
Acceleration Mechanism of Auroral Particles : A Review 

Toshio TERASAWA * 

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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EARTHWARD STREAMING 

PLASMA SHEET PROTONS 

( Hones et al, 1976, Lu, et al, 1976 Swift, 1977} 

l 
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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"forbidden regzons" for electrons of magnetospherzc orzgzn 
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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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� 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). 
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