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Tube oscillation models: history

LEUVEN

Magnetic tube oscillations (ideal MHD)

70's - 80's (Defouw, 1976)

Motivated by magnetic field concentrations on the solar surface

Inherently longitudinally stratified

“Thin tube” approximations (Defouw, 1976; Roberts and Webb, 1978):
“Sausage mode"

Roberts and Webb (1979): non-stratified but “thick tube”
Wilson (1979) (+ taut wire mode = kink mode)
Spruit (1981) cut-off frequency for kink-mode

Edwin and Roberts (1983) — Roberts et al. (1984) seminal paper on
coronal seismology

e 6 o

Jesse Andries Stratified fluxtubes



Tube oscillation models: history
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Tube model

Edwin and Roberts (1983)

B 'ﬁm exp(1(mp — wt))

Gy m : azimuthal wave numbers
in w : frequency
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Tube oscillation models: history
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Straight tubes: homogeneous

Homogeneous in z = ~ exp(i(k,z — wt))

Iconic dispersion relation: Edwin and Roberts (1983)

In (V—LER) 5 pin Ko (VEFR) o e
(Vo28) 1 (VR) " (V) K (/oLR)

with:

(w? — k2v3)(w? —wa®)
(v2 + vR)(w? — we?)

BLy = p(w?—wr?) (3)
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Tube oscillation models: history
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Straight tubes: longitudinally stratified

Andries et al. (2005)

B =0, & =0, longitudinal density variation p(z)
— Separable

0%pr N 1dpr m>  pu
or? r Or

T2 szLA> pr = 0.

with the Alfvén operator:

B2 92 02
— 2 _ 2,2
pLa = pw” + p 822p<w —I—VA822> .
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Tube oscillation models: history
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Thin tubes again: 3 =0, m = 1 kink mode

(Dymova and Ruderman, 2005)

<(p1+pe)w +2B28 >§r—0

Verth and Erdélyi (2008), Ruderman et al. (2008): expanding field again

<(P1+Pe)w2+2828 ) & _y

022 ) R(z)
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Tube oscillation models: history
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Relation with Andries et al. (2005)7?

Replace longitudinal quantum numbers with longitudinal operators

Im <\/—Bi;1Li/§R>
(/Bezk) 1 (y/-mecar)
Km (, /—B;}ﬁffR)

— BxLX | &(2) = 0. (4)

(. /-BQL;X) K/ <,/—B@(1£§§‘R>

B, L2
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Tube oscillation models: history
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Challenge!

Generalize the above operator function solution to:

@ Include tube expansion
@ Include pressure effects: 8 # 0

@ Include gravity: i.e. buoyancy
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General treatment of stratified but “thick tubes”
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Assumptions

o Neglect curvature of field lines

@ Neglect curvature of perpendicular plane

All satisfied as long as:
1dB 1

Bz SR
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General treatment of stratified but “thick tubes”
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Perpendicular invariance

Separation of variables:

LaB2LBLIIB2Z(2) = —)\Z(2), (5)
1 S S
EviP(u) = MP(7L) . (6)

For expanding field:

1 1 1
. = — hohs — hihs—
V-V, hihahs (31< 2 3h181> +32< 1 3h252)>

() ali) o
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General treatment of stratified but “thick tubes”
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Diverging tube

Y =~ r(z)?B(z)/2 with the normal and azimuthal scale factors
hy = 1/r(z)B(z) and hg = r(z)

Flux coordinates
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General treatment of stratified but “thick tubes”
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Impedances again

Thus formally:

V20l (L£i2/20)
cinly, (Linv2g) ¥

VKo (£/20)
ﬁex K/ (ﬁex N)

hi B L1 — W Bex L =0.  (8)
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General treatment of stratified but “thick tubes”
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“thin flux tubes” once more

Small argument expansions in Bessel functions =

(Bin(z)ﬁizil + BeX(Z)CeAX) &(2)=0. (9)

@ Also valid for m > 1!

@ It is about time to discuss £ in more detail!
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General treatment of stratified but “thick tubes”
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[(é-v>b1+(b1-v>/§}l - (é-v>bl+/l:iig)2—/}l(é-v)(dei
= /i(é-v);@(é-v)ii, (11
[(é-v)blju(b]v)éh - (é-V)bg—i—ﬁ?Zzé(é-V)(@ﬁi
- hlz(é-v)hg(é-v)f;. (13

By flux conservation r?(z)B(z) = C = hy, ~ hy (hy =~ 1/r(z)B(z) and
hy = r(2).) .
La = r(2)B(2)0R— — 22) O (14)

I'r(z) — B(z)ot2




General treatment of stratified but “thick tubes”
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“thin flux tubes” for the very last time

Immediately recover Dymova and Ruderman (2006), Ruderman et al. (2008)

N\ &
((pi + pe)w? + 232822) R~

Also valid for m > 1!
BUT How to reconcile with:

Spruit (1981)

0 0?
<(p1 + pe)w” + g(pe pl)az + B 8z2> & =0, (15)
or actually
OB\ 0 9?
; 2 =)= 22 =07
((pl+pe)w +B<8z> -+ B az2>£’ 07 (16)
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General treatment of stratified but “thick tubes”
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“thin flux tubes” for the very last time (continued)

Now find:
2
Ly = (a” 5 @h; )) B (a” - /}i(am,-)) - g% . ()
2
= 0,89 - <0n ~(9hi) + 2(0”/7,-)2) —%% (18)

Hence Spruit needs additional approximation: longitudinal variation of
perturbation is faster than that of equilibrium!
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On the cut-off frequency
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On the cut-off frequency

Spruit (1981)

Remove first order derivative by “integrating factor’ v/B)

<(pi + pe)w® + 82;)222 — B? ((4;)2 — % <41H>>> VB¢ =0 (19)

with:
1 1 OvB

4H = VB 0z (20)

Klein-Gordon (if isothermal and constant [3).

Cut-off frequency is of same order as the terms neglected in L.

More general treatment clarifies the terms making up the cut off are absent
All kink-modes may propagate upwards!
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LEUVEN Summary

Summary

o Generalization of tube dispersion relation for stratified tubes
@ Valid for ‘slowly diverging’ tubes although they are ‘thick’
@ Recover limiting cases for ‘thin tubes’

@ In particular the kink mode for which there is NO cut-off for the
isothermal case
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