THE EFFECT OF CORONAL EXPANSION ON THE SHAPE OF THE 530.3 nm CORONAL LINE
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ABSTRACT. The dynamical effect of the expansion corona on the coronal
emission line profile 530.3 nm is examined. The magnitude of this effect is
calculated as the function of the expansion velocity. It is showed, the bro-
adening of the line profile is possible explained also the radial expansion of
the solar corona. This hypothesis need a comparsion and a verification with
the experimental data.

.

BIVITHME OKCIIAHCHMM KOPOHH HA $OPMY KOHTYPA KOPOHAJIBHOA JIMHMM 530.3 mm: B
CTaThe HCCXENyeTCH BAMNSHHE OSKCNANCHM KODOMH Ma& KONTYP KOpDONasbHO® auuccuomme}
aumnyx 530 .3 mM. Beamumna 8TOro oddeKTa enpenexseTcs B SABMCHMOCTH OT CKODOC-
TH 3KCNAHCHM. [JOKABEHO, UTO ymUpEeHHMe KOHTYP&A CHEKTPAAbHOR JAMHNM MOXHO OGSCHHTH

Toxe pannaxbHO! axcnancuell coaseunolt kopoHm. 'mnoTesa TpeGyer aKkCHeDMMEHTOAb-
HOrO NOTBEpPXJCHUSA .

VPLYV EXPANZIE KORONY NA TVAR PROFILU KORONAINEJ CIARY 530.3 nm: V ¥1én-
ku je skimany vplyv expanzie korény na profil korondlnej emisnej &iary 530.3
nm, Velkost tohoto efektu je vyjadrend v zdvislosti na rychlosti rozpinania a
Je ukdzané, Ze rozd¥frenie profilu spektrélnej ¥iary je moiné vysvetlit aj ra-
didlnou expanziou slnelne] korény. Hypotéza potrebuje experimentélne overenie.

According to Billings (1966), as early as in 1938 Waldmeier put forward
the hypothesis that the broadening of coronal emission lines can be explaine&
as due to the radial expansion of coronal matter, i.e. even before coronal 1li-
nes had been identified. Since the time it was discovered that coronal lines
originate in ions with a high degree of ionization, it has been generally ac-
cepted that coronal matter has a high temperature, of the order of 106 K. Af-
ter the expansion of the corona had been discovered, no attention was paid to
the shape of coronal lines.
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Fig. 1: The shape of the coronal emission line profile as a function of high
(for details refer to text).

In the present paper, the authors have developed the idea od Dr. V.E.
Stepanov according to which it is possible to determine the rate of expansion
of coronal matter as a function of high above the photosphere by measuring
the changes of the shape of emission lines with high, provided certain condi-
tions are satisfied.

Measurements have proved that the shape of coronal emission lines can
be approximated by Gauss’ function, which is interpreted as a thermal expan-
31on of the profile with the Doppler halfwidth §. By Doppler halfwidth we un-
derstand half the width of the spectral line at the point where its intensity
is e"-times that in the line’s maximum. In all of our further deliberations,
we shall assume that the ion temperature in the corona remains constant with
high, i.e. that the profile halfwidth § is constant and independent of high in
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Fig. 2: Change in the halfwidth of the coronal emission line
for § = 0.05, v(r) = 10 km s~' (0); 50 km s~' (0); 100 km s~ (@);
v(r) = kr +q, v(1 R)) = 10 km s”', v(4 R)) = 300 km ™' (+);
v(r) = kr +q, v(1 R)) = 10 km s™', v(10 R ) = 300 km s~ (A);
v(ir)=k 1 - exp(qr) , v(10 R, =0.9v , v = 300 km s~ ().

a static corona.
Assume that the matter in a volume elemnt at point P is moving at veloci-
ty v(r). The x-direction is that towards the observer. Then, as a result of
~the Doppler effect, the emitted spectral line will be displaced by
1
aA =..(vx/c)lo=c"v(r)x(§’2+x2)2Ao: )

where r and Sb are distance from the Sun’s centre in units of the solar radius.
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Fig. 3: Changes of the ratio 5/5 for various values of & when the corona
is expanding at a constant rate of v = 50 km s".

The emissivity at the given point for a line with a Gauss profile is
€)= 1, [exp=[8(A- @y +a0) 12} ak = 1,(0) 8T, (2)

where io(r) is the intensity in the maximum of the spectral line at distance
r, and its total intensity above the limb (determined by integrating along the
line of sight) is

J@)= fz(r)dx = f? i(r‘)eXP{: (s A“Tﬂoﬂlﬁ} dAdx .

" o~

However, the emissivity can also be determined from the intensity of the coro-
nal line measured above the limb and from its gradient dJ(y)/dy (Rybansky 1975):
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- -1
£ = ~wop STascpvas] @2 - £?) 2ap . (4)
r

Function J (gb) can be approximated well by the exponential function (Ru3in
1973)

J (@) = Jy exp(-Pe), (5)

where Jo is the intensity of the coronal line at the reference distance. The
emissivity then reads

- 1
o/ de B exp(-fr) [ exp(-fx) [x(x +2r)] Zax

0 (6)
1

JOMVTS‘ exp(-fpr) (211,1‘)-5 .

]

E(r)

L]

By combining (2) and (6), Eq. (3) will the yield
o 1
A8 ) = & [e[ BT D] @2 ¢ x®) 4 e ([A-28]
- 1
+ v Agx 871 @? + x2) %)% ax. &)

Equation (7) implies that, for an isothermal, spherically symetrical coro-
na and the given (measured) gradient of the intensity of the coronal line with
a Gauss profile above the solar limb, the spectral distribution of the inten-
sity in the line depends only on the form of function v(r).

Measurements of the Doppler shifts of spectral lines in the lower corona
indicate rates of expansion of the order of 10 km s°1. Close to the Earth, un-
der quiescent conditions, the solar wind velocity is between 300 and 400 km
s (Brandt, 1970). This is what we based the mathematical form of function
v(r) on. The computations were made for the green coronal line. The gradient
of intensity of the green line has been given by Ru¥in (1973). The mean va-
lues of the coefficients are & = 6.33 x 104, B = 11.05, provided the distance
is expressed in solar radii. The results are illustrated in Fig. 2. The hori-
zontal axis gives the distance from the solar centre in solar adii, the ver-
tical axis the increase in Doppler width 5' relative to Doppler width S of
profile, broadened only thermally. If v(r) is an increasing function, also
increases. It is interesting to note that, if the corona expands at a constant
rate, 5' decreases with increasing distance in spite of é being constant. .

Figure 3 demonstrates the effect of the change in S on the ratio 5/5 as
the corona expands at a constant rate. The figure shows that the ratio 6"/6_
increases rapidly as § (temperature) decreases.

The results of the computations indicate that the radial expansion of co-
ronal matter also contributes to broadening the coronal emission lines, the
amout of this contribution increasing with the rate of expansion and with de-
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creasing ion temperature. At high rates, the observed halfwidth 5'depends
but little on the original é .

According to (7), the shape of the coronal emission line profile differs
only little from the Gaussian (less than 5%). The largest deviations are in
the line wings. Consequently, if the measurements of the coronal line profile
and its changes were measured with greater accuracy even at large distances
from the limb, it would be possible to determine the rate of radial expansion
of the corona. However, observations are lacking. Only profiles measured up
to a maximum high of 1.2 Ro with insufficient accuracy are available, and the-

secannot be used to determine whether the halfwidth increases or decreases
with high.
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