61

On the role of non-Maxwellian forms of distribution
functions in the process of acceleration of auroral
particles

N.O. Ermakova and E. E. Antonova

Abstract: Most theories of auroral particle acceleration are basethe suggestion of Maxwellian form of distribution
function of accelerated particles. At the same time in mases experimentally measured distribution functions ateeb
described by kappa distribution. The formation of kapparithstions is connected with the action of relaxation pases
in the turbulent magnetosphere in the conditions of theratesef collisions. Field-aligned acceleration of ionosphe
ions leads to the appearance of particle population wittoglgpe distribution functions. The trapping of particieside
the region of acceleration also leads to the appearancemMaxwellian distributions. The model of auroral particle
acceleration is developed taking into account the prosesenodifications of distribution functions. The existerufe
conjugate regions of acceleration in the north and southigprares is suggested. It is shown that the kinetic treatmen
and the formation of non-Maxwellian distributions with teeéd number of low energy particles gives the possibility to
reanalyze the criteria of the formation of field-aligned psrof electrostatic potential.

Key words: auroral acceleration, double layers, kappa distribution.

1. Introduction Hotter, more Maxwellian distributions may be identified as
older in the sense of having undergone more velocity space
Tiffusion.

The use of kappa distributions instead of Maxwellian distri
bution lead to the modifications of the theory of auroralighat
acceleration. In this paper we consider the modificationisisf
theory by introducing the kappa distribution functionsgop-
ulation of hot magnetospheric electrons and ions.

Results of numerous observation at the auroral field line
demonstrate the existence of field-aligned potential d¢sps
the review [1]). However the processes of field-aligned pote
tial drops formation are not clear till now. The most popular
model is the model of the formation of double layers. Many
theoretical studies of the processes of auroral particdelac
ation were made under an assumption that the particlelulistri
tion functions have a Maxwellian form. Nevertheless, tHé-co

sionless character of magnetospheric plasma suggesteshe po Kappa distributions and classical double
sibility of the existence of non-Maxwellian distributionrfc-

tions layer
Plasma sheet particle spectra can be approximated by a kappahe model of classical double layer considers the motion of
distribution [2, 3]. The kappa distribution has the form cold current-carrying electrons and ions, together withnwva

e electrons and ions, which are reflected by the double layer po
£(B) = n 1 I'k+1) . = 1) tential. The current-carrying electrons and ions are acatdd
73/2 3/213/2 T'(k — 1/2) keo ’ in opposite directions and gain energy from the double layer
0 potential. The density of plasma in a double layer is much les
wheree is the particle energy is the energy correspond- than outside of a double layer. Intensity of an electric fiald
ing to the core thermal speed of the distributiéris a para- side a layer is much larger then the intensity of a field in sur-
meter determining the high-energy power law indexs the  rounding plasma. Occurrence of strong field-aligned fietds i
particle density]" is the gamma function. The kappa-function a double layer is caused by destruction of quasineutrdlitg.
resembles a Maxwellian distribution at low energies, mgkin Poisson equation describes the distribution of potedtiai-
smooth transition into a power law tail at much higher eresgi  side the double layer (Gaussian system of units is traditipn
If the parametek — oo Maxwellian distribution is formed used)

F(E) = _i} , (2) VO =—dre(n’ —n), 3)

n
— €
63/271.3/2 *p €0 .
wheren’, n© are the ion and electron densitiess the electron
) charge. In the one-dimensional double-layer all pararaeter
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Necessary conditions for the formation of double layer with The comparison of relations (11) and (12) shows that the ex-
the potential drog;, have the form istence of non-Maxwellian tails of distribution functioleads
to increase of ion and electron beam energies necessahgefor t

n®>n' if ©—0 (5) formation of classical double layer. This limitation iscstger

n'>n¢ it & — Py for more young distribution functions with smaller
The condition of quasineutrality outside the layer has the The condition of the existence of stationary strong double
form ayer has the form (Langmuir criterion):
n (@)oo = n'(P)a=o, 1°(P)a=a, =n'(P)a=a,, (6) je/ji = \/mi/me (13)

and the condition of electric field vanishing outside theely  \yherej, j: are the electron and ion particle fluxes,, m, are

By, the electron and ion masses. This condition is strongly modi
/ [nE(q)) - ni(q))} dd =0 (7) fied if we take into account the existence of trapped popula-
0 tions of particles and kappa-form of distribution functon

The distribution of charges and electric field inside thestay
are determined by the analysis of particle motion inside th
layer in the conditions of fixed distribution functions oreth
boundary of the layer. We shall consider laminar changes of The collisionless character of magnetospheric particle mo
potential (neglect the processes of distribution funct@axa-  tion leads to the development of kinetic theory of doubletay
tions inside the layer) and suggest the conservation ofcgart formation (see [5]). The existence of double layers in the-co
energy and magnetic moment. jugate hemispheres and the possibility of the existencewnf n

Classical one-dimensional Langmuir double-layer suggestMaxwellian population of hot ions produced by depredated io
the existence of two cold and two hot populations of ions andeams accelerated by field-aligned potential drops frorh bot
electrons. Ifj; is a beam of cold ions and is a beam of cold hemispheres are taken into account in [6]. A water bag dis-

3. Kappa distribution and kinetic double layer

electrons electron and ion concentrations are tribution function have been selected for this ion popolati
. ) 1/2 trapped in the equatorial plane. The contribution of the-pop
ne = Je/ [VOe =+ 26(1)/me} ny 8) ulation of secondary electrons trapped between field-atign

n'c = ji/ [VO?Z. + 2e(®y, — ‘1>)/mi] potential drop and the ionosphere was analyzed in [7]. It was
shown that the existence of trapped populations of elestron
whereVq. andVy, are electron and ion velocities before the and ions gives the possibility to overcome the limitatioiveg
accelerationyn. andm; are the electron and ion masses. It is by Bohm-Block criterion.
considered thab = 0 on the cathode part of the laydr= ®,  "We consider the model of electron and ion acceleration for
on the anode part of the layer. If hot ions have Maxwell dis-the case of the existence of 3 ion populations and 3 electron
tribution function with temperatu@i and hot electrons with popu|ations: cold ionospheric e|ectron3, hot magnetmhe
temperaturde ions described by kappa distribution, trapped near thetequa
ih_ ih o/T orial plane ions of ionospheric origin accelerated in thilfie
o 0P [=e®/Ti], (9) aligned potential drop with the valuéy, cold electrons of
n = ng" exp [—e(Py, — ©)/T]. ionospheric origin, hot electrons of magnetospheric aritg-
The condition (5) then leads to the Bohm-Block criterion for SCTiPed by kappa distribution, warm secondary electrons of
cold beams (see [4]) magne_tosp_henc origin trapped petween the magnetic and e_Ie
trostatic mirrors. The acceleration takes place in theoregi
where B = B.. All particles which can move up to iono-
spheric altitudes wher®& = B are absorbed. However the
) o ] . contribution of particles lost in the ionosphere is compara
Using of kappa distribution function leads to the modific- jyely small if the acceleration takes place at great geoent
ation of the criterion (10). For kappa distribution of hoh®  gjistances (as it is ordinarily observed). Therefore wel stegj-

2
mEVOE > Ti,

mZVO% >T,. (10)

Wei;[Lh parametersy", k" and hot electrons with parametef,  |ect such particles in the first approximation and consitler t
k potential jump leading to great changes of particle correent
o —kih41/2 tions. We shall also consider that the criterion (5) is §ietis
nih = nik (1 + %) due to the existence of trapped populations of ions and elec-
keg ’ trons
ch _ _ch e(®y — )\ " "+1/2 (11) The condition (6) leads to the expression
n =Ny 1+ 7]{6}156}1 5 . . - -
: ’ ng" |y =ng" + i + 0", (14)
and relations (10) are changed to ne + n6m|¢ o T ng™ = nil + nzm‘@ o
=%k =%k
; 1 . . ..
mVE > el (1 -, where the first upper indexes correspond to type of partdke (
kl (12) forelectrons; is for ions), the second upper index corresponds
miV2 > ech <1 - to the type of populationi(is for the ionospheric population,

(©2006 ICS-8 Canada



Ermakova and Antonova 63

m is for the magnetospheric population), symbshows the Condition (7) gives
trapped particle population.

Taking into account the conservation of energgnd mag- em pem _em { ( 1 ( e®, >kem+3/2 )
0 0 -

netic moment: in the process of acceleration, we shall use the’* kem —3/2 0 kemegm -1
electron and ion distribution functions in the form (1). The

< ey )5/2 L8 <1 e, )"“m‘l y
fdv = ng' T(k™+1) B " kemegm 15m1/2 kemegm
2 F(km _ 1/2) (5671)3/271'1/2(]{;7?1)3/2 % oF) (kem +1, §7 Z’ L) _
—km_q 2°2 €(I)k — kemgem
de dp 0
|1 e c_cw_ppz

_37T1/2 F(kem _ 1/2) kem kemegm

4 Tk™-1) 1 ( edy )5/2}+

wherek™ = k™™ andel = ei™ for hot magnetospheric ion

el el *kei+3 2
population k™ = k™ andej* = €§™ for hot magnetospheric 1 e keeg 1+ G‘I’k_ / by
electron populatior, is the charge of particle. 03/2 — ket keieg:
The calculation of ion density inside the accelerationgrgi e®y,
leads to the expression + / n{™(®, B.)e d® =
0
im B B im kimgim
) . ® -k +1/2 — n%(2ed i 1/2vu n() 0 %
S (1 + im) sy BT g
w0 edy. —k*T+3/2 e®r
L . . o x{(l—i— i im) —1}—1—/ ni' (®, B.)ed®
!on distribution is isotropic. Expression (16) gIVﬂ§”|@:®k €0 0
if & = dy. (19)

The calculation of the density of hot magnetospheric elec-

trons inside the double-layer leads to the expression Analyzing (19) and comparing it with (13) it is possible

to see that the condition of the existence of stationaryngtro
double layer is greatly changed in the case of the double laye
nem = in the magnetic trap. Itis interesting to mention that theesr-

—ge™ 4179 om ance of such kind of structures leads to great jumps of plasma
m{(l_ e® > T4 T -1/2)  density.

© 3712 T(kem —1)
( e® >kml < e® >3/2 4. Conclusions and discussion
X —_— —_— X

The problem of the acceleration of auroral electrons byield
3 5 P 1 \/T} aligned potential drops is_considered as a part of the pmobfe
X oy (kem +1,-, - 7> - — > auroral particle acceleration and therefore as a part girbie-
22 feem \ kemeg lem of magnetospheric substorm. The most popular model of
(17) suchaccelerationis the model of the formation of doubleday
[4—25]. But this problem in the majority of cases is analyired
where we use the expression the suggestion of Maxwellian form of distribution funct&n

At the same time kappa distributions are formed in the colli-
sionless magnetospheric plasma. Taktakiskiil. [26] have

u -1
/ ade U_HQFl(y, w14, —Bu). shown that the results of INTERBALL/Tail probe observation
o (1+pz)” H of kappa distribution functions in the geomagnetic tailaed!
described by the process of acceleration by the inducte® el
Expression (17) givesem|@:q>k if ® =®,. tric fields. This finding is supported by the results of [27]-M

lovanov and Zelenyi [28] associate the origin of kappa dis-
Sributions with the macroscopic ordering of the system.yrhe
prove that the canonical distribution corresponding toltbal-

lis definition of entropy coincides with the kappa distrilout

In accordance with [29] hotter, more Maxwellian distritouns

may be identified as older in the sense of having undergone
m;(V§h)? 1/2 more velocity space diffusion. Therefore it is quite inttre
T@k) ) (18) ing to reanalyze the conclusions of double-layer theoridke
case of kappa distribution. We show that the real modificatio
appear as in the case of classical double layers as in the case
of double layer in the magnetic trap. The later mainly leads t

Temperature of ionospheric ions is an order of magnitud
lower than the multiplied on the electron charge field al@jne
potential drop. Therefore it is possible to neglect the tierthe
expression (14). We have for cold beam of ionospheric ions

i :iiq) Bc
" e=o (P, )(

whereV’ is the beam velocity.
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drops of particle densities. The condition of the existeote 20.

stationary double layer is obtained in both cases. The ddai
relations can be used in the analysis of the results of alurora
particle observations during substorms.
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