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ABSTRACT. A rationale is presented for a conception that the appearance
of flares in active regions is due to the interaction of large-scale convecti-
ve elements. Such an interaction gives rise to shear motions in the vicinity
of a zero line of the photospheric masgnetic field which generate vortical mo-
tions leading to a nonequilibrium state of the magnetic configuration. The
scheme we propose explains the cause-and-effect relationship between many ob-
servational signatures of the preflare situation. We have performed numerical
calculations of the velocity field in an active region that produced a sequen-
ce of proton flares in August 1972, and the calculation results confirmed the
proposed scheme.

OLOHA ZDVIHOVICH (SHEAROVYCH) POHYBOV PRI VYTVARANI PREDERUPCNEJ SITUACIE.
Interakcia velkorozmernych konvektivnych elementov Je povaZovand za
moZnd pri¥inu veniku erupcif v aktfvnych oblastiach. Interakcia tohto druhu
m8%e viest k vzniku zdvihovich (shearovich) pohybov v okol{ neutrélnej Xiary
fotosférického magnetického pola a tym k virovim pohybom vedicim k nerowmovéZ-
nemu stavu magnetickej konfigurécie. Navrhnutéd schéma vysvetIuje vzdjomny
vztah medzi mnohymi odpozorovanymi znakmi prederuplnej situdcie, ktoré si uva-
Zované ako pri¥ina a erupcia ako ich d8sledok. Pre sktivnu oblast z augusta
1972, ktord viedla k vzmiku protonovich erupcif, boli uskutoinené vypolty
r¥chlostnych poli. V¥sledky vypoltu sihlasia s visledkami navrhnutej schémy.

The dynamics of the magnetic field snd matter in photospheric layers of
the golar atmosphere is determined by a complicated interaction between struc-
tural features of various scales. There exist a three-stage hierarchy of con-
vection, namely granulation, supergranulation and large-scale structures (1)
consisting of elements with characteristic scale of sizes, lifetimes and mass
velocities in therm. A combination of such structures, together with the dif-
ferential rotation of the Sun determines the complicated bicture of the veloci-
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ty fields observed and manifests itself in the evolution of magnetic configura-
tions such as complex of activity, active regions and individual sunspots, and,
evidently, influences the flare activity. It is known that large active regions
are, on an average, concentrated near the boundaries of large-scale structures,
glant cells (2). Flare activity is also concentrated st the boundaries of the
cells involving 1 or 2 supergranules (3). Many authors point to a relationship
of flares with horizontal shear motions in the vicinities of the inversion po-
lerity line (IPL) of the photospheric magnetic field (4, 5). That flares are
asgsociated with emergence of new magnetic flux in the active region has been
also confirmed by observations (6, 7). These two kinds of relationship were u-
sually studied separately; recently, however, attention was drawn to a correla-
tion of shear motions with emergence of new magnetic flux. The chromosphere
over the IPL often shows dark filaments which delineate definite boundaries
separating the structural features and their activation serves as one of the
aignatufea betoking the appearance of a flare. Peculiarities of the orienta-
tion of dark filaments and bendings of the IPL also are flare predictors (8).

IPL deformations may arise as sunspots are moving perpendicular to the
IPL (4). There are indications that rotational motions of the sunspots are
associated with the production of surges (9). It has been established that the
flare production is favoured best by a situation when the IPL and the zero i-
soline of line-of-sight velocity intersect and the latter abruptly changes its
direction (10).

The same authors (11) found that some configurations of the line-of-sight
velocity distribution, interpreted as being horizontal vortices, may coincide
with placea of sunspot appearance or disappesarance.

Thus, within structures of moderate and small scales, manifestations of
solar activity are more frequently observed near the boundaries of these strucw
tures. In the caase of larger scales, the idea that active regions and comple-
xes of activity appear near the boundaries of corresponding structures such as
the IPL and tangential discontinuities of horizontal velocities, does not seem
unusual, though observational evidence accumulated so far is not yet suffi-
cient. An at least outward analogy suggests itself between the above-mentioned
phenomena and the concentration of seismic activity in the zones of fractures
on the boundaries of the Earth’s crust plates, as indi.ated by geotectonic da-
ta. -
Analysis of the above-mentioned observational data leads to the following
physical picture of cause-and-effect relationships producing a preflare situa-
tion and, then, the flare itself. Shear motions (the Coriolis force effect in
supergranules, for example) are almost always present on the boundary of nei-
ghbouring elements of any of the scales indicated. The evolution of such tan-
gential discontinuities gives rise to a system of vortices in their neighbour-
hoods. Since the boundaries of structural elements sufficiently frequently co-
incide with the IPL, horizontal vortical motions of matter are able to cause
local enhancements of the frozen-in magnetic field near the IPL and, therefo-.
re, accumulation of extra (nonpotential) energy in the magnetic configuration,
current sheet formation, and - during a relaxation release of this energy via
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Fig. 1: Magnetic fieid configuration above the photospheric plane and the
horizontal velocity field in the vicinity of the inversion polari-
ty line (IPL). Legend: --==--= the inversion polarity line;

-=- == magnetic field lines;
the direction of mass motions in the photospheric plane.

any suitable mechanism - flares. This scheme is illustrated by Figure 1. Ad-
ditional energy in magnetic configurations is supplied by hydrodynsmical mo-
tions in structural features with a scale well above that of a flare region so
that energy sources are virtually inexhaustible for such disturbances. This
mechanism can "work" both in active features of various scales, viz. complexes
of activity, active regions, individual sunspots, and others, and outside the-
ir fiare outside active regions. Also, the proposed mechanism permits the phy-
sical content to be determined for a number of signatures of the preflare si-
tuation: the appearance of bending deformations of the IPL, emergence of new
magnetic flux, filament activation, etc. Of course, the scheme thus presented
needs further development. First, it is necessary to sppeal to additional ob-
servational data on velocity field characteristics in the photosphere in the
vicinity of the IPL. Second, a theoretical analysis ought to be made of the
extant flare models in order to modify them with proper allowance for the pro-
posed mechanism of magnetic energy accumulation. In particular, there sre al-
ready resulis available lending support to this scheme. A mass shear flow a-
long the IPL was found from chromospheric snd coronal (UV) lines (12). There
is also reported observational evidence for the relationship of flares with
the magnetic field shear structure, snd the rate of magnetic emnergy accumula-
tion in such configurations was estimated at 2.1030 - 1032 ergs/day for a ty-
pical active region, which is quite sufficient for the flare energetics (13).
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Fig. 2: The evolution of a sinusoidal disturbance in the tangential discon-
tinuity of velocity, according to calculations in (15).

Now, let us consider some other arguments. It is known that a Kelvin-Helm-
holtz instability arises provided there exists in a flow of liquid or gas the
relative s8lip of the neighbouring layers. At sufficiently large Reynolds num-
bers, such motion is unstable - on the boundary separating the media there ap-
pears a system of vortices the scale of which is comparible with the width of
the transition region (the linear stare of instability development). A nonli-
near interaction between minor vortices generates vortices of increasingly
larger scales (the nonlinear stage). Numerical simulation results on two-dimen-
sional motion of the gas being compressed (14-16) show that the boundary of
the tangential discontinuity of velocity, originally shaped as a sinusoid, is
evolving as shown in Figure 2 (from /15/), i.e. separate protrusions are de-
formed by a flow of the gas and are twisted like spirals. For a well-developed
small-scale turbulence in the solar photosphere, the effective viscosity
Vt9¥1012 cm? s~ and the Reynolds number, estimated in terms of scale L and
velocity U of the supergranule, is Re = L 102, i.e. is, no doubt, smaller
than a criticel value. Hence, along the s&pergranule boundaries the boundary
layer does not split into two. Therefore, sn excitation of vortical motions on
the separation boundary requires disturbances of finite amplitude which abound
in the photosohere.

Let us considere a very simplified model of frozen-in magnetic field va-
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riations, caused by the horizontal velocity field, on time intervals of seve-
ral hours where msgnetic field diffusion casn be neglected (17). According to
Stern (18), the velocity V= (u, v, w) conserving the magnetic flux, must sa-
tisfy the relation

_Q>=%-_B>- rot (vxB)=0 1)

>
Taking into account divB = 0 the z-component involved in this expression, is
transformed to the form

D—B +Divs=0 (23
2t
where we have intrcduced a two-dimensional vector (uB - wB,, vB - wB_)

and a two-dimensional differential operator Div 8= 9ax /9x +9 /9y. This
equation is also satisfied by a vector of the form (Sx + aA/Qy, Sy -dA/3x ),
where A is an arbitrary scalar function of coordinates and time. The A-depen-
dent terms have no effect on the time-variation of flow Bz and describe the
displacement of individusl magnetic field lines without breaking the spatial
distribution of flow Bz’ i.e. describes an equivalent rearrangement of any
pair of field lines. Since we are cons1dering a plane motion, it is necessary
to put w = 0 so thatS-BR whereR (u, v).

Equation (2) may be solved for § by a variety of methods, namely by apply-
ing the conservative finite-difference scheme (19) by reducing this equation
to a Poisson equation and using the Green function (17) or by realizing a lo-
cally smooth approximation of ﬁi All of the three variations hsve their merits
and disadvantages and need a special analysis of the peculiarities inherent in
them. We have to find a velocity fieid R from observational resultis on time
variations of Bz in areas of the solar surface. Since S is a solution of the
inverse problem and when BZ = 0 the value of R becomes uncertegin, it seems ap-
propriate to find R by the regularization method (20) by sampling the regula-
rization parameter of order Bir, where Bcr is the noise level in Bz - obser-
vations. Two-dimensional differentisl characteristics of the velocity field in
the vicinity of the IPL (Bz = 0) are physically meaningful: to vortices (RotR
# 0) there correspond segments of bending deformations of the IPL, to source
mdﬁﬂrw“m(Mfow-amuofm@ﬁﬁfhxmuymemdeuym
ce (17), and to extrema of the value of £ = ( 2w/dy + 2 v/ 3x)/2 - sreas of ra-
pid variations of hydrodynsmical stresses (21).

It is clear that the decisive role in studying the velocity field in the
vicinity of the IPL from observationsl dsta on Bz, as has been explained above,
is played by the accuracy of local determination of Bz/at. Then, the follo-
wing requirements should be imposed on initial data. First, in order to reveal
the procéss of energy accumulation before the flare and the relsxation process
after the flare requires a series of 2 to 4 magnetograms taken before the fla-
re and of 2 to 4 magnetograms thereafter. The flare must be of moderate impor-
tance, a single one, and well documented from other data. Second, from estima-
tions of the accuracy of measurement of magnetic fields and typical velocities
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Fig. 3 Fig. 4
Growth rate distribution of shear deformations for the steps in time from
2 to 3 August and from 3 to 4 August, respectively. € isolines are drawn
for the values of #10, 20, 30 1/day. Areas of positive ¢ are marked by
vertical hatching. A dot-and-dash line marks the mean position of the
neutral line. Acrosshatched area indicates the original position of fla-
re knots (22).

of matter in the photosphere it follows that intervals between magnetograms
must be 5 or 6 hours at least. Third, magnetograms must be uniform in the ca-
libration and must have a unified coordinate basis.

Unfortunately, we have presently unavailable any material satisfying the-
se reguirements. However, we have done preliminary calculations for Bz - mag-
netograms from the Kitt Peak observatory, for a large August 1972 group (2 AUG
22:07, 3 AUG 23:09 and 4 AUG 14:08 UT) which were published by Levine and Na-
kagawa (21). In the calculations, B:/5L was approximated by the ratioz&Bzﬂst.
Figure 3 and 4 give the distribution of the value of £ and the mean positions
of the IPL for two pairs of the IPL for two pairs of magnetograms, 2-3 and 3-4
August. Figure 3 presents a picture before the 4 August flare; cross-hatching
denotes the location of the emission kornels of this flare at its onset time
at 06:24 UT, according to data reported by Beeda et al. (22). Extrema of £ are
concentrated near the IPL; before the flare they are large in magnitude and
the flare emission kornels coincide quite well with them. After the flare (Fi-
gure 4), the extrema of £ are more scarcely arranged and are smaller in magni-
tude (23) . The picture itself of their distribution agrees with data of Zirin
and Tenaka (4) on the position of areas in which the magnetic fields is shea-
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red, obtained from Hy ~filtergrams. Thus, these results sgree, in general,
with the proposed picture of the appearance snd development of a preflare si-
tuation.
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COMMENT AND DISCUSSION

M.A. Mogilevsaky
Tepuur "mup" B (usMKe NAS3MH OBHAWAET rPAAMEHT CABHIrOBHX IBMXEHW’ Ha oTHOCH-

TEXbHO HECKOXBEMX YPOBHAX, T.e. ecam S, -yrox Ha ypoBHe ZI, a S2 Ha ZZ' TO
MMPOM CUMTAETCH BeAMUKHA S, - S, 48

"=2=2 =T
Ecam MMenTCHS JaHHHE O JBMXEeHMM Ha8 OJNHOM YPOBHe, TO aydme yHnoTpebadarh Tepuult
CABUroBHE IBMXEHMS, 8 He mMHp.

J. Staude

In your analysis you assumed that the vertical motion is equal to zero (w=0),
but with magnetograph we can measure the line-of sight velocity. Could you
estimate how a violation of the assumption w = 0 could modify your results ?
G.V. Kuklin

Bo nepBHX, MH OmepHMpyeM C MOHSTMEM CKOPOCTM, COXpaHsmmell MAGrHUTHEA MOTOK M
ompeneaenHof TOABKO H& MOBEPXHOCTN HOPMAABHON K MAUHUTHEM CMAOBHM AMHMAM. OTa
CKOPOCTDb OTAMYEETCA OT OOHUHO msMepsiemolt maccomolt ckopocTu (bulk velocity) u
umeer apyro#t ¢memveckmit cmEca. Bo BTOpDHX, MH He 3HE@eM CPENCTB IAS NPAMNX Ha-
6apreHu# KOMIOHEHTH CKOPOCTH w, T.e. MSMepeHMI CMEmEeHMs MAUHMTHOrO MOAA HpHU-
CAMBMTEABHO BJOXb CAMUX CRAOBHX XAMHHA. B-TpeThbMx, Hama cxema MOXET ydecCTh
apdexT w = 0, ecam mocrynee mfopmenus o BCeX TpeX KOMNOHeHTaX BEeKTOpa Hampa-

XEHHOCTH MArHMTHOI'O MOAA M KX MNPOMSBOLHHX NO BpEeMEHM M KOOpIMHATE 2Z. Takme
LeHHHe cerones ¢QaxTuuecku OTCYTCTBYDT.
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