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Abstract. Observations of 9 Solar Energetic Particle eventsof events. 3He/*He ~ 1 is typical in impulsive events,
detected by the instrument NINA from November 1998 to while *He/*He < 1% belongs to gradual SEP events (Chen
April 1999 will be presented. NINA is a silicon-based Guzik & Wefel, 1995; MasonMazur & Dwyer, 1999).
space detector in orbit since July 1998 on board the RussiaRrecise measurements of tHee/*He ratio can provide new
satellite Resurs-01-N4, which flies at low altitude (about 800constraints on existing theories that disctide acceleration
km) in polar inclination. mechanisms and propagation processes.

For every SEP event we reconstructed the power‘lde On the other hand it is known that to an enormous
spectrum in the energy interval 10-50 MeV/n, extractingabundance of3He in SEPs does not correspond an
spectral indexes from 1.8 to 6.8. Data’éfe and*He were  overabundance 6H and?H. While solar>He was detected
then employed to determine tHele/*He ratio, that turned by many observers, solaH and®H have proven to be very
out to be high for some SEP events showing the enrichmentare and difficult to detect in SEPs (Anglin, 1975; Mewaldt
in 3He. For the 7 November 1998 event this ratio reached& Stone, 1983; Van Hollebeké/cDonald & Trainor, 1985;
the maximum value of 0.3% 0.06, with spectral indexes McGuire von Rosenvinge & McDonald, 1986).
2.5+ 0.6 and 3.7+ 0.3 for®He and*He, respectively. The Aim of this article is to present measurements of light
3He/*He ratio averaged over the remaining events was 0.011sotope abundances in 9 Solar Energetic Particle events
+ 0.004. detected in the period October 1998 — April 1999 by the

For all events we determined the deuterium-to-protoninstrument NINA. The telescope NINA was launched on
ratio. The average value of tRe&i/'H ratio, over all events, the 10" of July 1998 from the Baikonur launch facility, on
was (3.9:1.4)x 1075 in the energy interval 9-12 MeV/n. board of the Russian satellite Resurs-01-N4. The orbit of the
During 24 November 1998 event, however, this ratio resultedspacecraft is sun-synchronous, with 98 degrees of inclination
about 10 times higher than normal coronal values. and about 800 km of altitude.

. 2 Instrument
1 Introduction

. : . The telescope NINA is a tower composed by 16 planes,
Solar Energetic Particles are now believed to come from tWOeach made of two silicon detectors. seamented in 16 strips
different sources. The SEPs from solar flares have 1000- , S€9 P

fold enhancement iftHe/*He and enhanced heavy ions with orthogonqlly glued s0 as to provide the X and ¥ information
. : of the particle track. The first two detectors are 1&H0thick,
respect to solar abundances (impulsive events). However | . . .
. .while the thickness of all the others is 386h.
the most intense SEP events are produced by accelerations : )
NINA geometrical factor for helium and hydrogen

at shock waves driven by Coronal Mass Ejections. VariousI otobes is about 10 dsr. decreasing as a function. of
aspects of gradual and impulsive SEP events have beel)?nerp The mass resolutié)n of the insgt]rument is about 0.15
compared in a variety of review articles [(Reames, 1999) an 9y . : :
: amu for He isotopes and about 0.1 amu for H isotopes. The
references therein]. o ) e
. . . energy resolution is about 1 MeV. A detailed description of
Especially the?He/*He ratio characterizes the two types . . : )
the instrument and its performance in orbit are reported by
Correspondence tdR. Sparvoli Bakaldin et al. (1997); Bidoli et al. (1999, 2001). NINA
(Roberta.Sparvoli@roma2.infn.it) measurements of trapped light particles will be presented at
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SEP date Observationtime NOAA Class Location  Time of X-ray -~ SHef'He x10~2 ?H/'H x10~°
(um (X-ray/Hca) event (UT) [15-45 MeV/n]  [9-12 MeV/n]
06.11.98 309.3& 310.52 8375 Cl.1/SF N19W25 04:38 4.7+04 6.5+ 4.3 <5
Cl4/SF 04:56
07.11.98 310.52- 310.89 8375 M2.4 /- - 11:06 3.7+£0.3 33+6 3.44+6.1
08.11.98 311.34- 311.87 8379 C2.4/SF S20W67  20:20 (07.11p.8 +1.4 23 +10 5.3+ 11.1
14.11.98 317.36- 317.54 8385 C1.7/BSL  N28W90 05:18 1.8+0.1 1.1+0.3 1.7+ 23
320.60-+ 322.25
22.11.98 325.32- 326.33 8384 X3.4/1N S27W82 06:42 1.9+04 <28 5.14+9.0
24.11.98 328.3@- 331.14 8384 X1.0/- - 02:20 3.5+0.2 4.1+3.2 35+ 14
20.01.99 19.96- 21.93 - M5.2 /- - 20:04 2.8+0.2 0.3+0.6 3.50+28
22.01.99 21.93- 23.90 8440 M1.4/SF N19w44 17:24 4.2+0.1 —0.1+0.6 0.7+1.1
16.02.99 46.23- 48.04 8458 M3.2/ SF S23wW14 03:12 34407 —0.1+£8.0 37+ 80

Table 1. SEP events and characteristics of suggested associated solar events. Second column: NINA observation time (day of the year)
during the SEP event. Third column: NOAA region number of the associated flare. Fourth column: importance of the flare in terms of
X-ray/Ha classification. Fifth column: location of the flare in heliocentric coordinates. Sixth column: starting time (hh:mm) of the X-ray
event. Seventh column: spectral indgfrom “He flux. Eight column2Hef*He flux ratio. Ninth column?H/*H flux ratio.

3 two separate emissions. For the other events we registered

N 7 Nov 98 increases of one or two orders of magnitude on average. The
events of 6-7-8 November 1998 and those of 20-22 January
1999 occurred in a very close period of time, so that there
might be effects of superposition between events. However,
their spectral characteristics and isotope composition are
very different from one to another.

Helium observations range from 10 to 50 MeV/n. The
energy spectruny(E) during SEPs was fitted by a power-
law component plus the galactic backgroun@d®) measured
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5 - e by our own instrument in the same period (Bidoli et al.,
g . 2001):
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The value ofy (spectral index) for each event is reported

Fig. 1. 7 November 1998 SEP event: mass reconstructions (left) andn Table 1. We can see that it varies considerably from event
differential energy spectrum foiHe and”He (right). The dashed g event, ranging from 1.8 in the 14 November 1998 event
line represents the galactic background. to 6.8 in the 8 November 1998. It is interesting to notice
that the 6 November 1998 and 7 November 1998 occur in
the same NOAA region but present different values of the
spectral index. The same holds for the 22 November 1998
and 24 November 1998 SEP events.
In order to study the rare isotope abundanéet tHe) in
the analysis of SEPs it is necessary to subtract the solar quiet

SEP events were identified by monitoring the occurrence?@ckground, and to take into account secondary productions

of an unpredictable increase in the trigger counting rate of'Side the instrument induced by high energy solar particles.

the instrument, increase of at least one order of magnitudé_abrl]e 1 summarizes the Te?surﬁments of the mf;:;
with respect to the averaged solar quiet values. Nine sucf? the range 15-45 MeVin for the nine SEPs, w

increases in the period October 1998—April 1999 have beeﬁepresents the tPta' flux that we measured after background
detected and identified as Solar Energetic Particle events. subtraction. During the 7 and 14 November 1998 SEP events

A summary of all nine SEP events observed by NINA this ratio is 3 standard deviations more than the solar coronal

is presented in Table 1, together with characteristics of the/alue.

solar events that can be associated to the SEPse event For :he t7 thO\?emb.er tevent we rep?r;t n '}gt_;ée 1 dthe
of 14 November 1998 was the most powerful, where theiecons ructed helium isotope masses (left) an an

counting rate increased of almost 3 orders of magnitude with Heht(jiﬂ_lei;]egthal energzy sp_ectrll_m;]t:n ;[]he dfull f';eggi i(;l'zserval
respect to solar quiet periods. It is visible from Table 1 that(rlg )- The“He spectrum is slightly hardes = 2. -6)

1 - 2T
it lasted several days and was detected by our instrument iH""%” -He 0= 3'7.i 0.3). T.h|s |mp||es that théHeFHe
ratio increases with energy in this event. Extrapolating the

lgopher://solar.sec.noaa.gov:70/11/indices. 3He energy spectrum measured by NINA to lower energies,

this Conference (Bakaldin et al., 2001).

3 SEP measurements
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the inferred®He/*He ratio for this SEP event would be about ~ *'®"
10~4, in agreement with measurements taken on board ACEF o2
[ULEIS instrument, (MasonMazur & Dwyer, 1999)] in the
energy range 0.5-2.0 MeV/n.

For the 7 November 1998 event we reconstructed the
emission time profiles of different particles. We utilized
a fitting function, which takes into account both the 02
propagation in the solar corona and the diffusion of particles ~ °'®

to the Earth (Burlaga, 1967):
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Fig. 2. Counting rate of deuterium (Energy 9 MeV/n) during the
months November—December 1998.

Countingrate (t) = A (t — to)~2® e~ 2B tmaz/(t=to) [,

where t is expressed in daysg, corresponds to the
beginning of the 7 November 1998 event, and A ang.t
are the two parameters of the fit. The values,pf,tare  is then equal to: (N-1)/T-7), wherer is the dead time.
equal to 0.1530.002 for protons, 0.1540.006 for'He, and  The counting rate so evaluated is determined sequentially
0.18+0.03 for®He. Direct propagation from Sun to Earth for each event, and assigned to the moment the first event
takes, for 10 MeV/n particles, roughly 1 hour; taking into was recorded (Efremoy@®zeroy & Khodarovich, 1997). In
account this value, and assuming that the main part of the=igure 2 we have chosen N=7. Due to background conditions
particle emission occurs beforg 4., it is possible to infer  two days, corresponding to 14 November 1998 event, were
that the time for coronal propagation for the three nuclearexcluded from the analysis.
species is not more than 3 hours. In Figure 2 a peak of counting rate is visible, in possible
The strongest solar event that we detected, as alreadyorrelation with the 24 November 1998 SEP event. Figure
mentioned, was the one of 14 November 1998. Due to the3 shows the mass resolution of hydrogen isotopes for the 24
very high flux intensities, which increased the noise of theNovember 1998 (right) together with the distribution of the 6
detector, in this event théHe spectrum was reconstructed November 1998 (left). These two SEP events correspond to
only by nuclei which crossed at least 7 silicon layers in the maximum and the minimum of the deuterium component
the instrument; the’He/*He presented in Table 1 is in that NINA detected.
fact relative to the energy interval 25-45 MeV/n. For this
event there are other measurements of ¥He/*He ratio,
performed by the IMP-8 (Dietrich et al., 1999) and SIS 4 Discussion

instrument (Cohen et al., 1999). Their measured values are . .
respectively R = 0.02- 0.01 in the energy interval 30-95 The wave resonance (Roth & Temerin, 1997) is known to be

MeV/n, and R = 0.005 in the range 8-14 MeV/n. the most likely mechanism fdHe acceleration in SEP event

Table 1 presents also the ratios between the deuterium andR€ames, 1999), and probably acts during the 7 November
proton fluxes (last column) after background subtraction, ingggs event. This mechanism, however, accelerates both
the range 9-12 MeV/n. Since the two isotope measurements 1€ and heavy ions. The ratio of heavy afide ions
span two different energy regions (11-16 MeV/n for protons'S determined by the temperatu_re anq Qensny_of the flgre
and 7-13 MeV/n for deuteriums), we utilized the proton plasma, and by the wave properties. It is interesting to notice
spectral index from IMP-8 datao extrapolate théH flux
in the deuterium energy region. The rafibl/'H has an
average value of aboy8.9 + 1.4) x 10~° for all events;
this value is in agreement with a previous measurement
(Anglin, 1975), which reported #H/'H ratio equal ta(5.4 +
2.4) x 1075 between 10.5 and 13.5 MeV/n, averaged over a
large number of SEP events, consistent with solar abundance [
values (McGuirevon Rosenvinge & McDonald, 1986).

In the 24 November 1998 event, however, the deuterium
emission was probably more intense, with a deuterium-to-
proton ratio equal t@3.5 & 1.4) x 10~%, almost 10 times
higher than the coronal value. Figure 2 presents the counting+ L
rate of deuterium during the months November—December ‘ L EL |
1998. To plot this picture, we utilized a technique that first 0 1000 2°°°M055(Mj,§°° ° 1000 2°°°M055(Mj,(;°°
calculates the time intervaAT covering a fixed number

N of successive events of deuterium. The counting ratq:ig_ 3. 6 November 1998 and 24 November 1998 SEP event: mass
2http:/Inssdc.gsfc.nasa.gov/space/spatysics. home.html. reconstruction (Energy 9 MeV/n) for the hydrogen isotopes.
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that data reported by ACE (Klecker et al., 1999) identify therefore of deuterium, in our measurements.

this SEP event as gradual by the low ratio Fe/O. In this Following the hypothesis reported in the work by Mason

work the ionic charge of several heavy ions, including iron, Mazur & Dwyer (1999) it could be suggested that the

was determined too. These measurements at low energgeuterium observed by NINA on 24 November 1998 was

(0.2—0.7 MeV/n) are consistent with an equilibrium plasma produced in previous impulsive events, and remained in

temperature of 1.3-1.6x 10% K and with typical solarwind  the low corona before being erupted and accelerated. This

values, suggesting acceleration from a solar wind sourcesuggestion is supported by observations of the Tibet solar

With a plasma temperature of 2 MK (Roth & Temerin,  neutron telescope, which observed possible solar neutrons in

1997) predict the existence of a large population of oxigen atassociation with the flare of 23 November 1998 (Hoshida et

the same energy per nucleor’ade, which was not observed al., 1999). In association to this, Yoshimo8hiozawa &

by our instrument. It would be interesting to compare Suga (1999) reported gamma ray lines observed during 22

our measured spectral behaviour®bfe and*He with the November 1998 event at the same NOAA region as for 24

predictions of this model, but complete spectral calculationsNovember 1998 SEP event.

are not yet available. In the 24 November 1998 event perhapdi& enrichment
Some observations reported, already since 1970 (Hsielwas also present (Table 1). The ratid/He measured by

& Simpson, 1970; Webber et al., 1975), that a sniale NINA was of the order of 1, as expected from the cross

enrichment is also present in large events. More recentlysection ratio and propagation effects.

Chen Guzik & Wefel (1995) analyzed 16 SEP events and In conclusion, the presence of deuterium in SEPs, coming

found that even extremely large SEP events had a valuérom secondary interactions in the solar ambient, suggests

of 3Hel*He greater than 0.5%, one order of magnitudethat part of the®He contents in Solar Energetic Particle

greater than solar wind values. This evidence was reporte@vents may also have this origin.

also by MasonMazur & Dwyer (1999), who observed 12

large SEP events with an average value’lde/'He about  AcknowledgementsiVe acknowledge the Russian Foundation of
(1.9+£0.2) x 103, Base Research, grant 99-02-16274, who partially supported the

Our 3Hel*He ratio measurements, reported in Table 1, RuSsian Institutions for this work.

seem to confirm the fact that in all SEPs there is a quantity
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