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ON THE TWO-COMPONENT STRUCTURE OF THE SUNSPOT MAGNETIC FIELD
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The magnetic intensification of Ti I, Ti II, Fe I, Fe II lines in the sunspot umbra is discussed, the data of

Fricke and Elsidsser (1965) and Makita (1963) being used. It is shown that high and low excitation lines

are formed in the regions with different magnetic fields, the strength in the Fe II region is about two times

smaller than in the Ti I. Direct measurements of magnetic splitting in Ti I and Fe II lines are in a good
’ accordance with this result.

O 08yXKOMNOHEHMHOI CIMPYKMYyPe MAZHUMHO20 NOAA 8 CoAHeuHblx namuax. VIcciienyeTcsi MATHATHOE YCHIIEHUE

naawit Ti I, Ti I, Fe I, Fe Il B TeH# COMHSYHBIX IATEH 1O NaHHBIM Ppuke n Dis3accepa (1965) u Makura (1963).

Tloka3aHo, YTO JIMHAHK C BLICOKAM H HU3KUM BO30OYKISHHEM 00Pa3yrOTCs B 00JIACTSAX C Pa3IMYHBIM MATHATHBIM

moJieM, IpW4YeM HAUPsDKSHHOCTh IOJIL B obnactu oOpasoBanus nuHuit Fe II npubnusutensHo B mBa pasa

Mensine, yeM B Ti I. D10 pas3iiuuue mOATBPHKIASTCA IPAMBIMA H3M >PSHHUAME MATHUTHOTO PACIISIUISHMS B JTH-
musix Til & Fe Il
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It is known that simultaneous observations of
Fe II, Sr II and C II lines on the one hand and Ti I
and Fe I lines on the other in the same spot are hard to
explain in the single model. The high excitation lines
require high temperature and nearly photospheric
conditions, the low excitation lines are explained only
by temperatures 1500—2000° smaller than in the
photosphere. This apparent difficulty led Makita
(1963) to suggest the two component structure of the
spot umbra. On the other hand, Zwaan (1965) ex-
presses the opinion that all the Fe II lines in the spot
umbra are due to the scattering of photosphere and
penumbra light.

Direct measurements of magnetic splitting Fe II
lines A4 4924 A and 5018 A are made on the diffractio-
nal spectrograph of the tower telescope IZMIRAN.
These lines are seen to have considerable magnetic
splitting. This splitting changes from one region in the
umbra to another and usually has a maximum in the
same places as splitting in the Fe I and Ti I lines. This
structure of the Fe II lines in the umbra is impossible
if the essential part of the line equivalent width is due
to the scattering light from either the photospere
or penumbra, and this led us to the conclusion that
they are not due to the scattering and the two-com-
ponent structure of spot umbra does exist. This two-
component structure of physical conditions seems to
lead to differences of magnetic field strength in the line
formation regions of Ti I and Fe II. The magnetic
intensification effect of the spot lines gives us the
possibility of determining the mean ratio of the field
strength in these regions.

*) On leave from Institute of Terrestrial Magnetism,
Ionosphere and Radio-Wave Propagation, Academy of
Sciences, USSR (IZMIRAN), P/o Academgorodok, Moscow
region.

It was shown by Bojarcuk, Efimov and Stepanov
(1960), that the logarithm of magnetic intensification
has a linear growth against a value ndg, the slope being
proportional to the field strength. Here n is the number
of left or right g-components and Ag is the difference
of the Lande factors of the upper and lower levels.
Log W*|W@ is plotted against ndg for Ti L, Ti II, Fe I
and Fe II lines, the data of Fricke and Elsasser (1965)
with correction for scattering were used. For control
this dependence for Ti I lines was discussed in the
umbra and penumbra, using the observations of
Makita. The value W*/W® depends not only on the
magnetic intensification but also on the ratio of the
effective temperatures and pressure in the umbra and
photosphere, which may be different for different
lines. Furthermore, the magnetic intensification itself
is strongly dependent on the field orientation, line
strength and turbulent velocities. Finally, the values
W* and W© may contain considerable uncertainties
either through measurements or through the correction
for scattering, especially for weak lines. It is not sur-
prising, therefore, that a great scattering of dots on
the figures exist. In order to lower this scattering
slightly we select medium lines placed on the middle
part of the spot curve of growth. For those lines W*
and W measured more precisely, the magnetic
intensification is the greatest and slowly depends on
the small variations of the line strength. These values
are plotted in Fig. 1. The coefficients of the formula
log W*/W©® = andg + b computed by the least
squares method, and the number of lines N are given
in the table. The coefficient a describes the magnetic
intensification and is proportional to the magnetic
field strength; the term b gives the mean value of
strengthening or weakening lines in the spot in the
absence of magnetic intensification.
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Magnetic intensification in the Ti I lines is nearly in
agreement with that computed by Bojarcuk, Efimov
and Stepanov for the field strength H 2500— 3000 gs.
The measurements of Fricke and Elsdsser (1965) and
Makita (1963) give the same value of the intensification
in the umbra in Til lines within the limits of mean
square errors. The intensification in the penumbra is
about 3 times smaller than that in the umbra and it is
just what was to be expected. The plotting of the
expression log W® = andg + b naturaly gives the
value a ~ 0 in the photosphere within the limits of
mean square errors. ’
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The ratio of intensification in the Ti I and Fe I lines
on the one hand and Fe I and Ti IT on the other is of
particular interest. From the Table 1 and Fig. 1 it may
be seen that in hot regions, where the Fe Il and possibly
Ti II lines are formed, the magnetic field strength is
about 2 times smaller than in the cold regions. More-
over, if we do not take into account some weak Til
lines in the photosphere (§ 10 mA) which are mea-
sured with great uncertainties (some points at the top
of Fig. 1), the magnetic intensification in Ti I and the
ratio of the field strength in cold and hot regions would
be greater. It should be noted that if we take all the

Table 1
Fricke and Elsédsser Makita
Til Ti 1 Fel Fe Il Til, umbra Ti I, penumbra
N
32 20 17 11 11 21
a 0-086 4 0-045 0-031 + 0-027 | 0067 & 0-012 0-041 - 0-032 0-:077 4 0-035 0:024 + 0-020
b 0-553 4 0-077 | —0-050 4+ 0-030 | 0-218 4 0-019 —0-210 4- 0-043 0-395 4 0-041 0-144 + 0-024
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Fig. 1. Magnetic intensification in the Ti I, Ti II, Fe I and Fe Il in: the umbra for Fricke and FElsédsser data and separately.
in the Ti I in the umbra and penumbra for Makita data.
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lines measured by Fricke and FElsésser, the scattering
of points on the plot is increased, but nevertheless the

magnetic intensification in the Ti I lines is still greater .

than in the Fe II lines. And if we take measurements
with no reduction for scattering, this effect will be
seen also. Finally, if we take lines of one multiplet only
(9 lines of multiplet n 38 for TiI and only 5 lines of
multiplet n 49 for Fe II, see Fig. 2) we have a = 0-085,
b =035 for Til and a = 0-020, b = —0-31 for
Fe 11, i.e. the magnetic intensification in Fe II is about
4 times smaller than in Til. This effect is not due to
bad correction for the scattering of photosphere light
because in the photosphere the dependence of W©
on ndg is absent.
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Fig. 2. Magnetic intensification in multiplets Ti I and Fe II
(Fricke and Elsdsser data).

To control this result we made direct measurements
of the magnetic field strength in the lines Fe Il
24501845 and 4923-93A, Fel AL 5016:89 and
492478 A, Til A4 5020-03 and 5016-17 A. These
measurements are in a good accordance with the
results of magnetic intensification. Measurements in
40 places in the umbra and penumbra of a great spot
are presented in Fig. 3. The ratio of the field strength
in Fe II and Ti I lines is plotted against the field
strength in Ti I and the histogram of this ratio is given
to the right. The mean value of this ratio is 0-55. For
70% of all measurements 04 < Hg.y/Hpy < 06
and only in 4 cases
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It is interesting that in Fel lines the magnetic
intensification is somewhat smaller than in Ti I lines.
This result is very uncertain, the difference of intensi-
fications in both elements is in the limits of mean
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Fig. 4. Ratio of magnetic fields in the Fe I and Ti I lines. The
histogram of this ratio is given to the right.

square errors. But direct measurements also show that
the magnetic field strength in Fe I lines is a little
smaller than in TiI (see Fig. 4). The mean value of
the ratio Hr;(/Hg.; = 0-83. In 70% this ratio is
smaller than 1-0. But in this case the scattering of the
ratio values is greater than for a comparison of the
magnetic field strengths in Fe II and Ti I lines. It
should be mentioned that two and more maxima on
the histograms (see Figs. 3 and 4) give the impression
that the magnetic field in a sunspot has not only two
but possibly more components.

These results are in a good accordance with the
suggestion of a very inhomogeneous magnetic field in
a sunspot which is composed of some magnetic ele-
ments or “‘subgranules” (Mogilevskij et al. 1967).

The author is grateful to B. L. Demkina for her
help during the observations and E. 1. Mogilevskij
and V. Bumba for fruitful discussions.
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