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Fig. 1. Count-rate (hour averaged) variation of the DOMB
on September 5-18, 2017. X2.2 flares erupt at 08:57 UT
(blue) on September 6, 2017, X9.3 flares break out at
11:53 UT (pink) on September 6, 2017, X1.3 flares explode
at 14:20 UT (green) on September 7, 2017, and X8.2 flare
burst out at 15:35 UT (red) on September 9, 2017. The sig-
nificance of GLE72 event is 7.70 .
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Fig. 2. Profile of the time of Proton (purple) and Alpha
(earth red) flux (433 MeV, 5 min) recorded by the EPEAD-
A of GOESIS5 satellite. The red line indicates the X8.2 flare
at 15:35 UT on September 10, 2017.
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Fig. 3. Profile of the time of proton flux (black) in the six channels (6.5, 11.6, 30.6, 63.1 165, 433 MeV). The red line is the result

obtained by Smoothing.
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Fig. 6. Proton peak energy spectrum of GLET2 event. The flux peak (black block) of GOES15 satellite in different energies (6.5,
11.6, 30.6, 63.1, 165, 433 MeV). Fitting results of flux peak in different energies (red solid line). The flux of GOES15 satellite with
the peak energy spectrum extending to 100 GeV as a function of energy (red line segment). The flux of GOESI15 satellite in differ-
ent energies and times [17:00 UT (upper triangle), 17:30 UT (lower triangle), 18:00 UT (circle), 18:30 UT (pentagonal), 19:00 UT
(cross)]. The peak energy spectrum obtained from the experimental data of the neutron monitor (pink solid line). The flux of neut-
ron monitor with the peak energy spectrum extending to 100 GeV as a function of energy (pink line segment). Energy spectra
(dashed lines) at different times given by Mashev et al.l'?. The result of the energy spectrum of the galactic cosmic rays H? and Hel?! mea-
sured by AMS02 satellite (black).
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Fig. 7. A schematic representation of the acceleration of solar energetic particles. The acceleration in the low corona region (left).
Part of the solar high-energy particles from the low corona enter into the CME, and be re-accelerated (right)[?2224:25,
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Research on the peak energy spectrum of the solar cosmic ray
ground level enhancement event (GLE72)"
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Abstract

The ground level enhancement (GLE) event energy spectrum provides important information about the
acceleration and propagation of cosmic ray. In this paper, we analyze the proton flux peak energy spectrum of
recent GLE event (2017.09 GLE72) by using GOES15 satellite and neutron monitor experiment data. The
method of adjacent averaging smoothing and weighted average are applied to study GOES15 satellite data, and
obtain the flux peak and flux peak time. By fitting, the energy spectrum index of proton flux peak is 1.88 in the
satellite observation energy range. Again, the energy spectrum index of the neutron monitor observation energy
range, 4.86, is obtained by using the new neutron monitor yield function. It can be seen that the peak energy
spectrum index given by satellites in the lower energy range (5-433 MeV) is much smaller than that given by
the neutron monitor in the higher energy range (0.44-19 GeV). This means that, the energy spectrum in the
lower energy range is harder than that in the higher energy range. Hence, the results of the energy spectrum
could be explained qualitatively by the re-acceleration mechanism of high energy solar particles. In the low
corona region, first, the particles released by the solar flare are accelerated, and the energy spectrum index of
the high-energy range is twice that of the low-energy range. Then part of the solar high energy particles from
the low corona enter into the CME, where they will be re-acceleration by the shock wave. The GLE72 event
high energy range energy spectrum index given by the neutron monitor experiment is 4.86, so the energy
spectrum index in low energy range should be 4.86/2 = 2.43. However, the low energy range energy spectrum
index is 1.88 (lower than 2.43 in low energy range). The reason may be that the energy spectrum index is
further reduced due to the re-acceleration effect in the shock wave generated by the CME. The observation of
GLE event is one of the main research subjects of the Large High Altitude Air Shower Observatory (LHAASO).
Also, the GLET72 proton peak energy spectrum results provide important information to observe solar high

energy particles in the LHAASO experiment.

Keywords: solar cosmic rays, energy spectrum, GLE event
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