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Non-thermal (NT) Tails

= Frequently observed in many astrophysical situations

i ] 7295_2 |
10_4 : ‘Q‘_|—|—|I J 1000 }
= - 3
o C ]
w107 ’
@ 3 —— E A
5 f !
U - — =
= 107 ‘ ] <
a : - 3
. Coma Cluster .
10 £ = 10
E ! \ IR T A B = -
40 80 100 | y
channel energy (keV) o Enargy (keV) 1000
105 ] o10f T T T ™ T i
'E -m"'— Thermal - — o s
Ei . Nonthermal — — - — - g ]
'I. 1u — Tuml —_— Ef 6 B T=71.7 eV (Halc)
E g 10° .
_U 4“:'2 - - - —_ "‘g
n - ‘g 1041
o 1 — — E 1 '
E 10 % 102k : | |
o : @ N . |
5 00— Solar F 2 | Quiet Tim,
- olar Flares - & 100 A LA Eeperne
5 13'1 — % SOIar Wlnd |
i . -2 : :
0=2 N w?-Electrans i \ 7
10 100 N IR A :'.I T R
107 102 108 10% 105

Erergy [keV) Energy (eV)



Even In the Quiet Solar Corona?
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Ion (A) Transition (TE} rges I;H]Am I;OM”‘D I;."z

(1) (2) (3) 4) (3) (6) (7) (8)
AL X 745.80 2522p P25 22p0 15, 1.8 x 10° 0.047 0.051 0.058 0.095
AT XT oo 1392.10 2s22pt APy—2522p" 1Dy 1.8 x 10° 0.53 0.44 0.41 0.61
AL XI o 649.09 2522p3 483,—2572p3 2P3p 2.6 x 10° 0.013 0.016 0.053
AT XI oo 670.31 2522p3 48,,-2522p3 2P, 2.6 x 10° 72 % 1073 8.4 x 1072 0.027
AT XT oo 1018.75 2522p° 4830-2522p° *Dsp 2.6 x 10° 0.11 0.046 0.049 0.157
AT XIT oo 1054.59 2522p° 183,-2572p7 TDsp 2.6 x 100 0.19 0.052 0.057 0.182
AT XTI o 656.69 2522p2 3P 2522p% 1S, 3.3 x 100 2.1 x 1071 2.0 x 1074 0.0019
AL XIT e 1330.53 2522p? AP -25%2p% ' D> 3.3 x 10° 6.0 x 1071 55 x 107" 0.0049
Ca X e 648.68 2s22p% AP 25 22p0 1S, 2.6 x 100 25% 1073 3.3 x 1073 0.022
Ca XI oo 1133.76 2522p* AP,-2522p" ' D, 2.6 x 10° 0.25 0.023 0.028 0.168
Ca XIVarroeeeeeeeceeeeeeeeerernn 545.23 2522p3 483,-2522p3 2P3p 3.3 x 100 9.2 x 1073 1.4 x 1074 0.004
Ca XIV .o 579.85 2522p3 483,-2572p3 2P 3.3 % 10° 6.4 % 1073 9.3 x 1073 0.0025
Ca XIV oo 880.40 2522p3 483,-2572p3 2Dsp 3.3 x 10° 3.6 x 1071 54 x 107 0.015
Ca XIV .o 943.63 2522p7 183,-2572p7 2Dsp 3.3 % 10° 0.024 4.8 x 107 7.5 x 1074 0.021
Ca XVt 555.38 2522p2 2P -2572p% 1S, 4.0 x 10° 2.1 x 1077 2.1 x 1077 3.9 % 1077
Ca XV 1098.48 2522p2 3P 2522p% ' D 4.0 x 10° 6.8 x 1077 6.6 x 1077 1.2x 107
Ca XV oo 1375.95 2s22p? 3Py-25%2p% ' D, 4.0 x 10° 1.0 x 10°° 9.8 x 1077 1.8 % 1074

Notes.— The last column contains line intensities calculated with 7> = 300 eVand /> = 5% and bulk electron temperature of 108 eV.

= Ralchenko et al. (2007) find that a secondary 5% suprathermal
electrons of 3-4 MK can account for the unexpected brightness
excess of a number of hot lines 1in the ~1MK quiet solar corona

observed by SOHO/SUMER.



Problems with NT Tail Generation

= Thermalization of NT Tails by Coulomb collision 1s fast, usually within a
few thermalization timescales (see Petrosian & East 2008)
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Model Coronal Loop

T=1.35e6 K

*Coulomb collision  2e8/em?3
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Kinetic Modeling

To obtain particle velocity or energy distribution, we need to use the
kinetic approach by solving the Fokker-Planck transfer equation; we need
to know the energy rates for relevant processes.
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Continued

= Radiation (from CHIANTI)
nA(T) lwith | T — 2E/3

= Conduction modeled by Escape & Injection terms, also suppressed by
turbulence; Conduction flux is roughly twice radiation flux in the quiet
corona (Withbroe & Noyes 1977)
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Timescales In Quiet Corona
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Solving FP Equation

= We start with a Maxwellian function of typical coronal temperature
and include the processes mentioned above.

= At each time step, we evalute the energy loss rate and adjust the level
of turbulence to achieve the steady state condition.

Adjust Turbulence Acceleration Rate

/ A(E)N(E)dE = / (TejE) + ER) N(E)dE — (ngb) O

Adjust Number of Injected Electrons
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Steady State Spectrum

Energy loss including
only conduction
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Conclusion

= In collisonal plasma, generation of significant nonthermal
tails 1s very difficult; Only a very weak tail 1s present in the
steady state spetrum under the quiet solar corona condition.

= The observed brightness excess of hot lines may probably be
the superposition of emission from two physically separated
regions of different temperatures along the line of sight.
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