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Observations

W e follo w the evolution of an active region ¯lament during a long
perio d of time (7h30 fo r R¶egnier et al. and 15{16h fo r Pouget at
al.) in the HeI line at 584.3 ºA. The observations were reco rded by the
spectrometer SOHO/SUMER with a slit of 0.3" £ 120" fo r R¶egnier et
al. and by the spectroimager SOHO/CDS with a slit of 4" £ 240".
Exp osure time between 15s and 30s.



Fourier transfo rm of the velo cit y time series

T o ¯nd the oscillation frequencies, we apply a Fourier transfo rm tech-
nique on the Doppler velo cit y time series in the ¯lament and in a
quiet region. W e eliminate common peaks which are mostly due to
instrumental e®ects.



Observed frequencies from R¶egnier et al.

Long 65 min 36 s 0.25 mHz ! 1
perio ds

Intermediate 19 min 46 s 0.84 mHz ! 2
perio ds 17 min 28 s 0.95 mHz ! 3

10 min 36 s 1.57 mHz ! 4
10 min 07 s 1.65 mHz ! 5
9 min 17 s 1.79 mHz ! 6
8 min 46 s 1.90 mHz ! 7
7 min 50 s 2.13 mHz ! 8
7 min 34 s 2.20 mHz ! 9
6 min 24 s 2.60 mHz ! 10
5 min 54 s 2.82 mHz ! 11
5 min 24 s 3.08 mHz ! 12

short not detected
perio ds



Observed frequencies from Pouget et al.



Prominence mo del describ ed by Joa rder and Rob erts (1993)

The ¯lament is depicted by a slab of length L, width 2a, height H
emb edded in a constant magnetic ¯eld B inclined with resp ect tot he
x-axis. Field lines ancho red on perfectly conducting walls at l. The
mo del assumes that 2a << L, H, and the ky = kz = 0.



MHD equations to solve
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Normal mo de metho d

W e linea rize the MHD equations to obtain the op erato r of slow motion
fo r the Joa rder and Rob erts mo del.

Perturbations:

p = p0 + ±p ~B = ~B 0 + ±~B ½= ½0 + ±½ ~v = ±~v (7)

Linea rized equation:
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Op erato r of slow motion fo r the mo del:
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Normal mo de metho d: MHD mo des

The equation can be re-written as follo ws:
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Normal mo de metho d: perturbations

Let now the perturbations be written as:

»x = ®1exp( ik ¡ x) + ®2exp( ¡ ik ¡ x) + ®3exp( ik + x) + ®4exp( ¡ ik + x)
»y = ®5exp( ik ¡ x) + ®6exp( ¡ ik ¡ x) + ®7exp( ik + x) + ®8exp( ¡ ik + x)
»z = ®9exp( ik ax) + ®10 exp( ¡ ik ax)

The pressure and the magnetic ¯eld perturbations are then:

±p = ¡ p0
d»x

dx
±~B = ~r ^ ( ~» ^ ~B 0) (12)

±p = ¡ ip 0[®1k¡ exp( ik ¡ x) ¡ ®2k¡ exp( ¡ ik ¡ x) + ®3k+ exp( ik + x)
¡ ®4k+ exp( ¡ ik + x)]

±B y = iB x[®5k¡ exp( ik ¡ x) ¡ ®6k¡ exp( ¡ ik ¡ x) + ®7k+ exp( ik + x)
¡ ®8k+ exp( ¡ ik + x)] ¡ iB y[®1k¡ exp( ik ¡ x) ¡ ®2k¡ exp( ¡ ik ¡ x)
+ ®3k+ exp( ik + x) ¡ ®4k+ exp( ¡ ik + x)]

±B z = iB x[®9kaexp( ik ax) ¡ ®10 kaexp( ¡ ik ax)]



Normal mo de metho d: disp ersion equations

Continuit y conditions: vx and p at x = § a implying a continuit y of ±~v,
p, ±B y and ±B z

Bounda ry conditions: perfectly conducto r walls at x = § l implying that
±~v = 0.

Example of the Alfv ¶en waves:
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Solutions only if:

( kae ¡ kao)( e2i ( kae+ kao) a + e2ik ael ) + ( kae + kao)( e2i ( kae+ kao) a + e2ik ael ) = 0



Normal mo de metho d: disp ersion equations

W e then obtain the disp ersion relations fo r the even Alfv ¶en mo de
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Frequencies

Prima ry frequency seconda ry frequency
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Frequencies
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Computation of frequencies
fo r 2a = 8000 km, l = 63000 km, ½o = 10 12 cm ¡ 3, B = 20 G and Á = 25 o

prima ry perio ds seconda ry perio ds
slow kink 5 h 46 min 51 s 37 min 48 s, 27 min 28 s, 18 min 25 s,

mo de 14 min 02 s, 12 min 10 s, 9 min 30 s,
9 min 00 s, 7 min 24 s, 6 min 56 s,
6 min 08 s, 5 min 35 s, 5 min 14 s,
4 min 41 s, 4 min 33 s, 4 min 06 s,
3 min 58 s, 3 min 41 s, 3 min 29 s,

3 min 20 s
even Alfv ¶en 69 min 30 s 7 min 34 s, 5 min 30 s, 3 min 41 s

mo de
slow sausage 57 min 22 s 35 min 56 s, 19 min 33 s, 17 min 33 s,

mo de 12 min 23 s, 11 min 04 s, 9 min 12 s,
7 min 59 s, 7 min 20 s, 6 min 17 s,
6 min 03 s, 5 min 17 s, 5 min 03 s,
4 min 36 s, 4 min 17 s, 4 min 04 s,
3 min 44 s, 3 min 39 s, 3 min 21 s

fast kink 28 min 53 s < 3 min
mo de

odd Alfv ¶en 11 min 29 s 7 min 12 s, 3 min 55 s, 3 min 31 s
mo de

fast sausage 4 min 46 s < 3 min
mo de



Parameter study



Parameters of the mo del

W e ¯rst need to derive the values of a and l from SOHO/MDI mag-
netograms and from H® observations (Meudon Observato ry or BBSO).
2a = 8000 km, l = 63000 km



Compa rison between observations and the mo del

Diagnostic from R¶egnier et al. (2001): ´ = 0:16

ratio
! 1
! i

! 2
! i

! 3
! i

! 4
! i

i=2 0.305
i=3 0.269 0.884
i=4 0.164 ( ´ 1) 0.536 0.607
i=5 0.156 ( ´ 2) 0.512 0.579 0.954
i=6 0.143 ( ´ 3) 0.470 0.532 0.876
i=7 0.135 ( ´ 4) 0.444 0.502 0.827
i=8 0.121 0.396 0.449 0.739
i=9 0.117 0.383 0.433 0.713

i=10 0.099 0.324 0.367 0.604
i=11 0.091 0.299 0.338 0.556
i=12 0.083 0.273 0.309 0.510



Compa rison between observations and the mo del

Diagnostic from R¶egnier et al. (2001): ´ = 0:16

frequency (mHz) perio d
slow kink mo de not detected
slow sausage mo de not detected
even Alfv ¶en mo de ! 1 = 0.257 65 min 36 s
fast kink mo de ! 2 = 0.843 19 min 46 s
odd Alfv ¶en mo de ! 5 = 1.646 10 min 07 s
fast sausage mo de not detected



Compa rison between observations and the mo del

Diagnostic from R¶egnier et al. (2001): ´ = 0:16

Assuming T0 = 8000 k, we obtain the values of Á and the relation
between B and the densit y ½0:

Á = 18 o § 2:5o

B = 2:9 10 ¡ 5( § 0:4 10 ¡ 5)
p

½0

( B 0( ½0) = 2:5 10 ¡ 5 p
½0)



Compa rison between observations and the mo del

Diagnostic from Pouget et al. (2006):



Compa rison between observations and the mo del

Diagnostic from Pouget et al. (2006):



Next step?

In the near future, we would lik e to develop or to use a new mo re
realistic mo del to perfo rm the compa rison with the observations.

Ideas:

- replacing the slab by a cylinda r in the Joa rder and Rob erts mo del

- developping the ¯b rils mo del of Diaz et al. including T

- adapting lo op mo del fo r dense material and non-straight ¯eld lines


