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Motivation

We study the emission — we need to know the microphysics

Observations:

» Maksimovic et al. (1997): solar wind velocity distribution is well
approximated by a x—distribution

» Kasparova & Karlicky , 2009; Oka et al., 2013: coronal flare X-ray
sources can be described by a x—distribution

Theory:

» Collier (2004): if the mean particle energy is not held constant, the
entropy is not maximalized by a Maxwellian, but by a x—distribution

» Bian et al., 2014 ApJ 796, 142 - formation of the x—distribution in
solar flares

x—distribution can simulate effect of the power-law electron beam!
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Distribution shape affects ionization & excitation equilibrium
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K - diistrnibution
and the line intensities

E,>E, Kdistribution—> enhancement of the population
2 of the high energy levels in comparison with the
Maxwellian distribution at the same temperature
121

Temperature and parameter kK must be diagnosed
E, Simultaneously

Two pairs of lines are needed, one originates from
levels with different excitation energy and second
I one is sensitive to temperature
1

v v Spectrograph — wide spectral range, high sensitivity
(low lines intensities) and spectral resolution — problem

EVE — > 1A resolution between 50-1050 A — low spectral resolution, blended lines

Kappa package (http://kappa.asu.cas.cz) was used to calculate the synthetic line
intensities for n, = 1019-10'2 cm3, « =2, 3, 5, 7, 10 and Maxwellian distribution.

The intensities of Fe blends were included to the line intensities to propose
diagnostics of k for iron lines in flares using sdo/EVE
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Densiity Diagnostics
Fe XX 145.73/128.75 A

012~

Fe XXI 145,73 A / Fe XXI 128.75 A

- Log(T/K)=6.80

L L L B AL L
Maxwell

Log(T/K)=7.05
Log(T/K)=7.40
k=2

Log(T/K)=6.75
Log(T/K)=7.30

0.061 —— Log(T/K)=7.75 _
0.04 ]
0.02 .
0.00 L N B! Lo ]
10.6 108 110 11.2 114 116 11.8 12.0
Log(Ne) [em™]

sensitivity to «

Fe XXI 145,73 A / Fe XXI 128,75 A

L L L L S B L L B
0.14 -

L Log(Ne)=12 Maxwell
0.12

-
0.10 >
0.08 ]
0.06 Loginep=115 ﬁ_‘:_;E;_;_;_;;:.:;:':'-.'=":'-.':;-.'-.':—-:-:

[ logNe)=11_ _ _ _ _ aemEiEEE ST -2 T3
0.02 iz mimizimimimimmr ~ T ooizzzEEEEET

[ Log(Ne)=10 _ _ _ _ _—=====Z22_-_________3
0.00[ L1 . N N N Lo L i

6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0
Log(T) [K]

sensitivity to T



Flectron density [cm™]

Density Diagnostics
Fe XXI 145.73/128.75 A
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Electron densities for k-distribution with k=2 are = 0.1 deg lower than

for the Maxwellian distribution
precision is given by photon statistics



Fe XXIl 135.79 A / Fe XX 121.85 A

Temperature Diagnostics
i Line Ratios of Different lons
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Diagnosed temperature depends on the used ion lines and the
distribution function — for k=2 temperature can be = 2-times higher!
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Temperature Diagnostics
Line Ratios of Different lons
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Diagnosed temperature depends on the ion and the distribution function
— for k=2 temperature can be =2-times higher!

Black line — GOES temperature
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Temperature Diagnostics
Line Ratios of Different lons
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Black line — GOES temperature



Temperature Diagnostics
* Line Ratios and RHESSI

M6.3

Fe XXIV 192.03 A / Fe XXII 135.79 A

SDO AIA_T 131 9-Mar—2012 03:41:57.620 45x10°'C T T T T T T
500 =2 ]
4,0x107F .
a k=7
450 K 35X1O :_ %} _A Z\SAOEVSV el ]
= C ]LH, H o RHESSI Mxw
v 30x10"E H%s H % SSI toffl
I I S A ?ﬁ*
- g H}%
o 2.5x107F 2
€ © 00
L 2.0x10"F o
350 % & ]
e éﬂ%ﬁﬁ
300 IIIIIIIIIIIII
-150 -100 =50 0 50 100 150 200
X (arcsecs ) 03:30 03:45 04:00 04:15 04: 3

Start Time (09—Mar—12 03:20:00)

X-Ray RHESSI spectra 03:36 — 03:44 — temperature of Maxwellian core
- power law index
- emissivity
- electron flux



Fe XIX 91.0 A + Fe XX1 91.0 A
/ Fe XIX 424.3 A + Fe XX 423.9 A

Diagnostics
of the Distribution
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Multi-ions Diagnostics
of the Distribution
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Fe XXII-XXI Diagnostics
of the Distribution

X5.6
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- plasma is multi-thermal for both Maxwellian and «-distributions
- good constraint in the low temperature part

- DEMs look similarly, only temperature ranges are different !

/ Fe IX 177.2 Fe XX 121.9 |
/! Fe Xl 202.0
Fe XV 211.3 Fe XXIl 135.8
Fe XV 284.2 Fe XXIll 263.8 |
Fe XVI 335.4 Fe XXIIl 132.9
Fe XVIIl 93.9 Fe XXIV 255.1
Fe XXIV 192.2
| ' ' | N N N 1 " " " 1 " 1 L 1 1 1 1 | 1
6.6 6.8 7.0 7.2 7.4 7.6
logo T (K)

Maxwell: 6.3 —-7.3
kappa=2:6.5-7.7



=
Ll
1030 L L L | L L L | L L L | L L L | L _ 1030 _ L L L L L L L L L L L | L L L L
6.6 6.8 7.0 7.2 6.6 6.8 7.0 7.2 7.4 7.6
Log(T) [K] Log(T) [K]
- similar slope, maximum temperature decreases with time
Time: - effect of multi-thermal plasma on the proposed diagnostics?

black — blue — green — — red



Distribution Diagnostics

and DEM
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i Conclusion

& EVE spectra allow us to diagnose distribution function
(or presence of enhanced number of particles in the
high-energy tail) although the precision of diagnostics
relatively low

@ Diagnostic results of X5.6 and M6.4 flares indicate the
presence a high number of the accelerated particles
during the impulsive and also decay phase (signature of
the reconection?)

@ presence of the «k-distribution or similar distribution
affects mainly the diagnostics of the temperature, the
shift can be by a factor =2
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