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Abstract. Ulysses observations have shown that solar enerand in the ecliptic shows that energetic particle access to high
getic particles (SEPs) can easily reach high heliographic latfatitudes is a normal occurrence rather than an exceptional
itudes. To obtain information on the release and propagatiorone (McKibben et al., 2001).

of SEPs prior to their arrival at Ulysses, we analyse the onsets The U|ysses observations pose a Cha”enge to our under-
of nine large high-latitude particle events. We measure thestanding of SEP acceleration and propagation. The most
onset times in several energy channels, and plot them versuygyoured explanation for long duration SEP events (so-called
inverse particle speed. This allows us to derive an experimengradual events) is that particles are accelerated at the shock
tal path length and time of release from the solar atmosphereyriven by a coronal mass ejection (CME) in the corona and
We repeat the procedure for near-Earth observations by Winghterplanetary space. Within this model, the most important
and SOHO. We find that the derived path lengths at Ulyssesactor in determining the intensity profile of SEP events is the
are 1.06 to 2.45 times the length of a Parker spiral magnetignagnetic connection to the shock that accelerates the par-
field line connecting the spacecraft to the Sun. The time ofticles. Interplanetary scattering is thought to be of minor
particle release from the Sun is between 100 and 350 mifmportance in determining the observed profiles (Reames,
later than the release time derived from in-ecliptic measure-1999). Therefore, SEPs would be expected to reach high

ments. We find no evidence of correlation between the delaYatitudes in cases where the CME shock extends to the h|gh_
in release and the inverse of the speed of the CME associatggtitude magnetic field lines.

with the event, or the inverse of the speed of the correspond-

ing interplanetary shock. The main parameter determiningshowed that the CME shock did not extend to high latitudes

the magnitude of the delay appears to be the difference M this event. They explained the large delays in particle on-

latitude between the flare and the footpoint of the spacecraftSetS at Ulysses and the large apparent path length travelled by

the particles as due to significant cross-field diffusion. They
Key words. Interplanetary physics (energetic particles) — suggested that the latter might arise as a combination of dif-
Solar physics, astrophysics and astronomy (energetic partifusion by turbulence in the interplanetary magnetic field and
cles, flares and mass ejections) the random walk of the heliospheric magnetic field lines.

As an alternative to cross field diffusion, it has been sug-
gested that particles might reach high-latitude magnetic field
lines close to the Sun. Models have shown that magnetic
field lines connecting high latitudes with low-latitude active

The passages of the Ulysses spacecraft over the poles of yfggions existin the solar corona (Neugebauer et al., 2002).

Sun in 2000 and 2001, during solar maximum conditions, Onsettime analysis can provide information on the propa-
provided measurements of solar energetic particles (SEPs) &@tion of the first arriving particles prior to reaching a space-
high heliographic latitudes. The Ulysses data have showrfraft. If acceleration occurs simultaneously at all energies
that SEPs can easily reach high latitudes. For example, &nd scattering is low, faster particles will reach a spacecraft

comparison of intensities of 70 MeV protons at Ulysses earlier than slower ones. A plot of particle onset times in sev-
eral energy channels versus the inverse particle speed will be

Correspondence tdS. Dalla (s.dalla@ic.ac.uk) characterised by a slope giving the experimental path length.

In their analysis of the Bastille event, Zhang et al. (2003)

1 Introduction
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Table 1. SEP events at high latitudes

eventn year date doy SXRonset CMEonset flareloc. SXR clasgyssB{AU) Ulysses heliolat

1 2000 14Jul 196 10:03 10:54 N22 W07 X 5.7 3.17 -62.1
2 2000 12Sep 256 11:31 11:54 S17 W09 M 1.0 2.80 -70.9
3 2000 8Nov 313 22:42 23:06 N10 W77 M7.4 241 -79.3
4 2001 15Aug 227 - 23:54 - - 1.63 +63.1

5 2001 24Sep 267 09:36 10:30 S16 E23 X2.6 1.90 +78.2
6 2001 4 Nov 308 16:03 16:35 NO6 W18 X18 2.18 +77.6
7 2001 22 Nov 326 20:22 20:30 S25 W67 M 3.8 231 +73.7
8 2001 26 Dec 360 04:32 05:30 NO8 W54 M7.1 2.54 +66.7
9 2002 21 Apr 111 00:59 01:27 S14 W84 X15 3.28 +47.9

\ \ In the absence of scattering this will coincide with the phys-
10 4 SEPs: protons 38-125 MeV

§ ical distance travelled by the particles between the accelera-
s 1 tion region and the spacecraft. The apparent time of release
~ 0] of the particles from the acceleration region can also be de-
s %] rived.

& o.001 4

90 ‘ . : : Onset time analysis of Wind data has shown that the first
60 1 Ulysses heliolatitude electrons arriving at a near-Earth spacecraft have typically
30 1 travelled a distance equal to the length of a Parker spiral mag-
netic field line connecting the spacecraft to the Sun, i.e. ap-
proximately 1.2 AU (Krucker et al., 1999). Their propagation
appears to be scatter-free. Protons, on the other hand, show

two distinct types of behaviour: in some cases they travel
~1.2 AU but are released approximately 1h after electrons;

-30 A
-60 A
-90

[deg]

o
2 1 e o s in other cases they travel a length o2 AU but appear to
24 o® N be released simultaneously with electrons (Krucker and Lin,
1] 2000).
J ‘ ‘ ‘ In this paper we present an onset time analysis of high-
800 solarwind speed b nahls latitude SEP events. We use data from the Ulysses COSPIN
T 600 4 L ¥ experiment and compare the onsets at high latitudes with
£ | | those observed in the ecliptic by Wind 3DP and SOHO
400 4 P v COSTEP. We discuss whether the results of the onset time
“ ‘ ; “ analysis can help to identify the mechanism by which SEPs
180 | -;v"*'ﬂi. : NJ.‘.,: w‘p{ 4t £4) reach high_ latitudes. Experimental values of the path_ length
_ % 15, Tk for high latitude SEP events could be used to constrain mod-
g 0 —%\ﬂq’ ) els of solar particle and cosmic ray propagation.
90 z: 5 ) i"’i)% Ulysses footpoint longitude
180 P T%a,, Wit Central Meridian
‘ ‘ ‘ ‘ 2 Data analysis
2000.5 2001.0 2001.5 2002.0
Time [decimal year] Figure 1 shows an overview plot of the Ulysses SEP mea-

surements between February 2000 and May 2002. During
Fig. 1. Overview of Ulysses SEP high-latitude measurements.thjs time, Ulysses travelled over the South Pole of the Sun,
From top to bottom panels: SEP fluxes for protons 32-125 MeVihen moved northwards, crossing the ecliptic and passing
(COSPIN/KET); Ulysses heliographic latitude; Ulysses distanceover the North Pole (see second panel in Fig. 1). The dis-

from the Sun; solar wind speed (SWOOPS); longitude of the nom-, oo ot the spacecraft from the Sun in this period varied
inal footpoint of a Parker spiral field line through Ulysses, with re-
between 1.3 and 4.0 AU.

spect to Central Meridian (the footpoint position is calculated by e
using the measured solar wind speed). The dots on the plot are at 1 N€ top panelin Fig. 1 shows several large SEP events be-

the start time of the 9 large SEP events considered in the onset tim#d detected at high heliographic latitudes. We selected for
analysis. our study SEP events producing large count rates in the KET

38-125 MeV proton channel and obtained a list of 9 events.
The start times of the SEP events are indicated by dots in
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Fig. 2. Plots of onset time versugv near Earth (empty symbols) and at Ulysses (filled symbols). Details of the 9 events are given in Table 1.
Onset times are given in minutes from the start time of the GOES SXR flare.

the panels of Fig. 1. Details of the events, and of their as-wherev is the particle speed. If particles in all the energy
sociated Soft-X-Ray flares and CMEs, are given in Table 1.ranges considered are released simultaneously and travel the
During the events, Ulysses’ distance from the Sun was besame distance, i.e. the quantities, and L are independent
tween 1.63 and 3.28 AU, and for all but one event its latitudeof energy, onset times plotted versys lie on a straight line.

was in magnitude between 6@nd 80. Four of the events The slope of the line gives the experimental path length and
took place while the spacecraft was immersed in fast solathe intercept with the-axis gives the time of particle release.
wind (over the North pole of the Sun), three in slow solar

wind and two in intermediate speed wind (around 600 km/s).2.2 Instruments and onset time measurement

2.1 Onsettime analysis We measured onset times from energetic particle data

recorded out of the ecliptic by the Ulysses COSPIN ex-
A particle of energyE released from the acceleration region periment (Simpson et al., 1992) and near the ecliptic by
at the timersyn and travelling scatter-free a distantewill Wind/3DP (Lin et al., 1995) and SOHO/COSTEP ifNér-
reach the detecting spacecraft at the time: Mellin et al., 1995). The COSPIN experiment consists of
several separate energetic particle detectors. We measured

tsi(E) = tsun+ L/v(E), (1) electron onset times from the HET instrument (electrons 1-3



1370

S. Dalla et al.: Delay in solar energetic particle onsets

[7] [8]
800 T S 800 T
7
7
e
. 600 - 1 —~ 600
E -7 g
£ % 3
e -
£ 400 % 1 g 400 -
3 3 -7
] ] ~
2 2 )
5 oo 1 © 200 %;,l/ o
& t
- - B
e .
0 -8B I I I I I 6] I I I I I I
2 4 6 8 10 12 0 2 4 6 8 10 12
c/v c/v
(9]
800 T
s
7/
/
- 600 s 1 & Wind/3DP—electrons
= 7 A SoHO/COSTEP—electrons
— s o SoHO/COSTEP—protons
g 400 ? k R v Ulysses/HET—electrons
- %% a Ulysses/HET—protons
o Y e Ulysses/KET—protons
5 200 / ] m Ulysses/LET—protons
¥ Ulysses/HFT/AT—protons
ol
0 2 4 6 8 10 12
c/v

Fig. 2. continued...

MeV). For protons, we used channels from the HET, LET, range, which would result in a large error in the determina-

ATs and HFT. Most of the HET proton channels are con-tion of ¢/v. These channels have only been used when it was
taminated by electrons during the onset of SEP events. Fopossible to verify from other higher energy channels that par-
some of these channels we were able to subtract the eledicles of energyFmnax were present.

tron contributions. For Ulysses, we used spin-averaged data.

The pitch angle of the particles responsible for the measured

onset might not be zero. If we use Eq.(1), a honzero pitch3 Results

angle would result in the experimental path length being
larger than the actual path length by approximately a fac-
tor of 1/ cosd, with 6 representing the pitch angle of the first

arriving particles. A further complication to the above con-
sideration is the decrease in particle pitch angle as particle
travel away from the Sun in the interplanetary magnetic field

(focussing). Wind/3DP electron data at zero pitch angle anq_“ET and KET instruments, and for large values:gf from

SOHO/COSTEP electron and proton data were used. the LET, HFT and ATs. For several events it was not possible
We determined onset times by following the proceduretg determine the onsets properly in the low energy channels,
outlined by Krucker et al. (1999). This involves subtraction pecayse pre-event fluxes were not at background level. Mea-
of the pre-event background and calculation of its standardsyring the onset time in these cases would result in artificially
deviationo. The upper limitrypper to the onset time is the large onset times.
time at which the particle count rate reaches 4'he onset A linear fit to the Ulysses data points is shown in the plots
time fonsetis the first time prior tarypper for which particle  of Fig. 2. This fit gives the largest weight to the data points
counts are above zero. The error bar on each value of thgom the HET and LET particle channels because they have
onset time is given by Zpperfonse)- the best statistics. For some events, the data point corre-
Onset times were determined from 10- or 20-min averagedsponding to HET electrons (filled triangle down) was not in-
data for Ulysses and from 64-s averages for Wind data. For &luded in the fit, because it does not lie on the same line as
channel measuring particles of energy in the range betweethe proton data points.
Emin and Emax, the measured onset time has been assigned The fact that the data point corresponding to electrons does
to the speed (Emax), assuming that the fastest particles ar- not line up with the proton onsets in event 1 (Bastille event)
rive first. Some of the Ulysses channels have a wide energyvas interpreted by Zhang et al. (2003) as a result of the trans-

Figure 2 shows plots of onset times versy& for the
Ulysses high-latitude events, compared with in-ecliptic mea-
surements (filled symbols = Ulysses; empty symbols = Wind
and SOHO). In the plots, = 0 is the time of onset of the
BXR flare associated to the events.

For Ulysses, data for the low values @fv are from the
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port of particles being rigidity dependent. The plots of Fig. 2
show that in most cases the electron onset time lies on a com- June 15, 2001

mon line with proton onsets. This, however, does not happen goo[ T T T T
in events 1 and 9, which have the largest distances of Ulysses I
from the Sun.

Wind/3DP electron onsets are consistent with scatter-free
propagation along a field line of lengthl.2 AU. For event 3,
this is not the case: in very large events with very impulsive
onsets, the velocity dispersion can be hidden by instrumental
counts at low energies produced by high energy electrons that
scatter out of the detector before they lost all their energy.

It should also be noted that for event 7, a second flare fol-
lowed the flare whose details are given in Table 1. This was - +
an M 9.9 flare at 22:32 UT located at S 15W 34. For Ulysses 200 r -
onsets, it cannot be determined whether the particles detected f 1
were associated to the first or second flare. Taking the sec- I o
ond solar event as the source of particles would reduce the I @W
value of sy, by 130 min, and the difference in latitude be- O 1 —
tween flare and Ulysses would decrease b%. Ithe speed 0 2 4 6 8 1012
of the CME associated to the second flare is the same as that c/v
of the CME associated to the first one (1400 km/s). If the
second flare were the source of the particles at Ulysses, thi§ig- 3. Onsets at Ulysses and Wind for the 15 June 2001 event,
would not significantly change the conclusions of the analy-"hen Ulysses was at low latitudes.
sis below.

We see from Fig. 2 that onsets at high latitudes are charac-
terised by release times much later than in the ecliptic, and b){
larger path lengths. The valuesmf, and L obtained from at
the fitting of the plots in Fig. 2 will be discussed in Sect. 3.2.
First, in Sect. 3.1 below, we present a test of our method fo
determining onset times.

600 - n

onset time (mins)
~
o
o
T
1

Figure 3 shows onsets at Ulysses and Wind for the low

itude event of 15 June. The Ulysses data points are in good
agreement with the Wind data points. This confirms that the

IJate release times of the plots in Fig. 2 are not an instrumental
effect but are due to a physical process.

3.1 Test of onset time determination method 3.2 Correlations of path length and release time with event
parameters

The onset time determined from a particle channel can be

influenced by several factors which include: the backgroundln this section we plot the path lengthand release timeyn

in the channel, the geometric factor of the instrument and thérom our fitting, versus several parameters characterising the

viewing direction. When one looks at the main feature of events. The values obtained from the fitting are first plotted

the plots in Fig. 2, the very large delay in onset at Ulyssesversus event number in Fig. 4. Ulysses measurements of the

compared to in-ecliptic onset, one may ask whether there igath length have very large error bars in cases where no data

any possibility that this delay might be an instrumental effectpoints were available at low energies.

rather than being caused by a physical process. For each event we have calculated the nominal ledigth

We observe that in the plots of Fig. 2 there is generallyof the Parker spiral magnetic field line that would connect
good agreement between the onset times obtained at Ulysséfysses to the Sun, using the measured solar wind speed. A
from separate instruments, for example, from the HET (filled plot of the experimental path length versusL, is given
triangles) and KET (filled circles) instruments. in Fig. 5a, where the dotted line correspondsto= L.

As a test for our method we analysed onsets for an SEF he ratio of experimental path length to Parker length varies
event taking place when Ulysses was at low latitudes andetween 1.06 and 2.45 for our data points. In Fig. 5b the
small radial distances from the Sun. For such a location weatio L/L , is plotted versus the release time. There is no
would expect the Ulysses data to show delays similar to those€lear correlation between these two parameters.
observed by Wind. We then looked for correlations between our fitting co-

We selected for the test the event of 15 June 2001, durefficients and measures of the separation between the foot-
ing the Ulysses fast latitude scan (see Fig. 1). On this daypoint at the Sun of the observing spacecraft and the loca-
Ulysses was located at 1.36 AU from the Sun, at a latitude otion of the flare. We calculated a nominal location of the
22.3 N and 77 west of the Sun-Earth line. There is no flare spacecraft magnetic footpoint by assuming a Parker spiral
association for the event, but a halo CME with onset at 15:56magnetic field line and using the measured solar wind speed.
was observed by SOHO/LASCO. This suggests that a flard-igure 6 shows a plot of the release time versus: (a) the dif-
might have taken place on the far side of the Sun. ference in longitud¢Aé| = [@rootpt— Priarel; (0) the great cir-
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Fig. 5. Plot of (a) experimental path length versus the length of a Parker spiral connecting Ulysses to the Sun; @dhe ratioL /L,
versustsyn. The dotted lines correspondie-L .

cle angular separatigrh«| between spacecraft footpointand servations. Of the 9 events considered, 7 were associated
flare; and (c) the difference in latitud&d| = |6rotpt — Oftarel - with halo CMEs and the position angle of the CME central
Panel (a) shows that there is no correlation betweggrand axis could not be determined. A shock was detected near
the difference in longitude between spacecraft footpoint andearth in all 9 events (ACE shock list, http://www.bartol.udel.
flare in the ecliptic (triangles), as already reported (Kruckeredu-chuck/ace/ACElists/ohkst.html). At Ulysses, a shock
and Lin, 2000). was detected in 3 of the 9 events (R.J. Forsyth, private com-

Surprisingly, panels (c) and (b) of Fig. 6 show a better cor-munication, 2002). From the CME onset time and the arrival
relation betweenms,, and the latitudinal difference\d| than  time of shocks at ACE/Ulysses we derived an average transit
betweerrs,,and the angle between flare and spacecraft foot-SPeed of shocks. The events for which a shock reached high
point| Aa|. We then plotted the ratif /L, versus|A6| and latitudes have the largest transit speeds in the ecliptic. For
obtained panel (d) of Fig. 6. Here, one can observe that thé€ latter events the average transit speed at high latitudes is
data points close ta/L, = 2.2 are aroundAd| = 95 and ~ 970km/s and in the ecliptic plane 1300 km/s.

4/5 of those close td./L , = 1.3 are near t9Af| = 60. Figure 7 shows an analysis of correlations between the
We now look for correlations between the delay in releasemeasureds,, and: (a) the CME speed from coronograph ob-
and the speed of the CME associated to the events, as wedlervations; (b) the average shock speed from in-ecliptic data;
as the speed of the CME driven shock. All 9 SEP events(c) the average shock speed from high-latitude data. There
were associated with fast CMEs. We found in the SOHOIis no indication from these plots that shorter release times
LASCO CME catalogue (available at http://cdaw.gsfc.nasa.might be associated with the faster CMEs. In other words,

gov/) CME onset times (times of first appearance in C2)we do not find the correlatiorsy, o< 1/vshock Which would
and CME speeds derived from linear fits of coronograph ob-be expected if the delay in release were due to the time taken
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Fig. 7. Release time from Ulysses measurements vd@uhe speed of the CME from SOHO/LASCO coronograph observat{pyshe
average transit speed of the CME driven shock in the eclifi)ahe average transit speed of the CME driven shock at high latitudes.

by the CME driven shock to reach the high-latitude magneticat Ulysses. It is known that magnetic field fluctuations have
field lines. We have also plotted,, versus the ratio of the larger amplitudes in the high speed solar wind (Forsyth et al.,
angular separatiom\«| to the shock speed: we find no cor- 1996). If the reason for the measured path lengths being
relation when we use the coronograph CME speed and thé&arger than the Parker spiral length were due to magnetic field
average in-ecliptic shock transit speed. turbulence, a dependencelofL , with the solar wind speed

would be expected. As can be seen from panel (a) of Fig. 8,
In Fig. 8 we plottsy, and L versus the solar wind speed
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Fig. 8. Path lengthL. and release timgsyn versus solar wind speed at Ulysses.

this is not observed. The release time shows no correlatiofflare. The ratio between measured path length and length
with the solar wind speed. of the Parker spiral is close to 1.3 fpk6| around 60, and
close to 2.2 foA6| around 98. The latter findings seem
) ) to point towards cross field diffusion being the fundamen-
4 Discussion tal mechanism by which particles reach high latitudes. This

has been suggested by Zhang et al. (2003), who showed that,

Our analysis has shown that the release of particles to highy, ihe gastille event, the proton anisotropy was directed at
latitudes is consistently delayed with respect to in-ecliptic 5, angle to the magnetic field direction. Analysis of galac-

release. It would seem natural to interpret this delay withing. -osmic ray data at Ulysses and near Earth at solar max-
the CME shock acceleration paradigm, as the time needegh,;m also reached a similar conclusion (McKibben et al.,
for the shock to reach the high latitude-magnetic field Iines.2003). Recent work on comparing radio emission at the lo-

However, we do not find the expected correlation betweeryg| piasma frequency at a spacecraft and energetic particle
delay and several measures of the inverse of the shock speeg

X . : ata, suggested that particles must undergo lateral transport
These include the inverse of the CME speed derived from(Cane and Erickson, 2003).

coronograph observations, of the average transit speed of the ’
CME shock between the Sun and Earth, and of the averag

transit speed for arrival at Ulysses for those shocks that reac i
high latitudes (3 out of 9). connecting to the spacecraft cannot, however, be completely

Recently, Simnett et al. (2002) interpreted the delay in re_ruled out. Itis possible that the lack of correlationtgf, with

lease observed in ACE electron data as due to the timeaCMl‘:::'vIE shock speed might be due to the shock propagation

shock takes to reach altitudes in the solar corona of a fev\?onditions in the corona varying in the different events. The

solar radii. The analysis of release delays at high Iatitudesvarlable latitudinal extent of CMEs in the events might also

is complicated by the fact that details of the 3—dimensionalplay arole.
propagation of shocks in the solar corona are not known. In As far as the cross field diffusion hypothesis is concerned,
other words, we do not know how a CME driven shock would modelling of particle propagation would be required to assess
propagate in both latitude and height. Consider a shock fron¥hich scattering parameters can give the observed delays.
moving at 1000 km/s, the measured average travel speed tdP to now, this kind of study has been carried out within
Ulysses. Such a shock would take 18 min to travel 90 dethe context of the focussed transport equation, which only
grees in latitude along the solar surface, or 23 min to traveldescribes propagation along the magnetic field (Kallenrode
to a height of 3 solar radii at a fixed latitude. The delays ob-and Wibberenz, 1990). The latter study also showed that the
served at Ulysses of 120-350 min from the flare onset appeaﬁnite duration of the particle injection can influence particle
too large to be associated to a travel time of CME shocks td®NSets.
high latitudes, and would correspond to a typical shock being We have also found no correlation of our fitting parameters
at heights greater than 10 solar radii. with the solar wind speed measured at Ulysses. One possible
Our analysis shows that the delay in particle release apexplanation for this finding could be as follows. If we think
pears to correlate with the differenc&6| between the lati-  of the SEPs as being released at low to mid latitudes and
tude of the spacecraft and the latitude of the flare (Fig. 6c)slowly diffusing in latitude as they move away from the Sun,
This parameter organises the release times better than the tare would expect them to be moving in slow solar wind for
tal angular separation between the spacecraft footpoint anchost of the time. The fact that Ulysses is immersed in fast

The possibility that the observed delay at Ulysses might
e due to the time taken by a CME shock to reach field lines
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solar wind would, therefore, not play an important role. pole to pole, Astron. Astrophys. 316, 287, 1996.

Fisk (1996) suggested that heliospheric magnetic fieldKallenrode, M.-B. and Wibberenz, G.. Influence of interplanetary
lines might be undergoing a systematic latitude excursion Propagation on particle onsets, Proc. 21st Internat. Cosmic Ray
due to the motion of their footpoints on the solar wind source ~ €onf. Adelaide, 5, p. 229, 1990. S
surface caused by the differential rotation of the Sun. TheKr“f:ker'IS" Larson, D. El; Lin, 3' P"l%j"""a\or:]tgelgr'gaozggw'
latitude excursion of the field lines can be several tens of SIV€ &lectron events observed at 1 AU, Ap. J. 519, 864, :

o . . . Krucker, S. and Lin, R. P.: Two classes of solar proton events de-
degrees. Within this model, solar energetic particles would

. . . rived from onset time analysis, Ap. J. 542, L61, 2000.
reach a spacecraft at high latitudes through a direct conneq:j,, r p_ Anderson. K. A.. Ashford. S. et al.: A 3-dimensional

tion to the particle source at low solar latitudes by the Fisk  pjasma and energetic particle investigation for the Wind space-
heliospheric magnetic field. Since the length of the helio-  ¢raft, Space Sci. Rev. 71, 125, 1995.

spheric magnetic field lines is approximately the same formckibben, R. B., Connell, J. J., Lopate, C., et al.: Ulysses COSPIN
both Parker and Fisk models, we would expect that the time observations of the energy and charge dependence of the propa-
of particle release be independent of the latitude of observers. gation of solar energetic particles to the Sun’s south polar re-
The latitude dependence @f,, seems to rule out the possi-  gions, Proc. 27th ICRC, Hamburg, 3281, 2001.

bility of direct connection by the Fisk magnetic field model. McKibben, R. B., Connell, J. J., Lopate, C. etal. Ulysses COSPIN
observations of cosmic rays and SEPs from the South Pole to the
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