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Abstract Magnetic twist Compatibility condition The modified MHD equations
Models of realistic magnetic field configurations, typical of the lower  The presence of weak twist changes the character of axisymmetric modes in a Asolution to Eq. (1) exists if the following conditions on the magnetic Magnetic field, energy and density decompose into background and
solar atmosphere, are analytically constructed in magneto-hydrostatic  gjgnificant way as seen in the figure below. Namely, while in the case with no field are satisfied (see e.g. Gent, Fedun & Erdelyi, 2014, ApJ, Low, perturbed quantities,
equilibrium. Systems incorporating open single and multiple flux tubes  agnetic twist the azimuthal component of the velocity perturbation is zero, in 1985, ApJ), which is the case for the single flux tube, B=B,+B,c=c,+éand p=p,+p,
and closed magnetic loops can be combined to form magnetic  the case with twist this component is almost never zero. This effect is clearly OB, OB, OB.OB, 0B.0B, '
structures that could even represent complex solar active regions. seen, where the relative magnitude of the radial and azimuthal components of =" and o= (6) where the background does not evolve. The ideal MHD equations are
The developed model successfully spans the Interface Region of the g yelacity perturbation alternate periodically. Also, given that observations of o % 0z Ow 0z modified to remove the 0 contribution from Eq. (8), and evolve the
solar atmosphere, from the photosphere up to the solar corona across  Ajfyén waves rely on the apparent absence of intensity (i.e. density) perturbed system. For the momentum equation,
:)hrz ;"f,”f"dge'ﬂiii’yaﬁﬁ"’rﬁ ::;ﬁleonnc \f/lv&lz gﬁ:‘ﬂggnpshyﬁfjgﬁixghri gg:em“i perturbations in conjunction with torsional motion, we suggest an alternative Multiple flux tubes
structures can capture the main characteristics of solar intergranular :ézzﬁ;tﬂgosndrlf\laageslghosk;zznﬁ:v\;v: \Zzzéhr?éﬁtpé)::;: ?)? ;;:Ifbéer}g:“l’nﬁr;tgf Z?nugg Multiple flux tubes may be SPeC'ﬁe\f’ by a background field, Al gt P + a‘z [(po + p)usu; + pr]
lanes or active regions. HMI data can be used, as an initial magneticfield g6 to the localised character of the density perturbation, this perturbation could B, — . np, } _ . I
distribution, to construct a realistic magnetic field topology in 3D. The  pg pelow the instrument resolution. =2 "B 9 |BiBy +BubBi + BB | _ o _ 9
model includes a number of free parameters. Our aim is to apply this m=l 7% Jto el = P ©

model as the background state to numerically study energy transport
mechanisms from solar surface to corona.

Simulations

Using a steady background with a single axisymmetric open magnetic 7, “
flux tube, the system is perturbed and various modes of energy wave
propogation from surface to atmosphere probed (see e.g. Fedun,

differing only by position ("x, "y). Eq. (1) solves almost completely. Asmall
part of the magnetic tension force, relating interaction between each flux
tube pair, fails the latter condition in Eq. (6).

Equilibrium is maintained by including balancing forces in the momentum N _ (py + plujuy B;By; = B;B;
and energy equation of the form, pr=(-1 ["' - 9 } -(r-2) 1o + 20 |

inwhich uis the velocity and the total perturbed pressure,
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Erdélyi & Shelyag, 2009, SolPhys, Mumford, Fedun & Erdélyi, 2014, “ - > P i "Bz 0" By o . "By. 0" By, tos. (D and similarly for the full ideal MHD system. Examples of applications
ﬁpég’;ﬁl})’:g,;zg:g Errieggnzf&oe%?f/t\hzni r\ﬁgﬁissmigﬁyzs’i?;fy s bl Tl 02 w0z Y ’ include inter-granular lanes (below) and active regions, with a magnetic
. oA > e canopy (lower).
consistent equilibria for both the chromosphere and corona is very “ - Py )
challenging. 1 . . .
) and solving a modified equation of pressure balance,
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: U T+ VI (29) By gt Fua =0, (9 280
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With the additional constraint

that the solution to Eq. (8) must

yield p, and p,, and plasma
temperatures, which are 1.40
consistent with observation, .
various steady multiple flux

tube configurations can be
modelled.

Magnetohydrostatic equilibrium
Given the configuration for the steady background magnetic field B,, the L

background plasma pressure p, and density p, must adjust to satisfy the Left, two pairs of flux tubes in

3D view show magnetic field

pressure balance, . lines (blue), plasma pressure
Vs + V‘B”‘ — (B” -V ) B, — pgR =0, (1) (brown) and plasma-p iso- -2.25
210 2419 surfaces (purple - green). 0.00
. . _— N Right, is the 2D-slice of e 0.0
H, magnetic vacuum permeabilty, g gravitational acceleration. magnetic pressure. Width (Mm) 2w2574 0.0

Single flux tube
For an m" flux tube, denoted "B,, where for the single tube m=1, the magnetic
field has the self-similar relations,

B, - S (x — ™) By, G ‘9"30:) 2.80 N
* the MHD wave prop: inanopen UaBZ ‘ ’
li The lower atthe level )
of the driver location and to athvalue e " eapociely. The biack "By, = —"S(y — "y)Bo. "G 220 ‘ l ‘
iso-contours of the magnetic field labeled by appropriate value of the strength of the magnetic field are shown in the top z e
h I slice taken at height h = 1.4 Mm. At the bottom of each snapshot the horizontal cross-cut at the location of th
orzonal siceaken athelght im. At the bottom of each snapshot the horizontal cross-cut at the location of the mg, — mSByEmG ) ‘ { I ‘ ’ I
thick curves. |
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= " where ("x,"y) locates surface longitude and latitude of the footpoint axis, and zis U | | f
1.05 | ™, N the solar radius, with z=0 the radius of the photosphere. The sign of real "S \ | I | I I I )
° . il | /
determines polarity. 1.40 | I /
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075 L . va Constants z,, z,, b,, & b, fix flux tube expansion rates for the chromosphere and Te-
1 2 3 4 5 6 v corona, and f, its thickness.
Soluti f the di ti f internal and ext | twist for ] ted tic flux tube .
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