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MHD waves « Comparison between period ratio

Bayesian statistics models in long and short thread limits
« Comparison between damping models

Model comparison and inference of parameters
 Prior information

Advantages {Data with errors

| One observable



M: model | I Bayesian Techniques

0: set of parameters
d: observables
Prior: Previous knowledge on 0

Bayes' Rule

(Bayes & Price 1763) Likelihood: Probability of data given a model and 6

Marginal likelihood: Probability of data given a model

marginal likelihood

p(dIM) = j p(B1M)p(dIM, 8)d6
(7]

Ml - p1(91|M1; d); MZ_) p2(92|M2;d); M3 - p3(03|M31d); etc

Inference
Marginal posterior —  p(8;|M,d) = J p(0|M,d)do; ...d6;_1d6;,q ...d0O,
2 In (BFy) Evidence
MOdeI ComPGr'iSOH 0-2 Not Worth more than a bare Mention (NWM)
p(dlMi) 2-6 Positive Evidence (PE)
Bayes’ factor — BFij = W 6-10 Strong Evidence (SE)
plausibility of one model over another p J >10 Very Strong Evidence (VSE)

(Kass & Raftery 1995)



Prominence threads

Assumptions:

Longitudinally homogeneous tube
Pp/pc>1

(M)

2
vph = B

\ HoPp

Data:
(d) Upp by Lin et al. 2009
Parameters:
X p, €[107%,107°] kgm™>
x B € (0,50]G

(0)
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% Posterior distributions can be inferred.
% They spread over a range of values.
% Probability B > 20 G is very small.




Prominence threads

(Diaz et al. 2010)

Analysis 2 > "7/, Results
Assumptions: - —
x Partially filled tube 2] --- Eq.2

x Kink modes (fundamental, first overtone)
1. Simplest form

P, 3

2~ |, Long thread limit
L

2. Simplest form+1 term

T T 0.0 0.2 0.4 0.6 0.8 1.0
p _p
P, 3 1+J(1+ /3L)/(1 /L) Lp/L
4L
p
s

2 Jrt J(9/5 — LP/L)/(1 — LP/L) x Posterior distribution can be inferred.
% The larger P;/2P,, the shorter L, /L.
% P2 [3mm{ 503 PJimeEE % Largest differences between both equations
— ) ") ) p
. 01= 1(2)% x P/, € (0,1) for large L, /L values.
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. L
Analysis 2 —» 7/, 7/, Results
. 50 - T hEnms X Posterior distributions
Shorlt thr’ead l,mlt Y — :ﬁ:;i cah be inferred.
T2 | 2= E x The larger L,/L, the
2P ~1+(f?- )TP —(f*+1) (Tp> ;:2{,. larger P, /2P, (in
. 10 contrast with previous
N results).
\/(Pp/pc + 1) 000 002 004 006 008 010
f= > Lp/L
' 0.0200 1  ppaets
Paramefters: x Smaller p,/p, values — e
. 0.0150 — pyaps=
x 7/, € (0,0.1] with larger P1/2P;, 50 | 5 4opns. iy
e Pp small density contrasts
/pc € [1,300] are possible.
Data: x Probability ”?/,, > 200 is
x pP,/2P,=15,2,3,4 very small.
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Analysis 2 - Comparison short/long thread
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X Period ratios smaller ~ 0.5 for short threads.
X Period ratios around 1 are better explain in long threads.
X Period ratios larger than 2 more probable in short threads.




Prominence threads

Assumptions: Results
% Partially filled tube 0.020 —
% Flows 001k | N —:
L, =16 x 103km M “;’ —
P(¢t) 4vit2 vg=15kms ™ '\
LI P S
P0) (L T %Lp) (L —Lp) L, =1.7x103km %G'Dm |
vo=25kms™t T .| -
afa:
0.010 -
P(t) _
8 /P(O) = 0.9 0.008 -
X o=10% | | | | |
_ 20 40 60 80 100
* t=180s L
Parameters: % Posterior distributions with long tails.

x Qkamoto et al. 2007 % Posterior distributions peak at L~20 — 40 Mm
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Analysis 4 — Damping models

= Resonant absorption in the Alfvén continuum

= Resonant absorption in the slow continuum

Td_ZR
P 1l
Ty 2R<2 sz>‘2
P ml Y
1+,B

= Cowling’s diffusion

y = 5/3:adiabatic constant

T4 _ \/i
P  mii.k,R

— € (0,2]

é € (0,2]
k,R € [1073,0.1]
p € (0,1]

k,R € [1073,0.1]
fic € [107%,0.5]
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Analysis 4 — Damping models

Results

Marginal likelihoods

0.000251 (b
(a) Resonant absorption in the Resonant absorption in the
| | .
: . SLOW continuum
ALFVEN continuum 0.00020 -
= 0.00015 -
[«
~
=
S p.00010 A
QU
0.00005 -
0.0200 { ()
bo1s | Cowling's 0.00000 { - | | | | |
. . . . . ' diffusion 0 2000 4000 6000 8000 10000
0.0 0.5 1.0 15 2.0 00150 4 Td/P
Ta/P 0.0125 -
s % Each mechanism corresponds
&, 0.0100 - i
3 0007 to different ranges of
B ooso. damping ratios.
' = pMax __og =
0.0025 - 5;14&4; ;
0.0000{ ~ Trasc~10
T T T T T T T T T - max~15 -
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Td/P
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Analysis 4 — Damping models Results
Resonant absorption (0) / Cowling's diffusion (2) Bayes' factors
30
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% QObservations with t;/P < 10 — resonant absorption in the Alfvén continuum
%  QObservations with 7,/P > 10 — Cowling's diffusion
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\ Summary of resulfs:l

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

Different inference results in the short/long thread approximations for
P./2P,

X

Total lengths shorter than in previous studies.

X

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

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