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ABSTRACT. Using observations obtained with the vector-megnetograph of the
Saysn observatory we have studied the dynamics of the magnetic field in the
stage of appearance and formation of the active region SD 135/1984.

Comparison of maps of the longitudinasl and transverse components of the
magnetic field shows that the field evolution reflects emergence of the main
flux tube from the convection zone into the photosphere. In this case the mag-
netic flux tube is severely branched so that individual smaller flux tubes are
subjected to the action of supergranulation motions in the active region.

We confirm the conclusion reached by a number of previous authors that
magnetic flux in an evolving active region increases in an impulsive fashion.

A study is made of the evolution of the magnetic field subsystem at the
center of the active region. It is concluded that the disappearance of this
subsystem at the photospheric level - once the active region reaches its maxi-
mum development stage - may be accounted for by the emergence of a twisted
(branched rather than dense) main flux tube into higher levels of the solar
stmosphere.

JVHAMVMKA MATHMTHOI'O IO B AKTMBHOA OBJIACTM HA HAUAJIBHO! CTAIMM EE PA3-
BUTHA: Tlo pesyabTaTaM HabADAEHUA HAa BeKTOp~MarHuTorpage Casuckoit o6cepBaropuu
IpoCJIeXeHa IMHAMMKE MATHUTHOI'O MOJS HA CTAIUM NOABACHMA M GOPMUDOBAHMUSA 8KTUB-
HOit o6smacru CJ 135/1984.

CpoBHeHMe KapT pacnpefeNeHUs NPONOABHON M MOMEepeUHO! KOMIOHEHT MATHUTHOTO
noJas NMOKasHBaEeT, YTO 2BOJNDUUS NOJSA OTpaxaeT BHXOXL OCHOBHON TPYOGKM MArHMTHOIO
noroka B foTocdepy U8 KOHBEKTUBHON 30HH. [IpudueM, TPyGKA MOTHUTHOTO MOTOKE CHUIb-
HO pasBeTBJIEHa, Ta8K UYTO OTHeJNbHHE MajiHE TPYOKM NOTOKA NOJBEpHEHw AelcTBUD Cy-
NeprpaHyIAlMOHHNX IOBuEeHU#® B akTuBHON oGaacTu.

llonTBepEiaeTcs pesyabTaT, MOJyYeHHHN DpeHEe HEKOTOpHMH UCCIEenoBaATENASIMMU, O
UMOYJIBCHOM DOCTe MArHMTHOI'O MOTOKA B pasBuBammelicd akTuBHOK obxacTu.

llpocrexena BOJDUMA CYOCHCTEMN MATCHUTHOT'O MOJAS B LUeHTpe axKTuBHO# obaacTu.
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CHeaaHO sakJNUeHMe, UTO MCUEBHOBEHMe 3Toil cybcucTemd Ha foTocfepHOM YpDOBHe mpM
JBOCTUXEHUM SKTUBHON OOGAACTHD MAKCHUMyMA CBOEro Da3BUTUA MOXHO O6GBACHUTH NOJBE-
MOM CKpy4YeHHO!, HoO He maoTHO#, a pasBeTBIEHHO# OCHOBHO# TpyOKM MArHMTHOI'O NO-
ToKa B BepxHue caou armocdepn CoxHna.

DYNAMIKA MAGNETICKEHO POfA V POSIATOSNOM OBDOBI VVOJA AKTIVNEJS OBLASTI:
Na zdklade pozorovani, uskutolnenych na vektorovom magnetografe Sayanského
observatdria, bola analyzované dynamika magnetického pola v prvom obdob{ vzni-
ku a formovania akt{vnej oblasti SD 135/1984.

Porovnanie mép rozdelenia pozdisnej a prielnej zloZky magnetického pola
v aktfvne]j oblasti ukazuje, Ze vyvo]j magnetického poIa v oblasti Je spSsobenﬁ,
stipanim zdédkladnej trubice magnetického toku z konvektivne] zény do fotosféry.
Pritom, magnetickd trubica je silne rozvetvend, takZe jednotlivé malé trubice
magnetického toku sy ovplyvnené supergranulérnymi pohybmi v aktivnej oblasti.

V¥sledok, o impulznom néraste magnetického toku v rozvijajucej sa aktiv-
nej oblasti, ziskany v predo3lych précach niektorfch sutorov, bol potvrdeny
v tejto analyze.

V§voj (topologického) centra aktfvnej oblasti, ako zvldStneho subsystému
magnetického pola, bol podrobeny analyze. Vymiznutie tohto subsystému vo fo-
tosférickej hladine, po dosiahnutf{ maximélneho stupiia rozvoja sktivnej oblas-
ti, je moZné vysvetlit stipanim pokmitenej, nekompakinej, rozvetvenej hlavne]
trubice magnetického toku do hornych vrstiev atmosféry Slnka.

1. INTRODUCTION

There asre presently a large number of papers devoted to the stage of ap-
pearance and to the beginning of development of an active region. However,
most of them have been based on longitudinal magnetic field measurements. Af-
ter the first measurements had been made with a vector-magnetograph during
the initial stage of development of an active region (Bsppu, Grigoryev and
Stepanoi, 1968), only a few papers appeared in recent years (see, for ex.,
Rabin, Moore and Hagyard, 1984), in which the study of the active region evo-
lution was based on data obtained with vector-magnetographs.

There is still no unambiguous answer in the positive as regards some or
other particular mechanism responsible for strong local magnetic fields typi-
cal of active regions. In the interpretation of observational data, different
authors ascribe the role in the formation of the local strong magnetic field
to both magnetic flux emergence from the convection zone and concentration of
this field by the supergranulation convection. Some authors emphasize the im-
portance of studying precisely the dynamical interaction between mass motions
and the magnetic field in the active region. Bumba (1983 a), by studying pro-
per motions of sunspots in evolving regions, drew the conclusion about the
importance of precisely the hydrodynamical forces in the formation of the ac-
tive region magnetic field and about the possible action of the local dynamo
mechanism. In his recent review Zwaan (1985) drew the conclusion about emer-
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gence of a magnetic flux consisting of a multitude of individual flux tubes
with a magnetic field strength corresponding to equipartition of the magnetic
and kinetic energy of the gas for the upper part of the convection zone
(2500 G) and about its subsequent enhancement due to convective collapse and
merging of the pores and minor sunspots.

It has been our intention in this paper to study the dy.mamics of the
vector magnetic field during the formation of an active region in conjunction
with supergranulation motions in this region (SD 135/1984) which were treated
in a paper by Grigoryev and Selivanov (1986 ).

2. THE INSTRUMENT AND OBSERVATIONAL DATA

The observations were done with the vector magnetograph of the Sayan ob-
servatory. All components of the magnetic field strength vector and line-of-
~-sigth velocities were measured in the 5250.2 £ line of Fe I at a spatial re~
solution 2"x4". Analyses were made of the observations concerning the active
region SD 135/1984 covering a time interval 21-26 June 1984.

The qualitative analysis also utilized magnetograms from the Kitt Peak
observatory which were kindly put at our disposal by Dr. Livingston, as well
as Hy -filtergrams taken at the Hida observatory and kindly supplied by Dr.
Kurokawa.

3. OBSERVATIONAL RESULTS

3.1. The appearance and development of the active region ma tic field

The active region (AR) emerged in an already existing background magne-
tic field of positive polarity. Fig. 1 presents a map (21 June, 10:55 UT) of

Fig. 1: Map of distribution of the longitudinal component of the magnetic
field for 21 June (10:55 UT). Isogauss lines ( N-polarity,
~==~== - S-polarity) are for 5, 15, 25 and 35 G.
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Fig. 2a: The evclution of the distribution of longitudinal and transverse
components of magnetic field of the evolving AR for the period
23 and 24 June 1984, The orientation of the maps is E ~ left and
N - top.
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Fig. 2b: The continuation Fig. 2a from June 24 to June 26, 1984.

the longitudinal component of the magnetic field of the AR that appeared. On
the map, solid lines (N-polarity) and dashed lines (S-polarity) indicate iso-
gausses 5, 15, 25, and 35 G. At this moment of time, there is an slready
well-developed general structure of the magnetic field of the would-be AR.
This structure represents two main magnetic field hills (a) and (b) of oppo-
site polarity in places in which the formation of the main sunspois proceeds
later. In between the main hills of magnetic field we observe hills (c) and
(d) which form a bipolsr pair of a polarity opposite to that of the main po-
larity of the AR. )

On 22 June, in the following part develops a sunspot. On 23 June, there
occurs the main emergence of AR magnetic flux and this period is associated
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with the formation onset of the leading sunspot which ends on 24 June. On 25
June, a well-developed sunspot group is observed.

The development of the general structure of thée AR magnetic field may
be examined using the maps of distribution of the longitudinal and transverse
components for the period 23-26 June which are selectively presented in Fig.
2. Isolines of the longitudinal field are shown by solid (N-polarity) and
dashed (S-polarity) lines for the values of 10, 50, 100, 500, 1000 and 2000 G
and for the transverse field: 100, 500, 1000 and 2000 G. Azimuths of the
transverse component of the magnetic field in the picture plane are indicated
by short bars in places where H 3100 G.

Comparison of the maps of the longitudinal and trensverse field compo-
nents shows that in the early stage of AR development there is a continuous
region of transverse field covering the bipolar region of the would-be sun-
spot group. By the time of completion of the main sunspot formation in the
group, the transverse field region breaks at the inversion polarity line of
the longitudinal field so that transverse field regions come to surround the
main sunspots of the group. Such a field evolution reflects emergence of the
main magnetic flux tube into the photosphere from the convection zone.

However, the observed picture of the magnetic field distribution does
not describe quite clearly the unified homogeneous flux tube but show a
strong fragmentation. The picture is aspecially distorted at the AR center
where there is a magnetic field subsystem (hills ¢ and d). Such a subsystem
is, generally, characteristic of the initial stage of development of the AR,
and in view of its exceptional activity and influence upon the development of
the entire AR it was called by Bumba (1983b) "the center of magnetic activi-
ty". It is in the AR center where there occurred most of the pores and minor
sunspots which later on were moving towards the main sunspots of relevant
polarity.

The fact that the longitudinal magnetic field hills are localized and
are moving toward the supergranule boundaries, was, seemingly first, noted in
a paper by Bappu, Grigoryev and Stepanov (1968). The comparison between our
magnetograms and the maps of supergranulation motions in the AR under study,
which were given in a paper by Grigoryev and Selivanov (1986), also indicates
a localization of the longitudinal magnetic field hills on the boundaries and,
especially, in places where supergranules make contact.

3.2 Magnetic flux variation in the evolving AR

Fig. 3 shows the plots of AR magnetic flux variation for the observatio-
nal period 21-26 June separately for each polarity, FN and FS. The magnetic
flux was calculated from the areas occupied by the longitudinal magnetic
field of corresponding polarity with the strength over 10 G and was averaged
over all magnetograms obtained during the day. Two main peculiarities in the .
magnetic flux variation deserve special motion. They are 1/ an impulsive,
rather than monotonous character of its growth and 2/ the presence of magnetic
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Fig. 3: Magnetic flux variation in the evolving AR. The flux of a positive
magnetic field prevails.

flux disbalance, i.e. an excess of the positive magnetic field flux in the
course of the entire period during which the AR development was observed.

The impulsive character in the magnetic flux variation during the AR de-
velopment was pointed out by Pflug in his earlier work (1980). In our case the
presence of two peaks of magnetic flux enhancement is due to the following
factors. On 23 June there occurred the main emergence of AR magnetic flux ac-
comanied by a massive appearance of systems of arch-like filaments and by an
enhancement of the network of descending material, on the whole, throughout
the AR, as pointed out by Grigoryev and Selivanov (1986). On 25 June the flux
enhancement was due to a growth in magnetic field strength in the main sunspo-
ts reaching maximum values. We want also to mention here an important fact
that the behaviour of the magnetic flux variation fits in quite well with the
histogram of the distribution, for that period, of the number of flares in
that region, as given in a paper by Sattarov et al. (1985).

The observed disbalance of magnetic flux in the AR was accounted - in one
attempt of ours - for by the contribution of the background magnetic flux be-
cause the observed AR was produced in the background field of positive polari-
ty. Thus, for 21 June in which case the amount of disbslance was small compa-
red with the other days, we find that the background field strength at each
point of our masgnetogram must be ~ 10 G. Taking into consideration that the
background field is distributed non-uniformly over the solar surface and is
concentrated in a magnetic network which covers about 1/4 of the entire obser-
vable surface, the required strength must be ~ 40 G. Both the first and, to a
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larger extent, the second values are recorded quite well by our magnetograph,
with its sensitivity to the longitudinal magnetic field is ., 1 G; there-fore,
the observed disbalance is not possible to explain by the presence of such a
background field. Thus, we must conclude that part of the field lines of the
observer AR is closed into other regions. An inspection of Hj -filtergrams re-
veals a stable system of fibrilles in the E-W portion near the following sun-
spot which seems to indicate there is such a closure of part of the field 1li-
nes from the f-spot to the other AR located eastward of the observed one.

4. INTERPRETATION AND CONCLUSIONS

The afore-going observational evidence pertaining to the AR development
stage, taken together, is in favour of the mechanism for magnetic flux emer-
gence from beneath the photosphere. This is confirmed by the following consi-
derations.

The evolution of the longitudinal and transverse magnetic field distribu-
tion reflects the emergence of the main flux tube from below the photosphere.
In this case the separation of the main hills of the magnetic field increased
by a factor of about 1.5 from 21 to 26 June. Since emergence of new magnetic
flux is occurring in the already existing background magnetic field, due to
processes of reconnection between their field lines as low as the convection
zone we do not observe the picture of emergence of the magnetic loop top it=-
self into the photosphere. .

Also, the observations show a strong fragmentation in the magnetic field
distribution, which indicates that the magnetic flux tube is not a single and
a homogeneous one but consists of a great number of individual flux tubes. A
single flux tube is able to emerge within the reaches of one or two supergranu-
les, and its orientation in space will be determined by local conditions for
interaction between magnetic and hydrodynamical forces.

The systems of HJ -fibrilles indicate there is a closure of the field 1li-
nes between the main sunspots and magnetic hills at the AR center for 23 June;
as for 24 June, connection through the field lines the main sunspots to each
other. The spatial orientation of the individual tubes may be strongly influ-
enced by the twist of the main tube which looks like a bundle of individual
tubes. The inclination of the inversion polarity line of the longitudinal mag-
netic field to the axis of the sunspot group in the early stage of development,
which is traceable on our magnetograms, provides evidence for the existence of
such a twist. Emergence of individual flux tubes that received a different
orientation, may lead to reconnection of their field lines, and this seems to
ensure the flare activity in the evolving AR.

Individual flux tubes emerging at the AR center are responsible for the
observed subsystem of magnetic field. Their emergence also accounts for the
observed motions of magnetic hills and related pores and minor sunspots. The
emergence of these tubes is occurring until they merge with the main bundle of
nearly vertical (at their bases) (in p- and f-sunspots) tubes where magnetic
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buoyancy ceases its action.

A very important observational fact that confirms the main simulations
of magnetic flux emergence from beneath the photosphere, as developed by Par-
ker (1979), is provided by the simultaneous enhancement of the mass downward
flow with increasing magnetic flux in the AR.
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DISCUSSION

V. Dermendjiev

CoraacHO TeopuM MArHUTOKOHBEKIMM, KOTOpAS B HACTOAlEM BpeMeHM sBasercs obme-
OPUHATHM BB3rEfAmoM, MarHuTHuf noTox BecmameaeTr us nogp dorocdepwm kaxk KpynHOMacm-
rTalHOE noxe, KoTopoe Bnocaxencreuy fparmeHTHpyeT. B mocaezHem BpeMeHM, OIHAKO,
pesyabTarTH uccxezoBaHuik B oGxacTu TypOyAeHTHOR KOHBEKUMM YK@8HWBaDT H& IpPyrym
TOUKY 8pEeHMA, 8 MMEHHO, YTO MArHUTHHA MOTOK BCIANBaEeT KaK MEJbKoMacmTalHHe
noafi, M8 KOTOPHX B mocxelcTBum dopumTyeTcs KpynHomacmrabHoe mnoxe. Bamm naGap-
JaTeAbHHe DesyAbTATH NOLNEPEMBADT BTOPYD TOYKY BpEHMA.
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