Bayesian evidence for a nonlinear damping
model for coronal loop oscillations
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Observations

Empirical relationship between the
damping and the oscillation amplitude

Models

Resonant Absorption (RA)

Damping time/period
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Evidence

Marginal likelihood 1s a measure of relational evidence

p(D|M) :/
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Bayes Factor 1s a measure of relative evidence

Kass & Ratftery (1995)
Bayes factor Fvidence
p(D M NL) 0-2 mconclusive
Byira = 2log DI M = — BranL 9.6 o
p( RA)
> 6 strong
> 10 very strong




Application to SDO/AIA loop oscillations

Bayes factor for 101 oscillation events 1n the catalog by Nechaeva et al. (2019)

i Event ID Loop ID P [min] Tp [min)] ™/ P n [Mm]  Bnrra
1 1 1 342 £0.06 5.34 £1.12 1.56 = 0.33 1.7 0.4
2 1 2 411 = 0.05 10.76 = 2.79 2.62 £ 0.68 1.2 1.4
3 3 1 2.46 £+ 0.03 8.8 £ 1.8 3.58 £ 0.73 4.7 3.4
1 3 2 3.62 £0.08 4.12 £0.47 1.14 £0.13 9.7

5 A 1 229 £0.03 71815 3.14 £ 0.66 4.4

6 4 2 3.47 £ 0.03 744 £ 1. 2.14 = 0.29 1.2

7 7 1 1.69 £0.02 723 £13 4.28 £0.77 3.2

8 8 1 3.74 £ 0.07 10. £ 1. 2.67 &£ 0.27 1.6 2.5
9 9 1 5.14 £ 0.17  5.09 £0.98 0.99 = 0.19 4.3 0.9
94 84 1 3.7 £033 156 £83 413 £223 27=x1.0 2.6
95 87 1 594 £0.32 251 +10.8 423 +183 39+1.0 2.7
96 87 2 9.24 £+ 0.62 12746 137 £0.51 6.9 £ 2.2 2.1
97 88 1 938 £0.19 13.0£54 139£058 50=£04 1.8
98 88 3 13.75 £ 1.18 155 £6.5 113 +£048 53 £ 1.8

99 90 1 9.32 £ 0.31 8.6 24 092+0.26 57+14
100 92 1 6.51 £ 0.31 91+24 140=x037 39x13
101 93 1 832010 21.4+£49 257059 215 %24

Byira > 0

Evidence 1f favour of
nonlinear damping

Bayes factor Evidence
0-2 inconclusive
2-6 positive
> 6 strong
> 10 very strong
Bnira <0

Evidence 1t favour of
resonant damping




Application to SDO/AIA loop oscillations

(bayesian) results for all 101 oscillating loops (frequentist)
10 statistics
@ Positive evidence NL: 2 < Byra < 6
@ Strong evidence RA: BranL => 6
O Inconclusive evidence: 0 < Byira < 2 # CaSECS
8 - O Inconclusive evidence: 0 < Brane < 2
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The nonlinear damping model ofters a plausible explanation for the observed properties
of damped transverse coronal loop oscillations



