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Evolution of the active region NOAA 10570 associated with the flares 
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The structure and evolution of the photospheric magnetic fields observed in the active region NOAA 10570 
are analyzed using Kodaikanal photoheliogram and spectroheliogram data. It is attempted to evaluate the 
shear angle changes by carefully observing the prominent umbrae belonging to the active region. These 
changes in the orientation of the umbrae infer the rotational motion developed in the sunspot group. It is 
found that the flux and shear angle changes observed in the sunspot configurations are related to triggering 
of flares in the active region NOAA 10570. 

1. Introduction 

Solar flares are energetic phenomena that occur ill the solar atmosphere, wherein a sudden outburst 
of energy is released from localized regions in the solar atmosphere. It is now well known that 
condition for a solar flare to occur is the presence of one or more solar active regions. Active 
regions are the manifestations of magnetic fields in the solar atmosphere. Initial investigations of 
the relationship between flare productivity and magnetic fields are made by Giovanelli [1], Kleczek [2], 
Bell and Glazer [3]. Flares not only occur in large, complex active regions but also with the smallest 
resolvable regions. Therefore, now it is realized that the size or strength of the magnetic fields are 
not important factors for the onset of flares [4, 5]. Flares do not occur at random locations within an 
active region, but invariably are related to boundaries between positive and negative fields. These 
boundaries are often referred to as neutral lines. Flare positions relative to photospheric magnetic 
fields show that flares occur near the polarity inversion lines [6-9j. 

Time and again studies are made on sunspot groups prodl,lcing flares, but still we do not have 
any comprehensive picture for arriving at a sufficient and necessary condition for flare occurrence. 
Regardless of different configurations depicted by different models, it is observed that the magnetic 
field structure and evolutionary changes in the photosphere are associated with the flares [lOJ. The 
development and decay of sunspots are indicators on the evolution of active regions in the ph0to
sphere. Sunspot' motions are the consequences of the evolutionary changes that are observable in 
the sunspot groups. These sunspot motions could be significant factors in the energy buildup of 
at least some flares. There are studies comparing the close relationship of sunspot proper motions 
and the flare productivity of active regions [11-14]. McIntos~ & Donnelly [15] observed collisions 
or approach between sunspot groups producing important flares. Even small sunspot groups are 
associated with major flares if the spot motions are especially large [16, 17]. Separation between 
sunspots decreased prior to a large flare and increased after the flare [18]. It was also shown that the 
flare locations were near the sites where the umbrae of the sunspot underwent more rotation [19]. 
Horizont'al photospheric sunspot motions played crucial roles at least in some of the flares [14, 19-
21]. All these studies projected the importance of making further contributions to comprehensively 
understand the complex movement in the sunspot groups to arrive at any critical condition towards 

the flare triggering mechanisms. 

2. Photospheric magnetic fields and magnetic shear 

Major flares mostly occur near the neutral lines of photospheric magnetic fields, where there is a 
strong gradient in the magnetic fields, and also where the horizontal component is strongly sheared 
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[22-24]. Based on this, it was attempted to find out the role of magnetic shear in flares [25-27] 
whereupon the concept of magnetic shear occupied the central stage to understand the flare trigger
ing processes. Strong magnetic shear are identified near the neutral line at the photosphere before 
the occurrence of the ft.ares based on the studies of vectormagnetograms [28-32]. However, it has 
been found on several occasions that such strong shear also occurred in the active regions without 
resulting any flares [13, 33-36J. Also some flares showed increased magnetic shear [37], whereas 
observations made by Kusano et al [38J showed reduced photospheric shear. The results from the 
studies conducted at the Marshall Space Flight Center [39, 40J are inconclusive as the morphology of 
the active region magnetic fields and magnetic shear decreased, increased or unchanged as a result of 
solar flares. Chen et 801 [41] studied more than 20 flares and determined that there was essentially no 
apparent change in the magnetic shear associated with the ft.ares. Wang [42J modified and defined 
the 'shear' as the product of the shear angle and the measured transverse field strength to describe 
magnetic shear in solar active regions, and subsequent studies of Wang et al [37, 43, 44] showed 
increase in magnetic shear after the flare. The different observational inferences relating magnetic 
shear and flare occurrences may be due to the fact that magnetic shear is measured from the angular 
difference between the observed transverse field and the model potential field near the photospheric 
neutral line, whereas shear may be present even in the extended areas away and above the photo
spheric neutral line. In view of this, we feel that it is desirable to study the entire morphology of 
the active region magnetic fields to understand the flare process. 

3. The development of flare in the active region NOAA 10570 

Vector magnetic field measurements in the photosphere provide direct evidence for the twisted or 
sheared nature of magnetic loops. In the absence of vectormagnetogram facilities at Kodaikanal, 
an alternate method has been attempted by Sivaraman et al [45], Rausaria et al [46] and Sundara 
Raman et al [47J to find out the shear based on the comparisons of HI); pictures and photoheliograms 
available at Kodaikanal. The magnetic field measurements of the active regions have shown that the 
path traced by an He>: filament indicates the magnetic neutral line and lies along the div:iding line 
between the regions of opposite polarity [4,5J. Based on the concept that the changes in the magnetic 
field structure due to magnetic she.ar may change the orientation of the H", filament, the studies 
done at Kodaikanal [45-47J used the argument to calculate the value of shear from the changes in the 
orientation of the HI); filaments with respect to the bipolar sunspots belon~ing to the active region 
by superposing the spectroheliogram image onto the photographic print of its photoheliogram mate. 
Using the procedure explained in these papers [45-47], it is shown that a change in the shear, not 
the large value of shear, is the forerunner criterion for the onset of flares. Rausaria et al [46J have. 
shown that the shear thus calculated significantly changed over a short period before the onset of 
flare. In the absence of a prominent He>: filament between the regions of opposite polarity sunspots 
belonging to the active region, Sundara Raman et al [14] have computed and analyzed the shear 
angle from the changes in the orientation of the sunspot group, by concentrating the main umbrae 
belonging to that group. In the present paper, Kodaikanal photoheliograms were analyzed to study 
the flares observed at Kodaikanal in the active region NOAA 10570. 

Daily white light picture of the Sun of diameter 8" is taken regularly at Kodaikanal by using a 
6" refractor. HQ spectroheliograms are also recorded daily using a Littrow mount with a solar image 
diameter of 60 mm. The procedure described in our earlier paper [14J is adopted to measure the 
shear angle. A line is drawn connecting the centers of gravity of two umbrae belonging to the sunspot 
group NOAA 10570 and is extended to meet the rotation axis of the Sun. The angle measured from 
north to east between this line and the rotation axis is taken as the orientation of the umbrae on 
that day of observation. Any variation in this angle from one nay to the next gives the change in 
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the orientation of the umbrae indicating the rotational motion developed in the sunspot group. It is 
fairly easy to calculate the centers of gravity of the sunspots chosen for the analyzes: The analysis 
were carried out for the dates when the sunspot group was within 50° on both sides of longitude to 
avoid foreshqrtening effects. The most probable error in the measurement of angles is ± 2° when 
the spots were closer to the limb. It has been shown in our earlier papers [14, 48] that flares are 
triggered once the shear angle exceeds a critical value of 50 

The optical flares observed at Kodaikanal in the active region on 11 and 14 March 2004 are 
considered in our analysis. Figure 1 gives the photoheliograms observed from 9 to 16 March 2004. 
Figure 2 depicts the Ha: spectroheliograms showing the flares observed in this active region on 11 
and 14 March 2004. -The morphology of the entire spot group belonging to this active region NOAA 
10570 is carefully analyzed for finding out any changes, and the prominent umbrae PI, P2, P3 and 
P4 of this sunspot group are chosen for the measurement of shear angle. Table I' gives the shear 
angle that gives the change in the orientation of the umbrae in the sunspot group. 
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Figure I: White light photoheliograms of the active region NOAA 10570 observed at Kodaikanal from 9 to 16 
March 2004. The umbrae PI, P2 (in the following spot) and P3, P4 (in the leading spot) are taken for shear 
angle calculations. 

Figure 1 shows the complex sunspot group NOAA 10570 divided into two groups PI, P2 (fol
lowing) and P3, P4 (leading) and the change in the orientation of these two groups were calculated 
independently. Figure 1 shows the following sunspot appears as a single umbra on 9 March 2004. On 
the next day 10 March 2004, it has grown further. Subsequent development of the following spot has 
taken place on 11 March 2004, and the penumbra is embedded with two umbrae PI and P2 along 
with a satellite pore emerging adjacent to P2. The heliographic coordinates of the sunspot grOU? 
NOAA 10570 on 11 March 2004 are 12°E 13°S. A longitudinal separation of 2° on the east-west IS 

observed between PI and P2 on 11 March 2004. A 2N flare is observed adjacent to P2 on 11 March 
2004 (Figure 2). SInce the following spot contains two umbrae PI and P2 from 11 March 2004, shear 
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angle calculations are made in ~his group only from 11 March 2004. Both. PI and P~ are completely 
detached and appear as individual spots on 12 March 2004, and the satelhte spot adjacent to P2 has 
grown. The configuration of PI and P2 remains the same on the nex~ day 13 March. 2004. Both PI 
and P2 are 3° apart in the east-west on 12 and 13 March 2004. The SIze of the sateillte spot close to 
P2 is reduced on the next day 14 March 2004. The shear angle is changed by 8° and the east-west 
separation between PI and P2 increases to 4° on 14 March 2004. A 2N flare is observed again in 
the same region on 14 March 2004. The satellite spot disappeared on 15 March 2004 and there is 
no appreciable change both in the shear angle and east-west separation between PI and P2 on 15 
March 2004. On the next day 16 March 2004, the spot has gone close to the limb (56°W 13°8). 
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Figure 2: Ha spectroheliograms observed at KodaikanaI on the flare days 11 and 14 March 2004. The arrows 
indicate the flare regions. 

In the case of the leading spot group P3 and P4, there is a growth on 10 March 2004 compared 
to the previous day. The spot group is reduced on the next day 11 March 2004 and a change of 7° 
is observed in the shear angle. A 2N flare has taken place in the region towards the following side 
on 11 March 2004 (Figure 2). The spot group P3 and P4 do not have any appreciable change in the 
configuration on the next day 12 March 2004. It has decayed and reduced to a pore on 13 March 
2004 and disappeared on the next day 14 March 2004. A 2N flare is once again observed in the same 
region on 14 March 2004 (Figure 2). Shear angle in this group is calculated from 9 to 12 March 
2004 since the spot group starts decaying from then onwards. Both the flares observed in this active 
region occurred between the locations of the leading (P3 and P4) and following (PI and P2) group 
of sunspots belonging to this active region. The emergence of flux in PI and P2 and the decay of the 
group P3 and P4 on 11 March 2004 may have brought the necessary conditions,in the shear angle 
changes measured in this paper for the flare onset. As for the flare observed on 14 March 2004, the 
disappearance of the group P3 and P4 coupled with the shear angle change observed in PI and P2 
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may have brought in the sufficient conditions for triggering the flare in the same location. 

Table I 
Shear angle in degrees measured from the change in the orientation of the umbrae belonging to 

the sunspot group NOAA 10570 

Date Orientation Shear angle Orientation Shear 
of the umbrae change of the umbrae angle change 

PI & P2 in degrees P3& P4 in degrees 

09 Mar. 2004 47 

10 Mar. 2004 48 1 

11 Mar. 2004 77 flare 55 7 flare 

12 Mar. 2004 75 2 54 1 

13 Mar. 2004 73 2 single pore 

14 Mar. 2004 65 8 flare disappeared flare 

15 Mar. 2004 62 3 

16 Mar. 2004 59 3 

4. Summary 

Coronal levels are considered to be flare sites, but it is difficult to measure and trace the evolution of 
coronal magnetic field with any spatial resolution [49]. Zhang & Low [50, 51] theoretically showed the 
physical picture in the corona in response to new flux emergence. Theoretical studies emphasized on 
the process of magnetic reconnection 152J from the rearrangement of the magnetic fields in an active 
region for a flare onset, but the direct observationa.l evidence of magnetic reconnection is difficult 
to achieve. Studles have shown that the magnetic flux from the solar interior emerges across the 
photosphere already in a significantly twisted state [53-55]. Any small change or twist observed in the 
photosphere is transmitted to the corona till the conditions a.re fa.vorable for magnetic reconnecti(ln 
to take place. Sivaraman et 11.1 [45] and Rausaria et al [46] showed that the sunspot motions in 
the bipolar regions at the photosphere destabilized the Har filaments at the chromospheric level. 
By studying similar dynamical variations in the Har filament, Sundara Raman et al [47] concluded 
that the filament becomes unstable due to the shearing motions of sunspots forming a current sheet 
below the filament where reconnection occurs and energy is released to power a sola.r flare. HOc 
filament is a dark thread like structure observed generally in Har pictures of the Sun, and in fact 
is a prominence embedded in the corona overlying an inversion line of the photospheric magnetic 
field. The transition region between prominence and corona is very thin, and in general similar to 
the chromosphere-corona transition region. Recent X-ray observations have revealed the presence of 
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S or inverse S type 'sigmoids' before solar eruptions [48, 56]. The sigmoids are twisted bundles of 
coronal loops observed above the sunspots or the filaments [57,58]. Most of the observations have 
shown that the magnetic shear in both photosphere and chromosphere is eventually responsible for 
bringing the favorable conditions for the solar eruption to occur. All these observations support the 
twisted flux bundle model as the fundamental processes taking place in the solar flares. The opposite 
polarities in an active region anchored in the photosphere are linked by flux tubes extending into 
the chromosphere and corona. The amount of twist the flux tubes undergoes is the measure of the 
excess energy stored in the tube compared to the energy level in an untwisted potential field. When 
there are two such tubes, say sunspots, that are close together with the initial longitudinal field in 
opposite directions, and also that they are twisted in opposite senses, then oppositely directed fields 
will come into contact. In order that the magnetic field B should reverse, a current j must flow 
in the boundary layer and therefore, the term 'current sheet' is often used. When the oppositely 
directed fields merge and reconnect, they annihilate one another and releaSe magnetic energy which 
is transformed into heat and kinetic energy of the plasma [59]. 

The evolution of the active region NOAA lO570 analyzed in this paper clearly shows that flares 
are triggered on the days when there is an emergence, decay or disappearance of flux associated 
with the shear change observed in the sunspot orientation belonging to this active region. It is also 
shown that the observations of the umbrae PI and P2 exhibit east-west drift that are clea.rly visible 
from 11 to 14 March 2004 (Figure 1) during its evolution, and moreover the threshold value of 5° in 
shear angle change is exceeded on the flare days of 11 and 14 March 2004. It may be possible that 
in addition to the shear induced by the differential rotation there may exist photospheric shearing 
motions. However, it is not yet clear whether the shear that is created from the twist in the dynamo 
itself is capable of acquiring the excess energy released at the time of the flare or any additional 
shear is induced in the photosphere to cater the needs of the excess energy released at the time 
of the flare. Further studies of observations with high resolutions along with vectormagnetograms 
are needed to detect precisely the photospheric active region magnetic field configurations that may 
throw more light on the relationship between evolution of active regions and flares. 

Acknowledgments : We are thankful to the spectro team at Kodaikanal for the observations. We 
also thank Mr. P. Michael for making the photographic prints. Our sincere thanks are to the referee 
for the valuable comments. 

References 
1 Giovanelli R G, Astrophys. J, 89 (1939), 555. 
2 Kleczek J, Bull. Astron. Inst Czech., 4 (1953), 9. 
3 Bell B, Glazer H, Smithsonian Contr. Astrophys., 3 (1959), 25. 
4 Martin S F, Solar Phys. 31 (1973), 3. 
5 Martin S F, Solar Phys. 68 (1980), 217. 
6 Smith S F, Ramsey W E, Solar Phys., 2 (1967), 158. 
7 Michard R, in R F Howard (ed. ), 'Solar Magnetic Fields', lAU Symp 43, (1971), 359. 
8 Nakagawa Y, Raaclu M A, Billings D E, McNamara D, Solar Phys., 19 (1971), 72. 
9 Zirin H, Solar Phys. 22 (1972), 34. 
10 Mayfield E B, Lawrence J.K, Solar Phys., 96 (1985), 293. 
11 Arnbasta A, Bhatnagar A, J Astrophys. Astr.,9 (1988), 137. 
12 Bumba V, Klvana M, Kalman V, Gyori L, Astron. Astrophys., 276 (1993) , 193. 
13 Schmieder B, Hagyard M J, Ai G, Zhang H, Kalman B, Gyori L, Rompolt B, Demoulin P, Machado ME, 

Solar Phys., 150 (1994), 199. 
14 Sundara Raman K, Selvendran R, Thiagarajan R, Solar Phys., 180 (1998 ), 331. 



Evolution o/the active region ........ . 
303 

15 McIntosh P S, Donnelly R F, Solar Phys., 23 (1972), 444. 
16 McIntosh P S, in V Agy, (ed), Ionospheric Forecasting, AGARD, Conf Proc. No 49, (1970a), 8. 
17 McIntosh, P 5, Upper Atmospheric Geophysics Report, UAG 8, World Data Center A, (1970b). 
18 MacIntosh P S, Upper Atmospheric Geophysics Report, UAG, 5, World Data Center A, (1969). 
19 Sundara Raman K, Ramesh K B, Selvendran R, Bull. Astron. Soc. India, 31 (2003), 101. 
20 Woodgate B E, Matres M J, Smith J B Jr, Strong K T, McCabe M K, Machado M E, Gaizauskas V, 

Stewart R T, Sturrock P A, Adv. Space Res., 4 (1984), 11. 
21 Moon Y J, Chae J, Ohoe G 5, Wang H, Park Y D, Yun H 5, Yurchyshyn V, Goode P R, Astrophys. J,574 
(2002), 1066. 

22 Zirin H, Tanaka K, Solar Phys., 32 (1973), 173. 
23 Tanaka. K, Nagakawa Y, Solar Phys., 33 (1973), 187. 
24 Neidig D F, Solar Phys., 61 (1'979), 121. 

25 Svestka Z, in E.R. Priest (ed.), 'Solar Flare MHD', Gordon and Breach, NY, (1:981), 47. 
26 Hagyard M J, Cumings N P, West E A, Smith J E, Solar Phys., 80 (1982), 33. 
27 Krall K R, Smith J B Jr, Hagyard M J, West E A, Cummings N P, Solar Phys., 7P (1982), 59. 
28 Hagyard M J, Smith J B, Jr, Teuber D, West E A, Solar Phys. 91 (1984), 1l5. 
29 Uddin W, Pande M C, Shelke R N, Bull. Astron. Soc. India, 14 (198ti), 91. 
30 Chae J, Astrophys. J, 540 (2000), L115. 
31 Demoulin P, Mar!drini C H, van Driel-Gesztelyi L, Thompson B J, Plunkett S, Kovari Zs, Aulanier G, 

Young A, Astron. Astrophys, 382 (2002), 650. 
32 Choe G.S, Cheng C.Z, Astrophys. J, 574 (2002), L179. 
33 Athay A J, Jones H P, Zirin H, Astrophys. J,288 (1985), 363. 
34 Hagyard M.J, Rabin D M, Adv. Space Res., 6 (1986), 7. 
35 Lu Y, Wang J, Wang H, Solar Phys., 148 (1993), 119. 
36 Debi Prasad C, Ambastha A, Srivastava N, Tripathy S C, Hagyard M J, J Astrophys. Astr., 18 (1997), 

39. 
37 Wang H, Ewell M W, J, Zirin H, Ai G, Astrophys. J, 424 (1994), 436. 
38 Kusano K, Ma.eshiro T, Yokoyama T, Sakurai T, Astophys. J, 577 (2002), 501. 
39 Ambastha A, Hagyard M J, West E A, Solar Phys., 148 (1993), 277. 
40 Hagyard M J, Start B A, Venkatakrishnan P, Solar Phys., 184 (1999), 133. 
41 Chen J, Wang H, Zirin H, Ai G, Solar Phys., 154 (1994), 261. 
42 Wang H, Solar Phys., 140 (1992), 85. 
43 Wang H, Haimin Ji, Haisheng, Schmahl, Edward J, Qiu J, Chang L, Deng Na, Astrophys. J, 580 (2002), 

L177. 
44 Wang H, Qiu J, Jing J, Spirock T J, Yurehyshyn V, Abramenko 'v, Haisheng J, Goode P R, Astrphys. J, 

605 (2004), 931. 
45 Sivaraman K R, Rausaria R R, Aleem P S M, Solar Phys., 138 (1992), 353. 
46 Rausaria R R, SundarlJ. Ranlan K, Aleem P S M, Jagdev Singh, Solar Phys., 146 (1993), 137. 
47 Sundar& Raman K, Aleem P S M, Jagdev Singh, Selvendran R, Thiagarajan R, Solar Phys., 149 (1994), 

119. 
48 Sundara Raman K, Ramesh K B, Selvendran R, Bull. Aston. Soc. India, 29 (2001), 77. 
49 Judge P G, Astrophys. J, 500 (1998), 1009. 
50 Zhang M, Low B C, Astrophys. J, 561 (2001), 406. 
51 Zhang M, Low B C, Astrophys. J, 576 (2002), 1005. 
52 Priest E R, in E.R. Priest (ed.), 'Solar Flare MHD', Gordon and Breach, NY, (1981), 139. 
53 Kurokawa H, Sol Phys., 113 (1987), 259. 
54 Lites B W, Low B C, Martinez Pillet V, Seagraves P, Skumanich A, Frank Z A, Shine R A, Tsuneta S, 

Astophys. J, 446 (1995), 877. 

7 



304 K Sundara Raman, K B Ramesh and R Selvendrall 

55 Leka K D, Canfield R C, Mcclymynt A N, van Driel-Gesztelyi L, Astophys. J, 462 (1996), 547. 
56 Ca.nfield R C, Hudson H.S, McKenzie D E, Geophys. Res. [.eO, 26 (1999), 627. 
57 Acton L, TSllneta S, Ogawara Y, Bently R, Bruner M, Ci-.1J';;ld R C, Culhane L, Doschck G, Hiei E, 

Hirayama T, Science, 258 (1992), 618. 
58 Rust D M, Kumar A, 1996, Astrophys. J, 464 (1996), LInD 
59 Svestka, Z, in 'Solar Flares', D. Reidel Publ. Co., Dordl 'Jcht, Holland, (1976), 316. 

Received: October 18, 2004 Revised: November 08,2004 Accepted: November 17, 2004 

8 


	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080

