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> is equilibrium distribution under many conditions > can be formed in corona by coronal o pre 00 EXperssion: F(E)=A 2E” ( PR -
in space plasma (Tsallis, 1988, 2009) heating (e.g. by micro flares or waves) : | ) 2 (kr) (e = LSRT

» has a power-law high-energy talil > it is easy to use it to simulate the effect of T(x +1)

» supra-thermal component is observed in flares the electron beam on the plasma emission where A = Mk -0.5)(k —1.5)""
and solar wind (Maksimovic et al., 1997) in the solar corona and transition region, CTERAR T

> the shape of the distribution affects the ionization for E— o< : f(E) = E -(k+05) Two Independent parameters, x and T.
and excitation equilibrium (e.g. Dzifakova & > has a small affect on the ionization times, Kk — 1.5 — distribution Is strongly non-thermal,
Dudik, 2013, Dziféakova & Kulinova, 2010) significant efffect on the recombination i | k— o ~ Maxwellian distribution

> explains Si lll line intensities in the transition times: =10-times shorter than for the T Eoo[]ooo ~ Mean energy of th_e K—.dIS’FrIbLftIOHS Is the same
region (Dzifé&kova & Kulinova, 2011) Vil e @ i s a > as for the Maxwellian distribution: (E)=3kT/2

Periodic interaction of the electron beam with plasma

Assumptions:
Electron beam is a result of the reconnection and its presence is a common signature e. g. of the coronal heating
It interacts for a short time (travels across the plasma volume) and can be thermalize somewhere deeper in the atmosphere.
Beam + plasma distribution can be modeled by a k-distribution.
Periodic interaction of the beam with plasma: k-distribution during first half-period; Maxwellian distribution during second half-period
Both distributions have the same low energy part and bulk, they differ in the high-energy tail and temperature only

The effective ion temperature, T is the temperature corresponding to the mean charge of ions during the non-equilibrium and is
different for the Maxwellian and k-distribution
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Maxwellian — k=2 distribution
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The Maxwellian distribution with T=10° K is supposed before the interaction.
The distribution periodically changes from Maxwellian to k—distribution, k=2.
The temperature from the mean
charge for the k—distribution are

The Maxwellian distribution with T=10% K is assumed before the interaction.
Then, it periodically changes from Maxwellian to a k—distribution. Parameter «
can be 5, 3, and 2 (left to right), giving the magnitude of the electron beam. The
electron beam (tail of the k—distribution) contains 15%, 25%, and 35 % of the
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T4 from the mean charge of Fe (dashed blue lines for the Maxwellian and and red lines for k=2), the distribution temperature
(thin black lines), and synthetic EUV spectra averaged over one period (black lines) for the periodic interaction plasma with
the high-energy electrons. The difference in T4 for the Maxwellian and k-distribution is about 108 K. Blue lines in spectra
correspond to the Maxwellian spectrum with T = 108 K and red ones to the k-distribution with T = 4x10° K and k=2.
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T« from the mean charge of Silicon and Oxygen (blue lines for the Maxwellian and and red lines for k=5, 3, 2) and the distribution temperature (thin black
lines) for the periodic interaction plasma with the high-energy electrons. The difference in T, for the Maxwellian and k-distribution can be up to one order!
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The synthetic EUV spectra averaged over the first period (black lines) for the interaction plasma with the high-energy electrons. Dashed red spectra corre- TN ]

spond to the k-distribution with T = 1.4x104, 2x104, and 4x10* K and k=5, 3, and 2. There are no oxygen lines in the synthetic non-equilibrium spectra! ol
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Conclusions - transition rﬁgiOn: DEM calculated from averaged synthetic EUV spectra under the assumption of the Maxwellian distribution.
*Temperature derived from the observation strongly depends on the assumed distribution, it can be

different by an order of magnitude for xk=2. The effective temperature is different for different ions.
Non-equilibrium plasma can form IRIS spectra with no oxygen lines. The line intensities
depend on the period, electron density and x.

*The beam energy required to ionize the plasma to the observed degree of ionization can be much
lower than the thermal energy.
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Conclusions - corona:

 Temperature derived from from the observation depends on the assumed
distribution function, differences in its estimation can be up to 106 K.

* Non-equilibrium plasma looks multi-thermal and the shape of DEM
depends on the period, electron density, and, of course, on the value of k.
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