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1. Introduction & Motivation

The k-distributions were detected in the interplanetary

plasma — are they present in the solar corona?

The type of distribution affects intensities of the spectral

lines — can we diagnose 1t from the spectroscopic data?

Data and theory are required (Hinode/EIS and modified
CHIANTI)




2. K-distribution

A non-Maxwellian distribution of particle energies
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f(E,x)dE = A

A, — normalization const.
T a k — parameters of distribution Owocki & Scudder (1983)
E — electron kinetic energy

K — o0: Maxwellian distribution

Kk — 3/2: the highest deviation from Maxwellian distribution
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Successful diagnostics

Maksimovic et al. (1997 a, b); Zouganelis (2004, 2005, 2008) —

in the solar wind
Decker et al. (2005) — in the outer heliosphere
Dialynas et al. (2009) — in the Saturnian magnetosphere
Pinfield et al. (1999); DzifCakova & Kulinova (2011)
— 1n the solar transition region

Lee et al. (2012) — line profiles, 1on distribution in the solar

corona




3. EUV diagnostics

of the electron k -distributions
DzifCakova & Kulinova (2010) — Fe lines

Investigated lines: Al, Ar, Ca, Mg, Ni, O, S, Si

Synthetic intensities of lines
log(77K)=5.0-7.5; log(n/ecm3) =28 —12;
Maxwellian and x = 10, 5, 3, 2 distribution

Observed intensities

Hinode/EIS: 170 — 210 A and 250 — 290 A
QS, AR1, AR2, L and L+20” (Brown et al., 2008)




Density diagnostics

lon Ratio log(Tmax /K) Density range
Maxwell k=2 log(n./cm—3)
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5% 196-81/26423 615 6-20 10—12

Fe x11 (186.85 4 186.88) (bl Sx1)/(195.12 4 195.18) 6.15 6.25 8—-11.5

Fe x111 196.53 /202.04 6.20 6.30 9-11

Fe x111 (203.82 4+ 203.83) / 202.04 6.20 6.30 8.5-10.5

SXI {ESWJ 728146 6:25 635 8=16

Fe x1v 264.78 (bl Fex1)/274.20 (bl Sivi) 6.30 6.45 8.5-11

AT XV T91+A46-/19446 6-56 6-70 Ho5—=12

Line ratios proposed by Young (2007)
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Density diagnostics — Fe ratios

Ratio Distr. Qs ARI1 AR2 L L+20
Fexn

(186.854+186.88)/ Mxw  9.1570-17  saturated saturated T11.0270-1% 10.9370-1%
(195.12+195.18) k=2 9-0913253 saturated  saturated T11.03% 19.8513:65
Fexm Mxw 0147075 0457515 0.06757; 9857y 9.187G)
196.53 /202.04 k=2 9.03T03 9347017 8067055 074701%  0.0770-3%
Fexin

(203.82+203.83)/  Mxw 9.027017 9337047 90.027015 9867015 910750
202.04 k=2 8.092701% 9247030 8927017 980Th1Y  9.017)1%
Fexiv Mo 8900E 0SUTRH soathB  oesid 0aat

264.78,/274.20 k=2 801703 943102 8867032 060702  9.0570%




Diagnostics of k — density dependent

S Xl 246.89/S X 180.73
S Xl 246.89/S X 180.73

8 9
S X 264.23/S X 180.73 S X 264.23/S X 180.73




Diagnostics of k — density dependent
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Diagnostics of k — density independent

Density independent
Single-1on diagnostics
Great diag. opportunity
OIVlog(7,, /K)=5.2

O IV (253.08+253.10)/0 vV 182.71

Weak lines — long

Sl b Ll L exposures are required

O IV 182.71/0 IV 202.89




Diagnostics of k — density independent
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OV 271.04/0 IV (207.18+207.24)
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. _ unlikely to be Maxw.
QS
> ., ¢ - Blend with Mg IX
S0 2072 Alines

O IV (207.18+207.24)/0 IV 279.93




DEM analyse => the removing of blends

Fe VI, 1K, X, 4
LA A L

LY

5 Al = ]

Mg W, WL VI 3

5.0 55 5.0 5.5 7.0
log,, T

Maxwellian DEM for AR2. Regularized inversion method (Hannah & Kontar (2012))




Suitable line ratios for the k — distr.

diagnostics

Pairs of the line ratios (wavelength in A )

O 182.71 /O 1v 202.89T — O 1v (207.18 + 207.24
O 182.71 /O 1v 202.89T —O1v (207.18 + 207.24
O 182.71 /O v 202.80T —O1v (253.08 +253.10)F /O 1v 182.71
O1v 182.71/O1v (271.57 +271.58)~ O1v (207.18 + 207.24) / O 1v 182.71
O1v (207.18 4 207.24) / O 1v 279.93 - OV 271.04 / O 1v (207.18 + 207.24)
O1v (207.18 4+ 207.24) /O 1v 279.93 - OV 271.04 / O 1v 279.93
CaXIV 193.87 / Caxv 176.93—CaxV 200.97 / Caxv 176.93
CaXIV 193.87 / Caxv 176.93— CaxV 200.97 / Caxv 182.87%
Nixv 189.24 /Nixvi 195.27% — Nixvi 288.17 / Nixv1 195.27
SX 264.23 /SX 180.73—S X 264.23 /S X1 246.89
SX 264.23 /SX 180.73 S X 246.89 /S X1180.73

/O1v 202.891
/O1v 203.04

P e




4. Conclusions

Proposed the diagnostic method of the k, T, n,
Used CHIANTI and data from Hinode/EIS
Choose useful EUV line ratios for the diagnostics
Try to diagnose presence of k-distribution

Proper data are needed — EIS proposal in progress

DEM for k-distributions are planned




Answers

Are k-distributions present in the solar corona?

Probably — new data are required

Can we diagnose k-distributions from the
spectroscopic data?

YES — take care about all possible errors

Mackovijak, S., Dzit6akova, E., Dudik, J.: 2013, So/ar Phys. 282, 263




Thank you for your attention



