
Acceleration Mechanism of Auroral Particles : A Review 
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Abstract: A review of recent observational and theoretical results on the 

problem of auroral particle acceleration is given. First, evidences of the ex
istence of field-aligned potential drops as an agent of particle acceleration are 
summarized. Second, the necessity of external electric generators is shown, 
and several models of electric generator are reviewed. Third, the structure 
of the particle acceleration region is considered; Chiu-Schulz magnetic-mirror 
theory of the structure of electric potential is criticized, and recent evidences 
of the double-layer formation m laboratory and computer experiments are re
viewed briefly. 
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Fig. I Field and particle measurements made on a satellite durzng zts poleward
bound passage through extremely large de-electric-field regions m the nor
thern auroral zone. The particle data are modulated at twice the satellite 
spzn frequency (reproduced from MOZER et al , 1977). 
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Fig. 2. Equipotential model for an auroral arc. Solid lines represent 
equipotential surf aces, and the electric field is toward the 
center axis of the figure. The magnetic field is taken to be 
vertical (reproduced from SWIFT et al., 1976). 
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Fig. 3 (Top) Total electron fiux (Middle) The horizontal component of wn drift zn 
the plane perpendicular to the spacecraft velocity vector Corotatwn effects 
have not been removed from V horiz, but the dashed base lme denotes V horiz 
zn the corotatmg frame (Bottom) Value of V0, a parameter which is a mea
sure of the field-aligned electrostatic potential drap, which, when applied to a 
Maxwellian velocity d1stnbutwn, can reproduce the observed electron d1stnbu
twn functwns (reproduced from BURCH et al , 1976). 
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Fig. 4. Pitch angle sorted electron energy spectra obtained from a rocket observatwn 
(reproduced from ARNOLDY et al., 1974). 
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Fig 5 The uppe, panel shows the pitch angle of the measured particles. The 
two center panels show data from the mass spectrometer at the zndicated 
energzes, and the lower panel shows electron fiuxes zn the energy range 
from O 37 to 1 28 keV The relative temporal preciswn of the plots zs 
about one second (reproduced from SHELLEY et al , 1976) 
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Fig. 6. Model of electric field configuration in the magnetotail projected on the 
cross-sectional area of the tail (ROSTOKER and BOSTROM, 1976). This 
electric field pattern is taken consistent with the assumed drift of the plasma 
sheet plasma toward the fianks of the tail. The fiow of closure current j 
m the direction opposite to E indicates that the region m which the cur
rent fiows has the character of an electric generator. 
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( Hones et al, 1976, Lu, et al, 1976 Swift, 1977} 
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GENERATION OF FLUTE MODE 

ION CYCLOTRON TURBULENCE 

( Section 4 ) 

! 
TRANSFER OF TURBULENT ENERGY 

FROM ION GYRORADIUS SIZE SCALES 

TO HYDRODYNAMICAL SIZE SCALES 

( Section 3 } 

! 
CASCADE OF HYDRODYNAMICAL 

TURBULENT ENERGY TO LARGE-SCALE SIZES 

AND GENERATION OF 

LARGE POTENTIAL DIFFERENCES 

( Section 2 } 

l 
FORMATION OF V SHOCKS 

AND ACCELERATION OF 

AURORAL ELECTRONS 

( Swift et al 1976 Swift 1976 } 

� 1 ium3Bm -=c j-';L, cswIFr, 1977). 
Fig. 7. Block diagram showing outline of SWIFT's idea and fiow 

of energy from plasma sheet ions to auroral electrons (re
produced from SWIFT, 1977) 
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Fig. 8. (a) Distributions of the various energetic particles along the field line are shown 
as functions of magnetic-field ratio. The subscripts identify the various particle 
populations: M ± for magnetospheric protons and electrons, SJ for primary back
scattered electrons, and T for electrons trapped between mirror points that both 
he on the same half of the field line. (b) The self-consistent electrostatic potential 
is shown as function of magnetic-field ratio and altitude. The magnitude of the 
parallel electrostatic field is also shown (CHIV and SCHULZ, 1978). 
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Fzg. 9. Contour map of the pitch-angle dzstrzbutzon for electrons of magnetospherzc 
orzgzn expected zn CHIU and SCHULZ model. The pztch-angle anisotropy 
T11/T-'- at the equator zs assumed to be O 25. (a) dzstrzbutzon at B0/Bs=0. 5 
and (b) dzstrzbutzon at B0/B8 =0. 01 . The dark shaded ellzpses are the 
"forbidden regzons" for electrons of magnetospherzc orzgzn 
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lg] 10 Double layer %� 0).¥'.��.� (QuoN and WoNG, 1977) . r tJ 7 � ji 

�=1 5vTe/me. 
(a) :f r >' � -\'  ;L,7J't!JO)�fai9£'-i. 2 µs ?::' c 0) ;t�r >' � -\' ;t,0)9£J.iiJ; 
ff� § �-c� � ti ·n ' 0 . 
(b) JE'mix�tc .t;vt 0 :f r >' � -\' ;t,7:J'm (_tm:) , .t; J:: tF{l'z:t§�Fai lc.t; 
vt 0 *3LT7J'W8'..'��*$1:�T (i:f:!m: fitlt-r. rm: fj: 1 ;t >') . 

Fig. JO. (a) Representation of plasma potential profile in time sequences O�t�50 
micro sec, showing the transformation of moving potential perturbations 
into a stationary potential double layer. 
(b) (b-a) plots of steady-state plasma potentials , (b-b) the phase-space re
presentations of the electron veloczty distribution, and (b-c) ion velocity 
dzstrzbution function. Velocities are plotted in energy scales of We, i= 
fme,i  V2 for electrons and ions, respectively. Numbers indicate the nor
malized height of the distribution functions (reproduced from QUON and 
WONG, 1977). 
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0 14 1 

� 11 Double layer %!i1ZO> 2 {'.!(jfJi<J� Y � .1 v- y 3 >' *'5:!fl: (DEGROOT et al. , 1977). 
rE0> ¥r >' y "" ;t, fi , m-r7° 7 ::z:· 7fiifJ0>ml�tc --::> l ,  --c.s:rt� L- --c � Q .  

Fig. 11. Self-consistent potentzal surfaces (time averaged over one plasma period) at 
Twpe=1225 from the start of 2-dimenswnal simulation. The x-averaged total 
potentzal (sum of self-consistent plus external) zs shown schematically in the 
znset (reproduced from DEGROOT et al , 1977). 

{!) t L --Cf&bh--C t!: t:.. 7
°
7 :::z" ?:N,m,tfl;mt , doub le layer t ;o���iWM§tJ:--::> tJ: ii� !'.) "5::' :nf--::> 

-::. t "5: �� L --C v ,  0 }2, -r: �[!Jt:ERv '. L ii� L tJ:.. ii \  G, -:: 3 L t:..�.� • HW{!)lltifliEr-J tJ:..W/ISJHi 

i t-= +53-v:. tJ:.. 2' n t:.. t �:t 1v , .:z -f,  tL?m:ticrmii\, 1v , iJdJ: 0 �ttv:. J:: 0 --c NvmEr-JifJ:@"5: %f.it--t 

0r:.�0ii� , � L 1v , -:=. t �i t J t A.,, c: b ii, 0 --C v ' tJ: v '. i t:. , �.;� . H�-C �i . doub le layer 

JT�f.it {!) t t r: tJ: 0 {!)vi , ittr 7
°
::; :::z"-;7 1,it{!) tLimtlcrrn-r: cb 0 ii \, WVJliJEr-Jv:. doub le layer t 

t§�;oL7,1, G;h0{!) �;t .  1 :t >-' -lf 1 :7 0  r O >' 1lt-Ccb0 (MOZER et al. , 1978 ; TORBERT 

and MOZER, 1978 , KINTNER et al. ,  1978). -:_ J L t:j,it{!) -=f  - f {!)Fp�Jj!! t %d> , '9{3t {!) 3:I 

4. i 2: cb 

-:: -:: �� {!)jJl/JllJ;o �  G, :t - 0 7 tl r (!);fJQ;f�tJH:. 0 \,, ' --c '  � < {!)'[iH!tii�  t t:.. G 2' n t:.. • 

.:en G v:. J:: 0 t ,  :t - o ::;  1iH:. 0 tJ: ii� 0 r�n.zi1:r:. ,  1tr1:fJllv:. 1a 0 --citt�{!) :f -r >' � ""' ;r.., 

�ii�#tE L ,  :t - o 7 tlr "5::' 1JoJ! L --c 1v , 0 -::  t �i , vi t A.,, c:�Jh , ;o;tJ: v '. 



No. 63. 1979) 15 

�-' --� z * � � - ������E, � � � � � � �-� � �� G I � = � � � � 

•�:.01..,,-c,  �ttfu��:. t 0 � -c 1.., ,  < £,�n;&> G t-:: ;s :5 . i t::. ,  1t1.llU � n G •r � z * 11,, �  

- ;z..---, 7 r }l,, �*gx;�:.�i,  1JIJ�-±1;�1m�:. 7° 7 A- '""7�Fri��}Jj\H:. J: G t.\x !Lh�lbv ' L V ' G  t 

�ti�t &> t:J (BRYANT et al. , 1978 ; PAPADOPOULOS and COFFEY, 1974 ; MATTHEWS et al. , 

ARNOLDY, R. L., LEWIS, P. B. and ISAACSON, P. 0. ( 1974 ) : Field-aligned auroral electron 
fluxes. J. Geophys. Res., 79, 4208-4221 .  

BLOCK, L. P .  ( 1972 ) : Potential double layers in the ionosphere. Cosmic Electrodynamics, 3 ,  
349-376. 

BRYANT, D. A., HALL, D. S. and LEPINE, D. R.  ( 1 978 ). :  Electron acceleration m an array of 
auroral arcs. Planet. Space Sci., 26, 8 1-92. 

BURCH, J. L., LENNARTSSON, w., HANSON, w. B., HEELIS, R. A., HOFFMAN, J. H. and HOFFMAN, 
R. A. ( 1 976) : Properties of spikelike shear flow reversals observed in the auroral plasma 
by Atmosphere Explorer C. J. Geophys. Res., 81, 3886-3 896. 

Cmu, Y. T. and SCHULZ, M. ( 1978 ) :  Self-consistent particle and parallel electrostatic field 
distributions in the magnetospheric-ionospheric auroral region. J. Geophys. Res., 83, 
629-642. 

COAKLEY, P., HERSHKOWITZ, N., HUBBARD, R. and JOYCE, G. ( 1 977) : Experimental ob
servations of strong double layers. Phys. Rev. Lett., 40, 230-233.  

DEGROOT, J. s. , BARNES, c., WALSTEAD, A. E. and BUNEMAN, 0. ( 1977 ) : Localized structures 
and anomalous de resistivity. Phys. Rev. Lett ., 38, 1283-1286. 

FRANK, L. A. and ACKERSON, K. L. ( 1971 ) :  Observations of charged particle precipitation 
into the auroral zone. J .  Geophys . Res ., 76, 3612-3643 . 

lIJIMA, T. and PoTEMRA, T. A. ( 1976) : The amplitude distribution of field-aligned currents 
at northern high latitudes observed by Triad. J. Geophys. Res ., 81, 21 65-2 174. 

KAN, J. R. ( 1975 ) : Energization of auroral electrons by electrostatic shock waves. J. Geophys. 
Res , 80, 2089-2095. 

KAN, J. R. and AKASOFU, S .-I. ( 1976) : Energy sources and mechamsms for acceleratmg the 
electron and driving the field-aligned currents of the discrete auroral arc. J. Geophys. 
Res., 81, 5123-5130. 

KINTNER, P. M., Jr. ( 1 976) : Observations of velocity shear driven plasma turbulence. J. 
Geophys. Res., 81, 51 14-5122. 

KINTNER, P. M., KELLEY, M. C. and MozER, F.  S. ( 1978 ) : Electrostatic hydrogen cyclotron 
waves near earth radius altitude in the polar magnetosphere. Geophys. Res. Lett., 5, 
139-142. 

MATTEWS, D. L. ,  PONGRATZ, M. and PAPADOPOULOS, K. ( 1 976 ) : Nonlinear production of 
suprathermal tails in auroral electrons. J .  Geophys. Res., 81, 123-129. 

MIZERA, P. F. and FENNELL, J. F. ( 1977) : Signatures of electric fields from high and low 
latitude particle distribut10ns. Geophys. Res. Lett , 4, 3 1 1-3 14. 



16 

MoN1GOMERY, D. and JoYCE, G. ( 1969 ) · Shock-like solutions of the electrostatic Vlasov 
equation J. Plasma Phys., 3, 1-11. 

MOZER, F.  S ,  CARLSON, C. W., HUDSON, M.  K., TORBERT, R. B ,  PARADY, B. and YATTEAU, J .  
( 1977 ) Observations of paired electrostatic shocks in the polar magnetosphere . Phys. 
Rev. Lett. , 38, 292-295. 

PAPADOPOULOS, K. and COFFEY, T ( 1974 ) : Anomalom, resistivity m the auroral plasma J 
Geophys. Res , 79, 1558-1561 .  

PAPADOPOULOS, K ( 1977 ) A review of anomalous resistivity for the 10nosphere . Rev. 
Geophys Space Phys , 15, 1 13-127. 

QUON, B H and WONG, A Y. ( 1976 )  Formation of potential double layers m plasmas. 
Phys. Rev. Lett , 37, 13 93-1396. 

RosToKER, G and BosTROM, R. ( 1976 ) : A mechamsm for dnvmg the gross current cond1gura
tion m the auroral oval. J. Geophys. Res., 81, 235-244. 

ftr:iHIT-& (1977) ±t!rrt • �£(C ;f0 ft 6 ��li!l-Trfl�ll*61-';-�0) ;;f';r<:Jirm (Review) .  �£ 7° 7 A ? � 
;f0 J:: -CNifl�!IUJf%����. ::k*Jiii. *::!t::k$-:l]f¥-a�. 97-100 

SHELLEY, E. G ,  SHARP, R D. and JOHNSON, R. G. ( 1976 ) . Satellite observations of an 
10nosphenc accelerat10n mechanism. Geophys. Res. Lett , 3, 654-656. 

SWIFT, D. W. ( 1975 ) On the formation of auroral arcs and accelei at10n of auroral electrons 
J. Geophys. Re:-. , 80, 2096-2 108. 

SWIFT, D W., STENBAEK-NIELSEN, H C. and HALLINAN, T. J. ( 1976 )  An eqmpotential 
model for auroral arcs. J. Geophys. Res., 81, 393 1-3934.  

SWIFT, D W. ( 1977 ) Turbulent generation of electrostatic fields m the magnetosphere. 
J. Geophys. Res., 82, 5 143-5154. 

TORBERT, R. B. and MozER, F. S. ( 1978 )  · Electrostatic shocks as the source of discrete auroral 
arcs. Geophys. Res. Lett., 5, 135-138.  

WESCOTT, E. M ,  STENBAEK-NIELSEN, H. C., HALLINAN, T. J. and DAVIS, T N .  ( 1976 ) : The 
Skylab banum plasma mject10n experiments 2 Evidence for a double layer. J. Geophys 
Res , 81, 4495-4502 

YAMAMOTO, T. ( 1976 )  On the format10n of electrostatic shock waves associated with auroral 
electron precip1tat10n. Planet. Space Sci , 24, 107 3-1080. 

( 1978$ 6 H 10 B '5t:ElE) 


