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Interacting new agegraphic scalar fields models of dark energy in Bianchi type I (BI)
universe

Ali Aghamohammadi! and Hossien Hossienkhani'
! Sanandaj Branch, Islamic Azad University, Sanandaj, Iran.
2 Department Of Physics, Hamedan Branch, Islamic Azad university, Hamedan, Iran

In this work, a correspondence between the interacting new agegraphic dark energy models, the
quintessence, tachyon and K-essence scalar field in an anisotropic universe are investigated. The both
the dynamics and potential of these scalar field models according to the evolutionary behavior of the
interacting holographic/new agegraphic dark energy model are reconstructed. Our numerical result
show the effects of the interaction and anisotropic on the evolutionary behaviour the holographic

and new agegraphic scalar field models.

Keyword:Anisotropic universe ,Interating, New agegraphic , Quintessence

I. INTRODUCTION

Type la supernovae observational data suggest that
the universe is dominated by two dark components con-
taining dark matter and dark energy [1,2]. Dark matter
(DM), a matter without pressure, is mainly used to ex-
plain galactic curves and large-scale structure formation,
while dark energy (DE), an exotic energy with negative
pressure, is used to explain the present cosmic accelerat-
ing expansion.

One of the promising DE candidates is the agegraphic
DE and was proposed in [3]. Soon after the original age-
graphic dark energy model was introduced by Cai [3], a
new model of agegraphic dark energy was proposed in [4],
while the time scale is chosen to be the conformal time 7
instead of the age of the universe. This new agegraphic
dark energy contains some new features different from
the original agegraphic dark energy and overcome some
unsatisfactory points. Considering conformal time as the
age of the universe, the model can describe the matter
dominated epoch [4] with a natural solution to the coin-
cidence problem [5] and is known as the new agegraphic
DE model. The conformal time 7 is defined by dt = adn,
where ¢ is the cosmic time and a the scale factor [6].

A Bianchi type I (BI) universe, being the straightforward
generalization of the flat FLRW universe, is of interest be-
cause it is one of the simplest models of a non-isotropic
universe exhibiting a homogeneity and spatial flatness. In
this case, unlike the FLRW universe which has the same
scale factor for three spatial directions, a BI universe has
a different scale factor for each direction. This fact intro-
duce a non-isotropy to the system. The possible effects
of anisotropy in the early universe have been investigated
with Bianchi I type models from different points of view
[7-9]. Therefore, we establish a correspondence between
the interacting new agegraphic dark energy scenarios and
the scalar field in an anisotropic universe.

II. GENERAL FRAMEWORK

The line element in our model is given by a Bianchi
type I metric as

ds? = dt* — A%(t)da® — B*(t)dy® — C%(t)d=*, (1)

where the metric function, A, B, C, are functions of time,
t, only. The contribution of the interaction with the mat-
ter fields is given by the energy momentum tensor which,
is this case, is defined as

T} = diag[p, —wp, —wp, —wpl, (2)

where p and w represent the energy density and EoS pa-
rameter respectively. Einstein’s field equations for BI
metric given in (1) lead to the following system of equa-
tions [10]:

1
3H? —o0® = m(ﬂm + P/\)= (3)
P
. 1
BH? +2H +0° = — 5 (pm + 1), (4)
p
a+00=0, (5)

where M2 = 1/(87G), ps and pa are the Planck mass,
the energy density and pressure of dark energy, respec-
tively, and a = (ABC)3 is the scale factor, and o2 =
1/204j0" in which o;; = u; j + %(Ui;kukuj + uj;k.ukui) +
%O(QU + wiu;) is the shear tensor, which describes the
rate of distortion of the matter flow, and 8 = 3H = u:'j
is the scalar expansion, where u’ is 4-velocity. In a co-
moving coordinate system, i.e. (u' = d)). Note that the
model is considered to pressureless DM (p,, = 0). Using
(3) and the dimensionless density parameterthe first BI
(3), can be written as

O+ Q4 =1-0,. (6)

We further assume the DE interact with DM. The recent
observational evidence provided by the galaxy clusters
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also supports the interaction between dark energy and
dark matter [11]. In the presence of interaction, the con-
tinuity equations are

pa +3Hpa(l+wp) = —Q, (M
}f’m + 3Hpm = Qa (8)

where wp = pp/pa is the EoS parameter of the interact-
ing DE and @ stands for the interaction term. Following
[12], we shall assume @ = 3b2H (p,, + pa) with the cou-
pling constant b?>. As in what following, we will find a
form for the function V(¢) which is able to reconstruct
holographic DE (HDE) and new agegraphic DE (NADE)
as following.

III. NADE WITH SCALAR FIELD IN BI MODEL

The energy density of the new agegraphic dark energy
can be written
2772
_ 3nMp

pA = . (9)

where the numerical factor 3n2 is introduced to param-
eterize some uncertainties, such as the species of quan-
tum fields in the universe, the effect of curved space-time
(since the energy density is derived for Minkowski space-
time), and so on. The conformal time is given by

dt da
= —= [ —. 10
" / a(t) Ha? (10)
If we write 1 to be a definite integral, there will be an
integral constant in addition. Thus, we have n = 1/a.

The energy density parameter of the new agegraphic dark
energy is now given by

,nZ

Q= 22 (11)
Taking the derivative of Eq. (9) with respect to the cos-
mic time and using (11) we get

. Vi

= —2H——pp. 12

PA na A (12)
Inserting this relation into (7) we obtain the equation of
state parameter of the interacting new agegraphic dark
energy

2 b2
wp =14+ —/Q2 — —(1—-09,). 13
A + Ina On ( ) (13)
It is important to note that when b* = 0, the interacting
DE becomes trivial and Eq. (13) reduces to its respective
expression in new ADE in general relativity [10]

2/

=-1 .
wA + 3na

(14)
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FIG. 1. The plot shows the evolution of the EoS parameter
of NADE, Eq. (13), for different the anisotropy energy density
parameter Q. Auxiliary parameters are Q3 = 0.72, n = 2
and b* = 0.02.

In this case (b = 0), the present accelerated expansion
of our universe can be derived only if n > 1 [4], in addi-
tion, wy is always larger than —1 and cannot cross the
phantom divide line wp = —1.The evolution of the EoS
parameter (13) versus scale factor,a for three different
value of {2, are illustrated in Fig. 1. It clear that the
EoS parameter decrease with the scale factor increase
and the effect of various (1, are negligible but as a — 0,
it is clear that increasing of the 2, cause to decrease the
EoS parameter. Hence, given to the Eq.(13)and its eval-
uations in the Fig.(1), by pick b2 # 0, taking account
Q0 =027, Qp0 =1 — (o + ), 2o = 0.001, n =2.7
[5] and a =1 for the present time, Eq. (13) gives

wp = —0.789 — 1.37b%, (15)

where is clear that the phantom EoS wx < —1 can be
achieved by set b* > 0.15 for the coupling between NADE
and CDM. In the future, where a — 0o, wy < —1 for
b2 > 0,i.e, it may be the wy crosses the phantom divide
line in the presence interacting DM and DE.

‘We can also obtain the evolution behavior of the dark
energy. Taking the time derivative of Q4 in Eq. (11) and
relation Qy = HQ,, give

H? na (16)

H /O
Q) = —20, (— + A) .
Taking the derivative of both side of the BI equation (3)
with respect to the cosmic time, and using Egs. (6), (7),
(9) and (11), it is easy to find

. 3
H 3 Qz 3,
7= 75(1 — Qa4+ 9Q,) — o + 5b (1-9,). a7
Combining Egs. (16) and (17), we get the equation of
motion of agegraphic dark energy

Q) = 30, (Qg (1— Q)1 — 3%\/@) _ (1 - Qg)) .

(18)

A
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FIG. 2. The plot shows the evolution of the NADE den-

sity parameter, Eq. (18), for three different value of the Q.
Auxiliary parameters are 23 = 0.72, n = 2 and b* = 0.02.

— b’=0
— b*=0.04
— - b2=0.09

FIG. 3. The plot shows the evolution of the NADE den-
sity parameter, Eq. (18), for three different value of theb?.
Auxiliary parameters are Q3 = 0.72, n = 2 and €, = 0.001.

The numerical results obtained for Q4 are plotted in the
Figs. 2, 3 and 4 for three different value of the Q,, b?
and n, respectively. Figures illustrates the (2, increase
with the a increase but:I) increase of the €2, cause the
Q, increases with sharper slope. IT) Increasing the coef-
ficient coupling cause the early and final 25 values to
(& << (>>)))increases (decreases) respectively III)at
last,increase of n parameter cause the ()4 parameter pick
smaller value for the smaller scale factor i.e a <<.

A. Quintessence reconstruction of NADE in BI

We adopt the viewpoint that the scalar field models of
dark energy are effective theories of an underlying theory
of dark energy. The energy density and pressure of the
scalar field can be written as

po =5+ V() (19)

po = 38 ~ V() (20)

Then, we can easily obtain the potential and the kinetic
energy term as

— n=2
— n=24
n=2.8

L L L
0.5 1.0 15 20

FIG. 4. The plot shows the evolution of the NADE density
parameter, Eq. (18), for three different value of the n. Aux-
iliary parameters are Q3 = 0.72, b* = 0.02 and €, = 0.001.

1 —wy
2 P

V(g) =
7=

where wy = pgy/pg. Now we suggest a correspondence be-
tween the new agegraphic dark energy and quintessence
scalar field namely, we identify pgy with ps. Using rela-
tion py = pa = 3MIH?Q, and substituting Egs. (11)
and (13) into (21) and (22) one can readily find the ki-
netic energy term and the potential term as

(21)

(1 + we)pe, (22)

. 2 3
2772 2 2
¢2 = A/IPH (EQA —3b (1 —Qo)) s

- 32
V(6) = MyH® | 304 + 5-(1-9,) —

From definition ¢ = H¢', one can rewrite Eq. (23) as

1

2
w:A@(Eﬂif%%L4nQ (25)

na

Therefore, we have established an interacting new age-
graphic quintessence dark energy model and recon-
structed the potential of the agegraphic quintessence as
well as the dynamics of scalar field in an anisotropic uni-
verse. The evolution of the NADE quintessence scalar
filed, Eq. (25), for three different values of , is plotted
in Fig. 5. It illustrate which the ¢ increase with the
scalar factor increase,a, also, the curve is shifted to the
larger value of ¢ with increasing €2, as it can be seen
from the diagram . Note that Fig. 5 is illustrated for the
real scalar field, i.e. 2 > 0.

The evolution of the NADE quintessence potential, Eq.
(24), with respect to the scale factor for three different
value of the €, is plotted in Figs. 6. It illustrate for a
given Q,, V(¢) decreases with increasing a and the curve
is shifted to the smaller values of V(¢) with increasing
the Q.. The evolution of Kiﬂ versus £, is illustrated in

Fig.7. Tt illustrate fraction of potential per kinetic energy
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FIG. 5. The plot shows the evolution of the NADE
quintessence scalar filed, Eq. (25), for three different value
of the anisotropy energy density parameter ,. Auxiliary
parameters are 3 = 0.72, b* = 0.02, n = 2 and ¢(1)=0.

11000 T T T

10000

— 0,=0.00

Vigy

— Q,=0.02
S Q,=0.08

6000 L L L
Lo 15 20 25 30

FIG. 6. The plot shows the NADE quintessence potential,
Eq. (24), versus the scale factor for different Q.. Auxiliary
parameters as in Fig. 5.

increase with the €, increase and its magnitude increase
with the Q, increase for the smaller €2,.

IV. CONCLUSION

In this paper, a correspondence between the inter-
acting new agegraphic dark energy model with the
quintessence scalar field in an anisotropic universe has
been investigated. The both the dynamics and potential
of these scalar field model according to the evolutionary
behavior of the interacting new agegraphic dark energy
model has been reconstructed. It was regarded which
the obtained expression for the potential is quite rea-
sonable and lead to scaling solutions. We have adopted
the viewpoint that the scalar field models of dark energy
are effective theories of an underlying theory of dark en-
ergy. Our numerical results have shown the role of Q.
and interacting term on the evolution of {2, and its rele-
vant quantities,which is summarized as the following. 1.
The EoS parameter wp of the NADE model in the BI
models, can cross the phantom divide line (wy < —1) at
the present provided 42 > 0.1 which is compatible with
the observations.By the way,the effect of various 2, were
negligible but as @ — 0, it was clear that increasing of
the Q, cause to decrease the EoS parameter.

2 Tn the figures (2,3,4), it have been illustrated, the

— 0,=0

v
)

— 0,=0.02
- 0,=0.08

FIG. 7. The plot shows the NADE quintessence Vif ), for
three different value of Q,. Auxiliary parameters as in Fig.

increased with the a increase but:I) increase of the Q,
caused the 0, increases with sharper slope. II) Increas-
ing the coefficient coupling caused the early and final
0, values to (a << (>>)))increased (decreased) respec-
tively IIT)at last,increase of n parameter caused the
parameter picked smaller value for the smaller scale fac-
tor i.e a <<.

3 The Fig. 5. illustrated which the ¢ increase with the
scalar factor increase,a, also, the curve was shifted to the
larger value of ¢ with increasing Q.

4 Fig.7 shown which the fraction of potential per kinetic
energy increase with the 2, increase and its magnitude
increase with the Q, increase for the smaller Q4.
Finally, we would like to mention that in the present work
we have assumed for simplicity that p, = py, = p. = p
and an EoS p = wp, hence this recalls that the assumed
perfect fluid is an isotropic fluid. .
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Resonant absorption of kink MHD waves by magnetic twist in coronal loops

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

There are ample evidences of twisted magnetic structures in the solar corona. This motivates us
to consider the magnetic twist as the cause of Alfvén frequency continuum in the coronal loops,
which can support the resonant absorption as a rapid damping mechanism for the observed coronal
kink magnetohydrodynamic (MHD) oscillations. In the thin tube thin boundary approximations we
derive the dispersion relation and solve it analytically to obtain the frequencies and damping rates
of the fundamental (I = 1) kink (rn = 1) MHD mode. We conclude that the resonant absorption
by the magnetic twist can justify the rapid damping of kink MHD waves observed in coronal loops.
Furthermore, the magnetic twist in the inhomogeneous layer can cause deviations from Pi/P> = 2

which are comparable with the observations.

I. INTRODUCTION

The first identification of transverse oscillations of
coronal loops was reported by [1] and [2] using the Tran-
sition Region and Coronal Explorer (TRACE) obser-
vations of 14 July 1998. Nakariakov et al. [2] for a
loop with length of (130 4 6) x 10°® km and width of
(2.0 £0.36) x 10 km reported a spatial oscillations with
period of 4.27 £ 0.13 min and decay time of 14.5 + 2.7
min. They suggested the resonance of global mode as
the cause of such fast damping. For reviews on coronal
seismology, see e.g. [3].

The theory of resonant absorption of MHD waves was
first established by [4] as a conceivable mechanism for
heating of the solar corona. In this mechanism, the en-
ergy of global mode oscillations is transferred to the local
Alfvén perturbations within a resonance layer inside the
loop.

There are observational evidences for twisted magnetic
fields in coronal loops (see e.g. [5], [6] ). Many theoret-
ical works have also been done on the effect of twisted
magnetic fields on the MHD waves in coronal loops (see
e.g. [7] [8], [9], [10] and [11]). Ruderman [8] considered
a straight flux tube in the zero-beta approximation with
a magnetic twist inside the loop proportional to the dis-
tance from the tube axis and showed that the magnetic
twist does not affect the standing kink modes. Karami
and Bahari [11] showed that the frequencies and the pe-
riod ratio P, /P of the fundamental and first-overtone
nonaxisymmetric kink and fluting modes are affected by
the twist parameter of the annulus.

Karami and Bahari [10] studied the effect of twisted
magnetic field on the resonant absorption of the incom-
pressible MHD waves in the low beta coronal loops. They
showed that by increasing the twist parameter, the fre-
quency, the damping rate and their ratio for both the
kink and fluting modes increase. Also the magnetic twist
causes the ratio of fundamental period to first overtone
one for kink and fluting modes to be smaller than 2.

The main goal of the present work is to study the res-
onant absorption of kink MHD waves by magnetic twist
to explain the rapid damping of oscillating coronal loops
and departure of the period ratios P;/P» and P;/Ps from
their canonical values reported by observations. To this
aim, in section II we introduce the coronal loop model
and find the solutions of the equations of motion. In sec-
tion III, we use the appropriate connection formulae to
obtain the dispersion relation. In section IV, we solve
the dispersion relation, analytically. Section V gives the
summary and conclusion of the paper.

II. MODEL AND EQUATIONS OF MOTION

As a simplified model for a coronal loop, we consider
a straight cylindrical flux tube with length L and radius
R. The background density profile is assumed to be

plr) = {

where p; and p, are the constant densities of the interior
and exterior regions of the flux tube, respectively. We
define ¢ = % in the rest of the paper.

We further assume that the background magnetic field
has a small twist in a thin layer and is constant and
aligned with the loop axis anywhere else, i.e.

pi, 0<7 <R,

Pe; T>Ra (1)

By, 0<r<a,
B(r)={ Ar(r—a)¢+ Bo?, a<r <R, (2)
Bz, r> R,

where A is a constant.
The linearized ideal MHD equations for incompressible
plasma are given by

3)

dév VoP 1
v _ VO L 1 (v x5B) x B+ (V x B) x 6B},
o = VP L (v 3B) x B+ (VX B) x 4B
0B
W*VX(&VXB), (4)
VO
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V.-dv=0, (5)

where dv, 6B and P are the Eulerian perturbations of
velocity, magnetic fields and plasma pressure; B and p are
the background magnetic filed and the mass density, re-
spectively. Also t-, ¢- and z-dependency of the perturba-
tions are supposed to be of the form exp[i(mo+k,z—wt)]
where k, = lf” is the longitudinal wave number. Here m
and [ are the azimuthal and longitudinal mode numbers,
respectively, and w is the mode frequency.

Following [7], the governing equations of dp and &, are

as follows

a? Cs d (rD\Y d
a2t {TD ar (a)} P
C3 d T'Ol 2 o
+{@§ (a)Jrﬁ(CECS’»*Cl)}(SP*O: (6)

D d o

—op+ =96
Cy dr * Cs P, @
where dp = 0P+ B-0B/po and &, = —dv, /iw are the Eu-
lerian perturbation of total pressure and the Lagrangian
displacement in the radial direction, respectively and

& =

D = p(w® = w}), (8)
Cr=—220¢ (2B, + .B.), ©)
Co=—(m +42), (10)

2B, B, 4B2
Cy=D?+ Do d (7) e (11)

Here, the Alfvén frequency, w4, is defined as
1 m
walr) = — (2B, +k.B.). 12

"= (78, (12)
Putting Egs. (1) and (2) into (12) gives the profile of
Alfvén frequency as follows
Bok.
7%, 0<r<a,
iom (AT —

Boks
VHope?

wa(r) =
r> R.
Here we use the twist parameter defined as a = B“’(R)
For a special value of @ = a. the profile of Alfven fre—
quency is continues at the tube boundary (r = R). If
a # ac there would be a gap in the Alfvén frequency
profile across the boundary. It is straightforward from
Eq. (13) to show that

oo =1 (T 1), (14)

Figure 1 shows the azimuthal component of the back-
ground magnetic field and the Alfvén frequency of the
fundamental (I = 1) kink (m = 1) mode for the twist

a)+k.By), a<r<R, (13)

0.012

By/Ba

0.006

0.044

0.038

wA/(VoifR)

R

FIG. 1. Azimuthal component of the background magnetic
field (top) and Alfvén frequency of the fundamental (I = 1)
kink (m = 1) mode (bottom). The loop parameters are:
L =10° km, R/L =0.01,a/R=0.99, { =2, p; =2 x 107
g em™® and By = 100 G. Here a = a. = 0.0130.

parameter o = ae = 0.0130 which is obtained for ¢ = 2,
m=1,1=1and R/L =0.01.

From Eqs. (6)-(12), it is clear that when w? = w?, ie.
D = 0, the equations of motion in the inhomogeneous
layer (a < r < R) become singular in the presence of
magnetic twist. Therefore, the resonant absorption can
occur not only by the radial density inhomogeneity (like
previous works, see e.g. [12] and [10]) but also by the
magnetic twist (present work).

Solutions of equations (6)-(7) in the untwisted regions
are obtained as

| Aily(k.r), 0<r<a,
op(r) = { AKn(kor), 7> R, (15)
. k. ’
€)= Alipi(wtwi )I (k.r), 0<r<a, 16)
" ey K! (k;7), 7> R.
€ pe(w?-uwy )

Here I, and K., are the modified Bessel functions of
the first and second kind, respectively. Also “” on I,
and K, represents a derivative with respect to their ar-
guments. The constants A; and A, are determined by
the appropriate boundary conditions.

IIT. CONNECTION FORMULAE AND
DISPERSION RELATION

The solutions inside and outside of the tube can be
related to each other by the connection formulae intro-
duced by [13]. In the limit of thin tube approximation
one can find the dispersion relation as

pi(@2—w}) 4 pel@®—w} )
R a

_dm (ra\™ (g o (52 2 2mfpBy,
[A] ( a ) (nge(w wAe) + poraBoR

x (@2 —wy) - 22BePo) 0. (17)

2
kL HOPiT
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Here @ = w — 47, in which w and v are the mode
frequency and the corresponding damping rate, respec-
tively. Notice that we look for the frequencies in the
range of w4, < w < wy,, in which the resonant absorp—
tion occurs. Here wy, = kz “"p and wy, =k, ”"pe are
the interior and exterior Alfvén frequencies, respectively.
In the next section, we solve this equation analytically to
obtain the frequency and damping rate of the kink MHD
modes.

IV. ANALYTICAL RESULTS

Here, we are interested in studying the effect of twist
parameter a on the frequencies w and damping rates -y
of the kink (m = 1) MHD modes in a resonantly damped
coronal loop. To this aim, we need to solve Eq. (17).
First, we use the dimensionless quantities ¥ = r/R, L =

L/R, B = B/By and @ = @/(va,/R). Thus, Eq. (17)
can be recast in dimensionless form as
c1£)4 + CQ(IJZ + Cz = 0, (18)
where
m o
1 = ‘ZT| ( A) %’ (19)
— 1 i T m
ee)em()”
x [92 (w3, +w3,) + 22opPe (1 - grA)] (21)
_ 2
o= (144) = i (%) ¢ (22)
2 2 2fpgpB
X [%W‘IAJ - 4m{§Bw quA o, i(1— rA)} (23)

and ¢ = a/R. Here we have dropped the bars for sim-
plicity. It is straightforward to find the solutions of Eq.
(18), @ = w — @, as follows

1 1/2
Wi = ——— (\/Xi+@§:+Xi) o (2

B2 4+

1 5 1/2

= 4/ +03% - , 25

NES \/W( X+ + Xi) (25)
=4 IS

where
X+ = €352+ + c3, I+, (26)
O = 3,2+ — c3 11, (27)
5 5 1/2
Sy=—cy (%) . (28)
1/2
M= ey + (7\/*‘2‘ ) , (29)
with

0.050 F T T T E
0.045 £
0.040
0.035 ¢
0.030 ¢
0.025
0.020 ¢
0.015&

0.

wll

0.020
0.015

yll

0.010
0.005

0.000 .-

1000
500

100
50

wllfyll

FIG. 2. Frequency of the fundamental (I = 1) kink (m = 1)
mode (top), its damping rate (middle) and the ratio of the
oscillation frequency to the damping rate (Bottom) versus
the twist parameter a. Solid line: ¢ = 2,R/L = 0.01.
Dashed line: ¢ = 4,R/L = 0.01. Dash-Dotted line:
¢ =2,R/L =0.005. Other auxiliary parameters as in Fig. 1.
Both frequencies and damping rates are in units of va, /R = 2
rad s~

¢y =3, —c3, +dey sy, (30)

C5 = 2C2R02[ — 4CIICBR' (31)

Here, the subscripts R and I denote the real and imagi-
nary parts of a given complex quantity.

For a typical coronal loop, we take L = 10° km, R/L =
0.01, pi/pe =2, pi =2 x 1071 g em™ and B; = 100 G.
So, one finds v4, = 2000 km s~! in this loop. We assume
that the magnetic twist takes place in a thin layer of
thickness B —a = 0.01R. So we have ¢ = 0.99. In the
thin boundary approximation, we can set the location of
the resonance point at the tube surface, i.e. ro ~ R.

Using Eq. (24) we obtain two roots of w4 which their
values take place in the range of wa, < w— < wy, and
wy > wa,. Therefore, w_ is our physical root and wy
should be rolled out, because it does not give rise to the
resonant absorption.

Figure 2 illustrate the frequencies (w— = wyu), the
damping rates (y— = ymi) and the ratio of the frequency
to the damping rate (wmi/vmi) of the fundamental (I = 1)
kink (m = 1) mode versus the twist parameter «, respec-
tively. Figure show that (i) the frequencies and damping
rates increase when the twist parameter increases. (ii)
The ratio of the oscillation frequency to the damping
rate w/vy decreases when the twist parameter increases.
Surprisingly enough, is that for the fundamental (I = 1)
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FIG. 3. Period ratios of the fundamental to the first-over-
tone, Pi/P>, and to the second-overtone, Pi/Ps;, kink
(m = 1) modes versus the twist parameter a. Solid line:
¢ = 2,R/L = 0.01. Dashed line (overlaps the solid line):
¢ =4,R/L = 0.01. Dash-Dotted line: ( = 2, R/L = 0.005.
Auxiliary parameters as in Fig. 1.

TABLE I. Twist parameter a = B,,/B. and corresponding
number of twist turns Niwist of the loop obtained for some
observational values of the period ratios P, /P> and P, /P3 of
the kink (m = 1) modes. Auxiliary parameters as in Fig. 1.

Reference P /Py a ‘ Newist ‘
Van Doorsselaere et al. [16] 1.795+0.051 0.1767| 2.8
Van Doorsselaere et al. [17] 1.980 £0.002 0.0810| 1.29
Ballai et al. [18] 1.82+0.02 0.1680| 2.67

kind (m = 1) mode, for the twist parameter o = 0.0467
we obtain wi1/(27my11) = 3 which is in good agreement
with the observations reported by [2], [14] and [15].

In Fig. 3, the period ratio of the fundamental to the
first-overtone, P, /P,, kink (m = 1) modes are plotted
versus the twist parameter a. Figure shows that when
the twist parameter increases, the value of P;/P, de-
creases from its canonical values, 2. In the figure the
solid and the dashed lines overlap, meaning that for a
given o and R/L, the period ratios do not depend on
¢. Also for a given a and ¢, when R/L decreases the
period ratio decreases too. Table I summarizes the twist
parameters and the corresponding number of twist turns,
Niwist = ﬁa, predicted by our model in order to jus-
tify some of the reported observations of the period ratio
P, /P, of the kink (m = 1) modes.

V. CONCLUSION

Here, we investigated the resonant absorption of kink
MHD modes by magnetic twist in coronal loops. To this
aim, we considered a thin straight cylindrical flux tube
with a twisted magnetic field in a thin layer at the bound-
ary of the loop and straight magnetic field everywhere
else. The magnetic twist causes a radial Alfvén frequency
gradient and consequently gives rise to the resonant ab-
sorption. We assumed the plasma density to be constant
but different in the interior and exterior regions of the
loop. We obtained the solutions of ideal MHD equations
for the interior and exterior regions of the tube. We
also derived the dispersion relation by using of the ap-

propriate connection formula introduced by [13]. In thin
tube thin boundary approximation, we solved analyti-
cally the dispersion relation and obtained the frequen-
cies and damping rates of the fundamental (I = 1) kink
(m = 1) MHD mode. Our results show the following.

e The frequency and damping rate of the fundamen-
tal (I = 1) kink (m = 1) mode increases when the
twist parameter increases.

The ratio of the fundamental frequency to its corre-
sponding damping rate of the kink (m = 1) modes
can well justify the rapid damping of kink MHD
waves (w/(27y) ~ 3) reported by the observations.
This confirms the high efficiency of resonant ab-
sorbtion due to the magnetic twist.

For a given «, ¢ and ¢ by increasing R/L, the fre-
quencies increase, the damping rates decrease and
the ratio of the frequencies to the damping rates
increase.

The period ratio P;/P, with increasing the twist
parameter, decreases from. For some special values
of the twist parameter, the values of P;/P, pre-
dicted by our model can justify the observations.
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Fast 4-aperture turbulence detector (FDIMM) instrumentation to measure
the atmospheric coherence time

Lida Akbari!, Ahmad Darudi', Ramin Shomali®

1 University of Zanjan, 6th kilometer of Zanjan-Tabriz road, Zanjan, Iran
2 Optics and Photonics Institute, Tehran, Iran

Abstract-Steps of deploying Fast Differential Image Motion Monitor and the ability of this method in determination of
wavefront of light’s primary aberrations in front of the telescope aperture, and Fried parameter, is reported in this paper. The
4-aperture DIMM, mounted on 16-inch telescope of Zanjan University Observatory. To improve frame rate, image recording

has been done with a new method. The most significant feature of this method is deriving the atmospheric coherence time
and some other atmospheric parameters directly from the speed of defocus variations. Instrument design and some results of
the measurements, are reported.

Keywords: Atmospheric Turbulence, atmospheric coherence time, Defocus aberration, four-aperture DIMM.
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Transverse oscillations of cooling coronal loops in the presence of boundary conditions

K. Bahari
Physics Department, Faculty of Science, Razi University, Kermanshah, Iran

We study the effect of foot-point boundary conditions on transverse oscillations of a slowly cooling
loop. In a slowly cooling loop we obtain time-dependent background density in the presence of
boundary conditions and study the time dependence of oscillation frequency and amplitude. Intro-
ducing foot-point boundary conditions makes oscillation frequency and amplitude increase with time
more slowly. But in the presence of foot-point boundary conditions frequency ratio of first-overtone
to fundamental mode decrease with time and anti-node shift of the first-overtone mode increase with

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

I. INTRODUCTION

Aschwanden et al. [1] and Nakariakov et al. [2] using
data from TRACE (Transition Region And Coronal Ex-
plorer) reported transverse oscillations in coronal loops.
Nakariakov et al. [2] studied transverse oscillations and
showed that these oscillations can be explained by mag-
netohydrodynamic waves in magnetic flux tubes.

The theory of kink oscillations of magnetic flux tubes
was evolved long ago by Ryutov & Ryutova [3], Ionson
[4] and Edwin & Roberts, [5]. Edwin & Roberts, [5] in-
vestigated oscillations in magnetic flux tubes under pho-
tospheric and coronal conditions and studied dispersion
relation.

Verth & Erdélyi [6] and Ruderman ,Verth & Erdélyi [7]
investigated the effect of variable cross-sectional area of
the flux tube in the longitudinal direction on the trans-
verse oscillations. Karami & Bahari [8] studied torsional
Alfvén waves in stratified variable cross-section loops.
They investigated oscillation frequency, period ratio and
anti-node shift of torsional Alfvén waves in the presence
of both density and magnetic stratification.

Terradas, Goossens, and Ballai [9] investigated the ef-
fect of flow on the resonant absorption of propagating
kink modes. They concluded that the damping rate of
kink modes depends on the direction of propagation. Ru-
derman [10] studied oscillation frequency and damping
rate of kink modes in a stratified loop in the presence of
flow. He showed that for all flow velocities allowed by
stationary background, the effect of flow on kink oscilla-
tions is very weak.

Aschwanden & Terradas, [11] reported cooling coronal
loop with cooling timescale of few periods of transverse
oscillations. Ruderman [12] assumed constant foot-point
density for the loop during cooling.

Our aim is to generalize the work done by Ruderman
[12] and consider time-dependent foot-point density by
introducing boundary conditions on flow at foot-points.

II. FOOT-POINT BOUNDARY CONDITIONS
AND BACKGROUND DENSITY

‘We model the coronal loop as a cylindrical magnetic
flux tube and assume that the loop is not expanded.
The cross-sectional radius and length of the loop are a
and L respectively. We use cylindrical coordinate system
with the z axis coinciding with the tube axis and z = 0
represents the apex point. The background density of
the stratified loop and the surrounding plasma is p(t, z).
Cooling causes the plasma flow and because in the corona
the thermal pressure is very small compared with mag-
netic pressure, i.e. 3 = 0, the direction of plasma flow
is governed by magnetic field lines and hence the flow
is U = U(t,z). As Ruderman [12] stated this simplifies
our calculations remarkably. We study the effect of foot-
point boundary conditions on transverse oscillations of
cooling coronal loops. Foot-point boundary conditions
make restrictions on the flow generated during cooling.

In the presence of flow the time-dependent density
p(t, z) and flow U(t, z) are related by the continuity equa-
tion:

a(pU)
dz

dp
ot

=0, (1)
and the plasma motion along the loop is given by Euler
equation

ou ou

o Vs

H{(t) 9p

+p82

= —g(cosa ). (2)
Here ¢ is the gravitation acceleration at the surface of
sun which assumed to be constant, & = Z£ is the angle
between the vertical direction and the z axis and H(t) =
kpT'(t)/mg is time-dependent density scale height. As
considered by Aschwanden & Terradas [11] we assume
that the temperature decreases with time exponentially

T(t) = T(] exp(ft/tcool)- (3)

Here .00 is cooling timescale of the loop.
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Ruderman [12] assumed constant foot-point density
and obtained background density

0(t, 2) = py ex 7/2 cosalz) -
pi(t,z) = py p( L HW)
= € _ COSWZ
=PI\ THG T )

Pe(t, z) = xpl(t,2) (4)
here p? and p? are the density inside and outside the loop
respectively, ps is the density at the loop foot-points in-
side the loop and x < 1. The superscript 0 indicates that
these densities are obtained in the absence of boundary
conditions.

‘We consider a more general scenario in which as the
coronal loop cools the foot-point density is not constant,
but it is time-dependent. Since the boundary conditions
make restrictions on mass flow we explain them by tem-
poral variation of the mass of the loop.

We describe boundary condition on flow at the loop
foot-points by defining flow parameter v. A simple rela-
tion between the mass of the loop per unit area of the
loop cross-section in the absence and presence of bound-
ary conditions, M°(t) and M (), and the flow parameter
v is considered,

M(t) = My + (1 —7)(M°(t) — My). ()

Here Mj is the mass of the loop at the beginning of cool-
ing. Flow parameter is defined such that 0 <~ < 1, if
v = 1 there is no flow at the foot-points into the photo-
sphere, and the mass of the loop is constant during cool-
ing, and if v = 0, we have M (t) = M°(t) i.e. p;(t) = pY(t)
and we obtain the case of constant foot-point density con-
sidered by Ruderman [12].

The boundary conditions considered dose not change
the density scale height, hence at each time the density
of the loop is as Eq. (4) except that p; must replaced by
time-dependent foot-point density py(t) = §(t)py. Hence
the time-dependent density of the loop is
F(t) cOos ) .

d(t) can be obtained in term of flow parameter v and the
mass of the loop
_ Mo+ (1 —7)(M°(t) — Mo)
- MO(t)
Here M, is the initial mass of the loop before cooling and
MPO(t) is the time dependent mass of the loop in a cooling
loop with constant foot-point density. If we assume same
flow parameter inside and outside the loop the density of
the external region of the loop is p.(t, z) = xpi(t, z)
Figure (1) shows time-dependent density versus the
dimensionless length along the loop, { = z/L, for two

values of flow parameter and different dimensionless time
T=1 / tcool .

Tz

pilt,z) = 6(t)py exp ( T (6)

8(t)

. (7)

Time Dependent Density (=0 , x=1)

08

0.6

Le]

0.4 NS

0.2

FIG. 1.
L
mHg

dimensionless time 7 =

Unperturbed density of a cooling loop for

= 1 as s function of ( = # in different values of
t

7—- Top panel is for a loop with
constant foot-point density v = 0, and down panel is for a
loop with v = 0.5 which its foot-point density increases with

K =

time.

III. EFFECT OF BOUNDARY CONDITIONS ON
OSCILLATIONS

In this section we study transverse oscillations in the
presence of boundary conditions. We investigate the ef-
fect of boundary conditions on frequency, amplitude and
the ratio of the frequency of first-overtone to fundamen-
tal mode of transverse oscillations. First we consider
an isothermal cooling loop in which the temperature in-
side the loop is the same as the temperature of external
plasma and next study oscillations of a cooling loop em-
bedded a plasma in constant temperature.

A. Isothermal cooling loop

In this subsection we consider a cooling stratified
isothermal loop, hence we consider the same cooling
timescale and atmospheric scale height for both regions
inside and outside the loop. We also assume the same
flow parameter v inside and outside the loop. The oscil-
lation frequency can by found by Eq. (8) of Ruderman
12

UJ2

+C—£S() =0,

025,

e )

and boundary conditions of oscillation amplitude at the
ends of the loop

S = Oat( = +1/2. (9)

Time-dependent oscillation amplitude A(7) can be ob-
tained from Eq.(16) of Ruderman [12]
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The Oscillation Amplitude (x=0.5)

AIA(D)

AGIAD)

FIG. 2. Oscillation amplitude of transverse oscillations for
a dense loop x = 1/3, with same temprature iside nad outside
as a function of dimensionless time 7 for different values of ~.
Top panel is for aloop with k = 0.5 and down panel is for a
loop with k = 2.

1/2 S2
w/ —Ozdz = const
12 Ck

Obtaining time-dependent kink speed and substituting in
this equation the following equation for oscillation ampli-
tude can be found

(10)

1/2
w(r)A(r)? Q($)?6(7) exp(—re™ cos wl)dC
—1/2
=const  (11)
Time-dependent oscillation amplitude is shown in

Fig.(2). It clears that for small values of £ and v the
amplitude increases with time, but for large values of k
and = oscillation amplitude dose not increases so much
or decreases.

B. Constant temperature of external plasma

In coronal loops density inside the loop is very larger
than outside the loop. The intensity due to loop cool-
ing is proportional to density squared, as a result the
cooling timescale outside loop is very larger than cooling
timescale inside loop and it is more realistic for coronal
loops if we assume that the temperature outside loop is
constant. We consider boundary conditions on flow at
two foot-points inside the loop, since the plasma outside
loop has constant temperature there is no flow outside
loop. Plasma density inside loop is given by Eq. (6) and
time-independent density outside loop is given by

L Tz
cos — | .
Hy L

(12)

pe(z) = xpyexp (
m

Frequency Ratio o /o (<=0.5)

FIG. 3. The frequency ratio of first-overtone to fundamen-
tal mode as a function of time for a cooling loop with constant
temperature of external plasma. The parameters are same as
Fig.(2).

The atmospheric scale height outside loop is Hj
kgT(0)/mg. The kink speed can be obtained as

1
OF

= %pf{é(ﬂ exp(—re” cos () +

xexp(—k cosw()}. (13)
Substituting kink speed obtained here in Eq. (8) and
using boundary conditions of oscillation amplitude Eq.
(9) the oscillation frequencies can be found.
Substituting kink speed from Eq. (13) in Eq. (10) we
find the following equation for the oscillation amplitude.

1/2

w(r)A(T)? P Q(¢)*{8(7) exp(—re” cosm()

+x exp(—k cosw() }d¢ = const (14)

Period ratio wi/wo has been shown in Fig. (3). It in-
dicates that introducing boundary conditions makes the
deviation of period ratio from 2 increase with time faster.
It also shows that the increaseing the flow parameter has
more effect on period ratio in loops with smaller &, i.e.
short and hot loops.

Verth [13] has cleared that it is important to study the
effect of various equilibrium quantities on anti-node shift
of the first-overtone mode. For instance, he stated that
the density and magnetic variations along the magnetic
flux tube can be obtained by comparing observational
quantities of frequency and amplitude profiles of standing
transverse oscillations The effect of cooling and boundary
condition on anti-node shift is studied using eigenfunc-
tions obtained from equation (8) with appropriate kink
speed for coronal conditions. The result is shown in Fig.
(4) for k = 1 and different values of v. Figure (4) indi-
cates that as the loop cools the anti-node shift increases.
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Anti node shift of the first overtones (k=1)
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FIG. 4. Time-dependent anti-node shift for first-overtone
mode transverse oscillations, for coronal conditions and dif-
ferent values of ~.

It also shows that in the presence of boundary conditions
the anti-node shift increases with time more rapidly.

IV. CONCLUSIONS

In this paper we studied the effect foot-point bound-
ary conditions and flow on transverse oscillations of coro-
nal loops. We defined boundary conditions by introduc-
ing flow parameter v and obtained time-dependent back-
ground density.

We considered two cases of cooling isothermal plasma
which has the same temperature as the outside plasma
and cooling loop which is embedded in surrounding
plasma with constant temperature. Our results show
that in both cases, introducing boundary conditions
makes the oscillation frequency and oscillation amplitude
increase with time more slowly.

The ratio of the frequency of first-overtone to funda-
mental mode in the case of isothermal loop is not effected
by boundary conditions. But in the case of constant tem-
perature of external plasma introducing boundary con-
ditions causes the frequency ratio decrease more rapidly.

The effect of boundary conditions on anti-node shift
of the first-overtone mode is studied. In the presence of
boundary conditions the anti-node shift increases with
time more rapidly.
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Monitoring survey of pulsating giant stars in Local Group galaxies: star
formation history and chemical enrichment

Atefeh Javadi
IPM

Abstract

The evolution of galaxies 1s driven by the birth and death of stars. Nearby galaxies in the Local Group offer
us a complete suite of galactic environment that 1s perfect for studying the connection between stellar
populations and galaxy evolution. In this talk, we describe the large program on the Local Group spiral
galaxy Trangulum (M33), which we have monitored at near-infrared wavelengths for several years using the
United Kingdom InfraRed Telescope in Hawai'i. The new techniques have been developed by us to use
pulsating red giant and supergiant stars to reconstruct the star formation history of galaxies over
cosmological time, as well as using them to map the dust production across their host galaxies. We outline
the methodology and present the results for the central square kiloparsec of M33 (Javadi et al. 2011a, b,
2013, 2014) and the disc of M33 (Javadi et al. 2015, 2016). We also introduce our ongoing monitoring
survey of dwarf galaxies with Spitzer Space Telescope, Hubble Space Telescope (HST) and Isaac Newton
Telescope (INT) to identify dust-producing asymptotic giant branch (AGB) stars and massive stars across
the Local Group.
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Statistics of Solar Magnetic Elements Observed by SDO/HMI During the Year 2011

M. Javaherian, N. Dadashi, and H. Safari
Department of Physics, University of Zanjan, P.O.Box 45371-38791 , Zanjan, 1. R. Iran

The solar photosphere is the origin of magnetic elements that are mostly observed in the visible
and ultra-violet (UV) part of solar spectrum. Using high resolution Solar Dynamics Observa-
tory/Helioseismic and Magnetic Imager (SDO/HMI) magnetograms, we are able to measure mag-
netic flux of the photospheric magnetic features at 6173 A Fel absorption line. The Yet Another
Feature Tracking Algorithm (YAFTA), a region-based method, is employed to segment and extract
physical properties of both positive and negative elements (e.g., filling factors, magnetic flux) over
400%400 arcsec® area of the solar surface. The correlation between time series of filling factors of
positive and negative elements during the year 2011 is equal with 0.5079. Quadratic fits on scatter
plots of positive and negative elements show that one regime govern the relationships between the
magnetic field of elements and their size in both cases.

Keywords: Sun: Magnetic fields — Sun: Photosphere — Techniques: Image processing — Techniques:

Segmentation.

I. INTRODUCTION

Since most of the events happening on the Sun are
originating from the changes and evolutions of the so-
lar magnetic fields, their physical properties and statis-
tics are one of the important subjects of solar physi-
cists. There are considerable amounts of attempts to
discover the laws govern these relatively small-scale fea-
tures sometimes called magnetic patches. These mag-
netic elements are appeared as both small-scale events
(e.g., bright points (BPs)) [1], and large-scale phenom-
ena (e.g., sunspots) [2] observed in the optical band of
the solar spectrum. Using the Zeeman effect allows to
study the magnetic features in great details. An ex-
tended review on solar magnetic elements and BPs are
given by Solanki (1993) [3], De Wijn et. al. (2009) [4],
and Sanchez Almeida & Martinez Gonzdlez (2011) [5].

Different kinds of solar space-borne instruments (e.g.,
Solar and Heliospheric Observatory (SOHO)/Michelson
Doppler Imager (MDI) [6], Sunrise/Imaging Magneto-
graph eXperiment (IMaX) [7]), and ground-based obser-
vatories (e.g., Big Bear magnetogram [8]) are established
to study the magnetic field evolutions of the Sun.

Because of receiving vast amount of data in different
wavelengths, the automatic methods are needed to cat-
egorize and analyze the solar phenomena and features.
The automatic codes are first proposed by Hagenaar et
al. (1999) [9]. Their method considered bulk field prop-
erties in the MDI quiet Sun data. In the next attempts,
the interaction between network flux elements was used
[16]. At last, the robust method, Yet Another Feature
Tracking Algorithm (YAFTA), developed to segment and
track magnetic features [11]. More information about
characterizing magnetic features and extracting physical
properties of patches are found on the series of ”Solar
Magnetic Tracking” papers published by YAFTA group

[12, 13, 14, 15], and Parnell et. al. (2009) [16].

‘We employed the YAFTA to segment and extract the
physical parameters (e.g., filling factors, magnetic flux)
of these both negative and positive polarities from Solar
Dynamics Observatory/Helioseismic and Magnetic Im-
ager (SDO/HMI) data [12, 17]. This code works based
on region-growing methods by employing threshold on
the both size and brightness of the growing pixels [17].

This paper is organized as follows: the data is de-
scribed in Section II. The results are discussed in Section
III. Finally, the conclusions are presented in Section IV

II. DESCRIPTION OF DATA

The HMI images consist of the full solar disk in the Fel
absorption line at 6173 A with a resolution of 0.5040.01
arcsec per pixel. We applied YAFTA on a dataset
recorded during the year 2011, from January 1 until De-
cember 31, taken at 13:00 UT at a cadence of one image
per day. We cropped the square part of all images from
the equatorial region of the Sun.

III. RESULTS AND DISCUSSION

A region with area 400 x 400 arcsec? is picked up from
the solar equatorial regions (Figure 1, red contour lines).
We selected area with a 1.5x 1.5 arcsec? (3 x 3 pixel?) as a
minimum threshold in the segmentation. Also, the inten-
sity threshold is selected to be 25 (i.e., the code ignores
pixels below this threshold). The HMI full-disk pixel
size is equal to 3.58 x 107 cm on the solar surface. The
code detected 201737 magnetic elements with positive
polarities and 227056 magnetic elements with negative
polarities. The filling factors (area) of both positive and
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FIG. 1. The SDO/HMI full-disk magnetogram of the Sun
recorded on 31 March 2011 (13:01:30UT)(left panel). The
cutout image with area of 400 x 400 arcsec (right panel).
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FIG. 2. The series of filling factors (area) of the positive
(red) and negative (green) polarities (elements) are shown
from January 1 until December 31, 2011.

negative elements are shown in Figure 2. The correla-
tion between filling factors of these positive and negative
elements is equal with 0.5079.

The daily magnetic fields of positive (red line) and neg-
ative (green line) elements and their corresponded means
are shown in Figure 3. The magnetic flux can be com-
puted by

N
> 1Byl | d4, (1)
j=1

where B; and dA are absolute maximum field in feature
and pixel area, respectively. Also, the daily magnetic
flux of positive (red line) and negative (green line) el-
ements and their means are shown in Figure 4. There
is a bit little changes between fluctuations within these
two plots. The daily number of positive (red line) and
negative (green line) elements and their means are repre-
sented in Figure 5. Scatter plots of magnetic fields with
positive (left panel) and negative (right panel) elements
brightness versus size are plotted in Figure 6.
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FIG. 3. Daily magnetic field of the positive (red) and neg-
ative (green) elements are presented from January 1 until De-
cember 31, 2011.
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FIG. 4. Daily magnetic flux of positive (red) and negative
(green) elements are shown from January 1 until December

31, 2011.

IV. CONCLUSION

Figures (2)—(5) represent the daily correlated changes
of positive and negative magnetic polarities on the so-
lar surface. The mean values of filling factors of positive
and negative polarities are equal to 0.0196 and 0.0223, re-
spectively. Figure 4 shows the flux of positive polarities
emerges daily with mean of 1.87 x 102! (Mx) within area
of 400 x 400 arcsec?. This value for negative polarities
is 2.16 x 102! (Mx) in the same area. Figure (6) is used
to find the relationship between scales and brightness of
positive and negative magnetic elements. The quadratic
fits applied on the mean values of each bin for positive
and negative polarities are approximately the same; it
means the emergence and evolution of magnetic features
follow a same rule. In future, we intend to discover the
relationship between both scales, lifetimes, and bright-
ness of these patches.

Acknowledgements The authers thank Professor M.
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FIG. 5. The number of daily positive (red) and negative
(green) elements obtained from January 1 until December 31,
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FIG. 6. Scatter plots of positive (left panel) and negative
(right panel) magnetic elements brightness versus size. The
mean values for each bin (0 - 20 arcsec®, 20 - 40 arcsec?,
etc.) for positive elements and negative elements are shown
by solid lines. The linear and quadratic fits to the dataset are
presented with dashed and dotted lines, respectively.
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Doppler Velocity in the Chromosphere above a sunspot umbra showing spectral
emissions in the Ca II 854.2 nm line

H. Hamedivafa!, M. Sobotka?, L. Bellot Rubio® and S. Esteban Pozuelo *
! Physics Department, Faculty of Science, I'mam Khomeini International University, Qazvin 84149-16818, Islamic Republic of
Iran; email: vafa@sci.ikiv.ac.ir
% Astronomical Institute, Academy of Sciences of the Czech Republic (v.v.4.), Fricova 298, CZ25165 Ondiejov, Czech Republic
3 Instituto de Astrofisica de Andalucia (CSIC), Apdo. 3004, 18080 Granada, Spain

In the present work, we introduce and explain a method of solution of the radiative transfer equa-

tion based on a thin cloud model. The efficiency of this method to retrieve dynamical chromospheric
parameters from Stokes I profiles of Ca II 854.2 nm line showing spectral emission is investigated.
The analyzed data were recorded with the Crisp Imaging Spectro-Polarimeter (CRISP) at Swedish
1-m Solar Telescope on La Palma on 2012 May 5 between 8:11 - 9:00 UT. The target was a large
decaying sunspot (NOAA 11471) at heliocentric position W 15° S 19°. This sunspot has a large
umbra divided into two umbral cores (UCs). One of these UCs shows steady spectral emission in
both Ca II 854.2 nm and Ha lines, where downflows prevail. The other UC shows intermittent
spectral emission only in Ca IT 854.2 nm, when umbral flashes are propagating. The statistics of
the obtained Doppler velocities in both UCs is discussed.

I. INTRODUCTION

The sunspot chromosphere comprises a number of in-
homogeneously magnetized plasma features relevant to
flows, waves, shocks. These dynamical features affect on
the spectral absorption and emission characteristics of
the chromosphere of sunspots.

One of these dynamical features, an umbral flash (UF),
is a sudden brightening observed in the chromospheric
core of the Ca II lines. UFs tend to appear with a peri-
odicity of roughly 3 min [1-3] and it seems that they are
the chromospheric counterpart of the photospheric oscil-
lation and are connected to the phenomenon known as
running umbral /penumbral waves (for a review see [4]).

The first polarimetric observations of UFs [2,5] already
revealed the occurrence of “anomalous” Stokes V pro-
files during the UF events. Socas-Navarro et al. [2,5] ex-
plained anomalous profiles by a two-component scenario:
an unresolved mixture in the horizontal direction where a
certain filling factor is occupied by a “quiet” component
(no reversal and zero or slightly downflowing velocity)
while the rest is occupied by the shock-wave (line core
emission reversal and strong upflows).

Besides inversions based on one-, two- or multi-
component models, “cloud model” represents an alterna-
tive spectral inversion technique describing the transfer of
radiation through cloud-like structures located above the
“solar surface”, transmitting the radiation coming from
below according to their optical thickness and source
function. Beckers [6] introduced a simple inversion tech-
nique, known in the literature as “Beckers’ cloud model”,
for inferring the physical parameters of the cloud. Dif-
ferent solutions of the radiative transfer equation based
on the cloud model were reviewed by Tziotziou [7].

We intend to obtain Doppler velocities in the chromo-
sphere above a sunspot umbra where we observe signa-
tures of UFs (spectral emissions) in the Ca II 854.2 nm
line using a suitable cloud model describing umbra chro-
mosphere. The cloud model provides a good representa-
tion of the observed profiles and a reliable quantitative
description of the spatial distribution of the physical pa-
rameters responsible for the observed intensity inhomo-
geneities formed in the body of the cloud structure [8,9].

II. DATA SET

The data analyzed in this study were recorded with the
Crisp Imaging Spectro-Polarimeter (CRISP; [10]) at the
Swedish 1-m Solar Telescope (SST; [11]) on La Palma.
The dataset includes the simultaneous sequences of full
Stokes profiles of Ca II infrared line at 854.2 nm and the
Stokes I of Ha acquired on 2012 May 5 between 8:11 -
9:00 UT (49 min; 52 scans with a cadence of 56.5 s). The
target was a large decaying sunspot (NOAA 11471) at
heliocentric position W 15° S 19° equivalent to the he-
liocentric angle of 23 deg (1 = 0.92). The Ca II line was
observed at 17 line positions with a sampling of 0.01 nm
between AX = £0.08 nm along with a continuum sample
at A\ = 40.24 nm. The Ca II 854.2 nm is a chromo-
spheric spectral line. According to Cauzzi, et al. [12] the
wings of Ca II infrared line are formed in the middle
photosphere, while its core comes from the middle chro-
mosphere.
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Ca l, continuum

FIG. 1. left panel: Continuum filtergram of Ca II line
(the fourth scan). The FOV is reduced to 830 x 865 pix-
els (49" x 51"). The white arrow points to disk center. The
white box (270 x 270 pixels equivalent to 16" x 16") encloses
the big umbra. Pixels a and b are adopted to represent the
two parts of the umbra, quiet and active umbra, respectively.
Right panel: Four successive line-core filtergrams of the Ca II
line, from the third scan through the sixth scan. All images
were displayed with the same logarithmic scaling. White con-
tours enclose the active and quiet umbra as in the left panel.

III. GENERAL PROPERTIES AND
CHROMOSPHERIC EMISSION

The Ca IT continuum image (left panel in Fig. 1) shows
the granulation pattern surrounds the observed irregular
sunspot as well as bright filigree in the surrounding gran-
ulation. A filamentary light-bridge divides the big umbra
in two halves.

Running waves and umbral flashes are seen moving
inside the big umbra and in the tail of umbral cores as
well and pass the penumbra in the time series of line-core
(right panel in Fig. 1) and near blue-wing filtergrams of
Ca II line (not shown here). Near red-wing filtergrams
of Ca II do not clearly show signatures of umbral flashes.

The bright cloud seen in the chromosphere of the upper
half of the big umbra is a signature of steadily strong
emissions in both Ca II and Ha spectral lines in this
part of the umbra (active umbra).

In the lower half umbra (quiet umbra), the Ca II line
shows emission signature only when umbral flashes are
passing through the umbra.

IV. THE CLOUD MODEL

The aim of this paper is to study Doppler velocities
in the chromosphere above the umbra where we observe
emission signatures in the Ca II line. The studied region
was enclosed by a white box on the map of Fig. 1.

Spectral inversion techniques based on cloud model [7]
are extremely useful for the study of properties and dy-
namics of various chromospheric cloud-like structures.

Cloud models refer to models describing the transfer
of radiation through structures located above the solar

Active umbra Quiet umbra

Profile showing emission

T

Normal Absorption profile

=0 LR

[Ty <<1

[ Cloud

L
Incident profile
Chromosphere

Photosphere

FIG. 2. Geometry of the chromospheric cloud. The source
function is always non-zero in active umbra but, in quiet um-
bra the source function has a non-zero value when an umbral
flash is propagating or evolving.

photosphere. Such cloud-like structures seem to absorb
the incident radiation coming from below and add some
emissions. The mentioned absorption and emission pro-
cesses are described by the formal solution of the radia-
tive transfer equation
TX
Iy =Ighe ™™ + f Sie”dty (1)
0

where I, is the observed intensity, /o) is the incident radi-
ation to the cloud from below, 7, is the optical thickness
and S; is the source function which can be a function of
optical depth inside the cloud. The first term of the right
hand part of the Eq. (1) represents the absorption of the
incident radiation by the cloud, while the second term
represents the added emission by the cloud itself.

A. Thin Cloud Model

We follow the Beckers cloud model [6] by assuming that
a) the source function and the LOS velocity are constant
through the whole cloud, b) the optical thickness of the
cloud has a Gaussian wavelength dependence with a con-
stant Doppler width, and more important, ¢) the cloud is
optically thin to produce a strong emission superimposed
on an absorption profile. Heinzel and Schmieder [13], us-
ing a grid of many non-LTE models of prominence-like
structures, found that a constant source function corre-
sponds to a low-pressure, optically thin structure.

Fig. 2 shows the geometry of the cloud in the solar
atmosphere: the cloud can be defined as upper layers of
umbral chromosphere that are optically thin. There must
be an active mechanism inside these layers producing a
strong emission.

By these considerations Eq. (1) is reduced to

(2)

The third term on the right hand side of Eq. (2)
E\ = 7,5 is the added total emission term that can be
interpreted as the wavelength-dependent total emission

Iy = Ioy — mdox +1\S
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of the cloud. This means that we do expect that a pro-
file showing emission is described by the product 7,5,
not by S and 7y separately. Eq. (2) can be rewritten as

3)

The optical thickness of the cloud is described by a Gaus-
sian function as

Iy = Ioy + 7 (S — Ioy)

A=Ap
.

= e~ ( )? (4)
where 7o(<< 1: cloud is optically thin) is the peak op-
tical thickness, W is the Doppler width and Ap is the
Doppler shifted wavelength of the peak absorption which
is related to the LOS velocity Ve of the cloud and the

reference-line-center wavelength Ao via

Ap — Xo
=—c¢

-
Ve o

(5)
In this relation, cis the speed of light. By the definition
of 7» in Eq. (4), the wavelength-dependent total emission
of the cloud E) has the same Gaussian function as Ty
with a peak total emission of Eg = 755.
The Doppler width W depends on temperature T' and
micro-turbulent velocity & through the relationship

Ao

2kgT
w=22, /28
C

m

+¢ (6)
where m is the atomic mass of the absorbing/emitting
element and kp is the Boltzmann constant.

The four adjustable/free parameters of the thin cloud
model are the source function S, the Doppler width W,
the peak optical thickness 7o and the LOS velocity Ve.
All these parameters are assumed to be constant through
the cloud structure that is responsible for the observed
emission.

As mentioned before, in this work we are only inter-
ested in obtaining the Doppler velocity map in the se-
lected big umbra (see Fig. 1) by applying the described
inversion based on cloud model on Stokes I profiles of
Ca II 854.2 nm. As far as the LOS velocity values are
concerned, the cloud model can be used since velocity is
the most model-independent parameter.

B. Background Incident Profile and Model Fitting

To compute the background incident profile, Iy, we
make the average of 50 (at most, if there exist) normal
absorption profiles with the same far-wing intensity as
the observed profile. This assumption is based on the
fact that pixels in quiet umbra showing emission shows
small fluctuations at their continuum/far-wing intensity
during the whole observation. Also, this fact can be seen
in Figs. 4 & 5 in de la Cruz Rodriguez et al. [14] who
have studied umbral flashes in a sunspot chromosphere.

5 10
4 B 5p =
_ N _
o 3F - i . 6
L & 4 ’ﬂ—ﬁ—/
E,=2.20
E v, =-tas s .
”J‘),:W,’\B w=49.07
0 0

-0.08 0.00 0.05 -0.05 Q.00 0.05
Wavelength—854.2 nm Wavelength—854.2 nm

FIG. 3. Examples of the observed (plus symbols and black
solid line), the background profile (red/gray dashed line) and
the final fitted profile (green/gray solid line) for two selected
sample profiles: in quiet umbra (left panel; pixel a) and in
active umbra (right panel; pixel &). The best fitted values of
T0, Eo, Vo, vpg and W are shown in each panel.

To prevent an artificial line broadening, we select
only normal profiles whose line-core velocities are within
+700 ms~! (equivalent to line-core positions within
AX = £0.02 nm). Then we shift these profiles to zero-
velocity reference and compute the averaged profile.

Using Eq. (4), Eq. (3) can be rewritten as

L — Iox = 1oe™ (S — Iy

(7)

We use an iterative method to obtain the best fitted pa-
rameters.

Since the core position of the incident profile can af-
fect the obtained LOS cloud velocity Vi, we have re-
peated the described iteration method using incident pro-
files shifted by core velocities up to 5.5 kms~?, both red-
and blue-shift. Then we selected the four free parameters
for the best final fit. Thereby, we introduced a new free
parameter, the core velocity of the incident background
profile v;,. By assuming 75 = 0.05 as an initial value for
the peak optical thickness of the cloud, in the followings
we describe the results of the iteration method.

Fig. 3 shows two examples of the observed pro-
file (black solid line), the background profile (red/gray
dashed line) and the final fitted profile (green/gray solid
line) for the two sample pixels a in the quiet umbra (left
panel) and b in the active umbra (right panel).

V. RESULTS: DOPPLER VELOCITIES

The thin cloud model described here is applied only on
profiles showing a spectral emission signature to obtain
the LOS velocity Vo of the cloud (see Eq. (5)). How-
ever, the center-of-gravity method (between the inten-
sity level of line-core and 60% of line depth) is applied to
the profiles keeping their absorption shape, especially in
the quiet umbra, to obtain an averaged Doppler velocity
along the formation height of the spectral line core. Fig. 4
shows the histogram of the obtained Doppler velocities
during the whole observation.
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FIG. 4. histograms of Doppler velocities in the quiet umbra
(thin solid line) and in the active umbra (thick solid line).
Negative Doppler velocities show up-flows.
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FIG. 5. Left pa:nel; histograms of the peak total emission
Ep in the quiet umbra (thin solid line) and in the active um-
bra (thick solid line). The inset image is the time average
of Ep. Pixels in quiet and active umbra used to construct
the histograms are enclosed by white contours. Right panel:
corresponding histograms of the ratios of the peak total emis-
sion Eg to the corresponding line-core intensity of the incident
background profile Ios, in both active (thick solid line) and
quiet umbra (thin solid line).

VI. CONCLUSIONS

According to the results of the solution of the radiative
transfer equation based on thin cloud model we can com-
pare the dynamical atmospheric parameters of quiet and
active umbra: the active umbra shows a steady emission
in Ca IT 854.2 nm line with a high source function and
equivalently with a large peak total emission, as can be
seen in the left panel of Fig. 5. On the other hand, pix-
els inside the quiet umbra show emissions only when an
umbral flash is propagating through the umbra. During
the propagation of an umbral flash, the peak total emis-
sion of pixels inside the quiet umbra varies from smaller
values accompanied by higher upflows to larger values
with smaller up- or downflows. The temporal and spa-
tial averages of the peak total emission in the quiet and
active umbra are about 1.54 and 4.82, respectively. The
right panel of Fig. 5 displays histograms of the ratio of
the peak total emission Eg to the corresponding line-core

intensity of the incident background profile Iy, in both
active (thick solid line) and quiet umbra (thin solid line).
These distributions are similar to the corresponding dis-
tribution of Ep. This ratio gives us a measure showing
how large is Ey and how strong is the spectral emission.

It can be seen from the histograms of resulting Doppler
velocities (see Fig. 4) that while upflows are dominant in
the quiet umbra, the active umbra is connected mostly
with downflows.
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Spectroscopic Follow-up of K2 Transiting Exoplanet Candidates: A New
Transiting Brown Dwarf and A New Super-Earth Exoplanet
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The discovery of exoplanets provides key elements to understand the physical mechanisms
involved in planetary systems formation, migration, and evolution. Among exoplanets, those
transiting their host star are the only ones for which it is possible to accurately measure both their
fundamental properties (mass and radius) as well as their orbital parameters (period, eccentricity).
Moreover, they are the only ones that allow us to probe exoplanetary atmospheric composition and
properties. The Kepler space telescope has detected thousands of such small transiting exoplanets,
but less than 10% ofthem have been validated and only 2% of them have a mass constraint better
than 30%. These well-characterized exoplanets exhibit a large diversity in bulk density, which is not
explained by current internal structure models and planet formation models. For that, we analysis
photometric data from the Kepler space telescope as well as new radial velocity data obtained by
ground-based spectrographs (SOPHIE, HARPS). We report discovery of a new transiting Brown
Dwarf in an interesting region in mass-radius diagram with five BD and possible sub-population of
BDs with Mass ~ 63 Mjup and confirmation and characterization of a new transiting super-earth
exoplanet. The two body were detected transiting their main-sequence star with periods = 40.736
and 13.863 days, in campaigns 1 and 6 of the extension of the Kepler mission, K2. Subsequent
ground-based radial velocity follow-up with SOPHIE and HARPS, established the planetary na-
ture of the transiting objects. The planet has a mass of 19.3 Mg+ 2.9, and a radius of 2.73 R+ 0.19.

1. INTRODUCTION a density of Tg/em® (hence it is likely rocky) for
a very similar radius of 2.3R3. In another hand
when you search for exoplanets it is possible to
find a brown dwaf. The brown dwarfs are between
giant planets and stars at the bottom of the hy-
drogen main sequence. Transiting brown dwarfs
(BD) are much less common than transiting giant
planets. Above 20 MJup, only few such objects are
known: CoRoT-3b (Deleuil et al. 2008), KELT-1b
(Siverd et al. 2012), KOI-205 b (Diaz et al. 2013),
the young pair of eclipsing brown dwarfs 2M0535-
05 (Stassun et al. 2007), WASP-30b (Triaud et

Twenty years after the discovery of the first ex-
trasolar giant planet around a main sequence star
(Mayor & Queloz 1995), not all questions about
extrasolar planets have been answered. Transiting
exoplanets are the only ones for which it is possible
to precisely measure their fundamental properties
(mass and radius, thus their density). Having the
mean density of the planets allows one to model
their internal composition and further understand

the formation process of exoplanets (Fortney et
al.; 2013). Since they pass in front of their host
star, one can also probe their atmospheric proper-
ties and chemical composition (Stevenson et al.,
2014, Science, 346, 838). The low-mass regime
(also known as super-Earth regime) of transiting
exoplanets detected so far exhibit a large diversity
in their mean density unveiling different compo-
sition and formation history. Some recent studies
show that the transition between rocky and gaseous
planets is around 1.6 R&, but this transition is not
very clear in the observations. As an example,
Kepler-11 f (Lissauer et al., 2011) has a density of
0.7 g/em? (i.e. half the one of Neptune, hence it is
likely gaseous) for a radius of 2.4R&, while Kepler-
10 ¢ (Dumusque et al., 2014, ApJ, 789, 154) has

al. 2013), LHS 6343 C (Johnson et al. 2011), and
CoRoT-15 b (Bouchy et al. 2011) and KOI-415 b
(Moutou et al. 2013). In follow-up spectroscopy
of k2 candidate we report the discovery and char-
acterization of a new transiting super-earth and a
new transiting brown dwarf EPIC201702477 b and
EPIC212521166 b. The host stars is a 11.59 magni-
tude for super-earth and 14.4 for brown dwarf and
both of them are a metal-poor early-K dwarfs.
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FIG. 1. Phase-folded radial velocities and phase-folded
transit light curves of the brown dwarf EPIC201702477
b with best fit

II. OBSERVATIONS AND DATA

HANDLING

We selected the exoplanets candidates among
the publicly-available K2 data of the campaign
1 and companion 6. K2 is the extended mis-
sion of the Kepler telescope, observing continu-
ously during =~ 3 months different fields-of-view
(FOVs) along the ecliptic plane. Our team devel-
oped two independent pipelines to reduce the K2
raw data and search for transit candidates. These
two pipelines are built based on our more-than-
10-years experience of detecting transiting plan-
ets with the ground-based WASP observatory and
the space-based CoRoT telescope. We estimate
the stellar properties of the transit host by fit-
ting their spectral energy distribution. We use
the radius ratio derived on the K2 transit light
curve to estimate the planet radius. We selected
all the small candidates having an orbital pe-
riod of less than 20 days to find and characterize
new exoplanets in k2 data also observed a brow
dwarf candidate, transiting star EPIC201702477
with period of =~ 40 days. With observation of
five selected candidates, we discovery a new super-
earth transiting star EPIC212521166. The tar-
get star EPIC201702477 was observed by the Ke-
pler telescope from 2014-05-30 to 2014-08-20 and
the target star EPIC212521166 was observed by
the Kepler telescope from 2015-07-13 to 2015-09-
30. We performed radial velocity follow-up ob-
servations of the target star EPIC201702477 with
the SOPHIE (Bouchy, Hbrard et al., 2009) and
HARPS (Mayor et al., 2003) spectrographs. Both
instruments are high-resolution (R =~ 40,000 and
110,000 for SOPHIE and HARPS, respectively),
fiber-fed, and environmentally-controled echelle
spectrographs covering all the visible. We ob-
tained seven spectra with SOPHIE (OHP pro-
gramme ID: 15B.PNP.HEBR) from 2015-12-06 to
2016-02-17 with exposure time of 1800s and 3600s,
reaching a signal-to-noise ratio (S/N) per pixel at
5500Abetween 8 and 22. We obtained ten other
spectra with HARPS (ESO programme ID: 096.C-
0657) from 2016-01-10 to 2016-02-15 with expo-
sure time between 900s and 3600s, corresponding
to S/N per pixel at 5500Abetween 3 to 17.

All spectra were reduced with the online pipeline
available at the telescopes. The spectra were then
cross-correlated (Baranne et al., 1996; Pepe et al.,

Parameter value and uncertainty

Period P [d] 40.74 + 3.7 004

Orbital eccentricity e 0.2281 + 0.0026

RV amplitude K [ms™'] 4.25 + 0.02 km/s
BD Mass [Jupiter Mass %] 66.9 £ 1.7
BD Radius [Jupiter Radius %] 0.75 £ 0.07

Density [g/cm?] 191 + 51

Stellar mass [M)] 0.87 + 0.03
Stellar radius [Rg)] 0.90 & 0.06
Surface gravity log g 4.47 £+ 0.06
Efective temperature [K] 5517 = 70
Iron abundance [Fe/H] [dex| -0.16 & 0.05

TABLE I. Some of EPIC201702477 system parameters.

Parameter value and uncertainty
Period P [d] 19.3 £ 29
Planet mass [Earth Mass 3| 19.3 £ 2.9
Planet radius [Earth Radius &) 2.73 £0.19
Planet Density [g/cm?] 51+ 1.3
Stellar mass [M)] 0.75 £ 0.05
Stellar radius [Rg)] 0.73 £ 0.03
Surface gravity log g 4.58 + 0.13
Efective temperature [K] 4960 + 60
Iron abundance [Fe/H] [dex] -0.34 £ 0.03

TABLE II. Some of EPIC212521166 system parame-
ters.

2002) with a template mask that corresponds to a
G2V star. This template was chosen to be close in
spectral type with the one of the host star. Radial
velocities, bisector span and full-width half maxi-
mum (FWHM) were measured on the result of the
cross-correlation function and their associated un-
certainties were estimated following the methods
described in Bouchy et al. (2001), Boisse et al.
(2010), and Santerne, Diaz et al. (2015). SOPHIE
radial velocities were corrected from the charge-
transfer inefficiency (Bouchy, Isambert et al., 2009)
using the equation provided in Santerne, Diaz et
al. (2012). All the derived values are reported in
the Table 1. In Spectroscopic follow-up of five k2
candidates for finding new exoplanet the same pro-
cedure were done using HARPS (ESO) from 2016-
01-10 to 2016-03-10. Some of the derived values
for exoplanet EPIC212521166 b are reported in the
Table 2.

III. RESULTS

We analysed the radial velocity and photomet-
ric data of EPIC201702477 b and EPIC212521166
b with the Markov Chain Monte Carlo (MCMC)
algorithm of the PASTIS software which is fully
described in Daz et al. 2014 and Santerne et
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FIG. 2. The mass-radius diagram (updated from C.
Moutou et al. 2013) in the transition domain between
brown dwarfs and stars. Isochrones for 10, 5, 1, and
0.1 Gyr are shown for comparison.

FIG. 3. Phase-folded radial velocities and phase-folded
transit light curves of the exoplanet EPIC212521166 b
with best fit

al. 2015a. We modeled the radial velocities with
a Keplerian orbit and the photometric data with
the JKTEBOP package (Southworth et al., 2011).
We chose as prior for the stellar parameters the
ones derived by spectroscopy on the Keck spectrum
(HIRES). We used the Dartmouth stellar evolution
tracks of Dotter et al. (2008) to derive the stellar
fundamental parameters in the MCMC, in particu-
lar the stellar density which was used to constrain
the transit parameters given the eccentricity con-
strained by the radial velocities (as in Santerne et
al., 2014).

We assumed uninformative priors for the pa-
rameters, except for the orbital ephemeris that
we matched with the ones provided by Montet et
al. (2015), the spectroscopic parameters that we
matched with the ones of the spectral analysis, and
the orbital eccentricity for which we choose a Beta
distribution as recommended by Kipping (2013).
The data and best fit model are presented in Figs
1 and 2 and the parameters for both system are
presented in Table 1 and 2.

IV. DISCUSSION

Fig 3 indicate the mass and radius of brown
dwarf EPIC201702477 b and other similar ob-
jects in the transition domain between giant plan-
ets and low-mass stars also the model of isolated
BDs developed by Chabrier et al. (2000), Allard
et al. (2001), and Baraffe et al. (2003). The
EPIC201702477 b like KOI-415 b (Moutou et al.
2013) fits the predicted radius for a system age of
10 Gy. Now there is six BDs with mass of around
63 Mjup in this regime. It may exist a possible
sub-population of BDs with Mass =~ 63 Mjup. In
exoplanet case Fig. 4 shows mass-radius relation
for planets with radii smaller than 2.7 R and with
masses determined to a precision better than 20%
(updated from Motalebi et al. 2015).

The preliminary analysis shows that composition
of this planet compatible with half rock, half water.
So this is another small( 2.8 R ) exoplanet (super-

FIG. 4. Mass-radius relation for planets with radii
smaller than 2.7 Rand with masses determined to a
precision better than 20% (updated from Motalebi et
al. 2015). The shaded grey region in the lower right
indicates planets with iron content exceeding the max-
imum value predicted from models of collisional strip-
ping (Marcus et al. 2010) . The solid lines are theo-
retical mass-radius curves (Zeng & Sasselov 2013) for
planets with compositions of 100% H20O (blue), 25%
MgSiO3 - 75% H20 (purple), 50% MgSiO3 - 50% H20
(green), 100% MgSiO3 (black), 50% MgSiO3 - 50% Fe
(red), and 100% Fe (orange).

Earth) transiting a metal-poor early-K dwarfs. All
of these small planets are very interesting objects
to further investigation specially study of atmo-
sphere using feature instrument in the UV, visible
and near-infrared, from space and from the ground,
especially in preparation for future measurements
with larger facilities like JWST and TMT.
(Motalebi et al. 2015)

We are grateful to our colleagues who have per-
formed some of the observations presented here
with the HARPS spectrograph: F. Motalebi, A.
Wyttenbach, and B. Lavie. We thank in advanced
Professor Sohrab Rahvar for his time reviewing this
paper and his comments.
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Gravitational instability of molecular clouds, including ambipolar diffusion
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In this paper, we study gravitational instability of a filamentary molecular cloud in non-ideal
magnetohydrodynamics context. The filament is assumed to be in hydrostatic equilibrium. We
add effect of ambipolar diffusion to the filament which is threaded by a primordial uniform axial
magnetic field along its axis. We write down fluid equations in cylindrical coordinate and perform
linear perturbation analysis. We integrate the resultant differential equations and then derive the
numerical dispersion relation. We find that in a medium to highly magnetized filament, increasing of
ambipolar diffusion effect makes the fastest growing mode to increase, as well as the fragmentation

mass scale of the filament.

PACS numbers: 98.38.Dq

I. INTRODUCTION

One of the main intentions of astrophysicists is to find
how stars form. It’s widely believed that stars form in
molecular clouds (MCs)(see McKee, Christopher F. and
Ostriker, Eve C. [1] for a review). Due to the cosmic
rays, MCs are partially ionized. Observations of MCs in-
dicate the range of n;/n, ~ 1075 — 1078 for ions to neu-
trals number density. This very small ionization fraction,
suggests that non-ideal magnetohydrodynamics (MHD)
ought be invoked for explaining physical treatment of
MCs. In most of previous studies, authors considered
a uniform medium, although it’s confirmed by many ob-
servations that active regions of star formation in MCs
have filamentary like shapes (e.g [2], [3]).

If the fluid is not highly ionized, charged particles
would not well coupled to neutrals. This leads to in-
troduction of non-ideal effects in MHD equations. MCs,
which have very low ionization fraction, are apt to one of
the most important effects known as ambipolar diffusion
(AD). In this phenomena, relative drift of charged com-
ponents within neutrals, leads to dissipation of magnetic
field as well as driving the system into force-free states
[4].

Gehman et al. [5] studied gravitational instability of a
filament of gas with isothermal and turbulence equations
of state. They acquired a mass scale of &~ 14.5M, for
fragmentation of a isothermal MC with thermal sound
speed and core density characteristics of ¢, = 0.2kms™!
and p, =4 x 1072%gem ™3, In their next work, in frame-
work of the ideal MHD theory, they added a uniform
axial magnetic field and concluded that inclusion of a
magnetic field along the axis of the filament, could in-
crease it’s stability [6].

In this paper, our purpose is to investigate a more real-
istic recipe by going through the non-ideal regime. Here,
as a first attempt we add effect of AD to the MHD equa-
tions and applied them to a cylinder of isothermal gas
as a representation of a filamentary MC. We make use

of linear perturbation analysis to linearize equations and
solving them in the first order approximation.

II. GENERAL FORMULATION

The equations of non-ideal MHD in so-called strong
coupling approzimation [7] with self-gravity and AD term
are

dp

o0 TV () =0,

(1)

1
p—u+p(u -V)u+Vp+pVi—— (VxB)xB =0, (2)
at A

aa—]?ﬁ-Vx(Bxu)—Vx{[nA(VxB)xB} ><B}D7
3)
V2 = drp. (4)

where p is the mass density, u is the fluid velocity, p is
the pressure, 7 is the gravitational potential and B is
the magnetic field strength. 774 is also the AD coefficient
indicated by

1
ATYpipn

N4 (5)
[8], where p;, p, and -y are ions density, neutrals den-
sity and a drag coefficient respectively. Draine et al. [9]
proposed the value of

v =3.5x10Bem3g st

(6)

Due to the cosmic radiation, molecular clouds are par-
tially ionized. Elmegreen [10] showed that one could ap-
proximate the relation between ions and neutrals density
as

pi = Cpll?,
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where C' is a constant equals to
C =3 x1070em=3/2g1/2, (8)

These assumptions lead to a fractional ionization of
ni /Ny ~ 1077 for n, ~ 10%em™3, that is completely
centered within 107 to 1078 of observation of molecular
cloud cores. The aforementioned fluid equations, form a
complete set of equations for the fluid by addition of one
equation of state, which is considered to be isothermal,
ie.

p=P(p)=cp. (9)

III. UNPERTURBED STATE

The unperturbed fluid is supposed to be in the hydro-
static equilibrium state (u=0). Therefore density and
gravitational potential profile of the filament could be
written in cylindrical coordinates (r, ®, z) as

p(r)=(1+47°/8)72 (10)
and
P(r) = 2In(1 + r2/8) (11)

[11]. Note that although the radius of the filament ex-
tends to the infinity, the mass per unit length gets finite
value of pp = 8w [5].

IV. AD COEFFICIENT IN DIMENSIONLESS
UNITS

By considering 8, AD coefficient could be expressed as

1 1

A = )
47r"/C’pz/ 47rap3/ 2

(12)

where « is a substitution for vC'. Then the unit of a will
be
1 B2 1 B2
- (13)
Ax(ta) ap3/?

A7d QL /2

If we comply Gehman et al. [6] dimensional analysis, the
transformation will be

1 4w pi

A (4mGp)y=1/2 42 p3/2

G a. (15)

afegs) — a4 (14)

The value of « in cgs units is simply calculated by equa-
tions 6 and 8
afcgs] = 10.5 x 10 3em?/2g~ /2571 (16)

and therefore in the dimensionless units is about ~
11.465. This determines 74 in dimensionless units as

A4 =~ 0.007p; /2. (17)

V. LINEAR PERTURBATION

In this part for simplicity we take n4 as a constant.
If we disturb the equations 1, 2, 3 and 4 by addition of
small perturbations (shown with subscript 1), they could
be written to the first order as [12]

36;';1 +Vpo-ur + poV-u; =0, (18)
du
e L VP14 poVer + o Vi — £1=0,  (19)
8(;?1 (Bg x ul)ﬂAVX{[(V X BI)XBO] xBg p = 0.
(20)
V31 = p1, (21)

where £, is the mean Lorentz force per unit volume act-
ing on the fluid and is given by
Ly =(Bo-V)B1+ (B1-V)By—V(By By). (22)

The initial magnetic field is supposed to be uniform axial,
le.

Bo = Bo3 (23)

and the equation of state is assumed to be isothermal, so
the pressure perturbation could be written as

P =P'(po)pn- (24)

Linear property of the equations, allow us to decompose
perturbations to their Fourier modes as

pr(x, 1) = f(r)e'=meD, (25)
i (x,t) = v(r)e! =m0, (26)
B (x,t) = b(r)e!k===t), (27)
Y1(x,t) = (r)e' =m0, (28)

After doing some vector and algebraic operations, the
complete set of equations which must be solved are yield
as

d d d
—pO’LU+fPH PO +P’df + D_+f '¢’0
—( ngQT]A )%7 ng‘Q
naB3k2+Q dr  QnaBik? + Q)
db,
+ By ar =0, (29)
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d d
rpod—w + pow 4+ (= — K2P') f — rk*poo + 'I"UU% =0,

(30)

r

d?b db
2 2 z z
—naDB (bzk r—r( a2 ) — ﬁ) — Qb.r

-Qf 2@ 2 fP w dpg
7BQT(?7]C — —k H+7MJW =0 (31)
and
d2¢ do 5

where we substitute iwv, as w and iw as —€. This system
of four coupled ordinary differential equations (ODEs)
could be disparted to seven first order ODEs which con-
struct a two-point boundary value problem with k as
eigenvalue. These equations must be supplied with seven
boundary conditions that could be taken into account as

do db. _ _
=1 E_O’ w =0, dr_o at =0,
db,
f=0, w=0, d’l”:O at = o0. (33)

The standard relaxation technique could be used to
solve the problem. The NRK code is used to solve the
aforementioned coupled system of ODEs [13].

VI. RESULTS

By solving the system of ODEs, a numerical dispersion
relation for the system could be computed. To do that,
at the first, the results of Gehman et al. [6] for different
magnetic field strength of B, is successfully re-produced
by using the same approach. These results are used as a
guess for the new system of ODEs which includes effect
of AD .We examined, various values for the magnetic
field strength B and AD coefficient 174 to comprehend
how dispersion relation (specially the fastest growing

mode) could be affected by AD.

Figure la shows the result for low magnetic strength
field limit B = 0.1. Here, AD could not be ever effective
to alter shape of dispersion relation even for large value
of na. In more strength magnetic filed B = 1 (figure 1b),
low 14 values of 0.01 and 0.1 are still almost ineffective.
But for larger value of na = 1, it has been able to increase
the fastest growing mode (i.e the largest |w?|) fairly (see
figure 1c). Gehman et al. [6] showed that for B > 2, the
magnetic field is not further able to destabilize the fila-
ment. Figure 2 depicts that this is also the case not only
for larger values of B, but also for larger n4 quantities.

Since Afqst = 2m/kfast, place of the minimum of the
dispersion relation kyqs:, signifies a value for fragmenta-
tion length scale of the filament. Axial magnetic field
could reduce this length scale by moving k.« to larger
values [6]. Figure 1 shows that this phenomenon could be
weakened by addition of AD effect. As for an isothermal
filament fragmentation mass scale is Myrqq = 8TAfast
[6], AD could also shrinks this mass scale.

VII. CONCLUSION

Perturbation analysis is a powerful tool for exploring
different kinds of instability in fluid dynamics. In this
work, we have investigated effect of AD on gravitational
instability of a magnetized filamentary MC with isother-
mal equation of state. We have computed numerically
the dispersion relation by linearizing the governing equa-
tions and performing global perturbation analysis. By
including AD, we have demonstrated that in the low
magnetic strength regime, applying non-ideal MHD to
the system could not alter its stability, whereas in the
highly magnetized one, introduction of AD could desta-
bilize it. Moreover, we have found that in the highly
magnetized regime, the length scale of the fragmentation
Afast, which is inversely related to the kfqs:, could be
increased. This in turn means the fragmentation mass
scale must be increased.
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FIG. 1: Dispersion relation for the filament for indicated B. In each figure the horizontal axis is the wave number &k
and the vertical axis is w? that are normalized in the units of (47Gp,)'/?/c, and 47Gp, respectively. Each curve
demonstrates different values of 14 from top to bottom as 0, 0.01, 0.1, 1,10 and 100. The last curve represents
dispersion relation for the case in which B = 0.
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FIG. 2: Comparison between B = 1,2 and 5 in strong AD regime 4 = 100. The last curve represents dispersion
relation for the case in which B =0
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Design, Construction and Fabrication of an Astronomical High Resolution Spectrograph
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Abstract

This paper is a report for design, construction and an introductory fabrication of a high resolution spectrograph. In this way it is
designed the optical system by Zemax software, the mechanical design by SolidWorks software. In continue after construction, it
is calibrated by comparing the D1 and D2 Sodium yellow lines, it shows that the resolving power of the spectrometer is R = 12000.
Also another most important aspect of the project is the price of the production. In this project we paid 1000 US$ but the price of
the commercial similar spectrographs are about 6000 USS$.

Introduction

Difference between astronomy and other subjects in Physics, is accessibility of the data in our experiments
and our labs. In astronomy only we should detect the data which comes from very far sources in the sky.
Photons from the astronomical sources are the only accessible and detectable messengers. So we should try
to extract the highest amount of data from the arrived photons. In photometry it is accumulated integration of
the arrived photons from the observed source. Therefore for a little amount of light which comes from a
celestial source, photometry is a very suitable method. This method usually used when there is a very faint
source or a poor instrumentation for gathering enough light from the source. Since it is integrated over a broad
band of a radiated spectrum of a source, actually it is missed so much details from the spectrum. If we try to
obtain more details from the spectrum of the celestial source, we are able to detect temperature of the star, the
fingerprint of stellar atmospheric elements of the source, its radial velocity, its magnetic field, its rotational
velocity, and so much other information. Since the width of the absorption and emission lines of the arrived
photons is very narrow, so it is needed a high resolution spectrograph for detection of the lines. By definition;
resolution power of a spectrometer or a spectrograph is R=AL/A which shows the accuracy of the spectrum in
separation of the spectral region in the arrived photons spectrum. Where AA is the smallest detectable
wavelength width in the spectrum and A is the central wavelength of the studied region. Therefore it should
be gathered more photons to obtain better Signal to Noise ratio (S/N) in each pixel of CCD. Therefore for
faint celestial objects R~500 is used, for brighter ones R~5000 is used and for bright objects it is used
R>10000.

In this project we designed, constructed and fabricated a high resolution spectrometer with R~12000 by the
aim of bringing down the price of it; and of course preparing more accessibility of the spectrograph for general
users like amateur astronomers.

Spectrograph optics

The spectrograph for separation of different colors needs a parallel light. But since there is some noise with
the input light, at first we focus the light in the focal point, and pass it through a small hole exactly on the
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focal point; after collimating the divergent light from the focal point, we have a less noise light and most of
the light is only from the considered object. Diffraction of the parallel light from a "grating” separates different
colors in diffracted parallel lights. To make a picture from the separated colors, it should be focused the
separated colors by a focusing lens on a CCD camera (Fig.1). Usually for the input light, it is used the output
light of an achromatic lens or a concave mirror. The optimistic design is using a telescope.

Collimaror

|

Grating

Input light

Focusing Lens
Picture
Figure 1: Optics of a spectrographic system

Lyttro design
Lyttro design has some benefits in the design. Four of its benefits are very important and interesting.

Its weight

Its total price

Its dimensions

Its optimum using from optical elements

More optical details about Lyttro design are: Slit, Collimator/Focuser, Grating and a small mirror, which the
last one is not shown in the Fig. 2. In part a, it is seen an abstract Lyttro design without any aberration. But
in reality we should pay attention to positions of source and recording plate. If we want to have less aberration,
it should have less off-axial rays. So it is used a small mirror for separation of the two rays, before and after
reflection from grating (Fig. 3).
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; \\Recording plate _

Clollinator Grating

Sourcel
Figure 3: Lyttro design with the least off-axial angle of input ray and reflected ray from optical axis.
General calculations for Blaze angle
Blaze grating obeys the formula.
a(sinf,, —sinf;) = mAi

Where a is the grating steps, & and @ are incident and m'" order diffraction pattern angles respectively, and
A is the characteristic wavelength of the grating. In Lyttro design the two angles are equal: 6w~ -6 = . So
it is obtained 2asiné=mA. So the blaze angle & is equal to:

0z = sin1 (";—'jf)
For the 1% order diffraction (m = 1), the grating with 1800 lines per millimeter (a = 1/(1800*10%) = 5.56*10°
"m) and central wavelength A=500 nm, the blaze angle will be 6:=26.73°.

Therefore, the obtained reflection angle of each wavelength respect to the grating perpendicular line, is 6,, =

sin™! (% (2- %B))
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a (sin 0, + sinfg) =mi - 6, = sin”! (

Optical design with “Zemax” software

mA _9)
-~ sinbg

This software works based on the tracing of an incident ray from all of the optical elements in compound
optical systems. Our optical elements in the spectrograph optical system, are an achromatic doublet lens with
f = 180 mm, an optical flat mirror for deviation of incident light to the lens, a square shape grating with the
dimension of 25 mm and a small slit. The Zemax design is shown in Fig. 4:

alysis

e Editors System 4 Tools Reports Macros Extensions Window Helg
New | Ope | Sav | Sas Upd | Gen | Fie | wev | Lay | 130 | Rey | opd | Fod | spt | Mt [ Fps | Enc |
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-

sys | Pre |

@l 2: 30 Layout
Jp: Settings Print

Window Text Zoom

=N O]

=
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DESIGHN

@l 3: Shaded Model
Update Settings Print
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o =]
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Figure 4: Zemax design of the spectrograph optical system.

Mechanical design by using “SolidWorks” software

() Lens Data Editor: Config 1/6 =N B \
Edit Solves View Help
Surf Type Connent Radius Thickness Glass Seni-Dianeter Conic Par 0 (unused) Decenter X Dec &
] Standard Tnfinity] Tafinity] 7000000 0000000
STOx| Standard 3200_000000) 1601000000 xxﬁ 100.000000| U} —1 000000
2 Standard Infinity] 85000000 1.000000 U 0000000
3| Coordinate B 0.000000| _-l 0.000000] I 0.000000;
ax Standard Tnfinity| 0.000000 HIRROR 8 500000] 1] 0.000000]
5| Coordinate B ~100_200000] V| | 0000000 5.500000
i Standard| —351 785583 =3.000000 SF5| 26.000000| U} 0000000,
7% Stendard) —96 791494 —9.000000 BK7 26000000 U 0000000,
B Standard| 109000000 ~30.000000 26000000 U 0.000000]
5[ Coordinate B —26 73 0.000000 -] 0000000, 0000000,
10%| Diffraction _ 21-40) Infinity| 0.000000 HIRROR 12.500000] 1| 0000000, 1800000
11| Coordinate B 1 0.000000 B 0000000 0.000000 :
12| Coordinate B [ 30.000000 B 0000000 0000000
13w Standard| T 109000000] B| 5000000 BK7| 26.000000| U} 0000000 I 3
mm N —— T — —_— -

In this design, it is considered most important aspects of designs for the optical system, as

Body of the spectrograph
Mirror holder system
Varying slit width

Focusing system

Varying angle of the grating

In this system we used a Canon EOS 5D, Mark Il camera as the recording system for taking picture from the
spectrum. The combined Mechanical and Optical design with the dimensions of 180*235*85 mm? and weight
2050 gr is shown in Fig. 5 part a, in part b of the picture it is shown the constructed spectrograph.

e WL L



Ol pad (oda o5y (olean S Gaaas) s

: AYA0 crdigus,l YE 5 YY
PCER RPN JEL NIV MR .

Obtained solar spectrum

Our experiment as a result of the project was done by using a very small telescope for receiving of the solar
spectrum. Since for having high resolution in the spectrum, the spectrum width becomes narrow, therefore
the obtained width of the spectrograph in visible band is 80 nm, and for covering all of visible spectrum it
should be taken at least 5 pictures. The instrument and the obtained solar spectrum are shown in Fig. 6 and 7
respectively.

a)

Figure 5: a) The combined design of the optical and Mechanical system, in addition to the camera as a recording system. b) The
constructed spectrograph from outside.

Figure 6: Our experimental setup, for taking solar spectrum. It contains the constructed spectrograph, EOS 5D camera and a small

telescope.
: I Sun_G2V
| : v . i
B | ‘: Vit | yt
i ' B+
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Figure 7: The obtained solar spectrum by attaching 5 received spectrums from the sun in the visible band.
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Angular resolution and resolving power (R)

By investigation of the obtained spectrum via image processing methods in the couple lines of sodium in
588.995nm and 589.592nm (Fig. 8), we obtained 38 pixels between the two lines. It means that the plate scale
of wavelengths is 0.157 Angstrom per pixel at central wavelength 550nm.

PS

=M —5'97A—0157 A @ ~550
~ APixels 38 7 pixel mn

Also to obtain the resolving power of the spectrum (R), it is calculated the mean FWHM of the absorbed lines
which is 3.1 pixels; so it is obtained R = 12000.

A 5892.9
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Figure 8: Calibration of the obtained spectrum by D1 and D2 yellow lines of sodiom
Conclusion

In this report it was presented the procedure of design, construction and calibration of the spectrograph by
two sodium lines. But in general it is an astronomical spectrometer. Our design is quite compatible with
telescope outputs. Because of the subject we used it under a very small telescope for recording the solar
spectrum. But we should try it behind large telescopes for obtaining stellar spectrums. But the most important
accomplishments of the project were our familiarity with spectrometers and stellar spectrums and its low price
and possibility of its development.
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The Mystery of Multiple Stellar Populations in Globular Clusters

Pouria Khala)
University of Queensland, Australia

Abstract

It has been long thought that stars in globular clusters (GCs) form in close proximity to each other and in
well-mixed molecular clouds by a rapid star formation process. Hence they are expected to have the same
astrophysical properties such as the age or the chemical abundance of different elements in stars, i.e. stars in
a GC belong to the same stellar population. However, the discovery of a large fraction of chemically peculiar
stars in several GCs of the Milky Way as well as other galaxies such as the Fornax dwarf spheroidal galaxy
has challenged this perception. This discovery, which 1s supported both spectroscopically and
photometrically has led us to view GCs as systems with multiple stellar populations (MSPs). So far, numerous
observational, theoretical, and computational studies have been conducted and several scenarios have been
put forward to explain the origin of MSPs in GCs. However, no consensus has been reached and the
existence ol such systems sull remains as one of most challenging mysteries in Astrophysics. My talk 1s a
review of the proposed formation scenarios of MSPs in GCs, their shortcomings and the extent of their
consistency with observational constraints.
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Modulation of the solar cycle: the effect of parity interactions

Raphaél Raynaud! and Steven M. Tobias?

! School of Astronomy, Institute for Research in Fundamental Sciences (IPM), P.O. Box 19395-5531, Tehran, Iran
2 Department of Applied Mathematics, University of Leeds, Leeds LS2 9JT, UK

We consider dynamo action driven by three-dimensional rotating anelastic convection in a spherical
shell. Motivated by the behaviour of the solar dynamo, we examine the interaction of hydromagnetic
modes with different symmetries and demonstrate how complicated interactions between convection,
differential rotation and magnetic fields may lead to modulation of the basic cycle. For some parame-
ters, Type 1 modulation occurs by the transfer of energy between modes of different symmetries with
little change in the overall amplitude; for other parameters, the modulation is of Type 2 where the
amplitude is significantly affected (leading to grand minima in activity) without significant changes
in symmetry. Most importantly we identify the presence of supermodulation in the solutions where
the activity switches chaotically between Type 1 and Type 2 modulation; this is believed to be an

important process in solar activity.

Note: all the results contained in this manuscript have been submitted for publication in the Journal

of Fluid Mechanics, Rapids.

L. INTRODUCTION

The Sun displays a cyclic magnetic activity with an
average period of 22 yr whose amplitude is modulated on
a longer time-scale of 80 yr (Gleissberg cycle). Sunspot
records dating back to the 17th century indicate a period
of reduced activity between 1645 and 1715 (the Maunder
minimum), and the abundances of cosmogenic isotopes
reveal 27 grand minima in the past 11000 yr, separated
by aperiodic intervals of about 200 yr [1].

Most stellar magnetic fields are thought to be main-
tained again ohmic dissipation by dynamo action through
the flow of an electrically conducting fluid. Numerous
mean-field dynamo models attempt to reproduce the so-
lar cycle, whose temporal modulations could originate
from stochastic fluctuations [2| or deterministic chaos.
However, nonlinear behaviours can be strongly depen-
dent on mean-field modeling details, and a generic ap-
proach relies on low-order systems based on symmetry
considerations. These complementary studies distinguish
parity and amplitude modulations, referred to as Type 1
and 2, respectively [3]. We intend to compare these re-
sults to the magnetic field dynamics obtained by direct
numerical simulations of a convection in spherical geom-
etry.

II. MODELLING

We consider electrically conducting fluid in a spheri-
cal shell of width d and aspect ratio x = r;/r,, rotating
at angular velocity QQe,. We rely on the LBR anelas-
tic approximation [4] to model a perfect gas with kine-
matic viscosity v, turbulent entropy diffusivity &, specific

heat ¢, and magnetic diffusivity 7 (all assumed to be con-
stant). The gravity is given by g = —GM/r?, where G is
the gravitational constant and M the central mass. The
equilibrium polytropic solution of the anelastic system
defines the reference state pressure P = P.¢"*1 density
D = 0" and temperature T = T,¢, with ¢ = ¢q +acad/r,
co = (200—x—1)/(1-x), e1 = (L+x)(1-C)/(1-x)* and
Co = (x+1)/(x exp(N,/n)+1). The constants P,, g, and
T, are the reference-state pressure, density and temper-
ature mid-way between the inner and outer boundaries.
These reference values serve as units for these variables,
whilst length is scaled by d, time by d?/n, entropy by As
(the entropy drop across the layer) and magnetic field
by /Qocpn, where p is the magnetic permeability. Then,
the governing equations are [5]

Dv 1_P P, S
E—Pnl|:7§VF+ﬁRar—2€r erV‘FFV
1
+E—<”(VXB)XB],
B
%—t:Vx(va)JerB,
Ds 1 Pm n4+1
D= TR VTV
Di —1,—n 2
+?[E (M(VxB)P?+ Q] ,

with the constraints V - (¢("v) =0 and V-B = 0. In the
Navier-Stokes equation, P’ denotes the pressure pertur-
bation and the viscous force F, is given by F, = (*"VS,
with Sij = 2€n (eij — %CLJV . V) and 261']' = ajU@' + 67‘,!}]'.
The expressions of the dissipation parameter Di and the
viscous heating ), are Di c1Pr/(PnRa) and Q, =
2 [eijeq; — (V- v)?]. We impose stress-free boundary
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FIG. 1. Phase portraits showing the projection of the
system trajectory onto the space (Ej, Ef*, Ez) for different
Rayleigh numbers.

conditions for the velocity field, and the magnetic field
matches a potential field inside and outside the fluid shell.
The convection is driven by an imposed entropy differ-
ence As between the inner and the outer boundaries.
The above system involves seven control parameters:
the Rayleigh number Ra = GMdAs/(vkcp), the Ekman
number E = v/(Qd?), the Prandtl number Pr = v/k,
the magnetic Prandtl number P,, = /7, together with
the aspect ratio x, the polytropic index n and the num-
ber of density scale heights N, = In [p(r:)/2(rs)]. We set
E=10%Pr=1, P, =1, x = 0.35, n = 2 and choose
a relatively weak density stratification N, = 0.5, to limit
the computational time. The critical Rayleigh for the
linear onset of convection is then Ra, = 3.34 x 10° [6].
The anelastic equations are integrated for between 5
and 60 magnetic diffusion times, which is certainly long
enough to establish dynamo action, utilising the bench-
marked pseudo-spectral code PARODY [7]. We define the
kinetic energy Fj = % f ¢"v2dV and the magnetic en-
ergy Ey = P,,/(2E) [ B2dV. This enables us to define
the magnetic Reynolds number = \/2E;,/V, V being the
volume of the fluid shell. Crucially for this investigation,
which is concerned with the symmetries of the solutions
about the equatorial plane, we also decompose both the
kinetic and magnetic energies according to their symme-
try about the equator (EY, Ef, E; and E} respectively).

III. RESULTS

We aim to study the symmetry interactions and low
frequency modulations of the dynamo waves that are
characteristics of the so-called multipolar dynamo branch
[6]. This branch is the only one that can be sustained
at low magnetic Reynolds number ~ 40. Close to the
onset of dynamo action, these dynamos take the form
of oscillatory solutions characterized by a period of the

order of (0.1 magnetic diffusion time. We stress at the
outset that the dynamo magnetic fields we consider here,
independent of their symmetry about the equator, are
dominated by their m = 1 component and note that this
is different behaviour from the Sun — although the Sun
does show a tendency for active longitudes. By consider-
ing almost Boussinesq models with N, = 0.1, [8] showed
that the non-axisymmetry is related to the choice of a
gravity profile corresponding to a central mass distribu-
tion. Note that at the low values of considered here the
advective time is comparable with the ohmic diffusive
time (in contrast to stars). These solutions are usually
interpreted in terms of Parker waves, both in the Boussi-
nesq and anelastic frameworks, though this interpreta-
tion relies on crude estimates of the a-effect via the flow
helicity. It is well known that the af2 dynamo instability
generically sets in as a Hopf bifurcation leading to oscil-
latory solutions. Our aim here is to identify the changes
in the symmetry of the solutions as Ra is increased with
other parameters held fixed. At Ra = 1.39 x 10°, the
flow does not break the equatorial symmetry, and the
magnetic field is either purely symmetric or antisymmet-
ric. Depending on the choice of the initial conditions,
we effectively observe a bistability between solutions of
different parities, illustrated by the red cross and the red
dot in Fig 1. In this figure, the trajectory of the system is
projected for different Rayleigh numbers onto the space
spanned by the symmetric and antisymmetric magnetic
energy Ebs and EbA7 and the zonal wind energy measured
by the axisymmetric toroidal kinetic energy £z — a pro-
jection introduced by [3]. We stress that the aforemen-
tioned bistability must not be confused with the hys-
teretic transition between the dipolar and the multipolar
branches resulting from the use of stress-free boundary
conditions. When the magnetic field is predominantly
antisymmetric, the flow is characterized by a m = 8 con-
vection mode; on the other hand, when the magnetic field
is predominantly symmetric, the flow is then character-
ized by a m = 9 convection mode and larger fluctuations
of the kinetic energy.

Increase of the Rayleigh number from 1.40 x 10° to
1.45 x 105 leads to the destabilization of the antisymmet-
ric solution (blue dot in Fig. 1) and the discovery of an
asymmetric solution that takes the form of a limit cycle
in this phase space (green solid line); the basic dynamo
wave is modulated by change in the underlying symmetry
of the solution. This solution coexists with the symmetric
solution (green cross) and is characterized by symmetry
breaking of the flow coupling magnetic modes of different
parity. Indeed, we can identified a periodic exchange of
energy between modes of dipolar and quadrupolar sym-
metry, which could be described as a Type 1 modulation,
in reference to the terminology introduced by [3].

Figs 2-3 show projections of the radial magnetic field
at times when the solution is mixed and antisymmet-
ric. In Fig. 2, we note that when the solution is a mixed
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FIG. 2. Snapshot of B, at the surface for Ra = 1.47 x 10°

when Ef* < Ej.
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FIC. 3. Snapshot of Br at the surface for Ra = 1.47 x 10°
when Ef << Ef.

mode the magnetic field tends to be localized in one hemi-
sphere. We believe that this mixed mode solution is born
in a subcritical secondary Hopf bifurcation from the an-
tisymmetric state. Evidence for this arises from the hys-
teresis that can be identified; as we can see in Fig. 1,
this state indeed coexists with both the symmetric and
antisymmetric states down to Ra = 1.40 x 10, where
it disappears (presumably in a saddle-node bifurcation).
The period of modulation is sensitive to the value of Ra
but becomes less sensitive as the Rayleigh number ap-
proaches the critical bifurcation value. What sets the
dependence of the period both of the basic cycle and that
of the modulation of the dynamos for strongly nonlinear
solutions is an open problem and one that is important
for understanding stellar activity. Fig. 1 shows that this
mixed mode limit cycle eventually loses its stability when
the Rayleigh number is further increased to 1.49 x 10°
(dashed black line) and the solution develops more sign
of spatio-temporal complexity, as described below.
When the Rayleigh number is further increased, we
find that the dynamics of the magnetic field progressively

U0z 01 %

pum 18

FIG. 5. Phase portrait for Ra = 1.65 x 10°.

switches from parity to amplitude modulations, i.e. from
Type 1 to Type 2 modulation. This transition is particu-
larly clear when comparing the three-dimensional phase
portraits represented for increasing values of the Rayleigh
number in Figs 4-6, in which the trajectory of the system
has been smoothed by applying a moving average, which
removes the basic dynamo cycle and short period oscil-
lations. For Ra = 1.55 x 10° (see Fig. 4), the dynamics
is mainly governed by the energy exchange between Ef
and Ef' (i.e. Type 1 modulation), and we only distin-
guish the first signs of the Type 2 modulation through
intermittent decays of the magnetic energy, always fol-
lowed by an increase of the zonal wind. In stark con-
trast, we see in Fig. 6 that the system trajectory in the
space (E7, E{', Ez) is actually confined near the anti-
symmetric subspace (i.e. EJ < Ej') and characterized
by the strong amplitude modulation of the antisymmet-
ric energy by the zonal wind for Ra = 1.85 x 10°. This
is clear Type 2 modulation. Most interesting however is
the attractor for Ra = 1.65 x 10% in Fig. 5. This clearly
shows the solution exhibiting both types of modulation;
Type 1 modulation where there are no minima in activ-
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ity but energy transfer between the modes of different
symmetries and Type 2 modulation where the antisym-
metric solution regularly visits grand minima in activity
through interactions with the zonal wind. The transition
between these two types of modulation has been termed
supermodulation and is believed to be prominent in solar
activity records [9].

Energy timeseries of the supermodulation are shown
in Fig. 7. This highlights how the nonlinear solution nat-
urally transitions between the different types of modula-
tional processes. For example between £ ~ 9 and ¢t = 11
the solution undergoes changes in symmetry with no deep
minima (Type 1 modulation) whilst between ¢ ~ 6 and
t == 9 clusters of grand minima are found. From a mathe-
matical perspective it is no surprise that a chaotic nonlin-
ear dynamo solution exhibits such behaviour which has
indeed been predicted [9].

IV. CONCLUSION

‘We have examined the hydromagnetic interactions be-
tween dynamo modes generated by rotating anelastic
convection in a spherical shell. Motivated by direct and
indirect observations of solar magnetic activity, our pri-
mary alm was to investigate the interactions between
modes with different equatorial symmetries. Mathe-
matically these dynamos display a dynamical behaviour
reminiscent of the results obtained with (axisymmetric)
mean-field models or low-order systems, with the caveat
for the comparison being that the dynamo solutions
presented here are dominated by a non-axisymmetric
(m = 1) mode. Hemispheric dynamos of the type re-
ported by [10], and studied in more detail by [11], have
also been found. The present study demonstrates that
this hemispheric configuration is also pertinent to un-
derstand the dynamics of oscillatory dynamos, and thus
could be relevant to explain the hemispheric magnetic
configuration which has been observed on the Sun at the
end of the Maunder minimum [12].

Our primary result however is that we have demon-
strated that the interactions between such modes can
lead naturally to a pattern of supermodulation [9] where
the system alternates between modulation with little
change of symmetry (with clusters of deep minima) and
modulation that involves significant changes in the sym-
metry of the magnetic field.
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Fine-tuned Habitable Universe
Sohrab Rahvar
Sharif University of Technology
Abstract

In this talk, I will introduce the fine-tuning of the Habitable Universe within the context of initial
condition of the Universe. The standard paradigm for the beginning of the Universe in the
inflationary cosmology will be discussed to have a suitable condition for the formation and
development of life. Also I will discuss about the habitable planets and the fine-tuning condition
of these planets.
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Post Newtonian Parameter(PPN) Formalism for an Interacting Model of Gravity
under Solar System Constraints

Haidar Sheikhahmadi*
Institute for Advance Studies in Basic Sciences (IASBS),
Gava Zang, Zanjan 45137-66731, Iran

The post Newtonian parameter is considered in an interacting scalar tensor gravity framework.
An arbitrary function for f(®), which indicates the coupling between matter and scalar field, is
introduced to investigate solar system constraints on interacting Brans-Dicke parameter, w. It is
shown that such an interacting model able to satisfy the solar system constraints and gives us an w
parameter of order 10*, which is in good agreement with observations.

PACS numbers:

I. INTRODUCTIONS

The quintessence mechanism is a light scalar field
mass which couples to matter directly with gravitational
strength, lead to undesirable large violation of the equiv-
alence principle[l, 2]. Therefore authors of [3] have in-
troduced a scalar field which had a coupling to matter,
namely chameleon. Chameleons are scalar fields whose
mass depends on the environment mass density. In-
deed the chameleon proposal produces a way to an effec-
tive mass to a light scalar field via field self interaction,
and interaction between matter field and scalar field.
Therefore the Brans-Dicke action with non-minimal cou-
pling between matter scalar field so called interacting
Brans-Dicke model[4]. Studying these works and also
the works of Moffat et al. [6], where they have studied
PPN-parameter in Jordan-Brans-Dicke cosmology, and
the work of Perivolaropoulos [7] motivated us to consider
constraints of solar system in such an interacting Branes-
Dicke model. The organization of this work is as follows:
In section two, the action is introduced, and then the
linearized equations and the general solution for -y-

parameter are obtained. In section three, the results for
Electronic address: h.sh.ahmadi@iasbs.ac.ir;@gmail.com

1
q)(R;Lu - EguuR) = f(‘D)Tpu + %(a,uq)auq) -

where T}, is the energy-momentum tensor. By varying
the action with respect to ®, one gets

(2w+3)0% = T(f(cI))f%d)f7¢)+((l>V,q>(<I>)f2V(¢')). (4)

In weak limit, the parameters could be expanded around
a constant uniform background scalar filed ®y, and a
Minkowskian metric tensor 1., =diag(—1,1,1,1) as

D=9+ 9, (5)

an exponential function for f(®), are investigated. Fi-
nally section four is devoted to the conclusion.

II. GENERAL FRAMEWORK

The interacting Brans-Dicke action is considered as

5= /d%Fg (@R - %apap V(@) + f(<1>),cm) ,

(1)
where g is the metric determinant, R is the Ricci scalar,
and @R has been replaced with the Einstein-Hilbert term
is such a way that Ge_flf = 167® [8]. Also @ is the scalar
field, w is the dimenssionless constant and V(®) is the
potential. An example for it maybe considered as a power
law potential in the follows form

V(®) = M* (%2)11 2

[9]. Variation the action (1) with respect to the metric
Juv gives

%gpu(acX@)z) + [vau - gyu[ﬂé - gpu@ (3)

uv = Muv + huu: (6)

where Ay, is keeped to the first order only. The linearized
solution for Eq.(3) is as
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m,,h)] = f(®) Ty + 8,.00¢ — 106 — (1w + hyu) V(@) (7)

and the scalar field equation of motion in the weak limit is

(20 + 3)006 = T(/(®) — J@F(2)) + (BVa(®) ~2V(®)) = €T +C. (®)

Now, we expand the potential function (2) around @, so

—k'r —k'r _C1 —(k—k)r

b = g Mee™ {f0+(Mefae - 1) iz “’}

M4+2n 1] T MY _ CaM.e—kr !
OEE (1’ %gb) ©) imdor i 1= Ty
0 0 (17)

3 M3 r_ V2M?
2w+3 @g and k' = @

dard expansion of metric, namely

where k = . From the stan-

Also, by some manipulation one has

1 ¢
E=(fo— §¢0f6) + §(f6 —@ofy) = C1+Ca0, (10) goo = —1 + 2u, (18)
2\ ™ gij = (14 2~yu)dij. 19
C:f(n+2)M4(%) (17@):—03(17@). = i 19)
@o Do where u is the Newtonian potential. The y-post Newto-

nian parameter can be expressed as the ratio of (iz) and

where fo = f(®o), fi and f{ are the first and second (00) component of

derivative of f(®) respectively. By Substituting above
results in the egs.(7) and (8) the differential equation for

: ;oK' C1_ —(k—K)r
¢ and hy, are arrived as fo+ (MEJ;(:T B 1) lejz‘jMee_kr
Am(2wt3)r
= 20
C Cy + Cad ! fo+ (MeféE"“'r + 1) ahge=F4r (20)
V24 — 73¢:,¥p7037 (12) drr 17%
Do (2w + 3) (2w +3)
As, it has been said the effective gravitational constant
can be expressed by scalar field as
2M6 2M*
V?Hpo — ——5Hoo = —(fo + ¢ f3)p + ) (13)
o5 o, G . 11 1 @
7T 16xd 1679 oy
206 M4 1 4nd (12 fH3) e
2 _ / = - el .21
V7 H;; — ?gﬂij = —0ij ((fo +ofo)p + TU) ; (14) 167®g ( 1- 4"(6;2ﬁ53)re’“") @)
where Hyg = ®phoo — ¢ and Hij =¢+ q)()hij, and note
that we have taken n = 1 [7, 11]. Set p = M,d(r), one III. TYPICAL EXAMPLE
has
In this section we choose a specific function for f(®)
. (%lM%) e—kr as
7(2w+3)r
o(r) = T A— (15) ®
w3y (@) = expl(g). (22)
, By making use of this definition, the constants C; and
—w Ky C1 . —(k—k )
hoo = Mee tT fot M. foe* +1 43¢ e C5 are obtained as
4 ®gr 47r 1 — CaMee=kr (7
Ix(Cw+3)r 1,
(16) Ci = 3¢ and Co =0.
.
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Now we investigate the results of this case for both M = 0

and M # 0.
M, ' M, / e k=k)r

o If M =0 hoo = g {H(M@e e 1) 2020 +3) [

When we take M = 0, the constant C3 vanishes. 0 0
Hence, for scalar field ¢ and components of h,,, (29)

one attains

M, ‘" M, , e~ (k=K
elMe hij — 51_]_ 617;“ r {1+( el—kt r_q1)—
- 23 A7 dyr 47 dyr 2(2w + 3
") = @t 3 (23) ’ ’ ( :

M_.e! 1 M,et
hoo = 1 1 24
0 47r<1>0r{ + 2(2w + 3) (47@07» + (29
M,e! 1 M,e'
CAR 4n@or{ tou+ 3) (47r<1>0r (25)

And for y-post Newtonian parameter and effective
gravitational constant one respectively obtains

L (4w +5) + s (26)
(dw+7) + Mo
G — ; 1 Lel (27)
7T 16md, 8rdo (2w +3)r )
e If M #0

Here, one can obtain the scalar field function and
the component of h,,, as follows

(30)
Now one can easily obtain the y-post Newtonian
parameter and effective gravitational constant re-
spectively as

M. g —(k=k")r
1+ (477<I>0T61 i 1) ez(zu+3)
= 1 Me ,1—k'r 4 q e—(k—k)r (31)
+(417<I>0'r6 + ) 2(20+3)
and
1 MeelfkT
= 1-— . 2
Cell = T6ra, ( 87T<I>0(2w+3)r) (32)

In this step, one can estimate the ®¢ from effective
gravitational constant relation. According to the
relation (32), the gravitational constant is equal to

1 1
Go= 8rM?2 1672y
As it is clear, My = 2.44 x 10'8GeV [12], therefore,
the value of ®g can easily be estimated as of order
1036, Now, we try to consider allowed values of
w for Yops — 1 = (2.1 £2.3) x 107° [7, 10] with the
help of (31). So, w can be written as

X
mAU

:

_ ME 1—kr
olr) = 87 (2w + 3)1‘6 (28)
|
oo L[ 2%omay —V6M? | A(mav) — ’YB(mAU)e
4\ —/6M3 2®gmay y—1
I
where A(may) = %ﬁ‘)”el*ﬁ — 1, B(may) =

Melfmkﬁ + 1, and W is the Lambert (or
product-log) function. From the above relation,
one realizes that there is a complex value for w, for
~ > 1, which is not acceptable, so v > 1 is illegal for
this model. In figure above, the w parameter and
effective gravitational constant have been plotted

versus scalar field @y and mass scale m 4y, which
corresponds to the r = 1AU = 108km.

IV. CONCLUSION

For an exponential function of f(®), the y-post Newto-

nian parameter and effective gravitational constant have

}_
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FIG. 1: The w parameter and Gy, effective gravitational constant, have been plotted versus ®, and May, respectively (a)
and (b) (where ®g = 10%°z, may = 107%7y, w = 10%z, and Gegy = 107%8G). In this case, we set v = 1 — 0.2 x 107°. We
clearly see that w takes the values of order 10°, and G.y; tends to the values of order 10739, the same order of Newtonian

gravitational constant Go.

FIG. 2: The plot on the left hand, (a), is realted to the w parameter and the plot on the right hand, (b), is related to the
effective gravitational constant, G.sy. For this case, we set v =1—2.5 x 1075, and as we see, the w parameter takes the values
of order 10*. The effective gravitational constant is as same to the previous case, because the modified term, on the parenthesis

of relation (32), is so small.

been acquired in the presence of potential. When the w
parameter for two observational values of ~, is plotted one
has realized that, w took the value of order 10* which sat-
isfies the solar system constraint. This is an achievement
of interacting Brans -Dicke model in solar system limit.
Also, we could plot the effective gravitational constant
as well. We found out that there is a small difference be-
tween gravitational constant and effective gravitational
constant.

acknowledgements

HS would like to thank Iran’s National Elites Foun-
dation for financially support during this work. He ex-
presses his appreciation to the Prof. Y. Sobouti for shar-
ing their pearls of wisdom with him during the course
of this research. Also He would like to thank TASBS for
warm hospitality during his PostDoc duration.

[1] B. Feng, X. L. Wang and X. Zhang, Phys. Lett. B 607,
35 (2005).

[2] Ph. Brax, C. van de Bruck, A. C. Davis, J. Khoury and
A. Weltman, [astro-ph/0410103].

(3] D. F. Mota and J. D. Barrow, Phys. Lett. B 581, 141
(2004).

[4] T. Clifton and J. D. Barrow, [gr-qc/0603116]; S. Das and
N. Banerjee [gr-qc/0803.3936].

[5] A. Sheykhi, M. Jamil, Phys. Lett. B 694, 284288, (2011).

(6] J. W. Moffat and V. T. Tout, [arXiv:1001.1564].

[7] L. Perivolaropoulos, Phys. Rev., D 81, 047501 (2010).

[8] K. Karami, A. Sheykhi, M. Jamil, Z. Azarmi, M. M.
Soltanzadeh, Gen. Relativ. Gravit. 43 (2010).
[9] J. Yokoyama, and K. Maeda, Phys. Lett. B 207, (1988);
Y. Fujii, Prog. Theor. Phys. 99, (1998).
[10] B. Bertotti, L. Iess, and P. Tortora, Nature 425, 374
(2003).
[11] M. D. Klimek, Class. Quant. Grav. 26, 065005 (2009).
[12] T. P. Waterhouse, [arXiv:astro-ph/0611816].
[13] A.S. Eddington, The Mathematical Theory of Relativ-
ity, (Cambridge University Press, Cambridge, 1923).




Ol poad (a5 (oleas S Cpean) 5
AYWAQ cadigasa,l Y o VY
olas) 4l psle (LSS o Maas oSl

BIPOLAR JETS LAUNCHED FROM ACCRETION DISKS. FORMATION OF SYMMETRIC AND
ASYMMETRIC JETS AND COUNTER JETS

SOMAYEH SHEIKHNEZAMI 12 & CHRISTIAN FENDT 2,
Draft version April 11, 2016

ABSTRACT

We investigate the launching process of jets from accretion disks, extending our previous study to the
case of truly bipolar outflows. We perform axisymmetric MHD simulations of the disk-jet interaction
on a computational domain covering both hemispheres. We present global models of bi-polar jet
launching, in particular addressing the question of an intrisic origin of asymmetric jet / counter jet
systems. Treating both hemispheres simultaneously, we overcome the equatorial plane symmetry
boundary condition which naturally implies a symmetric evolution. We investigate two options, i)
a disk with (initially) different thermal scale heights in both hemispheres, and ii) a symmetric disk
into which a local disturbance is injected in one hemisphere. We observe that in both cases the disk

asymmetry results in asymmetric mass fluxes in the jets differing by 10-20%.

Subject headings:

accretion, accretion disks — MHD — ISM: jets and outflows — stars: pre-main

sequence — galaxies: jets — galaxies: active

1. INTRODUCTION

strophysical jets as highly collimated beams of high ve-
locity material and outflows of less degree of collimation
and lower speed are an ubiquitous phenomenon. The jets
are observed over a wide range of luminosity and spa-
tial scale, originating from young stars, micro-quasars,
or active galactic nuclei. The common understanding is
that magnetohydrodynamics (MHD) are responsible for
launching, accelerating, and collimating these jets. Fur-
thermore, it is clear that accretion and ejection is related
to each other - one efficient way to remove angular mo-
mentum from a disk is to eject it vertically into a jet
or outflow. Observational data have confirmed the co-
existence of bipolar jets in most jet forming regions. Jet
and counter jet appear, however, typically asymmetric in
shape with very few exceptions. One exception is the jet
source HH 212 which ejects an almost perfectly symmet-
ric bipolar structure Zinnecker et al. (1998), suggesting
that the causal origin of jet knots should be located very
close by central engine. On the other hand, if jets form
naturally asymmetric, and if thus asymmetric jets would
need special conditions to be formed, we may ask what
is this kind of "natural” ejection process and what are
the additional conditions for symmetry?

It is therefore interesting to investigate the evolution
of both hemispheres of a jet-disk system in order to see
whether and how a global asymetry in the large-scale
outflow can be governed by the disk evolution.

2. MODEL SETUP

We model the launching of MHD jets from slightly sub-
Keplerian disks, which are initially in pressure equilib-
rium with a non-rotating corona. We extend our ap-
proach of Sheikhnezami et al. (2012) to simulations on a
computational domain including both hemispheres. This
allows us to investigate the truly bipolar launching and

snezami@ipm.ir, fendt@mpia.de
I School of Astronomy, Institute for Research in Fundamental
Sciences (IPM), Tehran, Iran

2 Max Planck Institute for Astronomy, Heidelberg, Germany

how the launching symmetry can affect the symmetry
characteristics of jet and counter-jet.

We apply the MHD code PLUTO Mignone et al.
(2007) solving the time-dependent resistive MHD equa-
tions. Again, the simulations are performed in a 2.5-
dimensional setup (thus in 3D axisymmetry) applying
cylindrical coordinates.

3. RESULTS AND DISCUSSION

We first present jet launching simulations resulting in
symmetric bipolar jets. The first example is the evolu-
tion of jets following a magnetic diffusivity description
which is fixed in time and space (see Sheikhnezami et al.
(2012)) . This case “bl” serves as reference simulation for
this paper, and also allows for a comparison to the one-
hemispheric simulations of paper I. The inflow-outflow
evolution is shown in Fig 1.

Indeed, the outflow evolves perfectly symmetric in both
hemispheres for almost 2000 dynamical time steps, until
the outer disk starts to deviate from symmetry due to nu-
merical effects. However, even for these late time steps,
the inner disk, which is the main jet launching area, is
still highly symmetric.

As a next step , we have applied two options for dis-
turbing the disk symmetry - either by a global asymmet-
ric initial state, or by a localized overpressure (an explo-
sion at certain time).

3.1. An asymmetric disk scale height

Option I is to prescribe an initial disk structure follow-
ing a global pressure asymmetry in both hemispheres.
In our model, we achieve this by applying a different
thermal disk scale height for the initial disk in each hem-
ishere. In particular, we have applied e = H/r = 0.1 for
the upper hemisphere and ¢ = H/r = 0.15 for the lower
hemisphere (called run b2). Consequentely, we have a
density and a pressure jump across the equatorial plane,
AP/P =0.2.

The disk evolution is asymmetric right from the be-
ginning. The disk evolves into a warped structure along
the midplane (Fig. 2). The amplitude of the disk warp is
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Figure 1. Time evolution of the bipolar jet-disk structure for ref-
erence simulation “ b1”. Shown is the evolution of mass density
(color) and the poloidal magnetic field (contours of poloidal mag-
netic flux ¥(r, z)) for the flux levels for the dynamical times steps

t = 0, 100, 2000.
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Figure 2. Time evolution of the bipolar jet-disk structure for
simulation with asymmetric height scale. Shown is the evolution
of mass density (color) and the poloidal magnetic field linesfor the
flux levels for the dynamical times steps ¢t = 0, 100, 2000.

about 1-2 disk scale heights. A series of warps is visible
along the disk with warp amplitude of a few local disk
scale heights. After about 1000 dynamical time steps the
warp amplitudes start to decrease, first along the inner
disk while the outer disk still in a warped state.

The disk asymmetry is reflected in the jet evolution.
Along with the initial asymmetric disk evolution, the jets
launched from the inner disk are asymmetric as well.
This is clearly visible in the poloidal magnetic field struc-
ture (Fig. 77), but also in the mass fluxes we measure.
We also note a different time scale in the jet progagation.
The upper jet reaches the grid boundary earlier than the
lower jet which is delayed by about At = 10% (note that
this happens rather early at ¢ < 50).

Figure 3 shows the time evolution of the mass fluxes.
Comparing both jet fluxes we find that at early stages,
t < 700, the lower outflow carries about 80% of the mass
load of the jet into the upper hemisphere. This is the ini-
tial outflow period, during which an overall accretion flow
has is not yet established. From ¢ ~ 700 — 1500 an asym-
metric inflow-outflow system is established. The differ-
ences mass fluxes are now about 10%. After ¢ ~ 1500,
the difference in the outflow rates decreases, and the in-
ner disk has again established a symmetric structure.

Jet mass fluxes

0.012 y

0.010

0.008

0.006

Upper/lower ejection rate

0.004

0.002 L e . .
0 500 1000 1500
Time t

Figure 3. Shown is evolution of the mass ejection rates from the
upper (solid) and lower (dashed) disk surfaces (all in code units)
for run “b2”.
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Upper/lower ejection rate
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Figure 4. Shown is evolution of the mass ejection rates from the
upper (solid) and lower (dashed) disk surfaces (all in code units)
for run with a localized asymmetry “b3”.

1200

3.2. A localized disk asymmetry in one hemisphere

We start simulation “b3” with a symmetric initial disk
structure. As for reference run “b1” the outflows evolve
into a symmetric jet-counter jet structure. However, at
t = 400, when a quasi steady state of the inflow-outflow
structure is reached, we disturb the symmetric disk struc-
ture by inserting a localized over pressure in the upper
disk hemisphere, which may be considered as a kind of
explosion. The injection is localized within a box of size
(Ar x Az) = (1.5 x 0.4) located at (r,z) = (11.25,1.2),
and is switched on for At = 20, corresponding to 0.1 of
an orbital period at this radius. The injected material
has on average a 20 times higher density and a 2000 times
higher pressure compared to the ambient disk material.

The injected material disturbs the disk symmetry as
it expands across the disk. The disturbance is slowly
advected into the jet launching region. Figure 4 shows
the time evolution of the mass fluxes. The ejection rates
are integrated along the disk surface between r = 1.5
and r = 10 thus inside the radius where the explosion
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happens. Still the explosion disturbs the launching site
such that we see a 5-10% effect in the outflow mass fluxes.
This effect is somewhat delayed from the explosion time
since the disturbance needs time to be advected inwards.

However, we observe that the disk asymmetry decays
faster than it is advected along the disk into the jet
launching area at small disk radii. This is easy to un-
derstand.

In summary, although the initially symmetric disk
is clearly dirsturbed by the asymmetric explosion, the
asymmetry decays faster than it propagates to the inner
jet launching site. Thus, the asymptotic, collimated jet,
which originates in the inner disk area is only marginally
asymimetric, moreover as the main mass flux is launched
along the innermost field lines.

4. CONCLUSION

In particular, we have obtained the following results.

(1) A test case with a symmetric setup gave a per-
fectly symmetric bipolar evolution of disk and outflow
for several thousand rotations, until numerical affects by
the outer disk boundary condition start to disturb the
symmetry of the outermost disk.

(2) We then prescribed an initially asymmetric disk
applying a different pressure scale height in both disk
hemispheres, €,, = 0.1, €gown = 0.15.

(3) We then started the simulation with symmetric
initial setup, but disturbing the symmetric disk struc-
ture by a localized explosion at a certain time when the
outflow is already well established.
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Pulsation study of KIC2696703 components, a Kepler SB2 Gamma Doradus Pulsator
Eclipsing Binary system
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The combination of High-Signal to Noise spectroscopy with a series of Kepler photometry light
curves for a nearly full range of four years have been used for the study of Kepler SB2 eclipsing
binary KIC2696703 with the period of Pors = 6.0945d. The asteroseismology studies revealed that
the system contains two  Dor pulsating stars with a AP = 1934s with two series of g-mode patterns
mostly included with frequencies of Larger amplitudes and SNR > 4 and Pras &~ 0.97 and 2.73 d
for each star. Splitting frequencies have happened with two Av ~ 0.043 and 0.077 d™* for two stars
as a result of rotation with core rotation period of Prot = 11.64 and Prot = 6.50 d. Best pulsation
and consequently binary Model was made base on 3000 prewhitened frequencies with SNR > 2.

PACS numbers: 255

I. INTRODUCTION

Near the intersection of the red edge of the classical in-
stability strip and the main sequence, uncertainties hap-
pen for theoretical stellar structure and evolution mod-
eling. Theoretical modeling of the stellar evolution is
critically dependent on the chemical composition of the
star and the internal mixing processes along with their
numerical treatment [19]. This is also more critical for
intermediate mass stars, with masses larger than 1M
and smaller than 2Mg, which are inside the transition
region of lower mass stars with a fully radiative core and
high mass main sequence stars with convective cores.
The evolution of the radiative and convective core, brings
in front a significant need of scientific tools which can
make the necessary pieces of stellar evolution puzzle com-
plete. Nowadays after MAST [28], COROT [2], [18] and
Kepler [5], [15] and in the future with Plato and other
space missions, providing high precision unprecedented
photometry data, asteroseismology of v Dor pulsators
can be a precise approach in calibrating and improving
upon the existing stellar structure and evolution theories
in the mentioned mass range.

7 Dor pulsators, located at the transition region on HR
Diagram, with masses around 1.4 to 2.5 Mg [12], [14],
are exhibiting non radial g modes [14] which are so sen-
sitive to conditions in the deep interior of star and are
excited by the convective flux blocking mechanism at the
bottom of the convective core surrounded by a chem-
ically homogeneous radiative envelope [12], [8]. These
group of modes, belonging to v Dors, mainly of spectral
type A and F [13], with convective envelopes, have fi-
nite amplitudes moreover in the outer parts of the star
and hence can be observed at surface, e.g. [12], [8]. Ac-
cordingly, they can offer a detailed profile of their host-
ing stars. For m > [ there is an asymptotic relation

for ¢ modes pointing out that they are approximately
equally spaced in period [25]. They can have multiperi-
odic oscillations, which in the absence of very large stel-
lar rotations the periods of pulsations can be between 8h
to 3 days [4], [19]. Although v Dor pulsators are very
slow rotators, with projected rotational velocity around
50 Km/s-100 Km/s [9], [11], There could be some fre-
quency splitting happened on their Fourier spectrum as
the result of their slow rotation. The effective temper-
ature for ZAMS ~ Dor pulsators has confirmed to be
7200-7700K which for above it has appeared to be 6900-
7500K [13].

The asteroseismic modeling needs the most reasonable
and physical parameters for each star in order to help in
understanding structure and evolutionary tracks for an
extended mass group of stars. Though getting the fun-
damental parameters like mass of the star independently
needs a great effort which is not efficiently possible al-
ways. Here plays the main role, Eclipsing Binaries. Non-
radial oscillation studies in EBs, combining high preci-
sion time series of Kepler photometry with high resolu-
tion spectroscopic data, at the mean time, enables us to
get model independent binary, dynamic and atmospheric
properties of both components in a binary system all at
once and together. These days, considering the light and
radial velocity curves happens with uncertainties below
1% in the best case [23].

II. OBSERVATIONS AND DATA REDUCTION

KIC2696703, BD+373347, Kepler magnitude of 9.580,
has been labeled a Kepler object of interest, KOI, on
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Sampling LC': 280 uHz
Time span 1470.462245 d
res 0.000680 d!

TABLE I. KIC2696703 Photometry Observations.

MAST* Kepler catalogs, before. Soon after the first spec-
troscopic considerations, it was inferred by Tkachenko,
A. This object is an double-lined eclipsing binary (5B2)
rather than a transiting planet. The observational data
of KIC2696703 includes space photometry and ground
based spectroscopy data. The spectroscopic studies of
the target has been studied before by author from differ-
ent methods,GSSP single and composite Modules, Least
square deconvolution profiles, FDBinary and fitting a ke-
plerian orbit RV curves, working on 10 HERMES' Spec-
tra which would not discussed in this paper.
KIC2696703 photometry data, includes four year Kepler
light curves since May 2009 to April 2013. The Light
curves are Kepler Long Cadence integrated fluxes for 18
quarters, Q0-Q17. Each of LC light curves contain a se-
ries of 270 frames, each including a 6.02 s exposure time
and a 0.52 s readout time, with an integration of 29.4
minutes and vy, ~ 280 pHz. [1].

III. METHODOLOGY

Pulsation study started with
performing a Lomb-Scargle periodogram [1]. Iterative
prewhitening was done on Fourier spectrum of target sys-
tem, where peaks with higher SNR through a box size
of 1 ¢/d were demanded (more details in code and fre-
quency choosing method can be found in [7]. The code
has been extended by Péter Papics further). It’s notice-
able that number of the prewhitened frequencies could
be significant in performing a good pulsation model and
having the most realistic binary model consequently. As
the next step, the frequencies were sorted based on the
highest amplitudes to look for pulsation frequencies with
both larger amplitudes and SN Rs, mostly SNR > 4.
For detailed description on error estimation of ampli-
tude, frequency and phase of prewhitened frequencies,
based on assumption of white noise in data, one can re-
fer to [20] and [24]. 1/P,. and integer multiples of it
should be designated to orbital variations be disentangled
from variations as a result of pulsation. Here the search
was done among the highest amplitude frequencies which
have relatively higher SN Rs based on fops —nfory > 1/T,
where T is the time span of observations. Where ever

*Mikulski Archiev for Space Telescope
Thttp://www.mercator.iac.es/instruments/hermes/

there was a missing frequency to complete the pattern in
period regime, the search for frequency was done look-
ing for among the rest of prewhitened frequencies with
amplitudes smaller than 300ppm. However, the combina-
tion frequencies as a result of nonlinear pulsations can be
highly dominant on Fourier spectrum of some ~ Dor pul-
sators as described and confirmed by [16] and [21]. They
have used the concluded fact to explain typical skewed
non-sinusoidal light curves of most of v Dor and SPB
pulsating stars. 52 frequencies with the most largest am-
plitude was chosen as the parent frequencies. The possi-
ble combinations with parent frequencies were calculated
for nf; + mf; = fr and n 4+ m < 4. Harmonic frequen-
cies detected by having n or m equals with zero. Kepler
full 4 year photometry data, connects the width of one
frequency peak with Rayleigh limit of 1/T, equals with
0.00068 d~t. Then all possible linear combinations of
frequencies under the above condition was compared to
be within Rayleigh criterion. As a matter of fact there
could be still many combinations with different n and
m or different parents, in g-mode region, in effect of the
dense frequency spectrum of v Dor stars. This has lately
been admitted by [21], too.

4 Dor pulsators have the potential to show both g-mode
and solar like p-mode pulsations, as they are located in
high mass end of main sequence where solar like pul-
sations can happen also [1]; for this reason the Fourier
spectrum of KIC2696703 was divided in small sections
to closely look for g-mode and p-mode frequencies. Due
to different noise levels in higher frequency and lower fre-
quency segments of spectrum, a careful study of spectrum
was done in several small segments of some cycles per
days, not to lose any information on probable p-modes
in frequency range higher than 2.5 §. Statistical calcula-
tions was done to check the number of frequencies with
amplitudes higher than a special value which has inferred
iteratively.

Due to asymptotic theory of pulsations high order g-
modes, n > [, are equidistantly sequenced in period
and spacing AP = P,41 — Pp,decreases with increas-
ing 1, [25], where n is the radial order and [ is the mode
degree. Hence forth the Fourier spectrum was converted
from frequency-amplitude to period-amplitude so that we
can detect possible period patterns among g-modes. The
histogram of pairwise period differences, was carefully
checked and presented initially to have an estimation on
the dominant period spacing using some trial-and-error.
Indeed the histogram has been plotted for the differences
between 400 < AP < 5000 sec. The concentration on
period spacings average ranges, helped in extracting two
series of g-modes. Relating the g-mode patterns to a spe-
cial component in binary was made possible by taking the
advantage of splitting frequencies as a result of rotation.
Nevertheless deviations from a constant AP, showing off
it self in calculations of period spacings of g-modes, con-
tain information on the chemical composition gradient
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left by a convective core evolving on main sequence [19].
There are periodic dips in the period spacing diagram
versus period for high order g-modes which implies to
the size of convective core and the stratification struc-
ture in target stars and the mixing processes which can
change the chemical composition gradient during the evo-
lution, [19] and [1].

It was discussed by [17] for a uniformly rotating star Cori-
olis effect can split the frequencies in a way that

Q
Vnim = Vnlo + m(l - Cnl)% (1)

where v, is the observed frequency and v,,g is the un-
perturbed central frequency of the multiplet with m = 0.
Here (2 is the angular velocity and /27 corresponds to a
rotation frequency. Triplets were detected as a result of
slow rotation for both stars with two different Av. Some
deviations from a constant frequency spacing were come
around both quantities. This was expected from the fact
that Ledoux constant, Cp; has a small dependency ra-
dial order n [3]. Happened splittings are non-symmetric
around m = 0, central frequency, which could be the
case when second order rotational effects [22] or magnetic
splitting [10] are getting involved. The different two Av
quantities helped to discriminate between g-modes of two
stars which we Labeled them A and B, the small splitting
was related to the primary and the reverse for secondary
star B. The rotation period now can be estimated on the
Av values and the multiplets. For g-modes the Ledoux
constant equals with Cy; = ﬁ [4] concluded that
Period spacing can’t be constant any more as the star
rotates. Its average value through a pulsation process
can be changed with increasing period. Similar results
has been detected for some targets in [3] and [26,27].
The photometry study was started with period estima-
tion of the binary system. The estimation was done by
extracting out the inside eclipses data points considering
100 days of the light curve. Hence, each data in time
series, which happened at the minimum brightness, was
taken to calculate the time difference estimation with the
point in the same case for the next eclipse. The time dif-
ferences was averaged and further the period estimation
was concluded in Py, = 6.09445 days. Fourier spectrum
of KIC2696703 photometry light curve on the whole time
span of the observations shows that there aren’t any con-
siderable feature as high amplitude peaks in higher fre-
quency part of the Fourier spectrum. Thus it can be
inferred that the primary and the secondary stars are
just pulsating with lower frequencies, smaller than 3 ¢/d.
Studying the spectrum in small ¢/d sections convinced us
to believe there are no p-mode pulsations for both compo-
nents in the absence of any considerable higher frequency
peaks.
Prewhitening was done three times with SN Rs: 4, 3, and
2 within the box size of one ¢/d. The final output con-
tains 3000 peaks with SNR > 2. 198 frequencies with

the amplitudes higher than 300 ppm were chosen for pul-
sation study which SNR for all of the list are mostly
SNR > 4, which satisfies [6] criterion, where there are
frequencies in the amplitude range, Amp > 300 ppm,
but 2 < SNR <4.

There were only six frequencies found to be the multi-
ple of orbital frequency, f,.p = 0.1641 d~!. None of
these frequencies take part in g-mode patterns, except
for f73 = 9forp and fi120 = 4fors. They are related to g-
mode patterns for stars A and B, respectively. Three of
these frequencies have SNR < 4 and those three which
settle in g-mode patterns have larger SNRs .

Twelve groups of frequency split-
ting were detected. There were two series of frequency
splitting which appeared with Avgye ~ 0.04293 d~! and
AVgpe = 0.07695d~ " and could be related to primary (A)
and secondary (B) components, respectively. There are
some deviations from a constant Av for both stars with
the standard deviations of o4 ~ 0.0047 and o ~ 0.0032.
The core rotation period was then calculated based on
triplets approximately equals with 11.64 d for primary
and 6.50 d for the secondary, which is around the P,,;, and
we expect it before from the spectroscopy studies.Echelle
period diagram confirms the presence of triplets which
has been distorted a bit by rotation. Similar effects were
seen before on [3] Figures 3 and 2. With the rotation
periods in hand for primary and secondary components,
now we can estimate the range of v sini for both stars as-
suming that the typical radius for this kind of pulsators
is about % = 1.5. Keeping in mind the mathematical
principle of sini < 1 with P.,; = 11.64 for the Primary
the projected rotational velocity needs to be vsini < 6.50
and the reverse for the secondary, vsini < 11.65. The
estimated ranges of v sin ¢ brings out an inclination about
85° for the system configuration.

Fifty two highest amplitude frequencies, fi46 to fios,
with the amplitudes higher than 600 ppm were concerned
as parent frequencies. In order to detect frequencies, fx,
to be possible combinations of parent frequencies, f; and
f;j- Harmonics of the parent frequencies was detected
concerning n or m equals with zero and n + m < 3.
It’s important to note that all the rotational splitting
frequencies, except fr; and fi15, are either among the
parent frequencies or are a combination or multiple of
them (harmonic frequencies).

The study continued with looking for pulsation frequen-
cies in lower frequency part of the spectrum. The more
significant and largest amplitudes happen for frequen-
cies between 0.45 — 0.8 d=!. Looking for g-modes ini-
tially done with the largest amplitude prewhitened fre-
quencies.The highest peaks in frequency spacing in the
histogram of spacings happens for the range 1950-2000
seconds. The other significant peak happens between
650-700 seconds. Two patterns for g-modes in period
regime were detected with AP,,.p = 654.9242 s and
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AP,ea = 1975.203 s. Where ever the number of fre-
quency is not implied, the frequency is among the list
with amplitudes smaller than 300 ppm. Discriminating
between the g-modes of two components was done by
comparing the frequencies with the ones which took part
both in rotational splitting and g-mode patterns. The pe-
riod spacing doesn’t show any descending (prograde) or
ascending (retrograde) trend with increasing period ex-
cept in some short period intervals with retrograde modes
for larger frequencies. The échelle diagram for both stars
were performed with the period modulo of AP = 1934 s.
The marker size has set to 103\/Amp; with i = 1 — 117
implies to number of g-modes.

IV. CONCLUSION

The Fourier spectrum study of KIC2696703 contains
a short number of frequencies which are multiple of or-
bital frequency. This confirms weak effect of orbital
eccentricity of the system on the pulsations and im-
plies to a circular binary orbits which has inferred from
spectroscopy too, e = 0.0223 4+ 0.0007. It seems that
splitting multiplets are not happening symmetric around
m = 0. At most splitting patterns the m = 0 owes a
smaller amplitude than m = £1. Here the second-order
asymptotic theory and magnetic field effects could get in-
volved through pulsation processes.The estimated ranges
of vsini inferred from rotational splitting gives an incli-
nation about 85° for the system configuration. Two pat-
terns for g-modes in period regime were detected with
APy ep = 654.9242 s and AP .4 = 1975.203 s. The
periodic dips on period spacing patterns, Figure 7?7 can
imply to existence of sharp features in chemical struc-
ture gradient at the base of convective layers close to the
cores of companion stars where g-modes are excited, [19].
However, the period spacing oscillates around a mean
spacing value, mentioned above. It seems that the rota-
tion doesn’t affect modes’ frequency so significantly. The
échelle diagram confirms the most of pulsation modes are
zonal modes. The pattern is distorted a bit as the result
of slow rotation for both stars. The low amplitudes of
not distorted zonal modes (m = 0) show that the incli-
nation angle of the system observed should be very close
to the lowest limit of the necessary inclination angle in
an eclipsing binary ~ 80° — 85°.
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Figure 5. Deviations from constant frequency splitting for star A and B
in g-mode range of frequencies. This was expected from the fact that the
Ledoux constant, C,; has a small dependency radial order n.
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Figure 7. Complete series of period spacing separately for each component
in the binary system of KIC2696703. Top panel: Fourier spectrum in g-
mode range; Red and Blue colors are related to the frequencies in patterns
for each star. The average period spacing for the Blue pattern is APyeq =
1975.203 s and for the red is AP,,.p = 654.9242 s. The frequencies in black
are the 198 largest amplitude prewhitened frequencies and the ones in grey
are the frequencies with amplitudes between 100 —300 ppm.
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Propagating disturbances in coronal loop structures observed by AIA/SDO

A.Abedinil
L Department of Physics, University of Qom, P.O. Box 3716146611, Qom, I. R. Iran

Propagating disturbances along coronal loops that are interpreted as signatures of magneto-acoustic

waves are observed frequently in different coronal structures. The aim of this paper is to estimate the
physical parameters of the slow waves and the quantitative dependence of these parameters on their
frequencies in the solar corona loops that are situated above active regions with the Atmospheric
Imaging Assembly (AIA) onboard Solar Dynamic Observatory (SDO). The observed data on 2012-
Feb-12, consisting of 300 images with an interval of 24 seconds in the 171 A and 193 A passbands
is analyzed for evidence of propagating features as slow waves along the loop structures. Signatures
of propagating disturbances that are damped rapidly as they travel along the loop structures were
found, with periods in the range of a few minutes to few tens of minutes. Also, the projected (ap-
parent) phase speeds, projected damping lengths, damping times and damping qualities of filtered
intensities centred on the dominant frequencies are measured in the range of Cs ~ 38 — 79 km s~ *,
Lg ~ 23 — 68 Mm, 79 ~ 7 — 21 min and 7q/P ~ 0.34 — 0.77, respectively. The theoretical and
observational results of this study indicate that the damping times and damping lengths increase
with increasing the oscillation periods, and are highly sensitive function of oscillation period, but
the projected speeds and the damping qualities are not very sensitive to the oscillation periods.

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

I. INTRODUCTION

The observational results of satellites such as Yohkoh,
Solar and Heliospheric Observatory (SoHO), Transition
Region And Coronal Explorer (TRACE), Hinode, and
SDO indicate that there are now clear examples of low-
amplitude quasi-periodic intensity oscillations with long-
oscillation periods in different coronal structures (see,
e.g., Ofman et al. [13], [14]; DeForest and Gurman [3]; De
Moortel et al. [6]; Wang et al. [19]). These low-amplitude
intensity oscillations may be caused by propagating or
standing slow magneto-acoustic waves. Propagating in-
tensity oscillations in coronal holes high above the limb
were first observed by Ofman et al. [13]. Deforest and
Gurman [3] observed similar propagating intensity oscil-
lations (compressive waves trains) in the plumes. Ofman
et al. [14] suggested that these propagating oscillations
may be caused by magneto-acoustic wave due to their
propagating speeds that are close to the sound speed
in the corona. Also, intensity oscillations with large
Doppler-shift velocities and strong oscillatory damping
detected in hot coronal loops. These oscillations were
interpreted as signatures of longitudinal slow magneto-
acoustic mode excited impulsively in the corona loops.
They had periods from about 7 to 31 minutes and decay
times in the range of 6-37 minutes (see, e.g., Wang et
al. [20]; Erdélyi et al. [7]). There have been many the-
oretical studies examining the standing and propagating
longitudinal slow magneto-acoustic waves in coronal loop
structures. Theoretical studies investigating the damp-
ing of the slow waves have concentrated on the effects of
thermal conduction, compressive viscosity, optically thin

radiation, gravitational stratification and magnetic field
divergence. In general, thermal conduction is found to be
the dominant mechanism for dissipation of slow waves in
the corona (see, e.g., Ofman et al. [15]; De Moortel and
Hood [4], [5]; Verwichte et al. [18]; Abedini and Safari,
[1]; Abedini et al. [2]). The idea of coronal seismology
was first suggested by Uchida [17]. Then, this idea has
been both widely and successfully employed to determine
coronal properties and MHD waves. For example, Marsh
and Walsh [11] presented the three-dimensional observa-
tions of coronal slow magneto-acoustic wave propagation.
The magnitude of 132 + 9 and 132 11 km s~ ! was found
for coronal longitudinal slow mode speed with STEREQO
A and STEREO B observation. Marsh et al. [12] de-
termined the density profile of the loop system using
Hinode observations and measured the three-dimensional
amplitude decay length of the slow wave. The magnitude
of the three-dimensional decay length of slow wave was
found 20 and 27 Mm for STEREO A and STEREO B ob-
servation, respectively. Recently, Krishna Prasad et al.
[10] studied both theoretically and observationally the
quantitative dependence of projected damping length of
the magneto-acoustic wave on its frequency. They found
that damping length on loop structures over a sunspot
and an on-disk plume like structure increases with os-
cillation period. The plume and interplume structures
at the south pole damping length decrease with oscilla-
tion period. Although damping of slow waves has been
studied extensively in different coronal structures, but,
studies on the periodicity dependence of their damping
are relatively limited. In this paper, a new method is
applied to investigate the nature of longitudinal inten-
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sity fluctuation in active-region coronal loop structures
observed with AIA/SDO. The averages and ranges of
both the apparent and real physical parameters of longi-
tudinal intensity fluctuation for six different paths along
the corona loops such as projected damping length, pro-
jected phase speed, oscillation periods, damping time and
damping quality has been extracted in 171A and 193A
passbands. Moreover, both theoretically and observa-
tionally the quantitative dependence of damping of the
intensity fluctuation on its frequency is studied.

II. OBSERVATIONS

The observations of interest for this study are based
upon ATA/SDOQO data. The ATA data consist of high ca-
dence (12 s) images of the solar corona in 10 UV and EUV
wavelengths. The images must be cleaned and calibrated
using a number of reduction procedures before the data
can be analyzed. The data used here is at level of 1.5. On
the other hand, flat-fielding, co-aligned, filter, vignette,
and bad pixel/cosmic-ray corrections have already been
applied on the data. Furthermore, the images have been
rescaled to a standard 0.6” plate scale, and have been
rotated so that solar north is up in the image. In order
to obtain the physical properties of longitudinal inten-
sity fluctuation in the large active -region loops, we need
an active region loop system which supports slow-mode
wave propagation. The data under analysis here is taken
on 12 February 2012, from 18:30 UT until 20:30 UT and
it consists of a series of 800 x 460 pixel, Sun-centered,
subfield images on the 171A (Fe IX) and 193A (Fe XIV)
passbands with a time-distance 24 s. All of coronal loop
structures observed are situated above an interesting ac-
tive region; this region is numbered AR11416 (12 Febru-
ary 2012). Figure 1 shows an image of AR 11416 at 18:30
UT on which we are concentrating in this paper. The two
different loop segments in Fig. 1 show the paths we will
be looking at in detail for analysis.

III. DATA ANALYSIS

In order to investigate the oscillatory nature of the in-
tensity propagations along the coronal loop system, the
marked regions along the path of the loops are joined by
successive macropixels, 3x3 pixels wide along the loop
strands. The intensity of each macropixel along the loop
system is integrated and divided into the number of pix-
els at each macropixel. A quasi-static background must
be removed from original intensity for enhancing the con-
trast of intensity variation. Following Yuan and Nakari-
akov [21] a background intensity of the form

AIA/SDO 171 channel 12-Feb-2012 18:30:00 UT

=120

Solar-Y(arcsec)

-180

440
Solar-X (arcsec)

FIG. 1. A snapshot of the active region (AR11416), ob-
served by AIA/SDO in 171A on 2012-Feb-12, 18:30 UT. Lo-
cations of the selected coronal loop paths that are situated
above this active region, are also marked. These paths also
are subdivided by successive macropixels with 3x3 pixels wide
along the paths.

a)Loop 1- ATA/SDO 171 channel Wsbitrasy wita)
op
50

B

o A el ol 20
0 20 40 60 80 100 120
Timo (min)

c)loop 1- AIA/SDO 171 chamnel (Aebitzary
50

nﬂ 20 40 60 80 ;Oﬂ 120 nﬂ 6 40 5’0 .‘ 100‘ ;
Time (min) Time (min)
FIG. 2. Time-distance maps of loop 1 for original intensity
(top row), and for background-subtracted intensity (bottom
row) are shown in 171 (a) and c) panels) and 193 (b) and d)
panels) channels of ATA.

is subtracted from time series of intensities, where N is
the number of time frames, t,, represent the time frame
index of the image series (n = 1, ¢; = 0 corresponds to
the first image, n = 2, to = 24s corresponds to the second
image, ...) and s determines the location of macropix-
els along the indicated paths in Fig. 1 (starting at first
sector). An appropriate background constructed from
the 100 time frames (48 min) running average in time
is subtracted from the original intensities, because a suf-
ficient enhanced time-distance maps is found by setting
the N = 100. It is worth noting that the periods greater
than 48 minutes will be suppressed from power spectra
of intensities time series by choosing N = 100. For ex-
ample, time-distance maps of intensity along the loop 1
for 171A and 193 A before (top panels a) and b)) and af-
ter (bottom panels ¢) and d)) removal of the background
intensity are shown in Fig. 2. Intensity as a function of
time at each macropixels of two different loop segments
which are shown in Fig. 1 is calculated. Also, variation

+N/2-1 of background-subtracted intensities with time at the 5th
Ip(s,tn) = Z I(s,tnen)/N, (1) macropixel along the loop 1 are shown in the top row pan-
h=—N/2 els (a) and b)) of Fig. 3 and, their period-distance maps
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FIG. 3. The variation of background-subtracted intensities
with time at the 5th macropixel along the loop 1 are shown
in the top row panels (a) and b)) and, their Period-distance
maps densities in the bottom row(c) and d))

in the bottom row(c) and d)). The Fourier power spec-
tra and period-distance maps of background-subtracted
intensity reveal periods in the range of P = 8-40 minutes
(Fig. 3, middle and bottom row panels). The period-
distance maps of intensities show that significance levels
(> 0.5) are in the P = 12 — 35(min) oscillation periods
range. Furthermore, the spectral power densities factor
of intensities are dominated at some periods between 12
min and 35 min.

IV. THE METHOD OF THE PHYSICAL
PARAMETERS CALCULATION

Here, the physical parameters of propagating distur-
bances that are important tools for MHD coronal seis-
mology are extracted with a new method. So, the
Fourier components of the intensity time series at each
macropixel along the loop structure are multiplied with
a Gaussian function of the form

a 7Zalexp

where Ny is the number of the Fourier components, a;
one of the Fourier components, a; one of the interest-

l_y])]

; (2)

ing dominant component, o standard deviation and a,IL-
transformed coefficients, respectively (subscript index i
and j represent the rank of the harmonics). Also, v;
and v; represent the frequency of the ith and jth har-
monics. In the Fourier transformation, the component
proportional to the dominant oscillation period is se-
lected by using a Gaussian filter with standard devia-
tion ¢ ~ (¥i+1 — ¥i—1)/2 to enhance time-distance maps.
For example, Fig. 4 shows the time-distance maps of
the loop 1 in 171 A (left panels) and 193A (right pan-
els) with the Gaussian filter centered on the dominant
oscillation periods of intensity. The time-distance maps
of filtered intensities clearly show evidence that acoustic
waves propagate upwardly into the coronal loop 1. In the
next subsections, the physical parameters of propagating
disturbances (slow waves) such as phase speed, damping

length, damping time and damping quality are extracted
by analyzing the time series of filtered intensities and
their enhanced time-distance maps. Furthermore, the
results are compared with the previous studies.

A. The measurement of the projected phase speed

During the last years several methods are used to de-
termine the speed of a propagating disturbances. Here,
the time-distance maps of filtered intensities that have
periodic features, are used to estimate projected phase
speeds of propagating disturbances. For example, Fig.
4 shows the time-distance of the loop 1 in 171 A (left
panels) and 193A (right panels) with the Gaussian filter
centered on the dominant oscillation periods of intensity.
The points that have a maximum upward displacement
are indicated with red color star signs. The solid blue
lines represent a linear function that are fitted to the
red star signs, and the gradient of solid lines are used to
estimate average projected speeds of propagating distur-
bances for some particular oscillation periods, also the
derived speed for a particular period have been written
in the respective panels of Fig. 4. It can be seen that os-
cillation at a particular period propagates with an almost
constant speed along the loop 1 in both passbands. The
averages and ranges of observed speeds along the two dif-
ferent paths are compiled in Table I. The averages and
ranges of observed speeds comfortably overlap with previ-
ous finding by other authors who analyzed similar obser-
vations of propagating fluctuations (see, e.g., [11]; Kid-
die et al. [9]; Yuan et al. [21]; Threlfall et al. [16]). This
method has several advantages. (1) The time-distance
maps of filtered intensities clearly show evidence that
acoustic waves propagate upwardly into coronal loops
(see Fig.4). (2) To distinguish the points with maximum
displacement (or points with similar displacement) from
these maps is very much easier than the time-distance
maps of unfiltered intensities, then this method can pro-
duce reliable results. (3) Furthermore, this method re-
veals how the magnitude of physical parameters vary de-
pending on the oscillation periods.

B. The measurement of damping of slow waves and
the dependence of damping value on its frequency

Damping of MHD waves have been studied extensively
in coronal structures both theoretically and observation-
ally since their first detection. However, studies on the
dependence of damping value on its frequency are lim-
ited. Fourier power spectral densities of background-
subtracted intensities show that Fourier components of
the intensity time series at each macropixel along the two
different paths are only significant at some specified pe-
riod in the range of P = 10 — 35 minutes. For example,
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FIG. 4. Quasi-periodic longitudinal features along the
loopl in 171 (left panels) and 193 (right panels) channels of
ATA. The location of the points that have a maximum upward
displacement are indicated with red color * signs. The solid
blue lines represent a linear function that are fitted to the red
star signs, and the gradient of the solid lines in each panel
are used to estimate average projected speed along loop 1 at
a particular period.

the period-distance maps constructed for loop 1 in the
171 (bottom left panel) and 193 A (bottom right panel),
are shown in the Fig. 3. To estimate the damping length
of MHD waves and the dependence of damping length on
its frequency, the amplitude at a particular period in the
range of P = 12 — 35 minutes is measured by taking the
square root of its power component. The amplitude de-
cay of filtered intensities at a certain period as function
of distance along the two paths of Fig. 1 is fitted with
an exponential function of the form

A(s) = Apexp(—vyas) + Cy, (3)
where, 74 is the damping length coefficient, Ay and Cj
appropriate constant. The projected damping length
(La = 1/7a) of filtered intensity is calculated by Mat-
lab Statistics Toolbox Curve Fitting and Distribu-
tion Fitting. Figure 5 shows a typical example of
the amplitude decay of oscillations as a function of
distance along loop 1 (blue star signs) with P =
28.43, 27.03, 20.14, 20.34, 13.14 and 13.42 min that an
exponential function is fitted to the data (red lines) in
both passbands (171 and 193 A). The fitting parameters
are written in the top of panels. Also, in order to com-
pare the dependence of damping length on its periodicity
in Fig. 5, the amplitude at each period is normalized to
the amplitude of a segment along the path that oscillate
with maximum amplitude. Amplitude decay lengths of
oscillation as a function of period are shown for two dif-
ferent paths in Fig. 6. These results indicate that the
projected damping lengths are in the range of 23 Mm to
68 Mm for periods in the rage between 12 and 35 min.
The observed physical parameters such as oscillation pe-
riod P, phase speed C;, damping length (Lq), damping
time (7q = Lq,est/Cs) and damping quality (74/P), for
filtered oscillation part of intensity at a sequence of 300
images with 24 s time intervals are listed in Tablel for two
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FIG. 5. Typical examples of the

normalized amplitude decay profiles A(s)/Amaz for loop 1
at P = 28.43, 27.03, 20.14, 20.34, 13.14 and 13.42 min are
shown as function of the projected distance. The data is fitted
by an exponential function, A(s)/Amez = agexp(—yas) + co
(red lines), and fit parameters are written in the top of the
panels. Top and bottom panels correspond to the data from
171 and 193 channels respectively.
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FIG. 6. Variation of observed damping lengths Ly with pe-
riod in 171 (left panels) and 193 (right panels) channels of
ATA for 2 loop segments marked in the panel of Fig. 1.

B (min)

different loop segments. The results of data analysis in-
dicate that magnitude of phase speed and damping time
along the two different loop segments are in the range
of 38 — 79 km s™! and 74 =~ 7 — 21 min, respectively.
The magnitudes of damping quality for dominant oscil-
lation periods in the two loop segments are in the range
of 7q/P ~ 0.35 — 0.77 which clearly show that damping
regime is strong for dominant oscillation periods.

V. THEORETICAL CONSIDERATIONS

Theoretical studies investigating the damping of the
slow wave have concentrated on the effects of thermal
conduction, compressive viscosity, optically thin radia-
tion, gravitational stratification and magnetic field di-
vergence. Here, the coronal loops are considered a ho-
mogeneous plasma medium in the presence of thermal
conduction, compressive viscosity and optically thin ra-
diation dissipation mechanism with constant equilibrium
values pg, To, po and no flow (vg = 0), also with a
uniform background magnetic field along the loops. As-
suming all disturbances in terms of Fourier components
for frequency (w) and wave number (k) in z-direction,
expi(kz — wt), combining linearized MHD equations in
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TABLE 1. Averages and ranges of physical parameters,
such as periodicity, projected damping length, projected prop-
agation speeds, damping time (74 = La/Cs.av), and damping
quality (damping time per period, 74/P) of 2 paths along the
coronal loops observed with ATA/SDO 171 and 193 A pass-
bands.

Loop 1 ‘

Band(A) P (min) Cs(km sfl) Lq(Mm) | 7q(min) | 74 /P
.min| .max| .av

28.43/39.88|44.95|42.30 41.55| 16.37| 0.58

171 20.14|54.97(64.51|58.52 33.31 9.48| 0.47

13.47|45.18(47.72|46.55 23.45 8.40| 0.62

27.03|38.48|44.99|41.25 43.65| 17.63| 0.65

193 20.34(47.10|49.65|47.51 36.72| 12.88] 0.63

13.42|55.55(61.69 | 58.40 26.34 7.52| 0.52

Loop 2 ‘

25.56|39.88(44.95]42.30 35.08| 13.82| 0.49

171 20.54|48.14(53.86|50.40 32.16/ 10.63| 0.53

15.73|46.47|50.51 | 48.60 27.14 9.31| 0.69

25.6138.48(39.9939.36 39.12| 16.56] 0.61

193 20.52|48.24(31.25|49.28 31.32 10.60| 0.52

15.63|45.92(50.9148.11 23.54 8.15| 0.56

the presence of thermal conduction (E, = 6%(];” ag; 2)),

compressive viscosity (E, = %ng(g—"z’)z) and optically thin
radiation (E, = ynZT¢®) leads to the following disper-
sion relation:

iAk* +iBE* +iC = 0, (4)
47’[0T0 T(]
A=—(y—-1Dky[= w+ —],
t ) H[3 PoPo .00]
T 4
Po 3 po Po
4o poTo”
+ xliw-a— —a+2)——|,
(iwgar =
ZTH )
€ = w2lax(y - )20 — ],
m-po

Here, v = 5/3, m = 0.6my, ny = 1()_17T65/2kgm_1s_17
k= IO*HT(S)/2 WmK~! are taken and y and o are
temperature dependent [8]. Furthermore, the w is as-
sumed to be real and the wave number is imaginary
(k = k, + ik;). The measured propagation speed of
the intensity disturbances is a projected component of
sound speed which is perpendicular to the LOS (line-
of-sight). By analyzing the filtered intensity with par-
ticular periods in the range of (8 — 40 min), the aver-
age value of projected sound speed along the selected
paths was found in the range of 38 — 79 km s~!. So, it
can be concluded that average value of real sound speed
is greater than 38 km s~!. The temperature associated
with Cy = 38 km s~ ! is found 0.1 MK by using the the-

=2
oretical relation Ty = :ﬁ; , and by inserting the Boltz-

mann constant kg = 1.38 x 10723 JK~!. In a propagat-
ing wave with a specific oscillation period P that has a

TABLE II. Ranges of physical parameters such as es-
timated damping length, damping time, damping quality
and electron number density within the acceptable regions
( 27/(k.Cs) = 10, ...,30 and 35 min) are calculated at domi-
nant oscillation periods for different values of temperature.

To(MK) [P (min) X 0,1 # 0,k #0 |
log(ne/no) | La,est (Mm) | 7a est (min) | 7a,est /P

Range Range Range| Range

10 3-5.6 >19 >8.5] >0.72

15 3-5.4 > 48 >20.5| > 1.16

0.1 20 3-5.1 > 80 > 35| >149
25 3-5 > 134 >54.5) > 1.85

30 3-4.95 > 180 > 78| >2.22

35 3-4.85 > 230 > 97| >2.36

10 3.4-76 > 36 >6| >0.58

15 3.4-74 > 58 >89 >0.59

0.5 20 3.4-7 > 76 >12] > 0.6
25 3.4-6.8 > 150 > 245 >0093

30 3.4-6.6 > 221 >36| >1.14

35 3.4-6.4 > 332 > 54| > 147

10 4.6-8 > 50 > 5.54| >0.53

15 4.5-7.8 > 80 > 8.86| > 0.57

1 20 4.4-75 > 130 >14.4| >0.69
25 4.3-7.3 > 210 >23.25| >0.89

30 4.25-7.1 >320| >35.43| >1.13

35 4.2-6.95 >380| >42.08] >1.15

10 5-8 > 71 >5.54| >0.53

15 4.8-8 > 112 > 8.74| > 0.56

2 20 4.4-8 > 180 > 14| > 0.67
25 4.8-8 > 350 > 27.3 >1

30 4.8-8 >440| > 34.32 >1

35 4.8-7.8 > 532 >41.5| > 1.14

damping length Ly, it is expected to have P = 27 /(k,Cs),
and Lq = 1/k;. In order to estimate damping length, the
wave number of propagation wave associated with oscil-
lation period (5 — 40min) at different values of tempera-
ture (Top = 0.1, 0.5, 1 and 2 MK) is calculated based on
numerical solutions of dispersion relation (4). These re-
sults reveal that treatment of estimated damping due to
the presence of dissipation mechanism is complex and its
value depends not only on the oscillation period but also
on the electron number density and temperature. More-
over, the results based on numerical solutions of disper-
sion relation illustrate that, although the damping length
and damping time can be increased with increasing the
oscillation periods, the dependence on periodicity and
value of these quantities strongly depend on the temper-
ature and the electron number density.

VI. DISCUSSION AND CONCLUSIONS

The aim of this paper is to study the physical pa-
rameters of longitudinal intensity variations in the large
active-region loop systems by AIA/SDO. So, 300 high
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cadence images of loop systems with an interval of 24
seconds in the 171A and 193 A are analyzed. The some
results of analysis in the 171 A and 193 A passbands
are listed in Table I for different loop segments. These
observed results show that:

e The average values of projected speeds for domi-
nant oscillation periods of two different loop seg-
ments are in the range of 38 — 79 km s~!.

e The average values of damping lengths and damp-
ing times are in the range of 23 — 68 Mm and
7 — 21 min, respectively. Also, its values are sen-
sitive to the oscillation period and increase with
increasing Ty and P.

e The magnitude value of damping qualities are ob-
tained in the range of < 1 for filtered intensity
which correspond to strong damping regime.

Also, the magnitudes of estimated damping lengths
and other physical parameters in the acceptable range
(2m/(Cek,) =~ 5,10, ...,30, and 35 min) are listed in Ta-
ble II. These results show that:

e In the presence of three dissipation mechanisms
together damping lengths and damping times in-
crease with increasing temperature and oscillation
period but damping qualities decrease with increas-
ing temperature (see Table 1)

e These theoretical results reveal that treatment of
estimated damping due to the presence of all three
dissipation mechanisms is complex and its value de-
pends not only on the oscillation period but also on
the electron number density and temperature.

The magnitudes of observed damping times and damping
qualities are independent of the LOS. comparing the ob-
served damping times and dependence of damping times
on their periods with the theoretically predicted values,
it can be seen at low periods (P < 15 min), the damping
times and the dependence of damping times on their pe-
riods of propagating slow magneto-acoustic waves in the
gravitationally stratified loops that are situated above ac-
tive regions may be explained by considering three dissi-
pation mechanisms in an especial range of electron num-
ber density (n, ~ 107 — 10'2 em~—3) but at high peri-
ods the other dissipation mechanism must be considered.
Also, Tt can be concluded that the behavior of propagat-
ing slow magneto-acoustic waves along the corona loops,
in addition to the dispersion mechanism, can depend on
the other quantities such as temperature, electron num-
ber density, and so on.
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ABSTRACT

We present results on the galaxy cluster surrounding the high-excitation radio galaxy (HERG) 3C6.1 at z=0.84. We combine new
photometry in the far-infrared (FIR, 70-160 ym) from the Herschel Space Observatory with mid-infrared (MIR) photometry from
the Wide-Field Infrared Survey Explorer (WISE) and optical-near-infrared data fromm (2007) and the Guide Star Catalo g
(GSC). By fitting suitable galaxy templates to the spectral energy distributions (SEDs) we identified 68 cluster members with matching
photometric redshifts (0.735 < z < 0.945). The SED templates also allow us to distinguish between 35 early-type and 33 late-type
galaxies. A ratio of early-/late-type galaxies of ~ 1 is typical for spiral-rich clusters of an irregular shape like Virgo. The density
of early-type galaxies peaks towards 3C 6.1, the cluster center, while the projected radial distribution of spiral galaxies peaks at
30 — 40" off the center. Two FIR-luminous sources seen with Herschel were matched with cluster members. One shows a moderate
star formation (Lpgr/Ls,e = 2) while the other was identified with a dust-enshrouded starburst galaxy of an Arp220 type with

Lk [ Lsiar = 60.

Key words. galaxies: cluster, galaxies: active, infrared: galaxies , radio continuum: galaxies

1. Introduction

A key question of modern cosmology is the formation of struc-
ture in the universe — galaxies and galaxy clusters. Current mod-
els trace the growth of structure from tiny fluctuations in the
cosmic microwave background to the complex and detailed web
of galaxies in the local universe. Testing these models requires
knowledge of the amount of clustering at different redshifts with
detailed information of galaxy populations and evolutionary pro-
cesses like star formation.

According to the hierarchical model of cluster assembly,
massive clusters and massive individual galaxies should form
at peaks of dark matter density. Luminous radio sources occur
in massive galaxies (> 10" Mo, Westhues et all (2016)) and thus
should be surrounded by clusters or proto-clusters. In addition,
the bright radio lobes indicate the presence of a pronounced in-
tergalactic medium they interact with and which could indicate
also the presence of intracluster gas.

At high redshift (z > 1) a growing number of galaxy
clusters (or not-yet virialized proto-clusters) has been detected.
Thereby an efficient technique is to examine the environment
of massive radio galaxy hosts (Miley & De Breuck 2008). Ap-
plying photometric redshifts or efficient color selection tech-
niques to Spitzer Space Telescope data, over-densities of both
early- and late-type candidate cluster galaxies around radio

hosts have been found (e.g. [Haas et all (2009); |Galametz et al
(2012): Wylczalck et al] (2013), Haichctall (014)). Yer, de-
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spite numerous searches with the Herschel Space Observatory,
at high-z little is known about FIR luminous cluster members
(Seymour et all 2012; [Ivison et all 2012; Valtchanov et all 2013;
Rigby et al!2014; Dannerbauer et al!2014).

At low redshift (z < 0.5) various studies revealed a clear
segregation of early- and late-type cluster members, early-type
members concentrating towards the cluster center, while late-
type members being preferentially located towards the cluster
periphery (Dressler [1980; [Dressler et all [1997). FIR studies of

the Virgo cluster reveal also emission from dust-enshrouded

star formation in late-type cluster members m- )2l;
2014).

At intermediate redshift (0.5 < z < 1), cluster studies are still
mainly based on photometric techniques, e.g. aiming to iden-
tify the red sequence cluster members (Gladders & Yee (2003)
and references therein). Studies combining photometric redshifts
with inspecting the galaxy morphology on high-resolution HST
images found again a spatial segregation of early- and late-type
cluster candidates, being concentrated and extended, respec-
tively (e.g. IStanford etal! (1998); ivan Dokkum et all (2001)).
Yet, at 0.5 < z < 1 the FIR properties of star-forming cluster
members are essentially unknown.

Here we perform a pilot study of the cluster around the

owerful FRII radio galaxy 3C6.1 at z = 0.84.

) have published a catalog of optical and NIR photome-
try of sources in a ~ 2’ field around 3C 6.1, without any further
analysis like search for cluster members. In the course of our
FIR investigation of the 3C radio sources at z < 1, we have
mapped 3C 6.1 with Herschel (2'x8") at rest-frame FIR wave-
lengths (Westhues et all2016). This unique data base should al-
low us to identify candidate cluster galaxies around 3C6.1 via
photometric redshifts using a library of galaxy templates, to ex-
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plore both the spatial segregation of early- and late-type cluster
candidates and to reveal simultaneously the FIR-bright sources
with luminous dust-enshrouded star formation.

We adopt a standard ACDM cosmolo (H, =
73kms ' Mpc™!, Qp = 073, and Q,, = 0.27.gm

2007).

2. Data

Routines were developed in the Interactive Data Language (IDL)
using the IDL Astronomy Library to download
catalogued data automatically from various sources.

2.1. Optical — NIR photometry

Catalogued data from high resolution maps by [Stanford et all
M) in Re,Ie,J and K filters are available and were
downloaded from Vizier (J/ApJS/142/153/hjir-k) with the IDL
query_vizier routine. The catalogue contains 159 sources. Com-
parison with WISE images revealed that the Stanford coordi-
nates are rotated by ~ 210" around the central source 3C6.1,
which lead to a clear offset for sources apart from the center. We
derotated the positions used by Stanford to minimize the offset
between Stanford and WISE catalogues (see Fig [[H2).

We queried the GSC M) in B, V.R and [ fil-
ters from Vizier (I/305/out) with the IDL guery_vizier routine at
the corrected Stanford positions within a radius at half distance
to the next neighbour.

2.2. MIR — photometry

We queried the wise_allwise_p3as_psd data release from the
Wide-field Infrared Survey Explorer (WISE, Wright et all2010)
with the IDL query_irsa_cat routine around the corrected po-
sitions of the 159 Stanford sources. The allwise query delivers
point source photometry in the 4 WISE bands (W1/W2/W3/W4
at 3.4/4.6/12/22 pym) and also the point source photometry from
the 2MASS catalogue for J, H and K filters at 1.235, 1.662 and
2.159 pm.

2.3. FIR — photometry

The FIR data from the Herschel Space Observatory
were downloaded from the Herschel
Science Archive (HSA) within the framework of the Herschel
Interactive Processing Environment (HIPE version 11.1.0,
m). 3C6.1 was observed with the Photoconducter Array
Camera and Spectrometer (PACS) m M).
Photometry on the 3C 6.1 maps in the blue, green and red PACS
bands at 70, 100 and 160 ym was performed as described by
(2016). The photometry and coordinates of two
30~ detections in the FIR and 3C 6.1 itself are given in Table [1}
maps are shown in Fig. [

3. Photometric redshifts

We used the source list by [Stanford et all 2002) as master list
and complemented the SEDs with the GSC, WISE and PACS
to exclude fore- and background sources. We ensured unique
matching. We used the EAZY software bym )
to determine photometric redshifts for each SED (see Fig.[T) by

fitting the BRO7 templates by [Blanton & Roweis based
on m m, stellar population models. The

templates are used to separate two types corresponding a mor-
phological classification. Early-type galaxies show a SED simi-
lar BRO7 template number 1 or 4 (average age T of stellar pop-
ulation and metallicity Z in Template number 1: 7, = 1.76 -
10° yr, Z; = 0.05, in number 4: T, = 7.63 - 10° yr, Zy = 0.02).
Late-type galaxies show bluer SED like BRO7 template number
3 or 5 (template number 3: T3 = 1.19:10° yr, Z3 = 0.02, template
number 5: Ts = 4.8 - 10° yr, Zs = 0.006). Table [T]show derived
Zphoto With y? for best fitting template.

4. Results and discussion
4.1. Projected radial distribution of galaxies in the cluster

We identified 68 cluster members within a photometric redshift
range of 0.735 < z < 0.945 matching the know spectroscopic
redshift for 3C6.1 of z = 0.84 m [1979), thereof 35
matching an early-type and 33 a late-type SED template. We
have determined the density distribution by inverting the area
of Voronoi cells around each cluster membenﬂ and interpolated
to a regular distance grid. In Fig [3] the distribution of all clus-
ter members shows that 3C 6.1 is the central cluster source. The
density falls continuously from ~ 32 arcmin? reaching a frac-
tion of L at a distance from the center of ~ 50”. With a scale
of 7.435kpc/” (Wrighi[2006) we determine the cluster e-folding
diameter to = (.74 M pc. The cluster extent may be larger, but
future larger maps are required to check that.

Separating the distributions by the galaxy classes reveals
that the distribution of 35 early-type galaxies is concentrated
at the cluster center. The projected average density distribution
S can be modeled by a bounded Emden isothermal profile

with the core radius Rc = 12” & 90 kpc and
SE’; =25 arcmin™® 2 125 Mpc™2.

S4(r) = SO (1+(r/R)")”

The central number density of galaxies is n?; =S g/(ZRC) ]
700 Mpc3. The central number density noc, core radius R¢ and
the power law index of the 3C6.1 cluster are in line with the
known properties of rich compact cluster as seen by
).

The density of the 33 late-type galaxies at the center is only
a fifth of the density of early-type galaxies and rising with dis-
tance by ~ 50% to it’s maximum at 30 — 40" off the center.
Further outwards the density declines again similar the density
of early-types. A early-type/late-type-ratio of 1 is typical for ir-
regular spiral rich clusters like Virgo ). We find a
concentration of early-types in the cluster center and late-types

in the cluster periphery which was also seen in other clusters e.g.
by fan Dokkum et al (2001).

4.2. FIR-luminous sources

Three sources are discernible from the PACS maps but the flux
of 3C6.1 (matched with Stanford-ID 14) falls below a 30 de-
tection limit. The two remaining sources are well detected in all
three PACS bands and named after their position 3C 6.1_east and
3C6.1_west. The matching with optical-NIR-MIR catalogs and
the determined photometric redshifts strongly favor that the FIR
flux is associated with cluster members.

The position of 3C 6.1_west matches best with the position
of Stanford-ID 11. Within 6”, the size of the WISE and PACS

! lhttp://astro.u-strasbg.fr/~morgan/id11ibs/
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Fig. 1. left: PACS 70um map of 3C 6.1, right: WISE map in W1 filter, green ”x” mark corrected Stanford positions, large green circles (radius
6") mark PACS sources, small red and yellow circles (radius 1”) with Stanford-ID mark cluster members with early-type template SEDs (yellow:
BRO7 template number 1, red: template number 4), small blue and cyan circles mark cluster members with late-type template SEDs (blue: template
number 3, cyan: template number 5). PACS and WISE sources may be matched with more than one Stanford sources.
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Fig. 2. K-band map of 3C 6.1 from [Stanford et all (2002) labeling as Fig. [Tl (manually added WCS coordinates).
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Table 1. Sources on the 3C 6.1 PACS maps, values for 3C 6.1 taken from Westhues et all M)

Name Ra[J2000] Dec [J2000] Fqo [mly] Fioo [mJy] Figo [mly]

3C6.1 001631.1 7916 50.0
3C6.1_east 001637.0 791704.2
3C6.1_west 001610.7 791710.8

<14 <15 <30
32+5 111+£5 85+ 10
28+5 77+5 59+ 10

beams, a second cluster member, Stanford-ID 7, is located. The
SED of Stanford-ID 11 is best fitted with the BRO7 template
number 3 for the host and a modified blackbody (8 = 2,T =
45 K) for the FIR (see Fig.H). We find a ratio of (Lpr /Lsr ~ 2)
which can be interpreted as pronounced star formation in a large
spiral galaxy (a local analog could be NGC 6946). The SED of
Stanford-ID 7 is best fitted with the BRO7 template number 5
which indicates a very young stellar population. The flux seen
by the WISE telescope matches best with this source. The SED
shape in the UV-optical and mid-infrared (MIR) emission could
indicate the presence of an AGN. Due to the beam sizes and
close distance of source 7 and 11 a confusion within the PACS
and WISE beams is very likely. In the vicinity (< 12”) three
more cluster members can be found, two of them also of a late-
type. The density plot of late-type galaxies in Fig. 3] shows an
enhancement of late-type galaxies at the position of 3C 6.1_west.
The interaction of this sub-group may trigger the star formation
and explain the FIR flux seen by Herschel.

The position of 3C 6.1_east matches best with the position
of Stanford-ID 86. Within 6” we find 3 other sources. Far in
the north one foreground sources (ID 13). Also in the north but
closer in spatial distance and redshift (zppoo = 0.61) we find
the source with Stanford-ID 140. In the south one source (ID
116) with zpyoe = 1.07 is also located within 6”. The SED of
Stanford-ID 86 is best fitted with the BRO7 template number
4 for the host and a modified blackbody (8 = 2,7 = 45 K)
for the FIR (see Fig. d). We find a ratio of Lgr/Lios ~ 60
for 3C6.1_east which can be explained by a dust-enshrouded
starburst galaxy like Arp220 ) which is over-
plotted as additional template. 3C 6.1_east and Stanford-ID 140
may be an interacting galaxy pair or an interacting group with
Stanford-ID 116 if a greater photometric redshift range would
be applied. That can only be clarified by spectroscopic redshifts.
Also another close cluster member, Stanford-ID 139, could be-
long to this group.

5. Summary and conclusions

We discovered the galaxy cluster associated with the powerful
radio galaxy 3C6.1 at redshift z = 0.84 by fitting template SEDs
to the photometric data available. We have shown that cluster
members and galaxy types can be determined only with SED fit-
ting techniques. Our results on spatial segregation of early- and

late-t alaxies in the cluster are in line with findings by e.g.,
(1993, [1997, [1998); ml )

who used a morphological classification on high-resolution Hub-
ble Space Telescope (HST) data.

In Fig. Blthe color-magnitude-diagram shows that all early-
type cluster members show a common color regardless of their
luminosity. The color range of 5 < R — K < 6 matches the
known colors of red-sequence galaxies at a similar redshift like
M 1054.5 or GHO 1603+4313 from [Stanford et al] (1993). The

common color of all early-type members in a cluster is explained
by all of them being formed at the same epoch and further equal
passive development. Additionally we find a common but bluer
color (3 £ R — K < 4) for the late-type galaxies in the 3C6.1-
cluster which could be interpreted as a second burst of galaxy
formation or different evolution of galaxies in the cluster periph-
ery which seems to be more likely.

Fromm ) it is known for local clus-
ters that star formation increases with distance from the cluster
core which is mostly quiescent. From high-redshift radio galax-
ies (HzRG, (@ﬁ )) is known that proto-clusters
around radio galaxies are not necessarily bright in the FIR and
therefore star bursting. At intermediate redshifts little is yet
known e.g..m% ) found a cluster at z = 0.35 with
five additional sources detected in the FIR with Herschel. For the
3C6.1-cluster we revealed that the two FIR detections are asso-
ciated with cluster members, which lie outward the cluster core.
For the western source a detailed analysis showed that the high
FIR fluxes is caused by a close maybe interacting pair embed-
ded in an over-density of late-type galaxies. The eastern source
shows a SED similar a dust-enshrouded starburst galaxy. The
analysis of the environment could not reveal a direct influence
of an interacting neighbor but future spectroscopic redshifts are
needed to clarify the origin of this FIR-bright source.
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Table .1. Photometric redshifts for all Stanford sources with chi-square value and best-fitting template number  “Fable ,1. continued.

Table 1.
o : : Wz Template #
1d -z X Template # oo X cmpi M Zwwe  x*  Template#
1 0001 35-10° 1 55 0783 22.10' 3 §
2 0001 28.10° 3 56 0874 80-10' 3 109 0837 74-107 4
300021 17-107 4 571029 1.2-10° 4 110 1.090 3
40021 51100 1 58 0989 14-10° 3 111 0.765 4
50001 24-10° 3 5o 1070 22-10 4 112 0989 4
6 0001 1.5-10° 4 60 0801  1.5-10' 4 13 1.264 3
70765 19-10° 5 6l 0874 39-10' 4 114 0989 3
3 0117 22-10° 5 62 0819 2.1-10' 4 115 0874 3
9 0001 18-10° 4 63 0748 3.0-10° 3 116 1.070 3
10 0001 15-10° 4 64 1029 2.0-10' 4 117 03874 3
11 0874 1810 3 65 0911  L1-102 3 18 0730 4
120063 17-10% 5 66 0911 50-10' 3 19 0.855 4
130001 17-10° 4 67 0614  64-10' 5 120 0.696 4
14 0930 3.8-10° 4 68 0.855 4.0 lU: 4 121 0.969 3
15 0001 13-10° 4 69 0.874 3.1 10° 4 122 1111 3
16 0.084 353.10° 1 700989 58100 4 123 0.874 3
170001 38-10% 1 707836310 3 124 0.765 3
18 0713 6810 4 72 0855 48100 4 125 0713 4
19 0001 19-10° 4 730892 4l.10 4 126 0892 3
20 0021 15-10° 4 M 0819 19-10 4 127 0.713 4
20117 53107 1 0765 22100 3 128 1132 4
22 0084 19-10° 5 76 0819 5710 4 129 0765 |
23 0139 2510 4 770835 16 'f;u 3 130 1049 3
240001 19-10° 3 ;; é-‘g"‘: ;-; : ':J, i 1310765 3
25 0001 38-10° 1 o oS a0t ] 132 0730 4
26 0.001 33-10° 1 81 ool 3110 K 133 1.029 1
27 0630 1.2-10° 4 @ 0802 11.10 N 134 0911 3
28 0.001 3810 1 5 0965 6510 3 135 0837 3
2% 0679 13107 M 81 0551 12-100 1 136 0.646 3
300 0765 12-10 4 & 0020 1810t . 137 0748 3
31 0001 337- mj 1 % 0837 5'4:100 4 138 0.950 3
320031 16-10° 4 - -
3 0892 8310 4 87 0765  7.6-10° 4 139 0.783 4
40765 S4.100 M 88 0855  2.5-10' 3 140 0.614 4
350837 340100 3 8 0582 39-10 3 om0 M
w0 1010 ; 90 0783 25-10' 4 142 1029 3
36 0001 3.0-10° 1 ol 1009 32 10t 3 143 0.476 1
37 0.042 25107 1 0 1219 23 i 10t M 144 0'733 3
38 0855 2.7-10° 3 y o
3 0063 1310 p 93 0.663 48100 4 145 1132 3
0 Iae 6510 3 94 0989 6.7-10' 3 146 1.009 4
w0 L1 3 95 0730 64-107 4 147 0.765 4
n 1)‘12‘8 L-()A 10 ? 96 0.837  6.0-10° 4 148 0.874 4
B 085S 67100 i 97 0730 62-107 4 149 1.009 3
ot S1o10 . 98 0679 11-10' 4 150 0837 3
SO 99 1241 73-107 4 151 1.00% 3
som ol L w3 :
- B 101 0911 18-10! 3 153 1.197 4
470801 6310 4 102 0989 56-10° 4 154 1009 3
48 0837 88-10 4 .
s 103 0.801  9.2-10° 4 155 0969 3
49 1525 32-10° 3 ! -
? 104 0930 1.9-10 4 156 0950 5
50 0950 1.0-10° 3 105 0783 8.0-10° 4 - - -
2 5 0783 8 157 0.837 3
51 1049 LI 10 4 ot
° 106 095 3.7-10 3 158 0713 4
52 0960 1910 3 107 0855 20-10' 3 e
10 3 g - 159 0855 3
530892 93-10! 3 108 1028 50.10° 3
540801 7.0-10 3
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Constraining the concentration- mass relation of NFW dark matter halos
using the galactic rotation curves

Amir Ghar1, Hosemn Haghi , Akram Hasam Zonoozi

1ASBS

Abstract

In this contribution by assuming an NFW halo dark matter for a sample of spiral galaxies and by fitting the rotation
curves we obtain a new ¢ — M,,;, relaton. Then we compare our results with the ¢ — M, relations that obtained with
simulation of dark matter halos in large scale structure formation and semi analytical models of structure formation. We
show that the extracted slope of the ¢ — M,,;;,- relation from rotation curve analysis 1s different from the slope of the ¢ —
M,,;- relation derived from cosmological simulations. Finally we discuss on the possible solution for this inconsistency

based on the modification of dark matter halo profile.

— a e el

e N ., L S



Ol poad (a5 (oleas S Cpean) 5

Y40 cadigasa,) YE 5 YY

Bl Gl psle 1asS5 e mas sl

Asteroseismic test for convective overshooting of the subdwarf B pulsator
KIC 10553698A using the period spacing of gravity modes

H.Ghasemi,!, E. Moravveji?, C. Aerts®3, H. Safari!
! Department of Physics, University of Zanjan, P.O. Box 45195-313, Zanjan, Iran
2 Institute of Astronomy, Celestijnenlaan 200D, 3001 Leuven, Belgium
2 Department of Astrophysics, IMAPP, Radboud University Nijmegen, 6500 GL, Nijmegen, The Netherlands

KIC 10553698A is a g-mode subdwarf B (sdB) pulsator, was observed with the satellites Kepler. It
illustrates high-order gravity modes correspond to nonradial dipole (I = 1) and quadrupole (I = 2)
modes with an obvious period spacing structure. The period spacing patterns of high order gravity
modes are reliable probes of the deep stellar interior. Deviations from a uniform period spacing
distribution provide a detailed fingerprint of mode trapping in chemically stratified layers of the
KIC 10553698A structure. The seismic properties of the KIC 10553698 A provide an opportunity
to test the stellar evolution models and determine mixing process such as convective overshooting

beyond the helium burning core.

I. INTRODUCTION

Subdwarf B (sdB) stars are core-helium burning ob-
jects located on the extreme horizontal branch (EHB).
Close binary interaction and Roche Lobe Overflow on
the red giant branch are two competing scenarios for the
formation of a sdB star which strip off the outer enve-
lope. Common envelope interaction creates short pe-
riod binary systems. Roche Lobe overflow (RLOF) mass
transfer leads to form a wider binary systems. Low-mass
stars lose nearly all their envelope masses, and become
extreme horizontal branch stars [1]. Two subclasses of
sdB stars were discovered: 1) EC 14026 pulsators ex-
hibit short period pulsations [2]. Rapid oscillations in
EC 14026 stars are compatible with a theoretical low-
degree pressure (p-) modes [3], driven by the mechanism
due to iron opacity bump. Restoring force for p- modes
is mostly pressure gradient. 2) PG 1716 variable stars
exhibit long period oscilations [4]). Slow oscilations are
interpreted as gravity (g-) mode pulsations [5]. Restor-
ing mechanism for such instabilities is mostly buoyancy
force which depends on the sdB detailed internal struc-
ture. The mechanism due to iron opacity bump predict
theoretical instability strip for g-modes which is almost
consistend with observations [6] [7].

The mixing of CO-rich and He-rich materials change
the chemical discontinuity between the fully mixed core
and the stable radiative and increase opacity beyond
the convective boundary. Therefore, as helium burn-
ing proceeds in the core, the helium core size will in-
crease. Mixed mass extended in a larger region beyond
convective boundary were considered at the helium burn-
ing phase in a large number of evolutionary codes. Hence,
a large semiconvection was predicted to be present on the
outer side of the boundary between the convective core
and the radiative region [8]. Several alternative scenar-

ios have qualitatively different descriptions of convective
core boundary treatment. In these cases, the bound-
ary of the convective core is simply determined by the
Schwarzschild criterion. mixing due to core overshooting
by the penetration of convective eddies from the fully
convective core into the radiative stable regions was pro-
posed for core-He burning models. No induced large
semiconvection region beyond the convective boundary
were considered in these codes [9] [14].

Gravity modes probe much deeper layers inside stars
to yield the collection of information related to the
core properties of stars. KIC 10553698A is a rich g-
mode pulsator [11]. we study gravity modes behavior
of KIC 10553698A using the stellar structure and evolu-
tion code MESA in combination with the pulsation code
GYRE. Observed period spacings for gravity modes of
KIC 10553698A have a very characteristic pattern. It
is sensitive to the density stratification between the con-
vective core boundary and envelope. Equipped with the
measured period spacing pattern for gravity modes, we
found out the dominant mixing process beyond convec-
tive core for KIC 10553698A.

II. THE CASE OF THE SDB PULSATOR
KIC 10553698A

Evenly spaced long cadence Kepler data with 29.42-
min integration times provides excellent opportunity to
study lower frequencies of g mode pulastors for which
ground based surveys have not provided seismic solu-
tions. Higher g-modes frequencies in sdB stars can be
identified from short cadence Kepler data with 58.5 s in-
tegration times. Initial Kepler data for the sdB stars was
investigated by [10] [12] [13].

KIC 10553698A observed with short cadence of Ke-
pler for most of the duration of the Kepler Mission and
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turned out to be a rich gravity-mode sdB primary in a
short-period binary. @gstensen et al. (2014) analysed the
light curve and revealed 156 significant frequencies iden-
tified as dipole (1 = 1) and quadrupole (1 = 2) modes.
For the first time the observed period spacing for dipole
modes provides a clear indication of mode trapping. The
observed period spacing patterns of high-order gravity
modes reveals large deviations from the uniform spacing.

IIT. COMPUTATION OF STELLAR MODELS

The evolutionary models were computed by the open
source state-of-the-art stellar evolution code MESA (ver-
sion 7385; Modules for Experiments in Stellar Astro-
physics) [14-16], in combination with the pulsation code
GYRE [17] in its adiabatic linear approximation. We
considered the input physics, and parameters listed be-
low for a model with initial mass of 1.5 Mg :

Chemical composition were taken by A09 solar mix-
ture [20], Schwarzschilds Criterion for convective insta-
bility was used with the mixing length parameter fixed
to the value appr= 1.8. OPAL Type 2 tables, includ-
ing options for enhanced carbon and oxygen abundances
were applied Iglesias and Rogers (1996). An exponen-
tial diffusive overshooting was applied to all convective
boundaries during all evolutionary stages [19], [18].

)

where f is overshooting parameter and H, denotes pres-
sure scale height. Distance from the edge of the con-
vective zone is denoted by z. Decony is the diffusion co-
efficient inside the convective region near the convec-
tive boundary. Nuclear networks calculations include
coverage of hot CNO reactions, tripple alpha and car-
bon/oxygen burning plus successive alpha captures and
finally weak nuclear interactions. Rotation during en-
tire evolution and mass loss during helium burning phase
were neglected. Reimers wind (7 =0.1) was used in red
giant branch phase. Atomic diffusion driven by gravi-
tational settling, temperature and chemical gradient is
included in one of the evolutionary scenarios.

-2z

7H, (1)

Dyy = Deony €xp (

IV. EVOLUTIONARY ASPECTS

MESA is able to evolve a model of a individual sdB
star from the pre-main sequence phase to the tip of the
red giant branch(TRGB). While a star ascends the red
giant branch, the core contracts. Therefore, the mean
separation between its particles decreases. Eventually,
the mean separation becomes of order the de Broglie
wavelength of the electrons and the helium core has be-
come degenerate, while The gravitational energy release

Log (L/L.)

4‘.2 4‘.0
Log (T,

3.2

FIG. 1. The evolutionary track of a 1.5 My star. The evo-
lution from the pre-main-sequence to the tip of the RGB is
plotted by a blue dash-dot line. The helium flash phase is
plotted by the black dashed line, while the red solid line illus-
trates the extreme horizontal branch phase.

04

o
W

Mass (M)
o
N

50
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=

100
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FIG. 2. Evolution of the convective core (dark) during the
EHB phase, Temporal appearances and disappearances of
convective shells on top of the core occur, with the radiative
regions (white) in between.

150

is spent to expand the envelope. The evolutionary tracks
are illustrated in Figurel.

The evolutionary model convert helium into carbon
through the triple-alpha process on the extreme hori-
zontal branch (EHB). The convective core boundary is
determined by the condition V, > V,q (the so-called
Schwarzschild criterion). No special algorithms were used
to handle semiconvection or breathing pulses.

Moderate overshooting with f=0.01, which is shown
in the figure2. The transfer of carbon and oxygen into
the radiative part increases the opacities and hence the
convective core grows progressively at first. After almost
30 years, in addition to the inner convective core, outer
convective shells occur. At the inner part of the convec-
tive core. On one hand, the transfer of carbon and oxy-
gen into the radiative part increases the opacities, but,
on the other hand, the opacity follows Kramers’ law, i.e.,
& o pT 35 and the temperature decreases as we go outer
part of core. Because of mixing due to the overshooting
between the convective shells and the outer He rich ra-
diative zone, Convective shells move along outer regions,
and finally disappear.
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V. ASTEROSEISMIC ASPECTS

Asymptotic analysis predicts approximately equally
spaced in period of g modes The period spacing of gravity
modes is known to deviate from uniformity. Asymptotic
analysis of the periods p,, of low-degree [ , high-order n
for g modes of a stellar model with a convective core and
a radiative envelope are determined by [21].

Dn (QTL + ne)v (2)

VIA+T) [}, Eldx

where n. is polytropic index of the the surface layer and
2 is the normalised radius. The Brunt-Vaiiséla frequency
N? is given by

9,2
N = LE(T0s ~ v~ £9) 3)

with V the temperature gradient, V,, the adiabatic
temperature gradient, and V, the chemical gradient.
Therefore, the asymptotic periods are equally spaced in
the order of the mode. Different mixing processes lead to
different shapes of the chemical gradient outside the con-
vective core and hence period spacing pattern depends
on the detailed properties of the buoyancy frequency in
the vicinity of convective core [22]. The period spacing
patterns can be used to understand what kind of mix-
ing is acting near the convective core, and how efficient
the mixing processes are. Figure3 illustrate the period
spacing of the moderate overshooting scenario.

VI. CONCLUSION

We investigated the influence of moderate overshoot-
ing on the evolution of convective cores of the sdB stars.
This mixing leads to the fluctuations in the size of the
convective core accompanied by the occurrence of convec-
tive shells. For the moderate overshooting scenario, the
C-O/He transition layer has the most important influ-
ence on the period spacing pattern. Deep mode trapping
patterns can be created by the convective shells.
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f(T)-gravity and its cosmological implications

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

In the framework of modified gravity (MG), recently a new MG theory, namely the so-called f(7)
theory, attracted much attention in the community, where T is the torsion scalar [1,2]. It has been
demonstrated that the f(T) theory can not only explain the present cosmic acceleration with no
need of dark energy [2], but also provide an alternative to inflation without an inflaton [1]. f(T)
theory is based on the old idea of teleparallel gravity (TG) [3], in which the Weitzenbock connection
rather than the Levi-Civita connection is used. As a result, the space-time has only torsion and thus
is curvature-free. In fact, this approach was taken by Einstein [3] in an attempt of unifying gravity
and electromagnetism. Although TG is closely related to standard general relativity (GR), differ-
ing only in terms involving total derivatives in the action, i.e. boundary terms [4], there are some
fundamental conceptual differences between them. According to GR, gravity curves the space-time
and shapes the geometry. In TG however torsion does not shape the geometry but instead acts as
a force. This means that there are no geodesic equations in TG but there are force equations much
like the Lorentz force in electrodynamics [5]. f(T) theory is obtained by extending the action of TG
in analogy to the f(R) theory. An important advantage of f(T') theory is that its field equations
are second order as opposed to the fourth order equations of f(R) gravity [6]. This feature has led
to a rapidly increasing interest in the literature [7]- [19]. Here, we review f(T)-gravity and discuss
some theoretical and observational aspects of this kind of MG in cosmology.
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On the Relation Between Stellar Mass Assembly and Quenching of
Galaxies Smce z=2

MOEIN MOSLEH
IPM

Abstract

In the local universe galaxies are observed to have diverse morphologies from disk-dominated galaxies like
spirals to spheroid-dominated systems such as ellipticals. Likewise, bimodal color distribution of galaxies
reflects their star-formation activity, from star-forming objects (blue cloud) to quiescent ones (red sequence).
From the evolution of stellar mass function of galaxies, it has been shown that the number of quiescent
galaxies ncreased by a factor of two since z~1, while number of star-forming ones (above M*) did not
changed, indicating galaxies move from the blue cloud to the red sequence. There has been many internal
and external proposed mechanisms for describing their cessation of star-formation activity. In this talk, I
will present how different types of galaxies assemble their stellar masses, using a new approach for deriving
their mass profiles, and discuss how the structural evolution can affect their star formation activity over the

last 10 Gyrs.
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The formation of cosmic structures in the accelerated Universe

Mohammad Malekjani

Department of Physics, Bu Ali Sina University, hamedan-Iran
Abstract

Recent developments in observational cosmology converge to cosmological models in a spatially
flat geometry with a cosmic dark sector usually i the form of pressure less cold dark matter (CDM)
and dark energy (DE), respectively, in order to interpret the observed flat rotation curves of spiral
galaxies and the accelerated expansion of the Universe. DE not only accelerates the cosmic
expansion but also changes the growth rate of structures through the modification of Hubble
parameter and also due to its perturbations. In this talk I present the recent investigations of the
scenario of cosmic structure formation in the framework of spherical collapse model (SCM) in a
Universe dominated by DE. In particular, we will see that DE perturbations can affect the growth
of structures both in linear and non-linear regimes. We will also observe that DE has a
considerable effect on the mass function of dark matter haloes and the number of galaxy clusters
counted within the formalism of Press-Schechter.
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2/0850 15/10+ 0/02 13/64+ 0/02 13/70+ 0/08 0/4 % 2/18
2/0885 15/164+ 0/06 13/73+ 0/02 13/75+ 0/10 0/1 % 2/19
2/1162 /16 + 0/07v0 14/53+ 0/05 14/57+ 0/07 0/3 % 3
2/1699 15/254+ 0/02 13/744 0/03 13/86+ 0/07 0/5 % 2/16
2/1808 16/06+ 0/04 13/68+ 0/03 13/72+ 0/04 0/2 % 1/25
2/181a YAV 48+ 0/0v13/ v+ 0/¢113/ 0/2 % \VI3
2/2010 15/39+ 0/03 14/18+ 0/2 14/23+ 0/13 0/3 % 2/42
2/2349 15/06+ 0/02 14/44+ 0/04 14/43+ 0/47 0% 2/98
2/3289 16/45+ 0/04 14/53+ 0/02 14/63+ 0/04 0/6 % 1/74
2/3327 13/89+ 0/02 \v/25 + 0/02 13/26+ 0/03 0% 2/97
2/3422 14/82+ 0/30 13/41+ 0/06 13/45+ 0/09 0/2 % 2/22
2/3475 16/17+ 0/11 13/63+ 0/03 13/74+ 0/11 0/8 % 1/13
2/3700 14/96+ 0/10 13/97+ 0/03 14/08+ 0/05 0/7 % 2/14
2/4382 14/84+ 0/02 14/22+ 0/01 14/38+ 0/11 11 % 3/07
2/4455 15/14+ 47 13/66+ 0/03 13/69+ 0/26 0/2 % 2/96
2/4681 13/254 0/22 14/13+ 0/02 14/38+ 0/54 U7 % 2/41
214927 14/77+ 0/01 14/09+ 0/09 14/16+ 0/27 0/5 % Y/
2/5053 15/01+ 0/02 13/4340/02 14/19+ 0/08 5/5 % /8N
2/5235 14/81+ 0/56 13/724 0/07 13/94+ 0/23 1/5 % 2/63
2/6346 14/84+ 0/38 14/18+ 0/18 14/21+ 0/28 0/2 % 2/97
2/6498 15/12+ 0/06 14/07+ 0/02 14/07+ 0/08 0 % 2/56
2/7121 14/85+ 0/07 14/09+ 0/02 13/96 0/06 0/9 % 2/78
2/7356 16/50+ 0/28 14/36+ 0/03 14/41+ 0/11 0/3 % 1/49
2/7456 14/42+ 0/04 13/41 +0/06 13/47 0/04 0/4 % 2/63
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A Correlation Study between Direction of Ultra High Energy Cosmic Particles and

millisecond Galactic Pulsars Under the Influence of a Turbulent Magnetic Halo
M. Seifi Hossein Abadi?, P. Davoudifar!

! Department of Theoretical and Experimental Astrophysics, Research Institute for Astronomy and Astrophysics of Maragha,
Maragha, PO.Box: 441-55134

Abstract

If the effect of magnetic fields are not considered in the deviations of cosmic charged particles in the Galaxy, ultra-high
energy cosmic particles generally are assumed to be extragalactic in origin. Also, if the turbulent component of Galactic
magnetic field is small compared to its regular component, again the deviation is small and due to low correlation
between arrival direction of high energy particles and the direction of Galactic sources it is difficult to imagine a
Galactic source. To study the propagation of ultra high energy particles in a Galactic turbulent magnetic field, a model
were developed in which the particle' deviations from its straight-line path is calculated for the case in which ultra high
energy particles were ejected in the turbulent Galactic magnetic fields. The main model consists of two magnetic
components: the magnetic fields of the Galactic halo and those from Galactic disk. In this paper, only the effect of a
turbulent magnetic field of Galactic halo and the distances of galactic sources have been considered and the thickness
of the disk is assumed to be zero. By a large number of simulations the mean deviation of particles is calculated for
each source and for the desired energy intervals. Then a cross correlation analysis was done between the directions of
galactic pulsars and the direction of high energy observed events. Within the cross matched objects, 69 millisecond
pulsars were detected. Due to the existing theoretical models they seem to be able to accelerate particles to the highest
energies. The survey was conducted in the favor of a bottom-up scenario of ultra high energy cosmic ray sources.
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16 Star-Galaxy classification

Star-Galaxy classification (Non-linear SVM)
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Exponential inflation with non-canonical scalar field and observational data

A. Mohammadi, N. Nazavari, and Kh. Saaidi
Department of Physics, Faculty of Science,
Unaversity of Kurdistan, Sanandaj, Iran.

(Dated: April 16, 2016)

An Exponential scale factor is picked out to study the inflation in the early universe driven
by a non-canonical scalar field. Estimating the perturbation parameters such as r — ns and
dln(ns)/dInk — ns diagrams, and comparing them with the latest observational data, point out
that the model predictions stand in 68% CL regime.

I. INTRODUCTION

One of the best candidate explaining the very early
times of the universe is inflationary scenario that has
been supported strongly by huge number of observational
data. The scenario successfully solves three main prob-
lems of the Hot Big-Bang theory, and also suggests quan-
tum perturbations dividing as scalar, vector and tensor
perturbations.

Scalar field plays the most important role in inflation-
ary scenarios known as inflaton. Up to now, many in-
flationary scenarios have been introduced in which the
quintessence inflation, where there is a canonical scalar
field with self-interacting potential in Einstein gravity, is
the most simple one. However, the non-canonical scalar
field received a huge attention from cosmologists specially
for considering the inflationary scenario [1-3]. DBI scalar
field, resulted from string theory and come from Dirac-
Born-Infeld action, is a kind of non-canonical scalar field
that we concentrate on as inflaton. Inflation driven by
DBI scalar field has been investigated, where an specific
form of the potential was picked out. For instance, in [4],
the authors seeks to establish a relation for the obser-
vational parameter, where they found out that the case
comes to some difficulty in matching with Planck data.
The inflationary model of DBI for different classes of the
potential is presented in [5]. Besides, the case of power-
law inflation for DBI scalar field is performed in [6, 7).
There are some ways studying inflation. Proposing scale
factor is a way we are going to follow. In this regards, an
exponential scalar field as a(t) = exp (At“), A >0 and
0 < a < 1, known as ”Intermediate inflation” proposed
first by [8]. This can be attained from a potential asymp-
totically looks like negative power but not exactly. The
scenario indicates on a expansion faster than power-law
inflation (a(t) = t?,p > 1), and slower than de-Sitter in-
flation (a(t) = exp(Ht), H = cte). Intermediate inflation
in Einstein gravity creates a scale invariant perturbation
when o = 2/3 [8-11]. The scenario is able to satisfy the
bound on scalar spectra index ng and tensor-to-scalar ra-
tio 7, measured by observation on CMB [12, 13].

The main purpose of the presented work, that will be
pursued in the following context, is to investigate infla-
tion with DBI scalar field as inflaton and taking the men-
tioned exponential function as scale factor.

II. DBI INFLATION AND OBSERVATIONAL

DATA

Firstly, we review the main dynamical equations in
DBI scalar field in Einstein gravity (refer to [7, 14] for
more detail about the model). Consider the following
action for DBI scalar field

1
S = —fd’*z\/fg{— (Vi—27@X-1)- V<¢>)}
f(9)

M)
where g is determinant of background metric, assumed to
be spatially flat FLRW metric, f(¢) is the brane tension,
V(¢) is an arbitrary potential, and the kinetic term of
the scalar field is indicated by X = —(1/2)g"*V .6V, ¢.

The Firedmann equations of the model are read as

=L

or St (@)

 ——
P 9 M}Z)
As it was mentioned, one way to study inflation is intro-
ducing a scale factor. Intermediate inflation is the most
interesting one that belongs to this class. In this case,
the scale factor is given by a(t) = agexp(At®), where
0 < a < 1, describing an accelerated expansion between
power-law and de-Sitter expansion. Consequently, the
Hubble parameter and its time derivative is obtained

H = Aat*™!, H=—Aa(1 — a)t“ 2. (3)
Substituting the resulted relation for H in the Friedmann
equation, comes to following expression

D2(1)f(¢)

1
9 +

¢ -1+

4
= |, 4
D) £7(9) } @
where the parameter D(t) is defined as

(5)

Then, the scalar field potential could be extracted from
the Friedmann equations (3) as

D(t) = 2MZAa(l — o) t* 2,

(v-1)
flo)

Note that, from Eq.(4), one could derive the scalar field in
term of time. Therefore, the potential could be expressed

V(0) = 3M2H? - (6)
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in term of scalar field which is more desirable since we are
more interested to consider the potential behavior versus
scalar field.

The slow-rolling parameters for the model are introduced

by [5, 6]

_dln(H).
dN

dIn(e) dIn(cs)
— 7 og = — .
dN N
(7)
where ¢, = 77+ is the sound speed. Consequently, the
scalar and tensor spectra indices is derived in terms of

slow-roll parameters as

EH = N =

1

_dIn(P,)
ng—1 = 7dln(k) =2+ +omH,
dh’l(Pt)
= 82V o0
" (k) o (8)

The other important perturbation parameter is tensor-
to-scalar ratio, which is applied to indirectly measure
the tensor perturbation, shown as r = ’Pt/’Ps = 16¢cqe.

The inflationary era is a period of the universe evo-
lution that it stands is a positive accelerated expan-
sion, that is, the slow-roll parameter e, expressed by
eg = (1 —a)/aA T, (where T = M,t is a dimension-
less parameter of time, and A is redefined dimension-
less constant, A = M~*A) should be smaller than unity.
To have an accelerated expansion phase the condition
T > (1 — a)/aA should be satisfied, namely e < 1. Tt
is supposed that inflation occurs at earliest possible time,
nearly at T = (1 — a)/aﬁ.

From Planck data, the amplitude of scalar perturba-
tion is about In (1010793 3.094 + 0.034 (Planck

TT,TE,EE+lowP), and the scalar spectra index, which
is equal to one for a scale invariant spectrum, is mea-
sured about n, = 0.9645 £ 0.0049 (68% CL, Planck
TT,TE,EE+lowP) [15]. In contrast with scalar pertur-
bation, Planck does not give an exact value for tensor-to-
scalar ratio r; it just specifies an upper bound for this pa-
rameter as r < 0.10 (95% CL, Planck TT,TE,EE+lowP)
[15].
To check whether the model could be account as an ac-
ceptable model explaining the mechanism of inflation,
the perturbation parameters of the model should be com-
pared with the data. However, as we check the parame-
ters it could be understood that we need to know the
scalar field as a function of time. The equation for
a general inverse power-law function of f(¢) (namely
f(®) = \¢~™ where the constant A has dimension M*~™)
is rewritten as

2 D*(T)A

q)zn(T)

—1+ i
D2(T)\2

9)

where @ is the dimensionless scalar field, ® = ¢/M,,
A is the dimensionless definition of A, D(T') is defined
by D(T) = 2Aa(l — a)T*72, and " ¢ is d/dT. It is

necessary to solve the above differential equation for ¢(t)
in order to compute the parameter as well as considering
the potential behavior during the inflationary era.
Unfortunately, getting analytical solution is beset by
some difficulties and we are left with the numerical
approach. In two following subsections, the model is
considered for two cases, and the final result will be
compared with latest observational data.

First Case: The first thing we should deal with is
the behavior of the scalar field in terms of time, namely
solving the differential Eq.(4). It might be right to say
that the most important result of Planck data is » — n,
diagram. It is an appropriate way to categorize the
inflationary models based on their prediction about r
and n,, in which the more reliable models are those
that have the best prediction for the diagram. Thus,
we are going to concentrate on this diagram for the
model. The final result is illustrated in Fig.1, which
stands in 95% CL area of Planck data. Then, it could
be concluded that the case could still be considered as a
valid candidate for explaining the inflationary scenario.
The running scalar spectra index is the next step to test
the model. The model prediction about the parameter
is presented in Fig.1, which displays that the result stay
in 95% CL, however the point related to N = 60 stays in
the boundary era between 68% CL and 95% CL regions.

In Table.l, one can see the model prediction for pertur-
bation parameters by other choice of free parameters. It
is realized that the parameters stand in almost suitable
range and it could be concluded that the model has the
ability to stand as a suitable case for portraying inflation.

« A ¢ N g r Ps
064 799 685 T0 0.9647 0.094 3.27x107°
0.64 799 6.68 65 0.9692 0.109  2.30x10~°
0.42 9.00 1.30 60 0.9686 0.104 1.20x1073

TABLE I: The model prediction about the perturbation parame-
ters ns, v, Ps are prepared for different values of the free param-
eters of the model(the redefined parameters are 4 = A x 10% and
¢=Ax10712).

Second Case: By solving the differential equation (4)
numerically for case, and computing the slow-roll param-
eters allows one to plot r — ng diagram, as in Fig.2. In
a comparison with Planck data, it is realized that the
points stay in 68% CL which is a more desirable result
than the previous case, and expresses a great consistency
with the Planck data. However, the result for running
scalar spectra index, as illustrated in Fig.2, states that
the point related to N = 60 stands in the 68% CL region,
and the other point stays in the boundary between the
68% CL and 95% CL regions.

The model prediction for perturbation parameters is pre-
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FIG. 1: a) The r —n, diagram; b) ;{‘T‘k —ns : for free parameters:
a =067, A=2899x 1073, A =1.4 x 1012. The middle and large
points are respectively related to N = 60 and N = 63.

pared in Table.IT, for different choice of free parameters.
It exhibits that the parameters estimated by the model
stand on almost suitable range with observational data,
so that the parameters n, and r are in good agreement
with Planck data and the scalar perturbation amplitude
is smaller by one order of magnitude.

@ A ¢ N s T Ps
0.72 589 123 70 0.9639  0.040 1.002x10~1C
0.76 6.89 1.26 65 0.9692  0.038  1.047 x 10~°
0.75 420 6.00 60 0.9647  0.042 1.725x10~'0

TABLE II: The model prediction about the perturbation param-
eters ns, r, Ps are prepared for different values of the free param-
eters of the model(the redefined parameters are A = A x 10* and
C=XAx10713,

04 T T T T T
[ Planck 2013
W Planck TT+lowP
0sk B Planck TT,TEEE+lowP ]

0.4+
0.2+
=
£
T oo
3
i=
-
-0.2
-0.4 i
0.92 093 0.94 095 09 097 098 099 1.00
ns
dn.
(b) Ik

FIG. 2: a) The r —n; diagram; b) ;,’TLTSIc —ng : for free parameters:
a = 0.76, A =6.89 x 1074, X =1.2 x 10'3. The middle and large
points are respectively related to N = 60 and N = 65.

III. CONCLUSIONS

The main case of interest in this work was to consider
the intermediate inflation by using DBI scalar field as
inflaton. It was found out that the model is able to
produce a perfect value for the scalar spectra index
which stands in an interval presented by observational
data. In addition, the parameter r provided by the
model is consistent with the planck data. These result
was gathered and illustrated in Fig.1 presenting the
points in the light blue color area (95% CL). Thus, it
could be figured out that the result given by the model
are acceptable in comparison with the Planck data. On
the other hand, the running scalar spectra index seems
to be at the 95% CL region, however the point related
to N = 60 still could stays in the 68% CL area. It
came more interesting when the model estimated the
amplitude of scalar perturbation in the same order of
magnitude as Planck data; given by Table.l.

The same process was repeated in the second case. Solv-
ing the differential equation (4) revealed the scalar field
behavior during the inflationary time period, indicating
an scalar field larger than Planck mass. Plugging the
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result in the potential equation (6), make it possible
to easily plot it, expressing a potential smaller than
Planck energy density which decreases by going forward
in time. However, the result of r — n, diagram for
this case was more desirable than the previous one, so
that the acquired point stands in the dark blue area
(68% CL), Fig.2, pointing out a great consistency with
the Planck data. As a further discussion, the result of

the model about the running scalar spectra index was
depicted as well, describing a better situation than the
previous case, in which they stand in 68% CL except for
N = 65 that is very close the mentioned area. At last,
the amplitude of the scalar perturbation for the case was
estimated and provided in Table.Il, that are almost the
same magnitude as the Planck data.
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