
32ND INTERNATIONAL COSMIC RAY CONFERENCE, BEIJING 2011

Study of a possible Jupiter signature on the Cosmic Rays measured by PAMELA
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Abstract: The very intense Jovian magnetic field generates a magnetosphere with high-energy electrons and protons.
We have investigated whether the proton data obtained by the PAMELA space-borne instrument in 2006-2009 exhibit a
signature which could be attributed to the Jupiter magnetosphere. We find a synusoidal behaviour which is consistent
with the synodic period of Jupiter of 398.88 days.
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1 Introduction

It has been discussed in the past years by various authors
[1, 2, 3, 4] the possibility that Jupiter might influence the
cosmic-ray observations made by ground stations.
This is in line with the idea that some cosmic rays observed
at the Earth are generated in the Jupiter magnetosphere [5]
and then are injected in the interplanetary space along the
magnetic-field force lines which depend on the solar activ-
ity. Some evidence that Jupiter could generate high-energy
particles has been shown for electrons and perhaps for pro-
tons [6].
The interplanetary magnetic field IMF plays an important
role, because its magnetic lines of force drive the protons
with energy of the order of a few GeV or less from their
possible source, Jupiter, to the Earth.
In the Parker model of the solar wind and of the IMF, the
components of the magnetic field in the ecliptic plane, Br

and Bφ, are associated to the two invariants: Brr
2 and

BφrVsw, where r is the distance from the Sun and Vsw the
radial velocity of the solar wind. The first invariant is due
to the conservation of the magnetic flux, the second one to
the vanishing of the electric field because of the high con-
ductivity of the solar wind plasma.
The magnetic lines of force in the ecliptic plane are ob-
tained by making use of the two invariants. The equation
of a magnetic field-line is

r − ro = −Vsw

Ω
(φ− φo) (1)

where the field-line is assumed to pass through the point
(ro, φo). During the period 2006-2009 the solar wind
had average velocity 440 km

s with standard deviation of
100 km

s .

With this solar wind velocity, using the average Earth-Sun
distance AU � 150 · 106 km, we can write Eq.1 as

φ− φo = −0.916(r − ro) (2)

with r in AU and φ in radians. The average distance Jupiter-
Sun is 5.20 AU.
For the case of Earth and Jupiter we have φE − φJ =
0.916(5.2− 1) = 3.847 rad = 220o.

The space borne experiments with magnetic field detectors
all give an IMF with spiral lines of force, but the precise
behaviour depends on the radial gradients of the ratio Bφ

Br
,

that, in the Parker theory based on the conservation of the
two invariants, behaves linearly with r.
However, measurements made, in particular, with the Pio-
neer 11, Voyager and Ulysses spacecrafts [7, 8, 9, 10, 11]
show some discrepancies from this behavior based on
the Parker theory, discrepancies likely due to the non-
invariance of BφrVsw. In such a case we expect the angle
φE − φJ be different from 220o.

2 Measurements with PAMELA

2.1 The experimental apparatus

PAMELA is a cosmic ray space experiment running
on board a Russian satellite (Resurs-DK1) successfully
launched on June 15th, 2006 from the cosmodrome of
Baikonur, Kazakhstan, by a Soyuz TM2 rocket. The satel-
lite is flying in a low altitude, elliptic orbit (350-610 km)
with an inclination of 70.0 degrees. The PAMELA instru-
ment consists of a magnetic spectrometer composed of a
permanent magnet (B = 0.43 T) coupled to a six-planes sil-
icon tracker, an electromagnetic silicon-tungsten calorime-
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Figure 1: Schematic overview of the PAMELA detectors .

Figure 2: The PAMELA Flight Model.

ter, a time-of-flight system, an anticoincidence system,
a shower tail catcher scintillator and a neutron detector
[12, 13]. A sketch of the PAMELA instrument is shown
in fig.1 and a photo of the complete Flight Model is shown
in fig.2.
The total height of PAMELA is ∼ 130 cm, the mass is 470
kg and the power consumption is 360 W.
The main observational objectives of the PAMELA experi-
ment are to accurately measure the spectra of charged par-
ticles (including light nuclei) in the cosmic radiation, in a
wide energy interval ranging from some tens of MeV to
several hundreds GeV, to search for antimatter and for in-
direct signatures of dark matter and to study cosmic ray
fluxes over a significant portion of the Solar cycle. Ad-

Figure 3: A typical proton spectral distribution as measured
with PAMELA, averaged over one day.

ditional objectives achievable all over the duration of the
mission are the long-term monitoring of the solar modula-
tion of cosmic rays, the measurements of energetic parti-
cles from the Sun and the study of high-energy particles in
the Earth magnetosphere.

2.2 Data analysis

We analyze the proton data obtained with PAMELA in the
period 10 July 2006 thru 16 September 2009. We take daily
averages for each energy channel. A typical spectral distri-
bution is shown in fig.3.
For each day we calculate the total number of protons de-
tected in the rigidity range 0.4-15 GV from the beginning
of the PAMELA operation, 10 July 2006. A large solar
flare occurred on 5 December 2006 and we eliminate the
data recorded during the solar flare.
We want to study the behavior of the proton data versus
time, with the idea to verify whether this behavior has a
signature due to Jupiter. The protons, wherever they come
from, follow the IMF lines with a Larmor radius which is
of the order of a few 10−3 AU for rigidities of the order or
less than 1 GV, and with a Larmor radius ten times bigger
for energies of the order of 10 GV. Thus we put particular
attention on the measurements made at the lowest rigidities.
We find that the time behavior has a trend of increasing flux
with time. This increase is certainly due to the solar cycle.
In the simplest rough scheme we assume this trend to be
linear and look for a possible oscillation of the proton flux.
Thus we fit the data with the function a+bt+c×sin(ωt+
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Table 1: Fitting with the function a+ bt+ c · sin( 2πT t+φ).

channels number T σ
of data day day

1-10 1128 408 6
1-85 1123 433 3

Figure 4: The daily total flux in the rigidity range 0.4-0.65
GV (channels 1 -10) fitted with a straight line+sinusoid
(T=408 days)

φ). We have considered two cases. The lowest rigidity
channels 1-10, and all channels 1-85. The results are given
in the Table 1. The fit with the lowest channels gives a
period 408 ± 6 that compares with the synodic period of
Jupiter TJ = 398.88 days. The fit for the lowest rigidity
channels is shown in fig. 4.
In the fig.5 we show the sinusoidal fit, having subtracted
the linear part.
We have also fitted the data with the synodic period of
Jupiter. We find the result shown in the Table 2, where
we give the measured angle φE − φJ when the sinusoid
reaches its maximum, that is when we expect the largest
contribution from Jovian protons, if any.

Table 2: Fitting with the function a + bt + c ·
sin( 2π

398.88 day t+ φ).

channels number φE − φJ σ
of data degree degree

1-10 1128 111 6
1-85 1123 114 2

Figure 5: The data in the rigidity range 0.4-0.65 GV (chan-
nels 1 -10) having subtracted the fitted linear behavior:
c · sin( 2π

408days t+ φ) versus DAY

3 Discussion and Conclusion

Measurements made on the Earth with neutron monitor de-
tectors have shown a periodicity with the Jupiter synodic
period which reaches its maximum value when the angle
φE −φJ = 125o (see ref.[14]) and φE −φJ = 220o± 70o

(see ref. [15]). The value obtained with the PAMELA data,
according to the present analysis, is φE −φJ ∼ 111o± 6o.
However, some warnings must be given. First at all, the pe-
riod obtained with the present analysis is only very rough-
ly consistent with the Jupiter synodic period and we can-
not rule out some consistency also with the Earth solar and
sidereal periods, because of the short time period available.
As clearly seen in the above figures the data appear reason-
ably good only up to DAY ∼ 1000. The following data
show large scattering and need further cleaning procedure.
Thus we conclude that this study represents a first attempt,
waiting for more data, to find a possible jovian influence on
the cosmic rays which reach the Earth.
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