays over an 11-year period, the Sun is a variable x-ray
star. How can this be when the heat and light from the
Sun is constant to within a tenth of one percent? The
answer is very important for it explains why most bright
stars shine steadily. The Suns thin photosphere exhibits
a distinctive voltage curve (figure 12), suggesting that
this plasma layer acts as a PNP transistor (a device used
to control current flow), thus maintaining a steady heat
and light output from the photosphere while the power
input varies over the sunspot cycle. Positively charged
protons will roll down the hills. So the photosphere (B-C)
acts as a barrier to limit the Suns power output. When it
is breached we see gigantic mass ejections. Solar protons
that reach the point (C) on the voltage curve accelerate
down the waterfall and cause the turbulence at the bot-
tom of the steep curve, which heats the million-degree
corona. The Suns polar jets are unexplained in the ther-
monuclear model. In the electric model the polar jets,
together with the coronal holes, are regions where the
current in the Suns circuit is unhindered. The solar wind
flows faster there, while the temperature is paradoxically
lower because there are fewer particle collisions. The po-
lar jets connect to the Suns polar circuit, as defined by
Hannes Alfvn (figure 13). The spiraling magnetic fields
of the Birkeland currents in that circuit were discovered
by the Ulysses spacecraft as it flew over the Suns poles.
The observed phenomena of the Sun contradict the ther-
monuclear fusion model. Scientists struggle to find ex-

FIG. 13.

FIG. 14.

planations. These explanations often involve inventing
theoretical new science-science that has yet to be tested
or replicated in a laboratory. We have only given four
examples above, but virtually all of the issues and solar
attributes can be explained by the electric model, using
well-established science that has been tested and repli-
cated in laboratories. As astronomers and astrophysicists
come to see the Sun in electrodynamic terms, a revolution
in the sciences will surely follow. Is the Sun the center of
an electric field strong enough to generate its energetic
output? If so, then it will be necessary to consider the
effect of this field on a comet as it speeds toward the Sun.
Are comets discharging electrically to produce their re-
markable displays? It also will be necessary to consider
solar system history anew. In an earlier, electrically ac-
tive phase of planetary evolution, what was the role of
electricity in shaping enigmatic surface features? Addi-
tionally, our own planet’s electrical connection to the Sun
must be included in the expanding investigation. This
electrical circuitry could well be a major contributor to
climate change.
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Abstract

We evaluate a new interpolating function in mond that have proposed by Zhao (2010) using the galactic
rotation curves. We compare the mass to light ratios inferred by this interpolating function with SPS
models, in the next part we assume a NFW halo as a dark matter component of baryonic mass and repeat
the rotation curves analysis to obtain the parameters of NFW model. Finally we extract the correlations
between luminous mass and dark mass of individual galaxies.
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Galaxy Myvir Md R Mg Mg+Md
NGC 300 (Sc) 4.7 0.33 7.97 0.034 0.364
NGC 3726 (SBc) 222 | 4.489 13.8 0.82 5.309
NGC 3769 (SBb) 10.3 | 0.457 9.2 0.61 1.067
NGC 3877 (Sc) 26.7 2.54 9.77 0.15 2.69
NGC 3893 (Sc) 36.9 3.15 9.39 0.61 3.76
NGC 3953 (SBbc) 64.9 6.5 13.5 0.33 6.83
NGC 3972 (Sbe) 39.5 | 0.081 7.51 0.12 0.201
NGC 3992 (SBbc) 67.7 11.93 15 0.82 12.75
NGC 4013 (sb) 28.8 3.35 9.74 0.37 3.72
NGC 4051 (SBbc) 27.2 1.745 10.5 0.23 1.975
NGC 4085 (Sc) 97.7 0.2 5.34 0.5 0.7
NGC 4100 (Sbe) 50.3 2.86 7.51 0.41 3.27
NGC 4138 (Sa) 14.7 | 2.383 6.76 0.13 2.513
NGC 4157 (Sb) 31.2 | 3.579 15 0.94 4.519
NGC 4217 (Sb) 454 2.77 11.3 0.26 3.03
NGC 4389 (SBbc) 8.2 0.06 4.5 0.3 0.36
NGC 5585 (SBcd) 3.5 0.024 6.63 0.28 0.304
NGC 6946 (SABcd) 23.9 1.67 14.7 2.33 4
NGC 7793 (Scd) 4.3 0.324 4.51 0.12 0.444
UGC 6399 (Sm) 4 0.024 6.74 0.06 0.084
UGC 6973 (Sab) 202 0.97 3.1 0.12 1.09
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NGC 801b (Sc) 70.1 2.798 31.4 4.47 7.268
NGC 2998b (SBc¢) 49.9 12.8 27 3.81 16.61
NGC 5371b (S(B)b) 44.5 5.8 19.8 1.31 7.11

NGC 5533b (Sab) 85.6 1.81 49 3.25 5.06

NGC 5907b (Sc) 47.6 5.34 19.2 1.61 6.95

NGC 6674b (SBb) 83.8 1.93 35.9 3.19 5.12

UGC 2885b (Sbc) 136.4 20 53.5 10.95 30.95
DDO 168 (SO) 0.3 0.0028 2.21 0.03 0.0328
NGC 247 (SBc¢) 4.1 0.004 11 0.2 0.204
NGC 3917 (Scd) 26.6 0.275 11.3 0.23 0.505
NGC 4010 (SBd) 19.9 0.072 9.2 0.19 0.262
NGC 4183 (Sa) 7.1 0.368 10.6 0.42 0.788
UGC 128 (Sdm) 12.2 0.105 24.6 1.29 1.395
UGC 6446 (Sd) 2.5 0.025 8.27 0.37 0.395
UGC 6667 (Scd) 3.6 0.25 6.7 0.07 0.32

UGC 6917 (SBd) 10.4 0.047 9.02 0.17 0.217
UGC 6923 (Sdm) 4.1 0.017 4.44 0.059 0.076
UGC 6930 (SBd) 7.5 0.112 9.02 0.43 0.542
UGC 6983 (SBcd) 6.1 0.414 9.02 0.4 0.814
UGC 7089 (Sdm) 0.1 0.439 7.89 0.09 0.529
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A Photometric study of the high amplitude Delta Scuti AE Ursae Majoris

S.Hojjatpanah', A.Jamasb' and N.Riazi !
! Department of Physics, Biruni Observatory, Shiraz University, P.O.Box 71454, Shiraz, Iran

We present the photometric measurement of the high amplitude and short period Delta Scuti

star, AE UMa, using Biruni Observatory’s 11 inches robotic telescope.

We identified six new

times of maxima and from a Fourier analysis we determined the fundamental frequencies as
F0=11.625608 £ 000021 (1/d), F1=15.03691 &+ 000034 (1/d) and the equation for time maximum
as HJD=2450485.8791+0.08601025E. The results have been compared with the existing data and

the previous observations.
PACS numbers: 05.10.-a ,05.10.Gg, 98.70.Vc

I. INTRODUCTION

First Delta Scuti star was observed by Wright in 1900.
These kinds of stars are pulsating variables of spectral
types A to early F with luminosity classes V to III. They
pulsate in radial and nonradial p (and possibly also g)
modes with periods between about 30 minutes to 8 hours
and photometric amplitudes less than 1 magnitude. After
white dwarfs, they are one of the most abundant pulsat-
ing variables in our Galaxy. The variability of the proto-
type of these kind of stars was discovered by Fath (1935).
Smith (1955) called these objects ?Dwarf Cepheids” be-
cause they seemed to be different from RR Lyrae stars.
Since this difference is mainly phenomenological, Breger
(1979, 1980) suggested to call all these objects ”Delta
Scuti stars”.

AE Ursae Majoris (R.A.=09h36mb53.17s, DEC. =
+44° 04> 00.5”) with a visual magnitude of 10.86 was
first reported as a variable by Geyer (1955). The star
was observed by Tsesevich (1956) and Filatov (1960) vi-
sually but neither could determine the type of variabil-
ity. In 1973, Tsesevich classified it as a dwarf cephid
and extensive studies were contributed by several authors
(Szeidl (1974), Broglia and Conconi (1975), Braune et al.
(1979)). Rodriguez et al. (1992) published eight nights
of photometry on AE UMa.

In the GCVS and Garcia AE UMa is listed as SX Phoeni-
cis star. Hintz et al. (1997) determined a relation be-
tween the period ratio of multi periodic stars and [Fe/H]
value. He investigated the star in more details and pub-
lished ten new accurate times of maximum from CCD
photometry. Hintz et al. (1997) provided strong evi-
dence that AE UMa is not a SX Phe and showed that it
is a normal population I, high amplitude delta scuti star.
Finally B.Szeidl (Com In Astroseismology vol. 140, 2001)
classified the AE UMa as a Delta Scuti variable star and
reported some of ITS astrophysical parameters.

FIG. 1. AE UMa field of view in our image

II. OBSERVATION

The observations were carried out during November
and December 2010. We had 16 successful nights of pho-
tometry and 15 thousands of FITS images were taken.
We used the 11 inches, Schmit-Cassagrian robotic tele-
scope of Biruni Observatory at Shiraz University with
focal reducer. We also used monochrome DSI with John-
son standard filters UBVRI as detector.

A cooling system was designed to reduce the noises
caused by high temperature of detector.

The exposure times were 10-20 seconds and data were
taken for six hours each night Dark, BIAS and Flat-field
also were taken for standard data reduction.

III. REDUCTION AND ANALYSIS

We mainly used IRIS and MaximDL astronomical soft-
ware for data reduction; we use standard method for re-
duction using Dark, BIAS and Flat-field. We use Aper-
ture photometry techniques for analyzing of images and
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‘ M.D.Pécesetal(2001) OurObservation

11.625607+0.000014 (1/d)

11.35
.f.'o FO| 11.625598+0.000026 (1/d)
1407 .:':i. F1|  15.0310940.00020 (1/d) 15.0311924-0.00013(1/d)
i -
e o '3.:0 TABLE I. The first and overtone frequencies
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FIG. 2. A maxima in V light curve of AE UMa for JD
2455513.
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FIG. 3. V light curve of AE UMa for JD 2455513.

drive light curve (Fig.3). We chose GSC 2998-1249 as
comparison star and the photometry was done for all the
stars in FOV (Fig.1), for detecting possible new variable
or specific events. The observation corrected for atmo-
spheric extinction along with the helioceb=nteric julian

date.

The light curves of AE UMa have the typical asym-
metrical shape of the large amplitude and shape of its
light curve makes the determination of the times of light

maximum difficult (Fig.2).

The observations near the top of the light curve were

fitted with specific parabola function in using Origin soft-
ware . The results, of course, depend on how many data
points were involved in the calculation.
We found the times of maximum after completing the
light curves and image reductions. Because of different
widths peak, we used two different functions to fit the
light curves which were considered in previous studies.

1i:‘zIG. 4. The best fit for determined time of maxima,
2455513.

IV. CONCLUSION

Hintz et al. (2001) have reported the following time of

maximum:

HJID=2442062.5823+0.08601682E. (1)
From our investigation, we report the following time of

maximum:
HJD=2450485.8791+0.08601025E. (2)
Which is consistent with Hintz et al.

within+0.00001 days.

(2001),

We performed a Fourier decomposition of the light
curve. we used Perid04 and FAMIAS (software pack-
age FAMIAS developed in the framework of the FP6 Eu-
ropean Coordination Action HELAS (http://www.helas-
eu.org/)) software and determined the fundamental
and first overtones as following; F0=11.625608+000021
(1/d), F1=15.03691+000034 (1/d).

The results of the decomposition are presented in table(1)
where we have compared our result with M. D. Pdcs et
al. (2001) analysis.
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Theoretical aspects of coronal loops seismology

Kayoomars Karami
Department of Physics, University of Kurdistan, Pasdaran Street, Sanandaj, Iran

Since the discovery of the coronal green line during
the 1869 eclipse which identified as Fe XIV spectral line
by Grotrian (1939), different theories of coronal heating
have been put forward and debated (for reviews see, e.g.,
Walsh and Ireland 2003; Klimchuk 2006). Possible MHD
wave dissipation processes that may be responsible for
heating the solar corona have been investigated by var-
ious authors, e.g., dissipation in resonant layers (Ionson
1978; Poedts, Goossens & Kerner 1989, 1990; Erdélyi
& Goossens 1995; Safari et al. 2006; Karami, Nasiri &
Amiri 2009; Karami & Bahari 2010) and phase mixing
(Heyvaerts & Priest 1983; Karami & Ebrahimi 2009).

Transverse oscillations of coronal loops were first iden-
tified by Aschwanden et al. (1999) and Nakariakov
et al. (1999) using the observations of Transition Re-
gion and Coronal Explorer (TRACE). Nakariakov et al.
(1999) reported the detection of spatial oscillations in
five coronal loops with periods ranging from 258 to 320
s. The decay time was 14.5 £+ 2.7 min for an oscilla-
tion of 3.9 &+ 0.13 mHz. Nakariakov et al. (1999) ob-
tained that the amplitude of the oscillations decreases
by more than 50 percent in several oscillation periods.
To estimate the energy flux of the EUV kink oscilla-
tion observed by Nakariakov et al. (1999), we use the
maximum kinetic energy flux of an oscillating loop given
by +(mR*L)pv? ../ (27RL)Tp = 1 Rpv2,.. /™. Where p,
Umax, R, L and 7p are the mass density, the peak loop
velocity, the loop radius, the loop length, and the damp-
ing time of oscillation, respectively. Taking R = 2 x 103
km, p =2 x 107! gr ecm ™3 for a typical coronal loop in
active region and using vVmax = 47 km s~ and ™ = 14.5
min given by Nakariakov et al. (1999), we obtain the
energy flux as 2 x 10* erg cm™2 s~! which is three or-
ders of magnitude smaller than the radiated energy flux
107 erg em~2 571 in active regions (see Klimchuk 2006).
Therefore, the energy flux in the EUV kink oscillations is
unlikely to be sufficient to cover heating of coronal loops.

Verwichte et al. (2004), using the observations of
TRACE, detected multimode oscillations for the first
time. They found that two loops are oscillating in both
the fundamental and the first-overtone standing kink
modes. According to the theory of MHD waves, for uni-
form loops the ratio of the period of the fundamental
to the period of the first overtone is exactly 2, but the
ratios found by Verwichte et al. (2004) are 1.81+0.25
and 1.644+0.23. However, these values were corrected
with the improvement of the observational error bars to

r

1.82+0.08 and 1.58+0.06, respectively, by Van Doors-
selaere, Nakariakov, and Verwichte (2007). Also Verth,
Erdélyi, and Jess (2008) added some further corrections
by considering the very important effects of loop expan-
sion and estimated a period ratio of 1.54. All these values
clearly differ from 2. This may be caused by different fac-
tors such as the effects of curvature (see e.g. Van Doorsse-
laere et al. 2004), leakage (see De Pontieu, Martens, and
Hudson 2001), density stratification in the loops (see e.g.
Andries et al. 2005; Erdélyi and Verth 2007; Karami and
Asvar 2007; Safari, Nasiri, and Sobouti 2007; Karami,
Nasiri, and Amiri 2009), magnetic field expansion (see
Verth and Erdélyi 2008; Ruderman, Verth, and Erdélyi
2008; Verth, Erdélyi, and Jess 2008; Karami and Bahari
2011a) and magnetic twist (see e.g. Erdélyi and Fedun
2006, 2007; Erdélyi and Carter 2006; Karami and Barin
2009; Karami and Bahari 2010, 2011b).

More recently, torsional Alfvén waves in the solar at-
mosphere were discovered by Jess et al. (2009) using
the high-resolution Swedish Solar Telescope. Torsional
Alfvén waves can be observed as temporal and spatial
variations in spectral emission along the coronal loops
(Zaqarashvili 2003). Torsional Alfvén modes can have
a significant role in coronal heating and solar wind ac-
celeration, based upon the ability of torsional waves to
penetrate easily into the corona (see e.g. Ruderman 1999;
Copil, Voitenko & Goossens 2008).

In the present work, we review the theoretical aspects
of coronal loops seismology. To do this we investigate the
effects of density stratification as well as twisted magnetic
field on the resonant absorption of standing MHD waves
in the coronal loops to justify the rapid damping of os-
cillations and deviation of the period ratio P;/P» from 2
observed by TRACE. Furthermore, we study the effects
of both density stratification and magnetic field expan-
sion on the frequencies and eigenfunctions of torsional
Alfvén modes in the coronal loops.
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Oscillation of Dwarf Nova RX Andromedae at the Stage of Standstill

Davood Manzoori

1

! Department of Physics, University of Mohaghegh Ardabili , P. O.Boz. 179, Ardabil, Iran

In this work, we examine the long term AAVSO light curve of the dwarf nova RX And from 1990
to 2011 which consist of over 47500 individual observations. We examine long terms trends in the
outburst properties. The analysis of light curves show not only damping oscillations just before the
entering to standstill, but also continues with progressively lower amplitudes during the standstill.

I. INTRODUCTION

Dwarf novae are erupting cataclysmic variable (CV)
stars. It is believed that in these binary systems out-
bursts take place in the accretion disc which is formed
around the central white dwarf by matter transferred
from the low mass, Roche lobe filling companion star (La-
sota 2001). Dwarf novae can be divided in to three sub-
classes (Menard et al. 2001):1- U Gem-type stars which
have the most regular outburst cycles. 2- SU UMa-type
stars showing both short and very long outbursts (super-
outbursts). 3- Z Cam stars, Z Cam variables constitute
a subgroup of the dwarf novae in addition to the reg-
ular quiescence-outburst cycle of the U Gem type stars
they show phases of occasional standstills. In which the
cyclic behavior is interrupted and system remains sta-
tionary at a luminosity in between that of quiescence and
outburst. The most important characteristics of Z Cam
stars in standstill phenomenon the decline from normal
out burst maximum is interrupted and the luminosity of
the system settle down to value ~ 0.7 mag lower than
the peak luminosity (In some cases the magnitude differ-
ence is smaller). Such standtills may last from 10 days
to years. After that the system luminosity declines to
usual quiescent state. The standstill in Z Cam stars is
not completely understood phenomenon even in frame-
work of the theory of disk instability model (DIM). This
phenomenon is usually regarded as a state of enhanced
mass-transfer rate (M) in dwarf novae (warner 1995) In
his theory of disk instability model, Osaki (1974) inter-
preted standstill as stable phase of accretion. Meyer and
Meyer - Hofmeister (1983) proposed that Z Cam stars
are dwarf nova with mass transfer rate M that fluctuate
about the critical rate (Mec), and triggering of standstill
is caused by normal outburst below the critical surface
density. Buat-Menard et al. (2001) showed that in the
framework of DIM by taking into account the heating of
outer disk by mass transfer stream impact and by tidal
torques and also variation of mass-transfer rate about
30% around the value critical for stability.

II. LIGHT CURVE (LC) ANALYSIS

In Fig. 1 we have depicted, the AAVSO long term light
curve of RX And, a cataclysmic variable of orbital pe-
riod P=>5.04hr, which is classified as Z Cam type eruptive
dwarf nova (Sehreiber 2002). In the Fig. 1 we have plot-
ted over 47500, data points downloaded from AAVSO, *
site. As evident from Fig. 1, RX And shows frequent out-
bursts with mean characteristics reported as in Table 1.
As may be checked from the Fig. 1 its LC shows a large
variation of outburst behavior. Table 1 summarizes the
means of the various parameters measured over number
outburst cycles. The outburst interval is the time from
the peak of one outburst to peak of next. The interval
range is the extreme value of this outburst interval for
each system. V., is maximum brightness magnitudes of
the outburst V,,,;, is lowest brightness magnitude reached
before the outburst AV is the difference between mean
Vinaz and Vi,in; The rise in total time in days from qui-
escence to the maximum. The outburst max is the time
spent within 0™.5 of the maximum brightness and the de-
cline is the number of days to return to quiescence from
this level. t, is the total outburst interval from the start
to end of the outburst, finally, Ag, is the time spent at
the quiescence level preceding the outburst.

Durations of standstills occurred in the yeas 2004,
2005, 2007, were 57.19, 44.8 111.13 days, and intervals
between the same two successive standstills were 358.76
and 662.6 days, respectively

ﬁ *Web sites of AAVSO
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FIG. 1. The light curve of RX And system. Indicating the
transitions from the outburst to standstill and also Oscilla-
tions in standstill for the year 2007.
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FIG. 2. The light curve of RX And system. Indicating the

transitions from the outburst to standstill and also Oscilla-
tions in standstill for the year 2005.

III. RESULTS AND DISCUSSION

The Figs. 2-4 show the three different standsills oc-
curring in this system, at the years 2004, 2005, 2007. As
may be checked from the Figures just mentioned, a clear
damping oscillations also exist in this system not only
just before the beginning of the standstills, but also con-
tinues with progressively smaller amplitudes, even during
standstills, and finally ends when the star goes to deep
fading and falls to quiescent state. The light curves plot-
ted in Figs. 2-4 for RX And system, Indicate the transi-
tions from the outburst to standstill and also oscillations
in standstill for the year 2007 state, at the ending point of
standstill phase the oscillation amplitude vanishes com-
pletely. In the opinion of this author, these low ampli-
tude oscillations while modeling has not been taken into
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FIG. 3. The light curve of RX And system. Indicating the
transitions from the outburst to standstill and also Oscilla-
tions in standstill for the year 2004.

account as may be seen in the model proposed by Buat-
Menard et al. (2001). The standstill oscillations has also
been, reported by Kato (2001) for Z Cam system, the
prototype of Z Cam stars. It is worth mentioning here
that, inspections of the Figs. 1, 2, 3 & 4 (and also some
other Figs. which is not reported here due to similarity),
reveal that in all the cases at the ending of standstills
the system deeply fads and goes to quiescent state and
then outburst is triggered. Moreover the durations of the
quiescent states immediately after the standstills are sig-
nificantly longer than the durations of followed quiescent
states .

As stated earlier the standstill phenomenon is one of the
main characteristics of the Z Cam type systems, As ev-
ident from Fig. 1, RX And system indicate frequent
standstills with different duration occurring at irregular
intervals of time. However, the relatively short period
standstills (~ 50 days) are more frequent as compared
to long duration standstills. The interpretations of this
phenomenon has been one of the most puzzling problem
in the field. Osaki (1974, 1996) Interpreted standstills
as stable phase of mass accretion in the framework of
his DIM, Meyer and Meyer-Hofmeister (1983) proposed
that Z Cam stars are dwarf novae with mass transfer rate
that fluctuates about the critical rate. Even the detailed
modeling of Buat-Menared et al. (2001) by taking into
account, the irradiation of the disk by accreting white
dwarf and enhanced mass transfer could not reproduce
satisfactorily observed properties of standstills. Honey-
cutt et al. (1998) studied the standstills of few typical
7Z Cam stars and concluded that some of these type of
stars show damping oscillations when entering the stage
of standstill. Apart from the Oscillations mentioned dur-
ing standstilles, inspections of Figs. 5& 6 clearly indicate

oscillations during the outburst maximum with period of
~ 1.5h.
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TABLE I. The estimated parameters corresponding to modulation period 11.72 yr

Parameter Vinaz Vinin AV t=0utburst Rising  time Decline Aq(days)
duration(days) (days) (days)
MeanV alue 10.6 14.3 3.7 10.2 5.24 5.69 6.87

IV. CONCLUSION

In conclusion we may insist here that while modeling
the Z Cam type dwarf novae (e.g. RX And), apart from
damping oscillations at entering to the standstill the os-
cillations during stand still should be taken in to account.
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FIG. 4. The long term light curve of RX And (1990-2011). The system shows variety of outburst behaviors
ranging from typical Z Cam behavior i.e. Periods of short outburst, and typical long dwarf novae outburst and
standstills.
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Two-point correlation function of peaks in the cosmic microwave background radiation

M. Sadegh Movahed, Behnam Javanmardi, Hossein Mos-hafi
Department of Physics, Shahid Beheshti University, G.C., Evin, Tehran 19839, Iran

In this paper we studied the footmarks of cosmic strings as topological defects in the very early
universe on the cosmic microwave background radiation. Two-point correlation function of peaks
above a certain threshold, v, is used for exploring the signature of cosmic strings. Using the best
fit parameters given by WMAP-7 in the context of ACDM model, we simulated a Gaussian map
and then superimposed cosmic strings based on Kaiser-Stebbins effect on it as incoherent and ac-
tive fluctuations. To evaluate the ability of our method for detecting the cosmic string a simulated
pure Gaussian map is compared with that of including cosmic strings. Based on our analysis the
superimposed cosmic strings with Gu > 5 x 10~% in the simulated map without instrumental noise

and resolution R = 1’ could be deteted.
PACS numbers: 98.70.Vc, 98.80.Es, 98.80.Cq,

I. INTRODUCTION

A prediction of quantum field theory in cosmology is
the possibility of transition between different vacuum
states during the expansion of the universe. Depend-
ing upon the topology of these states a series of sta-
ble topological defects such as domain walls, monopoles
and cosmic strings can be formed. Cosmic String (CS)
networks which consist of infinite strings, loops and
junctions of strings have effects such as lensing, Cos-
mic Microwave Background (CMB) polarization and
anisotropies . Astrophysical evidence of CS depends on
1) Inter-commuting probability P [1-3] and 2) the so-
called dimensionless string tension Gy/c® (G is the New-
ton’s constant and g shows the mass per unit length of
cosmic string). Determining bounds for this tension di-
rectly means limiting the fundamental theory on the basis
of which CS are produced, so observing CS is a kind of
observational evidence for such theories.

There are many constraints on the cosmic string’s
paramters from theoretical and observational perspec-
tives. Pulsar timing and photometry based on gravita-
tional microlensing: 1071 < Gu/c® < 1078 [4]. COS-
MOS survey: Gu/c* < 3 x 1077 [5]. The 2lem sig-
nature of CS [6]. LIGO and VIRGO collaborations:
7x 1072 < Gu/c® < 1.5 x 1077 [7]. The skewness
[8] and B-mode polarization of CMB [9]. Wavelet do-
main Bayesian denoising: Gpu/c? > 6.3 x 10710 [10].
The so-called Canny algorithm: Gu/c* > 5.5 x 1078
[11]. Level crossing analysis: Gu/c? > 4 x 1072 and
Gu/c* > 5.8 x 1079 in the presence of instrumental noise
[12]. Another strong constraint on the CS’s free param-
eter comes from the temperature fluctuations at the last
scattering surface [13]. These fluctuations contain the ac-
cumulation of anisotropies induced by CS and can be di-
vided into two categories: 1) anisotropies created by the
so-called Kaiser-Stebbins effect [14] and those related to
pre-recombination processes and 2) the stochastic back-

—

ground of gravitational waves produced by decaying of
string loops [13,14]. In the current study we concen-
trate on the discontinuities and fluctuations in the CMB
map arising from the Kaiser-Stebbins effect that can pro-
duce observational consequences on the anisotropies in
the CMB map. However since the Kaiser-Stebbins effect
may be considerably smaller than the observed temper-
ature fluctuations in WMAP data, we cannot expect to
detect strings in the WMAP data. However, we are able
to produce simulated maps of CMB in order to exam-
ine the bounds on the string tension imposed from this
analysis.

Heavens and Sheth [15] have calculated the correlation
of peaks in CMB using the peak statistic method [16,17]
which is based on the calculation of the covariance ma-
trix for the peaks. They have not computed the peak
to peak correlation function for defect models such as
cosmic strings which is the main subject of our study.
As they claimed, using features in two-point correlation
function could be discriminating between a Gaussian field
and a Non-Gaussian one or a field containing CS.

This paper is organized as follows: in section II, we
introduce the analysis of two-point correlation function
of peaks to investigate the fluctuation of temperature
on the last scattering surface with and without cosmic
strings. In section III the simulation of CMB maps using
the most recent observation based on WMAP-7 mission
will be explained. Finally our data analysis and results
is presented in section IV.

II. TWO-POINT CORRELATION OF PEAKS ON
THE FLAT SKY MAP

Two-point correlation function (TPCF) is defined as
the excess probability dP of finding a feature at a given
distance |X| from another in a feature space relative to
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the probability for a uniform distribution dP, [16], or
equivalently, the excess probability of finding a given dis-
tance | X| in a feature space between any randomly chosen
pair in the feature space [18]. If the distribution is uni-
form the two-point correlation function, £(]X|), would be

a constant value (normalized to unity) for all separations.
Therefore [16] :

dP =1+ &(1X|)]d Py (1)

It can be shown that for a continuous distribution the
TPCF can be simply expressed in terms of the auto-
correlation function, C(|X]), i.e. &(|X]) = C(|X]) — 1
[18,19]. However, for a discrete feature space, such as
our issue which is a map containing all the local maxima
above a certain threshold on the CMB map, the TPCF is
not in general equal to the auto-correlation function mi-
nus one. For this purpose we follow the procedure men-
tioned in ref. [18,19]. Consider a 2-D map containing the
local maxima (hot spots) of CMB radiation fluctuation.
It is assumed that the probability of finding a maximum
point in an infinitesimal area element 6S is dP = ndS
where n is the surface number density of maxima. The
probability dPjs of finding a peak in 457 and another in
0S5 at a certain separation r1o is written as:

dPi2 = n?651652[1 + £(r15712)] (2)

where £(r1;7r12) is the correlation between the location
of the peaks. If the peaks are not spatially correlated
then &£(ry;712) = 0 for all r1 and ri2. To write eq.(2)
in a general way by considering the first chosen peak
to be fixed, the probability of finding a second maxima
at distance r would be P, = ndS + n&(r1;r)0S. By
integrating over all 4.5 from r = 0 to r and take ensemble
average over all starting points r; we have:

(V) =nS, +n [ (g(rin))as ®)
Sy

in which (V,.) means the average number of pairs of max-

ima we can find at distance less or equal to r from each

other and the TPCF is £(r) = (£(r1;7)). Now the num-

ber Np of peaks that are at distance between r and r+dr

from each other can be obtained by:

[ oo [

=nL,dr +n&(r)L,dr (4)

Ny = <NT+dr> - <Nr>

= n(Sr—i-dr - Sr) +n

where L, is the circumference of the boundary of S,.. So
we can write:
Np
-1 5
nL,.dr (5)

§(r) =

where dr is the bin size.

-1

-3

FIG. 1. A Gaussian map for ACDM mod:el based on
WMAP-7 observations. Map size 5° with R =1 .

IIT. SIMULATION OF MOCK CMB MAP

In this section we describe our state-of-the-art code
which has been written in Fortran language by authors
to simulate temperature fluctuation maps [12,20]. First,
the code creates pure Gaussian fluctuations correspond-
ing to the standard inflationary model. In the current
work we use ACDM model in the flat universe for govern-
ing the evolution of background. However, our program
can be easily modified to other cosmological models for
this purpose. Second, anisotropies produced by long CS
by means of Kaiser-Stebbins effect are created. The su-
perposition of Gaussian and cosmic strings anisotropies
as well as expected instrumental noise are produced in
the third part of the program. Finally, peak-peak corre-
lation will be calculated.

A. Gaussian map on the flat sky

For generating Gaussian maps, we use ACDM model
and the best fit values have been inferred based on the
most recent observations such as WMAP-7, Supernova
type Ia gold sample (SNIa) and Sloan Digital Sky Survey
(SDSS) with the most familiar initial power spectrum es-
tablished by standard inflationary scenario [21]. First of
all, we should determine the values of initial parameters
relevant to the Gaussian map [11,22]. Some of them are
related to the cosmological frame-work and others are the
size of the simulated map, ©, angular resolution, R, and
finally the variance of instrumental noise g,pise. Since
we are interested in flat sky, Fourier basis functions are
used instead of spherical harmonics. The stochastic tem-
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FIQ. 2. A string map for Gu = 5 x 1075, Map size 5° with
R=1.

perature fluctuation field on the flat sky will be written
as:

(%) (ka, ky) = M[Zl(kw,ky) + 25 (ks ky)]

(6)

where Z; and Z5 are two Gaussian random numbers with
zero mean and unit variance, ¢ = 30 /(k;)? + (k,)? and
the initial power spectrum, Cy , is determined by running
CAMB software [23]. Finally to keep statistical isotropy
we construct four independent Gaussian maps and su-

perimpose them according to [22]:

AT 1 AT

AT
x y)G _(x)y)Gl + _(xmaz

T( ) :E[ T T _x,y)GZ

+_(wyymam - y)G3 + _(xmaw — Ty Ymaz — y)G4] (7)

T T

Figure 1 shows a typical simulated Gaussian map for
ACDM model.

B. Fluctuations produced by cosmic strings

In this subsection we briefly present cosmic string gen-
eration using Kaiser-Stebbins effect [20]. For more de-
tails on this subsection see ref. [12]. In our CS simula-
tion we ignore the contribution of CS loops, since their
size is smaller than our map resolution (1 arcmin) [12],
and represent them as Gaussian noise via Sachs-Wolf ef-
fect [24]. The scaling behavior of the correlation length
scale of straight strings demonstrate that the number of
strings crossing a given Hubble volume to be fixed and

equal to M=10 [25]. Photons originated from the last
scattering surface encounter a new string network after
travelling each Hubble volume during twice the Hubble
time. Accordingly, the number of separate string net-
works (patches) to be simulated is given by:

t
Np = log, <—°> ~ 15 (8)
tis
The number of straight cosmic strings with size ©; at
z; which should be simulated and placed randomly on
the desired simulated map is [11]:

20,]?
R ©)
where O is the size of the map. To retain all fluctuations
produced by CS we establish an extended area with size
©+20,; and number of pixels [©+20;]/R at the ith patch
and our simulated map is at its center [12]. For each
embedded straight string we apply a shift for temperature
fluctuations according to:

oT
— = 87Gu|n.(ysvs X &)

T (10)

in which n is the direction of observation, v, is the ve-
locity of string, € is its orientation and -y, is the Lorentz
factor for the string [14]. The location of string in the
extended window is demonstrated by a proper random
number. The projection of CS from 3-D to 2-D is done
by multiplying the proper size of string at each patch by
the cosine of a random angle between [0,7/2]. Temper-
ature fluctuations simulated for various patches should
be superimposed for obtaining final CS fluctuation. Fig-
ure 2 shows a sample string map with Gu = 5 x 1078,
According to linear perturbation theory we superimpose
Gaussian map, CS and instrumental noise to reach the
final situation.

IV. ANALYSIS OF CMB MAP

In this section we will apply the method explained in
section IT on the simulated pure Gaussian map and the
one with embedded CS. We have written a code in For-
tran which detects peaks above any desired threshold,
v, (the edges where behaved with proper care) and then
calculates the TPCF of them according to the algorithm
mentioned in section II. For more details about this algo-
rithm see ref. [18]. The shape of TPCF depends on the
size and the resolution of the simulated map. For dif-
ferent values of Gu we have generated ensembles of 100
maps of Gaussian field and Gaussian plus string, each one
with size 5 degree and resolution 1 arcmin (300 x 300).
We then apply our code on them and calculate the av-
erage TPCF for 100 maps. We expect the fluctuations
in the presence of CS to be rougher than pure Gaussian
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FIG. 3. Two-point correlat/ion function of peaks above
v =1 for a 5° map with R =1 and Gu =5 x 1075,

fluctuation, and therefore, containing more peaks. Con-
sequently the excess probability of finding a peak at a
certain distance from another peak (the two-point corre-
lation function) to be larger in the map containing CS.
Figure 3 shows the resultant TPCF, &, for pure Gaussian
(G) and Gaussian plus string (G+S) from 6 = 4 to 100
arcmin above threshold v = 1. According to Fig. 3 the
two-point correlation function starts from negative val-
ues for small separations and continues an upward trend
until # 2 10 arcmin where it reaches its maximum. The
difference between G and G+S is relatively larger around
the maximum. The correlation then descend to —1 for
large separations where no difference between G and G+s
can be seen. Errorbars shown Fig. 3 correspond to lo
confidence interval.

As we have expected, the TPCF of the map containing
CS is larger than that of pure Gaussian map. This dif-
ference depends on the value of CS tension Gu and the
size of the simulated map. By this method, the small-
est G for which a 5° map containing CS can be distin-
guished from a pure Gaussian one, regarding the error
bars, is Gu = 5 x 1078, For larger Gu the difference
is larger. Based on this analysis, some quantities can be
found which may be potentially used as a criterion to dis-
tinguish between maps with and without CS which will
be the subject of our next study. Also as Heavens and
Sheth [15] have mentioned the features in the TPCF can
be used for this purpose. As a further remark, in our
future works we will do this analysis in the presence of
anticipated instrumental noise and also we would like to
use more realistic models [13] for our simulations.

Finally, the strategy for detecting cosmic string is as
follow: First, by using a map from observation we com-
pute the TPCF. Second, we simulate a pure Gaussian
map with the expected instrumental noise and again the
TPCF is computed. In the case of significant difference,

we change the value of Gu for simulated Gaussian map
including CS and again compute the TPCF. When the
peak-peak correlation function for simulation could be
well fitted to that of observation, we conservatively can
express the existence of cosmic string in the observed
map with mentioned Gpu.
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Analysis of Light Curve of Elipsing Binary V523 SGR

K.Naficy and M.Saeedi and A.Ayubinia !
! Department of Physics, University of Birjand, Birjand, Iran

V523 SGR system is an eclipsing, double-line spectroscopic binary of Algol type. Its components
are detached and belong to main sequence stars. Spectral type of components is considered to be
F0. Photometric data of the system for the first time are analyzed in V and B filters by LC and

DC code.

I. INTRODUCTION

V523 SGR system ( HD 176754 = SAO 186705 =
CPD—29°5846 ; P =29.32 ) is located in Sagittarius con-
stellation in the center of Milky Way galaxy. Studying of
it extends about a century. The variability of this system
was discovered by Dr. H. Van Gent with the Groningen
blinkmicroscope and Franklin-Adams instrument at Jo-
hannasburg [1]. The first light curves of the system were
represented by Ferwerda (1934) and Jones (1938) with
photographic eatimations [1].

Ferwerdas Light curve shows a secondary minimum that
replaced from semi-period, so this system was interested
by many people such as Jones, Russell, Sterne, De Kort,
Calliatte, Keller, Jeffry, Woodwrad and Koch, Lacy and
Wolf [2].

These investigations showed that V523 Sgr system has
apsidal motion. This motion is due to classical effects
such as tidal effect and star rotation or general relativity
effect. Inclination of its orbit has been obtained by Lacy
about 83.10 and its eccentricity about 0.16 and its mag-
nitude in V and B filters in outside of eclipses about 9.46
and 9.98 mag, respectively. Period of apsidal motion is
203 years [3].

II. LIGHT CURVE ANALYSE OF V523 SGR

We have used photometric data of Lacy ( 1992) in V
and B filters for light curve analysis of V523 Sgr. In fact
this system was observed by Lacy from 1983 to 1990 to
detect double lines in its spectra. Spectroscopic data of
this system has not been published.

Lacy has been used EBOP computer program to anal-
ysis the light curve, but we use Wilson-Deviny code (
LC and DC 98 ) that is based on Roche model. There
s no analysis with this code by now. Mode 2 has been
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FIG. 1. Observational data and theoretical light curves of
V523 Sgr in V filter.

used because components are detached. There was not
any value for potential of components, and so analysis
process was difficult. Resulted and Lacys parameters are
given in table (1) Observational data and theoretical light
curves are given in Figs. (1) and (2).

Values of temperatures were not mentioned in Lacys
work. Obtained temperatures of two components are
approximately equal and this result is expected due to
nearly equal minimums.

We have used Lacys limb darkening and gravity bright-
ening coefficients and logarithmic law for limb darkening
to run LC.
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FIG. 2. Observational data and theoretical light curves of
V523 Sgr in V filter.

IIT. CONCLUSION

V523 Sgr is a detached eclipsing binary system of Algol
type and none of components doesn’t fill up their Roche
lobe. Photometric parameters of the system are obtained
in V and B filters by LC and DC code. Eccentricity is dif-
ferent with Lacy’s value. Approximately equal depths of
minimums show nearly equal surface temperatures of two
stars, although sizes of stars are not equal. Potential val-
ues of components, not mentioned before, are obtained.

[1] Ferwerda. J.G, 1934, The Star C.P.D. —29°5846, a New
Eclipsing Variable with a Remarkable Eccentricity, Bul-
letin of the Astronomical Institutes of the Netherlands,
Vol. 7, p. 165

[2] Jones. E, 1938, Rotation of the Line of Apside in V523
Sagitarii Harvard College Observatory Bulletin, No. 909,
p- 10

[3] Lacy. CH, 1993, The Potometric Orbit and Apsidal Mo-
tion of V523 SGR, Astron. J, Vol 105, p. 630

[4] Woodward. E.J and Koch. R.H, 1989, Old and New Ob-
servations of V523 Saigittarii, Astronomical J, No. 3, Vol.
97, p. 842

present work lacy’work(1992)
parameter V filter B filter A\ B
i(deg) 85.841 82.86 83.1
q 0.563 0.797 0.9
e 0.122 0.122 0.162
T\ (°K) 8241 8509
T5(°K) 7925 7856
Q 5.207 5.32
Qo 5.439 5.31
Li/Li+ Lo 0.743 0.65 0.69" 0.694"
Ly/L1+ Lo 0.257 0.349
Ay 0.5 0.5 0.59 0.72
As 0.5 0.5 0.59 0.72
1 0.59 0.72
) 0.59 0.72
Tpolel 0.2184+0.047  0.225+0.05
T'pole2 0.1384+0.033  0.195+0.047
Tpoint1 0.22440.052  0.234+0.059
Tpoint2 0.14+0.036  0.201+0.054
Tsidel 0.22440.049 0.2284+0.052
T'side2 0.1384+0.034 0.196+0.048
Tbackl 0.2234+0.051  0.23240.056
Tback2 0.13940.035 0.200£0.052
F 1 1
F» 1 1
g1 0.23 0.29 0.23 0.29
g2 0.23 0.29 0.23 0.29
> (o—¢)? 0.00744 0.14578
TABLE I. . Photometric and Lacy’s parameters of V523
Sgr.

%0.69 and 0.694 are Luminosity of primary inV and B filter,
respectively, that were obtained by Lacy.
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Abstract. We address the oscillation in chromospheric jet observed by Hinode/SOT
and other X-ray jet observed by XRT telescope. Our aim is to investigate an
incompressible X-point and the dynamical processes that occur during the magnetic
reconnection. The viscous effect is considered on magnetic reconnection in closed line-
tied magnetic X-shape nulls.

We perform an MHD simulation in 2D by solving the viscoresistive MHD equations
with the tracing of velocity and magnetic field, and it found qualitative agreement
oscillatory (or non-oscillatory) behavior with the Hinode observations. These results
suggest that the viscous effect may be an important role in oscillation of magnetic
reconnection.

Key words. MHD oscillation— Sun: chromosphere- Sun: corona- reconnection jet.

1. Introduction
Magnetic reconnection is a very dynamic processes and the most fascinating plasma
processes which we can observe in the solar atmosphere and observable in a wide range

of wavelengths. Introductions into magnetic reconnection in the solar corona can be
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found in textbooks (Priest & Forbes 2000, Aschwanden 2009), or in the recent review
articles (Hood et al. 2002 and McLaughlin et al. 2010).

A number of recent studies deal with chromospheric reconnection processes that
subsequently contribute to corona heating and either by propagating MHD waves near
null points (location in the field where the magnetic field, and hence the Alfven speed,
is zero) of magnetic fields (Litvinenko and Craig 1999, Sakai et al. 2002 and Shibata et
al. 2007).

Historically, much theoretical effort has been done and expended in constructing
analytic models of the reconnection oscillatory aspect related to the MHD waves, the
pioneering works of Criag and McLymont 1991; Richard and Titov 1996; McLaughlin
and Hood 2005; Craig et al. 2005 and McLaughlin et al. 2009.

Since the discovery of quasi-periodic propagating oscillations with non-regular periods
of order 2 to 10 minutes and damping times of several tens of minutes in radio, optical
and X-ray emission of solar flare like reconnections (Kliem et al. 2000; Ofman and Sui
2006; Inglis and Nakarikov 2009), they have almost interpreted as evidence for
propagating magnetoacoustic waves.

Ofman et al. (1991) investigated the viscoresistive MHD equations and found that the
beams in the vicinity of current layers can lead to the onset of Kelvin-Helmholtz
instability and to overstable (i.e. oscillating) modes.

Hasam (1992) and Ofman et al. (1993 and 1994) have also investigated the normal
mode solutions for both m=0 and M # 0 modes with resistivity and viscous effect
included. Craig et al. (2005) demonstrated that viscosity can indeed have a profound
effect on the dynamics of magnetic reconnection. They point out that viscosity can
dissipate not only the kinetic energy but also a significant fraction of magnetic energy.
So the free magnetic energy is dissipated by oscillatory reconnection.

Recently, an example of oscillatory reconnection was detailed by Murray et al. (2008),
they found that a series of reconnection reversals (or oscillatory behavior) takes place,

during each burst the gas pressure gradient in reconnection site must be balanced by
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Lorentz force, the Lorentz force is generated by the combined force of the magnetic
pressure gradient acting towards the magnetically depleted current sheet and the
magnetic tension force pulling the curved fieldlines away from the current sheet and

reversals.

2. Hinode Observations

2-1 Data reduction and Image processing.

The Hinode SOT (SOT is poised to address many fundamental questions about solar
magneto-hydrodynamics) data taken above the solar limb have been used to study the
dynamical nature of the cool jets. HCall data used in this study are from the Broadband
Filter Imager (BFI) of SOT and the Ha data are from the Narrowband Filter Imager
(NFT) (Tsuneta et al. 2008).

The observations were performed in continuous fashion over several minute with

different cadence of 20 sec at the diffraction limited resolution of 4 or 0”.16 (120km)
D

using a 0”.054 pixel size on filtergrams of the HCall line and approximately two times
worse for Ha (Tsuneta et al. 2008): the spatial resolution with the diffraction limit is

now 0”.33 (250km) and the scale is 0”.08/pixel (see Figure 1).



VWA gl YY-TY ol b pole  JuoSS Mass Kol (PO (9 Lﬁl.o.&b.)/.f e 5L

HINODE SOT/WB B—Jul-2007 01:28:53.211 UT
R v T 7 ] T T T ] T 7T

HINCDE 50T/NB B-Jul-2007 01:28:24.464 UT

900 950 1000
X {ane

Figure 1. Negative HCall and Ho images showing a typical cool jet; the
simultaneously obtained Ha image is shown inserted in the Ca line Image; times are

shown in UT (left vertical thin line is due to the CCD two parts).

The size of all images which were used here is 1024x512 pixels® (Hinode read out only
the central pixels of the detector to keep the high cadence within the telemetry
restrictions) thus covering an area of (FOV) 111”x56".

The Hinode SOT data were calibrated with standard ‘fg prep’ of the SSW software
(Shimizu et al. 2008).

A superior spatial image processing for line-like or aligned features is obtained using
the mad-max algorithm (Koutchmy & 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. The
behavior of the mad-max qualitatively resembles the second derivative, but the strong
selection for the direction of the maximum variation substantially enhances line-like

structure. It appears to reduce blending between crossing threads superposed along the
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line of sight. The algorithm, as originally proposed, samples the second derivative in
eight directions, but the directional variation of the second derivative was generalized
to a smooth function with a selectable pass band spatial scale for this work (for more
details see the November & Koutchmy 1996).

Spatial filtering using “mad-max” algorithms clearly shows relatively bright radial

threads in the chromosphere as fine as the resolution limit of about 120 km.

2-2 Event Description

The brightening of several loop system at the edge of a sunspot was observed by SOT
for about two-three hours on 2007 July 08, between about 00:34 and 03:11 UT. The
dynamic evolution described in the following lasted about one hour, ending at 02:05
UT.

Figure 2 & 3 show snapshots outlining the main feature of the jet in both HCall and Ha
lines simultaneously, at about 01:14 UT, when the jet spine part becomes visible. The
red dashed lines denotes the average axis of the jet (including the interchange space)
and the double short blue lines show two different heights with distance of 3 Mm,
which henceforth are denoted as layer I & II and indicate the location on the jet where
its transversal displacement is further analyzed.

At about 01:25 UT, the jet becomes more dynamic and it seems that two or three null
points appear close to each other. They appear to have different brightness and
collectively exhibit a small scale anemone jet-like shape as defined by Shibata, or an
Eiffel tower shape as defined by others.

The observation suggests that the dynamic phenomena were caused by the interaction
of newly emerging flux in the arcade like field near the active region. The long-lived
phenomenon concentrates in the vicinity of the sunspot, which would have multiple 3D
null points during the event. The jet-like event emerged as a brightening propagating

along the spine and the slingshot behavior is clearly seen in figure 7; it can be
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understood by means of models of magnetic reconnection between small emerging
bipole.

This whip-like motion with brightening also include a small amplitude transversal
oscillation which maybe related by means of magneto acoustic wave similar to a

propagating kink or an Alfven wave.

Figure 2. Selected snapshots of negative and mad-maxed images from the SOT
(Hinode) broadband HCall filter observations (10x25 arcsec?) at different times (01:14
to 2:14 UT). The spine axis (includes interchange space) are denoted by dashed red

line. Blue line is plotted at upper of reconnection site position in all images to outline
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the oscillatory transverse motion and displacement of its central part. See the text for

details.

The XRT images presented in this study (fig. 2) are take with the Ti-poly filter and

have field of view (FOV) of 512"x512", the spatial resolution is around 2"

(1".032  pixel™

).

The Hinode XRT data were also calibrated with standard ‘xrt_prep’ software (Shimizu

et al. 2008).

Figure 3. Negative

March 2009.
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3. Basic equations and simulation method
We solve the time dependent viscoresistive MHD equations on a rectangular bounded
two-dimensional domain (Gunzburger and Trenchea 2005). With these assumptions the

basic dimensionless form of equations for a viscous incompressible resistive fluid:

OV +V.VV — W2 + VP + SV(%Bz)—S(B.V)B =0,
0,B+(V.V)B—(BV) +7VxVxB =0,

divv =0, divB =0,
V=0, Bn=0 and curlB=0 at boundary.

Where V is the plasma velocity, B the Magnetic induction (usually called the magnetic

field), P is the plasma pressure, all variables are normalized by asymptotic Alfven

0

velocity V, = of the configuration at t=0 and g, =47 x107 Hm™'

(,uopo)E

magnetic permeability, time is measured in units of the Alfven time 7, = — and | is
A

the typical length of current layer half-width. 7 is the magnetic diffusivity and
normalized by ,IV,, then the magnetic Reynolds number (Lundquist number) is

givenby R = 7771 (it is a measure of the strength of the coupling between the flow and

1

magnetic field) and the Reynolds number R, =0~ (where v is the scalar kinetic

o Ha : . .
viscosity), S = R R (where Ha is the Hartman number and representing the ratio of
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magnetic to viscous diffusion forces), we take the equilibrium density to be uniform,
i.e. p=p,. Note that the scalar classical viscous term used here is not the most
appropriate for solar corona, the viscosity should takes a non-isotropic tensor (Craig
2008).

Let us now introduce the vector potential A, can be written B =V x A, and in two

dimensions we have A = (0,0, A,) . Thus we have
B=VAxe, =(-0,A,,-0,A,.,0)
For an initial equilibrium potential field of the form B, =(y,X) in Cartesian

coordinate, we have
1 2 2
A ===y,

The uniform boundaries are closed X, y and for convergence checking has been carried

out by looking at normalized difference in successive iterates in a domain with

(64)° gridpoints.

4. Results and Discussion
In this section, we describe our numeric results and compare them with the XRT and
SOT observations. Figure 4 shows the field line topology (green) at a stage of X-null
point formation, and the background contours of absolute value of velocity are shown
in red.
The axis motions above the reconnection site across the oblique blue line was shown in

time-slice diagram in figure 5.
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Figure 4. The magnetic field lines (green) near the reconnection site and the absolute

value of Velocity[\/| .

The axis motions above the reconnection site across the oblique blue line was shown in

time-slice diagram in figure 5.
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Figure 5.

This figure demonstrates quasi-periodic oscillatory behavior which related to the

viscosity effects. Left panels (fig. 5-a) shows the behavior of the jet axis perturbation
when R, = 10° and R, =10* (or v =0.001 and 77 = 0.0001). The red crosses show
the exact position of jet axis, if the resistivity is increased (R, =R, = 10°) the
oscillatory aspect will be appearing (fig. 5-b) and it was clearly seen in the right panel
(fig. 5-c) for R, =10 andR, =10.

The oscillation and decay disturbance of total energy (magnetic and kinetic) for the

cases corresponding to the figure 5 was plotted in figure 6 respectively.
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Figure 6. Energy fluctuations for different values of Reynolds numbers ratio, vertical

axes show the value of the global energies (E) respect to the initial equilibrium (E,),

horizontal axes are time in the Alfvenic time-scaleT (7).

The results show that the integrated energy changing for the MHD fluid is dependence

R
to the ratio of the Reynolds numbers, when this ratio R—mis large (>>1), we see a

e
rapid decay in the integrated energy (fig. 6-c), and by increasing in this ratio a typical
oscillation will be occur and the decay time is slower (fig. 6-a & b).

Figure 7 is time/slice diagrams which show two temporal sequences of displacements
corresponding to the axis of the jet (across the blue line in figure 4). In this diagnostic
diagram we find that points on the jet spine axis oscillate transversally with time; in
addition the average transverse motion around the central longitudinal spine axis show
a whip-like motion from left-to-right in both layers, but XRT data we could not find

any displacement of jet axis.

T
? TN
‘WM &Y
!

Time (min)

Figure 7- “Time slice” images in Ca H II line, produced using Hinode observations.
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5. Conclusions

We find oscillatory reconnection in the adopting simulation and present Hinode SOT
and XRT observations of solar atmospheric two layers: (i) chromospheric which was
seen in cool Ca IT H line and (ii) coronal hole region in X-ray hot emission line.

The x-ray jet in corona does not show any oscillation along the spine axis of jet or
intensity flux, the spine is moving like as whip-like motions from left to right (Filippov
et al. 2009), and seems it’s damping is monotonic decay. This monotonically damping
confirms with our simulation results for corona condition where the Reynolds numbers
ratio is much greater than one (fig. 6-c).

For chromospheric dense and cool jet, displacement of ejected plasma flow is seen in

fig. 7, this time-slice diagram shows quasi-periodic oscillation, this oscillatory behavior

R
was predicted by the simulation result for R—m << 1 (fig. 6-a) and for this condition the

e
energy damping shows a slowly decaying.

We know that the azimuthally symmetric (m=0) modes are the only modes associated
with topological reconnection and it is shown that reconnection can only occur in the
case of purely radial disturbances and allows a finite current parallel to the spine at the
neutral point (Craig & Watson 1992).

From the analysis by Rickard & Titov (1996) it is clear that the m=1 mode (current
accumulation in separator plane) is the most likely mode to naturally occur for the
axisymmetric single null point. There are two ways to generate this mode, tilting and as
a result in current accumulation in the separator plane for a time interval that is related
to the transient time of the driver, but for the double nullpoint it is only possible to

perturb each null with a pure m=1 mode by perturbing the spine axis.
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From theoretical interpretation point of view for non-reconnective modes (m>0)
include the scalar fluid viscosity, the fundamental oscillation period T(7,) = E|ln Rm|

(Hasam 1992; Craig and Mclymont 1991), and therefore, the Alfvenic time scale as 3 s
for corona and about of ten times more for chromosphere layer. And we know that the

dissipation rate depends to the magnitude of the dissipative coefficient, thus for

R, <R, the problem is dominated by |1n Rm|, and for R, <R, it is dominated by
InR,|.

Craig et al. (2005) show that viscous and resistive terms are capable of balancing the
Lorentz force and advection, respectively. So the Lorentz force acting on the plasma
can be diminished by viscosity and the global decay is restricted by the damping of
magnetic field energy on the resistive time scale, our results confirm with this
statement.

We rewrite the equation of motion as

poV =-VP+JIxB+F

visc
We neglect gravity, which is exactly zero when we consider the horizontal pressure

balance. The right hand side can be written as

2
~V(P +B_)+L(B‘V)B + pv(VV +1V(V.\/))
87" 4r 3

direction of first term at the reconnection phase towards to the origin of reconnection,
where the magnetically depleted magnetic tension (second term) and viscosity force

directions toward to the outside of diffusion region.

When R, >> R, (or 7 <<v), the last terms of this equation is increased dramatically,

so the balancing between the tension force and the gradient of total pressure is
disestablished suddenly, and leads to the fast burst to the outward of diffusion region.
This condition could reverse when the viscosity coefficient is not very large, when the

n = v evidently provides a transition between the regimes of oscillatory and fast
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1
decay. Almost the diffusion skin depth defined as= 77?2, then forn >> v, after the first

burst, the total pressure and tension force could be balanced again at the boundaries and
the tension force will be marginally larger again, and the newly reconnected is
reversed.

However, further work is needed and the new SDO mission data could help to develop

and generalize the model.
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The Equilibrium Structure of Prolate Magnetized Molecular Cores with Polytropic
Equation of State

Mohsen Nejad-Asghar and Elham Ghahremani

Department of Physics, Universiy of Mazandaran, Babolsar, Iran

The structure of molecular cloud cores supported by thermal pressure and a poloidal magnetic
field is reinvestigated in the magnetohydrostatic and axisymmetric approximation with polytropic
equation of state. We adopt a reference state consisting of a uniform sphere threaded by the uniform
background field, then the effects of polytropic index on core shapes are investigated. The results
show that the polytropic equation of state implies more molecular cloud cores appear in the oblate

configuration.
PACS numbers: 98.38.Dq

I. INTRODUCTION

The study of dense molecular cloud cores are of
paramount interest because they are the sites where stars
form (see, e.g., [1,2], for reviews). In situations where
other physical effects in comparison with gravity and
thermal pressure can be neglected, these cores have been
modeled as isothermal spheres in hydrostatic equilibrium
bounded by an external pressure, known as Bonnor-Ebert
spheres. For some objects, such a model offers remark-
able agreement with observation [3-7]. However, sur-
veys of large samples of dense cores in dark clouds re-
veal that spherically symmetric cores are the exceptions
rather than the rule. The projected aspect ratios can sig-
nificantly differ from unity, making the intrinsic geometry
even more elongated [8,9]. If we assume these cores are
axisymmetric and are randomly oriented in the sky, sta-
tistical analysis suggests many of them are prolate [8,10].
On the other hand, oblate shapes may fit better with the
observed distribution of shapes for intrinsically triaxial
cores [11,12].

The formation of prolate cores presents certain theoret-
ical challenges. If the formation history of these cores is
dominated by quasi-static contraction regulated by am-
bipolar diffusion, the resulting geometry is a sequence of
oblate spheroids [13-16]. This is a natural outcome since
matter can contract freely along the field lines, but must
overcome the additional magnetic pressure and tension
perpendicular to them. The inclusion of rotation pro-
duces even flatter morphologies, but there is little obser-
vational evidence supporting the view that rotation is im-
portant for cores [17]. A helical magnetic field was used
by [18] and [19] to explain the prolate cores to produce a
large range of aspect ratios consistent with observation.
Here, the hoop stress generated by the toroidal field com-
ponent facilitates the confinement of matter toward the
axis. However, the presence of toroidal fields requires a
current flowing along the symmetry axis, which is diffi-
cult for astrophysical systems to realize. We note that

[20] were able to obtain both prolate and oblate cores
with only a poloidal field by specifying the shape of the
core and solving for the mass-to-flux ratio after an equi-
librium had been found. In this case, the mass-to-flux
ratios are distinct for the two types of cores. Recently,
the structure of molecular cloud cores supported by ther-
mal pressure and a poloidal magnetic field has been rein-
vestigated in the magnetohydrostatic and axisymmetric
approximation by [21]. The solutions for prolate config-
urations were found to be relevant for the lower masses
than for their oblate counterparts.

In this research, we develop the work of [21] to reexam-
ine the structure of molecular cloud cores, but with poly-
tropic equation of state. We want to investigate the effect
of polytropic index on the structure of molecular cloud
cores. The finding of this work can be used for interpret-
ing the morphology of pre-stellar cores. The theoretical
framework including the assumptions and equations of
the model are described in §2. The method of solution
and the numerical results are presented in section 3.

II. FORMULATION OF PROBLEM

For mathematical tractability, the figures of equilib-
rium are restricted to be axisymmetric and described in
cylindrical coordinates (w, z). Consider a cloud core de-
scribed by an polytropic equation of state P = Kp” |,
where P, p, and « are the pressure, density, and poly-
tropic index, respectively. Let this cloud be embedded in
an environment characterized by a large scale background
magnetic field By = BpZ and an external pressure Pe.;.
Pressure equilibrium requires the cloud to have density
po = (P.yt/K)'7 on its surface. From these parameters,
along with the gravitational constant, G, the units of
length, density, pressure, gravitational potential, mass,
magnetic field, an magnetic flux are taken as

/ K
— o y—1
lo = 47'(Gp(2)_’y7 P0, Pe£t7 Kp() )
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My = 4npold, By, ®o=27wBolZ,

respectively. For typical isothermal cores with v = 1,
if we take K = 0.04, P,y = 107'2dyne cm~2, and
By = 20uG, then Iy = 0.14pc, pp = 1.5 x 103mpyem 3,
My = 1.3Mg, and ®; = 2.5uGpc?, where my is the
mass of a hydrogen atom. In these units, the magneto-
hydrostatic equilibria are governed by Poisson’s equation
for the gravitational potential, V, as

VAV =p, (1)
the divergence free condition of the magnetic field

V.B =0, (2)
and the force equation

0= fﬁw* ~VV+(Bp) "V x B) x B, (3)
In the last equation, 0 = 47rpgK/BOQ. The other two
equations of magnetohydrodynamics (MHD), the conser-
vation equation, and induction equation are identically
satisfied for 9; = v = 0.

The divergence free condition on the magnetic field
can be satisfied using the flux function ® = [ B.e,wdw
(recall a factor of 2w has been absorbed into the unit
of flux). An axisymmetric and purely poloidal magnetic
field can be uniquely specified by the flux function as

B=w 'V® xe,. (4)

In this case, B is everywhere tangent to the contours
of . In terms of the flux function, the force equation
becomes

0= —v%pH — YV + (Bp) " V.(w 2VB)VE. (5)

The force equation can be projected along the magnetic
field to obtain B.Vh = 0, where
g -1

h=—1_/p7 V. 6

oy AL (6)

is the specific enthalpy. This implies that h(w, z) = h(D)

is a function of ® alone. The component of the force

equation perpendicular to the magnetic field, governs the

spatial distribution of field lines, and it can now be ma-

nipulated to read

V.(w 2V®) = —ﬁpji. (7)

To close the system of equations, we impose the integral
constraints that the mass in each flux tube is conserved,
and is given by

2() Ow dm

In the above equation, the z integral is performed over
constant ®, and dm/d® is the known differential mass-
to-flux ratio, obtainable from either observation or an
evolutionary calculation. The core surface, described by
Z(®), is a free internal surface of the problem. To deter-
mine the location of the core boundary and the specific
enthalpy, we note that h = ﬁ + V|.=z because p =1
on the surface. Once V is known, both h and Z can be
determined by solving the equation

Z($)
v—1 1 dw dm
—(h-V)rTw—dz = — 9

o Se-vEega=5 o

along each flux tube.

III. NUMERICAL METHOD AND RESULTS

Our numerical scheme for constructing solutions is an
iterative procedure similar to that of [13] and [22]. For
definiteness, we adopt a differential mass-to-flux ratio
corresponding to a reference state consisting of a uni-
form sphere threaded by the uniform background field.
If the total mass of the core is M., and total trapped flux
is @, then

dm _3M. [ @

dd 20, o,

(10)

This configuration was termed parent cloud, and serves as
the initial trial solution. Starting with the parent cloud,
h and Z(®) are computed from equation (9), which allows
a calculation of the source functions in equations (1) and
(7).

In the magnetically regulated star formation paradigm,
a key parameter is the total mass-to-flux ratio, A =
BY2M./®,. (or in conventional units\ = 27G/2M,/®..).
The supercritical clouds with A > 1 are capable of contin-
ued contraction leading to star formation, while the sub-
critical clouds with A < 1 are not. Through a process of
natural selection, modern day molecular clouds are most
likely to be in a marginally critical state [23]. Clouds with
A >> 1 would have collapsed to form stars, while those
with A << 1 would have evolved to the diffuse interstel-
lar medium. These theoretical arguments are consistent
with the finding of [24] who estimated A ~ 2 in the cores.
Thus, we argue that instead of fixing the total flux, as in
[13] and [22], a more convenient parametrization would
be to vary the total mass while maintaining an order
unity value of A.

The solution space is three dimensional, parameterized
by A, 8, and M.. However, for values of A € [0.1,7] and
M, < 20, the solution is approximately degenerate. With
a = \/BY? = M,/®, held fixed, varying 3 by two orders
of magnitude only introduces less than a 1% change to
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the equilibrium solutions, indicating the relative insensi-
tivity of the magnetic field strength in this parametriza-
tion. We shall thus use o and M, as our basic parameters
when discussing the numerical results.

Of primary interest in this study is the core shape. The
aspect ratio of the cores are illustrated in Fig. 1 versus
to M, for different values of the free parameter o and
polytropic index . Here, the aspect ratio is defined as
the ratio of the radial extent to the vertical extent of the
cloud core surface. An important feature to note is that o
for fixed «, there exists a critical mass M, below which
the core takes a prolate shape.

It can be seen that for v = 1 the prolate configurations
are restricted to low core masses, while for v = 7/5 the o1 N
core shape inclines to the oblate configuration. Physi- 0.01 0.1 1 10
cally, this inclination to oblate form is from increasing of log ,, (M)
thermal pressure, which arises from increasing of poly-
tropic index. Thus, the polytropic equation of state im- (a)
plies that more molecular cloud cores appear in the oblate
configuration.

10

(‘aspect ratio )

10

log

10 4 a=10
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Evidences to the Pulse Like Origin of Solar Spicules

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

We analyzed Hiode/SOT observations of limb spicules and showed that there are double spicules
which can be counted to the pulse like origin of them. We plotted length, height and the distance
between double spicules during time. The observed values are in well agreement with recent ob-
servations of type I spicules. The double structures may arise when the up going chromospheric
material produced by initial shock, coming back because of gravity while the second shock push up

the material.
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]. Although dou-
ble spicules were observed by many authors [5] and [6].
but there are still no existing mechanisms that can ex-
plain them. 7] have proposed the magnetic reconnection
as a possible mechanism of them. [8] by performing 2D
numerical simulations of MHD waves and show that the
2D rebound shock model can explain double spicules.
In this paper we will use Hinode/SOT observations in
H, line. The height, length and the distance between
two spicules will be plotted during time.

II. OBSERVATIONS AND IMAGE PROCESSING

We used a series of time sequence which were obtained
on 8 November 2007 around 15:49 to 16:01 UT with the
solar optical telescope (SOT) onboard Hinode. The spa-
tial resolution reaches 0.16 arc sec (120 km) and the pixel
size is 0.16 arc sec (~ 120 km) in the H, line (656.3 nm).
The images have a cadence of 16 seconds with an expo-
sure time of 0.3 seconds. We used the routines of ”fg-
prep”, ”fgrigidalign” and "madmax” to reduce the im-
ages spikes and jitter effect and to align time series and
to enhance the finest structures, respectively.

III. RESULTS AND DISCUSSION

We analyzed the Hinode observations and the results
are presented in FIG. 1. The white arrows show the
two parts of the studied spicule. These two parts are
presented in all time series and we may say that they are
related to a one spicule. Height, length and the distance
between them coincide with type I spicules.

B-Noy—2007 15:43:29.000 UT 8-Nov—2007 15:49:45.000 UT 8-Nov-2007 1550:01.000 UT 8—Nov—2007 15:50:18.600 UT
5 [ [ 5

ssssssssssssssssss

ur 8-Nov-2007 15:50:52.100 UT 8-Nov-2007 15.51:08.100 UT 8-Nov—2007 15.51:24.100 UT
s

ur 000 UT ur

2 //-' pas ’f'..'.
.7 2 1 L
o 1z 3 45 s

Xf(oesecs)  xf(owsses)  X(ocsses) X(orcsscs)

B-Noy—2007 15:52:43.900 ut 8—Nov—2007 15:53:31.800 UT
5

e

FIG. 1. 16 consecutive images of time sequence in H, line
(from left to right and top to bottom). The white arrows
show the two components of a spicule.

In Figs 2, 3 and 4 we plotted length and the mean dis-
tance between two spicule parts. The length of spicules
are 4-10 arc sec which are longer than the values ob-
served with Ca II H-line. The mean distance between
two spicule parts firstly grows slowly but at the end of
spicule lifetime it grows fast up to 6 arc sec. Their treat-
ments are more or less periodic but their variations have
very weak correlation with each other.

IV. CONCLUSION

We used high resolution time series images of Hin-
0ode/SOT in H, (656.3 nm) line. The double structures
lengths show quasi—periodic variation during time. They
change from 4-8 arc sec during 700 s. Mean distance
between two spicules also has quasi—periodic variations.
Both length and the mean distance between two spicules
observed in H, are higher than the values observed in Ca
IT H-line. Such structures may arise when the up going
chromospheric material produced by initial shock, com-
ing back because of gravity while the second shock push
up the material. So, we suggest that this is the first sig-
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FIG. 2. The left part length variations of the spicule in the
time sequence in Fig. 1 with time.

length of right part (arcsec)
~
1
mean distance between two spicules (arcsec)

—— 11—
0 100 200 300 400 500 600 700
time (s)

—————
0 100 200 300 400 500 600 700
time (s)

FIG. 4. The mean distance between two parts of the spicule

FIG. 3. The right part length variations of the spicule in
which is illustrated in Fig 1.

the time sequence in Fig. 1 with time.

nature of pulse like origin of double spicules.
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Gravitational Baryogenesis

Kh. Saaidi* and A. Aghmohammadit
Faculty of Science, Islamic Azad University,
Sanandaj Branch, Sanandaj, Iran

(Dated: April 5, 2011)

By using the interaction between derivative of Ricci scalar and baryon number current, a
mechanism for generating a baryon asymmetry is introduced in [5]. We investigated this mechanism
for a perfect cosmic fluid in the Bianchi type I universe. We find out the effect of anisotropy of
the universe on the baryon asymmetry for the case which the equation of state parameter, w, is

dependent to time.

Keywords: Baryon Asymmetry; Baryogenesis.

PACS numbers:

I. INTRODUCTIONS

Theoretical prediction of antimatter is one of the most
impressive discoveries of quantum field theory which
made by Paul Dirac about 80 years ago [1]. Some scien-
tist thought that "maybe there exists a completely new
universe made of antimatter” because they believe that
there is a symmetry between matter and antimatter. Our
present point of view on being symmetry between matter
and antimatter is very much different, even opposite. The
absence of v ray emission from matter- antimatter anni-
hilation [2] and the theory of Big Bang nucleosynthesis
[3], the measurements of cosmic microwave background
[4], indicate that there is more matter than antimatter
in the universe. So that, we sure that antimatter exists
but believe that there is an asymmetry between matter
and antimatter. The origin of the difference between the
number density of baryons and anti-baryons is still an
open problem in particle physics and cosmology. Obser-
vational results yield that the ratio of the baryon num-
ber to entropy density is approximately ny/s ~ 10710,
Similarly, in [5], a mechanism for baryon asymmetry was
proposed. They introduced an interaction between Ricci
scalar curvature and any current that leads to net B — L
charge in equilibrium (L is lepton number) which dy-
namically violates CPT symmetry in expanding Fried-
mann Robertson Walker (FRW) universe. The proposed
interaction shifts the energy of a baryon relative to an an-
tibaryon, giving rise to a non-zero baryon number den-
sity in thermal equilibrium. The author of [6] studied
the some mechanism of baryon asymmetry which was
proposed in [5] for the case which the equation of state
parameter of the universe, w, is dependent to time. Some
of another investigations about gravitational baryogene-
sis are done in [6], [7], [8], [9], [10], [11], [12].

In this paper, we study the gravitational baryogenesis

*Electronic address: ksaaidi@uok.ac.ir
TElectronic address: a.aghamohamadi@iausdg.ac.ir

in the Bianchi type I universe. We assume the universe
is filled with to components of perfect fluid and study
this model for different cases. We will study the effect of
anisotropy and interaction between two different compo-
nents of perfect fluid on R and consequently on gravita-
tional baryogenesis.

II. PRELIMINARY

The gravitational field in our model is given by a
Bianchi type I metric as

ds? = —dt? + A%dz® + B2dy? + C?d2?, (1)

where, the metric function, A, B, C, being the function
of time, t, only.

We assume the matter is perfect fluid, then the energy
momentum tensor is given by

T/w = (P + p)uuuu + P9uv, (2)
where u” is the four vector satisfying
u’u, = —1, (3)

and p is the total energy of a perfect fluid and p is the cor-
responding pressure. p and p are related by an equation
of state as

p=uwp. (4)

One can obtain the Einstein field equations form the BI
space time as

B ¢ BC
A C AC
snp = —5 — 5 - 28, )
B A AB
SWGp:_E_Z_E7 (7)
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AB  A¢  BC
S7Gr="5* a0t Bo (8)

where G is the Newtonian gravitational constant and
over-dot means differentiation with respect to ¢. Using
Egs. (5-8), we can obtain the Hubble parameter as

H:EF)—lA B C a

=3t et ®)
2 1 2
H :§(871'Gp+0 )s

H=—41G(p+p) — o2,

o+ 060 =0,

where a = (ABC)3 is the scale factor, and o2 =
1/20;j0" in which o3; = u;; + 5 (uspuu; + ujpuPu;) +
£0(gij + wiu;) is the shear tensor, which describes the
rate of distortion of the matter flow, and 6 = u?j is the
scalar expansion . The equation of state paranfeter, w,
can be expressed in terms of the Hubble parameter and
shear tensor as

2(H + o?)
We obtain the Ricci scalar as
R =3H*(1 - 3w) + o*(3w — 1). (14)

By derivating of R and use of Eq. (11) and (12), it is
shown that

V3 3 .
R:W(l—i—w)(i’;w—1)pw/p—|—02M§—pr7

where, M, ~ 1.22 * 10'°Gev is the Planck mass. If the
space time will be isotropic, o = 0, Eq. (15) reduce to the
result of [6]. Also, if w = 0, only the first term reminds
and it is zero at w = 1/3 and at w = —1. Therefore
by taking into account w, we have baryon asymmetry at
w=1/3 and at w = —1, because R #0

p o= 3p0a+nr) V3PPt Mo

— X
M2(T+r) M3 (1+7)

+7

2
3p [ (ym —7va)T'1 4+ Tar) n V3r(m — ) P+ Mio?

III. PERFECT FLUID WITH INTERACTION.

In the following we consider our study with universe
dominated by two interacting perfect fluids with equation
of states as

Pa = 7apd,
Pm = PmTYm-

We assume that the conservation relation of energy for
these two components are

pa + 0(pa +pa) = T1pa + Topm,
pm + 0(pm +pm) = —T1pa — T2pm.

where I'1 pg + I'2p,, is the source term of interaction and
I'y and I'; may be time dependent [14], [15], [16], [17],
[18]. Although Eq. (18), and (19) do not satisfy the
conservation equation, but we have

p+6(1+w)p=0. (20)
Here p = p4 + pm and p = pg + pm and
Yd + YmT
= 21
“ 147 1)
where 7 = pp,/pa. Using Eqgs. (16-20), we obtain
oo Jatmm (=) T+ rTe) ) (Ym = 7a)r
1+7r 1+7r (1+7r)2
(22)

From the third term of Eq. (22), it is seen that even
for constant equation of state, w varies with time. This
is due to that the universe is supposed to be filled of
components with different equation of state parameters.
Substituting Eq. (22) into Eq. (15), give

(1 + ) (1 = 37m)r* +2(1 — Ym — Ya — 3¥mya)7 + (1 — 372) (1 + 7a)

M2 1+7) M,(1+r)2

We want to check this result for some components.

(23)

ponents correspond to radiation.

A. Radiation Dominant

In this subsection we suppose one of the fluid com-
To do this, we take
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Ym = 1/3 so that 7;, = 0 and therefore Eq. (23) reduces
to

Pd

. V3 307,
- Vo 4 M262(1 ) 2Prd
R M3+ p+ Mpo?(149a)(37a—1) MZ(1+7)

p (1 —=3va)(I'1 +ar)

Mg 1+7r

; (24)

choosing, T'y = A0 and Ty = X\af, Ay, Ao € R [15], [16],
[17],[18] and one can achieve as

: V3 3pYa
R=—Y° /ot M262(1 3yg—1)——Pd
M3+’ p+ Mpo(147a)(37a—1) MZ(1+7)

p0 (1 —3v4a) (A1 + Aar)

Mg 1+r

: (25)

We assume that the other components which fill the uni-
verse, is a massive scalar field of mass m, with a time
dependent equation of state parameter interacting with
radiation. The time dependent equation of state param-
eter of the massive scalar field as an universe anisotropic
universe is define as

P 107 =V(9)

pa 5¢* + V(o)

Where V(¢) = (1/2)m?¢?.  The interaction between

scalar field and radiation is given by Eq. (18), and (19)

with v, = 1/3. By defined z = (1 — v4)pq/2 and us-

ing 2 = mpgy/1 — ~3, which was defined in [19], we can
obtain

(26)

Ya = —2my/1 =7 +0(1—7a)[M +7A2 — (1+7a)]. (27)

At last by substituting Eq. (27) into Eq. (25), we get

_ 6my/1—~2 2/3

R=

(28)
For the scalar field dominant, which is equivalent with,
r — 0, we have

7 76mp\/1f’y§+2\/§
o gt

p+ M2o2(v4 — A1+ 1).

(29)
For the case that ¢2 > m?¢? (¢2 < m2¢?) we have
~va = 1(—1) so that v4 = 0 therefore we have

23

Ry = Wp p+M22(2 - ), (30)

or

2V/3

o+ M202(1q= M —rAg+1).
M2(tr) MRt VAT (a=A1=rAz+1)

Eq.(31) shows that if there is no interaction source term
with dark matter, i.e. T; = 0, then R, =~ 0 and in this
case there is no any gravitational source for asymmetry
in baryon number. On the other hand for the radiation
dominant, i.e., 7 — oo we obtain

Rp = —2M£PR PR+ MZ2o? X,

3 (32)
P
we see that, R # 0 if Ay # 0. It is seen that isotropic
universe, 0 = 0, Eq. (32) reduce to the result which is
obtained in [6]. We can obtain pr as a function of equi-
librium temeperatur, 7. The radiation energy density is

related to the T as [12], [13].
pr = KT, (33)

where Kp is proportional to the total number of effec-
tively degree of freedom. So we have

2v3
—VSKRT‘*)\Q, /KRrT + M202.

IV. GRAVITATIONAL BARYOGENESIS IN
ANISOTROPIC UNIVERSE

Rp = (34)

The author of [5] introduced a mechanism to generate
baryon asymmetry. Their mechanism is based on an in-
teraction between the derivative of the Ricci scalar and
the baryon number current, J#, as

€

e / d*z\/—g(0,R)J";

where M, is a cut off characterizing the scale of the en-
ergy in the effective theory and ¢ = +1. This interaction
violate CP. The baryon number density in the thermal
equilibrium, has been worked out in detail in [5]. It lead
to

(35)

@T? (Tup | pB,
My =Nnp—Np = g < T + (?) ) (36)
where pp is a chemical potential and pup = —pug =

feR/Mf and g, ~ 1 is the number of internal degrees
of freedom of baryons. According to [12], the entropy
density of the universe is given by S = (272/45)g,T?,
where gs ~ 106. The ratio n/S in the limit T > my
and T > py is given by

ne 159, R

= —€ _

S 472 g, MET|TD’
where T'p is called the decoupled temperature and in the
expanding universe the baryon number violation decou-
ples at the Tp temperature. Therefore the baryon asym-
metry in terms of temperature can be determined from

Eq. (34) and (37) as

5
o g 5220070
S a? M

where o = M, /M,,.

(37)

A2 gpo?

0.0 —————
O, Ty

(38)
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V. CONCLUSION

The main purpose of the present work has been to ex-
plore the consequences of using the anisotropy of metric,
(1), as input in Einstein’ s equation, assuming that the
cosmic fluid is endowed with a perfect fluid. The expres-
sion for the energy-momentum tensor 7}, is given in (2).
The cosmological constant A has been set equal to zero.
We have obtained the following result, for our studies.

1. We show that the universe which dominated by two
interacting perfect fluids has a curvature that var-
ied with time and the effect of anisotropic space
time is remarkable.

2. We have obtained R for radiation dominant regime
and the effect of anisotropy of space time obviously
is seen in it.

3. We assume one of the components which fill the
universe, is a massive scalar field. We have shown
that the effect of shear tensor in R is notable and
also for scalar field dominant and for the case which
kinetic term is negligible with respect to potential
term, have obtained R = f(pgr,o)A1. This result
shows that in this case, if I'y = 0, there is no any
gravitational source for asymmetry in baryon num-

ber.

4. We have studied the gravitational baryogenesis in
anisotropic universe and have obtained the quan-
tity ny /s for some typical example. We have shown
that the baryon asymmetry in anisotropic universe
is larger than the baryon asymmetry in Friedmann
Robertson Walker (FRW) space time.
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Cyclic universe with new agegraphic dark energy
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Department of Physics, Faculty of Science,
University of Kurdistan, Sanandaj, Iran

(Dated: March 14, 2011)

In this work, new agegraphic dark energy in the cyclic universe has investigated. Our main goal is
considering this model in the high energy regime. Since, cyclic universe is explained by a phantom
phase (w < —1), it is shown when there is no interaction between matter and dark energy, new
agegraphic dark energy can not produce a phantom phase, so it can not describe cyclic universe.
Therefore, we study interacting models of new agegraphic dark energy. We find out that, in the
high energy regime, which it is a necessary part of cyclic universe evolution, agegraphic dark energy
can not create a phantom phase, but in special case, new agegraphic dark energy can describe this

phantom phase era for cyclic universe.

PACS numbers:

I. INTRODUCTIONS

Recent cosmological and Astrophysical observations
indicate that our universe is in accelerate expansion
phase. For instance these observations such as super-
novae type Ia observational data [1] and Wilkinson Mi-
crowave Anisotropic Probe (WMAP) [2] imply that the
universe is undergoing a period of accelerated expansion
as a result of dark energy component with negative pres-
sure. Whereas normal matter can not give rise to acceler-
ated expansion of the universe, these observations lead to
a vigorous search using for unusual form of matter which
it is called dark energy [3].

The theoretical and experimental analysis suggest that
the universe consist of %73 dark energy, %23 cold dark
matter (CDM), and remanent matter is baryons [4]. Un-
fortunately the nature and origin of dark energy are am-
biguous up to now, but people have proposed some can-
didates to describe dark energy. Amongst the various
candidates of dark energy to describe accelerated expan-
sion of the universe, cosmological constant (vacuum en-
ergy), A, with equation of state (EoS) w = —1 is located
in central position. However, as it is well known, the cos-
mological constant proposal has two famous problems,
fine-tuning problem and the cosmic coincidence problem
[5]. Most of dark energy models suggest that dark en-
ergy component can treat as scalar field with dynamical
EoS. In this scenario the evolution of the field is very
slow, so that kinetic energy density is less than the po-
tential energy density, and this give us a negative pres-
sure, responsible to the cosmic acceleration [6]. Some of
scalar field models are as chameleon field [7], quintessence
(Q-field) [8], tachyon field [9], K-essence [10] (associated
with earlier work of K-inflation [11]), dilatonic ghost con-
densate field [12], quintom field [13] (where it is a mix-

*Electronic address: ksaaidi@uok.ac.ir
TElectronic address: h.sh.ahmadi@uok.ac.ir

ture of Q-field and phantom field [14]) and so on. In
the phantom field scenario, the parameter of EoS is as
w < —1, due to existence of a negative kinetic energy
density of scalar field. It is well known that the phantom
dark energy model suffers from two kind of problems,
”Big Bang” singularity and ”Big Rip” singularity, where
big bang is related to initial epoch of universe and big
rip is related to a finite future singularity. So far, sev-
eral proposal have been introduced to avoid these two
singularity, which mentioned above. For instance, cyclic
universe or oscillating universe are an attractive ideas to
avoid these two singularities by providing an infinitely
oscillating universe [15]. In the cyclic universe scenario,
where is based on the phantom dark energy model, the
universe oscillates through a series of expansion and con-
traction. Universe in this scenario has a very high energy
density at the beginning an ending of the expansion, so
quantum gravity can not be ignored in these stages [16].
This evolution can be result from the modified Fried-
mann equation in the loop quantum cosmology (LQC).
In LQC, the Friedmann equation has been modified to

P P
H2:<1—), (1)

3m2 Pe
where H is the Hubble parameter, mf, is the reduced
planck mass (m2 = g2 = 2.44 x 10'8GeV), p is the to-

tal of energy density, p. is the critical energy density as
Pe = 4\@7_31712 = 0.82p,, where p, = 2.22 x 107°GeV,
and 7y is the dimensionless Barbero-Immirizi parameter
[17]. We notice, this correction can solve the singularity
problems as follow, when the dark energy density reaches
the critical density, the universe reaches the maximum
that is called ”turnaround point”, and when matter den-
sity reaches the critical density, universe arrives at small-
est size, then we have a bounce there [18]. We emphasize
the idea of cyclic universe was first introduced by Tolman
[19].

An interesting attempt for probing the nature of dark
energy, in the framework of quantum gravity, is the holo-
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graphic dark energy (HDE) . In the HDE model, dark
energy is a dynamical evolving vacuum energy density
that can satisfy the phantom behavior. Authors of [20]
have investigated the cyclic universe by HDE (and some
interesting work about HDE have been done [21-23]).
Another attractive model to describe the nature of dark
energy, within the framework of a fundamental theory
originating from some considerations of the feature of
quantum gravity theory, is called agegraphic dark en-
ergy (ADE) model [24]. The ADE assumes that the dark
energy comes from the universe components fluctuation
such as space-time and matter fluctuation (for further
discussion we refer the reader to [25, 26]). In this model,
the age of universe is taken as the length measure instead
of the horizon distance, therefore the causality problem
which appears in the HDE model can be avoided. The
ADE model suffers from the difficulty to describe the
matter dominant epoch. The authors of [27] have intro-
duced a new mechanism to overcome that problem, which
it is called new agegraphic dark energy (NADE) model,
and its energy density is defined by px = 3n®m2n~2,
where 3n? is introduced to parameterized some uncer-
tainties and 7 is conformal time and can be written as

¢ da
B /0 a*H’

where a is scale factor and H is well-known as Hubble
parameter. Cyclic model of universe, due to avoiding sin-
gularity, and ADE and NADE, due to estimating a good
approximate of dark energy value and solving causality
problem of HDE, have received a lot of interest. These
attractive features have motivated us to investigate ADE
and NADE in the cyclic universe and consider its results.

The plan of paper is as following: In section 2, we
consider ADE and NADE in the high energy regime. It
is shown when there is no interaction between matter
and dark energy, both of these models can not explain
phantom phase, so we study the interacting model of
ADE and NADE in high energy regime. In section 3, we
summarized our result.

II. HIGH ENERGY REGIME

In this section we focus on the high energy regime.
In this stage the quadratic term of energy density on the
right hand side of Friedmann equation can not be ignored
longer, this term can play a very impressive role in the
evolution of universe. The modified Friedmann equation
is as

3H2p< ”>, 2)

Pe

in this regime, dark energy is dominated, and above equa-
tion can be rewritten as

3H2sz<1—Zf>, (3)

so, according to this relation the parameter of dark en-
ergy may be estimated as

Pe
O o~ e 4
A Pec — PA ( )

QE\ is always larger than one, and it can be very large
when the universe approaches to the turnaround point.
However, Qﬁ\ can not be infinite because we have p,, in
this regime ,although this term is very small. This small
value of p,, does not allow pp to reach the exact value of
Pe, then the presence of p,, can prevent the infinite value
of Q4.

In the first step we assume that there is no interaction
between pp and p,,. So, from conservation equation of
dark energy and supposing agegraphic dark energy as
component of dark energy, wy is obtained as

2
wA:*1+% Q'j\ (5)

Since the second term on the right hand side of this re-
lation is always positive, wy never can be smaller than
—1. For cyclic universe we need phantom model of dark
energy in the late time, because phantom energy density
is getting larger with increasing scale factor, and causes
the total energy density reaches the critical energy den-
sity, p.. Therefore, because wy can not be smaller than
—1, it seems agegraphic model and cyclic universe are
not compatible.

Indeed if we use new agegraphic dark energy as compo-
nent of dark energy, the parameter of EoS is expressed
as

: (6)

as we see, the new agegraphic model can not behaves like
phantom in the high energy regime, so it is not compat-
ible with cyclic universe.

A. Interacting ADE and NADE

An alternative way, which may solve this problem, is
the assumption of presence of interaction between pp and
Pm- With this assumption the conservation equations can
be rearrange as

pm +3H(1 +w'm)p7n = Q (7)
pa+3H(1+wp)ps =
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where @ indicate interaction. @ is taken as QQ = I'pj,
with I' > 0, which means there is transfer of energy from
pA t0 pm [28]. We take Q as Q = 3b>H (1 + r)py, where
= Lm,
PA

First, we take ADE as the component of dark energy.
With the help of conservation relation (7), we obtain wp
as

2 i 2
wA:—1—|—3—n\/QA—b(1—|—7‘). (9)

QE\ is always larger than one, and it become very large
at turnaround point, so for having wy < —1, we should

have b2(1 +7r) > 2 331 This predicts a large value for
coupling constant b. Since b is a constant, it should be
as same as low energy. If we study another papers, such
as [30, 31], the obtained value for b is very small, so it
is incompatible. Now, we take NADE as p,, because we
use conformal time, 7, instead of T, scale factor appear

in our relation, namely

2
=14 —1/Q% — b1 +7). 1
wn =14 [ — A +0). (1)
To have wp < —1, the coupling constant b should obey
following relation

(11)

here, r has been ignored because of p,, < pp. If QE\
be in order of a?, we may obtain a convenient value for
b in order it could give us phantom dark energy in this
regime.

Now, we want to obtain differential equation for QE\ In
the NADE, p, is given as

3n?2
pA=—5-
02

From the definition of dark energy density parameter,

(12)

namely QE\ = 7=, The differential equation for QE\ is
acquired as
; A
B _ i
Q) = 29} 7 + ol (13)

where prime denote derivative with respect to N = Ina.
Taking the time derivative of modified Friedmann equa-
tion, and substituting that in the above equation, we
obtain

% _ _73 ((1 + ) U+ (14 “’A)QHA) (1 - Z) ’
(14)

since, in the high energy regime, QF can be ignored
against to QB\, therefore one can estimate

H -3 2p
3~ 5 (1 +wa) (1 - pc) : (15)
i
(for driving above equation we have used H _ 2 21 ,
Pe 304

see ref.[32]). The differential equation, which governs the
NADE evolution of universe in high energy regime, can
be attained as

\/Qh 1
o = 291{ — (@) — 1) - 3 (L+ 1) (50 - 1)}

(16)
If QE\ be in order of a®, where a < 2, equation (11) can
be valid in good approximate. Now suppose QB\ is in
order of a?, for instance QE\ = aa®. From equation (11)

/ot
we have % — %bZ(l +7r) = —y < 0. Since QE\ should
be positive to indicate increasing in time, we arrive at

v > n(T\/’iz) + % In this area, scale factor is very large,

so the first term on the right hand side is very small, in
which we take v = 2 as a example. Therefore one can

obtain b% = % (@ — 2). Note that b2 is always positive.

If we chose the value of [20] for b, namely b = 0.25, we
obtain the value of a as ya = %gn. It means the dark
energy parameter behaves as QE\ = (18—9na)2.

Another useful cosmological parameter is deceleration
parameter. One can acceleration of universe by obtaining

this quantity. Deceleration parameter is given by

H

q:_l_ﬁv

(17)

substituting % term in the above relation, we arrive at

<
Il

3 2
142 3 b _zr
1 5 ((1 W )8+ (14 wA)QA) (1 pc>

— 14 2(1 + wa ) (1 - 2,;) : (18)

Pe

Since, wp < —1, one find out that, while p < %pc, there
is a negative value for deceleration parameter, namely
we have an acceleration expanding universe, whereas for
p > %pc, we have a decelerating universe. Also when
p = % pe deceleration parameter is equal to ¢ = —1. It
means that by increasing dark energy density parameter,
the universe moves from an acceleration expanding phase
to a decelerating phase, which can describe cyclic uni-
verse. In the turnaround point we have minimum value
of acceleration(with negative sign), and a vanish, hence
universe starts to reconstruction.
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IIT. CONCLUSION

During this consideration, we investigated NADE in
the cyclic universe model. Our main purpose was inves-
tigation of these two models of dark energy, ADE and
NADE, in the high energy regime. When there is no
interaction between the matter and dark energy, which
had been selected as two components fluid of universe,
we found out that both of ADE and NADE can not ex-

plain a phantom phase (as we know, phantom phase area
is a necessary part of evolution in the cyclic universe
model). Hence we supposed an interacting between mat-
ter and dark energy to solve phantom phase problem of
the models. Since the density parameter of dark energy is
always larger than one in the high energy area, and even
very large near the turnaround point, so for ADE model,
the coupling constant of interaction should be very large
value to generate a phantom phase.
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Reconstructing f(R) modified gravity from ordinary and entropy-corrected versions of
the holographic and new agegraphic dark energy models

K. Karami, M.S. Khaledian

Department of Physics, University of Kurdistan, Pasdaran Street, Sanandaj, Iran

Here, we peruse cosmological usage of the most promising candidates of dark energy in the frame-
work of f(R) theory [1]. We reconstruct the different f(R) modified gravity models in the spatially
flat FRW universe according to the ordinary and entropy-corrected versions of the holographic and
new agegraphic dark energy models, which describe accelerated expansion of the universe. We also
obtain the equation of state parameter of the corresponding f(R)-gravity models. We conclude that
the holographic and new agegraphic f(R)-gravity models can behave like phantom or quintessence
models. Whereas the equation of state parameter of the entropy-corrected models can transit from
quintessence state to phantom regime as indicated by recent observations.

PACS numbers: 04.50.Kd, 95.36.+x

I. THE THEORY OF F(R) MODIFIED GRAVITY

The general f(R)-gravity action is given by [2,3]

R+ f(R)

2]{32 + Lmatter 9

S / /=g dix [ (1)
where k2 = M5? = 87G and h = ¢ = 1. Also G, g, R and
Liatter are the gravitational constant, the determinant of
metric g,,, the Ricci scalar and the lagrangian density
of the matter inside the universe, respectively. Here like
[4] we use the metric formalism.

Taking the variation of the action (1) with respect to
the metric g,,,,, one can obtain the field equations as [2,3]

1
Ry = 5 Rgu = (TSR + T, @

where

BT = 59w (B) = RS (B) + (Vi — 90 8) f ().

(3)

Here R, and TP(LT) are the Ricci tensor and the energy-
momentum tensor of the matter, respectively. Also the
prime denotes a derivative with respect to R.

Now if we consider the spatially flat FRW metric for
the universe as

3
ds? = —dt* + a*(t) Z (dz")?,
i=1

(4)

and taking T — diag(—pm, Pm, Pm, Pm) for the
energy-momentum tensor of the matter in the prefect
fluid form, then the set of field equations (2) reduce to
the modified Friedmann equations in the framework of
f(R)-gravity as

where

pr = Tol=5/ (R)+3(H + H) ' (R) -

18(4H*H + HH) f"(R)), (7)
1 : 2\ ¢/
PR = ﬁ[gf(R) — (H +3H?)f(R) +
6(SH2H + 6HH +4H> + H) f"(R) +
36(H +4HH)" " (R)], (8)
and

R=6(H+2H?). (9)
Here H = a/a is the Hubble parameter and the dot de-
notes a derivative with respect to cosmic time ¢. Also
pr and pr are the curvature contribution to the energy
density and pressure.

The energy conservation laws are still given by

pm + 3H(pm +pm) =0, (10)

pr+3H(pr + pr) = 0. (11)

In the case of f(R) = 0, from Egs. (7) and (8) we have
pr = 0and pr = 0. Therefore Egs. (5) and (6) transform
to the usual Friedmann equations in GR.
The equation of state (EoS) parameter due to the cur-
vature contribution is defined as [5]
_or

WR )

PR (12)

D
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where pr and pg given with (7) and (8) respectively.

For a given a = a(t), by the help of Egs. (7) and (8)
one can reconstruct the f(R)-gravity according to any
DE model given by the EoS pr = pr(pr) or pr = pr(a).
There are two classes of scale factors which usually people
consider them for describing the accelerating universe in
f(R), f(G) and f(R,G) modified gravities [6].

The first class of scale factor is given by [6,7]

a(t) = ap(ts —t)~", t<t,,

h > 0. (13)

Using Egs. (9) and (13) one can obtain

H =

h h vz )
te —t {6(2h+1)R} ’ / (14)

For the second class of scale factor defined as [6]

a(t) = apt", h >0, (15)

one can obtain

1/2 )
" G(T—l)R] , H=-H?*/h. (16)

In sections 2 to 5 using the two classes of scale factors
(13) and (15), we reconstruct the different f(R)-gravities
according to the HDE, ECHDE, NADE and ECNADE
models.

II. F(R) RECONSTRUCTION FROM HDE
MODEL

Following Li [8] the HDE density in a spatially flat
universe is given by

3¢?

-, (17)
K2 R2

PA
where ¢ is a numerical constant. Recent observational
data, which have been used to constrain the HDE model,
show that for the flat universe ¢ = 0.81875:352 [9]. Also
Ry, is the future event horizon defined as

 dt < d
Rh:a/ — =a a
t a a

—. (18)

For the first class of scale factor (13), the differential
equation (7), i.e. pr = pa, gives the following solution

f(R)=A:R™ + A_R™ 4. R, (19)
where
h++vh?2 —10h+1
M = 3+ 0h + 7 (20)

4

and

2 2
7= AL (21)
Also Ay are the integration constants that can be deter-
mined from the necessary boundary conditions. Follow-
ing [10] the accelerating expansion in the present universe
could be generated, if one consider that f(R) could be a
small constant at present universe, that is

f(Ro) = —2Ry, (22)

f'(Ro) ~ 0, (23)

where Ry ~ (1073%eV)? is the current curvature. Apply-
ing the above boundary conditions to the solution (19)
one can obtain

~ Yelm_ —1)+2m_

A ;
’ (my — m—)RgH_l

(24)

_ Yelmg = 1) +2my
(m_ —m )Ry~ "

A (25)

Replacing Eq. (19) into (12) and using (14) one can get
the EoS parameter of the holographic f(R)-gravity model
as

2

—, h>0
3h’ > )

WR = —-1- (26)
which corresponds to a phantom accelerating universe,
i.e. wr < —1. Recent observational data indicates that
the EoS parameter wgr at the present lies in a narrow
strip around wr = —1 and is quite consistent with being
below this value [11].

For the second class of scale factor (15), the result for

f(R) is same as (19) where now

_3-hxVRZ+10h+1

my 4 (27)
c2(h—1)2
Ye = — —h2 . (28)
Also the EoS parameter is obtained as
1+ 2 h>1 (29)
wRp = — —
R 3h7 )

which describes an accelerating universe with the
quintessence EoS parameter, i.e. —1 <wg < —1/3.

III. F(R) RECONSTRUCTION FROM ECHDE
MODEL

Using the corrected entropy-area relation [12]


moosavi
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A —l—alni—i—ﬁ,

A Tel 4G

(30)

the energy density of the ECHDE can be obtained as [13]

3c? « R? I)
= p —In(-k) 4+ 31

where « and [ are dimensionless constants of order unity.
In the special case o = 3 = 0, the above equation yields
the well-known HDE density (17). Since the last two
terms in Eq. (31) can be comparable to the first term
only when Ry, is very small, the corrections make sense
only at the early stage of the universe. When the uni-
verse becomes large, ECHDE reduces to the ordinary
HDE [13].
For the first class of scale factor (13), we find

k2(h + 1)
— My T —
f(R) = A R™ + A_R™ +~.R+ SRERL D

l52) () . o

h—5
E2(h+1)2R
one can get the EoS parameter of the entropy-corrected

3

holographic f(R)-gravity model as
2
wi =1 oo x
—a+ 2aln ( ) + 0
|+ k(h+1)H 33)
h
302(k(h+1)H) + 2aln ( (h+1)H) +4

where my and ~. are given by Eqgs. (20) and (21), re-

spectively.
For the second class of scale factor (1
f(R) is obtained as

5), the result of

. . k*(h —1)*
f(R) = )\+R t 4+ A_R™- +WCR+W X
h+5 6h(2h — 1) 2
—_— In|{ ———= . (34
o [(5°) +» (=mem) |+ o o9
Also the EoS parameter is obtained as
2
WR = —1 + 3_h, X
—a+2aln (k(h 1)H) +4
1+ 5 , (35)
3%@) +2aln(k(h 1)H)+ﬂ
where my and ~. are given by Eqgs. (27) and (28), re-

spectively. Also Ay are determined from the boundary
conditions (22), (23).

—

IV. F(R) RECONSTRUCTION FROM NADE
MODEL

Following [14], the energy density of the NADE is given
by

3n?
A = ook (36)
where the numerical factor 3n? is introduced to parame-
terize some uncertainties. The joint analysis of the astro-
nomical data for the NADE model in flat universe gives
the best-fit value (with 1o uncertainty) n = 2.71670 143

[15]. Also 7 is the conformal time of FRW universe, and

given by
/ at
= =

For the first class of scale factor (13), the differential
equation (7), i.e. pr = pa, gives the following solution

f(R)

da

— (37)

= A R™ + A_R™ + 7, R, (38)

where

n2at(h + 1)2
h2(h + 2)(6h(2h + 1))"

Yn = — (39)

Replacing Eq. (38) into (12) one can get the EoS para-
meter of the new agegraphic f(R)-gravity model as

C2(h+1)

h
sn 0 7

0, (40)
which like the EoS parameter of the holographic f(R)-
gravity model (26), it always crosses the phantom-divide
line, i.e. wg < —1.

For the second class of scale factor (1

f(R) is

5), The result of

f(R) = A\ R™ + A\_R™~ 4+, R, (41)
where
n2a2(h —1
Tn = 0( ) Ko (42)
h2(h — 2)(6h(2h — 1))
and the parameters my are given by Eq. (27).
Also the EoS parameter is obtained as
B 2(1—h) 1

wR——1+T, §<h<17 (43)

which shows a quintessence-like EoS parameter with
-1 <wgr<-1/3.
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V. F(R) RECONSTRUCTION FROM ECNADE
MODEL

The energy density of the ECNADE is given by [13]
3n? @ n? I}
pA_k2—772+Fln<?>+n_4’

which closely mimics to that of ECHDE density (31) and
Ry, is replaced with the conformal time 7. Here o and 3
are dimensionless constants of order unity. In the special
case a = 3 = 0, the above equation yields the well-known
NADE density (36).

For the first class of scale factor (13), solving the dif-
ferential equation (7) for the energy density (44) yields

(44)

f(R) = Ay R™ + X\_R™ ++, R'!
k2ad(h + 1)*R2M+2
3h(3 + 10h + 6h2)(6R(2h + 1))

h+1
o (Th+5)(h+1) < (6h(2h + 1)) )]

21 X

3+ 10h 4 61?2 k2a3(h + 1)2Rh+1
+ 3}

Replacing Eq. (45) into (12) yields the EoS parame-
ter of the entropy-corrected new agegraphic f(R)-gravity
model as

(45)

2(h+1) —a+2alnX + 4
=—1—-——-"-=41 46
v 3h { 3n2X2+2a1nX+ﬂ}’ (46)
1 h\h+1
where X := m(ﬁ) and h > 0. The above

EoS is time-dependent and in contrast with constant EoS
parameter (40), it can justify the transition from wp >
—1to wr < —1. Note that if we set « = 3 = 0 then Egs.
(45) and (46) reduce to (38) and (40), respectively.

For the second class of scale factor (15), the result of
f(R) yields

f(R) = A R™ + A_R™ ++, R'™"
k2ad(h — 1)AR>2"
—92h X
3h(3 — 10h + 6h2)(6h(2h — 1))
(Th —5)(h — 1) (6h(2h — 1)) "
{a l 5_Toh+oR2 T (mg(h —1)2RI-h
+ B}

(47)
Also the EoS parameter is obtained as

2(1—h) —a+2alnY + 3
—— 11 , (48)
3h 3n?2Y?2 +2alnY + 4

wr=-1+

Fao(1—h) \H Con-
trary to the constant EoS parameter (43), the dynam-
ical EoS parameter (48) can accommodate the transition
from wr > —1 to wr < —1 at recent stage.

where YV := %(h)kh and % < h < 1.
)s

\\

VI. CONCLUSIONS

We investigated the HDE, ECHDE, NADE and EC-
NADE in the framework of f(R)-gravity. We recon-
structed the different theories of modified gravity based
on the f(R) action in the spatially flat FRW universe for
the two classes of scale factors containing i) a = ag(ts —
t)~", i) @ = ag(ts —t)" and according to the original and
entropy-corrected versions of the HDE and NADE sce-
narios. Furthermore, we obtained the EoS parameters
of the corresponding f(R)-gravity models. Our calcu-
lations show that for the first class of scale factor, the
EoS parameter of the holographic and new agegraphic
f(R)-gravity models always crosses the phantom-divide
line. Whereas for the second class, the EoS parameter
of the mentioned models behaves like the quintessence
EoS parameter. The EoS parameter of the entropy-
corrected holographic and new agegraphic f(R)-gravity
models for the both of first and second classes of scale fac-
tors can accommodate the transition from quintessence
state, wg > —1, to the phantom regime, wrp < —1, as
indicated by recent observations.
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Modeling the outer halo globular clusters

Hosein Haghi!
! Institute for Advanced Studies in Basic Sciences (IASBS), P. O. Box 45195-1159, Zangjan, Iran

Some of the Galactic outer halo globular clusters are excellent tools to probe gravitational theories
in the regime of weak accelerations. The measurement of the line-of-sight velocity dispersion among
stars in these clusters will differentiate between the validity of Newtonian dynamics (low velocity
dispersion) and the possibility of modified Newtonian dynamics (MOND) or dark matter dominated
globular clusters (high velocity dispersion). In this paper I will give a brief review of recent studies
in this field. We determine the mean velocity dispersion of six Galactic outer halo globular clusters,
AM 1, Eridanus, Pal 3, Pal 4, Pal 15, and Arp 2 in the weak acceleration regime to test classical vs.
modified Newtonian dynamics (MOND). Finaly we will present a brief report on recently simulated
cluster Pal 14 by Newtonian Nbody simulation code, Nbody®6.

PACS numbers: 05.10.-a ,05.10.Gg, 05.40.-a, 98.80.Es, 98.70.Vc

I. INTRODUCTION

Although the currently favored cold dark matter C'D M
model have proven to be remarkably successful on large
scales [7], dark matter has not been detected after much
experimental efforts and high resolution N-body simula-
tions are still in contradiction with observations on sub-
galactic scales and predict more satellite than what is
seen [1,2] and also a wrong spatial distribution of sub-
halos [3].

In order to explain the missing matter of the Universe,
another approach is an alternative theory of gravity. In
these models, modification of the gravity law was pro-
posed to explain the observed asymptotically flat rotation
curves of galaxies without dark matter. One of the most
famous alternative theories is modified newtonian dy-
namics (MOND), which has been introduced by Milgrom
[4]. According to this phenomenological theory, the flat
rotation curves of spiral galaxies at large distances can be
explained by modification of Newton’s second law for ac-
celeration below a characteristic scale of ag ~ 10~8cms™2
without invoking dark matter [5,6]. This theory, in ad-
dition to the acceleration parameter, ag, employs an in-
terpolating function to connect the MONDian regime to
Newtonian regime.

In order to decide whetherMOND is a comprehensive
theory to explain the dynamics of the universe, it is desir-
able to study MOND for objects in which no dark matter
is supposed to exist and where the characteristic acceler-
ation of the stars is less than the MOND critical accelera-
tion parameter ag. Globular clusters (GCs) are a perfect
candidate since they are the largest virialized structure
that do not contain dark matter. In the distant halo
of our MilkyWay there exist several lowmass GCs where
both internal and external accelerations of stars are sig-
nificantly below the critical acceleration parameter ag of
MOND. Because GCs are assumed to be dark-matter-
free, if MOND is true, the motions of stars must deviate
from the standard Newtonian dynamics. It has been pro-

Ny

posed by Baumgardt (2005) that some of these distant
Galactic GCs are perfect tools to test gravitational theo-
ries in the regime of very weak accelerations. For MOND,
the internal velocity dispersion among the stars in these
clusters would be significantly higher than in Newtonian
dynamics.

Recently Haghi et al. (2009, hereafter HBK09) investi-
gated the dynamics of star clusters by numerically mod-
eling them in MOND, assuming circular orbits. They
performed Nbody simulations and presented analytical
formulae for the velocity dispersion of stellar systems in
the intermediate MOND regime, which are useful for a
comparison with observational data of several GCs and
dSph galaxies (for details on the numerical calculations
see HBK09). In a follow-up paper, Jordi et al. (2009)
determined the velocity dispersion (using 17 stars) and
mass-function slope of Pal 14 and showed that MOND
can hardly explain the low-velocity dispersion of this sys-
tem.

However, Gentile et al. (2010) showed that with the
currently available data, the Kolmogorov-Smirnov (KS)
test is still unable to exclude MOND with a sufficiently
high confidence level. Moreover, the low density of Pal
14 suggests that binary stars may be an important issue
for interpreting its measured velocity dispersion (Kupper
Kroupa 2010), and the true velocity dispersion of Pal 14
could be much lower than the value reported by Jordi et
al. (2009), thereby possibly posing an even larger chal-
lenge for MOND, but also for Newtonian gravity and for
any understanding of the dynamics of this object as be-
ing in equilibrium. In this paper we calculate the predic-
tion of MOND and Newtonian dynamics on the velocity
dispersion of six other distant clusters of the MW (Table
1). In order to see the pure MONDian effects, we concen-
trate on systems in which the tidal radius is much larger
than the gravitational radiusl and therefore tidal effects
are unimportant. In other words, this paper provides
the basis for further observational efforts. The measure-
ments of a low- (Newtonian) velocity dispersion would
mean that MOND in its present form is in severe trouble
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Cluster R;, Rg  ae M. oM oN  Nmin
name [pc] [kpc] [ao] [10°Mg] [kms™'] [kms™']
AM 1 24 123.2 0.086 12.6 1.50 0.56 25

Eridanus 14.2 95.2 0.113 18.6 1.80 0.90 40
Pal 3 24 959 0.112 31.6 1.97 0.87 30
Pal4 23.2 111.8 0.096 42.6 2.30 1.10 35

Pal 15 21.2 37.9 0.283 26.3 1.42 0.88 80
Arp2 215 214 0.504 21.8 1.07 0.80 150

TABLE I. Globular clusters modeled in this paper. The
half-mass radius and galactocentric distances, R¢, are taken
from Harris (1996). The values of the external acceleration are
calculated from a. = v/GMao/Re with M = 1.2 x 10" Mg
for all galactocentric distances. Cluster masses, M., were cal-
culated from the absolute V-band luminosities by assuming a
stellar mass-to-light ratio of M/Ly = 2, which is close to the
measured average mass-to-light ratio of galactic globular clus-
ters (Mieske et al. 2008). oa and on are the corresponding
MONDian and Newtonian values of the velocity dispersion,
respectively. The last column is the minimum number of stars
necessary to obtain P < 0.05.

and that globular clusters do not possess dark matter.
In contrast, a high-velocity dispersion would either favor
MOND or could be a hint to the existence of dark matter
in GCs (Baumgardt et al. 2009).

II. DISTANCE STAR CLUSTERS OF THE MW

Using a KS test, we calculated the minimum number
of stars that are sufficient to exclude MOND at the 95%
confidence level. We found that between 30 to 80 stars
are necessary for most clusters to distinguish between
both cases. This number of stars can be observed with
current 8 m class telescopes. Additional observational ef-
forts to determine the velocity dispersions and constrain-
ing the mass of the these clusters would be highly impor-
tant and provide a strict test of MOND.

III. DIRECT N-BODY SIMULATIONS OF
GLOBULAR CLUSTER PALOMAR 14

We present the first ever direct N-body computations
of an old Milky Way globular cluster over its entire life
time on a star-by-star basis. Using recent GPU hardware
at Bonn University, we have performed a comprehensive
set of N-body calculations to model the distant outer
halo globular cluster Palomar 14 (Pal 14). Pal 14 is un-
usual in that its mean density is about ten times smaller
than that in the solar neighborhood. Its large radius as
well as its low-mass make it possible to simulate Pal 14
on a star-by-star basis. By varying the initial conditions

E

we aim at finding an initial N-body model which repro-
duces the observational data best in terms of its basic
parameters, i.e. half-light radius, mass and velocity dis-
persion. We furthermore focus on reproducing the stellar
mass function slope of Pal 14 which was found to be sig-
nificantly shallower than in most globular clusters.

While some of our models can reproduce Pal 14’s basic
parameters reasonably well, we find that dynamical mass
segregation alone cannot explain the mass function slope
of Pal 14 when starting from the canonical Kroupa initial
mass function (IMF). In order to seek for an explanation
for this discrepancy, we compute additional initial mod-
els with varying degrees of primordial mass segregation
as well as with a flattened IMF. The necessary degree of
primordial mass segregation turns out to be very high,
though, such that we prefer the latter hypothesis which
we discuss in detail. This modelling has shown that the
initial conditions of Pal 14 after gas expulsion must have
been a half-mass radius of about 20 pc, a mass of about
50000 Mg, and possibly some mass segregation or an
already established non-canonical IMF depleted in low-
mass stars. Such conditions might be obtained by a vio-
lent early gas-expulsion phase from an embedded cluster
born with mass segregation. Only at large Galactocen-
tric radii are clusters likely to survive as bound entities
the destructive gas-expulsion process we seem to have
uncovered for Pal 14.

In addition we compute a model with a 5% primordial
binary fraction to test if such a population has an effect
on the cluster’s evolution. We see no significant effect,
though, and moreover find that the binary fraction of
Pal 14 stays almost the same and gives the final fraction
over its entire life time due to the cluster’s extremely low
density. Low-density, halo globular clusters might there-
fore be good targets to test primordial binary fractions
of globular clusters.

It is possible nowadays to directly calculate the evolu-
tion of real globular clusters (with almost 100,000 stars)
over a Hubble time by direct N-body simulations (new
record).
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The study of period behaviour of the contact binary AB Andromedae

Zare'i. B, Abedi. A, Mostafai. M, Akbarian. F, Zera’atgari. FZ, FarahiNejad. M, Abasi. S, GholamHosseinPour.

Department of Physics, Faculty of Sciences, University of Birjand

In this paper, some times of minima eclipsing binary AB And are presented and O-C diagram is
plotted by times of minima that have been announced by others. New period and the rate of mass
transfer from primary to secondary component are obtained by reanalyzing the O-C diagram. The
period variation may be due to a third body, so that the parameters of the third body are obtained

by this assumption.

I. INTRODUCTION

AB Andromedae (BD+36° 5017) was discovered as a
variable star by Guthnic and Prager in 1927. AB And is a
W-type of W-UMa type binaries and it’s period is 0.3318
days. The spectrum of the system has been classified as
G5 by Strave et al.(1950) and Gbn by Hill et al.(1975)[1].
The variable period of AB And was firstly reported by
Oosterhoff(1950)[2]. Kalimeris et al.(1994) announced
that the period variation is due to mass transfer and
light-travel time effect and Demircan et al.(1994)[3] have
expressed two probabilities:1- magnetic activity 2- the
third body; They have obtained 0.9M® for mass of third
body by using absolute parameters of Hrivank(1988)[1]
and have announced that this component can not be
a main-sequence star, because it does'nt allow the for-
mation of deep eclipses in the light curves of AB And.
Therefor, the third body, if it exists, can be only a low
luminosity white dwarf that whose orbit is very close to
the line of sight. Li et al. (2003)[4] have expressed two
factors for the period variation: the magnetic activity
and the third body, and Rovithis- Livaniou(2007)[5] have
only mentioned the magnetic activity.

II. THE TIMES OF MINIMA

This system is photometered during three nights, from
August to November 2010 in three Johnson filters B, V
and R. Our observations have been obtained in Dr. Moj-
tahedi observatory of Birjand University that is equipped
by SSP5A photometer. The following ephemery|[6] was
used for the determination of orbital phases:

MIN = HJD2451426.3875 4 0.3318925

So that magnitude variations diagram in terms of phase
variations is obtained in three filters according to Fig. 1.

Two times of primary and one secondary minima of
eclipsing the system are obtained by lorentzia fit and they
are listed in table I. A primary minima of eclipsing is
shown in Fig.2.

MAGNITUDE VARIATINS
&
00 BS =
g
®
e
%%
>
pod
-

o %%g Y
244 % o B % 7

264

FIG. 1. The light curve in 3 filters.

HJD FILTER| MIN| STANDARD ERROR
2455429.32729 B I 0.00022
2455429.32755 v I 0.00014
2455429.32782 R I 0.00018
2455504.33378 B I 0.00038
2455504.33360 v I 0.00035
2455504.33455 R I 0.00033
2455506.15975 B II 0.00025
2455506.15983 v II 0.00033
2455506.15917 R II 0.00027

TABLE I. The times of minima

III. THE PERIOD VARIATION

From our observation, three(Two primary and one sec-
ondary) new times of minima light of AB And and other
data which exist in O-C Gateway website[7], O-C dia-
gram is plotted by using the following ephemery[7]:

MIN = HJD2416103.759 + 0.3318893E

In the first view, this diagram is quadratic form. It's
parameters are obtained by fitting a quadratic function
and they are listed in table II. The diagram and quadratic
function fit are shown in Fig. 3 and Fig. 4. respectively.
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FIG. 2. Primary minima of eclipsing.
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FIG. 3. O-C diagram in terms of epoch (The minimums
which are obtained by our observation, have been shown with
star)

The period of the system and the period variation are
obtained by the previous parameters and the following
relation|[8]:

n

P(e) = P + AT(e) — AT(e — 1); AT(e) = > Cjél (1)
7=0
1 dP
=——— 2
P de @
5 —15 1
P=1.6942 x 107" —— (3)
year
|PARAMETER | VALUE |  STANDARD ERROR
Co -0.07761 0.00392
Ch -2.11815E-6 1.01342E-7
Co 2.55644E-1 6.41806E-13

TABLE II. The parameters of quadratic function fit

0.00

-0.07
Q

-0.14

T T T T T T T
20000 40000 60000 80000 100000 120000 140000
EPOCH

T
-20000 0

FIG. 4. Quadratic function fit.

Thus, the new ephemery of AB Andromedae is an-
nounced:

MIN = HJD2455429.3276 4 0.33189325E

The period of the system is increasing.

By the assumption that mass transfer is conservative
in the system, M; is obtained by using the following re-
lations[8]:

P M,

—=3 My — M. 4
Iz M1M2( 1— M) (4)
. M,
M; = —4.8171 x 10722 —< (5)
year

O-C residuals diagram was plotted and was observed as
periodic. The period variation can be due to the third
body that causes light-travel time effect. The period of
this variation was determined to be 58.6 years by using
PERIODO04 software. For testing the presence or absence
of the third component, this procedure is done:

Tmaz and Tpn are derived by lorentzia fit to maxi-
mum and minimum of O-C residuals diagram that these
fittings are shown in Fig. 5. and Fig. 6.

The best fitting is obtained by suggesting different val-
ues for e and w by using the following relations[9] and the
results are listed in table III:

1 1 — e2
—k { €
V1 —e2cos?w 1+ ecosv

T

sin(v + w) + esinw}

(6)

k= %(Tmam - T’min) (7)

Initially , the residuals diagram is plotted in terms of
true anomaly and then the best fitting is obtained by
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FIG. 5. Lorentzia fit to minimum of O-C residuals.

0.06 -

0.00

O-C RESIDUALS

-0.06 e

T T T
100000 120000 140000

EPOCH

T T
40000 60000 80000

FIG. 6. Lorentzia fit to maximum of O-C residuals mini-
mum times.

using ORIGINS software and allowing e, w and k param-
eters to change. The best fitting is shown in Fig.7.

The mass and semi-major of the third body for differ-
ent inclination of orbit are obtained by using the follow-
ing relations[8]. The parameters of the third body are
shown in table IV.

3
my 4 . N3
m) = = Q12 Sint 8
f( ) (m1+m2+m3)2 GPQ( 12 ) ( )
b ajesiniv1 —e? cos? w )
B 2.590 x 1010
PARAMETER VALUE STANDARD ERROR
e 0.09717 0.01875
w(Rad) 2.61636 0.01195
k(Days) 0.01782 -
a1z sini(Km) 4.63178x 10" -
T(HJD) 2436112.58483 -
P(Years) 58.60642 -

TABLE III. The orbital parameters of third body

0.06 B

0.00

O-C RESIDUALS (days)

-0.06 -

TRUE ANOMALY

FIG. 7. Sinusoidal fit to O-C residuals curve.

i(Deg) M(M®) asz(AU)
90 0.1884 22.5142
80 0.1916 22.4797
70 0.2017 22.3792
60 0.2206 22.2024
50 0.2527 21.9118
40 0.3080 21.4249
30 0.4122 20.5806
20 0.6564 18.8937
10 1.7085 14.2972
TABLE IV. The parameters of third body
2 M8 (10)

as mi + mo

IV. RESULTS AND DISCUSSION

Since this system is W- type of W- UMa binaries(the
mass of primary component is less than the secondary
component according to the standard definition) and con-
sidering the relation(4), M; is obtained a negative value.
Thus, the primary component is transferring mass to the
secondary component in spite of being less mass.

According to the values which have been obtained for
the third body in this paper(table IV.) and assuming
that the third component is a main-sequence star, it’s
luminosity is derived from the following relation[10]:

L=M*a=3-35 (11)
Thus, for minimum mass of third body, L3 value is ob-
tained 0.0067L®. Considering that M;=0.446M® and
M3=0.938M® for primary and secondary components re-
spectively, Zare’i et al(2011)[11], Sp.Type, L; and Ly are
obtained from stellar data and existing tables[12]:

L;=0.79L®; G5 Sp.Type for primary component and
Lo=0.045L®; M2 Sp. Type for secondary component.

L L L
Therefor, MT1L2:0'054 and T+, =0-008 and 72=0.155,
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according to these values, the light of the third body can
be more effective than what is now. Thus, the third body
can not be a main-sequence star, and it may be a low lu-
minosity white dwarf. Same as mentioned before, this
result was obtained by others[3] from different method.
Of course, the obtained mass for the third component in
small angles is in good agreement with the assumption
that the third body is a white dwarf.

The final residuals from primary data of O-C minus
both quadratic function and periodic function, are plot-
ted in terms of epoch around horizontal line that have
passed origin, is almost random. This diagram is shown
in Fig. 8. It shows that our recognition from O-C be-
haviour is correct.

0.04 T T T

FINAL RESIDUALS
o
=)
=1
!

-0.04 T T T

EPOCH

FIG. 8. The distribution of final residuals around passed
line from origin.

V. CONCLUSION

In this study we concluded that period of AB An-
dromedae is increasing. It was derived that in addition
to mass transfer in the system, the third body can be
causes the period variation and it may be a low luminos-
ity white dwarf.
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Torsional Alfvén waves in stratified and expanding magnetic flux tubes

K. Bahari' and K. Karami?
! Department of Physics, Institute for Advanced Studies in Basic Sciences, Gavazang Road, P.O. Boz 45195-1159, Zanjan,

Iran

% Department of Physics, University of Kurdistan, Pasdaran St., P.O. Box 66177-15175, Sanandaj, Iran

The effects of both density stratification and magnetic field expansion on torsional Alfvén waves
in magnetic flux tubes are studied. The frequencies, the period ratio P;/P, of the fundamental
and its first-overtone, and eigenfunctions of torsional Alfvén modes are obtained. Our numerical
results show that the density stratification and magnetic field expansion have opposite effects on

the oscillating properties of torsional Alfvén waves.

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

I. INTRODUCTION

Hannes Alfvén [1] predicted the existence of Alfvén
wave which is one of the magnetohydrodynamic (MHD)
waves propagating in magnetized plasmas such as the
solar atmosphere. Torsional Alfvén waves can be ob-
served as temporal and spatial variations in spectral
emission along the coronal loops [2]. They are an ideal
tool for coronal seismology as their phase speed depends
on plasma quantities within the loop alone, while wave
speeds of magnetosonic oscillations are influenced by
plasma conditions in the ambient medium [3]. More re-
cently, torsional Alfvén waves in the solar atmosphere
were discovered by Jess et al. [4] using the high-resolution
Swedish Solar Telescope.

People have paid special attention to the nonlinear ef-
fects of torsional Alfvén modes. It was demonstrated nu-
merically that the observed spiky intensity profiles due
to impulsive energy releases could be obtained from non-
linear torsional waves (see e.g. Moriyasu et al. [5]; An-
tolin et al. [6]). Taroyan [7] showed that small-amplitude
Alfvén waves can be amplified into the nonlinear regime
by the presence of siphon flows in coronal loops.

Zaqarashvili & Murawski [3] investigated the evolu-
tion of torsional Alfvén waves in longitudinally inhomo-
geneous coronal loops. They concluded that the inho-
mogeneous mass density field leads to the reduction of a
wave frequency of torsional oscillations, in comparison to
that estimated from mass density at the loop apex. Also
this frequency reduction results from the decrease of an
average Alfvén speed as far as the inhomogeneous loop
is denser at its footpoints.

Copil, Voitenko & Goossens [8] studied torsional
Alfvén waves in twisted small scale current threads of
the solar corona. They showed that the trapped Alfvén
eigenmodes do exist and are localized in thin current
threads where the magnetic field is twisted. They pointed
out that the wave spectrum is discrete in phase velocity,
and the number of modes is finite and depends on the

amount of the magnetic field twist. Also the phase speeds
of the modes are between the minimum of the Alfvén
speed in the interior and the exterior Alfvén speed.

Verth, Erdélyi & Goossens [9] studied the observ-
able properties of torsional Alfvén waves in both thin
and finite-width stratified and expanding magnetic flux
tubes. They demonstrated that for thin flux tubes, ob-
servation of the eigenmodes of torsional Alfvén waves
can provide temperature diagnostics of both the internal
and surrounding plasma. They also showed that in the
finite-width flux tube regime, these waves are the ideal
magneto-seismological tool for probing radial plasma in-
homogeneity in solar waveguides.

All mentioned in above motivate us to have further in-
vestigates on torsional Alfvén waves by considering the
effects of both density stratification and magnetic field
expansion on the frequencies and eigenfunctions of tor-
sional Alfvén modes in the magnetic flux tubes. This
paper is organized as follows. In Section 2 we introduce
the model and derive the equations of motion. In Sec-
tion 3 we give numerical results. Section 4 is devoted to
conclusions.

II. MODEL AND EQUATIONS OF MOTION

We consider an expanding magnetic flux tube of length
2L with longitudinal plasma density as typical coronal
loop. The tube is assumed to be thin, r,/L < 1, where
ro is the tube radius at the apex. Following Ruder-
man, Verth & Erdélyi [10] and Verth & Erdélyi [11], the
background magnetic field is assumed to has both ra-
dial and axial components with r- and z-dependence, i.e.
B, = B,(r,z) and B, = B.(r,z). The coronal plasma
is nearly zero-f and this yields the magnetic field to be
force free. For the selected magnetic field, the electrical
current is in the ¢-direction. Hence the force free con-
dition, i.e. J x B = 0, is satisfied when the electrical
current J = V x B = 0. The background magnetic field
can be related to a vector potential field A as
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B=VxA, (1)
where
A w(: z) e, @)

Therefore the radial and axial components of the mag-
netic field can be expressed in terms of the scalar poten-
tial v as

_ -1y _ 1oy
Br_raz’ T oror’

where the magnetic field here is perpendicular to
Vi(r, z), i.e. the magnetic field lines lie in the surface
¥(r,z) = constant. Hence, the equation of the tube
boundary is given by v (r,z) = 1o, where 1) is a con-
stant. Here, our aim is to study the torsional Alfvén
waves in which the surface of the flux tube ¢ = ¢y has
an oscillating motion in the azimuthal direction. If we
apply the force free condition V x B = 0 to the equilib-
rium magnetic field (1), we obtain a partial differential
equation for v as

0% 10y 0%

or2  ror * 022 0. )
Verth & Erdélyi [11] solved the above equation and found
the z-component of the magnetic field as

(3)

(1-T2) [cosh (%) - cosh(l)]

B.(z) =B, s 1
(2) ST Iz 1 — cosh(1)

» (9)

and the radius of the magnetic flux tube boundary as

—1/2

(1-T2) [cosh(%) - cosh(l)] ©

1
+ r 1 — cosh(1)

r(z) =1y

where B ; = B.(£L) and ry = r(+L) are z-component
of the magnetic field and the radius of flux tube at the
loop footpoints, respectively. Also I' = :—‘; = % is
the tube expansion factor which is defined as ratio of
the tube radius at the apex (2 = 0) to the tube radius
at the footpoints (z = +L). For a tube with constant
cross section, the expansion factor is unity but for an
expanding flux tube we have I' > 1. As Ruderman, Verth
& Erdélyi [11] emphasized the important property of this
particular model is that it can describe only magnetic
tubes with relatively small expansion factors, definitely
smaller than 1.87. We also take into account the effect of
density stratification and assume that the density varies
exponentially with the height, h, in the atmosphere as
p = pfe_%. Here ps is the density at the footpoints
and H is the density scale height. Following Ruderman,
Verth & Erdélyi [10] for a half-circle loop with length 2L

the density can be written as

p(z) = pyexp [—2u cos (W—Z)] pi= Wi (7)

2L H’

where p is defined as stratification parameter.

The linearized MHD equations for a zero-£ plasma are
¢ 1

— = — 0B) xB 8

ot2  4dmp Ballipat, ®)

B =V x (£ xB), 9)

where £ = (0,0, &) is the Lagrangian displacement of the
plasma and dB = (0,0, 0B) is the Eulerian perturbation
in the magnetic field. Note that in Eq. (8) due to the
force free background magnetic field, the term ﬁ (V X

B) x §B is absent.
We rewrite Egs. (8) and (9) in components as

82@) o 1 Br B(T‘(SBd)) 85B¢
a2 “amp | v ar T Par | (10)
— 8(37"54)) a(Bzfaﬁ)
0By = =50 + =22 (11)

Now like Ruderman, Verth & Erdélyi [10] and Verth,
Erdélyi & Goossens [9] we use a non-orthogonal flux co-
ordinate system in which ¢ becomes an independent vari-
able instead of r, i.e. r = r(¢,2). In this coordinate
system, an arbitrary function f(r,z) will be transformed
to another function F(¢,z) as f(r,z) = F(¢(r, z),2).
Therefore, using Eq. (3) the r and z partial derivatives
of f transform to

af oF af oF oF
(3:).= B 5 (5% =5 E

Differentiating the identities ¢ = w(r(w,z),z) and r =

—rB, (12)

7‘(1/](7‘, z), z) with respect to z and using Eq. (3) one can
get
or B, or 1
9z B. % 7rB.
Using Egs. (12) and (13) one can rewrite the field Egs.
(10) and (11) as

0%¢,  B. 0(r0By)

(13)

o2 dmxrp 0z (14)
_ 9 (&
6By = rB. - (7) (15)

Substituting Eq. (15) into (14) and considering the time-
dependence as e~ the result yields

B, 0 0 (&
o ()] s =0

drr 0z r (16)
where the variables B.(z), r(z) and p(z) are given by
Egs. (5), (6) and (7), respectively. In the next section
we solve the above differential equation using the suitable
boundary conditions to obtain the eigenvalues w and the
eigenfunctions &, (2).
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Torsional Alfven Modes (n=1)

1 11 1.2 13 1.4 1.7

r

FIG. 1. Frequencies of the fundamental and first-overtone
torsional Alfvén modes versus the expansion factor, I' = I

g
for different stratification parameter p = 0 (solid line), 2/f7r
(dashed line) and 1 (dash-dotted line). The loop parameters
are: 2L = 10° km, p; = 2x 107" grem™2, B, ; = 100 G. Fre-
quencies are in units of Alfvén frequency, wa = 0.02 rad s™'.

III. NUMERICAL RESULTS

Here, we solve Eq. (16) using the shooting method to
obtain both the eigenfrequencies and eigenfunctions of
torsional Alfvén waves in stratified and expanding mag-
netic flux tube. We use the rigid boundary conditions
and assume that {s(—L) = & (L) = 0. As typical pa-
rameters for a coronal loop, we assume 2L = 10° km,
pr =2x 107" gr em™ and B, ; = 100 G. For such a

P _ B.jy _ 1
loop, one finds Alfvén speed vy = Janoy 2000 km s
and Alfvén frequency wy := 34 = 0.02 rad S

The effects of magnetic field expansion and density
stratification on the frequencies of the fundamental and
first-overtone n = 1,2 torsional Alfvén modes are dis-
played in Fig. 1. Figure 1 also shows that for a given
stratification parameter p, the frequencies of the funda-
mental and first-overtone modes decrease with increasing
the expansion factor I'. This result is in agreement with
that obtained by Ruderman, Verth & Erdélyi [10] for the
kink modes.

The period ratio P; /P> of the fundamental and first-
overtone n = 1,2 torsional Alfvén modes versus the ex-
pansion factor and stratification parameter is plotted in
Fig. 2. Note that the period ratio is used as a seismolog-
ical tool to investigate e.g., longitudinal structure ( [12]
and [13]) and radial structure [9] of magnetic loops. Fig-
ure 2 reveals that for a given u, the period ratio Py /P
increases with increasing the expansion factor. This is in
agreement with the result obtained by Verth & Erdélyi
[11] for the kink body modes.

From Figs. 1 to 2 one can conclude that the magnetic
field expansion and density stratification have opposite
effects on the frequencies and period ratio Py /P> of tor-

Torsional Alfven Waves

15 1.7

FIG. 2. The period ratio P1/P;, of the fundamental and
first-overtone torsional Alfvén waves versus the expansion fac-
tor for different stratification parameter y = 0 (solid line), 2/7
(dashed line) and 1 (dash-dotted line). Auxiliary parameters
as in Fig. 1.

Torsional Alfven
1F T T T

Modes (n=2)

0
t=zIL
Eigenfunctions of the first-overtone torsional
Alfvén modes against fractional length ¢ = z/L for differ-
ent expansion factor and stratification parameter. In the up

FIG. 3.

panel I' = 1.5 and in the down panel g = 0.5.
parameters as in Fig. 1.

Auxiliary

sional Alfvén modes. This is expected because as a re-
sult of magnetic field expansion, Alfvén speed becomes
smaller at the loop apex and the travel time of wave be-
tween the two footpoints becomes greater. But density
stratification causes Alfvén speed becomes greater at the
loop apex. Hence, the travel time of wave between the
two footpoints becomes smaller.

Here, we also investigate the effects of both the mag-
netic field expansion and density stratification on the
eigenfunctions of torsional Alfvén modes. To illus-
trate this in more detail, the eigenfunctions of the first-
overtone torsional Alfvén modes for the different values
of p and T' are displayed in Fig. 3. It shows that as
a result of density stratification, the anti-nodes of the
first-overtone eigenfunction shift away from the loop apex
(z = 0). This result was also obtained by Andries, Ar-
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regui & Goossens [13] for kink modes. Figure 3 clears
also that in the presence of magnetic field expansion, the
anti-nodes shift towards the loop apex which is in agree-
ment with the result obtained by Verth & Erdélyi [11]
for the kink body modes.

IV. CONCLOSIONS

Here, the effects of density stratification and magnetic
filed expansion on torsional Alfvén waves in coronal loops
are studied. To do this, a typical coronal loop is con-
sidered as an expanding magnetic flux tube that under-
goes a density varying along the tube. The linearized
MHD equations are reduced to an eigenvalue problem
for the azimuthal component of the Lagrangian displace-
ment of the plasma. Using the shooting method and un-
der the rigid boundary conditions for the loop footpoints,
both the eigenfrequencies and eigenfunctions of the fun-
damental and first-overtone torsional Alfvén modes are
obtained. Our numerical results show the following.

i) For a given density stratification parameter y, the
frequencies of the fundamental and first-overtone tor-
sional Alfvén modes decrease and the period ratio Py /P
increases when the magnetic field expansion factor I' in-
creases.

ii) For a given T, the frequencies of the fundamental
and first-overtone torsional Alfvén modes increase and
the period ratio P, /P, decreases when p increases.

iii) Both the density stratification and magnetic field
expansion shift the location of the anti-nodes of the first-
overtone torsional Alfvén modes but in the apposite di-
rections.

All mentioned in above illustrate that the density strat-
ification and magnetic field expansion have opposite ef-
fects on the oscillating properties of torsional Alfvén
waves.
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Magnetic and Thermal Structure of Penumbral Filaments Observed with Hinode
Solar Optical Telescope

N. Jamshidi, Z. Amarlou and H. Hamedivafa'
Department of Physics, Faculty of Science, Imam Khomeini International University, Qazvin, Iran
Yvafa@ikiu.ac.ir

We performed an advanced inversion of spectropolarimetric data recorded by Hinode/SOT, [16],
in two visible spectral lines of Fe I at 630.15 nm and 630.25 nm using SIR code, [11]. We used two
independent magnetic components inside each pixel to reproduce the irregular Stokes profiles in the
penumbra, and studied the atmospheric properties of the two retrieved components at the layer of
log(7) = —0.5. One of them, background component (spine), consists of stronger and more vertical
magnetic fields with no considerable flow. The other component, flux tube component (intraspine),
has weaker and more horizontal magnetic fields and shows considerable line-of-sight velocities.

I. INTRODUCTION

The sunspot is one of the most important structures
in the solar photosphere. Each sunspot is characterized
by a dark core, the umbra, and a less dark halo, the
penumbra. The appearance of the penumbra in inten-
sity is engraved by radially aligned alternating bright and
dark structures, the penumbral filaments. At high spa-
tial resolution (0.1 arcsec), penumbral filaments are ob-
served to consist of a central dark lane (core) and two
lateral brightenings, [6]. Expectations are high that such
dark-cored filaments are the basic building blocks of the
penumbra. Ruiz Cobo and Bellot Rubio, [10], investigate
the origin of dark cores in penumbral filaments and the
surplus brightness of the penumbra. The picture of the
magnetic field structure of the penumbra has strongly
evolved over the two last decades.

It is now widely accepted that the horizontal struc-
ture of the sunspot penumbra is composed of two mag-
netic components, [13,2]. One of them possesses a some-
what inclined (~40-50° with respect to the local verti-
cal direction) and strong (~2000 Gauss) magnetic field,
whereas the other component, is characterized by a
weaker (~1200 Gauss) and more inclined (~ 90°) mag-
netic field. They are usually referred to as spines and
intraspines, respectively. Their presence has observation-
ally been confirmed [3,1].

Traditionally, these two magnetic components have
been identified with a horizontal flux tube (intraspine),
which carries the Evershed flows, embedded in a more
vertical background magnetic field (spine). This picture
is called uncombed model or embedded flux tube model
which proposed by Solanki & Montavon, [14], and fur-
ther developed by Martinez Pillet, [9], to explain the
broadband circular polarization observations in sunspots.
Schlichenmaier et al., [12], made simulations of the tem-
poral evolution of such flux tubes, initially placed at the
sunspot magnetopause. They rise by magnetic buoyancy

and quickly become horizontal in the photosphere. At
the same time, a strong Evershed flow develops due to
gas pressure gradients that build up during the rise. The
tubes are hotter than the surrounding plasma and appear
as bright penumbral filaments. These filaments gradually
cool down due to radiative losses.

This view has been challenged by Spruit & Scharmer,
[15], who propose instead that the penumbra is formed
by magnetic field-free plumes that pierce the penumbral
magnetic field from beneath. This model is called gappy
penumbral model.

However, these two mentioned models are the most
successful models explaining the uncombed penumbral
structure. In this work, we intend to study the magnetic
and thermal structure of a dark cored penumbral filament
using full Stokes parameters. The data set is described in
section 2. Section 3 describes the data analysis and the
findings, and section 4 and 5 are devoted to the results
and conclusion, respectively.

II. OBSERVATION AND DATA SET

The data analyzed here were recorded by the spec-
tropolarimeter (SP), [8], of the Solar Optical Telescope
onboard the Hinode satellite, [16]. This instrument mea-
sures the Stokes profiles of the two Iron lines at 630.15
nm and 630.25 nm. Normal SP scans of NOAA 10930,
providing a spatial resolution of 0.32 arcsec and a noise
level of 10™3Ton¢i (Ieonts is the continuum intensity aver-
aged in the quiet Sun) were taken on December 11, 2006,
when the spot located at heliocentric angle of 8°, very
close to the disk center. Fig.1 shows the largest umbra of
the sunspot as reconstructed from the continuum inten-
sities of the 630.25 nm line at far red wing. This part of
the sunspot has negative (downward) magnetic polarity.

The dark cored filaments are more visible and easier
to identify where the penumbral filamentary structure
is orientated along the symmetry line from spot center
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map of NOAA 10930. The

FIG. 1. Continuum Intensity
rectangle marks region, described in text. It lies on the center
side of penumbra, around the line of symmetry.

to the solar disk center, [7]. We therefore restricted the
analysis to a region at the center-side penumbra.
Therefore, we have selected a region enclosed by a rect-
angle containing a penumbral filament (Fig.1 & 2a). This
filament lies on the center-side of the penumbra.

III. DATA ANALYSIS AND FINDINGS

The observed Stokes spectra have been inverted using
the SIR code (Stokes Inversion based on Response func-
tion), [11]. It is a one-dimensional inversion code working
under the assumption of local thermodynamic equilib-
rium and hydrostatic equilibrium. This code computes
synthetic Stokes profiles (hopefully) similar to the ob-
served spectral lines based on the synthetic atmospheric
models. Starting with an initial guess model, the syn-
thetic profiles were iteratively fitted to the observed pro-
files using response function, and merit function is mini-
mized.

In this work the inversion code looks for the best so-
lution in a space of 8 free parameters specified by nodes.
We use four nodes (a 3rd degree polynomial) for tem-
perature (T), and one node (constant with depth) for
magnetic field strength (B), inclination (v), azimuth (&),
and line-of-sight velocity (Viog).

For each pixel we compute the value of the temper-
ature, field strength, LOS velocity, and field inclination
around the layer of log(7) = —0.5. This is the optical
depth where the Stokes profiles of the Fe I lines are more
sensitive to the physical conditions of the atmosphere,
[4,5].

We assumed a single magnetic component in the um-
bral part of the rectangular selected region, while for all
pixels in the penumbral parts, the inversion setup uses
two independent magnetic components in each pixel.

An enhanced signal of Stokes V can be caused by ei-
ther temperature changes or magnetic field differences or

V0

FIG. 2. a) The enlarged view of the continuum image of
the selected penumbral filament. b) The final mask. We use
one-component inversion for white pixels and two-component
inversion for black ones.

Doppler shifts. But the asymmetric profiles (like Fig.3)
suggest that the main cause of the enhancements is dif-
ferent Doppler shifts of Stokes V profiles of, at least, two
unresolved components in the resolution elements; Be-
cause the former two factors are expected to influence
both the red and blue wings evenly.

We construct two magnetograms using the signal val-
ues in the far blue and red wings (280mA° away from
the line center) of the 630.15 nm line of the observed
Stokes V profiles. Then, to identify pixels with regular
profiles we created two masks of these magnetograms.
Each pixel with signals less than three times the noise is
specified as a regular profile which needs one-component
inversion. Pixels with strong V signals can be either in
one or two component. We use magnetic filling factor to
identify increased Stokes V signals which made because
of temperature or magnetic field gradients. So the 3rd
mask created to show pixels with filling factor less than
0.2 or greater than 0.8.

The final mask (Fig.2b) is a map of the locations,
where both of the criteria happened. Therefore, white
pixels have weak stokes V signals and filling factors less
than 0.2 or greater than 0.8 and we use one-component
inversion for them, and two-component inversion for
black ones.

The results of the inversion must thus be sorted some-
how to show the maps of spine and intraspine separately.
We used the inclination as a criterion for separating the
two inverted components (only for two-component inver-
sion) into two different maps related to spine and in-
traspine: The more vertical component is assumed to be
the spine, and the more inclined component to be the
intraspine as are expected based on observations, [3,1].
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FIG. 3. Stokes I, Q, U and V profiles of one of the pixels
of the filament displayed in Fig.1. The solid lines are the ob-
served, and the dotted lines are the best-fit (inverted) profiles.
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IV. RESULTS

A comparison of the measured (observed) profiles with
the best fit (inverted) profiles for one pixel located on the
filament can be seen in Fig.3. Fig.4 shows the resulted
atmospheric parameters: field inclination with respect to
the LOS (the surface normal), magnetic field strength,
LOS velocity and temperature. The two inversion com-
ponents have been separated by the criteria described in
the previous section.

The temperature maps in the upper right panel of Fig.4
are compatible with the map of the continuum intensity
(Fig.2a). Generally, the spine component is hotter than
the intraspine throughout the studied region.

The upper left panel of Fig.4 shows that magnetic field
of spine and intraspine becomes radially more horizon-
tal from the inner penumbra to the middle part of the
penumbra. The intraspine shows that field inclination is
about 135° in the inner penumbra (the beginning of the
selected filament) and becomes more horizontal (smaller
inclination angle) in the middle penumbra (the end of the
selected filament). Our results show that the dark core of
the filament (see Fig.2a) is related to a more horizontal
magnetic field than its lateral brightening.

Generally the magnetic field strengths of the two com-
ponents reduce radially from inner to the middle part
of the selected region of the penumbra (lower left panel
of Fig.4). The stronger magnetic fields are seen in the
spine. The dark core is visible in the intraspine com-
ponent of the panel of the field strength in Fig.4. The
magnetic field strength is much weaker within the dark

0 25 50 75 100 125 150 3730 4298 4866 5434 6002
Gamma(degree) T(K)

spine spine

intraspine

intraspine

59 423 787 1151 1515 1879 2243 2607 -2.0 -0.9 0.2 13 24

B(Gauss) V(km/s)

spine spine

intraspine intraspine

FIG. 4. Results from the inversion of the region limited by
the rectangle in Fig.1. Inversion components separated with
inclination criteria. Spine has more vertical and intraspine
has more horizontal fields. The magnetic field strength is dis-
played in the lower left, inclination in upper left, line-of-sight
velocity in lower right, and temperature in upper right panel.

core compared to the lateral brightening.

The background (spine) is generally static, while the
intraspine shows the stronger upflows.

The out puts of the inversion show a clear tendency of
existing weaker flows and more vertical fields in brighter
parts of the selected penumbral region. The stronger
flows and the more inclined fields occur in the dark core
of the penumbral filament.

The variation of the magnetic field inclination in the
intraspine, and flows locating in the dark core confirm the
flux tube model of Solanki and Montavon, [14]. There-
fore, this inversion results show horizontal flux tubes
within a background of vertical magnetic field lines bend-
ing towards the surface.

V. CONCLUSION

We analyzed a dark cored penumbral filament using
Hinode/SP data of a sunspot close to the disc center us-
ing two-component inversions with SIR code. We stud-
ied the temperature, field strength, field inclination, and
LOS velocity at the layer of log(7) = —0.5.

The most important result of our analysis is that bright
fibrils around the dark lane show more vertical fields and
weaker flows, and the horizontal fields and stronger flows
are associated with the dark lane (core), in contradiction
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with the predictions of the gappy penumbral model of
Spruit and Scharmer, [15].

We found that flows are associated with the flux tube
component (intraspine) which is the dark lane of the fil-
ament, and flows are absent in the surrounding atmo-
sphere (spine) which is the lateral brightening of the ob-
served filament. So the embedded horizontal flux tube
model seems to be able to explain all the results of our
analysis.
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Reconstructing f(7')-gravity from the polytropic and different Chaplygin gas dark
energy models

K. Karami, A. Abdolmaleki
Department of Physics, University of Kurdistan, Pasdaran Street, Sanandaj, Iran

Motivated by a recent work of us [1], we reconstruct the different f(7)-gravity models corresponding
to a set of dark energy scenarios containing the polytropic, the standard Chaplygin, the generalized
Chaplygin and the modified Chaplygin gas models. We also derive the equation of state parameter
of the selected f(T')-gravity models and obtain the necessary conditions for crossing the phantom-

divide line.
PACS numbers: 04.50.Kd, 95.36.+x

I. THE F(T) THEORY OF GRAVITY

In the framework of f(T) theory, the action of telepar-
allel gravity is given by [2-7]
d*z e [f(T) + Lm}, (1)
where k* = 87G and e = det(el,) = \/=g. Also T and
L,, are the torsion scaler and the Lagrangian density of
the matter inside the universe, respectively. Note that
¢ is the vierbein field which uses as dynamical object

e
o
in teleparallel gravity and has the following orthonormal
property [3]

(2)

where 7;; = diag(1,—1,—1,—1). Each vector e; can be
described by its components e, where i = 0, 1,2, 3 refers
to the tangent space of the manifold and p = 0,1,2,3
labels coordinates on the manifold. The metric tensor is
obtained from the dual vierbein as

€ - €5 = T,

3)

gm,(z) = le’jeﬁ(x)ei(x)-

The torsion scalar T is defined as [3]

T=S5MT",, (4)
where the non-null torsion tensor 7%, is given by
Tpu,z/ = ef(all«eli/ - al/efj,)’ (5)
and
v 1 v 1% 14 "
S = 5(K” o HORT, =6, T,). (6)

Also K*¥ p 18 the contorsion tensor and defined as

Kw

1 v 17 v
p:_g(T“p_Tﬂp_Tp# ).

(7)

Taking the variation of the action (1) with respect to the
vierbein, one can obtain the field equations as [3]

8" 0,(T) fro(T) + [e78u(eS,") — 3 T" 8,1 fr(T)

1, k2 y
(T) = = e,’T,?, (8)

G 2
where subscript T' denotes a derivative with respect to T,
S = eS8 and T}, is the matter energy-momentum
tensor. The set of equations (8) are 2nd order which
makes them simpler than the corresponding field equa-
tions resulting in the other modified gravity theories like
f(R), f(G) and so on [4].

Now if we consider the spatially-flat FRW metric for
the universe as

Guv = diag(_lv CL2 (t)a a2 (t)v a‘2 (t))v (9)

where a is the scale factor, then from Eq. (3) one can
obtain

eL = diag(1, a(t), a(t),a(t)). (10)

Substituting the vierbein (10) into (4) yields [3]

T =—6H? (11)

where H = a/a is the Hubble parameter.

Taking T# = diag(—p,p,p,p) for the matter energy-
momentum tensor in the prefect fluid form and using
the vierbein (10), then the set of field equations (8) for
i =0 = v reduce to [3]

12H? fr(T) + f(T) = 2k>p, (12)
and for i = 1 = v yield
ASH?H frr(T) — (12H? + 4H) fr(T) — f(T) = 2k?p.
(13)

Here p and p are the total energy density and pressure of
the matter inside the universe, respectively, and satisfy
the conservation equation

p+3H(p+p) =0. (14)
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Note that Egs. (12) and (13) are the modified Fried-
mann equations in the framework of f(T')-gravity in the
flat spatial FRW universe. If f(T') = T then Eqgs. (12)
and (13) transform to the usual Friedmann equations in
general relativity (GR). So one can rewrite Eqs. (12) and
(13) as [4]

3
ﬁH2 :P+PTa (15)
1 : 9
ﬁ(2H+3H ) = —(p+pr), (16)
where
1
pr=552Tfr—f-T), (17)
2k
1 . . )
pr = 7@[78HTfTT -+ (2T = 4H)fT — f +4H — T},

(18)

are the energy density and pressure due to the torsion
contribution and satisfy the energy conservation law

pr + 3H(pr + pr) = 0. (19)

The equation of state (EoS) parameter due to the torsion

contribution is defined as

SHT frr + 4H fr — AH
Tfr—f-T

wr = — = -1 (20)
For a given a = a(t), by the help of Egs. (17) and (18)
one can reconstruct the f(7T)-gravity according to any
dark energy (DE) model given by the EoS pr = pr(pr)
or pr = pr(a).
Here we assume a pole-like phantom scale factor as [§]

a(t) = ao(ts —t)™", t<t, h>0. (21)
Using Eqs. (11) and (21) one can obtain
h
H= T—é’z
—- @0 (22)
H=-1.

From Eqgs. (21) and (22) the scale factor a can be rewrit-
ten in terms of T' as

(23)

II. POLYTROPIC F(T)-GRAVITY MODEL

Here like [1] we reconstruct the f(7')-gravity from the
polytropic gas DE model. Following [9], the EoS of the
polytropic gas is given by

1

1+
PA = KpA "y (24)

where K is a positive constant and n is the polytropic
index. Using Eq. (19) the energy density evolves as

3 —n
pa = (Bat —K) (25)
where B is a positive integration constant [9].
Replacing Eq. (23) into (25) yields
3h -n
pr=(aTH - K) ", (26)
where
3 —sh
o = Bag (—6h%) ™" . (27)

Equating (17) with (26), i.e.
following differential equation

pT = pA, We obtain the

Mfr—f-T—2* (aTH - K) " =0.  (28)
Solving Eq. (28) gives
[Ty =BT +T
2k? n n o« s
+( ) Kn2 1 3han; 3h7K 2 9 (9)

where o F7 denotes the first hypergeometric function. Re-
placing Eq. (29) into (20) one can obtain the EoS param-
eter of torsion contribution as

1
Using Egs. (11) and (27), the above relation can be

rewritten as

wr = -1 - (31)

;3
We see that for % [ao (%)h} " > 1, wp < —1 which

corresponds to a phantom accelerating universe.

III. STANDARD CHAPLYGIN F(T)-GRAVITY
MODEL

The EoS of the standard Chaplygin gas (SCG) DE is
given by [10]
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A

_PiA’ (32)

A =

where A is a positive constant. Inserting the above EoS
into the energy conservation equation (19), leads to a
density evolving as [10]

/ B

where B is an integration constant.
Inserting Eq. (23) into (33) one can get

pr = VA + aT-3h, (34)
where
a = Bay~5(—6h%)>". (35)

Equating (34) with (17) one can obtain
T fr — f — T — 2k A+ aT -3 = 0. (36)
Solving the differential equation (36) yields
f(T)=pT"2 4T

1 -1 1 «Q
—2k2A% GF [, =14 ST
k 29 1<6h7 ) ) +6h7 A (37)

Replacing Eq. (37) into (20) one can get

1
(UT:—1+W, h > 0. (38)
Using Egs. (11) and (35), the above relation can be

rewritten as

wr=—-1+ . h>0, (39)

1
576
A lao ()] +1
6
which for B < 0 and 4 [ao (%)h] > 1 then wp can

|B]
cross the phantom-divide line.

IV. GENERALIZED CHAPLYGIN F(T)-GRAVITY
MODEL

The EoS of the Generalized Chaplygin Gas (GCG) DE
model is given by [11]

PA = ——> 40
Pr 10

where « is a constant in the range 0 < a < 1 (the SCG
corresponds to the case @ = 1) and A a positive constant.
Using Eq. (19), the GCG energy density evolves as [11]

1
B \™
pA = (A + a3(1+a)) 5 (41)

where B is an integration constant.
Substituting Eq. (23) into (41) one can get

pr = (At TFHE )T (42)

where

3h(14a)

v = Bay 317 (—6h?) (43)

Equating (42) with (17) gives
, 1
M fp — f —T — 22 (A . T?WM) T 0. (44)
Solving Eq. (44) yields

f(T) = BTY? + T — 2k>ATHs x

1 -1 1 Y =X
o <Y71—|—a’1+ ?,—ZT 2 ) ) (45)

where Y = 3h(1 + ).

Replacing Eq. (45) into (20) gives the EoS parameter
as

1

- h>0,
ATT +1

wr = —1+ 0<a<l1. (46)

Using Egs. (11) and (43), the above relation can be

rewritten as

1
h} 3(1+a) )

wp=—1+ (47)

+1

A
=l
~—

A
B {ao

5] > 1 then wr

can cross the phantom-divide line.

3(1+a)
which for B < 0 and 4, [ao (%)h}

V. MODIFIED CHAPLYGIN F(T)-GRAVITY
MODEL

The EoS of the modified Chaplygin gas (MCG) DE
model is given by [12]

B
pA = Apa — = (48)

PA
where A and B are positive constants and 0 < o < 1.
Using Eq. (19), the MCG energy density evolves as [12]

1
B C THo
oA = (1 YA a3<1+a><1+A>> ) (49)
where C' is an integration constant.
Replacing Eq. (23) into (49) yields

1

B - THa
PA = (1+A + v T;h(1+a)(1+14)) , (50)
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where

v = Cap 300+ (_gp?) Fh1+a)(1+4)

Equating (49) with (17) gives

B —3 1
OTfr — f — T — 2k% | ——— + T A+ 1+4)
fr=1 K <1+A+7 ’

Solving Eq. (52) yields

B ifa
_ 1/2 _ 2( =
FT) =BTV 4T 2k(1+A> x

+ 3 2G0T, @)

1 -1 1
P 1
2 1<X’1+a’

where X := 3h(1 + a)(1 + A).
Replacing Eq. (53) into (20) one can obtain the EoS
parameter of torsion contribution as

A+1

—5 X
yarm Lz 1

wr=—1+ h>0, 0<a<l, (54)

and using Eqs. (11) and (51), it can be rewritten as

A+1
h13(1+a)(1+A) )
)} +1

wr =—14+ (55)

B H
C+A4) [aO (%

3(14+a)(14+A)
which for C' < 0 and m [ao (%)h} > 1

then wp can cross the phantom-divide line.

VI. CONCLUSIONS

Here we considered the polytropic gas, the SCG, the
GCG and the MCG models of the DE. We reconstructed
the different theories of modified gravity based on the
f(T) action in the spatially-flat FRW universe and ac-
cording to the selected DE models. We also obtained
the EoS parameter of the polytropic, standard Chaply-
gin, generalized Chaplygin and modified Chaplygin f(T)-
gravity scenarios. We showed that crossing the phantom-
divide line can occur when the constant parameters of the
models to be chosen properly.
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Threshold density of kaon condensation in the neutron star matter

M. Bigdeli, M.S. Zamani
Department of Physics, Zanjan University, P.O.Box 45195-313, Zanjan, Iran

In this paper, we investigate the threshold density to produce the kaon condensate in the neutron
star. According to our results, the threshold density for kaon condensation lies in the range (0.4-0.9)

fm=2.
PACS numbers: 21.65.-f, 26.60.-c, 64.70.-p

I. INTRODUCTION

Neutron star is composed of neutrons, protons, elec-
trons and muons (npep matter) at low densities. As
density increases, strange matter like hyperons, a kaon
condensate, or quark matter appear. Kaplan and Nel-
son first proposed the possibilty of kaon condensation
as a new possible hadronic phase with a macroscopic
strangeness condensate and as a passing way to strange
matter [1]. The existance of the K~ condensed phase
would be significant in astrophysics. For example it af-
fects the equation of state of neutron star matter and
gives a possibility of a low maximum mass of ~ 1.4Mg),
and thereby the low mass black holes can be expected
around ~ 1.4Mg [2].

The kaon condensate in the neutron star matter can be
present through the following beta equilibrium reactions:

n —=p+1l+ 0
n = p+ K~
I - K= + uy. (1)

where [ = e, u. As neutrinos leave the star freely, the
above reactions of chemical equilibrium lead to following
conditions for all particles composed the system,

W= PK = fe = fiy = fn — fp (2)

II. FORMALISM

In general, the energy density of neutron star matter
which contains nucleon matter, leptons and kaon conden-
sate has been determined in the following way,

€ =ENN + Elep + EKN (3)

where e n is the kaon-nucleon interaction energy den-
sity, €iep is the energy density of leptons and enn is en-
ergy density of nucleon-nucleon interactions.

The energy per particle of asymmetrical nucleon mat-
ter can be calculated by semi-empirical mass formula as
3,41,
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FIG. 1. Nuclear symmetry energy as a function of the
baryon number density.

E(p,B) = E(p,0) + Es(p)(1 — 2Y;)? (4)

where E;(p) is the symmetry energy of the nuclear mat-
ter which is given by the following relation,

E,(p) = E(p,1) — E(p,0). (5)

E(p,1) and E(p,0) are the energy per particle of pure

neutron matter and symmetrical nuclear matter respec-

tively. In our calculations, these energies have been de-

termined using the LOCV method [5].

We can find the kaon-nucleon contribution, exn, by
using the baym theorem in natural unit [6],

z 0

EKN = fz'uTKsin@ + 2m%{f2sin2§

[
+ p(2a1x + 2a2 + 4a3)mssin2§ (6)
where

f = 93MeV,ayms = —67MeV,aoms = 134MeV and
—310MeV < asms < —134MeV .

When all densities are fixed, the minimization of the
energy density of neutron star matter, Eq. 3, with re-
spect to the free microscopic parameter 6.leads to

(52)p =0 @
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TABLE I. Threshold density for the Kaon condesation

| LasmeDIeVI[ pulfm =] Y, [pDIeV]] Y. | Y,

a -310 0.42505 | 0.0627| 161.54 | 0.0436| 0.0191
b -222 0.56765 | 0.0769| 185.36 | 0.0493| 0.0276
-134 0.8164 | 0.1048| 225.67 | 0.0619| 0.0429

we can find the equation below for 6,

1
cos) = (m3 f2 + 5p(2a1:r + 2ay + 4az)m;

1
f2,U,2
— o1 +2)) ®

Kaon condensate appears in the core of the neutron star
when the above equation possesses a solution, otherwise
the neutron star matter contain only npeu matter.

For the systems which are considered here, charged
particles satisfy the neutrality condition,

Pp = Pe + pu + PK (9)
hence:
9 3
f2usin®0 + p(1 + x)sin®~ + £
2 3m2
2 _m2)3
I Gt L (10)

32

The threshold density may be found from the above
relations simply by setting 6 = 0.

III. RESULTS AND DISCUSSION

The symmetry energy of nuclear matter has been plot-
ted as a function of the baryon number density in Fig.1.
This figure shows that the nuclear symmetry energy is
an increasing function of the density.

Results for threshold density of kaon condensate and
proton fraction are displayed in table 1 for different values
of azms. As it can be seen from this table, the thresh-
old density for the occurrence of the Kaon condensation
depends on the value of agms and by increasing agm
the threshold density increases. This table also shows
the values of particle fractions and chemical potentials
for differnt values of asm.
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(2007).

[5] M. Bigdeli, Phys. Rev. C 82, 054312 (2010).
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Direct Urca Process in Full Polarized Neutron Star Matter

M. Bigdeli, and N. Roohi
Department of Physics, Zanjan University,P.0.Box 45195-318, Zanjan, Iran

In this paper, we have determined the threshold density for the occurrence of direct Urca process
for the full polarized neutron star matter. Our calculation shows, this threshold density is about

0.3278 fm 2.
PACS numbers: 21.65.-f, 26.60.-c, 64.70.-p

I. INTRODUCTION

pulsars and magnetars are two kinds of neutron star
with very strong magnetic field in about 102 — 1015 gause
[1]. Because of this strong field, the normal neutron star
matter which contains neutrons, protons and leptons (npl
matter) becomes polarized. So this phase transition to
polarized neutron star matter can affect cooling of the
neutron stars.

The cooling of the neutron star occurs via neutrino
emission from its core after several seconds of its forma-
tion and continues by photon emission from surface after
approximately 10° years. The direct Urca (DUrca) pro-
cess is believed to be most powerful neutrino emission
which is a sequence of direct and inverse beta-decays [2],

n —=+p+1+ 9y
p+1l —>n+ y. (1)

where | = e and p,which is corresponding to electrons
and muons. This process can occur if the momentum
conservation satisfies the triangle condition, kr, + kr, >
kr, , here kp, is fermi momenta of nucleons and leptons.
For the systems which are considered here, we have also
the charge neutrality condition p, = p., for npe matter
and p, = pe + pu, for npep matter. p; is the number
density of each component of the system. Notice that
muon appears after some critical density in which the
fermi energy of electron is sufficient to produce muon.
The density of each component is given by,

pi = 6772@ (2)
14

where v is the degeneracy of system. The neutrino and
antineutrino momenta (p, = kgT'/c) are negligible with
respect to fermi momenta of nucleons and leptons. After
doing some calculations these equations lead to the pro-
ton fraction (Y, = pin”pp) larger than 0.11 and 0.148 for
npe and npep matter, respectively.

Nevertheless the energy conservation must also be sat-
isfied simultaneously. In neutron star matter, the proton

fraction depends on the nuclear symmetry energy.
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FIG. 1. Nuclear symmetry energy as a function of the
baryon density.

o©
o

In this paper we intent to calculate threshold density
for the occurrence of direct Urca process for the full po-
larized neutron star matter. In this way, first we calculate
the nuclear symmetry energy of full polarized matter and
then, calculate the threshold value of proton fraction in
which direct Urca occurs.

II. NUCLEAR SYMMETRY ENERGY OF FULL
POLARIZED NUCLEAR MATTER

The energy per nucleon of the polarized asymmetrical
nuclear matter can be calculated from the semi-empirical
mass formula as follows [3,4],

E(pa 67 Yp) = E(p, 57 Y;D = 1/2) + Es(pa 6)(1 - 2Yp)2 (3)

where Y}, is the proton fraction, p = p,, +p, is the baryon
number density and 4 is the polarization parameter,

pt—pi
=2 4
prT+pd @
In the above realation p?t (pJ) stands on the number den-

sity of spin up (down) nucleons. E(p, d) is the symmetry
energy of the nuclear matter which is given by,
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FIG. 2. Proton fraction versus the baryon density.

1
Es(p:‘s) :E(p,5,Yp:0)—E(p,(5,Yp: 5)7 (5)

in which E(p,6,Yp = 0) and E(p,d,Y, = i) are the
energy per particle of polarized neutron and symmetri-
cal nuclear matter which are calculated using the lowest
order constrained variational (LOCV) method [5]. The
LOCYV is a powerful tool for determination of the proper-
ties of the nucleonic matter at zero and finite temperature
[3-5]. In this paper we assume the full polarized matter,
that means for each component of the system we have
0=1

According to the beta equilibrium condition for direct
Urca reactions we can write,

OF
Mp = Mle = n — KUp = — 357 (6)
Y,
where p; is the chemical potential of particle i. Assuming
ultra relativistic electrons and relativistic muons, we can

calculate the proton fraction.

III. RESULTS AND DISCUSSION

The symmetry energy of full polarized nuclear mat-
ter has been plotted as a function of the baryon number
density (p) in Fig. 1. We can see the nuclear symmetry
energy increase with increasing the density.

Figure 2 shows the proton fraction versus the baryon
density for npeu matter. The arrow denotes the criti-
cal density of muon production, p, = 0.0862fm 3. As
we can see from this figure the threshold density for
the occurrence of the electron direct Urca process is
pen = 0.199 fm =3, which is correspond to the proton frac-
tion value of Y, = 0.11 (signed by circle). Figure 2 also
shows the direct Urca process, in presence of muon,occurs
at density p;, = 0.328 fm =3 (signed by square).

[1] S. Shapiro and S. Teukolsky, Black Holes,White Dwarfs
and Neutron Stars (Wiley-New York,1983).
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(1998).

[4] G. H. Bordbar and M. Bigdeli, Phys. Rev. C 77, 015805
(2008).

[5] M. Bigdeli, Phys. Rev. C 82, 054312 (2010).
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Abstract

In this work by using the state finder diagnostic, the Generalized Chaplygin Gas (GCG) model has been
investigated. We derive the state finder parameters {r,s} in GCG model and plot the evolutionary
trajectories in s-r plane. We find that the evolutionary trajectories are depended on the parameters of the

model and GCG model mimics the standard ACDM model at the late time. Eventually, it has been show

that the deviation of GCG model form the standard ACDM model is smaller compare with Standard
Chaplygin Gas (SCG) model.
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Evolution of Brane with Bulk Scalar Field

K. Saaidi! and A. Mohammadi®

! Department of Physics, Faculty of Science, University of Kurdistan, Sanandaj, Iran

In this work, the effects of chameleon scalar field on the evolution of brane (our universe), is studied.

Here one brane is selected (like RSII model) which is embedded on y = 0. By taking a FLRW as the
metric of space-time, the Friedmann equations are acquired, and after considering these equation at
early time and late time one can realized that there is an exponential expansion at early time which
may be related to inflation. Also, for having an accelerated expansion in late time, we should have
w < —% that it is in perfect match with observation.

Submitted for Gen. Relativ. Grav.

I. INTRODUCTION

In the early 1990’s onething about the expansion of
universe was certain. It might have enough energy den-
sity to stop its expansion and recollaps, or it might have
so little energy density that it would never stop expand-
ing, but gravity was certain to slow the expansion by
passing time. In the 1998, two independent research
groups of astronomers in California and Austraila found
that the expansion of the universe in actually accelerat-
ing. It was a shock for scientists. How it can be possible?
How one can explain that? Is there something wrong
with Einstein’s theory of Gravity?

After a while, theorists came up with an explanation,
named "Dark Energy”, a strange fluid with negative pres-
sure to cause this expansion. Some proposal have been
introduced for dark energy. The simplest candidate is
”cosmological constant”, but it has some problems such
as fine-tunning. Another proposal is scalar field. A most
general model for cosmic accelerating is a slow-rolling
scalar field, called ”Quintessence”. Though quintessence
is a good model for universe in the large scale, however it
is not a reasonable model in the solar system because of
its light mass. Khoury and Weltman [1] have improved
the model so that it has a coupling to matter which gives
the scalar field a mass dependeing on the local density of
matter. It was named ” Chameleon scalar field”.

Another model which has attractived a huge attention,
is the theory of extra dimension where all kind of matter
and their interaction are confined to a four dimensional
hypersurface (3-brane) embedded in higher dimension
space-time, except gravity which can propagate along the
fifth dimension. In the 1999, in the two paper [2], Ran-
dall and Sundrum revived this proposal. They supposed
one spatial extra-dimension. Their main goal was finding
a model to solve hierarchy problem. However, interesting
feature of this model, such as existence of quadratic term
of energy density in the Friedmann equation, caused this
model recieved scientists’ attention. we found it interest-
ing to investigate evolution of universe in the model of

extra dimension in the presence of chameleon scalar field
in the bulk.

II. GENERAL FRAMEWORK

In the begin, we should specify our action. We select
an action in the following form

5= [ Ervs{ XL RO - (o + V()

- [ Lo, W
the five-dimensional gravity in the presence of scalar field
¢ is displaied by the first term on the right hand sid
of relation and the second term describes the matter of
brane that are coupled to scalar field by

289
VM

where 3 is a dimensionless coupled constant, and M, is
the effective four-dimensional Planck mass on the brane.
Make attention that the brane tension is hidden on the
last term action, namely £,,, and tension appears on the
brane energy density in evolution equation (this feature
can be seen in some paper such as [3,?]). Note that £, is
a scalar density of weight 1. The five-dimensional metric
guv has signature (-,+,+,+,+), and h,, denote the four-
dimensional metric on the brane. One can obtain the
equation of action of scalar field by varying the motion
with respect to ¢ as

Yhws (2)

iLW = exp (

1 203 8/:3 iLNV(S

2
:V ~
V=Vl S

v, G

where V(¢) is the chameleon scalar field potential, which
is almost flat. For more information about this kind of
potential and its features reader can refer to [1,5]. Vary-
ing with respect to the metric g,,,,, the Einstein equation
are obtained as
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G G — Hg{T<¢>uu 4 T(b)w}7 (4)

where T(®)1 stands for the scalar field of total energy-
momentum tensor

T@O — GhpTY ¢ — g“”(%(VQb)Q +V(9)),

with attention to the dimension of the component of
energy-momentum tensor, we realize that the dimension
of the scalar field is no longer M, rather it is M?%. Due

to this fact, we select Mp% in the exponential of Eq.(2),
to make it dimensionless. Also the dimension of poten-
tial is M®. Since we put scalar field in five-dimensional
space-time, all of these results are acquired.

In Jordan frame, it can be assumed that the energy mo-
mentum is conserved, namely

D, TOm — 5)

where D displays covariant derivative in four-dimensions
space-time, and T is described by

2 aﬁﬁ
V/—h Ohy,
In above equations y displays the coordinate of fifth di-
mension and d(y) explains that our matter is confined
to a four dimensional hypersurface, namely our universe.

This equation gives us the conservation relation in Jor-
dan frame,

o = 3(y). (®

p+3H(p+p) =0.
We suppose that the matter be a perfect fluid with p =
wp, SO

p = poa2(1H) (7)

On the brane, the energy-momentum tensor in Einstein
frame and Jordan frame are related to each other by

T = exp(-2L o, ®)

\/ﬁ

p

therefore, p, and p, are easily expressed in term of the
component of energy-momentum of Jordan frame and
scalar field as

(1 —3w)pe —3(1+w)

\/ﬁg Jag

(1 —3w)Bo
VM3

9)

Po = po exp (

and

—3(14w) (10)

Po = wpoexp ( Jag

P
Note that, when scalar field approach to zero, there is

pp = p and pp = p. Now we introduce a FLRW metric as
the five-dimensional space-time metric

ds® = —nQ(t,y)alt2 + a2(t,y)'yijdxidxj + bg(t,y)dyQ,
(11)

with a maximally symmetric 3-geometry 7;;. We take
our brane as a four-dimensional hypersurface which is
embedded on y = 0, also we suppose Zs-symmetry for
the model. It should be mentioned that the metric is
continuous but their first derivative with respect to y is
discontinuous, and their second derivative with respect
to y includes the Dirac delta function. Under these con-
ditions, we have the following junction conditions

@] _ K3
= 12
a0 3 Pb, ( )
(] _ #3
= 2 3pp), 13
o 3 (206 + 3pp) (13)
(reader can refer to .... for more information about math-

ematical calculation). Note that, here, p, and p, the
brane energy density and pressure respectively, include
tension of brane, namely pp, = p+ A and p, = p — A,
where p and p are matter density and pressure respec-
tively. However, we should make attention here that the
energy density and pressure, namely p, and p; , depend
on scalar field. From the equation 3, one can arrive at
junction condition for scalar field as

(6] = —2— (1 — 3w)pexp (2L, (14)
M M3

where p and p are the energy density and pressure re-
spectively in the Jordan frame.

III. EVOLUTION OF BRANE

In this section, we want to achieve evolution equations
on the brane (our universe). With the help of metric,
one can obtain the component of Einstein tensor, then
from the (0,5) component of field equation, we arrive at
generalized continuity equation on the brane as

v+ 3H (py + py) = 2006 (15)

Since there is between scalar field and matter, the brane
energy density is not conserved, as we expected that.
Note that in all of relation in this section we select ng = 1,
without any less of generality. substituting the brane en-
ergy density, py, and pressure, py, (which we have just
obtained them in the last section) in the generalized con-
tinuity equation, we realized that equation (15) explicitly
confirms the junction condition of scalar field (14). From
(5,5) component of field equation, one can obtain the
second order (or generalized) Friedmann equation as
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O SR A W . T4 S R
ap  ad 36 32

(16)

where equations (12) and (13) help us to drive above
relation. By using (0,0) component of field equation, the
first Friedmann equation can be obtained as

. 2 4
Qo K5 2 "55 ¢0
H2=(2) =5
(ao) 367 T35

/2 A1

%o
9 +7+V(¢’ 0)) + a0

(17)

ag is the non-distributional part of double derivative of

(t, y) with respect to the fifth coordinate, and the sub-
script 0 of quantity in the above equation means that
they are computed in y = 0. We remind the reader that
p» and pp, as it has been expressed in the previous sec-
tion, depend on scalar field.

IV. INVESTIGATION THE EVOLUTION OF
UNIVERSE

In this part we want to consider the behavior of uni-
verse at the early times and late times, in other world
for large and small value of scalar field respectively. One
can rearrange the generalized Friedmann equation as fol-
lowing

do

— (92 + &)

:——(2+3 )P3

18
Qg 36 ( )

and with the help

(2
rs
3

From the junction condition (14),
ty (9), we rearrange this

of the function of energy densi
relation as

2
do Po 2(1 —3w)B¢,  KZ
w0 —%(24'3@) <a3“+“’)> exp (———— ﬁg) -3¢
2
K35 125 2(1 — 3w)B¢

e Late time
In late time, when ¢ approach to zero, we have

p~p and a>~a,

so according to generalized continuity relation and
the conserved equation in Jordan frame we can de-
duce that qb goes to zero, (note that in this area the
scale factor, a, is very large), therefore we arrive at

32 2
IVE (1—3w) >

(20)

a
-~ —
a

H5 1
2
3 <2M3( +3w) +

~ 2
Po
X | —=——1 -
(aé‘“‘”’)

If we take the magnitude of Ms in order of elec-
troweak scale Mg = 1TeV [6] and M, in order of
10'8GeV, the second term in parenthesis may be
ignored with respect to the first term. So, to have
an accelerated expanding universe in this area w
should obey as following

w< -3, (21)
this range for w is consistent with astronomical
data, because the most recent data indicate that
w < —0.76 at the 95% confidence level [7]. For
-l<w< - , with attention to the power of ag,
there is a pObltlve and decreasing value for d and
for w < —1 there is a positive and increasing value.

e Early time
In early times, when ¢ is very large, by the same
argument we have done for obtaining (20), one can

obtain
4 ~2
i r 7 2(1 — 3w)B¢
-~ _—5(243 - (22
a 3 ( W) ag(1+w) ( 3 ) ( )

P

It is clearly seen that, with attention to (21), one
realizes that quantity (1 —3w) is positive and there-
fore, the expanded acceleration of universe is so
large in early time. Note that in early time the
acceleration of universe is exponential. This expo-
nential acceleration in early time may concern an
inflation area of universe.

V. CONCLUSION

The attractive chameleon scalar field has been taken
as a scalar field in the bulk which has interaction with
matter in the brane. We could obtain the junction con-
ditions as same as the ..., but both of brane energy den-
sity and pressure depend on scalar field. In contrast to
the Einstein frame, energy density is conserved in Jor-
dan frame. By taking the FLRW metric as the metric of
space-time, the Friedmann equations have been obtained.
When there is a large value of scalar field, associated to
early time, these equations tell us that there is an expo-
nential expansion. This expansion might be ralated to
the evolution of universe in inflation era, so it has worth
for more discussion. In the late time, small value of scalar
field, one can see that the energy density and pressure in
Einstein frame and Jordan frame are as same. Also for
the equation of state parameter, we have w < —%. This
result is in compatible with recent observation data Wthh
indicate w < —0.76.
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Polarization of nucleonic matter and magnetic field of neutron stars

M. Bigdeli and S. Zare
! Department of Physics, Zanjan University, P.O. Box 45195-318, Zanjan, Iran

In this paper we consider the nuclear physics point of view about the magnetic field of neutron
stars. A comparison is also made between results of different methods.

I. INTRODUCTION

It has been well known that the neutron stars (NSs)
observed as radio pulsars (with have very high spin-down
rates) and magnetars (gamma-ray sources) which are
possessing strong magnetic field about B = 10'2 and
10'5G on their surfaces [1,2]. Our current knowledge of
neutron star magnetic field are largely biased on indirect
in inferences, but recently, scientists measure the mag-
netic field of neutron star directly.

The origin of this magnetic field is an open problem for
astrophysics and scientists. The present understanding
which mechanism generate such strong magnetic fields
in neutron star is still far from being complete and there
is no general consensus regarding about that mechanism.

There exist several possible origins which have been
discussed for the generating a magnetic field of pulsars,

1. The traditional fossil field hypothesis, also called
flux conservation (FC) suggests that the magnetic
field is inherited from the progenitor, with mag-

netic flux conserved and field amplified during core
collapse (~ 1019 G")

2. Magnetic field may be generated by a convective
dynamo (CD) in the first ~ 10 seconds of a proto-
neutron star. in principle, the maximum field
achievable is either B o< /4Tpveon ~ 4 x 10*° G
( convective eddy speed veon ~ 10% kms™3) or
B o« \/AmpRAw ~ 2 x 1017 G (for differential rota-
tion Aw ~ (127;) ) [3].

3. The pulsars as rotating magnetic dipole moments
emitting magnetic dipole radiation (MDR). con-
sider a rotating neutron star with a radius a and
angular velocity w,

6130 o @
— s =13 x 100G = (1)

for Crap pulsar with w = 209.357! and & ~ 1078
the magnetic field becomes B = 4.1 x 10'2G.

B=

4. Thermomagnetic (TM) effect in the neutron star
crust. It capable of producing large-scale fields
stronger than 10'2 G [4].

5. Nuclear physics (NP) point of view , which is pre-
dict the possibility of the existence of a phase tran-
sition to a ferromagnetic stat in neutron star mat-
ter.

In this article we calculate magnetic field using mag-
netization of matter.

II. FORMALISM

We consider the neutron star as a rotating magnetic
sphere with angular velocity w and radius a. The mag-
netic fields in the outside of star are as follows,

2 3
B, = gMOMa—g(cos a cos 6 + sin asin 6 cos(p — wt))
T
1 ad . .
By = gqu—g(cos asin @ — sin a cos 6 cos(p — wt))
T
1 a
B, = guOMT—?)(sma sin(p — wt)) (2)

where 7 is the distance from center of star, M is magne-
tization of the nucleonic matter and the direction of M
be inclined at an angle « to rotation axis.

Neutron star matter is an infinite system composed of
neutrons, protons (nucleonic matter) and leptons. The
magnetization of nucleonic matter is given by
1+06 1-p7

i+ G ] 3)

M:p[én( 9

where g, (1p) is magnetic moment of neutron (proton)
and 0,(d,) the spin polarization of the neutrons (pro-
tons),
(m _ 1) (m _ 1)
6p — Pp Pp , 5n — Pn Pn (4)
Pp Pn

In above equation (3 is the isospin asymmetry parameter
is defined as,

Pn — Pp
f=—— ()
p
The possibility occurrence of spontaneous appearance
of spin-polarized states in nuclear matter has been stud-
ied by several authors [5-11]. In most calculation, the nu-
cleon matter is stable against the phase transition. some
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TABLE I. Threshold density for the Kaon condensation
|Method| FC |  DC | MDR| TD | NP |

B(G) ‘ ~ 10| 10" —10'7| ~10"?| > 10"*| 10" — 10"

calculation which is considered within the framework of
a Fermi liquid theory with the effective D1S Gogny and
Skyrme (SKM*, SGII potentails) effective interactions
shows the possibility of ferromagnetic (neutron and pro-
ton spins aligned parallel ) and anti-ferromagnetic (neu-
tron and proton spins aligned unparallel ) phase tran-
sitions in symmetric nuclear matter (5 = 0) [5]. It
has been shown fully ferromagnetically polarized matter
(6, = 8, = 1) is formed at at density p ~ 0.425fm =3 and
fully anti-ferromagnetically polarized matter (5, = 6, =
—1) is formed at at density p ~ 0.725fm=3. This value of
polarization and density leads to magnetic field becomes
about Bpjs = 1.18 and 1.6 x 10'® G and Bapy = 1.08
1.716 x 10'7 G for SKM*, SGII potentials,respectively.
We now consider neutron star as paramagnetic sphere in
the strong magnetic field. Here, the neutron star matter
is approximated by pure neutron matter, at zero tem-
perature. In presence of a magnetic field the energy per
particle of the neutron matter is,

E(p,62) = E(p,0) + Fr(p)82 — pindH. (6)
where [E1(p) = E(p,6, = 1) — E(p,6, = 0)]7-(:0 in
absence of magnetic field. We calculate the total energy
per neutron F(p,d) using the LOCV method as follows
[10,11]. We consider a cluster expansion of the energy
functional up to the two-body term,

E(p,0) = = ;W

The one-body term Fj is kinetic energy of polarized neu-
tron matter and Es the two-body energy.

By the minimization of the energy of neutron mat-
ter Eq.6 with respect to the polarizations, §,,, we can
compute a magnetic susceptibility x = u2p/2E;(p). For
example at density p = 0.5 magnetic susceptibility be-
comes Y = 1.42 x 10°. Finally the magnetic field due
to paramagnetic matter in the outside of star takes the
form,

=F,+ E, (7)

w

B, = H(m)%(cosacosﬁ + sin asin 6 cos(p — wt))
x @ . .

By = H(m)ﬁ(cosa&n@ — sin acos 0 cos(p — wt))
X @, .

B, = H(m)ﬁ(smasm(w — wt)) (8)

III. RESULTS AND DISCUSSION

The result of our investigation for magnetic field and
those of others have been showed in table 1. As can see
from this table the value of magnetic field due to different
model are not in agreement with each others and the
result of DC and NP calculation are greater than those
of others.

[1] S. Shapiro and S. Teukolsky, Black Holes,White Dwarfs
and Neutron Stars (Wiley-New York,1983).
[2] Thompson and Duncac, Astrophysics J 473, (1996), 322
[3] Thompson and Duncac, APJ, 408,(1993),194.
[4] V.A. Urpin and D.G.Yakovlev, , Sov. Astron., 24,
(1980)425
[5] A. A. Isayev, JETP Lett. 77 (2003)251.
[6] A. A.Isayev and J. Yang, Phys. Rev. C 69 (2004) 025801.
[7] S. Fantoni, A. Sarsa and K. E. Schmidt, Phys. Rev. Lett.
87 (2001) 181101.
[8] I. Vidana, A. Polls and A. Ramos, Phys. Rev. C 65
(2002) 035804.
[9] I. Vidana and I. Bombaci, Phys. Rev. C 66 (2002)
045801.
[10] G. H. Bordbar and M. Bigdeli, Phys. Rev. C 77,(2008)
015805.
[11] M. Bigdeli, Phys. Rev. C 82,(2010) 054312.
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Taylor Expansion Analysis of Hubble Parameter in f(R) Gravity

Fatemeh Mirmahipour, Khadijeh Gilsamaei and Reza Saffarf]
Department of Physics, University of Guilan, P.O.Box 41335-191/4, Rasht, Iran.
(Dated: April 12, 2011)

In this paper apply the ansatz parameterizations of the expansion history H (z)2 using three recent
published data sets consist of 157, 182 and 557 SuperNovae Ia (SNela). In particular we determine
the best fit values of their parameters. Here we show that this method may reconstruct modified
action of f(R) gravity theory, from an inverse solution approach.

I. INTRODUCTION

One of the fundamental goals of cosmology is the un-
derstanding of the global history of the universe. Using
more distant standard candles like SNela makes it pos-
sible to start seeing the varied effects of the expansion
history of the Universe. Such cosmological observations
have indicated [I] that the universe undergoes acceler-
ated expansion during recent redshift times. This accel-
erating expansion has been attributed to a dark energy
component with negative pressure which can induce re-
pulsive gravity and thus cause accelerated expansion [2]-
[B]. The simplest and most obvious candidate for this
dark energy is the cosmological constant with equation
of state w = p/p = —1 [0]. The extremely fine tuned
value of the cosmological constant required to induce the
observed accelerated expansion has led to a variety of al-
ternative models where the dark energy component varies
with time. This physically motivated models include of
modified gravity, Chaplygin gas, Cardassian cosmology,
theories with cimpactified extra dimentions, braneworld
models etc, examine arbitrary parameterizations of the
expansion history H(z) and focus on maximizing the
quality of fit to the different data sets. Extending Gen-
eral Relativity, not giving up to its positive results, opens
the way to a large class of alternative theories of grav-
ity ranging from extra-dimensions [7] to nonminimally
coupled scalar fields [8, [0]. In particular, we will be in-
terested here in fourth order theories [10} II] based on
replacing the scalar curvature R in the Hilbert—Einstein
action with a generic analytic function f(R) which should
be reconstructed starting from data and physically mo-
tivated issues. Also referred to as f(R) gravity, these
models have been shown to be able to both fit the cos-
mological data and evade the Solar System constraints in
several physically interesting cases [12-16].

II. MODIFIED FIELD EQUATIONS

The action of modified theory of gravity is given by

S— /d4x\/—7g{21ﬂf(R) 4 Lm} , (1)

* rsk@guilan.ac.ir
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where L,, is the matter action such as radiation, bary-
onic matter, dark matter and so on which we do not
consider in field equation. In this work, we consider the
flat Friedmann Robertson Walker, (FRW) background,
so that the gravitational field equations for f(R) modi-
fied gravity are provided by the following form

i} . .
3% 43R S =0, (2)
a a 2

[g—|—2%]f/—2ngN—R2f”/—Rf”—*f:(). (3)
a a a 2

where the overdot denotes a derivative with respect t,
a(t) is the scale factor and H = a(t)/a(t) is the Hub-
ble parameter. Eliminating f between Egs. and
obtains:

[E+2(g)2]f/+ng//i}'?f//isz///:O. (4)
a a a
Which can be changed to the form of:
F—HF +2HF =0, (5)

where F' = df /dR. Eq. is a second order differential
equation of F' with respect to time, in which both of F'
and H are undefined. The usual method to solve Eq.
is based on definition of f(R). But in this paper we
would like to replace the variable of Eq. by another
cosmic parameter which named redshift, z. Each red-
shift, z has an associated cosmic time ¢ (the time when
objects observed with redshift z emitted their light), so
we can replace all the differentials with respect to ¢ by z
via:

4 _dadzd
dt  dt dadz’
d
=—(1 H(z)— 6
(14 2)H() L ®

where we use 1+ z = ag/a, and we consider ap = 1, in
the present time. Now, we can replace the variable of Eq.
from ¢ to z by using Eq. @, and we obtain a second
order differential equation for F' with respect to z as:

4H? 4+ (14 2)H? _, H?

P - F=
+ 2(1+ 2)H? (1+2)H?

0. (7

Solution of F(z) with given ansatz of H(z)? may help us
to reconstruct modified action of f(R) gravity.
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TABLE 1. 157 SNela data sets

H(2)* Xowin Xewin/dof Best fit parameters
T+ a2 184.77 1.18 a1 = 1.50 £0.12
1+ a1z + axz? 174.06  1.12 ar = 0.057057 ay = 2.857 058
1+ a1z + a2z +azz® 173.36  1.13 a3 = —0.70 + 0.20,a2 = 6.20 + 0.20,a3 = —2.837025

III. OBSERVATIONAL ANALYSIS

Given a parameterizations H(z;aq,...,a,) depending
on n parameters we can obtain the corresponding Hubble
free luminosity distance

Hy
Z/;alw";an).
(8)
Using the maximum likelihood technique we can
find the goodness of fit to the corresponding observed
D$*(z;)(i = 1,...,N) coming from the SNela of the dif-
ferent data sets. The observational data of the different
data sets are presented as the apparent magnitudes m(z)
of the SNela with the corresponding redshifts z and 1o
errors o, (2) [I8]. The apparent magnitude is connected
to Dr,(z) as

D" (zaq,...,a,) = (1 /d’
Pziar, .. an) = (14 2) ; ZH(

san) = M (M, Hp)+5logo(Dr(z;a1,...,a,)),
_ (9)
Where M is the magnitude zero point offset and depends
on the absolute magnitude M and on the present Hubble

parameter Hy as

m(z;aq,...

-1

_ cH,
M=M+51 =0 )4 925. 10
+ 5log; Mpe )+ (10)

Goodness of fit corresponding to any set of parameters
ai,...,ay, is determined by the probability distribution
of ay,...,a, ie.

P(Maala'--van) :'/\/'67)(2(]Vf,lll,..q(ln)/?7 (11)

where

N obs th V.
_ mo(z;) —m*(z;; M, aq,...,a,
XQ(_A[’ 1 . n) E ( ( ) ( 1 ))

i=1 01271"“(211)
(12)
and N is a normalization factor.
It is straightforward to minimize x%(ay,...,a,) us-
ing packages like Mathematica [17] to find x?(a@y, .. ., dn)

where X2 ,,, is the minimum obtained for the best fit pa-
rameter values ai,...,a,. If x2,,/(N —n) <1 the fit
is good and the data are consistent with the considered
model H(z;a1,...,an).

The variable x2 ;. is random in the sense that it de-
pends on the random data set used. Its probability distri-
bution is a x? distribution for N — n degrees of freedom.
This implies that 68 percent of the random data sets will
give a x2 such that
Jan) < Axi,(n),  (13)

Xg(al, cey Q) — XQ(dl, .

Yofr

1parameter-557data

w(2)

0.0 0.5 10 15
Z

FIG. 1. Redshift dependence of the equation of state param-
eter w(z) for 1 parameter model 557 data. The thick curve
is the best fit and the dark regions represent the lo error
regions.

5 L
4t ]
3t ]
q 2f ]
= 2parameters-557data
1 r -
of
-1 7 1
L L L L L L L L L L L L L L L L L
0.0 0.5 1.0 15

2FIG. 2. Redshift dependence of the equation of state param-

eter w(z) for 2 parameters model 557 data. The thick curve
is the best fit and the dark regions represent the lo error
regions.

where A3, (n) is 1 for n = 1, 2.3 for n = 2, 3.53 for
n = 3 and etc [I8]. Thus equation defines closed ellip-
soidal surfaces around ay,...,a, in the n dimensional
parameter space.

IV. TAYLOR EXPANSION ANALYSIS

Here we apply the above described maximum like-
lihood method using Gold [19] data sets consisting of
N = 157, Gold06 [20] data set consisting of N = 182
and Union2 [21] consisting of N = 557 SNela. The ob-
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TABLE II. 182 SNela data sets

H(z)? Xowin Xoin/dof Best fit parameters
14+a1z 168.52  0.93 a1 =1.71+£0.09
1+ a1z + az2° 156.58 0.85 a1 = 0.24 +0.24,a2 = 2.59 £+ 0.82
T+aiz+a22” +as2® 15648  0.87 a1 = 052707 as = 1.307037 as = 1.1970 20

TABLE III. 557 SNela data sets

H(2)* Xowin Xwin/dof Best fit parameters
14+ a1z 551.18 0.99 a1 = 1.33 £0.06
1+ a1z + a2’ 542.94  0.98 a1 = 0727013 a5 = 116707
1+ ai1z +a22” + asz” 541.81 098  a; = 1.127007 ay = —0.85 £ 0.05,a5 = 2.1079-7°

3parameters-557data

w(z)

0.0 0.5 1.0 15

FIG. 3. Redshift dependence of the equation of state param-
eter w(z) for 2 parameters model 557 data. The thick curve
is the best fit and the dark regions represent the lo error
regions.

300 [~ - L) T OE
—————— 1parameter-557data !
lparameter-182data l'
lparameter-157data H
250 ~ 2parameters-557data I -
2parameters-182data l

—————— 3parameters-557data
= 3parameters-182data
== 3parameters-157data |
—————— 2parameters-157data

200 -

< 150

100~

FIG. 4. Redshift dependence of the equation of state param-
eter for the cosmological anastz.

servational data consist of N apparent magnitudes m;(z;)
and redshifts z; with their corresponding errors dm,;. We
assume an arbitrary ansatz for H(z)? which is Taylor
expansion around z = 0 as

H(z)?=14a1z+a2®> +azz> +---, (14)
where
1 d"H?
== ) 15
= dan e0 (15)

The best fit values for the parameters a1, as and a3 are
found by minimizing the quantity of x?(a1,az,az). We
consider three forms of H(z)? as one parameter model:
H(2)?> = 1+ a1z, two parameters model: H(z)? =
1 + a1z + azz? and three parameters model: H(z)? =
14 a1z + a22% + a3z3. We have analyzed the best fit
parameters for all three models and we have found lo
errors of parameters. For example for three parameters
model using a dataset consisting of 557 SNela, we have
oin = X2(a1 = 1.1249,a; = —0.8553,a3 = 2.1035) =
541.8124, which implies x2,,,/dof = 0.98. Since this
value of X2 . /dof is smaller than 1 we conclude that the
model provided a good fit to the SNela data. The lo
errors on the predicted value of a1, as,as are found by
solving the equation

X2 (A1(10)s @2(10), A3(10)) — Xowin = AXTo(n = 3) = 3.53,
(16)
which leads to

ar = 1.127097 ay = —0.8510:02 a3 = 2.1015:08.  (17)

In Tables (IHIII) it is compared three predicted models
of H(z)?. The dark energy properties corresponding to
ansatz at best fit are described by the effective equation
of state parameter w(z). The form of w(z) defined as

1+ zdH?
3H?2 dz

w(z)=—-1+ (18)
Using the best fit form of ansatz in Eq. we find the
predicted form of w(z) which is plotted in Figs. (1H4)
along with the 1o error regions for 557 data.
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V. RECONSTRUCTION OF f(R) ACTION

In the other word, we can ask, How can we reconstruct
the source action, f(R), from solutions which obtained
by a model of H%(2)? As a general method to reconstruct
the source action we calculate Ricci scalar from

R =6(H+2H?), (19)

and if we change the variable of this equation from time
to redshift to have

dH (z)?
dz )

R(z) = 3[4H(2)* — (1 + 2) (20)

Then we calculate the related source action az a function

of z via:
df dR
1) = [ (1)

or

dH (z)? B

2 2
1) =3 [ P 1+ 0 (22)
Now, eliminating z between Eq. and Eq. will
generate the source action as a function of f with respect
to R. If have analytical solutions for H(z), R(z) and f(z),
we can expect to have an explicit f(R) actin, otherwise
the source action can only be calculated numerically.
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CHANGES MASS AND THERE THIRD BODY IN THE ECLIPSING BINARY
SYSTEM GO CYG

Mohammad Farahi Nejad !, Abbas Abedi', Fakhruddin Akbarian !, Marzieh Mostafayi ', Smaneh Abbasi !, Behjat
Zarei', Hamid Reza Gholamhoseinpoor!
! Department of Physics, Faculty of Science, University of Birjand

In this paper, by using the curve O-C was minimum primary and secondary eclipsing binary GO
Cyg, a new period of this system is determined. With attribution to the O-C curves of the periodic
gradient of light - time effect period triplet system, its orbital parameters and minimum mass of the
third body and a semimajor axis for the first time to be determined.

With examines the various modes of mass transfer eclipsing binary system GO Cyg let’s examine
each step in the transfer or loss the mass we calculate and we show the mass conservation is violated

in this system.
I. INTRODUCTION

GO Cyg an eclipsing binary star or an eclipsing vari-
able of the § lyra with p=0.71 day, this system by
Schneller (1928) discovered by Kukarkin (1929) among
short-period binary star was classified. The first time
Pearce (1933) Spectroscopy and the system has done to
spectral Ay, and By, it has proposed for. According
Sezer and others (1985) and Edalati Atighi (1997), GO
Cyg a eclipsing binary system semi-detached, primary
component of the Roach to fill in the secondary compo-
nent mass transfer to the threshold Roach lobe is his.
according to the curve (O-C), (The Zabinihinpoor and
Others 2003), the Wind Star Talk effective mass transfer
of know and conservation mass this system disapprove.

II. THE OBSERVATIONS

GO Cyg binary star photometry during 14 nights in the
months of August and October 2010 using the Schmidt
Kasgryan telescope 14 inches observatory doctor Mojta-
hedi University of Birjand in V and B filter with Pho-
tometers ssp5A been done. BD +35.4180 The photom-
etry used as the comparison star is located. The data
reduction conducted with program REDWIP and orbital
phase to calculate the horoscope of a linear system an-
nounced by Sezer (1985) is used (1).

HJD(Min) = 2455417.44727 + 0.71776707¢ (1)
Light curves obtained are shown in Figure 1. With fitting
Lorentz functions on the data, time minima was based
heliocentric Julian dates determined. These values are
presented in a Table I.

III. DETERMINATION PERIOD

Times minima set GO Cyg using existing Gateway site
was five times that our primary and secondary minima

jfal

.04 |

02

0.0 |-

AMAG
-

0.0 PHASE 0.5

FIG. 1. The observed light curves of GO Cyg binary sys-
tem.

‘ HJD ‘ Error ‘ Minimum
2455417.44727 0.000355 1
2455420.31820 0.000457 1
2455411.35852 0.00317 11
2455416.36817 0.001820 11
2455480.24810 0.001080 11

TABLE I. Photometric minima times of GO Cyg in filter B

were observed (Table I), and using linear ephemery by
Sezer (1985) was announced. Curve (O-C) according to
the number of full periodic system, we have plotted in
Figure 2. During the first stage of matching quadratic
function on data (O-C), the coefficients of this quadratic
function, we determine, in Table II values of these coef-
ficients is given. Using these coefficients the period and
gradient the period we determine. thus the new system
ephemery be expressed as follows(2-9):

AT(g) = Yeje’, (2)
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FIG. 3. curve remainder, after deduction of share data of
o-cC.
1),
(3)

p(E) = Tobs(g) - Tobs(5 - 1) = Die t+ chej - chv (5 -

d : ,
L _ Seiei =t + Nejj(e — 1) (4)
de
= Ycj11(5 + )& + Seja (5 + 1) (e — 1), (5)
dp . dpde 1 dp
A S (6)
dt de dt  piede

To determine the period and gradient in a quadratic
function to consider, then we have simple relations:

1
=22 = 6289 x 107"

Dle ay

P =0.717767098day

Y5A

‘ Coefficient ‘ Value ‘ Error ‘
Co 0.00816 8.84835 x 1071
o —5.71975 x 1077 7.03372 x 1078
Co 2.25702 x 1071 7.55481 x 10712

TABLE II. - The coefficients of this quadratic function
matches on o-c¢ curve

HJD(Min) = 2455417.44727 + 0.717767098  (9)
We Also helping the orbital inclination i, this system
of analysis brought to the light curve and spectroscopy
using the Holmgren had done in 1988, following equation
(Hilditch 2001), the absolute masses we have determined
the two stars (Farahi Nejad and Abedi 2011)(10 -11),

myy(sini)® = (1.0361 x 107 7)(1 — €2)3 (ky + k2)?)kiy PMg
(10)

My =2.84M¢, My = 1.21 M), (11)
We gradient in the period of implementation of the
quadratic function, we obtained the mass transfer from
the primary star Roach fill your lobe than we are.The
overall relationship between Gradient changes and the
relative changes of the period and is as follows(Hilditch
2001):

_2m 3ig(my —my)

b V3K (12)
P

mi1 + mo m1mo

The K, coefficient of magnetic braking or gravitational-
waves, and m in the system is a mass gradient assuming
zero of K, both overall situation may occur:
1-Conservative mass transfer
In this case all the mass transferred from the m; with
my reaches of any offense is not outside the system. In
this case:
m = 0,11 = —1g (13)
Considering the absolute amount of component masses
and the above formula we have

. 3 N M

p_ _3almi—ma) Loy 10-8MO

D mims year
(14)

2-Non-conservative mass transfer

A - loss mass:

If the wind out of a state to consider namely out of all
the mass m; is completely out of the system, and what
this is not mass transferred to the second star. In this
case we have:

1 = —1iy < 0,705 = 0 (15)
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Considering the absolute amount of component masses

and the above formula we have:
) 217 M

P h—64x1080

D my + ma year

(16)

B - loss and mass transfer:
If part of the mass transferred out of the m; and my
be out the rest of the system:

m < 0,11 < 0,712 >0 (17)
according to the amount of Component masses and
absolute formula we have:
p 2m 3m2 (m1 - mg)

- =— — g = —0.347Tm
p my + mg mimsa

(18)

IV. PROBABILITY OF THE THIRD BODY

After the deductible contribution data from the data
matches on (o-c), the remaining values chart in Figure
3 is marked, indicate periodic changes that may effect
light - time the third body is present. Thus Using Irwin
1952, Hilditch 2001 to determine the parameters triplet
system we measure . Beginning with software period o4,
the period, and to help Lorentz functions best fit on the
data remains on the Mount, 7,44, Tmin, We have obtained.
Then by giving different amounts of eccentricity, e and
longitude of periastron, w than the best curve theory
based on the data remaining to help the eye acted, then
using the software origin 8 and the function of light -
time, quantity e, w release Put to best adapt the soft-
ware to do Thus values of k, e, w, along with an error
standard to help the software is obtained in Table III are
written. Figure 4 charts the remaining data O-C, with
the best curve theory matches on the show(19 - 20).

a1z 8iniy/1 — (ecosw)?

2.59 x 1010

(19)

k= 7(Tmax - Tmin) =

2

1 1 —e?

=k
\/1— (ecosw)2(1 + ecos

T sin(¥ +w) + esinw)

(20)

Support values obtained, the third body mass and
semimajor axis for different values of orbital inclination
orbit triplet system we have determined that the amounts
are given in Table IV (21 - 22).

(mssini)3 472

= ——(ajasini)? 21
(1 + 1 £ 3 )2 wmen (21)

ms3 a12
—_— = == 22
(m1 4+ mg) as (22)

YA

Parameter Value Eror — standard
p(yr) 45.73 —
T(HJD) 2433323 —
K (days) 0.00952 —
e 0.299 0.02
w(deg) 77.6 0.02
a1z sini(km) 3.48 x 107 -

TABLE III. orbit parameters triplet System .

i(deg) ]\/f3(]\/f@) a12(AU) ag(AU)
10 0.2787 1.34 20.24
20 0.1385 0.68 20.20
30 0.0940 0.47 20.19
40 0.0729 0.36 20.17
50 0.0611 0.30 20.16
60 0.0540 0.27 20.14
70 0.0497 0.25 20.07
80 0.0474 0.24 19.92

TABLE IV. parameters triplet System.

V. DISCUSSION

1- Due to positive gradient period binary system can
be concluded that this change can be caused by mass
transfer or loss of system or loss is the angular momen-
tum. Third body mass so low that there is no possibility
of star formation and if the maximum mass of stars that
orbit 10 degrees inclination is obtained to consider, most
likely this star is located on the main sequence. Due
to its mass, and tables, the M5 is a spectral category,
the brightness of about 0.011 will be the sun brightness
and thus, according to its distance from the binary or-
bital, practically affect the star light, on binary system
light curve does not. Therefore, values obtained for the
third object can be confirmed. To ensure the values ob-
tained, the final remnants of the final curve of the rest
have stayed differentiation level is obtained we draw (Fig.
5). A random scattering of data around the horizontal
line passing through zero specifies that parameters are
set correctly.

2-conservative mass transfer mode, considering the fact
that GO Cyg is a system of semi-detach primary com-
ponent has filled his Roach lobe after being should be
secondary to the mass transfer, and mass M; should be
declining. If the value obtained for 77 positive. There-
fore conservative mass transfer mode is not possible.

A: mass loss:

Considering that some of the star category range B, are
stellar winds, and the primary star spectral, Ay and By
is proposed, the possibility that these stars have stellar
winds,with gradient mh = 1y = 6.4 X 10*8% mass lose.

B: loss and mass transfer:

It is likely that part of the mass of m; transferred
through the Lagrangian point Li, to mo and the rest
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FIG. 4. Graph the data remains the o-c with best light -
time curve matches it.

0.007 |- ° 1

o-c (days)

-0.007 - -

0 5 10
EPOCH NUMBER

FIG. 5. Final distribution of the remaining o-c data
around the horizontal line that passes through the origin.

come from the Lagrangian point Lo, the system is off.
In the case of K # 0, the values should be calculated
including the value of K.
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Study of the eclipse minima’s O-C curve of eclipsing binary
RT Andromedae

Mostafaei, M. Abedi, A. Zarei, B. zraatgari, F.Z. farahinejad, M. Abbasi, s. Akbarian, F
and Gholamhossainpour, H. R.
Department of Physics, Faculty of Sciences, University of Birjand, Iran

In this paper the O-C curve changes of eclipse minima of eclipsing binary RT And have been stud-
ied. In addition to determining the new orbital period of the system, factors affecting its orbital
period such as mass loss and third body existence have been studied.

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

I. INTRODUCTION

RT And is a detached short-period eclipsing binary.
This binary belongs to RS CVn stars [2]. Spectral class
of the primary component of this system has been deter-
mined as F8-GOV and the secondary as K0-2V [10]. The
orbital period changes of this system have been studied
by Borkovits and Hegedus (1996), Albayrak et al.(1999),
and Pribulla et al. (2000). Although in this papers they
have reported the period for the light-time effect, they
failed to determine the third body mass [2]. The effec-
tive factors in the period change of the eclipsing binary
RT And system have been declared as the mass loss, the
magnetic activity cycle, the light-time effect caused by
the presence of the system’s third body [2], and the mag-
netic braking [7]. In the recent reference, the presence of
the third body as a factor in periodic changes of the O-C
curve of the system’s eclipse minima has been rejected,
it has been attributed to the system’s magnetic activity,
instead.

II. THE STUDY OF THE PERIOD

We draw the eclipse minima’s O-C curve (Figurl)
based on the number of the system’s full cycles (E), by

0.02 T T T T T T

0.00

03 .
5o Pk

o Min(l) E
. « Mim(Il)
@ Minimum(ll) observed
Minimum(l) observed

-0.02

o-C

-0.04

-0.06 T T T T
-40000 -30000 -20000 -10000 0

Epoch number

T T
10000 20000 30000

FIG. 1.
times.

O-C curve for primary and secondary minimum

using the data related to the times of the primary and
secondary eclipse minimum of binary RT And existent in
the site Gateway, and the times of eclipse minima (table
I) obtained from light curves (Figure 2) which has been

‘ Eclipse Minimum Time (HJD)
Min(1)=2455478.32569
Min(II)=2455457.25661

‘ Standard Error
0.00098
0.00244

TABLE I. The secondary and primary eclipse minimum
time base on heliocentric julianday.

2.5 — T T T T
L, B kA % P T
20} SR ¢ I
w 7 B-1.2
W 7
% §
15 3§ 4
v
O] iy D B0 S8 " g | g Wl
<§( A0 i’;g f? V-0.6 ’%w”f” ]
&
O o 23 |
tu\ s ‘_.,‘,y.-m“ ":—»ﬂ-w
00} L2 R hed 4
1.
05k o i
10 Lot L L L L

-0.2 0.0 0.2 0.4 0.6 0.8
PHASE

FIG. 2. The observed light curves of binary.

photometered in three filters B, V, and R standard john-
son by using schmidt-cassegrain’s 14 inch telescope of the
doctor Mojtahedi observatory of birjand university which
is equipped by photometer SSP5A, in september and oc-
tober 2010, and by the help of an ephemery which has
been declared by Strassmeier et al. (1993) [3] as followed:

MIN(HJD) = 2441141.8888 + 0.62892984F

At the first stage we fit the best quadratic curve on the
O-C data (Figur3). Coefficients of this function and its

associated errors are presented in table II. Using the
method of Kalimeris et al. (1994) [6]:
P(e) = Prey + Xj_gcje! — S _gci(e — 1) (1)
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- dP 1 dP(e)

= = 2
At~ Py de @

where ¢ is epoch related to the time of primary minimum,
so we obtained P and P values.

P = —20.9731x10" ! (day™!) , P = 0.62892804778 (day)
Therefore the system’s new ephemry is as follow:
MinI(HJD) = 2455478.32569 + 0.62892804778FE

given that the eclipsing binary RT And is a detached

/““*-f,

o-C

* Photometric observations
—— Parabolic fit

-0.09
-40000

T T T
-20000 0 20000

Epoch number

40000

FIG. 3. O-C curve with quadratic function fitting on it.

‘ Coefficients Value Standard Error ‘
Bo -3.97046x10~* 3.24641x10~ 7
B 9.88063x1078 1.93994x 108

B, -4.14798x10~ ! 1.25788x10~ "2

TABLE II. The coefficients of quadratic function fitting on
the O-C graph.

binary , we have obtained the system’s mass loss by the
following equation (see [1], page 299).
dm

d
N 0.068— 12 p=3 P
dt (ml + m2)§ dt

mimsa

3)

== —1.3154 x 10° 1My (yr ).

where m; and msy are the absolute masses of the system’s
components which have been calculated by the radial ve-
locity curve [11], the orbital inclination which has been
obtained from the light curve analysis [8], and Hilditch’s
formula (see [4], page 46).

my 2 sini® = (10361 x 107 7)(1 — €2)3 (K1 + K2)* K21 PMo
(4)
M; = 1.031M and M, = 0.804M.

where K, and K5 are semiamplitude of the radial ve-
locity curve. The residuals curve which is the result of
the difference between the values related to the fitted
quadratic function and the O-C data is indicated in fig-
ure 4.

Yvr
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-0.005-

g, dd

-0.0104

-0.015+

-0.020
-40000

T T T
-20000 0 20000

Epoch

FIG. 4. Residuals curve .

Due to its periodic changes there exists the possibility of
light-time effect which is drive out of the third body pres-
ence. So assuming this, for determining the parameters
of triple system, by using Ervin (1959) [5] and Hilditch
(2001) [4] we have

K 1—e? | .
TE — cosQw{l p— sin(v +w) + esinw} (5)
where

_appsiniv1 —e? cos?w
N 2.590 x 1010

(6)

is the semiamplitude of the light-time effect (in days),
a12 is the semimajor axis of the absolute orbit of the
center of mass of the eclipsing pair arround that of the
whole system (in km), 2.590 x 1019 is the speed of light
(in km/day), i is the inclination, e is the eccentricity, v
is the true anomaly, w is the longitude of periastron pas-
sage of the orbit of the three body system. Now we act
as follows:

First by fitting the best lorentz function on residuals
curve data’s peaks we obtain 7. and Tpz,. More-
over by using the PERIOD 04 software we determine the
triple period , then by using these values and the appro-
priate values for eccentricity and longitude of periastron
we draw the graphs based on the true anomaly . Then,
using ORIGINS software and the light-time function we
set e and w as free variable in order to take the best fit-
ting from this software. In the figure 5 the best curve
fitted on data has been indicated.
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FIG. 5. O-C residuals curve with light-time curve fitted on
it .

-0.006

Parameters Value
e 0.12925
w (deg) 71.54713
K 0.00253
P (yr) 56.647467
T (HID) -12541.92584
aiasini (km) 6.56x107

TABLE III. Triple system orbital parameters.

In table III the best values of the triple system’s or-
bital parameters have been listed. Having e, w, and with
the help of the following equation, mass and third body’s
semimajor axis for different values of the triple system’s
orbital inclination from 10 to 90 degrees have been cal-

culated.

In table 4 the results of the calculations are

presented.
3 qin i3 2
mysing 4 . N3
m) = = a0 Sint 7
f( ) <m1 T my +m3)2 GP2( 12 ) ( )
2 _ ™3 (8)
as mi + meo
| i | az(AU) \ ms(Mg) \
90 17.7611 0.0453
70 17.7426 0.0483
50 17.6728 0.0594
30 17.4725 0.0921
10 16.4093 0.2824

TABLE IV. Triple body phisycal parameters.

vy

IIT. CONCLUSION

As studied, in spite of detacheding the RT And sys-
tem’s components, the primary component can lose mass,
because of its intense magnetic activity, also the mag-
netic activity cycle of this system can be considered as
the cause for periodic changes of the orbital period. The
presence of third body can most likely be the effective
factor of this phenomenon, too. Due to the minimum
mass which we obtained for the third body, this body
can not change into a star. Therfore it will not effect
the system’s light curve. For the orbital inclination of
10 degree that mostly result to the mass of a M4 main-
sequence star. Therefore assuming that the third body
is a main-sequence star , by using stellar data and exist-
ing tables [9]: Lz = 0.019Lg also, for components of the
binary system Ly = 2.1Lg and Ly = 0.29L.

Since 22— = 0.12134 and =% = 0.00795 There-
fore %2 = 0.0655. According to this value, the light of
this star can affect on the light curve RT And.While, this
affect has not been observed.

Thus the third body can not be a main-sequence star,
and it may be e red dwarf. Figure 6 shows the final resid-
uals O-C. Due to its random scatter around the horizon-
tal line that passes through the origin, our correction of
recognition of the O-C behavior is confirmed.

0.006

0.003 4

. . * .
0.000 S L~

final residuals

-0.003 4

-0.006 + + +

Epoch number
FIG. 6. Distribution of O-C data final residuals around the
horizontal line that passes through the origin.
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Minimal Length, Maximal Momentum and the Entropic Force Law

M. Molkara !,

K. Nozari 2

and P. Pedram?®

L Department of Physics, Islamic Azad University, Central Tehran Branch, Tehran, Iran
2 Department of Physics, Faculty of Basic Science,
University of Mazandaran, P. O. Box 47416-95447, Babolsar, Iran
2 Plasma Physics Research Center, Science and Research Branch,
Islamic Azad University, Tehran, Iran

Different candidates of quantum gravity proposal such as string theory, noncommutative geom-
etry, loop quantum gravity and doubly special relativity, all predict the existence of a minimum
observable length and/or a maximum observable momentum which modify the standard Heisenberg
uncertainty principle. In this letter, we study the effects of minimal length and maximal momentum
on the entropic force law formulated recently by E. Verlinde.

PACS numbers: 04.60.-m

I. INTRODUCTION

Various approaches to quantum gravity proposal sup-
port the idea that near the Planck scale, the standard
Heisenberg uncertainty principle should be replaced by
the so-called Generalized Uncertainty Principle (GUP)
(see [1,2] and references therein). In fact, string the-
ory, loop quantum gravity, non-commutative geometry,
doubly special relativity and the black hole physics all
indicate the existence of a minimum observable length
and/or a maximum observable momentum in the high
energy, quantum gravity era [3,5,4]. The existence of
these natural cutoffs has phenomenologically interesting
implications in all high energy physics problems (see for
instance [6,8,7,9] and references therein). Although the
order of magnitude of the corresponding quantum grav-
ity corrections are generally so small, but these are direct
footprints of the Planck scale physics and contain some
key attributes of ultimate quantum gravity scenario. The
idea that a gravitational system could be regarded as a
thermodynamical system has attracted a lot of attention
recently (see [10] and references therein). In this view-
point, E. Verlinde has reported his achievement on the
issue of Entropic Force [11]. In this report, he suggested
that gravity has an entropic origin. He postulated that
the change of entropy near the holographic screen is lin-
ear in the displacement Az, namely

S = mB%Agg (1)
where m is the mass of the test particle. The effective en-
tropic force acting on the test particle due to the change
in entropy obeys the first law of thermodynamics

SW =T8S = FAx, (2)

where T is the temperature of the holographic screen. If
one takes the Unruh temperature [12] experienced by an

rve

observer in an accelerated frame whose acceleration is a
to be

1 ha
_27T]€B C’

3)

then as Vancea and Santos [13] have pointed out, the pos-
tulate (1) is essentially quantum in nature. They have
used the entropic postulate to determine the quantum
uncertainty in the laws of inertia and gravity. In ad-
dition, they have considered the most general quantum
property of the matter represented by the uncertainty
principle and they have postulated an expression for the
uncertainty of the entropy such that it is the simplest
quantum generalization of the postulate of the variation
of the entropy and also it reduces to the variation of the
entropy in the absence of uncertainties. In this way, they
obtained the following generalization of relation (1)

AS = 27k (A”’ + %> .

l. me

(4)

Then by using the Heisenberg uncertainty relation

h
INAVES S (5)

and replacing Ap in (4) by Ap = &, they obtained

quantum correction of the Newton’s second law as follows
h

2m(fe — py(Ax)?’

C

F(Az) =ma+

(6)

Recently Ghosh has generalized this relation [14] by using
the following generalized uncertainty principle

Ax;Ap; >

[L+ 68 ((Ap)* +(p)?) + 26 ((Ap)* + (p)*)] . (1)

o | S
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2
where p? = Y0 pipi, B ~ Qa7 = iz, Mp =
Planck mass, Mpc? = Planck energy ~ 10'?GeV. In this
way, Ghosh has shown that the minimum length scale
modifies the entropic force law. In the presence of a
minimal observable length, the generalized uncertainty

principle can be written as [1]

(®)

The minimum measurable length in this case is Az =
v/Bh. In this way, Ghosh has found for corrected entropic
force law the following generalized expression [14]

AzAp > g (1+ ﬂ(Ap)Q) )

h ) h?

In which follows, we generalize this expression for the
case that there are both the minimal observable length
and maximal observable momentum. In fact, the previ-
ous analysis has the shortcoming that test particle mo-
mentum can attain any values without upper bound. As
we have stated, based on Doubly Special Relativity the-
ories, test particle’s momentum has also an upper bound
leading to the idea of a maximal observable momentum
[15,16]. In other words, at least newly proposed doubly
special relativity theories impose an upper bound on test
particle’s observable momentum and this upper bound
leads to a modification of the entropic force law.

II. VERLINDE’S ENTROPIC FORCE LAW WITH
MINIMAL LENGTH AND MAXIMAL
MOMENTUM

In the line of these researches, here we are going to
consider the effects of the minimal observable length and
maximal observable momentum on the entropic force law.
In other words, we add the existence of a maximal ob-
servable momentum to the work of Ghosh [14]. In this
respect, we obtain a general expression for entropic force
law in GUP. We start with a general GUP which contains
both a minimum observable length and a maximum ob-
servable momentum as has been given by equation (7).
The new ingredient lies in those terms that are corre-
sponding to (p)? of equation (7). We start with equation
(7) expressed in the following form

Awdp> T [145 (A2 + (1)) (10)

This relation can be expressed as follows

Az A BR: PR (p)?\?
Ap=—+ —(1-— — . 11
=Gt (1~ Qo -
To have correct limiting result when 5 — 0, we find
1 h
RaREY.v"

rvs

1 pr? 1 Bh?
(1+Z(A—m)2+ﬂ<p>2 <1+Zw<p>2>>~ (12)
From the reality of Ap, we obtain
Az =ny/B(1+8)%)* (13)

This result can be described as a new, momentum-
dependent minimal length scale. In this framework, the
entropic force law in the presence of the minimal length,
equation (9), generalizes to the following expression
h
F = —————(ah — pc*
ma -t 2me?(Ax)? (ah = pe)
Bh? ) 1 pR* .,
1+ —— 1+-—- .
( uTIVE + 87 1+ 4(Az)2<p>

This relation represents the effects of both minimal ob-
servable length and the maximal observable momentum
as quantum gravity features on the entropic force acting
on a quantum particle.

From another perspective, we note that quantum com-
mutators originated in doubly special relativity which
are consistent also with string theory and quantum
black holes physics, ensure via the Jacobi identity that
[z;,2;] = 0 = [p;,p;]. Under specific assumptions, these
features lead to the following commutator [3-5]

(14)

[miapj} =

ih |:5” — (p(sw + pf‘]) + 042 (p25ij + 3pzpj) ) (15)

g
Myc

and up to O(a?) terms gives

where o = = oplp/h. Equation (15) in 1-dimension

AzAp > g [1—2a(p) + 40> (p?)], (16)

where constant « is related to 3 through dimensional

analysis with the expression [3] = [a?]. Like what we
have done in section 1, we obtain
Ap =
1
1 (2Az 4(Ax)? 9 2
3oz ( - + ( bz 160“(1 — 2a(p)) .17

By simplifying we get

242
Ap = 2Zg; (1 * &;2(1 - 2a<p>)) (1—2a(p). (18)

Therefore, we obtain the following generalized entropic
force law

F= S C—
ma 2mc?(Ax)?

242

(ah — pe?) (1 o 2a<p>>) (1 2alp)). (19)

The most significant difference is that in equation (14)
the (p) term appears to be quadratic while in equation
(19) there is linear term in momentum.
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III. ENTROPIC FORCE FROM GUP MODIFIED
HAMILTONIAN

In this section, we study the effects of the generalized
uncertainty principle on the Hamiltonians of the quan-
tum systems in quasi-coordinate representation. In fact,
when we consider energies beyond the Planck energy, the
usual commutator relation between the position and mo-
mentum operators is not hold anymore. However, we
can still write the Hamiltonian in terms of such oper-
ators. In this case, some extra terms should be added
to the Hamiltonian. More precisely, the presence of a
minimal length and/or a maximal momentum adds some
terms proportional to p* and p? to the Hamiltonians of
physical systems. In the following subsections, we first
consider the case of the presence of a minimal length
solely and find the modified version of the Newton’s law
in two above mentioned scenarios. Then, for the case of
both a minimal length and a maximal momentum, we
obtain the relations for the uncertainty of the entropy
and their corresponding entropic forces.

A. GUP with a minimal length

Let us consider the Hamiltonian of a quantum system
in the presence of a GUP which implies a minimal length
in quasi-coordinate representation [6,8,7,9] i.e.

o,
H=— — . 2
Py s v (20)
So, from equation (2) we find
p 4p’
—0p+ f-—0dp+ Féx =T6S. (21)
m 3m

Now we can follow two different procedures for finding
the uncertainty of the entropy. First, let us consider the
Ghosh proposal, namely [14]

0 )
8Sc = 2k ( Ty p) (22)
l. me
where [. = h/mc is the particle’s Compton length. So,
h
using dp = % we have
h (ha
Fo=ma+ o (% —p- 3t ) G0

which differs with Ghosh result [14].
The second procedure is due to Vancea and Santos
[13]. The idea is writing the uncertainty of the entropy

as 05 = 2wkp (“’ 0K

mc?

) where K is the kinetic part of
the Hamiltonian. For our GUP we have
4 p3op >

3" m2c?

) )
dSvs = 27kp ( Ty p2p2
l. m2c

(24)

Yvy

which using dp = results in

N

20x
hp [ ha 4 0, s

Fvs =ma+ 9 (mc?’ 1) (1 + 3ﬁp ) (6x)™=. (25)

Comparing equations (23) and (25), we see that these two
approaches are not equivalent. In fact the difference of
these forces is proportional to the acceleration as follows

h2a
2m2¢3 me=

B. GUP with a minimal length and a maximal
momentum

Fo—Fys= p— %ﬁp‘?’) (6z)7%.  (26)

The modified Hamiltonian in the presence of both a
minimal length and a maximal momentum can be written
as [3,5,4]

2 3

p o0
H=— . 2
o +al +5am+V(x) (27)
So, from W =TS we find
2 3
L sp+ 30 0p + 2002 6p + Fow =755, (28)
m m m

To proceed further, we need to choose the functional form
of §.5. Following Ghosh proposal 6S¢ = 27kp ( L4+ é—p)

mc

and dp = % we obtain

Fo =ma+
N (@ —p — 3ap® — 20a2p ) (62)2. (29)

2m

Alternatively, using Vancea and Santos proposal for the
uncertainty of the entropy we find

0Sys =
) ) (5
2ka< SRR R Ny > (30)
le m2 m2c?

Therefore, we obtain the corresponding entropic force
where we have both a minimal length and a maximal
momentum

FVS = ma-+
h h
% (mZ?’ - 1> (14 3ap + 20a2p?) (6z) 2. (31)
For this case we have
Fg—Fys =
h’a 2 2 2 -2
D (me —p — 3ap® — 200°p) (6z) 2. (32)
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IV. SUMMARY AND DISCUSSION

Gravity seems to have an entropic origin and a gravi-
tational system could be regarded as a thermodynamical
system. This idea comes from a thermodynamical in-
terpretation of gravitational field equations. Based on
the Verlinde’s conjecture, the change of entropy near the
holographic screen is linear in the displacement of the test
particle about holographic screen. On the other hand, all
approaches to quantum gravity proposal support the idea
of existence of a minimal observable length of the order
of string or Planck length. In addition, theories such
as doubly special relativity lead to existence of an upper
bound of test particle’s momentum. In this respect, these
theories realize a maximal observable momentum too. It
is reliable to expect that finite resolution of the spacetime
points and also an upper bound on the measurement of
test particle’s momentum affect the formulation of the
entropic force law. The effect of the finite resolution
of spacetime points (through existence of a minimal ob-
servable length) on the Verlinde’s entropic force law was
studied by Ghosh [14]. Here we focused mainly on the
simultaneous effects of both minimal length and maximal
momentum on the formulation of the entropic force law.
We generalized the entropic force law via a phenomeno-
logical interpretation of quantum gravity proposal which
contains both a minimal observable length and a max-
imal observable momentum. This generalization could
be important in the interpretation of entropic nature of
gravity at Planck scale.
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Taylor Expansion Analysis of f(R) Gravity in Galactic and Solar scale
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In this paper we consider metric formalism in f(R) modified gravity. In this approach we use
Taylor expansion of derivative of action with respect to Ricci scalar, as a function of distance from
center. On the other hand we obtain a set of coefficients which is in accordance with rotation curve

and pioneer anomaly.

I. INTRODUCTION

To accommodate some recently observed phenomena
[1,[21,[3] occurring at very different scales ranging from
Solar system to cosmological distances, which at present,
have not yet found fully satisfactorily explanations in
terms of conventional physics, gravitation or not [4],[5],[6]
, we considering modifications of the standard laws of
gravity at different scales; As well as done in recent
years. These anomalous effects are: The recent data com-
ing from the luminosity distance of supernovae Ia wide
galaxy surveys and the anisotropy of cosmic microwave
back- ground radiation suggest that about 70 percent of
the energy density of the present universe is composed
by dark energy, responsible for an accelerating expan-
sion. Further more in small scales, the data coming from
galactic rotation curves of spiral galaxies [7] can not be
explained on the basis of Newtonian gravity or General
Relativity (GR), if one does not introduce invisible dark
matter. In Solar system there is an unexplained acceler-
ation approximately directed towards the Sun affecting
the Pioneer 10/11 spacecrafts after they passed 20AU
threshold [8],[9]. In order to reconcile theoretical models
with observations, existence of dark matter is postulated
in Solar system [I0]. The main problem of dark energy
and dark matter is understanding their nature, since they
are introduced as ad hoc gravity sources in a well define
model of gravity. Therefore we find another possibilities,
like various modification of gravity. In this paper we are
concerned with f(R) gravity theory and consider metric
formalism in f(R) modified gravity. In this approach we
use Taylor expansion of derivative of action with respect
to Ricci scalar, as a function of distance from center.
we try to extract an appropriate action for the modified
gravity through the inverse solution [I1]. This method
has been applied in the previous works both in the galac-
tic and cosmological scales Here we extend the previous
works to the solar system scale, studying anomalous in
the Pioneer acceleration and obtain the appropriate ac-
tion in the solar system scale. we extract an appropriate
action to provide a flat rotation curve in the spiral galax-
ies. Both the solar system and the galactic scale solutions
are consistent with the modified gravity field equations
in the first order of approximation. Finally we propose a

* rsk@guilan.ac.ir

A

generic function for the action to cover all the mentioned
scales.

II. F(R) GRAVITY IN SPHERICAL
SYMMETRIC SPACE

A generic form of the action depending on the Ricci
scalar can be written as follows:

S = i /d‘*x\/?gf(R) + S (1)

Varying the action with respect to the metric results in
the field equations as:

L F(R) gy —

F(R)RNV - 2

(VuVy —9uO)F(R) = KT,

(2)
where 0 = V,V® and F = df/dR. From equation ,
we take the trace and obtain the action in terms of F'
and Ricci scalar as:

F(R) = %(3DF + FR— KT). ()

By taking derivative from Eq. with respect to r (ra-
dial coordinate of the metric) we rewrite this equation in
terms of F' and R as follows:

RF' — R'F + 3(0F) =0, (4)
we obtain the field equation in terms of F(R):
1 K 1
R,uu - Zg,ul/R = f(T,uy - Z.g,uuT)

1 1
+f(V#Vl,F — Zg#,,DF). (5)

Following the method introduced in [I2] , we solve the
time-independent spherical symmetric field equation in
vacuum. Let us take a generic spherically symmetric
metric as:

ds®> = —B(r) dt* + A(r) dr? + r2d6? + r? sin? 0d¢®. (6)

Since the metric only depends on 7, one can view Eq.
as a set of differential equations for F'(r), B(r) and A(r).
For the spherically symmetric space both sides of Eq. ()
are diagonal and we have four independent equation. We
rewrite Eq. as:
Ky = FR,, —V,V,F — RTML’ (7)
Gup
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where K7, is an index independent parameter and Kj,; —
K,y = 0 for all p and v. For the vacuum space T}, = 0,
K[t] - K[r] = 0 results in:

X' X'
2F S +rF' S —2rF =0, (8)

where X (r) = B(r)A(r). For Kp) — K{g) = 0:

. . 2 F 1X 2 2

HF e F ey )P r2B+r2X_(§)'
In the case of Einstein-Hilbert action (F = 1) equation
reduces to X = 1 and equation @ reduces to the
Schwarzschild solution. We note that for this case equa-
tion also reduces to 0 = 0 identity. In another word,
F =1 fix one of the functions amongst F', X and B and
two differential equation is sufficient to the solution of
this space. However for a genetic f(R) to find a solution
for the space the three differential equation is needed and
we should take into account the trace of the field equa-
tions, including it to equations and @[) In this pa-
per we use Taylor expansion of derivative of f(R) action
around r = 0 as:

F(r)= Z a,r"”, (10)

Here we study the role of adding expansion terms on
dynamics in different scales.

III. SOLAR SYSTEM SCALE

Here we introduce the second order of Taylor expan-
sion: F(r) = (1 +ra) for the derivative of action as a
function of distance from the center, where « is a small
constant with inverse distance dimansion. Using F(r) in
the differential equation and (9) we obtain X (r) and
B(r) as follows:

X = X, (11)

B(r)y=1-ra+ rz(gaQ —a?In(r) + o®In(1 + ra))

+C’2(—2 + 3ra — 6r3a3 In(r)

2
= +ort (12)

where C7 and Cy are the constants of integration. For
a = 0 we recover the Schwarzschild metric leading C; = 0
and Cy = —6m. Where m = GMg. We keep up to the
first order of o in the metric as:

B(r) = 1+22 —ra — 3ma, (13)
r
Using the weak field regime, we define an effective poten-
tial as

2 2m

N = 5(7 —ra — 3am) (14)

where the acceleration of the particles from this potential
is

ac®  2mc?

0= —
2 r2

(15)

The first term at the right-hand side of this equation is
the standard Newtonian gravity;however the second term
is a constant acceleration,independent of the mass.we
may correspond this extra term to the pioneer anoma-
lies and constrain it with the observed value of ap =
(8.744:1.33) x 10~ 1% /s? which results in v ~ 10726m 1.
Furthermore by numerical solution the acceleration dia-
gram can be provided:

IV. GALACTIC SCALE

Here we add a quadratic term (as a second order of
Taylor expansion) to derivative of action: F(r) = 1+
ra + Br?. At first analitical solving of Eq. result in

3a+8r8 ]

\/—9a2+328 +1 1n[2+3ar+47”25])’
—9a? + 323 2
(16)

By numerical solving of Eq. @ we can achieve rotation
curve around the center of a galaxy. At the next part we
use from Eq. where

3o arctan|

X, = exp(—

A (17)
nldri| _,

are constant coefficients that at » = 0 is depend on F'(r).

With substituting Taylor expansion in Eq. and Eq.

@D for r — oo where just sentences with higher exponents

are effective in expansion, asymptotic behavior result in:

X 2n(n-1)
—_—=— 18
1 3n 2 3n 2 2n(n-1)
B+~ g (B S =0, (19
+7‘n—|—2 T2(7L+2+) +r2r (19)

We can solve analytically Eq. at various n, for ex-
ample considering n = 2

4 C
B(r):—r—i—rQCl—i— 52,
7 rs

(20)

)2 = 1rB’ _ roy (%)
2 B

1
— lim[v?,r — oco] = 3 (21)

This result shows that the velocity at the far distance of
center cause to constant values.
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9.015x 1070

9.01x1071
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2x10%
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(8.74 + 1.33) x 10~ 1%m/s? for o ~ 1026,

4x10'
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Constant region of diagram is in accordance to Pioneer anomaly acceleration with the observed value of ap =

FIG. 2. Constant region of diagram is in accordance to Pioneer anomaly acceleration with the observed value of ap =

(874 + 133) X 10710m/52 for oo ~ 10726m—1

V. SUMMARY AND DISCUSSION

In this work we have found the extra acceleration of the
Pioneer and flat rotation curve of the Galaxy as the man-
ifestation of the modified gravity. We assume a generic
function for the derivative of action in terms of distance
from the center. At first by considering two terms of

Taylor expansion, pioneer anomaly acceleration had been
justified, then by considering three terms of this expan-
sion we justified rotation curve of galaxy. Finally this
question can be asked: Can we find a generic f(R) ac-
tion which its Taylor expansion might be reduced to our
results in two studied scales?
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The Effect Of Toroidal Magnetic Field on Self-Gravitating Viscous Accretion Disks Around The Protostars
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'Department of Physics,Ferdowsi University,Mashhad
“Department of Physical Khayyam Institute of Higher Education,Mashhad

7 Department of Physics Damghan University
3school of Astronomy,|PM, Tehran

Abstract

In this paper,the effect of troidal magnetic field is studied in standard self-gravitating viscous thin disks . By
appling the magnetic field,we expect to see different behaviors compared to a non-magnetic field case.We found
self-similar solutions for radial infall velocity,rotation velocity,surface density and mass accretion rate.Our
results show,by increasing the magnetic field,the radial velocity and mass accretion rate,at least in the inner
regions of the disk,become slow and low respectively and in the outer regions,the azimuthal velocity and surface
density become fast and high respectively.We use o,/ viscouse models and compar e them each other.
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Strong gravitational field in R + u*/R gravity

A. Vajdi, Kh. Saaidi,* S. W. Rabiei,! and Z. Rajabi
Physics Department, University of Kurdistan
Sanandaj, Iran

We introduce a new approach for investigating the weak field limit of vacuum field equations in
f(R) gravity and we find the weak field limit of f(R) = R + u"/R gravity. Furthermore, we study
the strong gravity regime in R + p*/R model of f(R) gravity. We show the existence of strong
gravitational field in vacuum for such model. We find out in the limit ;4 — 0 , the weak field limit
and the strong gravitational field can be regarded as a perturbed Schwarzschild metric.

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

Observations on supernova type Ia [1], cosmic mi-
crowave background [2] and large scale structure [3], all
indicate that the expansion of the universe is not pro-
ceeding as predicted by general relativity, if the universe
is homogeneous, spatially flat, and filled with relativistic
matter. An interesting approach to explain the positive
acceleration of the universe is f(R) theories of gravity
which generalize the geometrical part of Hilbert-Einstein
lagrangian [4-11]. One of the initiative f(R) models sup-
posed to explain the positive acceleration of expanding
universe has f(R) action as f(R) = R — u*/R [5]. Af-
ter proposing the f(R) = R — p*/R model, it was ap-
peared this model suffer several problems. In the metric
formalism, initially Dolgov an Kawasaki discovered the
violent instability in the matter sector [12]. The analysis
of this instability generalized to arbitrary f(R) models
[13, 14] and it was shown than an f(R) model is stable if
d?f/dR? > 0 and unstable if d%f/dR? < 0. Thus we can
deduce R — p*/R suffer the Dolgov-Kawasaki instability
but this instability removes in the R+u*/R model, where
p* > 0. Furthermore, one can see in the R — p*/R model
the cosmology is inconsistent with observation when non-
relativistic matter is present. In fact there is no matter
dominant era [10, 15]. However, the recent study shows
the standard epoch of matter domination can be obtained
in the R+ p*/R model [10].

It is obvious that a viable theory of gravity must
have the correct newtonian limit. Indeed a viable the-
ory of f(R) gravity must pass solar system tests. After
the R — p*/R was suggested as the solution of cosmic-
acceleration puzzle, it has been argued that this theory
is inconsistent with solar system tests [16]. This claim
was based on the fact that metric f(R) gravity is equiva-
lent to w = 0 Brans-Dicke theory, while the observational
constraint is w > 40000. But this is not quite the case
and it is possible to investigate the spherical symmetric
solutions of f(R) gravity without invoking the equiva-

*Electronic address: ksaaidi@uok.ac.ir
TElectronic address: w.rabiei@uok.ac.ir
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lence of f(R) gravity and scalar tensor theory [7, 9, 17—
21]. Tt has been shown that some f(R) models accept
the Schwarzschild-de Sitter spacetime as a spherical sym-
metric solutions of field equation[17]. Hence R — u*/R
model has a Schwarzschild-de Sitter solution with con-
stant curvature as R = 1/3u* where this is not the case
in R+ p*/R model.

In this paper we study the R + p*/R model of f(R)
gravity. We find the static spherically symmetric solution
of vacuum field equation in both weak field limit and
strong gravity regime, moreover, the weak field analysis
can be expanded on f(R) models of the form f(R) =
R+ ¢€g(R).

II. WEAK FIELD LIMIT

In this section we investigate the weak field solution
of vacuum field equation in f(R) theories of gravity. We
are interested in model of the form f(R) = R + eg(R),
with € an adjustable small parameter. The motivation
for discussing these models is that the nonlinear curva-
ture terms that grow at low curvature can lead to the
late time positive acceleration, but during the standard
matter dominated epoch, where the curvature is assumed
to be relatively high, could have a negligible effect.

The field equations for these models are

GW:_E[G,iyjugwm—vqug“?”
g(R))]

w (R= 2N O(R) + kT,

( o(®) )| P T KL

where ¢(R) = dg(R)/dR. Contracting the field equation
we obtain

(1)

29(R) }
R=¢|R——=+430]| ¢(R) — kT. 2
-2 (R) @
Where for the vacuum 7),,,7 = 0. If ¢ = 0 the above

equations reduce to Einstein equation. Hence we sup-
pose G, and R in the r.h.s of Egs.(1,2) can be ne-
glected for small values of . Furthermore if the condition

}lzimo [9(R)/¢(R)] = 0 is satisfied we can neglect this term



VWA o)l YY-YY ol b pole | oSS duass JKisls (PO 9 ,_gl.uu,f oS 5L

too. neglecting these terms leads to the following equa-
tions

GpJ/ = —€ [gu«l/':l - VNVV] SO(R)7 (3)

and

R = e30(R). (4)

The analysis of spherically symmetric solution can be
carried out using schwarzschild coordinate

ds* = —A(r)dt? + B(r) " tdr? + r2dQ2. (5)

In the weak field limit approximation the metric deviates
slightly from the Minkowski metric, so we can write

A(r) =14 a(r),
B(r) =1+b(r),
al,|bl< 1.

(6)

When solving the field equations(3,4) we will keep only
terms linear in the perturbations a(r), b(r). Hence equa-
tions (3,4) leads to

@b 2de(®)
roor2 Er dr
Pt v 7)
r T2 T TV PV
and
R = 3eV?¢(R). (8)

where (/) indicates a derivation with respect to r.

A. f(R)=R'"

This model is considered in [7]. It is shown that this
model has an exact spherically symmetric vacuum solu-
tion and regarding the general line-element in Eq.(5), it
may be written as
_ T26(1+26)/(176) +C,’,7(1746)/(176)7
B (1—¢)?

(1= 26+ 4€2)(1 — 2¢ — 2¢2)
% (1 T T7(1725+452)/(176)) :

where c is a constant. In the limit € — 0, these solutions
become

-1
ds? = — (1 4 2lnr + 5) 2 + (1 42+ 9) dr?
T T
+r2dQ2. (9)

because we seek the weak field limit, in above equation
we assume ¢/ < 1.

YAY

Since we are interested in the limit ¢ — 0, we may
expand f(R) = R'*¢ around € = 0. Then we have

f(R) = R+¢RIR,

h(R) = RlnR,

¢(R) = 1+InR.
It is «clear that g(R) satisfies the condition
zlzimo [9(R)/¢o(R)] = 0. Inserting ¢(R) in the trace

equation (8), the Ricci scalar is obtained as

R=-%

- (10)

Then we arrive at the solutions of Eqs.(7)
(11)

a:E—i—Qelnr, b:E+2e,
r r

where ¢ is a constant. We can see our solutions are in
agreement with the exact solutions (9). Also one can
check neglecting R, G, and g(R)/¢(R) in Egs.(1, 2) is
reasonable.

B. f(R)=R+ehR

For this model ¢(R) = 1/R. Solving trace equation
(8) and field equations (7) we obtain

(12)
and
(13)

where M is a constant. Therefore the space time metric
for empty space in this model is

2M

d52 = _<1_7"_\/Er)dt2
-1
+ <1 _AM \/Er) dr® +r2dQ?. (14)
T

We can see, the generalized Newtonian potential is
(15)

This generalized gravitational potential has two terms.
The first term is the standard Newtonian potential and
the second term make a constant acceleration, ++/€/24,
which is independent of the mass of star. In [28] this
metric is used to address the Pioneer’s anomalous.
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C. f(R)=R+u*/R

Based on equivalence between f(R) gravity and Brans-
Dicke theory with w = 0, it was argued that this the-
ory is inconsistent with solar system tests [16]. In-
deed by this approach the Post-Newtonian parameter
is found as yppy = 1/2 while the measurements indi-
cate yppy = 1+ (2.1 £ 2.3) x 107° [22]. Also we must
note that using equivalence between f(R) gravity and
scalar tensor gravity one can find models which are con-
sistent with the solar system tests. This consistency can
be made by giving the scalar a high mass or exploiting the
so-called chameleon effect[23-25]. However, when one is
using equivalence between f(R) gravity and scalar ten-
sor gravity, the continuity of scalar field or its equivalent,
the Ricci scalar, at the matter boundary is crucial con-
dition which is not the case in Einstein gravity. But in
this work we don’t adopt the continuity of Ricci scalar
for solving the field equations. Instead, we suppose that
when p tends to zero we arrive at the Einstein gravity.
Thus we find a solution for 1/R model which is radically
different from other solutions in [26, 27].

For this model we have

g(R) = +1/R,
p(R) = F1/R?, (16)

where g(R) fulfills the condition Il%imo [g(R)/e(R)] = 0.
Solving Egs.(7,8) we obtain

R = ZF?au%r_%,

H4 1 4 a

R 2902t

a:—%ﬂ:%a gr%,
r
2M

b= —""— +ausrs. (17)
r

where a® = 4/147 and M is a constant. Therefore the

metric for space time is
2M
ds? = — <1 -— 3oz,u§r§> dt?
r 4
2M s 2\
+ (1 -4 ausrﬁ) dr? + r2d02. (18)
r

From Eq.(17) it is obvious that in the limit u — 0,
u*/R? tends to zero, so there is not singularity in the
field equations. Also one can check neglecting R, G
and g(R)/¢(R) in Eqgs.(1, 2) is reasonable.

i)

D. Interior solution in the f(R) = R+ u*/R model

In this section we discuss the interior gravitational field
in the spherically symmetric case of static mass distribu-
tion in the f(R) = R + p*/R model where u — 0. So

YAA

we seek a spherically symmetric, static solution and we
adopt the metric(5). In this model we may rewrite field
equation (1) and trace equation (2) as

4
v v v v v l’l’ v
Gl = (GuR+ G+ 00—V, V") 55 + KT}, (19)
#4
R = 3(R-0) 5 — kT (20)

From Eq.(2) it is obvious that as y — 0, R — —kT, so as-
suming p* < —kT, in the r.h.s of Eq.(19) we may neglect
those terms that contain pu*/R2. Thus field equations
(19) reduce to Einstein equations hence we may write

G = KTV, (21)

furthermore the conservation equation, 7., = 0, leads
to
li
/

P =—5a+p) (22)

where p, p are pressure and density of matter. To obtain
metric components (A4, B), we use Eq.(22) and rr and ¢t
components of Eq.(21)

A'B B-1
[ p— ~ 2
GT Ar 2 kpa ( 3)
B B-1
Gr=—+—7F = —kpc?. (24)
T T

Solving Eq.(23) we may write

Lo " 2 !
B=1- ;k:c /0 p(x)xdx + O (szQ . (25)
From continuity of the metric component B(r), on the

boundary surface r = rg we find

kc? [T

To Jo

k27?2 = (26)

ut 2M
To

p(x)z?de + au%m% +0 <
where in the above equation we used the empty space
solution Eq.(18). From the above equation we may
determine the parameter M. It is seen that in the
@ — 0 limit this constant reduces to the Schwarzschild
radius. Furthermore, according to cosmological studies
u? = 107°2m=2 [5] so ,regarding a typical solar system,

in Eq.(26) we may neglect terms at order O (ké‘%)
From equation (26) it is obvious that the physical inter-
pretation of the parameter M differ from that of general
relativity. Also from the above equation it is clear that
in the 1/R gravity the external solution depends on the

shape of matter distribution.

III. STRONG GRAVITY REGIME IN R+ u*/R
MODEL

In this section we investigate the existence of strong
gravitational field for f(R) = R + u*/R model of f(R)
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gravity. We can rewrite the field equation (1) as

:U'4 4
G (1 - RQ) = f§§uR AY <R2> (27)

where we have used the trace equation
R=-3[R+0)(n*/R?). (28)

In the above equation we have neglected the energy-
momentum tensor of matter because we investigate the
strong gravitational field around a spherically symmetric
distribution of matter. Adopting the general spherically
symmetric metric (5), we can rewrite the trace equation
(28) and (rr),(tt) components of field equation (27) as

2 24 1/, BA\ d
B [B<dr2+rdr)+2(3+ A>dr+5’}

(W'/R?) =3, (292)
(22

+ < j:2+§/5>( 4/1%2)_—3, (29b)
(Z+23) a-wym)
BAL (ymey =&, (290)

where(/) denotes derivation with respect to the (r). In
the previous section we showed , (R + p*/R) model has
the week field solution as

2M
ds* = — {1 -—+ ia(ur)g] dt?
r

-1
+ {1 _M + a(m“)g] dr® 4+ r2dQ?,  (30)
T

where o = (4/147)/3 . Tt is obvious this metric reduces
to Schwarzschild metric in the limit 4 — 0. Now we
seek the solution of field equation in the limit (r — 2M).
Without loss of generality we can assume 2M = 1. In
order to solve equations (29) we use some definitions as

¢ =7/R,
V= 7M4/37
1
A=1- ;+,ya(7ﬂ)a

B=1-+b(r) (31)

Because we seek the solution in the limit » — 1, we may
define a new variable as x = r—1. Using these definitions

YAR

—15;\ T

103X

FIG. 1: a against x. The red-dashed line shows numerical
results of Egs.(25). The green-dashed line represents approx-
imate solution for z < 1 (Eq.(26a)) and the black-dotted line
is the approximate solution for z > 1 (Eq.(28a)). A close up
on the origin of main figure is presented .

002 X

-14¢ 0. 0.01

0 1 2 3
103X

FIG. 2: b against . The red-dashed line shows numerical
results of Egs.(25). The green-dashed line represents approx-
imate solution for z < 1 (Eq.(26b)) and the black-dotted line
is the approximate solution for z > 1 (Eq.(28b)). A close up
on the origin of main figure is presented .

we can rewrite Eqs.(29) as

(z+1)(b—a)
2(z +ya(z + 1))

d¢? 1 o) 1
”“))dx (3 ”"%

2r+1 d 42
(x+1)2dx

d 2  V+d
7(d Trri T2 T
1
<x—|—

r 2
—|—1d332

(32a)
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103X

FIG. 3: ¢ against . The red-dashed line shows numerical
results of Eq.(25a). The green-dashed line represents approx-
imate solution for z < 1 (Eq.(26¢)) and the black-dotted line
is the approximate solution for z > 1 (Eq.(28c)). A close up
on the origin of main figure is presented .

z > 1 d & v d 5
(xﬂdxﬁz(xﬂ)m”(bdxz*zdx»“?
B b a’ b—a
_3¢+((x—|—1)2+x+1+x—|—7a($—|—1)

1

1

(1+’y
1 b b )

- 3q§+<(x+1)2 +ac+1) (1499%).

where (/) denotes derivation with respect to the (z). For
the limit 4 — 0, in the above equations we suppose
that we can neglect terms containing v . After solving
equations we check this assumption. By neglecting these
terms, equations 32 can be rewritten as

(32b)

[\V]

ffﬁ((ﬁ . Ti) <(x +1 e W) %2

(32¢)

1 r & 241 dY L,
?)qﬁ(:c+1cl302+(x+1)26l;v>¢ (33a)

b a’ b—a __i
(x+1)2 24+1 z2@+1)2 3¢

x d? 1 d 9

+ (z 1oz P ap e m) ¢ (33b)
1 1 d¢? 1 b b
S i dr 36 @i Tag1 %)

5
In the limit < 1, solutions of Egs. (33) are
3 /4 1/3
apg = g <3) 2/37 (34&)
1/3
1/4
bo=—= (= 2/3 34b
0 8 <3> 9 ( )
3\ 1/3
b0 = () '/ (34c)
4
Thus we obtain the metric for z < 1 as
1 3 /4\"?
2 _ _[q_Lt_°2(%2 473/, 1\2/3 2
ds ( -3 <3) u(r—1) dt
11 /4\'?
+ (]. — ; + g (3> M4/3(’1" — 1)2/3> d’f’2
+ r2d02. (35)

Furthermore, for x > 1, we can obtain the solutions of
equations (33) as

oo = —%ax4/3, (36a)

boo = —az?/?, (36b)
1

QSOO = %xZ/Ba (36C)

which are in agreement with week field limit (30). Now
we can check the validity of our assumption. Considering
the solutions (36), shows that neglecting terms contain-
ing v in Eqs. (32) is valid only for 2 | 43 | or z > p?.
Hence the metric (34) is solution of field equations in the
range of u* < x < 1. By performing a conformal trans-
formation and changing coordinate we can see the strong
field solution (35) is

oM 1 /4\'? r
T M43 _1)2/3 2
+( . +8<3) (2Mp) (2M ) dr

which is valid in the range of (2Mu)* < r/2M — 1 < 1
and farther where r > 2M, the metric of space time can
be approximated by the metric (30). Furthermore, we
have solved field equations (33)numerically. figure shows
that the numerical solutions are in agreement with the
approximate solutions (34,36).

IV. DISCUSSION

We have studied spherically symmetric solution of
f(R) gravity. At first we have introduced a new ap-
proach for investigating the weak field limit of vacuum
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field equations in f(R) gravity and we find the weak
field limit of f(R) = R + p*/R gravity, which dif-
fers slightly from the schwarzschild metric. Moreover
we have investigated the strong field regime for this
model. We have shown that if (r — 2M)/(2M)> > p?,

where 2M and r are Schwarzschild radius and radius in
the Schwarzschild coordinate, the gravitational field is
a perturbed Schwarzschild metric even in strong gravity
regime.
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Investigating Mass Concentration using Weak Gravitational Lensing Analysis

Abedi H.%2, Jassur D.M.Z.', Ghassemi S.2, Mansouri R.?3
! Dept.of theoretical physics and astrophysics, Faculty of physics University of Tabriz, Iran
2 IPM (Institute for Research in Fundamental Sciences), Theran, Iran
3 Sharif University of Technology, Tehran, Iran

The aim of this work is to find and construct mass-selected galaxy cluster based on weak gravi-
tational lensing methods. We perform this analysis on data from ESO (GaBoDS- Deep2c2 field)
obtained with the WFIQ@MPG/ESO 2.2 m telescope. We decided to use KSB approach, to measure
the shape of background galaxies and to derive the shear signal produced by the cluster and from
this, we reconstruct the surface mass density. Then we apply mass aperture statistics (S-statistics)
to our data to provide an estimate of signal to noise to show the reliability of particular cluster

detection.

I. INTRODUCTION

The weak distortions produced by gravitational lens-
ing in the images of background galaxies provide a unique
method to measure directly the distribution of mass in
the universe. However, because the induced distortions
are only of a few percent, this technique requires high
precision measurements of the lensing shear and cautious
corrections for systematic effects. A statistical approach
is therefore required, where the distortion can be mea-
sured for a large number of sources in order to bring down
that noise. Kaiser, Squires and Broadhurst (1995) pro-
posed a method (KSB) to calibrate the ellipticity-shear
relation in the presence of Point Spread Function (PSF)
anisotropies and camera distortions. In this work we de-
scribe a weak lensing analysis of images from ESO, in
order to find the mass peaks of galaxy cluster in this
field.

II. DATA

The ESO Deep-Public-Survey (DPS) is a multi-colour
imaging survey carried out by the ESO Imaging Survey
(EIS) team. It consists of optical data in the UBVRI-
bands observed with the Wide Field Imager (WFI) at the
2.2m telescope at La Silla. These images were reduced
and calibrated with THELI reduction pipeline (Erben et
al. 2005). We obtain these data by Abouzar Najafi from
Bonn University.

III. PHOTOMETRIC REDSHIFT ESTIMATION

Photometric redshifts are determined with the
Bayesian approach of Benitez (2000)(BPZ) which is
based on a SED template and prior information of the
distribution of galaxy types in redshift space. BPZ de-
termines the probability that a galaxy of a certain spec-
tral type with the magnitudes measured in different pass-
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FIG. 1. Histogram of photometric redshifts

bands is located at a certain redshift. Figure 1 shows the
histogram of estimated redshifts.

IV. SIMULATION

The reliability of the photometric redshifts estimated
with BPZ under the conditions given by the properties
of the photometric data, is first estimated in simulations.
For this issue, the programs STUFF and SKYMAKER
developed by E. Bertin are employed. STUFF gener-
ates galaxy catalogues with a realistic galaxy population
in redshift, but without errors in magnitude or redshift,
while SKYMAKER produces the corresponding Fits im-
ages. The magnitudes generated by STUFF are fed in
BPZ in order to estimate the corresponding photometric
redshifts zpnoto. The spectroscopic redshifts zspe. from
STUFF then are plotted against their photometric coun-
terparts for the BPZ quality parameter ODDS > 0.9 in
Figure 2. Considering these plots shows, that photomet-
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FIG. 3. Photometric redshifts zphroto from BPZ (after sim-
ulating with skymaker) plotted versus their input redshift

ric redshifts are reliable up to z ~ 1.8. Catalogues in the
UBVRI-bands which were generated with STUFF, were
processed with SKYMAKER in order to produce five cor-
responding fits images. After extracting the isophotal
magnitudes of these simulated galaxies and feeding them
to BPZ, the redshifts are estimated. The zpnoto’s and
the positions of the objects are merged with the STUFF
catalogue in the LDAC pipeline. The results are shown
in Figure 3.

V. KSB METHOD

The KSB method (Kaiser et al. 1995) assumes that
the PSF can be written as a convolution of a very com-
pact anisotropic kernel with a more extended, circular

Yaz

MAG_AUTO
NS

1 2 3 4 5 6 7 8
FLUX_RADIUS (R Band)

FIG. 4. Magnitude vs. half light radius plot for R band

function. These two terms are expressed in terms of
the quadrupole moments of the surface brightness. The
isotropic component is subtracted from the measured
ellipticity and the anisotropic component is subtracted
from a responsively term. We used The KSB code writ-
ten by Catherine Heymans and Ludovic van Waerbeke.
Before feeding the R-band catalogue to the KSB code,
we filter the catalogue refer to Schirmer et al. 2007. We
excluded galaxies with the half-light radius smaller than
0.2 pixels than the left ridge of stellar branch in magni-
tude vs. the half-light radius diagram (Fig. 4) and also
rp > 7, exclude objects brighter than R = 18 despite the
objects in stellar branch and remove the saturated part
of stellar branch (brighter than R = 16.5). We need to
identify stars and separated them from galaxies in order
to determine the PSF model. The separation between
stars and galaxies was performed in the mag-r; plane
together with the mag-FWHM plane, where magnitudes
(mag) and half-light radii ( v, ) were obtained from the
MAG AUTO and FLUX RADIUS parameters computed
by SExtractor. Unsaturated stars were selected on the
vertical branch in the range 16.6 < R < 21.2 mag and
2 <rp <23 pixels and 3 < FWHM < 3.7. In this way
we obtained 755 stars for the PSF correction. KSB pa-
rameterizes galaxies and stars according to the weighted
quadrupole moments of the intensity distribution using a
Gaussian weight function .The main assumption of this
approach is that the PSF can be described as the convo-
lution of a large isotropic component (seeing) and small
anisotropic part. In this way the observed ellipticity e°®*
can be related to the intrinsic source ellipticity e® and
shear by the relation:

eobs — 8 +Psmp+ qu (1)

where P®" is the smear polarizability tensor and P9 is
the preseeing polarizability tensor, which is related to the
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B-mude Kappa map

E-mode Kappa map

FIG. 5. The mass map(left) and The noise map (right)

shear polarizability tensor P*"* and P*™ by this Equa-
tion:

Psh*
Psm* (2)

The quantity p characterizes the anisotropy of the PSF
and is estimated from stars, which have zero intrinsic
ellipticity:

P9 — Psh _ psm

p* _ (Psm*)—leobs*

(3)

Since the PSF in the coadded WFI@2.2 images varies
smoothly over the field of view and over the chip bound-
aries, so we needed to fit it on each CCD in order to
extrapolate its value at the position of the galaxy we
want to correct. In our case we performed this fitting on
each CCD and a second-order polynomial fit was suffi-
cient. At next step, Since the PSF degrades somewhat
at the borders of the image, we remove image borders,
also we have to remove all galaxies which have a size close
to the PSF size so we remove all galaxies with filter scale
< 1.2 pixels, Also remove faint galaxies (R > 24) and low
signal-to-noise ones (S/N < 10). After performing these
cuts, the remaining average number density of galaxies is
about 1larcmin~2. Now we have a good shear catalog
and we use Imcat software to make the mass map in E
and B modes (see Fig. 6).

VI. S-MAP

We wanted to have an estimate signal to noise ratio,
so we used S-statistics (Schirmer et al. 2007). S-maps
are computed from this equation:

g — V23N eiw; Q10 — o))
VN, leul? w2 Q2(10: — bo))

(4)

ray

FIG. 6. S-map
« | ¥ | Kappa value| %
‘03 :32: 45.3| —27 : 47 : 44.10| 0.065 | 39
TABLE 1.

For this calculation the image is considered as a grid of
points, e;; are the tangential components of the elliptic-
ities of the lensed galaxies, which are computed by con-
sidering the center of each point of the grid, w; is the
weight as (Erben et al. 2001):

1

=—
Jg

()

w

For each galaxy we consider its N nearest neighbors
in our parameter space (typically N = 20) and assign
02 = L5V |g|?, the inverse of from these neighbors
as weight to that galaxy. In this analysis, the filter of
Schirmer et al. (2007) was employed, which is defined

as:

1 tanh(z/z.)
Qranm(z) = (1 + e6-150z | g—47+50z) x/T,

(6)

The quantity x is the distance to the aperture centre in
units of the aperture radius Yoy, * = %7 while z. is
a dimensionless parameter changing the sharpness of the
filter. In Figure 7 we plot the S-map. We found the mass
peak in the peak region of both mass map and S-map but
far from the peak region in noise map (Figure 8). At the
following table we summarized the properties of the peak
that we found in our image.
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FIG. 7. S-map with green contours . Red contours presents
the E-mode contours and the yellow contours are for B-mode.
The detected mass peak is shown in black circle

[1] Bartelmann M. and Schneider P., 2001, Phys. Rep., 340,
219.

[2] Erben, T., van Waerbeke, L., Bertin, E., Mellier, Y.,
Schneider, P. 2001, AA,366, 717.

[3] Hildebrandt, H., Erben, T., Dietrich, J. P., et al. 2006,

AA, 452, 1121.
[4] Kaiser, N., Squires, G., Broadhurst, T. 1995, ApJ, 449,
460.

[5] Schirmer M., Erben T., Schneider P.,Wolf C., Meisen-
heimer K., 2004, AA,420, 75.

[6] Schirmer, M., Erben, T., Hetterscheidt, M. Schneider, P.
2007, AA, 462, 875-887.
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Period Analysis of Eclipsing Binary U Peg

F. Akbarian, A. Abedi, M. Farahinejad, B. Zarei, S. Abbasi, f. zeraatgari, M. Mostafaei, H. Gholamhosseinpur
Department of Physics, Faculty of sciences, P.O.Box 97175/615, Birjand, Iran

The orbital periods of U Peg are studied based on all available times of minima. It is found that the
O-C variations of systems can be represented by a parabolic and a periodic term. Our study reveals
evidence of mass transfer and third component star in the system. The parabolic terms in the O-C
variations are due to mass transfer between two components and the periodic terms are explained
with the additional third star in the system then period, eccentricity, mass and semi-major axis of

third body have been calculated.
PACS numbers: 97.00, 95.75.-z

I. INTRODUCTION

The variability of U Peg (BD + 15.4915) was discov-
ered by Chandler (1895) and the system belongs to the
W subclass of the W UMa-type eclipsing binaries [1].
The first orbital elements were derived by Shapley (1915)
[2]. From photoelectric observations it was found that its
light curves are variable. Regarding the spectral type of
U Peg, Adams et al. (1924) classified it as F3, but later
this was revised to G3 (Adams et al. 1935). Struve et
al. (1950) estimated the radial velocities of the two com-
ponents from 4 spectra of the system, but the most re-
cent and most accurate radial velocity observations were
made by Lu (1985) [3]. The orbital period of the system
(0.3747771 day) decreased over the whole time interval of
the observations (1894-2001). This period decrease can
be explained by the mass transfer from the more to the
less massive component [4]. In the last period review con-
ducted on this system [5], the period of 18 and 85 years
of o-c diagram has been resulted.

II. OBSERVATIONS

The photometric observations of eclipsing binary star
U Peg were carried out during three nights in August
2010 at Mojtahedi Observatory of University of Birjand
by using a 14 inch Cassegrian telescope equipped with
a SSP5A photometer. The photometric results are de-
picted in Fig.1. The primary and secondary minima ob-
tained from of U Peg System are given in Table 1.

Filter | Primary minimum Secondary minimum ‘
B 2455423.37832 £+0.0001807|2455421.31861 i0.0003410‘
V' |2455423.3780240.0001785 |2455421.31832 +0.0003014
R |2455423.37764 +0.0002496|2455421.31725 £0.0002671

TABLE I. Times of the primary and secondary minima of
U Peg

ARS]

0.4 T T T T

0.5+ -

0.6 -

0.74 -

0.8+ -

MAGNITUDE

0.9+ 4

T T T T
330000 335000 340000 345000

JD

FIG. 1. Minimum points by fitting the Lorentz function on
the V filter

ITII. PERIOD CHANGES

Since this system is an over contact system and the
presence of third body is probable, the two factors, the
variation of period due to the mass transfer between two
components and the light-time effect by moving binary
systems around the center of mass in triple system, have
been considered to calculate the minimum time period
of light. These factors of both are considered and mini-
mized at the minimum time of eclipse in equation 1.

Min I = HJDO +01E+CQE2

aia sini[ (1—e2)
C ‘(1—ecosv)

sin(v + p) + esinw] (1)

Where ajssini is the projected semi-major axis, e is the
eccentricity and w is the longitude of the periastron of
the binary orbit around the center of mass of the triple
system. HJDy+C,E+CyE? is the quadratic ephemeris
of the minima of the eclipsing pair.

In order to investigation of periodic changes of the sys-
tem, by using the ephemeris of notified by Gordon 1987
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(equation 2) the O-C diagram is plotted in Fig. 2 dur-
ing the time interval between 1984 and 2010. It should
be noted that times of eclipsing minimum observed by
photometry and the data at the database (available at
http:/ /astro.sci.muni.cz/variables/ocgate) have been collected.

HJD(MinI) = 2438691.7693 4+ 0.37478133 x E  (2)

By considering the parabolic form of this curve, the co-
efficient of the quadratic term indicates a period increase
with a rate of

p=-2203721 x 1077 £ 3.11 x 1072 (s yr~ 1)
It may be due to mass transfer from the less massive
to the more massive component. A conservational mass
transfer rate was estimated from the quadratic term as

m = 4.1576 x 1078 £5.88 x 1072 (Mg yr—1)
By times of eclipsing minimum observed by photometry
and the value of P, a new Ephemeris of system offered
the following;:

HJD(MinI) = 2455423/37802 + 0/37477814 x E

0.05 .

0.00

-0.05

o-Cc

Model Polynomial
-0.10 -Adj. R-Squa  0.98064 o
re

Value Standard Error

B Intercept 0.03224. 7.23304E-4) ry
B B1 1.46731E-6 1.96963E-8
B B2 -424025E-11  5.99949E-13

0.15 T T T T T
-80000  -60000  -40000  -20000 0 20000 40000 60000

epoch

FIG. 2. O-C diagram for u peg and its representation by a
best fit parabolic
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FIG. 3. The residuals, O-C (II), from the parabolic best fit
and its representation of a third-body orbit.

—

IV. ORBITAL PARAMETERS OF THE TRIPLE
SYSTEM

Considering the frequency observed in The residuals,
O-C (II), from the parabolic best fit (Fig. 3), its could
be attributed to the third body. by Using the period04
software, period changes the same period is triple system,
was determined. To obtain the geometric parameters of
triple system, the remaining curves, which are based on
epoch,by using e, w and presented relations by Irwin [7]
and Hilditch [6], the remaining curves was plotted Based
on the true anomaly v, then the value of e and w left free
to adapt it to a curve (according to Fig. 4), When the
obtained values from origin software was be same to the
hypothetical values, these values of as eccentricity and
longitude of the periastron of the binary orbit around
the center of mass of the triple system was considered.
Also by using below equations(3,4)Semi-major axis of bi-
nary system around the center of triple system and mass
of the third body is computed, the calculated geometric
parameters of the triple system are shown in Table 2.

a2 siniy/1 — e2(cosw)?
k=2 max — Tmin) — 3
57 Tmin) 2.590 x 1010 ®)
472 (a9 8in )3 (mgsini)3

- 4)

GP2 m1 + mo + ms
p (year) 79.68 i(°)] ms(Mo)| as(AU)
e 0.13 90 0.143 19.95 ‘
w ) 9.48 70 0.153 17.55 |
aizsini| (AU) 1.87 50 0.190 11.51
To (HJD)| 30332.1 30 0.304 4.69 ‘
K (Day)| 0.010785] 10 1.118 1.63 |

TABLE II. Orbital Parameters of the Third-Body Orbit

In addition to the observed rotation in residual curve
due to the presence of the third body,one alternation with
a short period of 19 years was also observed in the data
(according to Fig. 5). that it can be attributed to the
active spots of binary system.
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FIG. 4. The matching function of light changes due to the
third object.
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FIG. 5. Short period of 19 years observed in the data.

V. CONCLUSION

According to the wvalues obtained for the period
changes, conservative mass transfer and mass of the com-
ponents, the mass transfer is considered to from the sec-
ondary to the primary stars. Also the geometrical pa-
rameters of the triple system and the mass of the third
body versus Mg show that these resulting values are in
agreement with calculated values of Fourier analysis by
Borkovits.

Because asymmetric light curves, the secondary star has
two cool spots. Based on light curves obtained from pho-
tometry of this system in 2010 and reported between 1950
and 1989[1], the asymmetry of two phases 0.25 and 0.75
has a period. Hence, it can be resulted the spots are
moving on the surface of secondary star. Because these
spots are in the near of the equator of star, the movement
of the spots on the surface can make a perturbation at
the minimum time of light. Thus short period of 19-year

obtained from the Fourier analysis of the data can be
attributed to the activity of these spots.

[1] Djura sevi G. et al., 2001, Astronomy Astrophysics, 367,
840.

[2] Lfta S. J. et al., 1986, Astronomy Astrophysics, 121, 61.

[3] Lu W., 1985, Publications of The Astronomical Society of
The Pacific, 97, 1086.

[4] Pribulla T. et al., 2002, Contrib. Astron. Obs. Skalnate
Pleso, 32, 79.

[5] Borkovits T. et al., 2005, Astronomy Astrophysics, 441,
1087.

[6] Hildith R. W., 2001, Cambridge University Press, 28.

[7] Irwin J. B., 1959, The Astronomical Journal, 64, 149.
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Discovery of a third body around EP Andromedae system

Davood Manzoori

1

! Department of Physics, University of Mohaghegh Ardabili , P. O.Box. 179, Ardabil, Iran

Times of minima data (?O-C curve”) for contact binary EP And were analyzed. It was found that
a third body with period of 41.2 yr, is orbiting around the system. Also a modulating period of

11.72 yr cycle along with a relative period increase of % =1.79 x 10”7 were obtained, which were
attributed to the magnetic activity cycle and the mass transfer with rate ATm =9.98 x 10 8yr—*

between the components, respectively.

I. INTRODUCTION

EP And (Period= 0.404 d, Vmax=11.45mag. Pri-
mary’s spectral type F8 V, spectral type of secondary is
not known), was discovered by Strohmeier et al. (1955),
Eclipsing nature of the system was first found by Filatov
(1960). this system was classified as contact binary star
by Gettel et al. (2006). Qian and Yuan (2001) studied
the period of the system and reported a period increase
with the rate dP/dt= 1.16x10~"d/yr, without pointing
out about the factors affecting the period change.

II. O-C CURVE ANALYSIS

The O-C data points were collected from different
sources,” mainly from (the updated) website of Czech
Astronomical Society, O-C webpage, to which five times
of minima from the Manzoori (2011) were also added.
Then using the following ephemeris

Tonins = 2452137.525 + 0.40411F (1)

these data were converted to a common epoch, then all
the O-C values (including (O — C); and(O — C')2 the pri-
mary and secondary residuals, respectively) were plotted
against E (Epoch cycles) in Fig. 1. For the calculations
of (O — C); residuals a term (£(0.40411))was added to
the above equation 1.

The general trend of O-C values displayed in Fig. 1 may
be roughly fitted by an upward curved semi parabola.
The coefficients of which along with correlation coeffi-
cients and statistical errors are given just above the Fig.
1. Also the residuals between the fitted parabola and
O-C normal points are displayed in the upper portion of
the Fig. 1. Since the general trend of residues indicate a
wave like character, to carry on further analysis, we plot
them separately in Fig. 2, and best fitted by a Fourier
series polynomial, the coefficients of which are given just
above the Figure and the residuals are displayed at the

*i.e., Web sites of AAVSO; Cracow Eclipsing Binaries Min-
ima Database. http://www.as.up.Krakow.pl/o-c/

y=a+bx+cx"2
2=0.80799974 DF Adj '2=0.8062648 FitStdErr=0.0099401806 Fstat=700.68632
2=0.00095705774 b=8.317053e-07
€=3.9218842e-11

0.14

O-C(days)
o
&

-0.05

-50000 -30000

ro0ee E(Cycles)

FIG. 1. The lower plot indicates (O-C)residual values
(filled circles) and its description by an upward curved semi
parabola (continuous curve). And the upper plot represents
the residuals between the fitted parabola and observed O-C
points, for EP And.

-10000 10000

upper portion of the same Figure. The wavy character of
the Fig. 2 indicates some alternating phenomena mod-
ulating the orbit period (see Manzoori 2007) of the EP
And system. The analysis of this curve gave a period of
41.2 yr, which may be attributed to presence of a third
body orbiting the system. To reveal any further cyclic
behavior, the Fourier polynomial is subjected to Fourier
decomposition. The frequency spectrum of which is dis-
played in Fig. 3. As evident from the Fig. 3 there is a
distinct peak well above the noise level in Fourier spec-
trum at frequency of 9.43 x 107® d~! corresponding to
period 11.72 yr. This may be attributed to a magnetic
activity cycle effect operating in the system. For further
interpretation and discussion see sec IV.C.

Except the period 11.72 yr, there is another notable peak
at frequency 0.00162 d~! corresponding to period 0.64
yr, this period seems to be due to windows in ( unevenly
sampled) data and therefore has no physical significance.


moosavi
New Stamp


VWA o)l YY-YY ol b pole | oSS duass JKisls (PO 9 Lﬁl.ub.))f oS 5L

Fourier Series Polynomial 3x2
r"2=0.37051103 DF Adj r"2=0.35707682 FitStdErr=0.0079345216 Fstat=32.274363
2=0.0196221 b=0.023620678 c=-0.031892715 d=-0.029279458
€=-0.027787097 f=-0.019510085 g=0.017437983

. Residuals( days)
o
8 o

o
=}
=3
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~70000 ~50000 ~30000 ~10000 10000
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FIG. 2. The lower plot indicates the fitted polyno-

mial(continuous curve), to the residuals between the observed
(O-C) differences and the fitted parabola. And the upper plot
represents the differences between the fitted polynomial and
the residual points for EP And.
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FIG. 3. The Fourier (frequency) spectrum of the Fourier
polynomial fitted to O-C residuale values of EP And.

III. MASS TRANSFER

As stated in section II, the overall trend of the O-C
data points, plotted in Fig. 1, can be approximated by
a rough upward curved parabola (the continuous curve)
which indicates a secular increase in the period with
the rate dP/dE = 7.98 x 10~'1d/Cycle(Or,dP/dt =
6.23 x 1073Sec/yr estimated in this work. This over-
all secular variation may be attributed to mass ejection
in this system.

Now it is a well-known fact that normally in contact bi-
naries both components have filled their Roche lobes and
have a common envelope, moreover due to their low sep-
aration distance a strong mutual gravitional force exists
between them so that can accrete matter from the surface
of the other component star and exchange of mass would
take place between the components. In addition, some

loss of mass and angular momentum may occur from
outer Lagrangian point which may affect the orbital pe-
riod significantly. Assumption of conservative mass flow
is the most likely process of mass transfer in this system
due to a rather low distance between the two compo-
nents. Hence assuming a conservative case (i.e., when no
matter leaves the system) and using relative period rate
of change AP/P = 1.79x 10~ 7 obtained in this work and
the equation:

m AP

Amalme = ) P

) (2)
from Huang’s (1963) paper, a relative mass transfer of
Am2/m2 = 9.98 x 10~ 8yr~! and hence the correspond-
ing mass and angular momentum lost by secondary were
obtained as Amgy = —3.69 x 1078 m O yr~! and AJ =
—2.54 x 10%6 g.em?s ™1, respectively; where the masses of
the components m; & mso have been used from the Table
3 and equation 9 below from Applegate (1992). Transfer
of mass and cyclic magnetic activity (see sec. IV.C)
in the binary stars consisting of at least one late type
star would cause the orbital parameters like J (orbital
angular momentum), a (orbital radius) and w (angular
speed) to change accordingly. Here we follow Applegate
(1992), Kalimeris et al. (1994) and Lanza et al. (1998)
to estimate some of these quantities for a conservative
case as below:

Gm3, a ,AP

AT = — T el
7=-(Ey et 0
2
AE = wy g + BTV (4)
QIeff
AE
AerS B ﬂ-PrrLod (5)

Aw  GM? a, P _,AP
PR ©®
MR?_ a ,AP
AQ = — )22t
Q=-(5 g 5 (7)
B2 ,
N ~ 4—(47rR2)AR ~0.1B*R? (8)
YIS
GM? a AP
B%2~1 2
da  2G(my+ma) 1 1dP
i T P (10)
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TABLE I. The estimated parameters corresponding to
modulation period 11.72 yr
Parameter Secondary Primary
4 (sec/year) 6.23x 1073 6.23x 1073
AJ(g.cm?/s) —2.54 x10% —4.72 x 10%
A El(ergs) 4.49x 10% 8.10 x 10°
ALrms(ergs/sec) —3.81x 10** —6.88 x10°!
Lo 0.001 0.0006
AQ(Kg.m?) 4.01 x 10*° 1.01 x 10*
B (kG) 92.1 67.80
4a (em/eycle) 7.98 X 7.98 X
107'1[2.46 X 10711246  x
1018]1/3 1018]1/3
w (rad/sec) 5.62 x 1074 5.72 x 1074
4 (rad/cycle) 3.10 x 1077 311 x107°
dw 2m  dP
— = (53) 7% (11)
dE P2 dE

where

a/R = 3.19, in which R is the radius of the primary
or secondary component, AP = 0.073 s, the orbital pe-
riod change during 11.72 yr cycle, AE’ is the energy re-
quired to transfer angular momentum AJ. M and M,
are masses of the component stars and surrounding shell,
I, and I, are moments of inertia of the surrounding shell
and star, respectively, so that I, ~ I, ~ 2I.5¢, and
Igr = I, I,/ (Is+1,), AQ is the gravitational quadrupole
moment of the active star, B is the subsurface magnetic
induction field, da/dE and dw/dFE are the rates of change
of orbital radius and orbital speed, respectively. Using
the above equations, 3 to 11, and modulating period
Proa = 11.72 yr, we obtained the quantities listed in
Table 1. Apart from the B, the magnetic induction field,
which shows comparatively high values (see the section
IV.C for interpretion), the values estimated (in Table 1)
are fairly in agreement with the corresponding values es-
timated by Applegate (1992) for the other systems.

To compare the results of Applegate and Lanza, we used
the equations 18 and 19 below borrowed from Lanza
(1998):

—Ma? AP
AQ = (—5—) % (12)
Aw 9 G
w :(SKQ oz A (13)

to estimate the values of AQ = 3.95 x 10% kg.m?
and Aw/w = 1.55 x 1073, where K, is apsidal mo-
tion constant; these values were found to be in rough
agreement with the corresponding values calculated from
equations 12 and 13 above. Also by comparison of AQ
with the values given by Lanza (2005), Table 1 and Lanza
(2006) Table 2 one finds fair agreement amongst these
values.

IV. RESULTS AND DISCUSSION
A. Orbital period variations

Orbital period study in this type of systems is very

useful to understand their structure and evolution. It
can provide estimates of mass and AML which are pre-
dicted by some theoretical works (see Table 1 for the
corresponding estimated values of EP And). The O-C
diagrams formed by the minimal times of eclipses provide
the basis for studying time dependent period variations
of eclipsing binaries.
As stated earlier in section III, one of the main character-
istics of contact(W UMa type) binaries is mass transfer
due to Roche lobe filling of the components such mass
exchange will spin up the mass accreting star (most of
whose mass is transferred material by the end of rapid
phase of mass transfer). Visual inspections of the O-
C data points plotted in Fig. 1, reveal that the gen-
eral trend of plotted points in the Fig. 1 can be ap-
proximated by a rough upward semi parabola (i.e., the
continuous curve), which indicates a secular increase in
the period with the rate (dP/dt = 6.23 x 10 3sec/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 —3.69 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.

B. The Third Body

Many authors (e.g., D’Angelo et al. (2006); Pribulla
and Rucinski (2006); Rucinski et al. (2007)) have pointed
that most of the contact binaries particularly those hav-
ing orbital period < 3d are found in multiple systems.
Moreover the wavy character of the residuals between the
observed O-C data and fitted parabola, (as mentioned in
section IT), might be attributed to the presence of a third
body circling the system with a period of 41.2 yr.

It shuould be reminded that this system has not been
observed spectroscopically, due to faintness.

C. Magnetic Cycle Effect

Referring to section IT and Fig. 3, the Fourier analysis
of the polynomial fitted to the residual values between O-
C data and parabolic fit gave a period of 11.72 yr cycle
modulating the orbital period. This may be attributed
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to magnetic activity cycle operating in this system. A
result which is well agreed with Galownia (2002)results
of O-C analysis for a large sample of W UMa-type stars
that ”every system changes period, the mean interval of
period stability is about 11 yr and most promising expla-
nation of these changes seems to be magnetic activity for
all W UMa systems”. Furthermore clear cyclic changes
superimposed on the overall O-C diagram (particularly
between -49000 to -32000 and also -15000 to 0 cycles) are
observed. The further calculations of parameters listed
in Table 1, all favors the presence of magnetic cycle op-
erating in this system.

Most of the published papers (if not all) on contact binary
systems, in recent years have discussed the operation of
magnetic activity cycle in these systems (e.g. Mancero
& Van’t Veer 1996; Quian et al. 2006, 2008; Bradstreet
and Guinan 1994). As stated in the preceded subsec-
tion both of the components in EP And system can be
magnetically active. Furthermore a large spotted area is
reported by Manzoori (2011).

Now it is a well-known fact that close binary systems
with a cool F-K type star display enhanced magnetic ac-
tivities. Short period close binaries (e.g., EP And) i.e.,
those having an orbital period P < 5 — 6 days, possess
the above mentioned characteristics, due to rapid rota-
tion (Richard & Albright 1993). Many authors (see e.g.,
Richards 1993, 1992; Hall 1989 & Olson 1981) have dis-
cussed that the secondary and/or primary in the close
binaries having a late type component show a variety of
time dependent magnetic properties, which may cause,
brightness variations in the LC (particularly at mid pri-
mary eclipse), radiations of X-ray, Ultraviolet, infrared,
and cyclic variations in the orbital period of the
binary (through a mechanism purposed by Applegate
1992 and modified by Lanza et al. 1998 & Lanza 2005,
2006).

This mechanism is based on the variation of the ac-
tive star shape through a change in the Gravitational
Quadrapole Moment (GQM) of the star. This change
in GQM is coupled to orbit, producing orbital period
changes, which are briefly explained below: The GQM is
the most sensitive to the rotation rate of the outer parts
of the star. As the star goes through activity cycles, a
magnetic torque is exerted on the outer parts of the star,
the distribution of angular momentum changes resulting
in a change in the oblatness of the star. These changes
(of rotation rate and oblatness) will be communicated to
the orbit by gravity, leading to orbital period variations.
Lanza (2005; 2006) argued against this mechanism. Cal-
culating the required power dissipated in one cycle the-
oretically, suggested an alternate modified model, em-
phasizing on the effects of intense magnetic fields, a fact
which is possibly consistent with the rather high values
of magnetic fields reported in the Table 1 of this work.
Lanza found that surface angular velocity variation of
secondary component required by Applegate’s hypothesis

is between 4-12 percent, i.e., too large to be compatible
with observations and that kinetic energy dissipated in
its convection zone ranges from 4-43 times that supplied
by stellar luminosity along one cycle of the orbital pe-
riod modulation. The estimated values of % ~ 0.0006,
% ~ 0.001 in this work (Table 1) do support the results
obtained by Lanza.

, Finally, as stated earlier (in section IIT) the estimations
of related stellar parameters (particularly AQ, the GQM)
for EP And (Table 1) are in agreement with those esti-
mated by Applegate (1992) and Lanza & Rodono (1999)
for other similar systems, e.g., V 471 Tauri except B
the magnetic field, which shows comparatively high val-
ues. These high values of B(while in rough agreement
with Lanza’s 2005 predictions), may also be attributed
to the enhancement of fields, due to a rather low distance
(2.49R) between the two components and interactions
of the individual star B fields together, and also with the
plasma ejected by the component stars. Though due to
observed data deficiency all of the Applegate predictions
(see Manzoori, 2009) can not be verified in this system,
but according to the calculations performed in section
III (Table 1), the amplitude of angular velocity varia-
tions &2 ~ 0.001 is well-agreed with recent non-linear
dynamo models (Covas, Moss & Tavakol 2005) for stars
with deep convective envelope. Thus in the opinion of
the author the 11.72 yr cycle obtained through Fourier
analysis of Fourier polynomial function ( see section II)
is most likely due to magnetic cycle effect in this system.

V. CONCLUSION

In conclusion we may say that, apart from the mass
transfer and light time effect, the most probable cause
of period changes in this system is the magnetic activity
cycle.
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This work aims to study the physical nature of umbral dots (UDs) using high-resolution spectropo-
larimetry. Full Stokes spectra of one central UD in a sunspot close to the disk center recorded by the
spectropolarimeter on Hinode are analyzed. The height dependence of the temperature, magnetic
field vector, and line-of-sight velocity across the UD is obtained from an inversion of the Stokes
vectors of the two Fe I lines at 630 nm using SIR code. No difference is found at higher layers
(logr < —2) between the UD and the diffuse umbral background (DB) except for in the map of
magnetic field strength showing a reduced magnetic strength. Below that level, UD can be recog-
nized in the maps of temperature and magnetic field strength with a higher temperature and a less
field strength with respect to its DB. Our results confirm the existence of a considerable upflow (in
low photosphere) within the UD or the presence of weaker fields (in middle and high photosphere),
except these two phenomena are not coincide. This exception is contradicted to the results of MHD

simulation of Schiissler and Végler, [11].

I. INTRODUCTION

The umbra of a sunspot appears dark, because convec-
tive flows are suppressed by its strong magnetic field. The
subarcsecond bright features in the umbra of a sunspot
called umbral dots (UDs) have been proposed as a man-
ifestation of a necessary convective (along with radia-
tive) energy transport to explain the low brightness of a
sunspot umbra. However, UDs are differently interpreted
in the ”monolithic” versus ”cluster” model of sunspots.

In the monolithic flux tube model, /citewei04,UDs are
interpreted as the top of convective cells penetrating
through a homogenous vertical magnetic field. This pic-
ture should result in a velocity pattern in and around
an UD that mimics overturning convection or over stable
oscillatory convection, [15,11].

According to the cluster model, [8], UDs are inter-
preted as intrusion of hot field-free gas that separates the
individual flux tubes constructing the underlying mag-
netic structure of a sunspot umbra. The hot and upward
moving plasma bursts through a “magnetic valve”, [3], in
photospheric height at which pressure suddenly becomes
negligible and produces a gap between the magnetic flux
tubes at the top of the column of the field-free region. In-
trusion of field-free plasma through a cluster of magnetic
flux tubes should essentially have only upflows associated
with the UDs.

Both mechanisms proposed for formation of UDs pre-
dict smaller field strengths within UDs and a cusp-like
magnetic structure, [9,12]. The essential difference be-
tween these two mechanisms is the downflow at the
boundary of an UD predicted in monolithic flux tube
model.

Hamedivafa, [4], analytically studied magnetic pro-
file (considering reduction of field strength) of UDs and
showed that Joule heating - along with other mentioned
mechanisms - can increase the brightness of UDs and
prolong the survival of UDs as bright structures on the
surface of an umbra, [5].

Schiissler and Vogler, [11], have shown that the energy
transport in the vertical magnetic field of the umbra is
dominated by nonstationary narrow plumes of rising hot
plasma with adjacent downflows. The magnetic field is
strongly reduced in the upper layers of the plumes resem-
bling UDs. Most of the simulated UDs have an elongated
shape with a central dark lane; some larger UDs show a
threefold dark lane.

Detailed studies of the physical characteristics of UDs
such as temperature stratification, magnetic field vec-
tor, and line-of-sight (LOS) velocity are necessary to un-
derstand the nature of UDs and the underlying MHD
physics. Socas-Navarro et al., [13], found upflows of
200 m s~! in UDs together with a weaker and more in-
clined magnetic field compared to the surrounding um-
bra. Bharti et al., [1], found an upward velocity on the
order of 400 m s~! surrounded by narrow downflow re-
gions with 300 m s~! in the Fe I 5576 A line. Sobotka
and Jurcdk, [12], analyzed a time series of full-Stokes
spectropolarimetric observations. They found that cen-
tral UDs do not show any excess of line-of-sight velocity
and magnetic field inclination with respect to the sur-
rounding umbra, while upflows of 400 m s~! and a more
horizontal magnetic field were detected in the low pho-
tospheric layers of peripheral UDs.

In the following sections, we describe the details of the
selected data set in section II, and the inversion method
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based on the SIR code and its outputs in section III.
Section IV is devoted to the analysis of the synthesized
atmospheric model of an UD and findings. Finally, sec-
tion V gives short discussion and conclusion.

II. OBSERVATION AND DATA SET

The data analyzed here were obtained using the spec-
tropolarimeter of the Solar Optical Telescope, [14], on-
board the Hinode satellite. The instrument observes two
iron lines Fe T 630.15 nm (g=1.67) and Fe I 630.25 nm
(g=2.5), whose line formation region is between logr =~ 0
and -2.5 , [2], where 7 is the optical depth at 5000 A.

The diffraction limit of SOT is 0.32 arcsec at 630 nm.
The width of the spectrograph slit is equivalent to
0.16 arcsec matching the pixel size of the CCD camera.
The scanning steps of the spectrograph slit are equivalent
to 0.148 arcsec. The wavelength sampling of 2.14 pm, [6],
is finer than the spectral resolution of 2.5 pm. The ex-
posure time for one slit position is 4.8 s, during which all
Stokes profiles are acquired with a noise level of 10~3I¢,
where I¢ is the continuum intensity.

448 normal SP scans of AR 10930 were taken on De-
cember 11, 2006, when the spot was located at the he-
liocentric angle of 8° (during the period 13 : 10 — 16 :
05 UT), very close to the center of solar disc. The dark
current, the flat field corrections, and the polarimetric
calibration were performed using “sp-prep” software.

Figure 1 shows the largest umbra (and penumbra) of
the sunspot with negative magnetic polarity as recon-
structed from the continuum intensities at the redward
of the 630.25 nm line. The area under analysis containing
a central UD is highlighted. This specific UD have a size
of approximately 600 km (diameter of 5 pixels) without
any dark lane.

To prepare the data for the inversion process, a cali-
bration of wavelengths and a normalization of the Stokes
profiles to the continuum intensity of the quiet Sun must
be done. For this purpose, calibration of the wavelength
positions of the two Fe I lines in the SP data is done
using the averaged position of the minima of the Fe I
630.15 nm Stokes I profiles over a wide area near disk
centre outside of the sunspot. Also, the correction for the
convective blueshift of the 630.15 nm line (210 m s~*; see
a discussion given by Ishikawa et al., [6]) is applied. The
averaged continuum intensity of these profiles is used to
normalization of the profiles.

III. INVERSION METHOD AND ITS RESULTS

We applied the inversion code SIR (Stokes Inversion
based on Response functions, [10]) to the observed spec-
tra. This code works under the assumption of local ther-
modynamical equilibrium and hydrostatic equilibrium.

FIG. 1. The map of continuum intensity reconstructed
from the far red wing of the Fe I 630.25 nm line. The ar-
row points to disc centre. White square corresponds to the
studied field of view of the spectropolarimeter. The area (UD)
under analysis is highlighted at the upper-left corner.

The inversion code synthesizes the Stokes profiles com-
ing from an initial model atmosphere and compares them
to the observed ones. Using a least square Marquardt’s
algorithm, the atmospheric model is modified until the
difference between the observed and synthetic Stokes pro-
files (merit function, x?) are minimized.

Inversions were made for a single-component magnetic
model atmosphere in order to reduce the number of free
parameters. The instrumental scattered light is negligi-
ble. Thus, only the results obtained without the effects of
stray light contamination - like those due to diffraction,
[7], or scattered light - are discussed in this paper.

To detect the changes of plasma parameters with
height, we enabled four nodes for temperature, T, and
two nodes (linear variations with depth) for LOS ve-
locity, V1,0g, magnetic field strength, B, and its incli-
nation, v, in the final step of the inversion process to
find out which parameter, at least, decreases or increases
with height. Additionally, we used one node (height-
independent) for magnetic field azimuth and microtur-
bulent velocity - altogether, 12 free parameters. Stokes I
and V were assigned triple and fivefold, respectively, the
weights of Stokes Q and U in the inversion.

As a result, we obtained 3 two-dimensional maps of
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FIG. 2. Stratifications of temperature,T (K), magnetic
field strength, B (Gauss), LOS velocity, V (km s™'), and
inclination, G (degree), in the low photosphere (logr=-0.2;
right column), middle photosphere (logr=-1.0; middle col-
umn), and high photosphere (logr=-2.0; left column). White
circle corresponds to the same area/position of the studied
UD in all maps.

T, V1,05, B, and 7 calculated at logr=-0.2 (low photo-
sphere), logr=-1.0 (middle photosphere) and logr=-2.0
(high photosphere) covering the formation layer of the
two lines. An example of the maps (stratifications) of dif-
ferent parameters in photosphere is shown in Figure 2.
We follow the astronomical convention for the demon-
stration of velocity field that redshifts are positive (bright
in corresponding figures) and blueshifts are negative.

Figure 3 displays an example of the observed profiles
(dotted lines) of Stokes I and V of the brightest pixel
of the UD together with the corresponding synthesized
profiles (dashed lines) by SIR code.

Due to the low signal in the dark diffused background
(DB) the measured profiles in the DB around the UD are
much noisier than the profile of the center of the UD. But,
in general, the Stokes spectra can be fitted remarkably
well.

The stratifications of the photospheric parameters T,
B, V1,05, and ~y obtained from the Stokes profiles (Fig-
ure 3) of the center of the UD are displayed in Figure 4.
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FIG. 3. The observed Stokes I and V profiles (dotted lines)
for the brightest pixel of the selected UD plotted together
with the corresponding synthesized profiles (dashed lines) by
SIR.

IV. FINDINGS

Figure 2 helps us to compare the stratifications of the
retrieved atmospheric parameters T, B, V[ g and 7 in
the center of the UD and in its DB. In the upper photo-
sphere UD disappears and there is no significant differ-
ence between UD and its DB except for magnetic field
strength which is smaller (almost 30%) in the UD. In
the middle photosphere the UD can be recognized on the
maps of temperature and magnetic field strength. In the
low photosphere the UD is clearly seen on the map of
temperature, but the UD does not show any reduction
in magnetic field strength with respect to its DB. In the
centre of the UD, the field is almost constant and even
increases with height (Figure 4), albeit only slightly. In-
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FIG. 4. Photospheric stratification obtained from the
Stokes profiles at the location of the UD centre (the brightest
pixel). Negative LOS velocity values indicate upflows.

terestingly, the gradient of magnetic field strength with
height is small (in absolute value), compared to that in
the DB, and has the same sign in this region (this can be
deduced from Figure 2).

The map of the field inclination in low photosphere
shows that the magnetic vector is a little (5°) more ver-
tical (larger value of ) in the UD centre. The inclination
is increasing with height all over the studied region (es-
pecially at the centre of the UD; see Figure 4), but in
upper photosphere we cannot see any differences in this
parameter between the UD and its DB. . This result may
be understood if we think of UDs as the tip of a field-
free hot plume underneath the umbra. It might also be
explained by photospheric magnetoconvection, in which
the hot plasma diverges at the top of the convective cells
and weakens the field in UD.

Generally, the inclination and the magnetic field
strength are increasing from the upper-left corner of the
studied region to the lower-right corner in all three opti-
cal depths which are expected when we move from outer
to inner in the umbra. Also, there is a similar expectation
(increasing) for temperature when we move from inner to
outer in the umbra which is obvious in the corresponding
maps.

It seems that in the velocity maps of middle and upper
photosphere the UD and its DB cannot be recognized.
All over the region in the high photosphere is at rest (ve-
locities less than 200 m s™1) except for few single pixels
out of the UD area. All over the region in the middle pho-
tosphere shows upflows with velocities around 500 m s~ 1.
Nevertheless, in the low photosphere the lower half of the
UD shows a considerable upflow with a LOS velocity of
about 800 m s~! which is larger (300 m s™1) than that
in its DB.

V. CONCLUSION AND DISCUSSION

We identified one central umbral dot in the Hinode
spectropolarimetric data of a sunspot near disk centre.
By running SIR code and with the help of the inversions
of full Stokes profiles of the Fe I lines at 630 nm we deter-
mined the stratifications of temperature, magnetic field
strength, LOS velocity, and magnetic inclination. The
high spatial resolution of the Hinode SP data allows us
to reconstruct both the horizontal and the vertical struc-
ture of UDs.

In the lower layers of the photosphere the UD temper-
ature is higher than its near-DB temperature (upper row
in Figure 2), consistent with the intensity enhancement
of the UD in the continuum map (Figure 1).

Some of our results confirm those of previous works
existing in the literature, such as the existence of a con-
siderable upflow (in low photosphere) within the UD or
the presence of weaker fields (in middle and high photo-
sphere), except these two phenomena are not coincide.

This exception is contradicted to the results of MHD
simulation of Schiissler and Vogler, [11]: Their simula-
tion shows large velocities and small field strengths in
the upflow plumes (resembling UDs) in low photosphere.
However, the studied UD in middle photosphere show
a similar structure with the simulated UDs: a reduced
magnetic field (20%) and small upflow (~ 500 m s~ 1).
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