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Fig.1 The difference of two sample flares between 25-50 keV and 35-50 keV, which started respectively
at 2002-11-14 22:20:00 UT and 2005-05-16 08:58:00 UT. 25-50 keV may contain super hot component,
and thus 35-50 keV can better represent non-thermal radiation. Detectors choose 1F, 3F, 4F, 5F, 6F, and
9F, and Bk is the background.
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Fig.2 A flare on 2013-07-04 and its statistical parameters. Left panel: d is the distance of two footpoints
A and B, represents the loop length. Heliocentric coordinate in unit of arc seconds is adopted in this

image. Right panel: Delay time 7=to—t;, SXR and HXR mean soft X-ray and hard X-ray, respectively.
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Fig.3 Distribution of flare parameters, and N is the number of statistical samples. Left panel: delay
time 7, each bar in the histogram represents an interval of 20 s. Right panel: distance of two footpoints d,

each bar represents an interval of 5"/, the dotted line is an exponential decay fitting of d > 10".
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Fig.4 Left panel: delay time 7 against distance of two footpoints d with linear fitting. Right panel:
delay time 7 against distance of two footpoints d with linear fitting in logarithmic space. Top panel: 93
B-C5 class sample flares of level 1 with 7 > 0. Middle panel: 123 flares of level 1 with 7 > 0. Bottom
panel: 206 sample flares with 7 > 0.
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Fig.5 A flare on 2013-10-22 with long delay time (7) but small d. Top left panel: RHESSI image of
25-50 keV. Top right panel: lightcurves of RHESSI and GOES. Bottom: SDO/AIA 131 A images show

time-dependent progression of the flare.
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Fig.6 A flare on 2013-07-04. Top left: Time-dependent source distribution at a given energy band of
12-25 keV. The background image was taken at 00:06:44 UT. The contours show the 12-25 keV sources
at different time. Other three pictures show SDO/ATIA 94 A images with time evolution.
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Fig.7 A flare with 7 < 0, which is a C9.6 compact flare at 2002-02-26 10:25:00 UT. Left panel: RHESSI
image of 25-50 keV. Right panel: lightcurves of RHESSI and GOES.
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Fig.8 18 sample flares with delay time 7 < 0 and two footpoints, the straight line parallel to the
horizontal axis represents the critical distance b = 15.014"" = 10164.9 km.
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Statistical Studies on Modified Neupert Effect

YU Wen-huit?? LI You-ping'?  GAN Wei-qun'?
(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)
(2 Key Laboratory of Dark Matter and Space Astronomy, Chinese Academy of Sciences,
Nanging 210023)
(8 School of Astronomy and Space Science, University of Science and Technology of China,
Hefei 230026)

AsstracT The qualitative description of the Neupert effect is that there is a causal
relationship between the pulse component (hard X-ray, microwave burst) and the grad-
ual component (soft X-ray emission) in a flare. The initial energy of the flare is released
in the form of accelerating particles. The energetic particles produce HXR (hard X-ray)
via nonthermal electron-ion bremsstrahlung as they lose their energies in the chromo-
sphere. The SXR (soft X-ray) emission of the flare is the response of energetic particles
injected into the chromosphere. According to the quantitative description of the classic
Neupert effect, SXR should reach maximum instantly at the end of HXR emission (sign
of nonthermal electron injection). However, previous observations have found that for
quite a number of flares the SXR peak time (¢5) is significantly later than the end time
of HXR (t1) (1 =ty — t1,7 > 0), deviating from the classic Neupert effect. In order
to study the events deviating from the classic Neupert effect or not, we checked the
RHESSI (Reuven Ramaty High Energy Solar Spectroscopic Imager) and GOES (Geo-
stationary Operational Environmental Satellites) events list from 2002 to 2015, and
found out flare samples that have simple lightcurves at 25-50 keV together with other
criteria. A total of 276 flare samples were finally selected. We have analysed the 7
distribution of these flares, as well as the relationship between the loop length (repre-
sented by the distance between two footpoint sources d) and 7. We found that: (1)
227 sample flares present 7 > 0, which means that about 82% of total samples deviate
from the classical Neupert effect; (2) there is a roughly linear correlation between 7 and
d, that is, the longer the loop is, the later the maximum time of SXR with respect to
the end of HXR; (3) there seems to have a critical distance, within which the classic
Neupert effect works. These results confirm the necessity of modifying Neupert effect
and expound its physical significance.

Key words Sun: flares, Sun: X-rays, methods: statistical
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