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 Introduction: Particle acceleration site 
                         in solar flares 

 Discovery of non-thermal signal 
around the X-point 

› Observation data 

› Identification of the X-point in soft X-rays 

› Detection of non-thermal signal in microwave 

› Time evolution of the non-thermal component 

 Discussion: The energetic non-thermal electrons are 
accelerated around the X-point. 

 
 Energy budget around the X-point in a solar flare (preliminary result) 
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 Particle acceleration site was 
puzzle. 

 Candidate of the 
acceleration site 
› Closed magnetic loop 

 Fletcher & Hudson (2008) 

› Above-the-loop-top 
 Tsuneta & Naito (1998) 

› Cusp region 
 Somov & Kosugi (1997) 

› X-Point/Current Sheet 
 Litvinenko (1996) 

 Pritchett (2006) 

 Drake et al. (2006) 

 Oka et al. (2010) 
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 Date：1999/08/06 4:34 (UT) 〜 

 Flare site： AR 8645 (S28W91) 

 Flare class： Unknown 
(GOES X-ray light curve is almost flat 
at ~C6 level, probably because this flare was not large 
enough in soft X-ray flux against the other eight active 
regions simultaneously located on the solar disk.) 

 Data sets 

› Soft X-rays : Yohkoh/SXT 

› Microwave : Nobeyama RadioHeliograph (17GHz and 
34GHz) 

› No Hard X-ray (Yohkoh/HXT) data 
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Inflow velocity : ~ 16.3 km/s 
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 This negative α-index 
suggests the existence of 
non-thermal electrons. 

 However, this α-index is a 
net index generated by the 
both of co-existing thermal 
and non-thermal electrons. 

 For more confirmation of 
the existence of non-
thermal electrons, we will 
remove the thermal 
components (see following 
slides).  
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 Absorption coefficient 
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 Brightness temperature 
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Observed 17 GHz brightness temperature 

Estimated thermal component 
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 Identified the location of X-point with SXR data. 

 Discovered the non-thermal signal around 
the X-point with microwave imaging spectroscopic data. 

 Such non-thermal signal increased with the progress of the 
inflow, and decreased after the end of inflow (after the 
plasmoid ejection). 
 This suggests that the non-thermal signal has well 
consistency with the reconnection . 

 

 Hot thermal component (~ 10MK) coexisted around the X-
point together with the non-thermal component. 

 Reconnection rate of this flare is ~ 0.017. 
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 On the basis the reconnection theory, the bidirectional outflow 
carries plasma particles and magnetic fields away from the X-
point towards the bright soft X-ray loop and in the opposite direction. 

 Assuming the presence of the expected reconnection outflow, it 
would be reasonable to conclude that the energetic non-
thermal electrons are supplied from, namely, accelerated at, 
the region around the X-point. 

 Around the X-point is an initial acceleration site. 
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 We should increase the number of events using the 
data sets taken 

› with Yohkoh/SXT, Hinode/XRT, SDO/AIA, 
Yohkoh/HXT, RHESSI and NoRH (data survey). 

› with Hinode/XRT, SDO/AIA, RHESSI and ALMA 
(Atacama Large Millimeter/submillimeter Array) (new observation). 
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Preliminary result 

RHESSI 15 - Narukage et al. (2014) ApJ, 787, 125 23 



24 RHESSI 15 - Narukage et al. (2014) ApJ, 787, 125 



25 RHESSI 15 - Narukage et al. (2014) ApJ, 787, 125 



RHESSI 15 - Narukage et al. (2014) ApJ, 787, 125 26 



27 RHESSI 15 - Narukage et al. (2014) ApJ, 787, 125 



28 RHESSI 15 - Narukage et al. (2014) ApJ, 787, 125 



29 RHESSI 15 - Narukage et al. (2014) ApJ, 787, 125 



scanned profiles of aliasing pattern 1                              

04:30 04:40 04:50 05:00 05:10
time (UT)

-4000

-2000

0

2000

4000

T
B a

li
as
 [
K

]

0 50 100 150 200 250
pixel

0 4 8 12 16 200 [%]

30 RHESSI 15 - Narukage et al. (2014) ApJ, 787, 125 



31 

RHESSI 15 - Narukage et al. (2014) ApJ, 787, 125 


