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Abstract

We consider magnetohydrodynamics models and observations of transverse oscillations in
prominence threads to obtain information on their physical properties such as the magnetic
field strength, the plasma density, or the length. We further compare between short and
long thread limits in period ratio models and compute the relative plausibility of alternative
mechanisms in explaining the observed damping of transverse oscillations. Bayesian tech-
niques are used for both analyses. The results show that the physical parameters of interest
can be inferred. Values of period ratio around 1 are more likely in the long thread limit while
shorter and larger values are more likely in the short thread limit. The mechanism known
as resonant absorption in the Alfvén continuum is the most plausible damping mechanism.

1 Introduction

High-resolution observations have permitted to resolve fine-structure of prominences as threads
that support transverse oscillations and flows [4, 5l [6]. In the last years, coronal seismology
has been used to infer properties of the solar corona and structures therein, such as promi-
nence threads [2]. In this work, we apply Bayesian techniques to the study of transverse kink
oscillations in prominence threads to infer some of their physical features. In particular, if
we take a model M with n parameters 6 and some data d, these techniques enable us to infer
the posterior distribution of each parameter or marginal posterior as

(6| M, d) = / p(61M, d)db: ...d6;_1dbiy 1 ...d6,, (1)

where p(0|M,d) is given by the Bayes’ Rule in the form

p(0)p(d|M, 0)

p(OIM, d) = PR, )
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Figure 1: (a) Posterior distributions of magnetic field strength corresponding to the threads
observed by [4]. Parameters are considered in plausible ranges of B € [0.01,50] G and
pp € [10712,107%) kg m~3. (b) Posterior distributions of L, /L for different Py/2P, values
with an uncertainty of 10% in the long thread limit. L,/L € (0,1) has been selected as
plausible range. The continuous lines correspond to results using the first equation in
and dashed lines to the second one.

Including then the prior information, p(é), the likelihood of the data, p(d|M,#), and the
normalization constant or marginal likelihood, p(d|M), we can extract the probability of
each parameter taking on certain values. On the other hand, Bayesian statistics allows us to
compare plausibilities between alternatives mechanisms M; and M; with the computation of
the Bayes’ factors defined by

_ pld|M;)

Bid = ity ®)

This relation of marginal likelihoods indicates which model better explains the observations.

2 Parameter inference

2.1 Magnetic field strength

Our first analysis is focused on the inference of the magnetic field strength in prominence
threads. Assuming threads as totally filled thin tubes, theory predicts a phase velocity of
transverse waves, vpy, as a function of the magnetic field strength, B, and the density of the
thread, pp, in the form

2

HopPp

Uph = Bv (4)

if the density contrast between the thread and the background corona is sufficiently large.

Applying Bayesian techniques, marginal posteriors of the two unknowns § = {B, p,}
can be computed, conditional on the observed phase velocity, d = vp, and the theoretical
model. Figure [Th shows posterior distributions of the magnetic field strength associated to
different threads whose phase velocities were measured by [4].
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Figure 2: Posterior distributions of (a) L,/L and (b) p,/p. for different P /2P, values with
an uncertainty of 10% in the short thread limit.L,/L € [0,0.1] and p,/p. € [1.01,300] has
been selected as plausible ranges of parameters.

All 10 distributions can be properly inferred. They spread over a range of values al-
though threads are in the same quiescent prominence and a very small probability of magnetic
field strengths larger than 20 G is appreciable.

2.2 Lengths and densities in a partially filled tube

Our second analysis considers the relation between the periods of the fundamental and first
overtone of transverse waves, d = P;/2P,, as a seismological tool. Assuming threads as par-
tially filled thin tubes, theory [3] offers analytical expressions of the period ratio as a function
of the thread length under two different approximations. In the long thread approximation,
it can be approximated as

P [ 3 P [ 3 |1+ JU+L/BL)/(0-L,/L) 5

—— or — & ,

2Py \[4Lp/L = 2Py \[ALp/L\|q 4 V(9/5 = Ly/L)/(1 = Ly/L)
both depending on only one parameter, the ratio of the length of the thread to the length of
the tube, § = {L,/L}. Marginal posteriors computed for different values of the period ratio
are plotted in Figure[Ip. The distributions are centred around smaller values of the parameter
for longer values of the period ratio. The largest discrepancies between both equations in ,

are obtained for the longest threads. If we now focus on the short thread limit, the theoretical
periods ratio can be expressed in the following manner

2
Pl 2 L 2 L

— =1 —2)— — nl—1 . 6

AU SR ] s (6)
The equation depends on two parameters, the previous one and the density contrast between
the thread and the corona through f = /(pp/pc +1)/2, hence 0 = {L, /L, p,/pc}. Repeating
the process, we obtain their marginal posteriors plotted in Figure 2l In contrast to the
previous result, the posteriors for L, /L are centred around larger values of the parameter for
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Figure 3: Posterior distributions of L for oscillating and flowing threads observed by [5]. An
observation time of 180 s and a ratio P(t)/P(0) = 0.9 with an uncertainty of 10% have been
considered.

larger values of the period ratio. The same trend is observed for p,/p., with a very small
probability for values larger than 200.

2.3 Lengths in a partially filled tube with flow

Observations show that threads are not steady, they flow through prominence. This plasma
flow introduces the necessity of considering the temporal dependence of wave periods. Theory
[10] predicts an analytical expression for the change in period of the form

P(t) 4v2t2
‘J1‘<L+§LP§<L—L» "

The observable, d = P(t)/P(0), is a function of three parameters, the flow velocity, vy, the
length of the thread, L,, and the total length of the flux tube, L, § = {vg, Ly, L}. In this
particular case, Gaussian priors for vy and L, are assumed using measurements by [5] for
the computation of marginal posteriors of L in Figure[3] Posteriors are not properly inferred
since they show long and high tails. However, they show a common tendency to peak at
around 20 to 40 Mm, with the shortest threads supporting the smallest flow velocities.

3 Model Comparison

3.1 Period ratios in the short and long thread limits

In section we made parameter inference using period ratios under the long and short
thread approximations. To compare the two approximations, we compute marginal likeli-
hoods and Bayes’ factors in Figure |5l Period ratios smaller than 0.5 and larger than 2 are
more likely for the short thread limit, while period ratios around 1 are better explained by
the long thread limit.
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Figure 4: Marginal likelihoods (a) and Bayes’ factors (b) for long and short thread approxi-
mations. P;/2P, € [0.01,5] with an uncertainty of 10%.

3.2 Damping mechanisms

Damping of transverse waves is a common observed phenomenon in prominence threads but
the causative mechanism is not well known. We consider as plausible mechanisms resonant
absorption in the Alfvén continuum, resonant absorption in the slow continuum, and Cowl-
ing’s diffusion to derive which one is more plausible in explaining observed damping ratios,
d = 74/ P. Theoretical damping ratios [I} [7, 8, O] for these three cases are

(%) AR (m)  _2R(kR () -2
P RAAC T l’ P RASC Tl 1+’Y% ’ P cD szRﬁc7

respectively. Computed marginal likelihoods for each damping mechanism are presented in
Figure [Bh-c. Each marginal likelihood peaks around well differentiated damping ratio values,
so that resonant absorption in the slow continuum can be directly discarded.

The remaining mechanisms are compared using Bayes’ factors in Figure 5. Damping
ratios smaller than 10 are more plausible for resonant absorption in the Alfvén continuum
and the rest for the Cowling’s diffusion.

4 Conclusions

Applying Bayesian techniques to the study of prominence threads, magnetic field strengths of
units to few tens of Gauss are obtained in quiescent prominences. When we use period ratios
to infer the length of the threads, different tendencies in long and short approximations are
observed. Introducing flows, the inferred total length of flux tubes in an active prominence
region indicate they are shorter than expected.

Model comparison shows differences of periods ratio values in short and long thread
limits and resonant absorption in the Alfvén continuum as the most plausible mechanism for
explaining damping of transverse waves.
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Figure 5: (a)-(c) Marginal likelihoods associated to each damping mechanism. Ranges of
damping ratios are displayed in z-axis. (d) Bayes’ factors associated to resonant absorption
in the Alfvén continuum and Cowling’s diffusion comparison for 7;/P € [0.01,300] with an
uncertainty of 10%.
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