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Oscillations in an active region filament: Observations and comparison with MHD waves S. R´egnier, J. Solomon, and J. C. Vial Institut d’Astrophysique Spatiale, Unit´e Mixte CNRS-Universit´e Paris XI, bˆ atiment 121, 91405 Orsay Cedex, France Received 13 October 2000 / Accepted 18 June 2001 Abstract. During the MEDOC Campaign 4, on October 1999, observations of a solar active region filament were carried out by the SUMER/SoHO spectrometer. A time sequence of this filament has been obtained with a duration of 7 h 30 min and with a temporal resolution of 30 s. The Fourier analysis of the line-of-sight Doppler velocities measured in the 584.33 ˚ A HeI line allows us to detect oscillations in several ranges of periodicities (short periods: less than 5 min, intermediate periods: 6–20 min, and long periods: greater than 40 min). From a theoretical point of view, we consider the possible modes of oscillations of an active region filament. Following Joarder & Roberts (1993), we treat the filament as a plasma slab embedded in a uniform magnetic field inclined at an angle φ to the long axis of the slab. Solving the dispersion equations for Alfv´en waves and magnetoacoustic waves, primary and secondary mode frequencies appear to be non-equidistant. For the comparison between the observed and calculated frequencies, we outline an identification method of the oscillation modes in the observed filament. This identification provides a diagnostic of the filament: the angle between the magnetic field and the long axis of the slab is estimated to be 18◦ , and the magnetic field strength B (G) is proportional to the square √ root of the density ρo (cm−3 ) in the slab, B ∼ 2.9 × 10−5 ρo . Key words. Sun: filaments – Sun: oscillations – MHD – waves



1. Introduction The existence of oscillations in solar prominences and filaments has been known for several years (see reviews by Schmieder 1989; Vial 1998; Oliver 1999). Three categories of periods can be defined (Molowny-Horas et al. 1997): short ( B0 (ρo ): ωskm < ωssm < ωeAm < ωfkm < ωoAm < ωfsm
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Table 5. Identification of the observed frequencies as primary frequencies of Alfv´en and magnetoacoustic modes.



(11)



(skm: slow kink mode, ssm: slow sausage mode, eAm: even Alfv´en mode, oAm: odd Alfv´en mode, fkm: fast kink mode, fsm: fast sausage mode). Following the above parametric study, we outline a method to identify pratically the observed frequencies with respect to the calculated Alfv´en or magnetoacoustic mode frequencies: for a given active region filament, we determine the dimensionless parameter η (Eq. (8)); (ii) we calculate the ratios of the different observed frequencies that we compare with η; (iii) we define the observational constraints to apply to the model: the lowest (largest) observed frequencies are limited by the total duration (exposure time) of the time series; (iv) we eliminate the different ratios obtained in (ii) which do not satisfy the inequalities (10) or (11) and the conditions (iii).



slow kink mode slow sausage mode even Alfv´en mode fast kink mode odd Alfv´en mode fast sausage mode



frequency (mHz) period not detected not detected ω1 = 0.257 65 min 36 s ω2 = 0.843 19 min 46 s ω5 = 1.646 10 min 07 s not detected



(i)



4. Application to the active region filament 4.1. Identification of the observed modes We apply the identification method to the observed frequencies found for the active region filament described in Sect. 2 (see Table 1): (i)



we calculate the dimensionless parameter η with 2a ∼ 8000 km and l ∼ 63 000 km: η = 0.16. We consider the relative uncertainty to be ∼20% (given by the spatial resolution of the Hα image and the MDI magnetogram);



(ii) using Table 1, we calculate the ratios of the different frequencies observed in the filament (see Table 4). 1 The ratios close to η (bold characters) are η1 = ω ω4 , ω1 ω1 ω1 η2 = ω5 , η3 = ω6 , η4 = ω7 ; (iii) since the total duration of the observations is 7 h 30 min (3.5 × 10−2 mHz), the frequencies have to be greater than twice 3.5 × 10−2 mHz to be detected. Therefore, the slow kink mode is not detected in the reasonable ranges of B and φ (Figs. 7–9); (iv) we assume that the first observed frequency is a frequency which corresponds to a mode of oscillations. In Table 4, all ratios close to η contain ω1 . Therefore, the first observed mode is the even Alfv´en mode: the slow sausage mode cannot be associated with a higher frequency, and consequently ωssm < ωeAm , which is the case of the inequality (11). Then, we identify the observed frequencies ω2 to the fast kink mode ωfkm and ω5 to the odd Alfv´en mode ωoAm . In any case, we have chosen the largest peak. We summarize these results in Table 5. Note that the non-identified frequencies could be associated to one or several secondary frequencies of the MHD modes (see Table 3).
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4.2. Diagnostic of the observed filament We use the results of Sect. 4.1 to obtain a diagnostic of the active region filament. The observed frequencies are linked to the approximate primary frequencies (see Eqs. (6) and (7)). The unknown parameters are the temperature in the slab To , the angle φ, the density in the slab ρo and the magnetic field strength B. The temperature To in the slab is a free parameter in this case. The equations to solve are: ωeAm =



vAxo , 2π(la)1/2



ωfkm =



c− o 2π(la)1/2 B √ sin φ , µ0 ρo 1/2 −1/2



where vAxo = 2 4vAxo c2so )



]



and c− o =



√ 2vAxo cso [c2fo − (c4fo −



.



Therefore, we obtain vAo and sinφ as a function of ωeAm , ωfkm , and the temperature To : q 1 2 2 ) + 4π 2 l a ω 4 c2s (ωeAm − ωfkm (12) vAo = fkm ωfkm sin φ =



2π(la)1/2 ωeAm ωfkm · 2 2 ) + 4π 2 l a ω 4 )1/2 2 (cs (ωeAm − ωfkm fkm



(13)



For a temperature To = 8000 K (e.g. Vial 1998), we estimate the angle φ: φ = 18◦ ± 2.5◦ ,



(14)



and we obtain a relation between B and ρo : √ B ∼ 2.9 × 10−5 (±0.4 × 10−5 ) ρo



(15)



with ρo (cm−3 ) and B (Gauss). The accuracy on the angle and on the relation between B and ρo is given by the uncertainty on the determination of the frequencies and on the measurement of the characteristic lengths. In Fig. 10, we plot the variation of the magnetic field strength B versus the density ρo . For a reasonable range of B (10– 70 G), the density in the slab ranges between 1.2 × 1011 and 5.6 × 1012 cm−3 . These results are in agreement with Eq. (9): for a given density ρo the magnetic field strength is higher than B0 (ρo ). The results are not very sensible to the effective value of the filament temperature: for 5000 K < To < 15 000 K the value of the angle φ and the coefficient in Eq. (15) change by less than 5%. This is due to the fact that the Alfv´en and fast magnetoacoustic modes are not very sensitive to the temperature for reasonable ranges of density and magnetic field strength in the filament (see Eqs. (12) and (13)). Only the slow magnetoacoustic modes are sensitive to the temperature (e.g. Joarder et al. 1997) but their frequencies are too low to be detected with our present observational constraints. Actually, the measurement of the primary frequency of the slow sausage mode should allow us to obtain a good estimation of the temperature in the filament.



Fig. 10. Evolution of the magnetic field strength vs. the density in the slab. The reasonable range for B is delimited by the horizontal dashed lines.



5. Discussion and conclusions SUMER observations of active region filament oscillations have been obtained in the HeI line at 584.33 ˚ A with a total duration ∼7 h 30 min and with a small exposure time ∼30 s. A Fourier analysis of the line-ofsight velocity time series allowed to evidence oscillations in the three ranges of periodicities defined by Molowny-Horas et al. (1997): short ( 
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