THE RELATIONSHIP BETWEEN THE APPEARANCE OF FILAMENTS AND THE ACTIVE REGION
MAGNETIC FIELD DYNAMICS
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ABSTRACT. A comparative study of magnetograms sand H. -filtergrams has led
to the conclusion that the magnitude of the sustaining magnetic field has an
essential role during the appeasrance and persistence time of a filament inside
the active region. As the characteristic of the magnetic field we have chosen
the distribution of the longitudinal magnetic field gradient in the close vi-
cinity of the polarity inversion line. The study carried out in this paper
provided a necessary condition for the appearsnce of a filament within the ac-
tive region, namely a shift of the distribution grad H, towards low values of
the gradient and the homogeneity of the polarity inversion line with respect
to the magnetic field, in which case a maximum value of grad H, should not ex-
ceed a certain limiting value. ’

CBA3b NOABNEHMA BOJOKOH C IVHAMMKOR MATHMTHOI'O NMOJNA AKTMBHOR OBJACTH: Ha
OCHOBE COBMECTHOrO MCCACNOBRHHN MAarHNTOrpaMu ¥ H, -(uABTpOrpaMM ChexaH BHBOZ
0 CYymeCTBGHHOR DOAN BEANUMHN NOLIEDXMBAINEro MAUEMTHOrO [NOANA B MNpONecce NOSB-
XEHMS M CYMECTBOBAHNA BOXOXKHA BHYTDM axTuBHO% oGaacTm. B xeauyecTBe XapaKTepuc-
THKN MATHNTHOrC NOXN HCMOXAbLSOBANO pAcCUpefeAeHME TDAANEHTS NPOJOABHOrO MATHNT-
HOro moas » GCamxaifimell OXpeCTHOCTH ZMHMK pasgexs moxspHocTel. B pesyabrare npo-
BEEHHOI'0 MCCAGXOBAHUE NMOAYUGHO HEQOXOANMO® YCAOBME IAA NOSBACHUN BOAOKHA BHY-
TPX @xTMBHOR oSxecTn: CABNr pacnpernexeHxs grad He B CTODOHY Huskux sHauenmi
rPAANERTa N OZHOPOAHOCTH JAMHMHM Dasnexa NOAFPHOCTEeHd MO MATHNTHOMY NOAD, NPNUEM
MAECHMAXbHOE 3HAYEHMe grad He He ZOXXHO NpeBHmMATH ONpefAeAeHHOI0 NpeReAbHOro
SHAUGHNS .

VZYAH MEDZI VZNIKOM FILAMENTOV A DYNAMIKOU MAGNETICKEHO POIA AKTIVNEJ OB-
LASTI: Na zdklade porovnévace] analyzy magnetogrsmov a H-alfa filtergramov bo-
la zistend podstatnd dloha hodnoty "nosného" magnetického pola filsmentu a to
tak v procese vzniku sko aj jeho existencie vo wvaitri akt{vne] oblasti. Gra-
dient pozdi{Znej zloZky magnetického poTa a jeho rozdelenie pozdf% neutrélnej
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linie magnetického pola bol vybrany ako charakteristika pola. 2 analyzy plynie
%e nutnou podmienkou pre vznik filamentu vo vnitri aktivnej oblasti je posun
rozdelenia grad H, k nfzkym hodnotém gradientu, dalej magnetické rovmorodost
neutrdlnej &iary a maximélna hodnota grad H, nesmis byt vélSia ako definovend
hraniénd hodnota gradientu.

Active region filsments are maintained against gravity by a magnetic
field whose lines of force are anchored in regions of opposite polarity on
both sides of the filament. Therefore, filaments are normally observed above
the inversion polarity line of a longitudinal magnetic field (IPL) Dependence
of the formation and stability of filaments on the underlying field structure
is an important problem of the physics of solar prominences. Although much has
been understood qualitatively, the question of how this dependence can be re-
presented quantitatively still remains open. It is essential here to choose
appropriate parameters that characterized the magnetic field comfiguratiom. It
is possible to formulate the following problem: Does the inversion polarity
line differ in certain magnetic field parsmeters in the cases of existing and
non-existing filaments, and is it possible to use these parameters differen-
ces for predicting the appearance or disappearance of filaments?

It is natursl to choose as characteristic of an underlying magnetic
field the value of horizontal gradient of a longitudinal magnetic field near
the IPL (grad H,). It should be borne in mind, however, that the IPL and the
filament are extended features. Therefore, solving the problem requires the
distribution of grad H, slong the entire IPL length, rather then the grad H,
measured at individual points. This condition is satisfiable if grad H, is
measured in the nearest vicinity of the IPL. In our investigations this was
actually achieved by using mainly magnetic field isolines #30 Ges for determi-
ning the gradient (1). Although the measured gradients may not belong to field
lines directly maintaining the filament, they, nevertheless, generally charac-
terize the configuration of a magnetic field in which s filsment is being for-
med.

Observational material included H, -magnetograms obtained with the pano-
ramic magnetograph of the Sayan observatory in the 5250 and 5253 £ 1ines orf
Fe I. The time resolution of the magnetograms used was about 1 day while the
spatial resolution was determined by the magnetograph aperture, 1".8 3".6. Fil-
tergrams at the center of the HX -line were taken with the large coroncgraph
and with the horizontal solar telescope AZU-5, as well as H,. -filtergrams of
the full disk of the Sun obtained within the "Sclar Service" Program by other
observatories, were used. The spatial resolution of the filtergrams was 2 to
3"

The observations were handled in the following marner. We drew on the
magnetogram the IPL which was divided into about equal intervals and, then,
grad H,, was determined on the boundaries of these intervals in a direction
normal to the IPL. After that, we transferred to the magnetogram the filament
position from the filtergrams. We studied only the filaments which were loca-
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Pig. 1: The grad H, -distribution histogram for the cases with or without
a filament.
a - for active regions SD 312/82 and 3322/82;
b - for active regions SD 243/78 and 227/79.

ted inside active regions or on their boundaries. In order to avoid a strong
influence of magnetic field projection effects, we chosen the active regions
located not farther than 35° from the disk center. The measured results were
used in constructing the histograms of the number of events (N), with the fi-
lament being present or absent depending on grad H, (Figure 1). The histogram
shown in Figure 1a was constructed for active regions SD 312/82 (the observa-
tions were made on 9 and 11-14 September 1982) and SD 322/82 (on 18 and 20

September 1982) for the 5253 £ line of Fe I. All in all, we measured 67 scans
in the portions of the IPL with the filament present and 50 scans in those

without filaments. Figure 1b presents analogous histograsms for active regions
SD 243/78 (2-4 September 1978) and SD 227/79 (23-24 May 1979) from the 5250 £
line of Fe I. 61 scans were measured in areas involving a filament and 126
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Fig. 2: Longitudinal magnetic field maps. Only the + 30 and + 200 Gs isolines
are drawn. Roman figures denote the IPL number, and thin straight li-
nes outline the IPL boundaries. 1| - preceding polarity, 2 - following
polarity, 3 - inversion polarity line, snd 4 - filament locations.

scans with no filament involved. The form of the histograms suggests the con-
clusion that the filaments line in regions with smaller gradients. The measu-
rements were used to calculate the median distributions of grad H,. For data
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presented in Figure la, grad H, = 0.0074 Gs km~' in the area with a filament
and Eid__ﬂ-; = 0.0222 Gs lm" in areas devoid of filaments. The greatest measu-
red value of the gradient along the IPL portion involving a filament was
0.0276 Gs lm". The corresponding values for data presented in Figure 1b, were
0.0072 Gs km™', 0.0202 Gs im~' and 0.0231 Gs km~'. Thus, although the results
obtained were based on magnetic field measurements taken in different lines,
the sgreement between them may be regarded as good, the more so as H, -measu-
rements taken in both lines (2-3) were not to differ substantially. However,
we leave out of our discussion here this issue. The main point of our inte-
rest here is that the grad H, -distributions along the portions with and wit-
hout a filament are shifted with respect to each other and there exists a 1li-
miting value of grad H, 30 that when it is surpassed, no filament appears. Of
course, in order to be ﬁ.mlﬂ confident requires far broader lines of statis-
tical evidence but the results obtained induce us to hope that the technique
described here could give an answer to the first part of the problem.

We have also investigated the possible relation between the variations
in grad H, -distribution near the IPL and the filament occurrence. For the a-
nalysis we chose the observations relating to a complex or two closely spaced,
old and young, active regions which exhibited a filamentation during the pe-
riod under investigation. The "Solnechnye dannye" Bulletin lists the two acti-
ve regions as entry 243 (4). Figure 2 presents H, -magnetograms of the complex
of activity showing the IPL and filaments. A dark feature of 2 4-5" width and
72 20" length, lying on the IPL and having a lifetime over 24 hr was conside-
red to be a filament.

Results of magnetogram processing are presented in Figure 3 in the form
of grad H, -distribution histograms for each IPL studied (only IPL I-III data
are given) and each day of observation separately. The mean gradient value,
<grad H,)> , and the maximum gradient value, d , were taken as the parameters
characterizing the distribution.

Let us consider the behaviour of the distribution parameters for separate
IPL and the relation between the distribution and the appearance or absence of
a filament. On 2 September IPL 1 was characterized by the following values of
the parsmeters: & = 0.0772 Gs km™' and <grad H, > = 0.0219 Gs m'. at its
southern end, there was a small segment with & = 0.0046 Gs km~' and (grad H,)>
= 0.0042 Gs km~' which showed on | and 2 September a fileament of ~ 20" length.
On 3 and 4 September the histogram was shifted towards lower gradient values
whole the value of decreased to 0.0248 Gs ™! on 3 September and continued
80 on 4 September. Such variations in the distribution were accompanied by an
increase of the length of the existing filament, the appearance of a new fila-
ment northward along IPL, a "migration" of the filaments coming closer toge-
ther and, finally, by their "merging together". On IPL IV the situation diffe-
red only in that during the observation interval the IPL increased in length,
which, however, did not lead to any substantial increase of the originally
small values of d and <grad H,” . As far as the filament evolution is concer-
ned, the picture was similar to one discribed for IPL I.

The parameters of the grad H, -distribution on IPL III were notable for
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Fig. 3: The grad H, -distribution histogram along IPL - Inversion Polarity Lines Nos. I - III.
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Fig. 4: grad H, behaviour aslong IPL I-III- A heavy lower line marks the
filament location.
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Fig. 5: Time behaviour of the IPL nonuniformity coefficient ve m.f.

substantionally higher values as compared with IPL I. This IPL did not show
any filament present. IPL V had a short length, namely about four times less
than that of IPL I. The grad H, values are close in magnitude to mean
values of the IPL I gradient for 3 and 4 September while the values of d are
only slightly higher. From 1 to 7 September no filament was observaed along
IPL V. :

On 2 September IPL II showed large values of Aw and <grad H,> but they
decreased substantially by 4 September and became close in magnitude to the
parameters of the grad H, -distribution on IPL I. Yet no filament occurred
along that line aither on that day or on the next. Only on 6 and 7 September
we observed the penetration of the westward end of the filament lying on IPL
IV inward a young active region, now along IPL II.

Thus, the form of the histogram of the grad H, -distribution along the
IPL and its time evolution provide insights into the filament occurrence pro-
bability along a givem IPL or along separate segments of it.

However, the histograms do not reflect the fact that an IPL may be seve-
rely nonuniform with regard to the magnetic field. This is illustrates by Fi-
gure 4 which gives the grad H, values measured consecutively along IPL I-III.
To ease the interpretation, the IPL are drawn as straight lines, with the sec~
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tion separations assumed equal. Therefore, it seems appropriate to attempt to
introduce some numerical parameter characterizing the nonuniformity of the
grad H, -distribution along zhe IPL:

2
pBi+28
ob = & (1)
m+d
Here n is the number of measurements, k is the number of extrema on the smo-~
othed-out plot of grad H, -values, and /3,' is the weight coefficient of the
i-th maximum, defined as

1
ﬂ’i grad H,i for grad H,i £ grad HESX ,
=

grad H,max for grad H,i> grad H",;ax ,

where grad H"®X is the maximum value of grad H, , measured on a segment of the
IPL with the existing filament (in our case 0.0231 Gs lcm'1 ). A1l minima on the
plot were taken to have a weight equal to 1; also, the numerator of formula
(1) incorporates the coefficient J that implies that where the IPL terminates,
the conditions for the existence of a filament there are no longer satisfied.
We have ascribed to this coefficient the value of 1 and the calculated values
of are presented in Figure 5.

From Figure 5 it is apparent that the parameter ol describes quite reaso-
nably the situation along IPL I and III-V, viz. the small values of A/ corres-
pond to the existence of a filament (IPL I and IV) and, vice versa, the large
values of ¢, indicate there is no filament present (IPL III and V). A more com-
plicated situation is observed along IPL II. On 3 September the underlying mag-
netic field in the vicinity of this line favours the appearance of a filament
and, particularly, not only in the parameter & but also in <grad H, > and & .
Nonetheless, no filament occurred during those days. This discrepancy seems to
imply the fact, already emphasize in (1), that the presence of sufficiently
extended portions with low values of grad H, along the IPL is a necessary but
not a sufficient condition for the formation of a filament. This is, possibly,
accounted for by the fact that the parameter o is not appropriate to describe
the behaviour of the magnetic field at heights where the filament is formed
(for exsmple, "flattening" of the tops of arches in the Pikel’ner /5/ model ).
Possibly, this could be allowed for indirectly by introducing a parameter that
describes the age of an active region; however, further investigation is ne-
eded toward this end.

Thus, the study carried out in this paper suggests the following conclu-
sions. 4

1. On the basis of the longitudinal magnetic field gradient distribution
in the vicinity of the inversion polarity line it is possible with reasonable
confidence to judge about the presence or absence of a filament along this li-
ne.

2. In addition to the existence of an inversion polarity line, the nece-
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ssary conditions for filament occurrence in an active region are: a bias of
the grad H, -distribution toward lower gradients and the presence along the
inversion polarity line of rather extended portions, uniform with respect to
the magnetic field, which have values of grad H, not exceeding a certain 1li-
miting value.
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DISCUSSION

Moruxescxut M.A.
MoxeT-AM TOK B BOAOKHE M8MEHMNTb pacnpejeaxeHme H, Ha ypoBHedorTochepu ?

Maxcumos B.I.

HeT, mo- BmAMMOMY, TOK BO BOZOKHE He MOXET M3MEHUTH pacmnpezexeHue H., Ha ypoBHe
dorocpepu. Ho, BcaemcTBue moxoxuTexbHOR o6paTHOX cBI8M, OH MOXET BH3BATHL HEeKO-
TOpO@ NpOABUX@HKE BOJOKHA B o6xacTh Goasmero grad H, BOEMSH AMHMN pasfexa Ho-
aspHocreit.

V. Bumba

B usmepsieTe Bamm rpammMeHTH NepHeHAMKYyASpPHO rpaHune noxsprocret. Ho, orTaexbEme
BOXOKOHI@ BOJOKOH MAYT OCHKHOBEHRHO NAPAAXeAbHO IpaHMIE mOXEpHOCTeR M TOXBKO MX
“HOrk" CBH8OHHW C MAGrHMTHHMM HOXSMM OPOTMBONOAOXHOR NHOXSPHOCTH. OTO MOXHO HAGAD-
ZaTh Jaxe OpPH OYeHb GOABNKX I'DafMeRTax noasd (rpynna unab/mmxb 1974 r.). B artou
cayqae Baumu usMmepsemHe TPQAMEHTH MIPADT HABEPHO TOABKO DPOXb ONpeNeAEeHHNX mnapa-
MeTPOB X8paKTepHSMpYKmMe MarENTHOE Hoxe.

Makcumxos B.Il.

3akpenieHue OCHOBaHME CMAOBHX AMHMA, NOAAepXABAIMMX BOXOKHO, HA rpaHKNAX Cymep-
FpaHyaZ CKOpee OTHOCMTBHCS K GOABNMM BOXOKHEM BHe 8KTMBHHX ofxacreit. Ha H, -duxb-
TporpaMMex C paspemeHmeM 2-3" MH 9THX OCHOBaHME He BuzxMM. [J03TOMy MH BHODEAN
npEHOun nsmepeHuit grad H, N0 AMHMM, nepneHAMKyaapHONA XMHMM pasiexa moaspHocTef.
Jcau Mm coBepmaeM Opu 3TOM omMOKy, TO Kaxanil pas JexaeM ee OAMHAKOBO.

BypoB B.A.
HKakoBa ommuGka usmepeHuit 7

MaxcuuoB B.Il.
OmuGke usuepenuft cocrapasza + 0,0001 Ic/xm.
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