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Abstract

The solar decamettic radit emisslon conslsts of o variety ol fine structures. ‘This

roflecls the rcomplexity ol the corona st this level,

"bursts ond shoel durallon narrow band bursts are presented. ‘

of these observakions |5 provided.

1. Introduction

The solar decametric radiatioh emanates

from the vregion of 1.2 solar radii. The
decamétric noise storms consist of a continuum
which may last for one to several hours.
Supérimposed over this continuum are a variety
of fine structures. The most often observed
features are the type !II, type IlIb, drift
pairs, S bursts and so on (Sawant
However, there are periods of time
when the continuum alone is observed (Gergely
~and Kundu 1975).
-mentioned fine structures, Sastry et al. (1983)
observed sudden veductions in the decametric
continuum called the -absorption. bursts,

large

Also, short duration narrow band bursts which

have a small drift rate WEre_observed recent Iy
(Gopalswamy et al. 1983b), In this paper,
we discuss the absorption bursts and the
short duration narrow band bursts and - provide
a physical interpretation for them.

1982) .

In addition to the above

These
observations provide information .about the

Two onbaervatlons, viz. absorpifon

An interprelation of each

complex magnetic structure in the outer corona.
The decametric corona is one region to which
sufficient attention has not been paid.

The significance of this regfon is reflected
in the following factsi (i) the co-rotation
of the corona ceases at this Tevel (i1) the

- magnetic field configuration changes predomi-

nantly from closed to open field siructures
($i1)  new Spectral features appear _which
are absent in the .higher frequency region.

“Qur observations do not always have
flare associations.  Hence, the .physics of
these observations pertains to the 'guiescent’
corona by which we mean that the_'ghange$
in magnetic field are small and may correspond
to the ‘signatures of an evolving active. region,
The examples we are considering seém'tolrefTect

_ the ‘transition' character- of *ihe' inagnetic

field in the decametric corona.  The short

qurat1onanarrow band bursts"Whidh_oécurmre1a£17_

vely rarely may correspond to the existence
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of closed magnetic field configurations while
the absorption bursts indicate open fleid
Tines. Both these configurations are possihle
as 1t 1s a transition region.

2. Absorption Bursts
2.1. Observations

The absorption bursts are seen as dips
in the continuum flux for a short duration.
Detailed observations are provided elsewhere
{Sastry et al. 1983, Gopalswamy et al. 1983a).

The = most important characteristics can be
summarised as follows:
(i) The absorption duration, on an average

is about 2-3s,

(i} The absorption bursts occur over a relative
bandwidth of about 5%,

(if). The absorption bursts do not have any
drift in the frequency time plane,

bursts . have

ﬁﬂl Large: number of absorptien
' However, there

“a simple time structure.

are double and triple structures observed

and sometimes multiple time structures,

Figata:

j065323 UT and 065209 UT

© Typical

(11) Absorption

{v) The intensity reductions are > 40%,

examples are shown in Fig.l. The
frequency observed is around 34.5 MHz.

2.2. Interpretation

The sudden reductions are also observed
in high frequency levels. (e.g. Benz and
Kuijpers 1976, Fokker 1982). The cause of
absorption depends upon both the generation

" and propagation characteristics of the conti-

nuum radiation. Since the radiation generation
and their propagation outwards are different
at different frequency regions, the interpreta-

tion should take account of these facts.
So, one can classify the interpretations

into two catagories: '
(1) Absorption at the generation stage
where the process of plasma wave

generation or the process of conversion
of plasma wave into electromagnetic
radiation could be stopped temporarily
to cause the observed reduction,
could be attributed to
the propagation effect 1in that a

(et

tH |
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gEIght channel. record of absorptlon bursl _;ubtalnad ‘an Aer 13, 1981, - The
:;ordinate is the Intenslty af., radio emisslon

T, absorptlon bursts are at
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'screen' s present on the path of
.the radiation for a short while that

causes the intensity reduction.

Benz and Kuijpers {1976) regarded
that the sudden reduction in the decimetric
continuum must be due to filling of loss
cone of = electron distribution trapped in
the closed magnetic configuration which caused
the decimetric continuum. While the loss
cone 1s filled by the newly injected electrans,

the loss cone dinstability for plasma waves
is stopped and hence one sees a reduction
in the radfation. Fokker (1982) pointed

out the drawback of Benz and Kuijper's theory
and proposed that the vreduction could be
due to inhomogeneities created on the path
of radiation by solitohs or shocks which
impinge "on the flux ‘tubes 1intp” which the
continuum radiation 1is ducted,  The problem
with Fokker's idea s that it needs open
flux Tines at dec1metr1c tevels which are
quite rare, '

If one wants to apply these theories
to decametric continuum, one faces many d1ffi-
culties. The decametric continuum & explained
as a vresult of the Rayleigh scattering of
enhanced plasma fluctuations caused by a
diffuse electron beam along open magnetic
field Mnes (Levin 1982). Since the theory
of Benz and Kuijpers needs a closed field

configuration, the loss-cone filling mechanism -
(1982)
ingredients but -

is not appropriate here.

idea contains the correct
oné has to be sure of the ducting of continuum
radiation at decametric ~region. — There - is
‘o condrete evidence for: the existence of
low density plasma : in the coronal streamers
to cause the radiation “ducting,
the inhomogeneities ' created by shocks' dre
'soTitons of small -scale Tengths ~which may
hot ‘be able to reduce the flux by 60%. Adher-
fng  to’ the “idea ‘of Fokker - (1982) “6né must

Fokker's

~continuum

- the turbultenge

" Moreover,

congider an 1mportant aspect of - the shock
waves such as the creat1on of low frequency
turbu Jence fn the shock front and its wake
(Galeey, 1976) The’ extent aver which the
plasma turbu]ence exists s _suff1c1ently
large {~ 10° ¢m) so that the large decametrit
soyrce of size 10' . (Kundu, 1983)
could be screened -temporarily.  When the
continuum radjatioh passes through this region
of turbulence, it interacts with low freguency
turbulence (ion-sound turbulence is the one
generated 'in the shock front and exists in
the wake with a-high level’df energy density).
The result is the generEtion of Langmuir
waves at the expense 'of the continyum radiation.
Once the Langmuir waves build up to a certain

level, the reverse interaction of. generation
of radiation becomes. important .and hence
the :saturation occurs in "the absorption.

_Tne jon-sound turbulence decays because there
is no free energy available for its generation
after the shock passage, . Once the intensity
of ion-sound ‘turbulence falls below a critica)
level, there is no. effective conversicn of
continuum radiation.. intq. Langmuir waves and
hence the intensity recovers. to the ’originaJ'
continuum. . level. . This critical level of
1dnssoun¢,‘turbu]ence could be estimated-'from
the requirement .that the optical depth of
layer exceeds unity. .Frdm
waak  turbulence. theory one can dbtain: the
gptical depth. of the turbulence layer and
caleulate the critical level in terms of
the effective temperature T of the
sound turbu]ence. T > 2 4x10 K.
observed bandw1dth and the
coronal 1nhomogene1ty, one can . obtain the

linear - extent of the tnfbuience‘”1ayen" as

~109 cm. The c0]1151ona1 damping time of .
the  ion-sond ° “turbulence - 1§ in  the right

range of - observed duration of ab<orptions. |

'1qn-
From the
scalelength of

“The'ndn-drifting chakacier. of :the absorp-
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tions support 'the' fact that shoek waves are
propagat1ng perpendicu]ar to the radial _magne-
tic field and
the line of sight,

proposed in Fig.(2), for the origin of . such

opening fiald line
driyes shock ' -

Ton saund .
lurbvience -

conlinuum
radlotion

diflge ~.
slactron beam,

PHOTOSPHERE

Fig. 2. A .madel for the absorption process,

.a  shock wave. When an _emérging -magnetic

field ‘line opens in a neighbouring site,
it can drive a low Mach ‘number shock - across
the open field Tlines.  The multiple - fine

~ structures could-be interpreted as the passage
of successive shocks. —~The different %ime

structures would then correspond to the differ-

ent time intervals between successive shocks.
The mathematical detaiis have. been given
by Gopalswamy et al, {1983a}. '

I the shuck _propagates through - the

source region itself, then the . enhanced p]asma

fluctuations will get converted: 1nto rad1ation
which propagates

in “the. continuum flux.

Short-duration Harrou»band Bursts
3 1 Observatio s

~hence perpendicular to
A schematic model is-

{i1) The

perpendicular to the _Iine'
of Sight and hence one can observe a reduct1on,

Gopslswamy at al.

The short-duration narrow band bursts

are identified .as type I bursts at low frequen-

" cies.  The ‘solar origin of ‘these bursts 1s

‘vestabTished in
~due  to

lnterferencé
ign{tion;"etc. are
frequency drift.

severa1 ways.
lightning, static
of -broad band with zero

The broadéast ‘1nterferente is of narrow band

but again, it has no frequency drift.  The
‘characteristics of . these bursts coul be
suimar ised as follows: (see Fig.3).:
C2uylyi9e 34SOMHZ
TN
I4EMHZ
34040 MHZ o
i, T e NS
3496 MHz.
34:30MHZ
SRt N
"T70 Seconds - .
125MHz .
N Pt %\._..._,__M_m
W20MHZ
| O 34ASMHz ‘
fig- 3. Elghl "channel record obbteined an

July 24 .1981, The ordinate s Lhe

Intﬂnslty ol radio emissian.

| (1) - The frequency drift is veﬁy small
‘ which 1s ~250 KHz 57, |

single frequency duration s
) © ~300 ms. L
(1i1) - The bandwidth is .very narrow .3%.

{iv)} - The single frequency duration increases

with decreasing 'frequehcy.

_ -1nqrease 4§ ~100 ms, .

;(v).37The bursts are superimposed over weak
‘ L"'cont1nuum..

~The tOt:a]‘
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The  short duration narrow band bursts
cannot be S-hursts (McConnel 1982) as the
latter have very large drift rates. Though
the drift rates are similar to types LI bursts,
one can rule out the possibility of lype
[l hecause the type 1Il's have a very large
single frequency duration of several seconds.
These bursts therefore have to be type I
bursts. Since the occurence of ¢losed magnetic
fields 1in decametric region s relative1y‘
rare, the frequency of occurence of the type
I bursts §s also rare, which
with the cbservations,

is consistent

3.2. Interpretation

The bursts could not have been generated
by electron cyclotron mechanism which s
acceptable only when the plasma frequency
is Jess than or close to the gyrofrequency
of the electrons. The burst generation due
to electron beam could also bhe ruled out
because 1in this case the drift rates will
be extremely large and contradict the ohserva-
tions. There 1s another possibility of getting
the drift rate; a radio signal generated
at a particular Jevel ‘is of finite extent
in time, Sa, different Fourier components
of the signal travel with different velocities
because the :refractive index s different
for different frequencies. For such a process
to he-effaective, a calculation of the dispersion
measure Sshows that, the electron column density
is extramely small and one may need six orders
of magnitude  more. Based on these facts
one can clearly come to the conclusion that
the bursts must be created by a weak ~shock
wave moving out in the corona and can explain
the observed slow drift,

: Spicer at al (1981) proposed the emerging
flux theory to explain the -type I bursts
and the same thing {is regarded -as a working
‘node | (Nentzel.1982) The basic 1ngredients

 shock

of the theory are two wave modes and a hoi
particle distribution., The high frequenc)
wave mode 1s created by the hot particles.
The tow frequency mocde produces the hotlpart1-
cle distribution by stochastic acceleration.
The interaction between the two wave modes
produces Lthe radiation, " The scenario it
as follows.  Newly emefging “magnetic field
pushes against the pre-existing coronal magne-
tic fields and produces shocks. In the shock
front and a4 high 1level of lower
hybrid (LM} waves are Part of
these LH acce lerate
electrons which are subsequently trapped
in the c¢losed magnetic arches and déve]op
loss-cone anisotropy. The free energy in
this electron distribution is fed 1into the
upper hybrid waves (UH). . A weak shock of
sTtightly super Alfvénic velocity can generate
the condition necessary for radic-emission
and the drift rate of the bursts is tha velo-
city of the shocks. The emerging fiux theory
can explain our observations. If the observed
bursts are caused by a weak shock . then the
density jump across the shock should be direct-
ly related to the ohserved bandwidth. Therefore
the observed bandwidth and the. estimated
velocity (from the drift rate) could
be used in conjunction with the Rankine-Hugon-
fot relations to estimate the ambient magnetic
field at decamebric levels: - The result  is
of the order of 1 G which is in- very good

its wake,
generated.

waves stochastically

agreement with other estimates such as frequen-

¢y splitting and polarization measurements
of type I bursts' {ter Haar and Tsytovich
1980). This agreement 1s an indirect confirma-

tion of the emerg1ng flux theory in “addition
to some observational evidence provided by
Kar11cky and Jiricka {1982) :

, ACCOrding to the emerging fTux made 1,
typa 1:source is vary t1ny and - the rad1at1on
s emitted 1nstantaneous1y. (wentge] ;982)
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The observed duration must be due to the
finite extent of the generated radiation
beam in which the rays making larger angle
with the direction of the magnetic field
" lag behind those at smaller angles. This
mechanism explains the short duration of
the bursts. As the shock proceeds to lower
frequencies, the extent of radiation beam
may increase and also, there could be an
increase in  the range of angles 1in which
the radiation is emitted. These two changes
can cause increase in duration with decrease
in frequéncy as observed. The weak continuum
over which the bursts are superimposed must
have been created by the interaction of UH
waves with some unknown low frequency fluctua-
tions,

In fact a weak shock can generate
" a variety of low and high frequency turbulences
depending upon the - strength of the shock
and the coronal conditions which the shock
faces as. it propagates through the corona.
The high frequency turbulence (Buneman Instabi-

lity) is excited only at the initial portion:

of. the:
§teep. Among. low frequency waves, the LH
waves are genérated for isothermal 60ﬁ61t10ns
The . ion-sound waves are generated only when
there is non-isothermality. Because " of this
the generation of dion-sound turbulence is
a lways viewed with suspicion.. But
is an initial steep gradient,
Tnstability generated can - be
assential heating - of electrans and 'thereby
causing non-isothermality (Tidman and Krall,
1971). In fact, the characteristic time
scale for
instability is T
This is very

then the Buneman

. . -t _

g * .";!(m‘c‘,/mqi)ll3 G ~107s,
smatl

transit time (wpe 1/{2) ~5.8 K 10%s (v -
-shnck veloc1ty) Hence the non- isothermal1ty
w1]1 be -met™ w1th1n about’ 1/100th of. the shock

" thickness,

shock front where the gradients are -

if there:

-quenched by

electron heating through - Buneman

compared‘-td*fthe shock -

) Jump . in

Under such a situation, therefore,
{on-sound. instability, could be excited.
A detailed calculation of the ifon-sound insta-
bility has been reported elsewhere (Gopalswamy
et al. 1983b).

For the UH waves to provide the adequate
brightress temperature, the Tow frequency-
waves should have an energy density (Melrose,
1980);

W &3 Vel
o2 Tw o LV
e pen'ph
where
M energy density of low ‘frequency

=

e mode ¢  interacting with the UH .
waves,
n - electron density of the corona
Vg - electron thermal velocity
' Vph - phase velocity of the low frequency
ST waves
Ln' - -coronal density gradient scale
length
c - velocity of light .
for n = 108 em™? and To ® 10%, tne anove

inequélity_becomes;

o |
s 2uax10

g

Theléhergy density of LW waves is ca]cu1ated:

" by Spicer-et al. (1981) as ;

i

nT

2 ' '
) Va AB

-] ——

My=1

rr———

C B M

m

e 1/2
" (7!
“pe s A

e

" ‘where" VA 1s Aifven veloc1ty, AB 1s the reIat1vei
B

magnetic field across. the ~shock,



Flnm Structure In Salar Dacamatrio Radlo £mieslon 53

M, 1s the Alfvénic Mach number, (ma/mi) is

the ratio of electron to fon mass and Cs
s the sound velocity. Following the similar
procedure one can calculate the energy density
of fon~sound waves by extending the one-dimen-
sional calculation of Krall and Book (1969)

to three dimensions (Gopalswamy et al, 1983h)
as;

w5 o Moy (172
nTe Y, B My 2B 'my

wz
x [1+wm -B&-1
W

ce

For identical conditions of the shock in
the decametric corona,

s

o 7.7 x 1076 and Yo« 2.8 x 0",
e

50 that

LH

—«E*S*- « 2‘7 * 10-2 .

This estimate shows that the LH waves only -

marginally satisfy the energy density require-
ment while the don-sound wave density fis
much larger than the threshold value. Moreover,
the ion-sound waves are generated over a
wide vronge of wave numbers compared to that
of LH waves, Lhereby satisfying the resonance

condition more easily, fi.e., the overlap
hetween UH waves will be ‘more in Lhe case
of  fon-sound wavaes. Then, subject to the

condilbian thal the ion-sound waves are genera-
ted , they are better candidates compared Lo
the LH waves.

Another important aspect of the emerging
flux theory 1is Lhe generation of UH waves,

mode 1s

In the theory of Spicer et al (1981), the
LH waves stochastically accelerate the elect-
rons parallel to the magnetic field, = But
UH waves are generated by a loss-cone distribu-
tion of electrons. Therefore, the acdelerated
electrons, travelling essentially parallel
to the magnetic field should convert a‘majof
part of their paraliel energy into perpendicu-
lar energy, Vlahos et al. (1982) have proposed
anomalous Ooppler resonance instability
to generate a loss-cone distribution through
pitch angle scattéring. However, if the
low frequency turbulence involved s due
to ion-sound waves, there is another possibi-
lity of generating high p lasma
turbu lance. Since the ion-sound  frequencies
are of the same range as the whistlers, they
can get non-linearly scattered into whistler
waves in a timg-scale of 0,0ls {(Kaplan &
Tsytovich, 1973),  The whistler polarization
is such that the energy of the electrons
is increased predominantly in the direction
perpendicular to the magnetic field due to
the whistler absorption. The time-scale
over which the transverse energy of the electr-
on increases is of the order of 0.5 s (Kaplan
& Tsytovich, 1973).  Since both these time
scales are much less than the collisional
damping time of the fon-sound waves, an aniso- .
tropic electron distribution could be produced,
the free energy content of which could be
fed into high frequency plaéma osciilations
through a mechanism similar to one disgussed
by Levin (1982). '

frequency

In conclusion we would like to- point
out that while the emerging flux- theory can
adequately explain our observations as Well_
as other'typé I phenomena, the low frequency
| that brovide the opacity could be
different depending "upon the exact conditions
prevailing in the shocks and  the ' corona.
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4, Conclusions

ohsérvations

decametric
We have provided repre-
sentative events which reflect the complex
structure of the decametric corona.  Our
observations and their interpretations indicate
the 1mpoFiance of this special region of
the corona in understanding the radio physics
of the' Sun. As the decametric corona has
not received much attention from theorists,
a detal led investigation of the radio processes
from this level will provide an oppartunity
for a better insight into outer cerena as
well as interblanetary phenomena. .

We have presented some
of the fine structures in the
.solar radic emission.
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DISCUSSTON:

BHATTACHARYYA: ~ In all the cases mentionad
for absorption events did you find any suitable
loop configuration from optical pictures?

GOPALSWAMY: - Yes, that is what 1 'was Just
discussing with Dr. R.N,Smartt. But, we
specifically identified any event.
He - has promised to send some photographs
in - this regard, I am planning to search
from our own optical records, :



