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Eﬁ%ICIENCY OF PARTICLE ACCELERATION BY MAGNETOSONIC WAVES
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~ INAOE, A.P. 51 & 216, Puebla, 72000-Pue., MEXICO

: Jorge PEREZ-PERAZA & M. ALVAREZ-MADRIGAL
Instituto de Geofisica, UNAM, 04510-C.U., Mexico D.F., MEXICO

ABSTRACT. We show that resonant damping of the slow magnetosonic wave
mode in non-collisional regimes may drive efficient particle accelera-
tion, even beginning at thermal energies, when energy dissipation takes
place in small localized regions, in the scale of some wavelengths,

In the case of the outer corona, it is found that electrons may reach
energies of some hundreds of KeV, and that the conformation of energy
spectra at E ¢ 200 KeV is determined by the slow mode, over the contribu-
tion of the fast mode.

INTRODUCTION. It is very well known that magnetosonic waves in collisio-
nal plasmas are strongly damped through a wide variety of non-resonant
processes: viscosity, heat conduction, radiation, resistivity, interac—
tion with ions and atoms (e.y. Braginskii, 1965;Eilek, 1979), whereas

in non-collisional regimes dissipation is through resonant processes,

as Landau damping or Transit-Time-damping (e.g. Barnes, 1966;Hung and
Barnes, 1973a,b;Barnes & Scargle, 1973). In particular, the fast magneto-
sonic wave mode has been widely studied within the context of particle
acceleration (e.g. Fisk, 1976;Melrose, 1980;Eilek, 1982) as well as

a plausible process of energy transport for coronal heating (e.g.
Schwartz & Leroy, 1982). In spite that both modes can coexist simultaneo-
usly, the slow mode has been disregarded in most works as a heating
process, since this wave mode is rapidly damped in his interaction with
tie traversed medium by non-resonant processes (collisional regimes)

and so, it is only able to propagate through some wavelengths and with
angles which lay very close to the magnetic field direction (e.g. Barnes,
1966). In fact, in a comparative analysis of non-resonant damping of

both modes, Gallegos & Pérgz-Peraza, 1991, found that at the level of

the low quiet corona (T€10°K, n>Nf°cm", B>10 gauss) the damping of

the slow mode is effectively much more important than the damping of

the fast mode; however, it is also found that as one climbs toward the
high corona (non-collisional regime) the non-resonant damping of both
modes has a tendency to take a similar magnitud. Hung & Barnes, 1973a,
have shown that damping of the fast mode in collisianal regimeg becomes

a Landau damping in non-collisional regimes (T=2x10°K, ng 5x10° em™’
3<10 gauss). On those basis, one should expect in similar form, that
A part of the non-resonant damping of the slow mode has an equivalent
regonant damping. If so, such a resonant damping of the slow mode could
be associated to some extent with particle acceleration in very locakﬂzed
regions of the corona, in the scale of some few wavelengths (107- 10

Jem, (probably in the close vicinity of the instability sources), which
may corresponds to subregions of typical coronal flare regions (109)em.
By assuming the presence of a resonant damping process of the slow mode
in non-collisional plasmas, we study here the efficiency of both modes

in the acceleration of the electrons of the thermal background matter

at several coronal heights, and the contribution of these two modes

in the conformation of an acceleration spectrum.

“NERGY SPECTRUM FROM MAGNETOSONIC WAVE ACCELERATION.
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L2t us assume an homogeneous plasma and isotropy of waves and particles.
It this case the momentum diffusion coefficient is D = Xxp'/8 (e.g.
fulsrud & Ferrara, 1971;Achterberg, 1981), where p is the particle momen-
tum, @ is the velocity of particles v in terms of the light velocity
and o{-¢+ are the coefficients of the acceleration efficiency, given as

- Kmax
A+ = 2TVEHOY |\ Wk dk S (1)
Be v K-

‘e.g. Eilek, 1984), where Va( @) are the corresponding phase velocitiz=s
of the fast mode (+) and the slow mode (-), & 1is the propagation wav>
czle, Kypgu and K4y are the propagation vectors at the extreme of the

»** jnetosonic turbulence distribution, W(K) and B is the magnetic fiel'l
strength, To derive the acceleration spectrum we have solved a Fokker-
*lanck type equation in the energy phase space, assuming that no parti-
cles are externally injected, but only local thermal particles participa-
t2 into the acceleration process

e St (/4" NELR.  (2)
Ql\cl}%_.l(n (35 >N(E,t)] 2
=i

iry2re E is the particle total energy and & is the mean confinement

:ia2 within the process. The solution of these kind of equations has

>2n widely described in previous works {e.g. Pérez-Peraza & Gallegos,
')J1). The energy change rates appearing in (2) has been determined

rom the diffusion coefficients according to the method of
'ystovich,1977. To solve (2) we employed a technique described by Galle-
05 & Pérez-Peraza, 1990, on basis to a combination of the WKBJ method
111 the Laplace Transforms. In the evaluation of the X we employed_a

- ~haracteristic value of K for this kind of wave modes, <K>z 5x10

-7 Since I/B"[ W(K)dk = < §B’>/B” (where <A B> is the quadratic

»mn of the magnetic field fluctuations) we have been able to evaluate

-» rates <dE/dt> in (2). Finally, neglecting the particular solution
n° (2) relative to the contribution of thermal particles to the final
s:actrum (i.e., considering only those that acquire suprathermal ener-

-i28) the obtained solution is
n
E E-m(> E’“ (E/Eﬁ_

. t ¢ .
- 3 - '.....1 ‘ ' A = K—r Z“t' :
N(E,t):MLLE‘ié %t_{cfl%'_ (Enl) € de. . (3)
o

O(T%.(E—;n?c‘)t EOE-E; (E-m’}“)‘é@n(ﬁ/Eﬂ—-l

‘there t is the acceleration time and No is the number of particles per
2nergy interval,

~

.SULTS. For evaluations we have selected three different
coronal regions, denoted as points A,B,UC i1n table 1., where

w2 have tabulated the corresponding values ni {4+ . In Fig.

1. we examined the behavior of the acceleration efficiency

as a function of the wave propagation angle: it can be apprecia-
ted that for the fast wave -iode the elficisacy i5 insensible
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to @ , but for the slow mode it decreases rapidly from a maximum at
©=0° toX_= 0 at @= 1/2. However, as an important fraction of wave
propagation in the high corona is in the radial direction, we have chosen
<®> = 15° for further calculations. For evaluations of the spectrum

at those three points typical coronal values for <§B'>/B” = 0.1 and

& %t =135, were considered. The analysis of fig. 2. shows that at

the level of the low corona (point C) the fast mode is highly efficient
in the conformation of the acceleration spectrum, and able to accelerate
electrons for above of 10 MeV, while with the slow mode electrons are
only able to reach some hundreds of KeV. However, at the level of the
high corona (point A), the slow mode increases in efficlency, while

it decreases with the fast mode at E > 0.5 MeV. It should be noted that
for E. 200 KeV the conformation of the spectrum is dominated by the
slow wave mode.

Tablel. Source paramecrers and acceleration efficiencies

Point T(°K) n(part/cm’) B(gauss) 0(_*(5_") q_(s'l)
A 2 x 106 10° 5 0.125 1.49. x 102
B 2 x 10 5 x 108 S 0.248 1.60 x 10~2
C 8 x 105 1010 25 0.309 .44 x 1073
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CONCLUSIONS. From this study it can be inferred that in regions of

the high corona (non-collisional regime) where the energetic processes
involving magnetosonic waves are mainly of resonant nature, damping

of the slow mode may become important in the conformation of the electron
acceleration spectrum, mainly in the low energy region. So, this slow
mode may give a substantial contribution of the global energy spectrum

in solar electron events taking place at high coronal level, in which
case we would expect events constrained to E < 0.5 MeV, as is the most
frequent case in the sun.
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