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A STUDY OF SOME OPTICAL PHENOMENA. ASSOCIATED WITH SOLAR FLARES
By

A. BHATNAGAR AND L. M. PUNETHA

Absiract

Sequences of Hu spectroheliograms covering nine solar  flares have beon examuned {or  flare
associated optical phenomena. A detailed descripiton is given of tho diversity of chanues that  take
place in the flaro region during its outburst and docay. “Dispariiion brusques™ ate common features
during {lare occurrence and the paper contains instances of these pthenomona. However, not cvery
flare rogardless of its importance, necossurily produeas a “disparition brusque™. A ciso of swdden
disappcaranco of a dark filament observed in the flaie sequonce of February 22, 1924 suspygests that
Doppler displacement caused by a motion of the filament s tho cause of its disappeitance from the
normal Hx spectroheliogram. The incidence of flares both with respect to the spot lifolime and its
spatial form havo been discussed.

Totroduction

Numerous phenomena of interest in solar physics aro known to be closely associated with solar
flares of different intensity. Among tho imporfont ones are, the changes i Ho stmathion patiern,
‘disparition brusque’ and the ejection of bright or dark swiges from Haies. Tho developraent of the
flare 1tself is of much interost. In somo cases flaies appour, as long ribbon-like bright  filuments
and in other cascs as irregular patchy structurcs, The siape and the formation off flare filamonts
have a closo correlation with the orientation of the ~pot group winund which they flare up. Recently
Ellison, Mckenna and Reid (1961) have noted tha the i« siriation pattern around the active flore
region, lose their contrast during the flash pha.e of the flaic Smith and Booton (1961) and also
Bappu, Bhatnagar and Punetha (1962) have confirmed. that such an obscuration of Hy striation
pattern is associated with ‘superflares’ of importance 3.

In the present paper, we have investigated some of the above phenomena associated with solar
flares observed at Kodaikanal.

The observational data

From the 52 year collection of Ha speotroheliograms wo selected nine flaros of different
importance. The basis for the selection of speotroheliograms is the availability of a proper sequence
of photographs taken under good secing conditions and covering the total duration of the flare,
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The solar image diameter of 60 mm and the narrow pass band (0.3 A) of the spectrohelio-
graph offer an additional advantage over the conventional Ha filtergram, for picking out fino
details on the solar disk. The flare spectroheliograms were enlarged without loss _of the fine delm!s
to yield a final image scale of 13 seconds of arc per mm. A comparison of th:e prints with the ori-
ginal plates mdicated no loss of detail due to the enlargement. The accompanying drawing show im-
portant stages of the flare development. The dark filled region indicates the flare, the dotted por-
tion represents the Ho plage region and the hatched region signifies tho dark markings (prominence
seen against the disk) In the following section we give a brief summary of important changes of
various features around the active region during the flare. The Greenwich spot number, the Mount
Wilson classification of the spot group which gave rise to the flare, position angle, heliographic
coordinates and the importance class are also given for each flare.

Summary of flare development sequence

(1) February 22, 1926 —Greenwich spot group No. 9881 and 9882. Mount Wilson classificationy
and changed to « type. Importance Class 3+. Coordinates: 23°N, 9°W; P.A. 32°.,

This flare had been well studied by Royds (1926) and by Ellison (1949) and recoently by Bappu
et al. (1962) and is well-known for its large area and intensity of Ha radiation.

The flare developed into a double parallel bright ribbon structure, running between the two
spot groups (Gr. No. 9881, 9882), but nearer to spot group No 9881. This gioup was 1n a mature
stage of development and was on its fourth round. According to the Mount Wilson magnetic classi-
fication this spot group was classed as complexy type on 21 February and on 22 February as an
unipolar « type. It seems that at an epoch subsequent to the occurience of the ‘superflare’, the com-
plex nature of spot group 9881 changed to an unipolar group. Spot group 9882 expetienced a
similar change to the Bp type from the ap aspect that it displayed on carlier days.

Three regions a, b and c (Figure 1) brightened up separately but later joined to foirm tho
double ribbon hke structure. During the maximum phase of the flare, ribbon ‘b’ ran right over tho

large spot umbra and completely covered 1t. The decline of the flare was slow, and thus the flarc
had a total duration of about 270 minutes.

A newly formed dark filament ‘A’ showed remarkable changes in shape and during tho rising
phase1t vanished completely. A photograph taken at 0306 U.T. wilh tho second slit contred on tho
red-wing of the He line showed the appearance of the same dark filament, though with a slight changoe
1n shape. A similar plate taken on the red-wing of the He. lme at 0926, after the flare was over,
shows that the filament A, which appeared on 0306 plate does not exist on this plate, while a plate
taken earhier with the second shit centred on the Ho line at 0917 shows the presence of this filument
A. We believe that the presence of the filamont on the off-Ha spectroheliogram taken during tho
flare phase indicates a bodily movement of the filament so as to exhibil a component of velocity in the
direction away from the observer. A portion of the dark filament B also vanished during the rise
to flare maximum, but was restored, to more or less its original shape. The recovery of the filament

was in segments, a complete restoration being brought about when all the segmonts wore linked to-
gether to form the original filament.

. A third filament C, lying SE of the active region, also disappeared just around tho maximum
phase, though this filament was distant from the active region. A bright surge D cjeoted out just
before the maxmmum, alongside the filament A and towards the filament B.

The zone of indistinctness of striation patt i i
attern (the obscured r Flaround the flarc regi
shows expansion and contracti p ( egion) und ¢ i

on in atea, with i
(Bappu ot al. 1962), flare riso and decline, as has been roported elsewhere
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() March 3, 1926.—Greenwich spot group No. 9885. Mount Wilson classification gp. Impor-
tanco class 2. Coordmmates 30°S, 20°E; P. A. 30°

Two major spols 1 and 2 foiming a bipolar group were surrounded by a complex He plage
stiuctute. The faro evolved near the large spot 2 and proceeded towaid a few small spots chat lie
between tho iwo spots forming the bipolar group. The run of the flare was in a curved path, and
appeaicd as if bemng ‘anchored” in the fine He striation pattern located in the immetiatle vicinity.

A number of daik filaments appear aligned along the ‘vortical’ structure around the spots.
Among the dark filaments which show changes in therr shape are A, B and C as shown in Figure
2. Theco threo filaments were 2to 4 days old and were disrupted into small lengths with conspi-
cuous changes in shape.

Associated with cach dark filament is scen a ‘barb’ like structure of small striations, shown to
exisl previously by Kioponhouer (1953). Thesc ‘baib’ like stiucture show changes in all cases, whero
the filaments show any change in their sh.pe.

(ui) June 18, 1937 -—-Greenwich spoi group Nos. 12385 and 12388. Mount Wilson classification
Iprl and dgl rospectively. Importance class 2. Coordinates 17°S, 9°W; P, A. 21°.

The [flaro oiiginated between the well doveloped spot group No. 12385 and the two day old
group designated as G. No. 12388. The spot group G. No. 12385 (Figure 2) had distinotly two active
regions Tand II. The region I had given rise to a Class 1 flare on an earlier day, and remained inac-
tive on June 18. Tho {flme cxtended from the Ho plage region near the following spot of G. No.
12385, lowards the preceding spot of the developing group (G. No. 12388). The flare extended to
theimmediate vicinity of this spot and covercd the spot completely at maximum phase. It is interesting
1o note that, though the biight plage oxisted between spots | and 2 as denoted i the figures, the
flare 1ibbons sprcad towards spot 3, instead of tho region that was active the previous day.

Iilament F, embedded in the plage stiucture showed no activity, while filaments D and G
show changes in shapo cven though they sic located at a distance from the aclive region.

(iv) December 15, 1956.—Mount Wilson spot group No. 12016. Mount Wilson classification
dpfl, Importance class 2. Coordinates 20°S, 20°W; P. A. 16°.

Spot 1 of the group appeared only on December 13, while spot 3 of this bipolar group was in
its mature stage (Figure 2). The main flarc run was between the two newly formed spots 1 and 2, and
on either side of a sinall dark thun filament C Another region Z near the spot 3, also flared up
simultancously. Around the maximum, the flaro ribbons completely covered the smaller spot 2, while
the laigor spot 1, was avoided by tho fiare; sumilarly spot 3 was not covered by the flare filaments.

The sucaky dark filament C near the active region X and Y vanished during the flare,
while filaments A and B remained unaffected.

(v) February 21, 1931.—Greenwich spot group No. 11355. Mount Wilson classification . Im-
portance class 2. Coordmates 7°N, 10°W; P. A, 18°.
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This bipolar group was embedded in the He plage structure and a small thin dark filament ¢
(Figuie 3) was duected towards the preceding  spot  Around 0318 U.T. the He pluge 1ogion,  ncur
the dail flament, brightened up to form ihe flase and at about the same time a bright suige 5, was
seen ejecting out towards the dark filament A The ejection Continued upto 0354 or ¢ven a little Tacer,
while the filament A, had vamshed during the itial surge ejection. When the activity i 1ezzion |
was on the decline a region IT, between the spots stacled brightening. The run of the biighi ribbons
was from the large: of the two spots towauds the smaller one. Slight changes in the shape of itlament
3 wae aolised, but these could be assigned to 1ts mtrinsic activity. The Ha stiiation patirin and the
filaments within the S-W sector, remained unaffecte:d.

(v1) November 26, 1938 —Greenwich spot group No. 13086. Mount Wilson classification dpy/.
Importance class 1. Coordmates 12°N, 38°E; P.A 42°.

G. No. 13086 around which the flare of impoitance | ocourred, was a complex groun cortainmg
an extensive siream of spois 1 a stage of rapid development The Greenwicli spol observaitons show
latge scale changes in the appemance of the group fiom day to day. Accotding Lo the Gicenwich
photoheliograph tesults “an etensive lateral oft-shoot from the lcader spot on November 26 ncarly
closes the ga;y between the leader and the follower, and this link, with its tram of nuclel, continues {or
several days as distinctive feature”. On November 26 four separate regions within the group flared
up and extended towards the followng spot. During the rise und decline the flare avoirded spot 1
(Figure 4) but had completely covered the smaller spots of the group.

The dark filaments around the active region show no changes. The arch shuped filament A,
which appears to join the two spots exhibit some change. As may be scen in Figure 4 the filument A
had lost 1ts contrast till the flare completely subsided.

(vi1) September 23, 1939.—Greenwich spot group No. 13420. Mount Wilson classification /spl.
Importance class 1. Coordmates 20°S, 19°W; P.A, 34°.

A few small pores, east of this bipolar spot group by about 10°, weic in a stage of development.
A dark filament A, was embedded m the plage region near the spot [ (Figuie 4). Two separate re-
gions, one near the spot 1, and the other just over the pores brightened up simultancously around
0507 U.T. In the active region ‘a’, the flare developed on either side of the thin dark filament A
As the flare proceeded towards the SE duirection, the filament A also appears to have nereased m
length, keeping both the two portions _of the flare patch separated. The dark filament B, remained
unaffected during the flare. The stuation pattern shows no changes other than those which could be
assigned to changes in seemg conditions.

(vin) October 23, 1939.—Greenwich spot group No. 13454. Mount 3 i
Isyd Importance class 1. Coordinates 14°N, 17°E; lgD.A.p19°. ount Wilson  classification

The two spots of this complex group merged together and showed distinctly two umbrac within
a common penumbra. This group appeared on the eastern limb and disappearcd on October 27
indicating that the flare occurred during the dechining phase of the spot’s life. The rise of the ﬂarz:
was very sudden and the two halves of the Hx plage structure on either side of the spol (Figurc 4)
were linked by a bright filamentary structure of the flare. The spot remained covered during the
rising and the maximum phase, but was soon visible as the flare declined. ”

The two radially directed dark filaments remained unch
filaments A and B, which did not retain their former shape. ohanged, except for thefar onds of the two

(ix) September 19, 1957.—Mount Wilson spot group No. ifi
dovl, Coordinmtes 2PN, 2W; B, 20" Ta rtgnc egrclafs 2.3 12622. Mount Wilson classification.
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_ . This active McMath plage region 4151, is characterized by its unusually strong recurrent ac-
tivity. On September 18, Jefferies et al. (1959) observed two class 2+ flares and one class 3+ flare within
this active region. The same region again flared up after about 15 hours to give rise to another class 2+
flare on September 19. A spectroscopic study of this flare has been reported by Jayanthan (1959).
This complex bipolar group was in advanced stage of development. The active region was surrounded
by a number of thin curved dark filaments (Figure 5). These dark filaments show hardly any activa~
tion, except for the filament A, which shows a slight change in shape. A small curved dark filament
D, though lying close to the active region shows no change. Plates taken before and after the major
flare events of September 18, show no changes in filament structure before and after the flares.

On September 19, before the occurrence of the class 2+ flare at 0416 U.T., a small class 1+
flare had flared up exaclly in the same place at 0246 and had ended at 0327 as is shown in Figure 5.
The class 2+ flare originated when two areas near spot regions 1 and 2 had a simultaneous increase
in intensily with a ribbon formation. Around the maximum phase, the flare covered the umbra of
spot 1. This flarc of September 19, occurred at the same place as that of September 18, with only
the active region, west of spot 1, which had shown strong brightening on September 18 remaining
inactive. The run in all four cases of major flares had always been along the line joining the two
spots of this group.

On the succeeding two days (September 20 and 21) we have observed at Kodaikanal two class
1 flares in the same region. The run of these flares was also along the same path as in the case of earlier
flares.

Discussion

The area and the nature of the spot group around which a flare occurs play an important part
in the occurrence of solar flares. From the Greenwich photoheliographic results, we see that the
major solar flares ocour during an advanced stage of formation of the large bipolar or complex multi-
polar groups. Less intense flares generally confine themselves only to that part of the spot life, when
the magnetic ficld and area are changing, which happens during the development or declining phases
of the spot’s life. No correlation has yet been detected between the complex nature of spot group
and either duration or importance of the flare.

In all cases, both minor and major flares evolve from the pre-existing Hx plage structure lying
within the confines of the spot group. In the cases studied above, the portion of the plage nearer to
the large spot of the bipolar spot group brightens up earlier and the flare runs towards the smaller
spot or spots of the group. If the separation of the two spots is considerable, the flare ‘thins out’
into ribbon like structure 2x 10° Km. to 10 x 10 Km. wide on the average for minor flares and about
10* Km. in the case of major flares. But, if the separation of the spots is not large, the flare has an
amorphous structure.

Minor flares tend to avoid the umbral region of large spots, while they invariably cover the small
gpots and pores. Flares generally show preference to spread towards the spot which is developing.
Major flares in their course of development, generally run right across the group and cover the spot-
umbrae which usually have large area and magnetic field strengths. In the case of the February 22,
1926 flare, we find that the duration of estension of the flate over the umbra is confined to only the
peak phase of the flare. Very soon after, the flare ribbons over the umbra vanished, even though
the declining phase has not set in the rest of the flare. In the case of small flares the duration of the
coverage of spots and pores last until the complete decline of the flare.

he portion of the plage structure lying near the large spot of the active group generally brigh-
tens ug ﬁrsﬁ. In some oIza:sesg as in the ﬂaﬁgof September 23, 1939 and‘ February, 21,1931 the run of
the bright filament is usually confined along the length of dark filament anchored’ in the plage region,
and which is known to orient itself along the path of neutrality in the magnetic field. These cases
support the argument that flares have a tendency to follow the neutral points.
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THE FLARES OF SEPTEMEBLR 18,18, 20 AND 21, 1857.
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When major flares occur, dark filaments lying near the active regions suffer ‘disparition brus-
que’ similar to the case of filament A of the February 22, 1926 flare. The minor flares studied do
not seem to have any effect on the neighbouring filaments. In the case of the flares of September
18 and 19, no dark filament near the active region was affected. Either the intensity of the ionizing
radiations may be less in these flares or the strength of the disturbances originating from the flare was
not sufficient for a ‘disparition brusque’ to occur.

In the normal case of a ‘disparition brusque’ dark filaments generally vanish suddenly or
get disrupted into small parts before they vanish completely. The recovery of the ‘blown off* filament
is quite slow and in all cases the restoration 1s effected in small lengths linking together to form the ori-
ginal filament (Kiepenheuer 1953).

Ellison (1949) finds that 50 per cent or more cases of class 2 flares are associated with bright or
dark high velocity surges. The phenomenon of a high velocity surge is very difficult to trace on spec-
troheliograms because of Doppler shift values exceeding the second slit width. In the case of the flares
of February 22, 1926 and February 21, 1931, bright surges could be seen. In the above two cases
where a surge phenomenon is observed, dark filaments in the geometrical extension of the ejected mass,
vanish completely. We consider these as cases representative of an interaction of fast moving surge
material with the mass of gas of the dark filament,.

As has been mentioned earlier, the obscuration of the striation pattern and the changes of the
obscured area with the rise and decline are conspicuous in case of ‘super-flares’. No such effect of
obscuration could be seen in the case of flares of importance2 or 2+,

Acknowledgements.—It is a great pleasure to acknowledge our indebtedness to Dr. M, K. Vainu
Bappu for suggesting this problem and constant guidance during the course of investigation. Our
thanks are also due to our colleague Miss. N, Subrahmanyam for ber helpful discussions, This work
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