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Solar energetic proton intensity profiles at 5 AU from the Sun
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Abstract. We compare Ulysses particle measurements forportant results were discovered in this way, for example, the
two large gradual solar energetic particle (SEP) events, whicldependence of the rise time of a particle event on the helio-
took place on 24 August 1998 and 20 January 1999. Atgraphic longitude of the associated activity. Already at 1 AU,
these times the Ulysses spacecraft was close to the eclipticowever, a large number of particle events cannot be associ-
plane and at-5.2 AU from the Sun. The two events are ated with any solar activity.

characterised by similar time intensity profiles for 40-100 The interpretation of particle measurements at 5 AU from
MeV protons, both at Ulysses and at Earth orbit. Howeverthe Sun is generally not straightforward. Looking-gt MeV

the profiles at Ulysses in the 1.3-2.2 MeV proton energyproton data, for many enhancements at 5 AU it is not possi-
range are remarkably different, showing on 24 August 1998ple to find a corresponding one at 1 AU (Lagbal., 2000),

a smooth long duration event, and on 20 January 1999 twanaking it difficult to establish which is the parent solar event.
small intensity enhancements. We use particle data from théiowever in an earlier paper we have shown that for the much
Ulysses/COSPIN KET and ATs instruments, and from theless frequent cases where proton fluxes in the 40-100 MeV
IMP8/CRNC instrument. We discuss the possibility that the range were detected at 5 AU, a corresponding event at 1 AU
differences in intensity profiles in theMeV range may be could be identified (Dallat al, 2001). A comparison be-

a spatial effect and analyse the role of sector boundaries angveen fluxes at lower energies can then be attempted.

the spacecraft's magnetic connection to the corona in shap- |n this paper we focus on two large SEP events charac-
ing them. terised by similar particle intensity profiles at 1 AU and in
the high energy proton range at 5 AU. Fot MeV particles

at 5 AU, however, the profiles are very different, showing in
one case a smooth long duratien30 day) event, and in the
second one a depletion in flux 5 days after the flare onset,

Solar energetic particle (SEP) fluxes have been measured f(; llowed by an_oth(_er flux Increase. we d|_scuss the p033|b!llty
many years by detectors on board spacecraft. The intensit gt the depletlon in flux might be a spgtlal effect'and the im-
enhancements associated with solar activity are thoughtto b lications that th's.; would have on the interpretation of 5 AU
the result of two distinct processes: acceleration at the shoc ata for MeV particles.
driven by a coronal mass ejection (CME) close to the Sun
for the so-called gradual events and flare-acceleration in the
lower corona for impulsive events (Reanssl., 1996).

SEPs propagate through interplanetary space and can
detected at large distances from the Sun. Particles can al

1 Introduction

Observations

tslgwo large SEP events were observed following solar events
. . . which took place on 24 August 1998 and 20 January 1999.
be locally accelerated in the interplanetary medium at shoc n both days intense (X1.0 and M5.2) long duration flares

fronts. In this paper we focus on measurements made at 5.
AU by the Ulysses spacecraft, at times when it was close tQvere observed, and a halo CME was reported for the second
the ecliptic plane ' date by the Manua Loa Solar observatory, with no SOHO

. : . : observations available for either event (Dataal., 2001).
A typical approach in the analysis of particle enhance-

ments in 1 AU data consists in looking for parent solar events _F('jg‘ L ShOV\{S houtrlt);]avtt_erage?t?]f SEP fltuxe? andq I;)cal SOI?;_
in time association with the particle enhancement. Many im- VNG parameters at tne time of the events, at a distance o

AU from the Sun, as measured by instruments on board the
Correspondence tdS. Dalla (s.dalla@ic.ac.uk) ACE and IMP8 spacecraft. Data displayed cover 38 days.
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Fig. 1. Measurements of SEPs at 1 AU from the Sun for the events on 24 Aug 1998 (a) and 20 Jan 1999 (b). The format is the same for (a)
and (b), as follows. Top panel: from top to bottom curves: fluxes of 1.9-5 MeV protons (ACE/EPAM); 30-95 MeV protons (IMP8/CRNC)
and 6-12 MeV electrons (IMP8/CRNC). Second panel: solar wind speed (ACE/SWEPAM). Remaining panels: magnetic field magnitude
| B|, meridional angle) and azimuthd (ACE/MAG). Each tick on the x-axis is one day. Particle fluxes ar@in® s st MeV) ™.

In both cases the solar event was sufficiently energetic td8-125 MeV proton channel during the whole of 1998 and
produce relativistic electrons and high energy protons, as cat999. These data show a statistically significant recurrence
be seen from the bottom and middle plots in the top panelsvery~140 days (Dalleet al, 2001). The events of 24 Au-
of Fig. 1 (data gaps are present in the IMP8/CRNC channelgust 1998 and 20 January 1999 are part of the recurrent se-
at the start of both events). The solar wind and magneticquence.
field data show the arrival of a large shock 32 hours after . . .
the flare onset on 24 Aug 1998 and after 48 hours on 20 Jan From a comparison of Figs. 1and 2, we associate the mea-

1999. The fluxes of 1.9-5 MeV protons show a large increaseSurements at1and 5 AU for both (a) and (b). At5 AU, we

; ] rve that the overall time intensity profile in the ATs 1.3—
in correspondence with both shock passages. Local shoc%ybSe € that the overall time intensity profile in the ATs 1.3

: . . .2 MeV channel is very different in the two events. The
acceleration can be seen also at higher energies, less clear] . . .
2 Aug 1998 event is characterised by a smooth particle flux
for the January 1999 event.

with very slow decay, lasting a total of 30 days. In the 20 Jan
We observe that the two events have a very long durationj 999 event a drop in the ATs intensity is seen, starting on day
of approximately 7 days in the relativistic electron channel. 26. The intensity continues to decrease until day 32 of 1999,
The timescales are very similar in the two cases. when another enhancement peaking on day 37 is seen. The
Fig. 2 shows the measurements made by the Ulysses spacde-4—25 MeV proton flux also shows a similar profile, with
craft at~5.2 AU from the Sun and close to the ecliptic plane, the second peak less pronounced.
during the same time periods. In both panels large flux en- 1he very different intensity profiles in thel MeV range
hancements are seen for protons of energies from the 1.3556 at Ulysses are the focus of this paper. Lookinght
2.2 MeV range (COSPIN-ATs channel) to the 38-125 MeV \iev data only, one would classify the two enhancements
range (COSPIN- KET channel). Relativistic electrons aretaking place between day 20 and day 52 of 1999 as two sep-
detected only for the January 1999 event. arate particle events. However we argue that both are asso-
SEP events of this type are quite rare at 5 AU: in fact only ciated to the same solar event, taking place on Jan 19. The
four main flux enhancements were detected at Ulysses in thpustification for this assertion lies in the comparison of the
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Fig. 2. Measurements at 5 AU from Ulysses instruments, for the same time periods as in Fig. 1. The format is the same for (a) and (b), as
follows. Top panel: from top to bottom curves: fluxes of 1.3-2.2 MeV protons (COSPIN-ATSs); fluxes of 5.4-25 MeV protons and 38-125
protons (COSPIN-KET); count rates of 3—-10 MeV electrons, divided by a factor 100 (COSPIN-KET). Fluxegaré insr MeV) ' and

count rates is~*. Second panel: solar wind speed (SWOOPS). Remaining panels: magnetic field majgaijtuderidional angles and

azimuthé (magnetometer).

January 1999 data with the August 1998 one. Superimpos-

ing the ATs 1.3-2.2 MeV fluxes for these time periods, one

can see that the timescales in the two periods become very

similar if one assumes that both enhancements in 1999 are

associated to the same event, and that some most likely spa-

tial effect is causing the depletion in flux centered around day

31 of 1999. v g
Other facts point towards the second enhancement in the

Ulysses ATs data in 1999 not being associated with a separate

solar event. Analysis of the 1.9-5 MeV proton data from

ACE/EPAM in Fig. 1 does not show a two-peak structure.

Also, analysis of flare catalogues in Solar Geophysical Datd19- 3. Connection of Earth orbit spacecraft and Ulysses to the Sun

shows that, besides the flare on 20 January, the only otheq‘t the start of the two SEP events. The arrows indicate the solar

long duration flare in the period displayed in Figs. 1 and 2'°ngitude of flares associated to the events.

was a C5.1 flare on day 35 of 1999, after th#leV flux

in the ATs instrument had already started to increase. We

observe that at the beginning of 1999 the Ulysses footpoinsPeed measured at the start of the two SEP events.

was well visible from the Earth. We observe from Fig. 3 that the footpoint of the magnetic
For a more detailed interpretation of the measurements ofield line through Ulysses has a much smaller longitudinal

Figs. 1 and 2 we need to consider the location of the spaceseparation from the flare site in the event of 20 Jan 1999

craft and the longitude of the associated flare. This informa-than for 24 Aug 1998. This results in a much faster rise

tionis given in Fig. 3, also showing the Parker spiral field line time for the former event. The rise time at Ulysses for the

through Earth and Ulysses calculated using the solar windB—10 MeV electrons is-10 hours, indicating good connec-

(a) 24 Aug 1998 (b) 20 Jan 1999
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tion to the acceleration source. Analysis of the onset in Fig.the influence of sector boundary crossings on the timescales
2 (b) shows that the rise time is also small in the ATs 1.3-2.2and rise phases of particle events has concluded that these do
MeV channel, being 0f20 hours. The time a 2 MeV pro- not affect particle profiles (Kahleat al,, 1996).

ton takes to reach Ulysses by travelling along a Parker spi- Our analysis of the profiles e§MeV protons at 5 AU from

ral of length 14 AU can be calculated to be about 30 hoursthe Sun has shown that the depletion in particle intensities
We conclude therefore that some contamination from highewbserved on 20 Jan 1999 is not associated with local abrupt
energy particles is the most likely cause of the small peakchanges in the solar wind speed or the magnetic field polar-
starting on day 21 in the ATs 1.3-2.2 MeV channel and pos-ity. In fact, our data show a remarkable degree of decoupling
sibly in the KET 5.4-25 MeV channel. Analysis of the ATs of the particle fluxes from the local solar wind conditions.
anisotropies shows strong anti-solar streaming during the onAs far as sector boundary crossings are concerned, this is ex-
set phase of the two events (in January 1999 after the smaftected since the coronal magnetic fields do evolve on the Sun
peak described above). These large anisotropies are maimver the time scales necessary for the magnetic polarity to be
tained for over 4 days in each event. carried outto 5 AU.

Regarding the solar wind and magnetic measurements at When comparing the solar wind conditions during the two
Ulysses, we observe that on 24 Aug 1998 Ulysses and EartSEP events, we observe that many more stream interaction
are separated in longitude by T74nd we do not expect any regions are present in January 1999, when compared to the
correlation in the local parameters at the two spacecraft. Owvary flat solar wind speed time profile of August 1998.

20 Jan 1999 their longitudinal separation i$ 48ssociation It has been suggested in the literature that during periods
of shocks and magnetic field structures at the two spacecrafdf sustained high solar activity the inner heliosphere acts as
is uncertain. a reservoir for low energy particles (Roelef al, 1992).

Looking in detail at Fig. 2 (b), we searched for tempo- Within this interpretation, the depletion irl MeV fluxes
ral coincidence between the start and end of the depletiombserved in January 1999 could be related to the three-dimen-
zone and changes in the solar wind speed or magnetic fieldsional structure of the reservoir, with the drop in flux taking
We observe that a decrease in particle flux is seen not onlplace as connection to it is lost.
in the ATs channel, but also in the KET 5.4-25 MeV and
38-125 MeV proton channels. The onset of the decrease agf*cknowledgementsThe authors acknowledge use of ACE Level 2
pears to be around 4:00 UT on day 26. The solar wind andfat@; they thank the members of the MAG, EPAM and SWEPAM
magnetic field data are characterised by the arrival of thred'Struments for their work in providing the data used in this pa-

. . . per. They also thank the Ulysses SWOOPS team. Ulysses research
shocks: on day 25 (at 11:45 UT), day 28 (at 22:43 UT) andat Imperial College is funded by the UK Particle Physics and As-

day 3,7 (at 11:57 UT) (R.J. qusyth, private Communic"’,‘tion)'tronomy Research Council. IMP 8 work is performed under the
The first of these shocks arrives at Ulyssel hours prior  5;spices of NASA grant NAG5-8032.

to the start of decrease in particle fluxes observed in the ATs

and KET proton data, thus not in time coincidence. There is

no detectable change in intensities close to the second shocReferences
while the arrival of the third shock, on day 37, is in time coin-
cidence with the end of the depletion phase in the ATs inten
sities. There appears to be no correlation between changes in
the magnetic polarity and changes in particle intensities.
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