ON THE POSSIBILITY OF RADIO OBSERVATIONS OF CURRENT SHEETS ON THE SUN
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Abstract.Possibility of a discovery of current sheets in the radioband
by using their screening and reflective properties as also their own
emission is discussed.It is shown,that the thermal bremsstrahlung of
the sheet may be of a sufficiently large intensity (TZI) on the maxi-
mal critical frequency for the plasma in the sheet.In dependence from
electron density N, and temperature T_ the thickness of the sheet from
tens centimetres to hundreds metres is sufficient to provide optical
depth T zI.Spectral observations with sufficient angular resolution
may give such characteristics of the sheet as its temperature,electron
density, thickness and height in the solar atmosphere.

I.INTRODUCTION.

The physical model of a solar flare based on the development and follo-
wing ruptute of the current sheet in the solar atmosphere (Syrovatskii,
1970,1977;Heyvaerts et al.,I977) indicates a possible ways of the search
of current sheets for the purpose of the study and forecast of solar
flares.

The process of magnetic energy storage in the current sheet before
the flare takes hours for the powerful flares (Syrovatskii,I977a) that
in principle allows to discover beforehand a current sheet in the solar
atmosphere and predict by using its parametrs a probability of the be-
ginning, full energy and power of the flare (Syrovatskii,I976).

One method of the search of the current sheet in the solar atmos-
phere is the observations in radioband (Syrovatskii,I977a).Remaind of,
that current sheet is a plasma feature with distribution of the elec-
tron density N(x) and magnetic field H(x) of the type shown in Figure I,
Such layer,maximum size of which may reach a value bx1=20"xI50" usually
situates in upper chromosphere or lower corona,where the concentration
of the surrounding plasma is Ngo=I09 cm3The height distribution of the
electron density and temperature in the solar atmosphere in presence of
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Figure I.The distribution of the (a) electron density and
(b) magnetic field in the neutral current sheet.

the horizontal current sheet is qualitatively (and not in scale) shown
in Figure 2.A top concentration in the layer center may reach before
the large flare a value of N _=2.1014 cm=3 (Syrovatskii,I976),which cor-
responds to plasma wavelengtg A°=2ic/u)°=2.4 mm (co%- 48N _e2/m) .For
this reason,the first evident property of the current sheef is the
screening the emission with wavelength above critical.For example,cur-
rent sheet may wholly or partly eclipse a radiosource situated in chro-
mosphere or transition region.

In paper by Gel'freih et al.(I977) the optical identification of
the radiogranulation ( A=I.35 cm) with the chromosphere network details
was carried out and was proposed for the study of the solar atmosphere.
This procedure may be used for search of the current sheet.The presence
of the current sheet in the solar atmosphere may lead to the screening
of the radiogranulation whereas the optical pattern remains unchanged.
Then in corresponding place of the solar disk (of size £20') the bright
details of the optical granulation will be accompanied by a reduced ra-

diogranulation.
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Figure 2.A possible alteration of the (a) electron density and (b)
temperature distribution of the solar atmosphere,caused by formation
of the current sheet.
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2. CALCULATIONS

For observation of the current sheet the properties of its own emission
may be used,in particularly,a local change of the radiobrightness of the
solar surface.If TO(A) is the observed brightness temperature of a quiet
solar surface,and T(A) is a brightness temperature of the surface but
with a sheet above (see Figure 3),then the wavelength dependence of its
ratio may be written for the step distribution of the T(x) (see Figure2)
in the form:

~Te T “Te b Ty T
T(A) | To(I-e” ) 4T (I-e”*)e” “#Tcp(I-e” e~ e
T, "t® T, (T-ewp (T T o (T-exp (T exp (T (V)

where T_ and T, Tch and T, , ’Cs and T are the optical depth and tem-
perature for the corona, chroﬁgsphere and®current sheet respectively.
T_.(A\) is a known wavelength dependence of the observed brightness tem-
perature for a quiet Sun (Kislyakov,I970;Shimabukuro et al.I968).For the
optical depth of the layer we have (AXKL):
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Here /ﬂ is the absorption coefficient for the bremsstrahlung (Ginzburg,
1967),and the integration is carried out along the trajectory of the
ray,which is suggested normal to the surface of the layer.

The influence of the magnetic field is ignored,since it is supposed
that W>> Wy geH,,/mc =2.109 Hz for H_=330 gauss.For equilibrium neutral
current sheet (w,,,/w,)Z = 4kTs/mc2<< I.Besides,we utilize here the ab-
sorption coefficient calculated
for the maxwell distribution of the
particles in the layer.This is true,
if the velocity of the directed mo-
tion of the particles V is small
with respect to the thermal velo-
city Vr =ik'1‘ /m" .That condition is
always fulfifed,if we consider the
thickness of the layer large com-
pared with )\o,since L = cr,/V =
=V, a\o/V and if L/ \,»I,then
'/ /$>> I (see Bulanov and Syrovat-
skii, 1974).

In two limit cases «w<<W
3 (Vo> 1) and W, (v <) we’
Figure 3.Current sheet in the have:
solar atmosphere.

https://doi.org/10.1017/5S0074180900037219 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900037219

448 S.I. SYROVATSKII AND V.D. KUZNETSOV

dy 1 [I({T," oy 1Yol 1] ~
v o

ch3chh2y-vc; o-2 Vv, Vool

P o

(&
~<~
x\—‘

4 4L
TRz KL, T 3X.v_ 5 y =Arccosh{v . (3)
o ) k o
4 4Lv )

~ = —Q
'JVO«I 35 Ts™ 3

To have the optical depth of the layer sufficiently large TSZI we need

L23Asv 14 )\_(for W& W) and L= 3A /4v »As (for W>>w,) ,which gives
o.. .7 o o

a lower limit for the thickness of tRe layer.

For appropriate values of the concentration and temperature of the
layer 5-1010cm‘3SNOSZ'IOI‘*cm“3, 8-10L’KST85106K the condition 14 >1I
is carried out only for thick sheets L3\ 3 I00-104 cm.For L2 3Agv /b
the observed brightness temperature T(\) in a given waverange (A< A(ssee
below) will be approximately equal to the temperature of the layer T
since at this wavelength the influence of the corona is small.So,the
equality T T.= Ty ( To= Tg/T, =8.104/106 =8.10-2) is reached at A= A=
=37 cm.If A<A.=37 cm,then T, T.< Ty and T(A)=T T +T = T,.

Near the critical freguency W=W, (vo=I) the emission is gene-
rated by the central part of the layer and the penetration through the
sheet becomes essential.In this case we have:

L 49L L
Ts = g[l“(To-)- I] P> (5)

Now ’c_’sal will be true for sheet thickness of the order of A or
even smaller.Indeed,the condition ’Csz I can be written in the form

Xs As 1Y 2
T * ln() $ (=521 =1n(-;-(-:9-)- I

If x_is a root of the equation x+lnx=1n(2 &,/ ¥.)-I then the condition
'ts;OI is equivalent to L2 Ag/xqy.Substituting Qc=3.108ﬂz, w°=-8.10n Hz
we obtain 1n(2 u)ol\)c)=7.6.x°=5.8 and L2A _/x_ =17 cm.The sheet thickness
L at various values N, and Tg which gives sfts AosL)=I are given in the
Table I.At this thicknesses T(A,)=Tg, t(A9)= I+Tg /T, (Ay) =t, depends on
Ao (that is N =%mc2/e2 X)) and is also included in the Table I.

Qualitatively the dependence t(A) given by expression (I) is prepre-
sented in Figure 4.The appearence of the minimum t; at some wavelength
A1 is due to the screening by current sheet of the emission of the lo-
wer more hot layers of the solar atmosphere.The dashed line in the Figu-
re 4 shows a long wavelength part of the spectrum ( Ao«AzAH =-le’c/wH)
without account of a possible contribution of magnet:obremsstr:fxlung (Zhe-
leznyakov,Zlotnik,1978).
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Let us consider the layer for which T2 ( A »L) 21 (see (5));actually
this denote also that L:AS»A <A\ and I‘s(i—exg(-‘t ()‘O,L)))sz.The
concentrations No > 5-10'0cm=3">> N = 5.108%cm=3 are Of interest (that is
A€ I5 cm & A =150 cm),therefore not only T (A )<<I but T (I-exp(-T.(A,))
éTc’Cc()\ )&Tg,if the temperature of the laygr 1s in the izterval of
interest ¥ > 8°10% (T_T_(A<I5 cm)€ 106.1.3-1072 = 1.3.10 K <8.10°%K €T ))
In that case according toilg we have T(A,)=T_ and t =I+TS/T°(A°) At
4 cm € A € I50 cm,T (A)=5-I0°A (Zheleznyakov,i 64),tﬁerefore,since Asg
€15 cm,then T_(A §<7.5°10% and for T.> 8-10%K it will be always t,> 2,
that is the emission at the wavelength X _ will be enhanced due to the
current sheet.It can be see from (3) and (4) that for A%Ao we obtain
To(AL) < T and To> T =TTy~ A2 for A< hgpand TN I T, T ~A"2 for

A>) -

At Az )\ _we have T()\)=To()\) and t(A)=I if we don't take into account
a possible contribution from the magnetic bremsstrahlung mechanism at
these wavelength.Waves with A?z\gare reflected from the critical layers
in the corona above the sheet and don't 'feel" the current sheet.

At )\ <\ zXI<<A°°.the behaviour of the spectrum is defined by com-

petition of the terms in the expression
Tg[1-exp{-T, (A, L.V, T } ] exp{-T W} +1_[1-exp{- T (M}]

giving the contribution to the brightness femperature from the layer and
from the corona&respectively.For the layer which is cold relative to the
corona,T = 8:I10%K<T =I06K,the term T (I-exp(-T.)) surely predominate
over the®term Ts(I-e:c:p(-T.'))exp(-’C'c) or )\ <)<c,\w where =37 cm is
defined above.In that ran8e of wavezlengtth(A)#I‘c TC(A)"',\Z (see Figure 5)
and t(A\)~A because To(}\)‘*)\ (see Figure 4).
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Figure 4.The wavelength dependence of the brightness (contrast) of the
solar surface section with current sheet (from Figure 5,see below).

Further,at )\ <A< Ac two limiting cases are possible.
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If )‘o <<Ac then it may be

Ac.2

T AW KT or 13 )‘s(-)-‘:) (6)
for which case the predominance of the term T T (A) over T T (\) will
continue in the range of more short wavelengtfi ASA (see Fqgurg 5) .However,
the term T_ T (X)'*AZ decreases with the decreases of A and the term
T_T_(A)~ X2 increases.Hence at some wavelength A, THE TERM T T begin
t3 pfedominate and T(A\) ~A? turn at A<AI into T(A)~ A2 (see Figufe 5).
It is clear, that A1 and ty are defined approximately from equalities:

T T LAY =T T (Ap (€)
. - e TeAD
tr=2e(Ap) = 2 NG (8)

Note here that minimum of t(\) _coincides approximately with minimum
of T(A) because of T (A\)~ A\ is a monotonous function of A in wide range
of wavelength.Using ?3) and (7) we obtain

- _A.IZ. o 4L_(Ag2
Te Tl AP (3D =T, T (A TSE R

whence it follows

4T, M
A= (A A0 Grao™ (9)

Using this value of AI in the condition T ( AI,L)«I we obtain that(9)
is true if: s

Ao N, f 4T L Aco 3T
pl A (10
[o] [
Then
4Ao L }
T A =21 T = 2oz TT 11
nig = 21, T (A AT (1)

For 4 cm €\ €150 cm ye have T (A)=5'IO3/\ .Defining wavelen thA  for
which T_( Abl)-rs=5~10 A, we obfain T ( AI}- 5:103A; = TsAI/ib akd

2
t.= Z(AQ_AS) i (f‘.l_‘_) ;"l (Ic_) 3/y (12)
I 3 3As Tg
oo

For given N_ and T the condition (I0) of validity of (9) and (I2) can
be rewritten like Ehat:

Aw. 2 3T N, . 3T
L <G5y <zf§‘>xs " G2 GrA (10

o
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Other limit relates to the case '('s( AC,L)aI,that is

3
L= Z{As('}ﬁ)z (6"
then XI is defined by the condition:
AL2 .
T T, Ap = Tc(—Alo: =T, (13

from which we obtain:

T T
/\1 '\IT:’ Ao-o<<xoo’if ‘;i‘«l (14)

For validity of (I4) the condition T's( XI,L)Z I is enough and yields:

31 ,Aw2 Tg 3TN
LEZ AR 1 A (15)

As can be seen from Figure 5,minimum of T(A) in this case is weak or

TN
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Figure 5.The alteration of the brightness temperature of the solar
surface section caused by formation of the current sheet.

fully absent.Minimum of t(\) equals

2dp _ 2Ap |T
tI-Zt(AIP _X_QI = Ao ﬁ (16)

and is also unimportant.

At A>ALTD = 1. T =1(A/7 A% and th) = T Mg A/Tg A2 A
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At A<A; T(A)=Tg and t(A)= A /A ~ I/)\ (see Figure 4).

Figure 4 and 5 yield a general representation of the behaviour of
spectra T(A) and t(\) under alteration of the sheet parameters.Note once
more that these spectra are represented in no scale and yield only quali-
tative pattern of the dependences of T(A) and t(A).It was not also taken
into account a possible influence of the magnetobremsstrahlung at \~ it
>>/\°.The point A, on the Figures 4 and 5 for the case (IO) is defined
from the condition that at A<)\3 a term T Ts()\) begins to give a noti-
ceable contribution in T(A)=T T +T¢Tg,but still T T DT, Ty (for
example T, T, XIOTgTg).The point A, is defined from the approximate

equality:
Tg Tyl Aé) = Ty( At,) (17)

The values of tort ,X for different values of the parameters No»
Tg and L are given in the ‘}able I.

Thus,the presence of the current sheet may lead to the increase of
the radiobrightness at some frequencies and to its decrease on the others.
The analysis carried out shows that observations of the radiospectrum with

Table I.Characteristic parameters to,tI,AI of the spectrum t(\) and a
thickness of the sheet for which 'ts( AO,L)=I. T(X)-TO(A)[t(A)-I].

\ N, em 3 2.7014 2-10"3 1.2:1012 310"t
\xo cm 0.24 0.75 3 6
Ts 0% "Tob
To(\o) 6500 6000 1.4°10 2.5°10
t, 3, 14 7 4
g.1ob I 6:6°10 0.18 0.29 0.31I
AL 2.4 cm 4.1 7.9 10.6
L 20 cm 140 1.2°10 8.7°103
to . _, 18 8 5
I S A3 0.2 0.32 0.35
A 2.5 4.2 8.3 1.3,
L 25 180 1.5+103 1.2°10
t, 80 84 36 20
se05 b1 0.14 0.4 0.64 0.7
}‘1 3.5 6 3 1.7 , 16
L 160 1.2°10 1.2-10 10°
t, 155 170 72 40
08t 0.19 0.5 0.87 0.95
A 4 6.8 13.6 , 18.7
L 380 3.2°103 2.6°10 2.2°10°
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sufficient spatjal resolution can give such important characteristics of
the current sheet,as its thickness,height in the solar atmosphere,maximum
concentration and temperature.This manifests the importance of spectral
investigations for the problems of the solar flares mechanism and flare
forecasting.

II1.0BSERVATIONS

At present there seem already to exist observations qualitatively
confirming the above effects.We mean the papers which indicate indirectly
the existence of sources which can be attributed to the current sheets.
So,the study of the radioemission of active regions at A=3.3 mm with
resolution 2.8 by Mayfield et al,(1970,1973,1976)shows a clearly correla-
tion of the enhanced emission (v10%) at that wavelength with neutral lines
of magnetic field and with flares which took place on these lines.Similar-
ly Kundu (I970) relates the sources of enchanced brightness temperature
with the matter in the corona which have high electron density and low
temperature.

Eclipse radioobservations at A=4 cm with resolution 8" allowing to
resolve detail structure of the local source between two bright magnetic
details (spots) a source for which it is typical the absence of the pola-
rization,a closeness to the neutral line of the magnetic field,a small
size 0'.2,a flat character of the spectrum allowing the bremsstrahlung
mechanism,

The nature and the identification of sources mentioned was not dis-
cused until because of the lack of detail information especially of si-
multaneous high resolution observations on different wavelengths.It was
noted (Boldyrev et al,I978) that the twice lower resolution gives a
smooth pattern without any distinct sources.

Depression of radiobrightness associated with prominences is interpre-
ted usually in terms of weak emission from prominence itself or from the
thin prominence-corona interface (see a rewiev by Schmahl 1978).However,
it is observed simetimes the radio depression not associated with Ha fi-
laments. This was interpreted in terms of radio absorption by material te-
nuous enought to be transparent in Hol (Buhl and Tlamicha I1970) .The same
effect may be due to the current sheet (depression at A“%I.see Figure 4),
not in terms of radio absorption but as screening of the emission from
lower layers of solar atmosphere as was described above.

The presence of a cool filament near the current sheet will greatly
complicate the situation.In this respect the discussed properties of a
current sheet will be observed in the best way for active regions where
flares are not connected with quiescent prominences.

As it is clear from the preceding for this case the enhancement and

the deficiency of the radiobrightness at different wavelength can be
explained in the fremework of the current sheet model.
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DISCUSSION

D.Smith: You have considered the sheet as completely passive,
whereas observations show that even quasi-stable sheets are slowly
evolving with corresponding energy transformation processes. The
resulting radio emission may completely dominate the bremsstrahlung
emission which you have calculated.

Syrovatskii: Really the preflare current sheet is steady from
the point of view of observation because it develops only slowly
(from tens of minutes to tens of hours). Besides, it is steady in
the sense of absence of plasma oscillations. The resistivity is simply
the Coulomb resistivity up to the beginning of the flare itself.

Hudson: Is high spectral resolution in frequency necessary for

the detection of the cool current sheet? What spectral bandwidth would
the plasma-frequency radiation typically have?
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Kundu: Do you really need Ny v 101%? The reason I am asking this
question is that if Ny were v 10 2 then the optimum wavelength to ob-
serve the current sheet may be ~ 2.5 cm instead of ~ 2.5 mm.

Syrovatskii: The extinction at maximum density in the sheet was
given for the extreme case of the situation just before the occurrence
of a very strong flare with energy release of 1032 ergs. In more
moderate cases the maximum concentration is one or two orders of magnitude
lower and the maximum of the spectrum will move to the cm wavelength

band.
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