PLASMA DIAGNOSIS BY MEANS OF FIBER BURSTS
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ABSTRACT. During the type IV solar radio burst on August 19, 1981 a lot
of fiber bursts were observed. One of them is used for plasma disgnostic in
the source volume. The great frequency extension of the considered fiber burst
allows to estimate the height dependence of the plasma parsmeters.

ONMPEABJEHME INAPAMETPOB IUIASMH AHAJMM3OM BOJIOKHWCTHX CTPYKTIYP: CnexTporpa-
Pumeckue HabavaeRus Bnaecka 19-oro aBrycra 1981 r mMOKasHBADT MHOTME BOXOKHHUC~
THE CTPYKTYPH. OIHO BOZOKHO HCHOAB30BSHO, WTOGH ONPeREAMTH MAPAMETDH KODOHAAb-

Holt nasswuu. BupexeHHs IAS BSpMANMM NAPEMETPOB MAASMH ONpPEAEACHH IAS GOJBMOTO
MHTEpBaXa BHCOTW B KOpDOHE.

URCENIE PARAMETROV PLAZMY Z ANAL$ZY VLAKNITECH STRUKTOR REDIOVEHO SPEKTRA:
Dynamické spektrum rédiového zéblesku z 15. augusta 1981 obsahuje va&3{ polet
vldknitych Struktir. Pre detailnd analyzu bolo vybrané jedno vldkno. Velky
frekven¥ny rozszh uvaZovaného vlidkna (a z toho plynici veIky rozecah vjdok) u-
mo#nil uréit vy3kowni zmenu parametrov plazmy.

Fine structures of solar radio bursts are important for plasma diagnosis
in the burst source valume. This allows to get a better physical information
on the flare process.

The spectrographic records of the event on August 19, 1981 observed by
the radio spectrograpnh at the ETH Zurich show many fine structures typically
for type-IV fine structures. They were extensively describes by Karlicky
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(1986). A typical one of the fiber bursts started at 14:12:16.5 UT is used to
diagnose the plasma in the burst source volume.

This event was connected with an 1B flare located at S 16° E 28° and ob-
served between 12:39 UT and 14:17 UT (NOAA Solar Geophysical Data).

The main properties of the analyzed fiber burst are listed in Table 1.
This fiber burst show an approximately constant instantaneous bandwidth bf

Table 1

Drift rates of the fiber burst at different frequencies

£ (MHz ) Df(MHz.s'1)
656 , - 26.3
610 - 22.6
515 - 17.3

of 8 MHz over the whole frequency extent (656 MHz - 515 MHz).

We intend to estimate the plasma parameters by means of Kuijpers’ (1975)
fiber burst model. According to this model the fiber bursts arise by coalesce-
nce of packets of whistler solitons propagating along.the magnetic field in a
coronal loop and Langmuir waves into electromagnetic waves. Therefore, the
fiber bursts radiate at frequencies of w = 2Tf = wp +¢Uw with uvLﬁﬂuée
(aJL - frequency of the Langmuir waves, Wy the whistler frequency, w e ™
the local electron plasma frequency ). According to Elgardy (1982) the whistler
frequency fw can be estimated by the instantaneous bandwidth of the fiber
burst £ = by = & MHz (coy = 27 £, = 50.3 10°s71). Thus, the 656 MHz - and 515
MHz-level is connected with an electron particle density of 52.1 108 cn™3 and
31.9 108 cm'3, respectively.

' Because the whistler waves propagate with group velocity vg = 2c(a9ce/

seo Wx(-x)33)V2  (x =eo seo , Co _ = electron cyclotron frequency) we find
pe W ce ce

1 AN 27EDf x a)
— — = 1
N, ds ¢ coy (1-x)3

(Ne - electron particle density, ¢ - velocity of light) from the usual defini-
tion of the drift rate Df, where d/ds denotes the derivative alcong the propaga-
tion direction (along the magnetic field in a coronal loop according to Kuij-
pers (1975)). D, and x vary with N_. Thus, the equation (1) represents an or-
dinary differential equation of Ne. In order to estimate the right hand side
of the equation (1) we look to the variations of the x-values. Whistler soli-
tons proragating aslong the external magnetic field are only generated for

x > 0.25 under coronal conditions (supersonic whistler group velocity) (Karp-
man and Washimi 1977, Spatschek et al. 1979). Because cyclotron damping beco-
mes important for x>0.5 under coronal circumstances (Kuijpers 1975), we find
for the x-values at the 656 MHz- and the 515 MHz-level (xs respective xe)
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0.25<:xs<:xe<:0.5. Here, the whistler waves are considered to propagate upwa-
rds in a coronal loop. Furthermore, we assumed that the Langmuir wave are ex-
cited in the whole region between the 656 MHz- and the 515 MHz~-level. Suppo-
sing 0.25<xs< 0.35 and O.3<xe< 0.5 (with X< Xg ), we get for the right hand
side of the equation (1)

- (10.35%1.92) ° 107%™ and - (10.35 ¥ g:g?) . 10" %m~! at the 656 MHz- and

the 515 MHz-level, respectively. Using the mean values, the differential equa-
tion (1) can be integrated

; - -a(s=-s_)
N (s) = N_e als=s, (2)

with a = 10.35‘10"6km'1 and N_ = Ne(so)' The height scale a~'a 100000 km is

a typical values for an isothermal barometric loop atmosphere with a tempera-
ture of 2 106 K (Aschwanden and Benz 1985 ). The loop model by Wragg and
Priest (1981) includes such a loop atmosphere.

In order to obtain an approximate value of §,) We use the eightfold New-
kirk (1961) model, which is a radial density model. In the contrary, the equa-
tion (2) described the density behaviour in a coronal loop. S, is determined
by the requirement that equation (2) agrees with the eightfold Newkirk model
at s, with the suitably chosen value of Neo = 40 108cm'3. Thus, we find for
s, = 42000 km = 0.06 Ry above the photosphere (Rg - solar radius ). Then, the
expression (2) represents the particle density behaviour along the magnetic
field in an height range between 17000 km and 63000 km in the coronal lopp,
where the fiber burst took place.

The magnetic field strength can be calculated by

mecww

(3)

ex

(me - electron mass, e - elementary charge). Taking the above ranges ofhthe
x-values, a magnetic field strength of (8.8 *+ 1.6) G and (7.6 + 1.9) G is ob-
tained st the 656 MHz- and the 515 MHz-level, respectively. Adopting for the
mean electron particle density Neo = 40 loscm'3, for the mean magnetic field
strength 6.2 G, and for the temperature 2 10° K, we get a mean ratio of

Cobe/ a§e=t25 and a usually defined plasma-beta of 0.8.

Of course, we know that the present results are only estimates. The deri-
ved numerical plasma parameters of the burst source volume are only mean va-
lues with corresponding errors. But these uncertainties are typically for
quantitative estimates in the field of solar radioastronomy. We emphasize that
the relative large frequency extent of the investigated fiber burst allows to
deduce the plasma parameters over a great height range in a coronal loop.
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DISCUSSION

Yu.M. Rozenraukh

In your consideration you always suggest the presence of isolated whistler so-
liton. How to explain the quasiperiodical structure of the fiber bursts, as
shown on the first picture ?

G. Mann

In my report I only considered an individusl fiber for deducing plasma parame-
ters in the burst source volume. The problem of occurence of individual fibers:
or grouped fibers is the aim of my poster contribution.

Ye.Ya. Zlotnik

How can you explain the absorption ridge at the low frequency side of your
fiber-bursts ?

G. Mann

In Kuijper’s fiber burst model, the absorption ridge at the low frequency side
of a fiber-burst is explained by the relationship between continuum generation
and fiber generation. The fibers are produced by coalescence between whistler
waves and Langmuir waves into electromagnetic waves. Therefore, Langmuir waves
are exhausted for the continuum generation manifested as an absorption at the
low frequency side of the fibers. Therefore, the frequency distance between
the absorption ridge and the emission ridge is equal to the whistler frequen-
cy. Note, that our investigated fiber burst unfortunately shows an absorption
ridge. Therefore we estimate the whistler frequency by the instantasneous band-
with according to Elgargy.
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