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Abstract. The recurrent cosmic ray decreases, their evolu-
tion with heliolatitude, the rigidity dependence of their am-
plitude and their relation with the Corotating Interaction Re-
gions have been extensively studied during the first Ulysses
orbit. These studies are mainly concentrated in south helio-
graphic latitudes under conditions close to solar minimum.
In this work we extend the observations in the second Ulysses
orbit to include both north as well as south latitudes in con-
ditions approaching solar maximum. In particular we study
the way in which the amplitude of the recurrent cosmic ray
decreases varies with heliolatitude in both hemispheres and
look for potential asymmetries; furthermore we examine the
rigidity dependence of the amplitude of the decreases and
compare our present results with those obtained during the
first Ulysses orbit. We also investigate the possibility for a
potential correlation between the amplitude of the decreases
and their period.

1 Introduction

The general properties of the 26-day recurrent cosmic ray
decreases have been studied in connection with the Corota-
ting Interaction Regions (CIRs) by several workers (Kunow
et al., 1995; McKibben et al., 1995; Simnet et al., 1998;
Kunow et al., 1999) and recently by Paizis et al. (1999).
The observational basis for these investigations consists in a
strong and stable CIR from 1992 through 1993 in the south-
ern hemisphere and in a second weaker one in the northern
hemisphere from 1996 to mid-1997. The first CIR, studied
in more detail, has its origin in the extension of the northern
coronal hole into the southern hemisphere, while the second
one was due to small warps in the streamer belt. In this work
we study the amplitude evolution and the rigidity dependence
of the 26-day recurrent cosmic ray decreases associated with
this second CIR and extend our observations to cover part of
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the second Ulysses’ journey in the southern hemisphere from
early 1998 to early 2000.

2 Measurements and discussion

The data shown here are obtained with the Cosmic Ray
and Solar Particle Investigation Kiel Electron Telescope
COSPIN/ KET on board Ulysses (Simpson et al., 1992). We
used data from four proton and three helium channels (five
differential and two integral) covering an energy range from
about 40 MeV/n up to and above 2 GeV/n. The correspond-
ing mean rigidity varies from 0.4 to 14 GV. The time inter-
val of interest extends from day 300 of the year 1995 to day
290 of the year 1997 and from day 350 of the year 1997 to
day 100 of the year 2000. In this period Ulysses plunged
from 65◦ down to3◦ in the northern hemisphere and climbed
from 0◦ up to 50◦ in the southern hemisphere respectively.
Figure 1 is an overview plot that puts the frame in which
we shall develop our data analysis. The upper panel shows
the solar wind speed as measured by the SWOOPS instru-
ment on board Ulysses. The lower panel reports the counting
rate time profile of the 0.25 to 2 GeV COSPIN/KET protons
showing the recurrent cosmic ray decreases superposed on
the long-term variation.

2.1 Amplitude of the recurrent decreases; latitudinal evolu-
tion

Figure 2 shows the variation with heliolatitude of the am-
plitude of the recurrent cosmic ray decreases for 0.25 to 2
GeV protons (upper panel) and helium of the same energy
per nucleon (lower panel). The quantity∆I is the full am-
plitude (peak-to-valley) of the 26-day “wave”. It is evaluated
directly from the time profile of the counting rate (counting
rate vs time plot). The integration time is one day and the
time profile was smoothed out by using a 26-day running
mean. It can be seen that the plotted latitude profile shows
a maximum at about30◦ in the southern hemisphere and a
second one, less pronounced yet clear enough, around10◦
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Fig. 1. Overview plot of solar wind speed and selected particle data from day 274 of the year 1995 to day 121 of the year 2000. Upper panel:
solar wind speed (Ulysses/SWOOPS). Lower panel: daily averaged COSPIN/KET protons from 0.25 to 2 GeV.λ is heliolatitude.

in the northern hemisphere. During the first Ulysses orbit a
similar maximum was observed around25◦-30◦ south and
was associated with the strong and stable CIR observed at
the same period. Both the presence and the asymmetry of the
two maxima during the second Ulysses orbit are less clear to
interpret. At the time of the maxima, the latitudinal extent
of the heliospheric current sheet was70◦ south and around
22◦ north. A similar aspect can be also seen in the plots of
the “amplitude of the recurrent decreases vs heliolatitude” of
the other energy channels we considered, although in some
energy intervals, because of the poorer statistics, the picture
that emerges is less clear. It should be noticed also that, as
in the case of the first south orbit, recurrent cosmic ray de-
creases are observed at higher latitudes than those at which
the solar wind speed showed large fluctuations in the nor-
thern hemisphere (in Figure1 before the day 230 of 1996).

2.2 Amplitude of the recurrent decreases; rigidity depen-
dence

Figure3 shows the rigidity dependence of the relative am-
plitude of the recurrent cosmic ray decreases for four time
periods, two per hemisphere. The insets in the figure show
the corresponding latitude intervals and the following lines
specify the correspondence:
44◦N ÷ 29◦N. Day 60 of 1996 to day 220 of 1996
22◦N ÷ 8◦N. Day 325 of 1996 to day 190 of 1997
0◦ ÷ 7◦S. Day 350 of 1997 to day 120 of 1998
22◦S÷ 30◦S. Day 60 of 1999 to day 200 of 1999.

In Figure 3 open symbols refer to lower latitudes, while
closed symbols refer to higher latitudes; circles refer to pro-
tons and diamonds to helium. Four proton and three helium
energy channels are used. The point of the lowest energy he-
lium (38-125 MeV/n) is plotted under the extreme assump-
tion that all the nuclei are either fully stripped (P=800 MV) or
singly charged (P=1.6 GV). The plotted quantity is the rela-
tive variation∆I/Im. ∆I is the full amplitude of the decreases
as defined above and Im is the average counting rate in the
time intervals that correspond to the heliolatitudes quoted in
the insets.

Inspection of Figure3 shows that the relative variation
∆I/Im decreases with rigidity in all cases. A similar ana-
lysis performed during the first south orbit of Ulysses (Paizis
et al., 1999) had shown the existence of a broad maximum
around 1-2 GV. There is no evidence of such a maximum in
the present data. In the first as well as in the second south
orbit and for the selected latitude intervals, the heliolatitude
of Ulysses was smaller than the tilt angle of the heliospheric
current sheet (HCS). For the north orbit Ulysses’ latitude was
higher than the tilt angle of the HCS when the spacecraft was
between44◦ and 29◦ and Ulysses crossed the HCS when
it moved from22◦N to 8◦N. Thus the relative position of
Ulysses with respect to the HCS may not be the main reason
that causes the difference in the rigidity dependence of the
relative amplitude of the recurrent decreases. It should be no-
ticed that the lowest energy helium point stands distinctly out
of the general pattern. Alternatively the plots could be seen
as if protons and helium were in a certain way decoupled,
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Fig. 2. Amplitude evolution of the recurrent cosmic ray decreases
for 0.25 to 2 GeV/n COSPIN/KET protons and helium.

but there is no obvious reason why this should be the case.
The main difference between the two sets of data lies in the
fact that the recurrent cosmic ray decreases in the first south
Ulysses orbit are associated with (or with the consequences
of) a strong and stable CIR. It is not known at the moment
whether the different origin of the causes of the recurrent cos-
mic ray decreases can lead to different rigidity dependence of
their relative amplitude.

2.3 Period of the recurrent decreases

Figure4 shows the history of the period of the recurrent de-
creases for, almost, the entire mission using a time-frequency
wavelet transform. Each tick mark in the time axis corre-
sponds to 200 days. The corresponding heliolatitude is in-
dicated at the top of the figure. The vertical lines denote
the polar passages and the equatorial crossings. The data
shown here refer to the 0.25 to 2 GeV protons after Jupiter
encounter. Blanks correspond to time intervals with no clear
evidence for a stable period. The emerging picture is that
when the period of the recurrent decreases can be measured
it is consistent with 26 days. The presence of a 13-day pe-
riod is also clear and was actually observed when Ulysses
encountered two CIRs during the same solar rotation. The
white line superposed on the figure, in arbitrary linear scale,
is the associated integrated power spectrum density (PSD).

Fig. 3. Rigidity dependence of the amplitude of the recurrent cos-
mic ray decreases for four selected latitude intervals.

There is an obvious (and expected) correlation in time be-
tween the individual peaks of the PSD curve and the posi-
tions in the figure which show a clear evidence for a 26-day
period. Besides this correlation there is also a good time cor-
respondence between the aforementioned PSD peaks and the
features reported in Figure2 (40◦N, 10◦N, 10◦S, 30◦S) al-
though the amplitude∆I plotted in this figure is estimated
in a quite independent way i.e. by measuring directly, from
the time profile, the peak-to-valley amplitude of the 26-day
wave. The effects of the strong and stable CIR during the
first south orbit can be easily seen on the left part of the fi-
gure between south latitudes10◦S and70◦S. There is also a
well shaped peak in the PSD curve between23◦S and28◦S in
agreement with the results of Paizis et al. (1990) who found
a maximum in the amplitude∆I of the recurrent cosmic ray
decreases between25◦S e30◦S.

We also looked for a potential correlation between the am-
plitude of the decreases and their period. Although there is a
slight evidence for such a correlation in a few isolated cases
(decreases at40◦N and10◦N and decreases at9◦S and25◦S)
the analysis of the data over the entire mission does not sup-
port this evidence.
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Fig. 4. Wavelet time-frequency spectrum and power spectrum density for the 0.25-2 GeV COSPIN/KET protons over the entire mission.

3 Conclusions

In this work we concentrated our attention to the study
and the description of the phenomenological aspects of the
26-day recurrent cosmic ray decreases during the second
Ulysses orbit from day 300 of the year 1995 to day 100 of
the year 2000. In particular, we studied the latitudinal evolu-
tion, the rigidity dependence and the period of the recurrent
cosmic ray decreases by using COSPIN/KET protons and he-
lium over the rigidity range 0.4 to 14 GV. We present mainly
data for protons with energy ranging from 0.25 to 2 GeV be-
cause of the higher statistical accuracy of this energy chan-
nel, but we also analyzed data from other channels obtaining
similar results. For the same reason the wavelet technique
was applied only to the 0.25 to 2 GeV energy range.
Our main results can be summarized as follows.
1. Recurrent cosmic ray decreases in the northern hemi-
sphere are observed at higher latitudes than those at which
the solar wind speed shows large fluctuations. This was also
the case during the first south orbit.
2. The amplitude (∆I) of the recurrent cosmic ray decreases
evolves with heliolatitude and shows maximum values at
30◦S (as in the first south orbit) and at10◦N.
3. The relative amplitude (∆I/Im) of the recurrent decreases
diminishes with rigidity with no evidence for a broad max-
imum around 1-2 GV as was observed in the first south
Ulysses’ orbit.
4. A wavelet technique analysis showed that the period of

the decreases is essentially 26 days over the entire mission.
A 13-day variation is also present. Apart from a few isolated
cases there is no clear evidence for a correlation between the
amplitude and the period of the 26-day waves.
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