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Helioseismic response to solar flares
("sunquakes") occurs due to localized force
or/and momentum impacts observed during the
flare impulsive phase in the lower atmosphere.
Such impacts may be caused by precipitation of
high-energy particles, downward shocks, or
magnetic Lorentz force.

Understanding the mechanism of sunquakes is a
key problem of the flare energy release and
transport.
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Sunquake are observed in Dopplergrams
as ripples travelling on the solar surface

Most powerful sunquake of Cycle 24 was
observed during X1.8 flare on 23 October 2012
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Catalog of Sunquakes of Solar Cycle 24

is obtained from analysis of all flares of the X-ray
class greater than M1.0

The catalog is available at http://sun.njit.edu

Sun of IDSEAR

An Intelligent Database of Solar Events and Active Regions

Statistical analysis showed that the sunquake power
correlates with the maximum value of the soft X-ray flux
time derivative better than with the X-ray class, indicating
that the sunquake mechanism is associated with high-
energy particles.

a) 2012.10.23 X1.8, Total Acoustic power in ROI T

. o % ; 252
B o t3 . 7
x 3 . 205 =
o ' e
by : : 158 %
T . n}_- £ t. 2 Il 36 ga
. . = £ st Lt —
Synoptic Disk Sunquakes Solar flares qf‘ 15— T 3 %
maps images atelogue of Interactive muti- . : 0.5 8 a
e st O emgrreed Wy o P00 3
5 10 15 20
Starttime GOES AR Location Movie Holography TD .2, 18:;;?” ::.\:ﬂ-‘r time, min (from 2012.10.23 03:08:58 UT)
umn class NOAA (arcsec) method method method 102 2 _f
ergs  cm?  mils b) g% SRS T e
Fit 1, events »= M1.0, cc = 0.69
1392201 wes  mss 211 - ) p 30 44 58 [T =g S A
3 weee Bisector 4
17922 M2z mse 278 - ? - 34 20 38 =
% 107
102201 22 1mse 319 . . . 106 96 105 =
Sunquakes are detected as characteristic ., =
M6.6 11158 809 + + + 124 2.0 122
. . . . e:55 3
ridges on time-distance diagrams. z
) . 18.022011 . - “
The sunquake energy is determined by the 125 M4 Amss a0 28 10 1
acoustic holography technique. PRI a2 e 1B - . - 24 M1 76
Sunquake of X 1.8 flare, 1;=2012.10.23 03:03:00 égr?gm" M0 11169 761 - ? - 63 49 30 T T L T
t o 3 GOES 1-8 A time derivative, W m’s’
oo Moz me1 am + . + 32 150 148
Conclusions

1. We have found that 94 flares among 507 flares of the X-ray class greater than M 1.0 were seismically active. Our analysis
has shown that there are many solar flares of moderate class with strong sunquakes, while in some powerful X-class
flares, helioseismic waves were not observed or were weak.

2. During Solar Cycle 24, there were several active regions characterized by the most efficient generation of sunquakes.

3. The sunquake total energy correlates with the maximum value of the soft X-ray time derivative better than with the X-ray
class (contrary to what one could expect from the "big-flare syndrome" idea). The impulsiveness of the energy release
plays an important role.

4.The flares producing sunquakes are more impulsive (shorter flare times and higher heating rate) compared to the flares
without sunquakes. The most evident difference between distributions of the seismic and nonseismic flares appears in
terms of the maximum values of the flare-energy release rate.
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