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Abstract This paper is an attempt to understand the physical pragesserring in different layers of the
solar atmosphere during a solar flare. For a complete uraelisty of the flare, we must analyze multi-
wavelength datasets, as emission at different wavelemgibmates from different layers in the solar at-
mosphere. Also, flares are transient and localized everstsredd to occur at all longitudes. With these
considerations, we have carried out multi-wavelengthyaisbf two representative flare events. One event
occurred close to the center of the solar disk and the otleerroed close to the limb. In the former case, we
examine emission from the lower layers of the solar atmasphiéherefore the chromosphere, transition
region and also photospheric magnetogram can be analyzetheOother hand, in the near-limb event,
coronal features can be clearly examined. In this papefiji$tevent studied is the M1.1 class flare from
the active region NOAA 10649 located at S10E14 and the seewedt is the M1.4 class flare from the
active region 10713 located at S12W90. In both cases, we dayared excellent multi-wavelength data
sets. The observations from multi-instrumental data blefgmonstrate that flares occur in the vicinity of
sunspots. These are regions of strong magnetic field witlednolarity.
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1 INTRODUCTION current. On the other hand, based on multi-wavelength s-
tudy, a standard model called the CSHKP model was de-
The study of multi-wavelength emission during solar flares,e|oped Abramenko et al. 199Bturrock 1996Hirayama
has enormous potential towards understanding the undefg974 Kopp & Pneuman 1976which can explain the flare
lying physical phenomena occurring in the solar atmofeatures of the separating two ribbons observed by H-
sphere. It is generally accepted that magnetic reconnegipha/ultraviolet (UV) and the expanding soft X-ray loops.
tion is responsible for the sudden energy release and af this present study, we analyze the physical process of
celeration of particles in solar exploration (solar flare)energy release during solar flares. These solar flares oc-
(Joshi etal. 2011 In a solar flare, deviation of the mag- cyrred at different longitudes on the solar disk so here it is
netic field from the potential field is associated withimportant to study behavior of the solar flare emission with
the energy storage and release process. Therefore, igifferent angles. For that, we have chosen two flares; one
searchers have studied the temporal and spatial correspastthem happened near the center of the solar disk at the
dence between flare occurrence and photospheric magnebutheast region, with heliographic coordinates S10E14
ic field properties in order to characterize the magnetiGrom active region NOAA 10649 on 2004 July 17 and the
non-potentiality (e.gHagyard et al. 1984Hagyard 1990  other is a limb event which transpired on 2004 December
Abramenko et al. 199Wang et al. 2007Cui etal. 2006 29 in the active region 10713, located close to the limb
Pevtsov et al. 20Q3Deng etal. 200lMoon etal. 2002  of the Sun at the southwest region, with heliographic co-
Joshi et al. 201,2Kumar et al. 201}, since the study re- ordinates S12W90. Both flares are nearly the same class
vealed that the flare ribbons are preferentially located aof intensity, M-class GOESintensity classification). With
long the polarity inversion line (PIL) with a strong mag- the help of various imaging instruments onboard different
netic gradient and a high magnetic shear. The other imsatellites with multiple energy bands and time resolutions

portant quantity considered to study and monitor the evowe are trying to analyze the energy release process during
lution of magnetic non-potentiality in a flare is electric
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flares. The study of solar flares is exciting and challeng- MDI Magnetogram 17-July-2004 12:47:02
ing. The observations of solar flares provide us a wealth : : -

of knowledge about the basic plasma processes (such & 0
magnetic reconnection) and behavior of magnetized plas
ma in high temperature environments. Further, understand
ing the behavior of solar flares enables us to study similar
processes in other stars and astrophysical systems. Fhis ri
quires multi-wavelength observations of the Sun with high
temperature and spatial resolutions. Technological devel &
opments have provided us with the capability to look fur- #
ther into aspects that have been invisible in the past. Eutur
scientific research would lead to better understanding ol
the Sun-Earth system. -400
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The present analysis is based on data taken from the fol X (arcseq)
lowing instruments: magnetograms observedblarand  Fig. 1 SOHOMDI magnetogram observed on 2004 July
Heliospheric Observatory(SOHQ/Michelson Doppler 17. The image displays the active region NOAA 10649.
Imager (MDI); X-ray measurements fror®@OES and
Reuven Ramaty High Energy Solar Spectroscopic Imagefhe data analysis in this paper was performed utilizing in-

(RHESS); UV and extreme ultraviolet (EUV) images from teractive data language (IDL) programming and Solarsoft.
Transition Region and Coronal ExploréFRACH. TRACE

obtained 1 arcsec resolution, multithermal images of th% MULTI-WAVELENGTH OBSERVATIONS OF

solar atmosphere with a cadence and continuity of cov- TWO M-CLASS SOLAR FLARES

erage commensurate with the variability and lifetimes of

primary solar targets such as X-ray bright points, ac-The standard flare model, also known as the CSHKP mod-
tive regions, filaments and flaréBRACErecords UV and |, recognizes that the evolution of flare loops and ribbon-
EUV multilayers with different wavelength filters (2580 s can be understood as a consequence of the relaxation
1700A, 1600A, 1550A, 1216A, 284A, 195A, 171A).  of magnetic field lines stretched by the ejection of plas-
For the present study, we have examined the 2660 ma (Abramenko et al. 1991in et al. 2003. Magnetic re-

ter images which image chromospheric features in the U\sonnection has been identified as the key process which
region and 194 filter images corresponding to the coro- rgleases sufficient magnetic energy on short time scales
nal region of the solar atmosphere and the filter is sensitivgy account for the radiative and kinetic energies observed
to a temperature of about 1.5 million BOHOMDI mea-  quring an eruptive evenPfiest & Forbes 2002 A solar
sures line-of-sight motion (Dopplergrams), magnetic fieldfjare is a multi-wavelength phenomenon. Therefore in or-
(magnetograms) and brightness images of the full disk &jer to gain a complete understanding of its temporal evolu-
several resolutions (4 arcsec to very low resolution) angion, we need to examine time profiles recorded at different
a fixed selected region in higher resolution (1.2arcsec)yavelengths. However, it has been noted that there could
GOESX-ray sensors observe the Sun continuously in the subtle activities at the flare location before its onset. |

wo broadband soft X-ray channels (1ABand the harder the following, we discuss different aspects of flare evolu-
channel (0. 5—A) which provides information on coronal tjgn.

plasma. FronisOESX-ray data we can compute the effec-

tive color temperature and emission measure for the sola§ 1 \1.1 Class Flares on 2004 July 17

flare with 3-second time resolutioRHESSIis designed

to investigate particle acceleration and energy release ihe MDI instrument onSOHO provides almost contin-
solar flares through imaging and spectroscopy of hard Xuous observations of the Sun and records magnetogram-
rays and gamma rays. It images solar flares in energet& The first event selected for the study in this paper oc-
photons from soft X-rays~3 keV) to gamma rays (up to curred on 2004 July 17. The flare was observed in the ac-
~20MeV) and enables high resolution spectroscopy up ttive region 10649, located near the center of the solar disk
gamma ray energies @20 MeV. Its rotating modulated at the southeast region, with the heliographic coordinates
collimators allow angular resolution down to 2.3arcsecS10E14. The magnetogram of the active region 10649 is
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Fig.2 Temporal evolutions ofSOESsoft X-ray for the  Fig. 3 Temporal evolution of X-ray plot frorRHESSIThe
M1.1 flare on 2004 Jouly 17. Theolored line signifies RHESSLkime profiles are obtained for energy bands of 6—
the plot in the 1.0-8.8 (12.5-1.5keV) channel and the 12keV, 12-25keV and 25-50keV. The sharp changes in

solid grey linerepresents the plot in the 0.5-Aq24.0— the time profile are due to the instrument artifact corre-
3.0keV) channel. sponding to change in the attenuator state.

depicted in Figurel. The image clearly displays groups file, the rise of the initial phase is visible at22:54 UT

of sunspots as the leading active region (indicated by arin both 6-12keV and 12-25keV energy bands. However,
rows). The image represents the magnetic field of the aghe hard X-ray profile is impulsive in nature and shows a
tive region in black and white which correspond to the re-maximum intensity at-22:58 UT. The difference in tim-
gions of south and north polarity, respectively. Althoughing from the observation of the maximum phase between
the leading sunspot is larger in size, it has a simplifiechard X-ray and soft X-ray~2 minutes) is noteworthy. The
magnetic structure. However, the following sunspot has &are observations were also made by TRACEsatellite.
complex magnetic structure with mixed polarity. Fig&re We have usedRACEL95A and 1600A wavelength filter-
shows theGOESsoft X-ray light curve obtained in two d- s in the EUV and UV spectral range respectively for flare
ifferent channels (wavelengths 1.0-8.@ind 0.5-4.¢1).  observation.

The wavelength 1.0-84 corresponds to energy 12.5- The TRACE195A images correspond to the coronal
1.5keV and 0.5-4.8 correspondsto energy 24.0-3.0keV. region of the solar atmosphere and the filter is sensitive
According to theGOESprofile, the event took place be- to a temperature of about 1.5 million K. The observa-
tween 22:54 UT and 23:20 UT, with maximum emissiontions of the M1.1 class flare ifRACE195A have been

at 23:00 UT. Itis evident that there is a gradual rise duringecorded completely from the initial phase of the flare to
the initial phase of the flare. It is interesting to note thatthe final phase. Figuré depicts the series of flare images
there is no significant decrease in the soft X-ray flux forby TRACE195A. The images acquired during the initial
~10 minutes after the peak at 23:00 UT. This feature ofphase £22:55:20 UT) clearly demonstrate that the emis-
the soft X-ray profile is more noticeable in the 1.0-8.0 sion originates from two regions in the flaring location. For
light curve, in which the flux is almost sustained betweenconvenience, let us call them the eastern brightening and
23:00 UT and 23:10 UT. Then this event continues to dewestern brightening, respectively. These two bright regio
cline gradually after~23:10 UT. From theéGOESflux da- s are well separated from one another and their structures
ta, itis recorded as an M1.1 class soft X-ray flare based oare clearly observed. The magnetic loops connecting the
the peak intensity of emission. The flare was also observegkgions are also visible in the images. As the flare evolves,
by theRHESSEkpacecraft. ThRHESSKX-ray light curves  the structure of the two bright regions changes, as seen in
are obtained for energy bands of 6-12keV, 12—-25 keV anéfigure4 at 23:00:32 UT. A little while later, these bright
25-50keV, as seen in FiguB Similar to theGOESpro-  regions are no longer resolved well. They are connected
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Fig.4 Sequentiall'RACElQSA images of active region 10649 during the flare. The imageserorded from the initial
phase (22:50:20 UT) to the decay phase (23:10:51 UT) of the. fla

to one another, and another region appears as one brigsgries of EUV images suggest that the process of pumping
structure shaped like a V, as visible at 23:02:10 UT. Thiof plasma is repeated a few times until 23:10:51 UT. We
connection between the eastern and western brighteninggerpret this process as the distinct events of energy re-
is due to the release of high energy by the process of madease during the flare evolution. This process of episodic
netic reconnection. As the energy is released, the plasmaénergy release is clearly reflected in B®ESsoft X-ray
heated to high temperatures and the separation between tlight curve in the form of prolonged maximum phase. As
two regions is filled by hot plasma. Further as the plasmaliscussed earlier, the maximum phase is observed to be
cools, the two regions become well resolved again, as visustained from 23:00 UT to 23:10 UT and the correspond-
ible at 23:02:21 UT. Yet again, the energy is released anthg analysis ofTRACE195A between these periods pro-
hot plasma fills the separation and cools at a later time. Theides a consistent picture with the bright fuzzy structure
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Fig. 5 SequentiaTRACEL600A images of active region 10649 during the flare. The imageseorded from the initial
phase (22:54:23 UT) to the late decay phase (23:18:18 UTeoflare.

observed in EUVTRACEIimages corresponding to plasma sphere. Similar to th# RACE195A images, two well re-
at very high temperature. It is also observed that at higlsolved bright regions are observed. Also, several ribbon-
temperature during release of energy, the plasma spreatilse bright regions are electrons in the lower layers of the
out and is observed in a larger volume. As the temperaSun. The electrons present in the solar corona are accel-
ture reduces, the structures are resolved and the hot plasrated and distinct changes in the active region are visible
ma now occupies lesser volume. Throughout the flare, thantil 23:13:31 UT. We observe rather small changes during
eastern brightening evolves and significant change in itthe decay phase of the flare.
s structure is clearly seen, due to the energy release pro-
cess. Therefore, from comparison of the X-ray light curves 1 1 M1.4 class flare on 2004 December 29
with the EUV images, the prolonged maximum phase of
the flare can be understood well. The second flare event selected for the study in this work
The TRACE 1600A image corresponds to the chro- occurred on 2004 December 29. The flare was observed in
mospheric and transition region of the solar atmospherthe active region 10713, located close to the limb of the
and is sensitive to temperature in the range 5000—-10 000 KSun at the southwest region, with heliographic coordinates
Observations of the M1.1 class flare TRACE1600A  S12W90. The present analysis is based on data taken from
have also been recorded from the initial phase to the dehe following sources: magnetograms and intensitygram-
cay phase. The series of images of the flare fidRACE s observed by th&€OHOMichelson Doppler Imager; X-
1600A is depicted in Figures. The bright regions, as ray measurements fro@OESandRHESSIEUV images
seen in 19 filter images, are also observed here. Thisfrom TRACE In Figure 6 we present the magnetogram of
provides evidence that during the flare there is a link inthe active region 10713 on 2004 December 27 that repre-
the processes occurring in the different layers of the sosents the magnetic field strength and polarity in the Sun’s
lar atmosphere extending from the corona to the chromgshotosphere. On the day the flare occurred, the region of
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Fig.7 Temporal evolution olGOESsoft X-rays for the
M1.4 flare on 2004 December 29. Thetted linetraces

6-12keV, 12-25keV and 25-50keV. The sharp changes
in the time profile are due to the instrument artifact corre-
sponding to change in the attenuator state.

region in black and white colors which correspond to the
region of south and north polarities, respectively. Figure
displays theGOESX-ray flux light curve obtained in t-
wo different channels with wavelengths 1.0-8.6and 0.5-
4.0A respectively. According to th6 OESlight curve, the
event took place between 19:12 UT and 19:40 UT with
maximum emission at 19:20 UT. In the initial phase of the
flare, there is a steep rise from19:12 UT. However, at
19:15 UT there is a change in the trend of the light curve.
Again at 19:18 UT there is a sharp and fast rise. Thus, we
note that the evolution of the flare takes place in two stages.
After peak at~19:20 UT, the soft X-ray flux begins to de-
cay. We see a faster decay until 19:27 UT. Additionally, we
ascertain a gradual decline in the soft X-ray flux. Hence,
the flare also decays in two stages. From GRESflux
data, it is recorded as an M1.4 class soft X-ray flare.

The flare was also observed by RREIESSEkpacecraft.
The RHESSIX-ray light curves are obtained for energy
bands of 6-12keV, 12-25keV and 25-50keV, as visible
in Figure8. It was also found that emission was observed

the plot in the 1.0-8.0 (12.5-1.5keV) channel while theabove the 50 keV energy band. Variations in RIdESSI
solid line represents the plot in the 0.5-4.0 (24-30keV)jight curves are very similar to th@ OESprofile depicted

channel.

in Figure?. Here also, we clearly see the two-stage evolu-
tion of the flare in the rise phase. The overall maximum of

interest was located very close to the solar limb. In suctthe flare coincides at 19:19 UT, in all three energy chan-
situations, we hardly resolve any detailed structures dueels. The difference of the timing in the observation of
to the projection effects. Therefore, we have selected ththe maximum phase between hard X-ray and soft X-ray
magnetogram of the active region two days prior to thds ~1 minute. From th&HESSimeasurement, the declin-
event. The image represents the magnetic field of the activag of the two phases is evident in the decay phase of the
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Fig. 9 SequentiaTRACEL600A images of active region 10713 during the flare. The imageseorded from the initial
phase (19:12:38 UT) to the decay phase (19:27:36 UT) of thex fla

flare as well, consistent with tt@OESfindings. The de- this loop structure gets disrupted. This corresponds to the
cay phase begins at19:21 UT and at-19:26 UT the trend change in trend recorded in t@&OESlight curve. During
changes in the light curve. The flare observations were athe maximum phase, at19:20:08 UT, intense brightening
so made by th& RACEsatellite. TRACEobservations for is observed from both the northern and southern regions of
the flare were obtained in the UV range, using the filterthe activity site. We find that the northern part of the ac-
of wavelength 1608.. The observation of the M1.4 class tive region sustains its configuration, while the southern
flare applying this filter is recorded from the initial phaseloop system undergoes complete structural change. After
to the decay phase. After the onset of the flare, a loop 149:25:34 UT, the region does not show significant activi-
observed in the southern part of the active region and ities. This clearly indicates the second gradual stage of the
is the pre-flare loop. This is clearly seen from FigQrat  decay phase during which hot plasma cools down slowly.
19:12:38 UT. Also, there is a small bright region observed = Emphasis is given on observations acquired by
to be present in the northern part of the active region anlRHESSbn the X-ray emission originating from the coro-

it could be possibly an unresolved loop structure. As thenal loops Lin et al. 2002 Joshi et al. 2012 The RHESSI
flare evolves, the pre-existing loop bright regions changeX-ray image (Fig.10) for the M1.4 class limb flare is ob-

as apparent in Figur® at 19:13:47 UT. During the pro- tained at the 6-2keV energy band. The loop top is ob-
gression of the flare to the maximum phase at 19:15:57 UTserved at the positions = 957 arcsecy = —218 arc-
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Fig. 10 Reconstructe®RHESSHard X-ray image of the solar flare in the energy rangy rande&eV.

sec on the solar grid. By comparing the partial positiondJV, EUV and also enhancement in soft X-ray flux sug-
of RHESSIX-ray sources with thd RACE1600A image,  gest that plasma is heated to different temperatures. This
we find that X-ray emission at this energy band is originat-provides evidence that plasma in a flaring region is multi-
ing from the coronal loops, which get disrupted during thetemperature. High energy hard X-ray emission was also
flare. We further analyze time evolution of the 10-15keVobserved during flares. The hard X-ray profiles are impul-
X-ray source during the flare from its onset to decay phassive. This suggests explosive release of a huge amount of
in Figurell We find that the X-ray source is located aboveenergy on a very short time scale. Theoreticians believe
the solar limb throughout the event. This suggests that théhat such violent release of energy on short time scale can
X-ray source moves upward with flare evolution, which in-only be explained by the magnetic reconnection process.
dicates that the energy release site, which is the region dflagnetic reconnectionis defined as the breaking and topo-
magnetic reconnection, shifts to higher altitude in theeor logical rearrangement of oppositely directed magnetid fiel
na during the flare. lines in a plasma. In this process, magnetic field energy
is converted to plasma, kinetic energy and thermal ener-
gy. A simple schematic diagram of the magnetic reconnec-
tion process is illustrated in Figufe. In our analysis, we

This presented work focuses on understanding the energétetected an X-ray coronal source in the near-limb even-
ic processes in solar flares. We have selected two M clads This is evidentiary support for the process of magnetic
solar flares, one occurring close to the center of the SuFfconnection in the solar corona. Due to impulsive ener-
and the other close to the limb. An excellent set of multi-9Y release in the corona, particles (mostly electrons) are
wavelength data enables us to understand the signature celerated. Also the lower energy dynamics show emis-
the energy release process in different regions of the s&on in longer wavelengths of UV and EUV bands. In our
lar atmosphere in different wavelengths. A flare is a magflares, we find that the magnetic loop structure of the loops
netic phenomenon. Data from magnetograms clearly shol¢ observed along with the formation of new loops due to
that flares occur in the vicinity of sunspots. These are recoronal energy release.

gions of strong magnetic field with mixed polarity. Flares In the limb event, we found that the X-ray source
are accompanied by emission at different wavelengths. Theoves upward in the corona, indicating that the energy re-
flares studied in this paper provide a scenario of the erlease site shifts to higher altitudes. Therefore, we under-
ergy release process in hard X-ray, soft X-ray, EUV andstand that the primary energy release during a flare takes
UV. Thus a flaring process involves all regions of the so-place in the corona. These observations can be understood
lar atmosphere. Observations of regions of brightening ifirom the standard flare model diagrammed in FighBen

4 SUMMARY AND CONCLUSIONS
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Fig. 11 Large scale contraction of coronal loops observed for 1aie#in an M1.4 flare that occurred in active region
10713 on 2004 December 29 at location S12W90. The contracfiooronal loops can be readily seenlRACEEUV
images at 1608 andRHESSK-ray images at 10-15keV.
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Fig. 12 Schematic representation of magnetic reconnection psoces

this simplified picture, energy release takes place ab@ve ttprotons enter the dense, lower atmosphere, they may pro-
magnetic field loops that extend from the photosphere induce nuclear reactions resulting in gammarays in some ex-
to the corona. We can see that the footpoints of the flareeptionally energetic flares. Materials in the chromospher
loops are anchored in the chromospheres, in regions @fre heated quickly and rise into the loops which result in a
opposite magnetic polarity. Stored magnetic energy is reslow gradual increase in soft X-ray radiation.
leased above the top of the loops due to magnetic recon- ) ) )
nection. The process of energy release causes accelera- N the disk event presented in this paper, we clearly
tion of particles (mostly electrons). The electrons are ac®PServed brightening of the lower and denser atmospheric
celerated to high speed, generating impulsive hard X-ra{pYers, whichis the chromospheric and transition region, i
emission. Some of the non-thermal electron are channeld® form of ribbon-like structures in UV images. From the
down and penetrate the chromospheres at high speed, he@POVe study, we can conclude that the multi-wavelength
ing the plasma and thus intense brightening is observed iAnd Multi-instrumental analysis has improved our under-
hard X-ray, UV and H-alpha. When beams of accelerate&ta”d"_‘g qf various physical processes during a solar flare
occurring in different layers of the solar atmosphere. Fhe s
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tandard flare models broadly recognize these physical prandia.

cesses as the consequence of large scale reconnection of
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