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Abstract
A comparative study of three impulsive solar events produced in July 1996 and two gradua-CME
associated events produced in November 1997 has been performed using data from EPHIN instrument
aboard SOHO spacecraft. Temporal evolution of the differential energy spectra of electrons in the energy
range 0.25-10.4 MeV and H & He nuclei in the energy range 4.3-53.0 MeV/n has been determined for these
events. Isotopic abundances of H and He have been obtained separately for each event.

1 Introduction:

The SOHO observatory, launched in December 1995, reached its final destination, an hao orbit
centered in the L1 Lagrange point, in February 1996 from where it is continuously observing the Sun from
its privileged position outside the Earth magnetosphere. The Electron Proton Helium Instrument (EPHIN)
and the Low Energy lon and Electron Instrument (LION) performs the COSTEP (Miiller-Méellin et al.,
1995) experiment that studies the suprathermal and energetic particle populations of solar, interplanetary,
and galactic origin. SOHO is a 3-axis stabilized spacecraft where the EPHIN and LION sensors point to the
nominal interplanetary magnetic field direction at 0.9 AU and 45° West of the spacecraft-Sun line.

2 Observations and data analysis.

In July 1996, at the beginning of the 23" solar cycle, three solar proton events (SPE) produced at the
same NOAA 7978 active region were detected by the COSTEP collaboration sensors the 9" (observed on
the solar disk at S10W30), 12" (at S11W72) and 14" (not observed, beyond the limb). The aim of this work
is the comparison of these SPEs with the two events detected at ground level (GLES) during November
1997, originated at the NOAA 8100 active region, observed on the solar disk at S14W13 (Nov. 4 event) and
S18W63 (Nov. 6 event) respectively. High solar activity was observed during this month, and a total of 93
X-ray flares were detected by the satellites of the NASA International Solar-Terrestria Physics (ISTP)
program (Solar Geophysical Data, 1997). Table 1 lists the X-ray flares associated to the five particle events
studied here.

Table 1. X-ray flares associated to the particle events studied in this paper. 2™ column shows the time intervals
selected for the analysis of EPHIN data.
Event Timelnterval Start Max End Disk NOAA X-ray Ha
Date Selected (doy) (UT) (UT) (UT) Location Region Classf. Classf.
1996 Jul. 9 191.35-194.38 901 912 949 SI10W30 7978 X2.6 1B
1996 Jul. 12 194.38-196.64 15:13 15:30 16:31 S1iw72 7978 C4.9 1F
1996 Jul. 14 196.64-198.00 13:30 15:00 15:00 - - Cl6 -
1997 Nov. 4 308.26-310.51 552 558 602 S14w33 8100 X2.1 2B
1997 Nov. 6 310.51-317.84 11:49 11:55 12:01 S18W63 8100 X9.4 2B




2.1 I sotopic abundances. Pulse height data have been discriminated following the procedure by Bronchal o
et a., 1999 in order to obtain isotopic abundances of hydrogen and helium. Based on these results
background subtraction has been performed. The isotopic abundances obtained are listed in Table 2 and
differences in the isotopic compasition between July 1996 and November 1997 events have been observed.
The November events present an isotopic composition far from those of the quiet time periods values dueto
their high intensities. By contrast the isotopic composition of the July 96 events present low intensities and
their abundancies are close to those of the quiet time periods. Figure 1 shows the dependence of *He/p ratio
with time in the energy ranges: 4-8 MeV/n, 8-25 MeV/n, 25-41 MeV/n and 41-50 MeV/n. Figure 2 shows
the energy dependence of “He/p ratio for November 1997 events and July 9™ 1996 event.

Table 2. Hydrogen and Helium isotopic abundancies in the energy range from 4 to 50 MeV/nucleon. -Quiet
times are obtained for the 152 first days of the 1996 EPHIN data, during quiet time periods at the end of the
22" solar cycle. SEP abundances are the average of 15 large SEP eventsin the period 1974-1981.

Energy range “Help *Hel*He *Hip
1996 July 9 event 4-50 MeV/n (1.8+0.2)-10™ (1.8+0.9)-10° (4+3)-10°
1996 July 12 event 4-50 MeV/n (2.0+0.2)-10™" (5+7)-10° (6£7)-10°
1996 July 14 event 4-50 MeV/n (5+2)-10™ (8+10)-10” (6+8)-10”
1997 November 4 event [4-50 MeV/n (2.10+0.02)-10° <1.4-10° <4.310°
1997 November 6 event [4-50 MeV/n | (2.09£0.01)-10 <1.410° <5.310°
19%? )quiet time periods |4-50 MeV/n 0.70+0.02 (3.2+0.4)-10° (1.740.2) 107
SEP” 7-15MeV/n 10 <0.03 <10
Photospheric!” 0.11 1.7-10" 1.6:10°
* Mc. Guireet al., 1986
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Figure 1. “Help ratio vs time during July 1996 events
(top) and November 1997 ones (bottom).
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Figure 2.Energy dependence of *He/p ratio.

produces high-energy €lectrons accumulation in the front part of the CME passage (Figure 3B’).
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Figure 3. (A/A’): Proton flux in the P4 channel of the EPHIN instrument during July 1996 (left) and November
1997 (right). (B,B’): Temporal evolution of the spectral index for electrons, protons, and helium-nuclei differential
energy spectra of the July and November events. (C,C’): Average energy of electrons, protons and helium nuclei.
Dashed lines on the right panel mark the passage of shocks associated to Nov 4 and Nov 6 CMEs.



Figures 3C and 3C’ show the average energy per particle calculated in the energy range covered by
EPHIN (0.25-10.4 MeV for electrons, and 4.3-7.8 MeV/n for H and He nuclel). This parameter confirms the
tendency observed on the spectral indexes: For November 1997, the proton and “He energies reach their
highest values at the beginning of the events and then decay to a constant value. The increase in helium
energy (decrease in ) at the end of the November 6™ event is caused by the galactic contribution. For July
1996, the average energy is high when galactic component is dominant, and it is low when particles
originated in a solar event arrive to the instrument.

3 Conclusions.

July 1996 and November 1997 events have been compared and their isotopic abundancies have been
obtained. The events that took place in the same active region present a similar pattern, while important
discrepancies have been found between both kind of events. From the temporal behaviour of the “He/p
ratios, it has been found for July 1996 events low helium abundancies during the SPEs, while at the end of
the events the helium abundances reach the typical values of the quiet time periods. November 1997 events
present an opposite behaviour on the “He/p ratios, and the major increase of “Help ratio was observed
during November 6" event.

The differential energy spectra of the events have been abtained and a power-law has been fitted to the
spectra. The spectral indexes of e ectrons, protons and helium have been found. The main conclusion of this
analysis is that energetic ions are detected since the beginning of the event, while high energy electrons
detection takes place at the end of the SPE. Also it has been checked how a CME passage can affect the
electron spectrum that becomes harder from the detection of the shock driven by the CME until half of the
CME has passed, when the spectrum turns softer quickly.
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