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Abstract. We construct two classes of the magnetohydrostatic equilibria of the axisymmetric
flux tubes with twisted magnetic fields in the stratified solar atmosphere that span from the
photosphere to the transition region. We built the models by incorporating specific forms of the
gas pressure and poloidal current in the Grad-Shafranov equation. This model gives both closed
and open field structure of the flux tube. The other open field model we construct is based
on the self-similar formulation, where we have incorporated specific forms of the gas pressure,
poloidal current and two different shape functions. We study the homology of the parameter
space that is consistent with the solar atmosphere and find that the estimation of the magnetic
structure inside the flux tubes is consistent with the observation and simulation results of the
magnetic bright points.
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1. Introduction

The study of the magnetic flux tube is one of the important aspects of the solar physics.
Sen & Mangalam (2018) (SM18 hereafter) have constructed a closed field model of a flux
tube with twisted magnetic field in the stratified solar atmosphere, where a specific form
of the gas pressure p and poloidal current I, are assumed to be the second order polyno-
mial of the flux function, ¥. Incorporating the forms, p = ﬁ (%\Il2 + b\I/) + poo exp(—2kz)
and Ig = aW? + 28V + I2, in the magnetohydrostatic force balance equation, the Grad-
Shafranov equation (GSE), where, a, a, b, 8, I, k and pyo are the parameters to be
determined by appropriate boundary conditions. The solution of the GSE consists of a
homogeneous part ¥; and a particular part ¥,, i.e. ¥ = ¥, + ¥, where ¥; is sep-
arable with a Coulomb function in the r direction, and a z part, that decreases expo-
nentially with z is obtained by SM18, whereas, ¥, is given by Atanasiu et al. (2004).
Considering the presence of the sheet current at the boundary of the flux tube and us-
ing the standard boundary conditions: B, (R,z2) =0, p(R,0) =py and p(R, z;,) = Dirs
where R denotes the radius of the flux tube, By is the field strength at the center
of the flux tube, py = 1.22 x 10° dyne cm™? and p;, = 0.148 dyne cm~2 are the
gas pressures at the photosphere (z = 0) and the transition region (2 = 2 Mm) re-
spectively [Avrett & Loeser (2008)], we obtain the magnetic and thermodynamic struc-
tures inside the flux tube in terms of the free parameters (R, By). The general solution:
VU = ¥, + ¥, gives an open field structure, whereas, ¥ = ¥, gives a closed field
structure, which is discussed in SM18. The other model we built is associated with the
self-similar formulation, where, the coordinates r and z are combined together into a self-
similar parameter &, which leads to the condition, ¥(r, z) = ¥(&) where, £ = ((z)r. In-
corporating a specific form of the gas pressure p = p. exp(—2kz) + 5\112, poloidal current
I} = x¢' D*(€), into the magnetohydrostatic force balance equation and using the bound-
ary conditions mentioned above, we obtain an open field flux tube solution in terms of the
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Figure 1. The 3D configuration of the magnetic field lines inside the flux tubes. Left: (a)
the closed and open field Coulomb function models are shown in the upper and lower panels
respectively. Right: (b) the self-similar flux tube models are shown in the upper and lower panels
for Gaussian (n, = 2) and power law (with n, = 3) profiles respectively.

homology parameters ¥, By, B.,, p. and x, where ¥}, and B, denote the boundary flux
and vertical field gradient at the photosphere respectively. We use two different profiles
for D which are, generalized Gaussian, D¢ (§) = U}, exp(—£"7) and power law function,
Dp(&) = Uy (1+ &) ", and obtain the magnetic and thermodynamic structures inside
the flux tube in terms of the homology parameters ¥, By, B.,, p. and x, whose values
are taken consistent with the observations. The 3D field geometry inside the flux tubes
are shown in the Figure 1 for both Coulomb function and self-similar models. The more
detailed study of the models is discussed in the paper in preparation by Sen & Mangalam
(2018Db).

2. Conclusions

We have obtained two classes of the flux tube models with the twisted field which are
Coulomb function and self-similar models. The Coulomb function model gives both closed
and open field structure, whereas the self-similar model gives an open field structure of
the flux tube. The parameters for the Coulomb function model are [By = 1 kG, R = 120
km (right panels of Figure 1(a)), R = 140 km (left panels of Figure 1(a))], and for the
self-similar model, [¥, = 10’7 Mx, By = 1 kG, B!, =1 G km~!, p. = 10° dyne cm~2,
X = 10716 cm=2 (left panels of Figure 1(b)), x = 107!* cm~2 (right panels of Figure
1(b))], which are consistent with the observational values for the magnetic bright points
observed in the solar photosphere. The obtained magnetic structure inside the flux tube
for both the models are in good agreement with other simulation results e.g. Gent et al.
(2013) and Shelyag et al. (2010).
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