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ABSTRACT

We use ring diagram analysis to study the effect of
solar flares on oscillation mode characteristics, us-
ing data from GONG+ and MDIL The data taken
around the flares of June 6-7, 2000; March 29, 2001
and April 10-11, 2001 are studied. We find that
during some flares, the power in acoustic modes in-
creases beyond the normal values expected from the
influence of magnetic field.

Key words: Sun: oscillations; Sun: activity; Sun:
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1. INTRODUCTION

Solar flares are amongst the most energetic phenom-
ena observed on the solar surface. There have been
some observations (Kosovichev & Zharkova 1998,
1999) suggesting that some large flares excite waves
on the solar surface. Most of the flare energy is
emitted in the chromosphere and corona, however,
some white light flares imply that there may still
be substantial energy released in the photosphere
which can affect the solar oscillations. In order to
study the effect of flares on solar oscillation modes
we use the ring diagram technique (Hill 1988; Patrén
et al. 1997; Basu et al. 1999) applied to 3D spectra
from GONG+ and MDI instruments. We use ring
diagram spectra obtained before, during and after
the flares to study if there is any variation in mode
characteristics such as frequency, width, power and
asymmetry.

2. DATA AND TECHNIQUE

To study the effect of flares, we have chosen 3 active
regions which caused flares when they were close to
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the central meridian. These regions are NOAA9026,
NOAA9393 and NOAA9415. Major flares from these
regions around the time covered by our study are
given in Table 1. Solar active region NOAA 9393
was the largest active region observed in the last 20
years. It produced 23 M and 5 X class flares, includ-
ing the largest X20 flare of Solar Cycle 23, during
its disk transit of March 24-April 5, 2001. The re-
gion was covered extensively from the Udaipur Solar
Observatory (USO), India, and several of its M &
X class flares were observed using USO’s high res-
olution H, telescope. Throughout its disk passage,
solar weather remained unsettled due to its flare and
CME activity, notably two large proton events. We
have studied solar oscillation characteristics during
one of the large proton flares in NOAA 9393, the
X1.7/1B event on March 29, 2001/10:15 UT, which
was associated with a Type IV radio sweep, a tenflare
of 4700 sfu, and an earth-directed full halo CME re-
ported from LASCO/SOHO imagery. The location
of the flare N20W19 near the disk-center was favor-
able for our study, as compared to the other more
spectacular flare of April 02, 2001/2132UT (Loca-
tion: N19W74) estimated to be an X20, the largest
observed so far in this solar cycle.

Table 1. Characteristics of solar Active Regions
(AR) and Flares

NOAA LG Area Flare Class Location Date Start End

No. (107%Ap) SXR/H, (UT) (UT)
9026 074 0820 X1.1  N21E23 06JUNOO 13:30 13:46
Q74 0820 X2.3 N1SE14 06JUNOO 14:58 15:40

074 0800 X1.2/3B N23E03 07JUN00 15:34 16:06
9393 151 2240 X1.7/1B N20W19 29MARO1 09:57 10:32
9415 338 0710 X5.6/SF  S21E31 06APRO1 19:10 19:31
359 0760 X2.3/3B S23W09 10APRO1 05:06 05:42
357 0550 X2.0/SF  S19W43 12APRO1 09:39 10:49

In order to study the effect of flares on solar oscilla-
tion modes, we use the ring diagram analysis tech-
nique on data sets from GONG+ and MDI. Each of
the data sets covers a region of about 16° x 16° on
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the Sun. The MDI data sets cover a time interval of
1664 minutes, while GONG+ data from the proto-
type instrument covers only 512 minutes. We have
chosen the data from available sets when the active
region was close to central meridian. The data sets
used are listed in Table 2. This table gives the heli-
ographic coordinates of the central point as well as
the central meridian longitude at midpoint in time.
It also gives a measure of average surface magnetic
field in the region in the form of Magnetic Activity
Index (MAI) (see Rajaguru et al. 2001 for definition).
For convenience each region is identified by the serial
number listed in the first column.

Table 2. Regions studied using ring diagram analysis

No. Carr. Lat. Lon. CM  Start End MAI
Rot. Lon. time time (G)

NOAA 9026 : GONG+ data sets (June 2000)
R1 1963 10.0S 84 89 06.14:11 0700:07 16.8
R2 1963 190N 75 89 06.14:11 07.00:07 143.7
R3 1963 2.0S 108 89 06.14:11 07.00:07 12.8
R4 1963 10.0S 17 22 11.14:28 12.00:24 38.7
R5 1963 19.0N 8 22 11.14:28 12.00:24 80.1
R6 1963 2.0S 41 22 11.14:28 12.00:24 14.5
NOAA 9026 : MDI data sets (June 2000)
R7 1963 225N 135 135 02.13:33 03.17:16 1.3
R8 1963 225N 75 105 04.19:58 05-23:41 113.1
R9 1963 225N 75 90 0523:10 07.02:53 113.2
R10 1963 225N 75 75 07.02:23 08.06:06 104.4
R11 1963 225N 75 60 08.05:35 09.09:18 92.3
R12 1963 225N 75 45 09.08:47 10.12:30 T72.1
NOAA 9393 : MDI data sets (March—April 2001)
R13 1974 15.0N 240 270 19.09:39 20.13:22 2.0
R14 1974 15.0N 240 255 20.12:57 21.16:40 2.6
R15 1974 15.0N 240 240 21.16:16 22.19:59 2.7
R16 1974 150N 240 210 2322:53 2502:36 2.0
R17 1974 150N 150 195 25.02:12 26.05:55 104.0
R18 1974 150N 150 165 27.08:48 28.12:31 168.4
R19 1974 150N 150 150 28.12:07 29.15:50 184.8
R20 1974 15.0N 150 135 29.15:25 30.19:08 184.5
R21 1974 15.0N 150 120 30-18:43 31.22:26 168.5
R22 1974 150N 150 105 31.22:01 02.01:44 1544
NOAA 9415 : MDI data sets (April 2001)
R23 1974 2255 O 15 07.17:57 0821:31 111.1
R24 1975 22.5S 360 360 08-21:05 10.00:48 112.1
R25 1975 22.55 360 345 10.00:23 11.04:06 108.7
R26 1975 22.55 360 330 11.03:40 12.07:23 97.1
R27 1975 22,55 360 315 12.06:57 13.10:40 83.8
R28 1975 22.5S 270 270 15.16:48 16.20:31 14

To study the effect of flares on active regions we need
to take the 3D spectra of oscillation power taken at
different times, when the region is at different po-
sitions with respect to the central meridian. This
necessarily introduces some projection effects in the
results. In order to study the effects of projection,
we also analyze a control quiet region at the same
latitude around this time. These control regions are
also listed in Table 2, and can be distinguished by
low MAI values. Mode characteristics are known to

be affected by magnetic fields in active regions (Ra-
jaguru et al. 2001) and hence for the same Carrington
rotation we also study one quiet region at the same
latitude as the flare for comparison. The differences
between the flare regions and the quiet regions can
then be compared with the expected effects of the
magnetic fields using the MAT values.

To fit the 3d spectra we use a model with asymmetric
peak profiles as used by Basu & Antia (1999)
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and the 13 parameters Ay, Ay, 4z, 4s,¢,p, Uz, Uy,
we, w1, S, By and B, are determined by fitting the
spectra using a maximum likelihood approach (An-
derson, Duvall & Jefferies 1990). The parameter S
measures the asymmetry in the peak profile. The
form of asymmetry is the same as that used by Nigam
& Kosovichev (1998). The mode characteristics we
are interested in are the frequency (ck?), peak power
{(exp(Ao)), half-width (ws) and asymmetry parame-
ter S.

3. RESULTS

Before studying the effect of flares we try to check
if there are significant projection effects arising from
the different orientations of the region under study,
when the region is away from the central meridian.
For this purpose we have selected a quiet region dur-
ing Carrington Rotation 1974, heliographic latitude
15°, longitude 240° (regions R13, R14, R15 and R16
in Table 2). By comparing the mode characteristics
between the region at central meridian and when it
is 30° away from meridian on either side we find that
one of these pairs show no significant difference sug-
gesting little projection effect, while in the second
pair there is some difference in power, though other
characteristics are not affected. As far as we can see
there is no activity in this region during this time
and it is not clear if the variation in peak power has
some other origin or whether it reflects random fluc-
tuations in the peak power of these modes.

Fig. 1 shows the difference in mode characteristics in
the region covered by NOAA9393 at different times.
All differences are taken from the time when this
region was at central meridian, which includes the
time when a large flare occurred. From the MAI
values it is clear that the average magnetic field has
not changed much between regions R18 to R21.
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Figure 1. The relative difference in mode frequencies, and widths as well as ratio of peak power for the active
region NOAA9393 when it is away from the central meridian. The left to right panels respectively, show the
difference between regions R19 — R22, R19 — R20 and R19 — R18.

It can be seen from Fig. (1) that although region R19
has highest average magnetic fleld, the power in oscil-
lations is highest amongst the regions R17-R22. This
is opposite of what is expected since magnetic fields
normally tend to suppress oscillations (Rajaguru et
al. 2001). This suggests that the X2 flare which
occurred during the observation of region R19 en-
hanced power in oscillatory modes. The frequencies
of the acoustic modes were not significantly affected
during this period, however, the small difference that
is seen is of opposite sign before and after the flare
This suggests some systematic changes in the mag-
netic field configuration, or in the structure of these
layers during the flare. The frequency differences are
positive for post flare spectra which may be expected
from the fact that magnetic field is highest in region
R19. But in the preflare spectra although the mag-
netic field is smaller the frequency differences have
become negative, which is contrary to expectation.
This could be due to complex changes taking place
before the flare. Most of the change in frequency
occurs in modes at high frequencies which suggests
that changes are confined to outermost layers close
to the photosphere. The width of the modes have
not changed significantly during this period. Simi-
larly, there is no clear difference in the asymmetry
parameter S and hence that is not shown in these
figures.

In order to check if similar effect is seen in other flares
we look at the data from NOAA9026 which was ob-
served by both GONG+ and MDI. In this case the
flares in region R9, occurred before the active region
reached the central meridian. Fig. (2) shows the dif-
ference in mode characteristics, when the region was
at different locations. It includes one spectrum be-
fore the flare and one afterwards. It can be seen
that between regions R9 and R8 which have very
similar average magnetic field strengths, there is still
some difference in power and frequencies. In region
R9 when the flares took place, the power is slightly

larger and the frequencies are lower; this behaviour
is similar to that seen for NOAA9393. For the post
flare region the variations are opposite in nature, but
that is expected from the difference in magnetic field
strengths. However, the magnitude of difference in
width and power is much larger than what may be
expected from the small difference in magnetic field.
It is not clear what is the source of this additional
difference. In all cases there is very little difference
in frequencies during this time. Similar behaviour is
seen with the GONG+ data. In this case the differ-
ences are larger than those between R9 and R10 as
the magnetic field has decreased further.

We have also looked at NOAA9415 with MDI data.
In this case the largest flare occurred long before the
region was at the central meridian and we do not
have any data before this flare. But there are two
more large flares which occurred in regions R25 and
R27. The magnetic field had been reducing after re-
gion R24. In this case the behaviour may be expected
to be more complicated as there have been several X-
class flares. Interestingly, only significant difference
is found between regions R24 and R27 in power, with
power being higher for region R24, which has higher
magnetic field. This is contrary to what is expected
from the effect of magnetic field and it is not clear
if it is due to the large flare that occurred earlier.
There has been a flare in region R27 also.

4. CONCLUSIONS

During some flares the power in acoustic modes ap-
pears to increase beyond the normal value expected
from the influence of magnetic field. The frequencies
of high degree modes appear to be reduced before
some flares. This could be due to either change in
structure of this region or complex magnetic field
variation leading to flares. These changes should be
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Figure 2. The relative difference in mode frequencies, and widths as well as ratio of peak power for the active
region NOAAQ026 when it is seen at different positions. The left to right panels respectively, show the difference

between regions R9 — R8 (preflare), R9 — R10 (postflare) and R2 — R5 (GONG+: postflare).

confined to outermost layers around the photosphere.
These signatures are not seen in all flares and there is
considerable variation between different flares. Much
more work is needed to understand these differences.

The observed variations in the effect of flares may
perhaps be attributed to the relative amounts of de-
posited flare energy at the lower and deeper layers,
and particularly in the photosphere. The large X-
class of flare alone is not an adequate indicator of
this deposition, as this parameter is related mainly
to the emission from the higher, coronal level. On
the other hand, a lower X-class, but higher H, class
of the flare may be more important when it comes to
effects on oscillation modes. Similarly, it may be ex-
pected that the rather rare, white-light flares should
excite the p-modes significantly.
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