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Abstract

The proposed model for the generation mechanism of type I solar radio bursts
is based on the fact that a small fraction of ions is reflected from the shock front
and tend to evolve into a 'ring' in the downstream region behind the overshoot. This
ring type ion distribution drive low freqguency waves (R <w< Qp) unstable which effec-
tively accelerate the magnetized electrons of the ambient plasmae to very high energies
along the field lines since their phase velocities parallel to magnetic fields are much
higher than the electron thermal velocity in the solar corona. The distribution function
- of the accelerated electrons is calculated in the present paper assuming that Dory-Guest-

Harris distribution correctly describes the 'ring' nature of the reflected ions, It is pro-
posed that the frequency splitting in the observed radiation both at fundamental and
at second harmonic is due to the non-linear scatiering of electron-beam excited Lang-
muir and upper-hybrid waves parallel and perpendicular to the magnetic field on the
ion-beam-excited whistler and lower-hybrid waves respectively into left-handed circularly

polarized electromagnetic waves. The frequency splitting is approximately equal to
electron cyclotron frequency.

1. Introduction

The type II sclar radio bursts appear in the dynemic spectrum as narrow bands
of emission that drift slowly to lower freguencies. Pickel'ner and Gltzburg (1963) were
first to attribute type Il radio bursts to cutward moving shocks that excite radio emis-
sion at the fundamental and second harmonic of the local plasma f{requency. Using
the radial variation of the electron dansity In the corone, one can calculate the shock

velocities from the observed frequency drift. They lie in the range from 200 kmfs
to 2000 km/s.

The obgervations of herrlngbone structures, and type Il burste associated with
Type I bursts give evidence that a population of superthermal streaming electrons
assoclated with the shock wave is necessary for generatlon of the type Il radio bursts,
Papadopoulos (1981) had proposed that the low frequency turbulence driven by reflected

ions from. the shock front can accelerate electrons to large energies producing an en-
hanced level of Langmuir waves.

Krasnoselskikh et al (1985) considered that the reflected ions behave like a heam
in the shock front (foot and the ramp) and approximated them as a drifted Maxwelllan.
The growth rate of the low frequency waves wag found to be TmawaLH(VAiMVb)2 np/na
at kv-mp/c and subsequently calculated the distribution  function of the superthermal
electrons and the energy density of the excited high frequency plasma wayes.

Considering that Dory-Guest-Harris distribution (Dory et al. 1963) correctly repre-
sents the ring nature of the reflected ions in the downstream, we calculate the distribu-
tion function of the accelerated electrons. We show that these superthermal electron
tails drive Langmuir (upper-hybrid) waves resonently unstable, The excited Langmuir
and upper hybrid turbulence explains the observed fine structure of the radiation when
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it is nonlinearly scattered on low frequency turbulence excited by the reflected lons
in two limiting cases l.e., on Whistlers and lower hybrid waves respectively. It is also
predicted that the polarization is In the ordinary sense.

2. Excitation of Lower-Hybrid Oscillations and Electron Acceleration

It is generally known that lon reflection occurs in a magnetosonic shock wave
when Its Mach number exceeds the so-called critical Mach number (Tidman and Krall,
1971). These lons form & beam of gyrating particles escapting along the magnetic field
lines Into the upstream region. The longitudinal phase velocity of the oblique Langmulr
waves excited by the reflected ion beam can easily reach or even exceed the velocity
of light, they can effectively accelerate electrons upto ultrarelativistic velacities (Valia-
berg et a. 1983; Galeev, 19843 Krasnoselkikh et al. 1985},

2.1 Wave Excitation

Leroy et al. (1981, 1982) showed that the reflected ions tend to for gyrating
stream in the down stream region behind the overshoat and evolve into a Tring' with
a slgnificantly large velocity spread, A -realistic representation of the ring type distribu-
tion of reflected ions which includes all thermal effects Is given by the Dory-Guest-
Harris distribution (Dory et al. 1965),
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V1 (VT,) I8 the thermal veloeity 4 (y) to B,N Is a parameter which measures tha
anisotropy of the distribution. np 18 density of the reflected ions In the background plasma
with lon density ng. The distribution function resembles & ring or torus in V-space,
when N=0 it reduces to a Maxwelllan; and when N (the ring anisotropy) is large, the
perpendicular energy ia concentrated near the maximum.

Vi = N2 VILEV o (2)

We take V to be the perﬁendicular speed of reflected lons, approximately 2000 km/s
& 2MVa, where M is Mach Number, Vp is the Alfven velocity, The distribution function
has many of the features expected for monoenergetic lons reflected from the shock
front.

The general dispersion equation for the waves excited by the reflected ion beam
and absorbed by the background suprathermal electron beam is

‘ w2 w ki w‘i Eﬁ@'da‘\t;
e(w.§)=1+—5-%[1+ﬁ%]? ol [ dv

¥ +
b kn
g, | 1Mo

e
w-K.v+io

pop | —H—T, (3



Generatlon mechanism of Type 1I bursts

where wp] gﬂ'#& is the plasma frequency of j-sort perticlesy w is the frequency, % is

the wave vector; Ky and K| are the components of the sbove vector, along and across
the undistributed magnetic field f(v) is the ion-beam distribution function; felvy) Is the
distribution function of suprathermal electrons over longitudinal velocities. The above

equation is derived under the assumption that the oscillation frequencles and wave
vectors are in the range:

Qe»w>»Qj Imw»Q; ,

Kirp i » 12 Kyry g W KVT| w>KyVre (4)

where VTj = v 2T} 7m is the thermal velocity of J-sort particles, r; = = VTj /) is the Lar-
mor radius of J- surt particles, The above inequalities maeke it possnble to neglect the
effect of the magnetic field on the motion of ions and employ a drifl approximatlon
to describe electrons. The dielectric constant computed for the backaground plasme s
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The solution of €9 =0 is
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In solar coronal conditions where wde » 3 Is satlsfied, the short-wave osclilations
ke >> tpe are electrostatic and their frequency e equal {at ky =) to higher {at k#0)than,
the lower-hybrid resonance frequency w_pH. With wave-length increasing the non-potenti-
ality of oscillations becomes essential, and they turn inte well-known Whistlers.

The derivative of ey with respect to w is glven by
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and we get using the equation (6)
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When the DGH distribution of reflected ions are added to the background plasma the

ghove oscillations are driven unstable when N > 0.

The imaginary part of the dielectric constant due to the presence of DGH distnbu-
tion of ions in the amblent plasma is given by
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For small growth or damping such that v/ « 1, we may use the expression

Ime

Y= " Beo/ow (12)

Here, a necessary condition for growth is

'"l%i < Ni/z V_L=V . (13)

for instability on the positive slope of the beam, which Is
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2.2 FElectron Acceleration

Thelimaglnary part of the dielectric constent due to damping of the waves by
the amblent electrons is given by

2
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e - I"le' B‘V,,

The damping of waves due to the non Maxwelllan tail of the electron distribution
function is glven by
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In order to find the main parameters of accelerated electfons it Is sufficlent to
insider the wave balance equation l.e.

VgeVo) - 55 €k = 26k trovrermd (7

ihere '\792 is the group velocity gf the excited waves along the magnetic field, and
o 18 the velocity of the shock. |Ej /8n] is the energy density of the excited low fre-
uency waves.

~In the limit wig/k®c* « 1,
(Vgr-Var == Ef m X0 £f = anief (18)
q 8z VO

vhere ¢ < 1.

Therefore the equation {(16) can be written as
(b+Ye +vj-0QDEE = 0 (19)
Since Ef £ 0, anq (yj -afj) « Yp+Ye we have
(Yb+Ye) =0 . - 20)

Actuslly Yg2>yh 80 that the waves are shsorbed in the plasma. The equality is satisfied
only for one K where. the energy spectrum of the osclliations is streamer-type and ls
concentrated in 8 narrow band neer the line k=kmay on the phase plane (K, Kz)« Since
the growth rate and damping of waves due to ion beam and accelerated electrons are
given respectively by

_ Ime _ Ime
Tb =~ h(Beo/owy * e =" wfaeojawi ' : @1
By equating them we get,
Imeo = Imej (23)

Using the equations (%) end (16), we get
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By integrating the above equation we abtain
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By substituting the expressions (10) and (11) in the above equation, we abtain
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L
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The value c1=n5.z/ﬁa1 is given by

n U 2
By _ 1 R“RL-14
e, - Z RLAZ (29)

The maximum velocity acquired by the sccelerated electrons Vmax fs  calculated by
condition that the energy flux of lon beam should be more than the energy flux of
the accelerated electronsy i.e.,

V2
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where €g I8 kinetic energy ‘of electrons, which-is
MgVhax  (m
€0 = — 7 {mf] (ml\!ﬁ)z/s (miAVvE)Ys . (32)

For Vp = 2000 kmfs; AVh = 0.2V} Vmax = 1.55x 10% ems/sec.

3. Radiation. Process

In the process of electron acceleration it fs only the energy of their motion along
magnsetic field lines that increases, the resulting electron distribution turns to be very
anisotropic. Such non Maxwelllan electron teile drlve Langmuir waves and upper-hybrid

waves resonantly unstable in the parallel .and perpendicular directions of the ambient
magnetic fleld.

We propose that the nonlinear scattering of the Langmuir waves and UH waves
into L.eft handed polarized electromagnetic waves on  Whistlers and Lower hybrid waves
explain the observed type Il radiation at the fundamental plasma frequency. The fre-
quency difference inthe above two processes will be of the order of electron cycictron

frequency {Qg), which explains the observed frequency spiltting of the type Il radiatlon
"~ at the fundamental frequency.

The redlation at second harmaonic of the plasma frequeney and the fine structure

are explained due to the combinstion scattering of Langmuir waves and upper hybrid
waves on themselves.

There is an equilibrlum between the electromagnetic and Langmuir waves, &and

the brightness temperature of the radlo-emissuon Is equal to the effective temperature
of Langmuir wavest
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Wi
Tp ~ Taff ~ Te(ng?\ﬁ) s (33)

For ng=10%, Te=10° K, one obtains Ty~ 10" K.

The optical depth in the case of second harmaonic emission also is very large. There-
fore the brightness temperature of the harmanic emlission Is appeared to be approximately
gqual to that of fundamental emission. The wave-wave Interactions favour the ordinary
electromagnetic waves with left-handed polarization for the fundamental. The pola-

rization of the second harmonic in the region of generation is connected with the coupling
of two L.ahgmuir waves.

4. Contlusions
The proposed model of the type Il radio emlssion consists of the following steps

1. The reflected ions behind the aovershoot are described by the ring distribution.

2, The oblique Langmuir waves excited by these reflected ions sccelerate portion

of background electrons along the field lines due to the anisotropy in their phase
‘velocities.

3, The accelerated electrons drive L.angmulr waves and upper hybrld waves resonantly
whose energy levels may be '

W,
L{UH) . -s]
[ NoTe ~ 10" +10

4, The Langmulr waves are scattered by lon beam excited Whistler waves {lower
hybrid waves) and converted into the ordinary left-handed polarized waves at the
same frequency W™wpe. The radiation at sscond harmonic Is due to the combination
scattering of Langmuir waves (UH-waves). The observed frequency splitting is
naturally explained by the above process. For the typical parameters of the coronal

plasma, the brlghtneaa temperature at the fundamental and second harmonic is
of the order of 10'! K,
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