ON THE MODULATION OF PLASMA EMISSION FROM CORONAL MAGNETIC ARCHES
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ABSTRACT. Pulsations of plasma emission of type IV radio bursts and micro-
wave emission of magnetic loops as a result of MHD oscillations of related so-
urces, are considered. A relation between the amplitude of magnetic field os-
cillations and second harmonic plasma emission is found msking it possible to
estimate the energy density of flare-produced protons and their geo-efficiency.

0 MOIVJAALMK IUIASMEHHOT'O PAAMOMINYYEHMA KOPOHAJBHHX APOK: PaccMOTpeHN NyXb-
canux NAS3MEHHOr'0 DalMOKSAYYeHMS LV TUNE M MHKDOBOJHOBOI'O MSJAYUEHHUS BCHOHMEUHHX
netTeab, ofycaoBaeHnne MI'I-xoxeGaHMAMM MCTOWYHMKE. HallfleHa cBfies AMINAKTYIN Mar-
HHTHOTO NOAS C TAYOMHOR MOZYyXAAOMM DPEXMOUSAYYEHMS , BOSHUKAKIErOo NP KOHBEPCHM
ACHIMODOBCKAX BOAH B SJAGKTDOMATHMTHNE. [JoAyueHH COOTHOMEHMS , NMOSBOAAXMMNE IO
TrayOMHEe MOALYASANMH DOANOMSAYYEHNS KODOHGABHHX 2POK ONEHMBATH NAOTHOCTL YCKODEH-
HHX BO BCIONNKE DDPOTOHOB M CYIZHTH O reosddpexTHBHOCTM BCINIEK.

0 MODULACII PLAZMOVEHO RADIOVEHO ZIARENIA, VZNIKAJOCEHO V KORONALNYCH
SLUCKACH: V préci sd skimané pulzdcie plazmového rddiového Ziarenia IV. typu
a mikrovlnného Ziarenia z erup®nych sluliek, ktoré vznikajui MHD. osciléciami
zdroja. Zo vztahu zisteného medzi amplitudou oscilédcie magnetického pola a e~
misiou vyZarovanou na druhej harmonicke] frekvencii je moZné uriit hustotu
proténov urychlenych v erupcii a geoefektivnost erupcie.

Periodic modulation is a typical feature of the radio emission from coro-
nal magnetic arches. Microwave emission pulsations with a period of order of -
one second or less often occur during the impulsive phase of the flare (1).
Pulsations with a period of several seconds are common patterns of fine struc-
ture of type IV radio bursts.

The origin of emission fluctuations is now being associated with radial
oscillations of the emission source - a flux tube with a plasma density much
higher than that of its surroundings (2, 3). These MHD-oscillations of the
flaring loop may be excited due to a fast energy release that results in an
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flaring loop may be excited due to a fast energy release that results in an
expansion of the flux tube (4). Radial oscillations of type IV burst sources -
large (~1010 cm) coronal magnetic arches - can be excited by = 10 MeV proton
which are accelerated during the impulsive phase (3). The eigenperiod of the
fundamental mode of these fast magnetosonic (FMS) waves Tpfv LJ_/CA agrees with
observations when the characteristic transverse size of the flux tube is
L1~103 km (c,~ 103 km s”' - local Alfven velocity).

"Rosenberg (2) treated the relations between FMS oscillations of a magne-
tic arch and modulations of synchrotron emission. However, the major role of
plasma emission, rather than the synchrotron emission, for type IV metric and
decimetric bursts is now generally accepted (5, 6).

In the present paper, the plasma emission pulsations due to FMS oscilla-
tions of related sources, i.e. the response of second harmonic of plasma fre-
quency emission to the variations in the magnitude of the magnetic field, is
considered. The results have importanst implications and make it possible to
estimate the energy density of flare-produced protons and their geo-efficien-
cy. )

Within the frames of a plasma emission model it is assumed that radio e-
mission arises as a result of Langmuir wave excitation and their subsequent
nonlinear conversion into electromagnetic modes Langmuir waves in coronal ar-
ches are supposed to be excited by suprathermal electrons with energy E 100
keV. These electrons are confined in a magnetic trap and their distribution in
velocity space may be anisotropic (of the "oss-cone” type). The intense mi-
crowave emission of flaring loops can also be explained by invoking a plasma
emission model (7). The electron Langmuir frequency a)p in the plasma of coro-
nal arches is much greater compared with gyrofrequency, w p» Wwg; this ine-
quality may be valid for flaring loops as well. The most important processes
of nonlinear conversion under coronal arch conditions are those of coalescence
and decay £+ {’z={ (Lwp). Spectral intensity for the second harmonic I,
along the ray paths can be found from the transfer equation.

I e M
NG, 3 (—i—gj) == Gy +2g ) Ty ()

Here Ku, is the emissivity of transverse waves with frequency & = 2wp due to
coalescence of Langmuir waves, /’-a, and /l»a, are the absorption factors asso-
ciated with the Coulomb scattering and decay process { (20p)— {+ respecti-
vely, and Ny is the refraction index. Absorption factor/tw linearly depends
on Langmuir wave energy demsity W, ic Y eaW , while e @

Assuming the plasma density to be smoothly decreasing across the arch,
one finds}v that the thickness of the emitting layer, Lo (i.e. a layer where
Aw and/uw are nonzero) is much less compared with the characteristic trans-
verse size of the arch: LN"'(T/E)LJ_. Here T is the temperature of background
plasma, and E denotes the energy of suprathermal particles. Assuming further
the Langmuir wave spectrum to be isotropic and sufficiently broad in wave vec-
tor space AK™ K~ p\m /E , and ignoring “,,inside the layer for it is small
compared vith/aw , one obtains the solutions of eq. (1) for the cases of an
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kL
In eqs. (2) and (3) is the background plasma density, and°f¢=J‘/xi;dS repre-

sents the optical depth related to the absorption due to the égllision process.
For pulsating type IV burst sources,qk’°10’2, whereas in flaring loops T‘c may
be of order unity.

The optical depth due to the decay process‘fN depends on the energy den-
sity of Langmuir waves, and, in general, Ty <<1. However, in some powerful e-
vents of microwave band U= 1.

It can be seen from eqs. (2) and (3) that the modulation of emission in-
tensity due to FMS oscillations of the source is caused by variations in plas-
ma density and temperature, source sizes and energy density of Langmuir waves.
The latter can be determined from the kinetic equation for Langmuir waves. In
this equation we take into consideration that the characteristic time of pro-
cesses governing the wave spectra dynamics is much less than the FMS period,
s0 we reduce the kinetic equation to an equilibrium condition between spon-
taneous or induced Cerenkov excitation of waves by suprathermal electrons
with density », , and induced wave pitch-angle scattering of the thermal ions
into the absorption region.

In large coronal arches (n~10 cm'3; n1ﬂ/10'6n,; T~100 eV) the distri-
bution of fast electrons in velocity space is anisotropic (of the "loss-cone"
type) and, there-fore, is unstable. In this case spontaneous emission of Lang-
muir waves is negligible. Magnetic moment me/?B of these collisionless par-
ticles in a slowly-varying magnetic field is conserved and the distribution
function varies as

8

TV Vo5 t) = £(V; V,/d(8));  &2= B(£)/B(O). 4)

Here B(t) defines magnetic induction as a function of time. Variations in the
magnitude of the magnetic field result in those of the loss cone and, hence,
in oscillations of the instability growth rate. A maximum of the instability
growth rate usually corresponds to the waves propagating strictly across the
magnetic field. Keeping in mind that the magnetic field is "frozen-in" to the
plasma, n(t) = n(O)sz(t), one can find that the relative energy density of
Langmuir waves W/nT does not change:

n.
X o - const (5)
nT n .

The plasma temperature in a flux tube varies according to adiabatic law:
T(tlcodf/3. Assuming for the sake of simplicity, that the magnetic field os-
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cillations are small, § B/B<<1, we obtain from (2) the following relation for
type IV emission modulations (9):

I, 7 4B

T e cammcs— : (6)

I 6 B

Under flaring loop conditions ( n~10'2 cm’3; 'H"*(H)"4 - 10'6)nf; and
T~1 keV) the characteristic time of waveparticle interaction is much less
than the mean time required for a particle to traverse the loop length, when
the Langmuir wave energy exceeds W/nT'~10'8. In this case the velocity dis-
tribution is almost isotropic and the spontaneous, rather than induced, wave
excitation appears to be of major importance. The balance of spontaneous ex-
citation and induced scattering of thermsl ions provides the following rela=-
tion between W and the magnetic field: W/Tes o '/®. One then obtains from
(3) and (2) /9/:

s 1 2 4B . §B

_— et e e =T | —— i TS 1y Tyt (1)
Teo [12 3 ‘JB °B TN

II 1 2 dB B
w=-[_+.._3”c]_.; T— 215 Tyele (8)
I 2 3 B B

Note that, as follows from the above formulae, the second harmonic intensity
modulations may either coincide in phase or to be in opposite phase with FMS
oscillations. ]

Zaitsev et al. /10/ showed that 86 % of the type IV radio emission pul-
sations are accompanied by the appearance of protons in interplanetary space,
and the shorter trains of pulsations precede escaping of a large number of
protons with a hard spectrum. An important paraméter that is useful for es-
timating the proton energy density, is represented by the modulation amplitude
of radio flux. Thus, on 14 January 1971 the radio flux modulation was 5 to
10 % /11/ and the energy of FMS-waves, inferred from formula (6), constitutes
only a minor («,10’25 fraction of the energy of an unperturbed magnetic field.
The energy density of fast protons which were responsible for existing the
FMS-waves, was, thus, at least 10"2 of the magnetic arch energy density. No
protons were observed to escape. In the 14 May 1971 flare /12/ the modula-
tion amplitude was = 20 % and the = 10 MeV proton flux was 1.5 (s.cmzqsr)'1.
A deeper, 50 %-modulation of the 31 May 1978 burst /13/ was accompanied by
more intense (> 10 (s.cm.sr) ') proton fluxes. Hence, there is a tendency
for the protons to increase in numbers with increasing amplitude of the type
IV radio emission pulsations. : '

Assuming, as was done in /4/, that the plasma thermal energy during the
flare energy release goes into expanding the magnetic flaring loop, and u-
sing formulae (7) and (8) it is possible from the depth of microwave emission
pulsations to estimate the parameter A3 = 8"’7L“P/B2 in the region of primary e-
nergy release (P being the gas kinetic pressure of plasma). If the value of /4
exceeds the threshold of development of a flute instability, 4>0.3, it might
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then be expected that flare-accelerated particles would be escaping into in-
terplanetary space and shock waves would be generated /14/.
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DISCUSSION

H. Aurass

You have shown 3 examples of the application of your method of diagnosis. In
which frequency range the used radiofluctuations have been observed ?

Yu. M. Rozenraukh

We have simultaneous observations of radio emission and protons in interplane-
tary space only for decimetric and metric band.

M. A. Mogilevsky

Kaxue smauenmus trB 4 B B BHCOKMX ¥ HMBKHMX KODOHBJIBHHX 8pKax 7

Yu. M.. Rozenraukh

MH cumTaAM, UTO MAUHUTHOE NOJXe B 8DKAX TAKOBO, YTOON BHNONHAAMCH yCIOBMA
wp» Qg T.e. B BHCOKUX apxax Ba10 I'c, & Bo BNNmeuYHHX meTexsx B~102I‘c. B
P8BHHX COGHTUAX JB/B woxer 6urs o €IMHKI, HO HEeCHTKOB IOPOLEHTOB.
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