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Abstract. We present the results of a survey of en- was also valid for large solar energetic particle (SEP) events
hancements in the ratio ofHe/He as measured by the (Mewaldt et al., 1984). Such events are termed “gradual” be-
COSPIN/LET instrument on board the Ulysses spacecraft ircause of their association with soft solar X-ray emission char-
the energy range 2—20 MeV/n. In the context of this study, allacterised by a slow onset and relatively long decay phase.
ratios of*He/*He above 0.05 are considered to be enhancedrhe dominant acceleration processes for gradual events are
compared with the solar system value-©0.0004. Previ- CME (coronal mass ejection) driven shocks, which energize
ous studies have shown that enhanced fluxé$defare fre-  protons more efficiently than heavier ions. A second class
quently associated with small, impulsive solar flare events inof SEP event, termed “impulsive” because of a rapid, short-
which the observer is well connected to the flare site. Thesdived rise in solar X-ray activity and radio emissions, have
events also often show enrichments in heavy ion composibeen shown to provide enhancéide populations (Reames
tion compared with standard coronal values. Recent attenet al., 1988), with the ratio tbHe fluxes increasing by up to
tion has also focused cHe enrichments as evidence for re- 10* times that of the solar system value. Impulsive events
acceleration of remnant particle populations that are preserthave in general smaller fluences than gradual events and are
in the inner heliosphere following periods of enhanced solaralso characterised by elevated fluxes of heavier ions, most
activity. For this study, we have examined the Ulysses datanotably Fe (Mason et al., 1986). A review of the acceleration
set from launch (October 1990) up to the present, representmechanisms and characteristics associated with both types of
ing a full solar cycle. The spatial coverage extends from 1-SEP events can be found in Reames (1999).

5.4 AU in heliocentric distance, and effectively includes the

complete range of heliomagnetic latitudes from pole to pole. Recent measurements by more sensitive gnergeuo lon
We have identified 12 periods of enhandtefHe, occur- spectrometers on board the Advanced Composition Explorer

ring at heliocentric distances out to 5 AU, and helio-latitudes(ACE) spacecraft indicate that the above classificatioitaf

up to 48. We investigate the characteristics of the eventS,EOp;Iat'onS_m SEP events is not o rigid, and Fhat enhanced

many of which last for several days, in order to establish pos- HelHe rgmos have also been measureq during Iarg_e SEP

sible origins. events (Wlede.nbeck et gl., 2000). A p035|blg explanation for
such observations requires the re-acceleration®ferem-

Key words. Interplanetary physics (energetic particles) — nant population seeded in the interplanetary medium by an

Solar physics, astrophysics and astronomy (energetic partiearlier impulsive SEP event (Mason et al., 1999; Desai et al.,
cles; flares and mass ejections) 2001).

In this study, we make a systematic survey’se abun-
dances at 2-20 MeV/n using COSPIN/LET measurements
made by Ulysses throughout the complete mission, and at-
tempt to correlate our results with features in the solar wind

been shown to be-0.0004 by studying helium abundances and magnetic field data, and heavy ion fluxes. A previous

in the slow solar wind (Gloeckler and Geiss, 1998) and solarsg.arCh Iio@l—llggrel;ch eiv?nts udsmg rl]JIyssets ';”I'SCP;A‘II.E data;"
prominences (Hall, 1975). Early in situ observations of en—( \esecker, ) catalogued such events at low heliographic

ergetic ions indicated that a low value for thide/*He ratio latitudes before the spacecraft_ embarked on the f|r_st pass
of the southern solar polar regions. However, no evidence

Correspondence taC. Tranquille of 3He enhancements was found at higher latitudes in co-
(Cecil.Tranquille@esa.int) rotating interaction regions in their study.

1 Introduction

The ambient solar system value for tPide/*He ratio has
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Lof T no T ] Table 1. The 12 periods of enhancétie fluxes identified in this
| COSPINILET (2-20 MeVin) ] study With_an event'integrated ratio:ijﬂe/“Hg exceeqling O.QS. '_I'he
| Day 343-348/1999 table prowdgs dfetalls of the date and location (hgllocentrlc dllstance

08 ‘tertio < 0.440 1 (R) and helio-latitude) of each event, and the derfide/*He ratio

z Event Year Dayof R(AU) Helio- 3HeFHe

~ Year Latitude

£ 06

§ A 1990 300-302 1.03 4.98 0.110.010

s B 1990 311-315 1.09 3.78 0.388.022

% 04 C 1990 332 1.24 1.84 0.19:0.084

£ | D 1990 345-350 1.39 0.48 0.389.016

2 E 1990 359-363  1.53 -0.49  0.1£0.006
L F 1991 051-055 2.16 -3.00 0.388.019

0.2 G 1991 080-081 2.46 -3.68 0.0%0.004
* H 1999 096-097  5.02 -24.10  0.269.032

| 1999 343-348 4.25 -40.36  0.440.064

0.0 [ J 2000 007-009 4.13 -42.56  0.826.155

160 170 180 190 200 210 220 230 K 2001 086 1.49 -36.34  0.3%D.126
' ' ' “Charge ' ' ' L 2002 106 3.25 4845  0.1%D.050

Fig. 1. An example of the charge histograms obtained from the

D1:D2 pair of detectors for &He rich event. The®He and*He

populations are easily separated and are well-defined by standa@ clean separation between the two helium isotopes, with

Gaussian fits. Integrating the two Gaussian functions and takingwo well separated histograms, both allowing excellent fits to

their ratios yields théHe/*He ratios used in this study. The his- Gaussian profiles. This signature was used to systematically

tograms have been normalised to the maximum number of countgearch the complete LET pulse height data set for elevated

accumulated in a Single Charge bin during the Complete event. levels of the3He/4He ratiO, indicating enhance’%He popu-
lations. An example of the resolution &fle and*He using

. the charge histogram technique is shown in Fig. 1.
2 Instrumentation

A ratio of counts between the two helium isotopes exceed-

The data used in this analysis were obtained from the Lowng 0.05 and the ability to fit the histograms to Gaussian func-
Energy Telescope (LET) of the Cosmic Ray and Solar parlions with centre lines in the expected location, were used
ticle Investigation (COSPIN) flown on board the Ulysses &S criteria to define periods qf enrichéde. A total of 12 _
spacecraft (Simpson et al., 1992). The LET instrument meaSuch events were found during the complete Ulysses mis-
sures the flux, energy spectra and ion composition of solaion- Figure 2 shows the spatial dlstrlb.utlon of these events
energetic particles and low energy cosmic ray nuclei in the(labelled A to L) along the Ulysses orbit, and Table 1 sum-
energy range of-1 MeV/n to~75 MeV/n. The instrument Marises their dates, positions and the derfidd/*He ratios.
uses the standard dE/dX vs. E technique to provide pulséolour coded along the trajectory is the PHA derived 4-6
height analysis (PHA) information, allowing for the identi- MeV/n helium intensity, which is used to indicate the level
fication of the chemical species and the energy of individualof Solar activity. The in-ecliptic transit to Jupiter took place
particles. The telescope is also able to provide counting raté€ar solar maximum and sevéfie rich events (A-G) were
information of protons, alpha particles and groups of parti-S€€n. After early 1991, enhanced levelSigé were not seen
cle species in fixed energy channels. The present study wilgain until the next peak in the solar activity cyc!e_, indicat-
focus primarily on PHA data of 2-20 MeV/n helium ions, "9 a_clear solar cycle depend.ence. The remaining out of
using the D1 and D2 pair of solid state detectors. Data fromecliptic events (H-L) all occur in the southern heliosphere,
the Ulysses magnetometer (Balogh et al., 1992) and the solapith the exception of the last event (L) which was recently

wind instrument (Bame et al., 1992) have also been used ifécorded in the Northern Hemisphere as Ulysses made its
this study. way back down to the ecliptic plane. This is most likely due

to the phasing of the Ulysses mission with the solar cycle,

as opposed to any underlying asymmetry between the two
3 Observations and discussion solar hemispheres. What is apparent from Fig. 2 is that the

3He rich events identified in this study generally do not oc-
Soon after the launch of Ulysses, the COSPIN/LET instru-cur during large events with high helium and proton inten-
ment measured d&He rich event (Simpson et al., 1992), sities (e.g. Hofer et al., 2003). This would indicate a pref-
which was clearly seen in the D1:D2 pulse height matrix erence for the impulsive class of events. It may be that for
plot as a separate track from tfide track. The correspond- the more intense events, the signaturétéé ions is masked
ing signature in the D1:D2 charge histogram also providedin the spill over of the dominarfHe histogram contribution.
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Fig. 2. The Ulysses trajectory plotted as a function of heliocentric Fig. 3. The top panel shows 1.8-3.8 MeV protons and 1-5 MeV/n
distance and helio-latitude from launch in (October 1990) to May helium intensities (obtained from rate channels of the LET instru-
2002. The second orbit is slightly displaced from the true orbit, in ment) for a 26-day period centred about event | in 1999. The
order to separate it from the first pair of polar passages for clarity.middle panel shows the solar wind speed variations as measured
Colour-coded along the Ulysses trajectory is the PHA derived 4—6by the solar wind instrument (SWOOPS), and the bottom panel
MeV/n helium intensity measured by the COSPIN/LET instrument. shows the magnetic field magnitude obtained from the magnetome-
The 12 periods ofHe enrichments identified in this study have been ter (VHM/FGM) on board Ulysses.

labelled as events A to L on this diagram. Events A-G took place

during the in-ecliptic transfer to Jupiter (launch to February 1992),

and the remaining events (H-L) were during the high-latitude phasgar X-ray or radio emissions remains a future task and may
of the mission. provide direct evidence of a coronal origin for thee.

In Fig. 4 we plot the derivedHe/*He ratios as a function

of helio-latitude (top panel). There appears to be an increase
Conversely, we see no evidence for enhanced fluxes of heavin the ratio of the two isotopes with increasing helio-latitude.
ions in the COSPIN/LET data during the identified events, \We are, however, aware that this tentative observation suffers
as might be expected in the impulsive model. This observafrom a relatively small sample of valid events. Furthermore,
tion could be due to the fact that the events were relativelyprevious in-ecliptic measurements of the ratio have recorded
weak, thereby producing heavy ion intensities that were toovalues greater than 10 and show the variabilitfldé pop-
low for the sensitivity of the LET instrument. Furthermore, ulations. No correlation is seen if tiele/*He ratios are or-
the energy threshold of the instrument increases for heaviedered according to heliocentric distance (bottom panel).
ions (approximately 3 MeV/n and 4 MeV/n for oxygen and
iron, respectively). Increased heavy ion fluxes are, however,

clearly seen during large SEP events (Hofer et al., 2003). 4 conclusions

The 12 events do not seem to correspond to any salient fea-
tures in the solar wind or magnetic field observations which,The COSPIN/LET instrument provides good resolution of 2—
if present, might indicate particle confinement or association20 MeV/n3He and*He isotopes, allowing for the identifica-
with local travelling shocks. As an example, Fig. 3 shows so-tion of 12 distincHe rich events during the Ulysses mission
lar wind and magnetic field data for a 26-day period centredto date. These events are spatially distributed across the com-
about event I, together with proton and helium data obtainecplete heliocentric distance range of the Ulysses mission, and
from the rate channels of the LET instrument. There are ncspan to moderately high helio-latitudes, providing the first
significant features in any of the profiles during the period ofin situ observations of non-ecliptic energefidle popula-
enhancedHe. This observation is generally true for all of tions. There is a tentative correlation between events having
the 3He rich events identified in this report. A careful anal- a high®He/*He ratio and increasing helio-latitude, although
ysis of the exact onset time of thiéle enhancements may this may be a consequence of the relatively low number of
provide some correlation with small-scale features in the so-events identified. However, there is no apparent indication of
lar wind or magnetic field which have been missed in this the origin of the’He populations from signatures in the solar
study. An attempt to associate tRide rich events with so-  wind or magnetic field.
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