Spatially resolved analysis of an oscillatory flaring event
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Azms. To perform a.spat.lally resolved analysis of a qua51-per19dlc pulsatlon event from 8 May. 1998 Scargle periodogram®® analysis is performed on the — . . | |
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Methods: We perform time series analysis using the Lomb-Scargle periodogram method to find the period original data N g R N R L the flare loop is shown to be well correlated.
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ray data from Yohkoh. Cross-correlation analysis 1s also used to investigate the phase relationship of the The 17 GHz data shows a very pronounced periodicity

Crucial for the successful identification of the

microwave emission. of 16 s, well above the 99% confidence level, 99% ol ; MHD mode responsible for QPP s to investigate
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Results: The locations of hard X-ray and microwave sources are consistent with the standard flaring z?til;ﬁgejwﬁzoggﬁgﬁs?gg: tinglf ss;lr)lfesssi.orrrlh:f ltllslz % ] the distribution of the emission over different
model. The presence of an X-ray source at the loop apex indicates a “Masuda-type” eventl?l. The period of spectral sidelobes, suggesting they are artificial. AN g <280 7 parts Of the flare .IOOP[S]- .Here WE use a Cross-
oscillation 1s 16 s with over 99% confidence in both microwaves and hard X-ray channels.and the strong Therefore. the shor,ter period peaks are unlikely to be o ™ \ e - oy - _ COl‘ffflatIOI} analysis to investigate the phase
correlation of the microwave flux along the flaring loop 1s indicative of the presence of an MHD sausage real. ’ . E o (s o0 “° 2601 - relationship throughout the loop.
mode. FIG. 3 — Scargle periodogram of 17GHz signal from N ' ] The d : ds :
/// 2 ¢ The 20 s cadence time of the soft X-ray data prohibits the Nobeyama Radioheliograph. The black line R ' ] ? , atq tp 01r.1tt .cor;espon ng tfo max1m}1111
1d)\ OSClllatlonS the use of periodogram analysis 1n this channel. shows how the Blackman-Harris window suppresses 8§ S I CTRISSION TENSILY 15 CHOSEN a5 d TEIerente point.
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FIG. 1 — Total microwave flux from the solar
flare of 8" May 1998. Oscillations in the flux il S B 'W%w = N =IO N This consistent phase relationship over the body —280 - :
are clearly visible. g TR ke Mg AT i Bk _ of the emission is indicative of the presence of an
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emission is mirrored in the hard X-ray time S Stepanov et al'l. o
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Analysis also confirms that the hard X-ray é“ o g M“ﬂw L | L | is shown to be in phase.
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FIG. 2 — Hard X-ray flux from the flare of 8 e & = = | *Spatial ?malyms of .the eve.nt.shows.the pres.ence“of a southernfootpomt and a loop top source in hard X-
May 1998 as observed by the Yohkoh satellite. ' 53_95 N ' r{ﬂw w - wRE 1 wRE 1 rays at higher energies. This 1s consistent with a “Masuda-type” event.
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keV), M1 (23 — 33 keV) and M2 (33 — 53 keV) ; E i B _ o B _ *Quasi-Periodic Pulsations (QPP) of.mlcrowa\./e and hard X-ray emission generated by the analysed flare
channels. ” I S - ] S - oo ] are found to be caused by an oscillation of period 16 s, above the 99% confidence level.
_m'-' | e T _m'-' | e B *Strong correlation is observed between microwave and X-ray time profiles.
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FIG. 4 — Soft X-ray images of the 8" May 1998 flare from the Yohkoh satellite, with various peak are spurious.
1. A.R. Inglis etal., 2007, in preparation 1. V.F. Melnikov et al., 2005, A&A, 439, 727 overlays. Top left: 17 GHz microwave emission; fop right: hard x-ray emission in the L (13-23
2. S. Masuda et al., 1994, Nature, 371, 495 2. A. V. Stepanov et al., 2004, Astro. Lett., 30, 480 keV) channel; bottom left: hard x-ray emission in the M1 (23 — 33 keV) channel; bottom right: *All parts of the flaring loop are found to oscillate in phase.
3. J. D. Scargle, 1982, ApJ, 263, 835 hard x-ray emission in the M2 (33 — 53 keV) channel. The hard X-ray images were constructed
4. J. H. Horne & S. L. Baliunas, 1986, ApJ, 302, 757 using the pixon algorithm. *Given estimates of the loop length (70 = 30 Mm), the oscillation is consistent with the MHD sausage
mode.
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