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Abstract
The energeticolar particleevent on November 6,997 produced the highest particle intensities
above MeV/nucleon since the launch of 8@ar andHeliospheric Observaton5OHQ spacecraft
in Decembel995.There was a X-ray flare associatgith a coronal massjection(CME) which
had an exceptionalligigh leading edge velocitfl 560 km/s) as observed by the Largegle and
Spectrometric Coronagraph (LASCO) on bo&@HQ The Energetic and Relativistiducleon
and Electron experimeERNE), also on boar&8OHQ measured higlle, O, and Fe fluxes in
energy channels from 4 to 80 MeV/nucleon. BRNE observationmight indicatethattherewere
two energeticparticle sources operative in solar atmosphere and/or interplanetary space during
several hours after the solar flare eruption.

1 Introduction:

The November farticleeventwas associatedith a softX-ray flare (class X9.4/2Bpcation
S18wW63; SolarGeophysicaData 1997)with the maximum intensity at1:55 UT. Atthe same
time thecoronagraph LASCO on boatflOHO detected an emission of coromabssejection.
Several ground-based stations observed type Il and IV tadistsand also desimetribursts
(DCIM) starting at 11:52 UT (SGD, 1997neradio telescope (Izmirameports on observation
of type Il bursts starting at 11:53 UTlrhe event producedalso ground-level enhancements
observed by neutron-monitors.

In this work we present time-intensity profilessaflarenergetic O and Fearticles atnergies
above and below 20 MeV/nucleon and comphem with Heprofiles in the same MeV/nucleon
channels. The main purpose of our study is to investigate whether the O and Fe profiles indicate the
presence of two injection components as implied by SAMPEX (Mazur et al. 1999) and
ACHSEPICA (Mdbius et al. 1999) measurements of Fe charge state.

2 Observations:

The ERNE instrument consists of two separate particle sensors, Low Energy Detector (LED)
and High Energy Detector (HED) covering the energy range of nuclei from a few MeV/nucleon up
to few hundreds of MeV/nucleon. The description of the instrument is given in Torsti et al. (1995).

Figure 1 plots the time-intensity profiles of O and Fe in amergy channels. Time zero of the
logarithmic timescale indicates the maximum of tKeray burst.The verticalline represents the
time of thepassage of the showkave of the November 4 event. The profile of the O intensity in 4-
13 MeV/nucleon at the maximum lisoad, almost constant during 23 Bibvember 6 - 7 UT on
November 7. The profile of the Feix is moresharp.The general profiles of both intensities of O
and Fe were similar during thehole eventThe Fe intensityvas inthe energy rangé-13 MeV/n
on the average 66 % from the O intensity during 6-8 November.
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Figure 1: Time-intensity profiles of O and Fe during the Novembet987 event.
The intensities in the LED energy chan#el3 MeV/nucleonareshownfor O (open
circle) and Fe (black circle). The intensities in tiigh energy channel ¢1ED, 50-
80 MeV/nucleon, are respectively for O (open diamond) and Fe (black diamond).

In the high energy channel the intensity of O reached the maxiinG&0.08 particles /
n’SSMMeV/nucleon at18:30 UT.The maximumlevel was maintainedfor 1.5 hours.Then the
intensity dropped momentarily 025-0.03 particles / AESHMMeV/nucleon at 22JT, and clmbed
up again. During 6-9 UT on November 7 the intensities dropped rapidly in a#rietgy channels,
e.g. in the case of high-energy O, 2.5-folded, and stqttidel a smooth exponential decreaggch
continued for 3 days.

The Fe intensity in the energy rars@80MeV/nucleon showed tastrise during 13:30-14:30
UT. It initiated anewrapid rise at18 UT whichbrought the intensity tdas event maximum level,
0.41+0.08 particles / ABSMMeV/nucleon at 19JT. The width of the maximurwas 1.5 hours. A
dip in the intensityvasseen at 22 UT awas inthe case of O. The drop duriggd UT, 5.3-fold,
was larger than that of the O intensity.

Figure 2 gives théime development of the elementaltios of O/He and Fe/He during 6-7
November. The high-energ9/He and Fe/He ratios atmlow the low-energyatio. There are,
however, significant changes in treio duringthe course of time, and albetween the high- and
low-energy channels.
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Figure 2: Time sequence @/He (upper panel), and Fe/ldewer panel) irenergy
ranges 4-13(open circle) andb0-80 MeV/nucleon (black circle). Verticdines
represent théime of the maximum oK-ray burst (dash)and the passage of the
shock wave of the November 4 event (dot-dash).

As seen inFigure 2, both the O/He and Fe/iHaios either reached the maximum abundance
ratios orchanged significantly aabout 18 UT. Inthe low-energy channel the/He and Fe/He
ratiosreached the event maximutP5#0.02and 0.04Z0.02, respectively. Thisneansthat the
maximum of the abundancatios wasachieved when the intensities westél increasing, and far
from their maximum level.

In the high-energyrange, the O/He and Fe/Hetios jumped up t00.0150.002 and
0.009:0.002.The ratios returned back toe level prevailing befor#8:30 UTNovember énear 5-

6 UT November 7. Outside these periods of higher heavy-ion concentration, the O/He and Fe/He
ratios developed uniformly and steadily.

Based on the interplanetary magndigtdd measurements bWIND/MFI there were no major
changes in the magnetic field direction during the onset of the event.

3 Discussion:

The slow decrease of the proton and He flux profiles (Figure 1) is representative to continuous
particle acceleration by a CME-driven shock propagating into interplarsgiace. Based on the
observations by LASCO, @t. Cyr (private communicationl998) estimatedhat a partial CME
halo eventappeared in LASCO/C2 coronagraph at 12:10 UTNowember 6,1997.The speed of
the leadingedgewas exceptionally high, 1560 km/s. The constant ratios lefavy elements to
helium, excepfor the interval from 18 UT November 6 to 7 UT November 7, (Figure 2) both in
low- and high-energy range witnesshatthe particle production, storage in sheggbion of the



strong November 6 shock and shock acceleration/reacceleration, continued up to a distance of few
AU.

The overall time-intensity profiles of all species inspected in dhidy, i.e. He, O, and Fe,
indicate acommonbehaviour during thevhole 4-day period Novembes-10 which is typical for
particlesinjected from astrong IP shock. In all casdbe passage of tHéovember 4 shock caused
a dip in the intensity profiles at E > 20 MeV/nucleon. However, the dip was more pronounced in the
case of O and Fe than for H and He. The abundance ratle=maey elements relative teelium
increased during the passage of the shesglon between the November 4 shasid magnetic
cloud. This enhancement can be seen in all ratios shown in Figure 2, i.e. O/He and Fe/He.

4 Conclusions:

The observed variations in the abundance ratios of heavy elements to heli@vidgnee to the
existence of tweseparatenjection processes. The firghjectionwas caused bthe interplanetary
shock driven by théast CME with leadingedge velocity of1,560 km/s.The onset of éeavy
particle intensityenhancement above 20 MeV/nucleon observeBRME on board SOHO started
at 13:30 UT, about 40-5@inutesafter the leadingedge ofthe CME had reached the distance of
about 8-9 solar radiuabove thesolar surface. The O/He and Fe/He ratwsre at 14 UT
0.00460.0017 and 0.004D.0019 respectively, and kept that level until 18 UT.

Around 18 UT on November 6, two important changes took place ipattiiele intensities and
abundance ratios above 20 MeV/nucleon. First, at 17:30 UT, He, O and Fe nuclei intensities started
a newgrowth with noapparenthange in the overall local magnetic field. About an Hatar, the
abundance ratios of O/He and Fe/lHereased rapidly, imbout 60minutes,2.6 and 2.9-fold.
Theseratios stayed at thaigh levelalmost unchanged until 6 UT on November 7. phssage of
the November 4 shock causedlear dip of duration of 2 hours inelementakatios. From 9 UT
on November 7 to the end of the high enepgyticle event, the fluxes and abundance profiles
showed a smooth decrease. Thalsgervational results lead usdoncludethat most of the time O
and Fe nuclei were injected by timerplanetary shock associated with the coronal ragssion
emitted around 12 UT on November 6. However, between 18 UT Novenalner & UTNovember
7, particle fluxeswere dominated byarticle population with a differerglemental composition.
Thus, our results suppdtie conclusions bilazur et al. 1999 that at leasto particleinjections
were active during the November 1997 energetic particle event.
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