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Coronal Seismology

Observations

MHD waves

Theory

?

Bayesian statistics

Model comparison and inference of parameters

Prior information

Data with errors

One observable

Advantages 

• Inference of model parameters

• Comparison between period ratio 

models in long and short thread limits

• Comparison between damping models

Prominence threads



𝑝 𝜃𝑖 𝑀,𝑑 =  𝑝 𝜽 𝑀, 𝑑 𝑑𝜃1 …𝑑𝜃𝑖−1𝑑𝜃𝑖+1 …𝑑𝜃𝑛Marginal posterior →

𝑝 𝑑 𝑀 =  
𝜽

𝑝 𝜽 𝑀 𝑝 𝑑 𝑀, 𝜽 𝑑𝜽

Bayesian Techniques

Inference

Model Comparison

M: model
𝜽: set of parameters 
d: observables

𝑝 𝜽 𝑀, 𝑑 = 
𝑝 𝜽 𝑀 𝑝 𝑑 𝑀, 𝜽

𝑝 𝑑 𝑀
Bayes’ Rule

𝐵𝐹𝑖𝑗 =
𝑝 𝑑 𝑀𝑖

𝑝 𝑑 𝑀𝑗
B𝒂𝒚𝒆𝒔′ 𝒇𝒂𝒄𝒕𝒐𝒓 →

(Bayes & Price 1763)

Marginal likelihood: Probability of data given a model

Prior: Previous knowledge on 

Likelihood: Probability of data given a model and 

prior
likelihood

𝐦𝐚𝐫𝐠𝐢𝐧𝐚𝐥 𝐥𝐢𝐤𝐞𝐥𝐢𝐡𝐨𝐨𝐝

plausibility of one model over another

(Kass & Raftery 1995)

𝟐 𝒍𝒏 (𝑩𝑭𝒊𝒋) Evidence

0-2 Not Worth more than a bare Mention (NWM)

2-6 Positive Evidence (PE)

6-10 Strong Evidence (SE)

>10 Very Strong Evidence (VSE)
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𝑀1 → 𝑝1 𝜽𝟏 𝑀1, 𝑑 , 𝑀2→ 𝑝2 𝜽𝟐 𝑀2, 𝑑 , 𝑀3 → 𝑝3 𝜽𝟑 𝑀3, 𝑑 , 𝑒𝑡𝑐



¤ Posterior distributions can be inferred.

¤ They spread over a range of values.

¤ Probability 𝑩 > 𝟐𝟎 𝐆 is very small.

Results

Prominence threads
Analysis 1 → 𝑩
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𝑣𝑝ℎ =
2

𝜇0𝜌𝑝
𝐵

Parameters:

¤ 𝜌𝑝 ∈ 10−12, 10−9 kgm−3

¤ 𝐵 ∈ 0,50 G

Assumptions:

Longitudinally homogeneous tube

𝜌𝑝/𝜌𝑐>>1

Data:
𝑣𝑝ℎ by Lin et al. 2009
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Assumptions:

¤ Partially filled tube
¤ Kink modes (fundamental, first overtone)

(Diaz et al. 2010)

Data:
¤ 𝑃1/2𝑃2 = 1, 1.5, 2, 3
¤ σ = 10%

Parameter:

¤  𝐿𝑝
𝐿 ∈ (0,1)

𝑃1

2𝑃2
≈

3

 
4𝐿𝑝

𝐿

1. Simplest form

𝑃1

2𝑃2
≈

3

 
4𝐿𝑝

𝐿

1 + 1 +  
𝐿𝑝

3𝐿 / 1 −  
𝐿𝑝

𝐿

1 +  9 5 −  
𝐿𝑝

𝐿 / 1 −  
𝐿𝑝

𝐿

2. Simplest form+1 term

Analysis 2 →  𝑳𝒑
𝑳
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¤ Posterior distribution can be inferred.

¤ The larger 𝑃1/2𝑃2, the shorter 𝐿𝑝/𝐿.

¤ Largest differences between both equations

for large 𝐿𝑝/𝐿 values.

Results

Long thread limit

Prominence threads



𝑃1

2𝑃2
≈ 1 + 𝑓2 − 2

𝐿𝑝

𝐿
− 𝑓2 + 1

𝐿𝑝

𝐿
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Analysis 2 →  𝑳𝒑
𝑳  

𝝆𝒑
𝝆𝒄

(Diaz et al. 2010)

Parameters:

¤  𝐿𝑝
𝐿 ∈ (0,0.1]

¤  
𝜌𝑝

𝜌𝑐 ∈ [1, 300]

Data:

¤ 𝑃1/2𝑃2 = 1.5, 2, 3, 4

¤ σ = 10%

𝑓 =
 

𝜌𝑝
𝜌𝑐

+ 1

2

6

¤ Smaller 𝜌𝑝/𝜌𝑐 values

with larger 𝑃1/2𝑃2, so 

small density contrasts

are possible.

¤ Probability  
𝜌𝑝

𝜌𝑐 > 200 is

very small.

Results

¤ Posterior distributions

can be inferred.

¤ The larger 𝐿𝑝/𝐿, the 

larger 𝑃1/2𝑃2 (in 

contrast with previous

results).

Short thread limit
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¤ Period ratios smaller  0.5 for short threads.
¤ Period ratios around 1 are better explain in long threads.
¤ Period ratios larger than 2 more probable in short threads.
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Analysis 2 → Comparison short/long thread
Results

Marginal likelihoods
Bayes’ factors
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𝑃 𝑡

𝑃 0
= 1 −

4𝑣0
2𝑡2

𝐿 +
1
3 𝐿𝑝 𝐿 − 𝐿𝑝

(Soler & Goossens 2011)

Assumptions:

¤ Partially filled tube
¤ Flows

Parameters:

¤ Okamoto et al. 2007

Data:

¤  𝑃 𝑡
𝑃 0 = 0.9

¤ σ = 10%
¤ 𝑡 = 180 s

Analysis 3→ 𝑳
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¤ Posterior distributions with long tails.

¤ Posterior distributions peak at 𝐿~20 − 40 Mm

𝑳𝒑 = 𝟏𝟔 × 𝟏𝟎𝟑𝒌𝒎

𝒗𝟎 = 𝟏𝟓 𝒌𝒎𝒔−𝟏

𝑳𝒑 = 𝟏. 𝟕 × 𝟏𝟎𝟑𝒌𝒎

𝒗𝟎 = 𝟐𝟓 𝒌𝒎𝒔−𝟏

Results

Prominence threads
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 Cowling’s diffusion

(Soler et al. 2009)

Parameters: 
𝑙

𝑅
∈ 0,2

𝑘𝑧𝑅 ∈ 10−3, 0.1
𝛽 ∈ (0,1]

𝛾 = 5/3: 𝑎𝑑𝑖𝑎𝑏𝑎𝑡𝑖𝑐 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝜏𝑑

𝑃
=

2

𝜋

𝑅

𝑙

2 𝑘𝑧𝑅

1 +
𝛾
𝛽

−2

𝜏𝑑

𝑃
=

2

𝜋  𝜂𝑐𝑘𝑧𝑅

Parameter: 
𝑘𝑧𝑅 ∈ 10−3, 0.1
 𝜂𝐶 ∈ [10−4, 0.5]

Analysis 4 → Damping models

 Resonant absorption in the Alfvén continuum

(Arregui et al. 2008)

𝜏𝑑

𝑃
=

2

𝜋

𝑅

𝑙

Parameter:
𝑙

𝑅
∈ 0,2

 Resonant absorption in the slow continuum

(Soler et al. 2009)

Prominence threads
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Resonant absorption in the 
ALFVÉN continuum

¤ Each mechanism corresponds

to  different ranges of 

damping ratios.

 𝑟𝑅𝐴𝐴𝐶
𝑚𝑎𝑥 ~0.5

 𝑟𝑅𝐴𝑆𝐶
𝑚𝑎𝑥~103

 𝑟𝐶𝐷
𝑚𝑎𝑥~15

Marginal likelihoods
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Results
Analysis 4 → Damping models

𝜏𝑑/𝑃
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Cowling’s 
diffusion

𝜏𝑑/𝑃

𝑝
(𝜏

𝑑
/
𝑃
|M

)

Resonant absorption in the 
SLOW continuum

Prominence threads



¤ Observations with 𝜏𝑑/𝑃 < 10 → resonant absorption in the Alfvén continuum

¤ Observations with 𝜏𝑑/𝑃 > 10 → Cowling’s diffusion

Bayes’ factors
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Results
Resonant absorption (0) / Cowling’s diffusion (2)

Analysis 4 → Damping models

𝜏𝑑/𝑃

Prominence threads



¤ Magnetic fields strengths of the order of units to few tens of Gauss.

¤ Different inference results in the short/long thread approximations for 
𝑷𝟏/𝟐𝑷𝟐

¤ Total lengths shorter than in previous studies.

¤ Resonant absorption in the Alfvén continuum as the most plausible 
mechanism to explain the observations of damped transverse oscillations.
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Summary of results: 

Montes-Solís, M. & Arregui, I.: “Inferring physical parameters in solar prominence threads”, 2018, A&A, in preparation.

Prominence threads
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Thank you for your attention


