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Abstract

The magnetic field of the Sun, embedded in the Solar Wind, is the source of the biggest of the Solar System
magnetospheres, the heliosphere, and of the observed modulation of the galactic cosmic rays. Solar modulation
is dominant on low energy particles (below 10 GeV), and affects not only the galactic cosmic ray intensities,
but even their spectral shape. For each cosmic ray species, the particle fluxes measured at Earth are deformed
with respect to the local interstellar ones, depending on the Solar activity. The propagation of cosmic rays
in the heliosphere is described by the so called Parker Equation, formulated in the sixties. Since there is no
full analytical solution to the Parker Equation, several different approaches have been tried, from numerical
solutions to analytical approximations. In the first part of this work, the different ways of solving the transport
equation are studied and numerical methods (1D and 2D) are outlined. The second part is the characterization
of the modulation, using the AMS-02 proton fluxes. The AMS detector was installed last year in the ISS and
is expected to gather data from cosmic ray fluxes up to 1 TeV, continously between 10 to 18 years. The rates
of events reaching the detector - 40 106 events per day - have never been achieved before, and represent an
unique opportunity to systematically study the Solar modulation in a daily basis. Finally, for certain results, a
comparison is done between the AMS-02 and the Neutron Monitors.
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1 Introduction

The main purpose of this work is to study the effects
of the Sun on the flux of galactic cosmic rays. The
Solar modulation effects are dominant at low energies
(below ∼ 10 GeV ), and are responsible for the little
"bump" on the low energy region of the cosmic ray
spectrum. In order to quantify the effects of the Sun
on the galactic fluxes, Parker (1964) developed a trans-
port equation that takes into account several physical
phenomena happening inside the Heliosphere, like dif-
fusion due to magnetic irregularities in the Heliopheric
Magnetic Field (HMF), particle drifts in the large scale
magnetic field, adiabatic energy losses, and particle

convection in the Solar Wind. The Parker equation
written in terms of the cosmic ray distribution func-
tion [f ] =particles/m3 p3 is

∂f

∂t
=

diffusion and drifts︷ ︸︸ ︷
∇ · (K · ∇f) −

convection︷ ︸︸ ︷
VSW · ∇f (1)

+

adiabatic losses︷ ︸︸ ︷
1

3
∇ · VSW p

∂f

∂p

There is no full analytical solution to equation 1. In the
first part of this work three solutions of the transport
equation are derived: the Force Field approximation,
which is the most widely used solution to study the so-
lar modulation effects, 1D and 2D numerical solutions.
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The second part is devoted to the characterization
of the modulation using the AMS-02 proton fluxes. Due
to the unparalleled statistical precision of the AMS-02
experiment, it is possible to study, on a daily basis, the
effects of the Sun on the proton fluxes.

2 AMS-02 Experiment

AMS is an international collaboration involving
hundreds of researchers from 56 institutes and 16 coun-
tries. The main goal of the collaboration was to take a
particle spectrometer to space.

This task was divided in two parts: the first one
(AMS-01) took place in June 1998, when a prelimi-
nary detector flew aboard the Space Shuttle with the
objective of testing the AMS concept; the second one
(AMS-02) occurred in May 2011, when the final detec-
tor was installed aboard the ISS , where it is expected
to operate continuously between 10 to 18 years. Since
19th May 2011, AMS is orbiting around Earth every
90 minutes, at an altitude of around 400 Km and is
collecting around 40 million of events a day.

Figure 1: The AMS-02 detector aboard the ISS.

2.1 Scientific goals of AMS-02

The physics aims of AMS-02 are:

• Measurement of cosmic ray spectra from a few
hundred MeV up to 1 TeV, in particular:

– Hydrogen, helium and beryllium isotopes
(D/p,3He/4He,10Be/9Be);

– Secondary to primary spectrum (B/C, sub-
Fe/Fe);

– Cosmic gamma-ray spectrum;

• Search for indirect signals of non-baryonic dark-
matter through the detection of annihilation
products appearing as anomalies of the cosmic-
ray spectra (e+, p̄, γ and D̄);

• Search for cosmological antimatter through the
detection of antinuclei with |Z|>2;

2.2 Detector Description

AMS-02 is the first large magnetic spectrometer in
space, and it is able to measure, with unprecedented ac-
curacy, fluxes of CRs above Earth’s atmosphere. The
spectrometer is composed of several subdetectors:

• a TRD

• a TOF detector

• a Silicon Tracker

• a set of ACC

• a RICH detector

• an ECAL.

3 Solutions to the transport
equation

3.1 Force Field Approximation

The transport equation can only be solved numer-
ically. However, by doing many approximations, Glee-
son and Axford (1968) [4] reduced the problem to a 1D
spherically symmetric case that can be solved analyt-
ically. This is the so called force field approximation
and today it is still the simplest and most used model
for studying the effects of solar modulation.

It is assumed that:

• The Solar Wind is radially moving with constant
speed V

• The diffusion tensor is isotropic (K ‖= K ⊥) and
constant with radius

• The density distribution function is spherically
symmetric

• There is no drift (the antisymmetric part of K is
neglected)
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• The system is in quasi-stationary conditions
∂f
∂t = 0

The steady-state condition means that the relax-
ation time of the distribution is short with respect to
the solar cycle duration (11 years), so that one can as-
sume that the time derivative of f is zero.

Using the previous assumptions, the majority of the
terms in equation 1 vanish, and a simplified TPE is ob-
tained in spherical coordinates

∂f

∂t
= −V ∂f

∂r
+

1

r2
∂

∂r

(
r2k

∂f

∂r

)
+

1

r2
∂

∂r
(r2V )

R

3

∂f

∂R
(2)

where R is the particle rigidity and k the contracted
diffusion tensor. It can be proved that, in case there
are no sources or sinks at r = 0 and the system is in
stationary conditions ∂f

∂t = 0, it can be assumed that
the diffusive flux is equal to the convective flux, for
particles with energy above 400 MeV/nucleon [4] .

k
∂f

∂r
= V f (3)

Inserting 3 in 2, a new differential equation arises,
called force field approximation

∂f

∂r
+
V R

3k

∂f

∂R
= 0 (4)

The name "force field" comes from the fact that the
second term has the dimensions of potential per unit
lenght, or a field. The solution of 4 gives a differential
intensity JT = p2f , per unit of energy, at Earth of the
form

JT (1AU,E(rH)−ΦSM ) = JT (rH , E(rH))
E(rH)2 −m2

E(1AU)2 −m2

(5)
where E(1AU) = E(rH) − |Z|eφSM , rH is the Helio-
sphere boundary and JT (rH) is the flux at the bound-
ary. The Solar modulation parameter φSM can be seen
as an average potential, felt by a particle when crossing
the heliosphere, causing an adiabatic deceleration.The
flux at the boundaries of the outer heliosphere JT (rH)

can be taken as the local interstellar flux JLIS .

3.2 The 1D numerical Solution

In the 1D numerical solution, the assumptions are
the same as in the Force Field approximation, except
for the fact that the adiabatic energy losses are kept,
and the Solar Wind speed can be space dependent.

The objective is to solve 2 and determine f in the
region r0 ≤ r ≤ rH , where rH is the outer boundary of
the heliosphere. The functions V (r), k(r, T ) and also
the unmodulated spectrum at the boundary of the he-
liosphere, are known.

Since 2 is a parabolic PDE that is second order in
space and only first order in energy - there should ex-
ist two boundary conditions and one initial condition.
The first boundary condition is at r0 (Sun’s radius),
where the absence of any sources or sinks is assumed,
since only GCR are being concerned. Mathematically
speaking, this is assured by requiring that the differen-
tial current density - ~S in vanishes at the origin. One
way of accomplishing this requirement is if

VSW |r=r0 = 0 (6)
∂f

∂r

∣∣∣
r=r0

= 0 (7)

The other boundary condition is just requiring that
the flux of GCR at the boundary of the heliosphere is
equal to the interstellar flux

JT

∣∣∣
r=rH

= p2f = JLIS (8)

The initial condition results from the fact that at
sufficient high energies, the flux inside the heliosphere
is equal to the interstellar flux.

JT (r, p′) = JLIS(p′) for all r0 < r < rH (9)

The way to solve this equation is using Cranck-
Nicholson implicit scheme. In these finite difference
scheme the partial derivatives are approximated as dif-
ferences in near grid points.The domain is divided in
a rectangular grid, with r ranging from r0 to rH and
ln p ranging from ln pmin to ln pmax. After doing this,
the partial differential equation is transformed in a set
of linear equations, or a matrix, relating fn and fn−1,
where n is the index in the momentum direction. Every
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time the matrix is inverted, fn progresses one step in
the momentum direction towards ln pmin. By inverting
the matrix many times it is possible to find f in all the
domain.

Figure 2: Comparison between the Force Field solution
and the 1D numerical solution. The two solutions diverge
at low energies, since the true adiabatic energy losses are
not being taken into account by the Force Field solution.
The experimental points are from IMP87 and IMP97

3.3 The 2D numerical solution

If in equation 1, azimuthal symmetry is assumed
(∂/∂φ=0), the new expression for the TPE is

(10)

∂f

∂t
=

diffusion︷ ︸︸ ︷
1

r2
∂

∂r
(r2Krr)

∂f

∂r
+

1

r2 sin θ

∂

∂θ
(Kθθ sin θ)

∂f

∂θ

+

diffusion︷ ︸︸ ︷
Krr

∂2f

∂r2
+
Kθθ

r2
∂2f

∂θ2

+

drifts︷ ︸︸ ︷
1

r2
∂

∂r
(rKrθ)

∂f

∂θ
+

1

r sin θ

∂

∂θ
(Kθr sin θ)

∂f

∂r

−

convection︷ ︸︸ ︷
V
∂f

∂r
+

adiabatic losses︷ ︸︸ ︷
1

3r2
1

∂r
(r2V )

∂f

∂ ln p

The method that will be used to solve equation
10 is the ADI method, in particular the Peaceman-

Rachford scheme. The ADI method is an extension of
the Cranck-Nicholson, used to solve the 1D equation.
It preserves the trigonal nature of the matrices to be
inverted by employing an operator splitting technique
that produces two independent differential equations.

In this particular case the equation has the form
(assuming the steady state condition ∂f/∂t = 0)

∂f

∂ ln p
+ Lrf + Lθf = 0 (11)

with

Lr = a1(r, θ)
∂

∂r
+ a2(r, θ)

∂

∂r2
(12)

Lθ = b1(r, θ)
∂

∂θ
+ b2(r, θ)

∂

∂θ2
(13)

Lθ and Lr are differential operators. In the 1D case, the
way to solve the equation was to transform the domain
in a rectangular grid (r, ln p) and use finite differences.
The problem is that in the 2D case there are three vari-
ables r ∈ [ln pmin, ln pmax], r ∈ [r0, rH ] and θ ∈ [0, π/2]

in the equation. What the ADI does is to solve the
equation in two steps.

1.
fn − fn−1/2

(∆ ln p)/2
+ Lrf

n−1/2 + Lθf
n = 0 (14)

2.
fn−1/2 − fn−1

(∆ ln p)/2
+ Lrf

n−1/2 + Lθf
n−1 = 0

where Lr and Lθ are now the discretized operators Lθ
and Lr, i. e., written using finite differences. The first
step is used to solve implicitly in r for all θ, in order to
obtain a solution at a half momentum step fn−1/2, us-
ing fn as an initial condition. A second solution is now
obtained by solving implicitly in θ for all r to get the
solution at a full momentum step fn−1, by using the
previously calculated solution at half a momentum step
fn−1/2. That is why it is called an alternating method,
because in the first step the equation is solved implic-
itly for r and in the second step is solved implicitly for
θ.

Just like in the 1D case, it is important to as-
sure that the boundary conditions are always being
respected. In the 2D model, besides the boundary con-
ditions at r = r0 and r = rH , there are two additional
ones:

∂f

∂θ

∣∣∣
θ=0

=
∂f

∂θ

∣∣∣
θ=π/2

= 0 (15)
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which result from the fact that the heliosphere is as-
sumed to be symmetrical about the poles and the equa-
torial plane. Repeating the procedure in 14, it is pos-
sible to calculate f for all θ and r.

4 Solar Modulation effects on
AMS-02 proton fluxes

The first part of this section describes all the proce-
dures related to the calculation of the primary proton
flux. Protons correspond to approximately 90% of the
40 million events that reach the AMS-02 detector every
day, and so, contamination from other species is not a
major problem. Given that , all the particle selection
procedures are more focused on having a high efficiency,
rather than a perfectly clean sample.

The second part of this section is about the moni-
torization of Solar Events, a periodic survey of fluxes
variations and the application of a Solar modulation
model. The results are also compared with the Neu-
tron Monitor network data.

5 Measuring Proton Fluxes

The flux of particles that reaches the detector are
influenced by two physical phenomena: Solar Modu-
lation and the Geomagnetic Cut-off. The goal is to
select primary protons, i.e, protons with rigidity above
the cut-off rigidity.

The flux of primary protons can be expressed by:

Jp(R) =
1

Acc(R)∆t(R)
· ∆Np(R)

∆R
(16)

The various terms are:

• ∆Np - The number of primary protons between
[R;R+∆R].

• ∆R - The width of the rigidity bin.

• ∆t - The exposure time of the detector between
[R;R+∆R].

• Acc - The Acceptance of the detector as a func-
tion of rigidity (which includes the geometrical
acceptance and the selection efficiencies)

5.1 Proton Selection

The main goal of the selection was to distinguish
protons from the other particles that constitute the flux
of cosmic rays, mainly heliums (11%) and electrons
(2%) without reducing too much the proton sample,
i.e., with high efficiency.

The proton selection was divided in two parts: gen-
eral data selection and particle selection. The
general data selection assured that the events analyzed
passed the quality cuts necessary for a proper parti-
cle identification (analyzing the rigidity and velocity
measurements). The particle selection was focused in
selecting a specific particle, in this case the proton.

The data selection cuts (DS) were applied as fol-
lows:

DS1 One particle and one track per event.
The aim of this cut was to exclude events with
multiple particles transversing the detector.

DS2 One hit with X and Y coordinates per pair of in-
ner Tracker planes (3/4, 5/6 and 7/8).
This assures a minimal number of hits required
for a good measurement of the rigidity in the
Tracker. The rigidity is calculated interpolating
the track.

DS3 χ2
y < 10.

Tracker track quality in the bending direction.

DS4 At least one hit on every TOF plane (4/4)

DS5 Matching between the Tracker track and the TOF
hits position.
The fitted track was extrapolated to the TOF and
the compatibility was checked by computing the
distance between the trace and the TOF hits po-
sition.

DS6 χ2
β < 4.
βTOF quality

DS7 β > 0 .
This cut rejects all particles that entered the de-
tector from the bottom position. The majority of
these particles are secondaries, created below the
detector via interactions of the primary particle
with the atmosphere.
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The Particle Selection cuts (PS) were based on the
charge measurements given by the TOF and Tracker,
and on the rigidity measurements given by the Tracker.
In this case, for proton selection, the cuts were:

PS1 Positive Rigidity.
Choosing particles with positive charge.

PS2 Charge Compatibility between TOF and Tracker
(relative difference must be lower than 30%)

PS3 Q=1.
Choosing particles with absolute charge equal to
1.

After these cuts, the sample was mainly constituted by
particles with positive unit charge, but it was not a
primary proton sample. In order to accomplish that,
all the particles with rigidity below the cut-off rigidity
were rejected, and a mass cut was applied to exclude
possible contamination of e+ or π+ in the low energy
region.

Figure 3: Inverse β versus momentum before the mass cut
.

Figure 4: Inverse β versus momentum after the mass cut.

5.2 Exposure Time and Acceptance

The computation of the flux requires, as seen be-
fore, the calculation of the exposure time for each rigid-

ity bin, i.e., the time the detector is "able" to measure
particles in a certain rigidity interval. For instance,
near the equator, the cut-off rigidity is around a few
tens of GV, which doesn’t allow particles to fill up low
rigidity bins. As a consequence, the time is counted
only for bins above the cut-off.

R(GV)
-110 1 10 210

 t 
(s

ec
)

310

410

510

Figure 5: Exposure Time during one day of acquisition.For
rigidities above ≈ 50 GV, the detector is always able to
count times.

The acceptance was calculated using a Monte Carlo
proton sample.

5.3 Results

All the steps towards the determination of the flux
are now completed, and so it is possible to calculate the
AMS-02 primary proton flux. The AMS-02 computed
flux is displayed in 6 together with data from several
other experiments. Since these experiments were per-
formed under different Solar activity conditions, the
low rigidity region of the flux is substantially different
among them. The AMS-02 flux is "folded", i.e, the
rigidity distribution of selected protons was not cor-
rected for the effects of rigidity displacement due to
the finite spectrometer resolution. For events above 50
GV, the rigidity uncertainties can result in a wrong as-
signment of the particle’s rigidity. As a result, the slope
of the proton flux, for rigidities above 50 GV, can be
slightly affected.
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Figure 6: Proton flux from several experiments.

6 Solar Effects on the fluxes

This section serves the purpose of monitoring and
studying the effects of the Sun on the AMS-02 primary
proton flux, both the sporadic, caused by Solar Flares
or CME, and the long term Solar modulation.

6.1 Observation of Solar Events

The figure 7 shows the several phases of 7th March 2012
flare, the most intense of 2011 and 2012. The first one
is the arrival of the SEP protons, which were acceler-
ated in the shock front, and will increase the proton
flux at low rigidities. After the passage of the shock
front, there is a sudden decrease in the flux due to the
enhancement of the magnetic field (Forbush Decrease).

Figure 7: Effects of the 7th March 2012 flare on the fluxes.

6.2 Stability of the fluxes

A detailed study of the daily integrated fluxes, at
low (2 to 30 GV) and high energies (30 to 100 GV),
was performed with the AMS-02 proton data. Figures
8 and 9 show the integrated fluxes for data between Au-
gust 2011 and April 2012. The low energy integrated
flux in 8 reveals relative flux variations up to ∼ 30%,
due to Solar events, whereas the high energy integrated
flux in 9 is stable within 2% to 3%.

Figure 8: Integrated proton flux (low energy) between
8/2011 and 4/2012.

Figure 9: Integrated proton flux (high energy) between
8/2011 and 4/2012.
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6.3 Solar modulation parameter analy-
sis

The study of the Solar modulation with AMS-02
proton fluxes was done using the Force Field approxi-
mation. The Force Field modulation parameter - φSM
- depends on the form of the LIS used. The expres-
sion for the modulated flux in particles

m2 s GeV sr is given
by 5. However, the units of the measured flux are

particles
m2 s GV sr and so, expression 5 must be multiplied
by the correspondent jacobian, in order to be dimen-
sionally equivalent. The modulated flux per unit of
rigidity is

JR = JT
dT

dR
= A

R

E

E2 −m2

(E + ZφSM )2 −m2
JLIST

(17)

The procedure to determine the solar modulation pa-
rameter is to fit the measured fluxes with expression 17.
Since the fluxes under study are primary proton fluxes,
some of the parameters were fixed: m = 0.938 GeV
and Z = 1.The Force Field is a simplistic approxima-
tion that neglects some terms of the transport equation,
like the drifts, and fails to estimate the correct adiabatic
losses at low energies. As a consequence, there is a pos-
sibility that the Force Field is not able to reproduce the
observed flux at some energy regions where this terms
cannot be neglected and have an important impact on
the flux. In order to detect these kind of effects, a study
of the optimal fitting region, i.e., the rigidity region
where the model explains the modulated flux most ac-
curately, was done. The AMS-02 primary proton fluxes
were fitted in a daily basis, between [Rmin; 50] GV us-
ing the expression 17. With the daily φSM obtained
between August 2011 and December 2011, a monthly
average was calculated, and the results are shown in
figure below for two different LIS models. Note that,
all days corresponding to periods of Solar events (So-
lar flares and CME) were excluded from this analysis.
During these days the flux is deformed at low energies,
influencing the value of the Solar modulation param-
eter. The reason to choose 50 GV and not an higher
value, as the upper fitting boundary, has to do with
two issues. The first one is because there is not much
interest in fitting the flux at high rigidities, where the
Solar modulation effects are negligible, and the event
statistics is low. Secondly, because the unfolding of the

flux was not performed, and so, at high rigidities, the
flux may be partially distorted
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Figure 10: Monthly Solar modulation parameter between
8/2011 and 4/2012 as function of Rmin, using the Usoskin
LIS.
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Figure 11: Monthly Solar modulation parameter between
8/2011 and 4/2012 as function of Rmin, using the Weber
and Higbie 2003 LIS.

The plots in figure 11 and 10 show a degradation of
the Force Field parameter for lower fitting boundaries
below ∼ 6 GV. This effect is independent of the LIS
model used. Additionally, the χ2/ndf of the fit visibly
degrades if Rmin < 6 GV. This can indicate that the
flux, for low rigidities, cannot be properly explained
by the Force Field approximation. However, for rigidi-
ties above 6 GV, the Force Field is able to reproduce
the corresponding modulation. With this in mind, the
calculation of the AMS-02 Solar modulation parameter
from August 2011 to April 2012 was performed using
the JUSO5 LIS model (figure 12).
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Figure 12: Solar modulation parameter derived from the
AMS-02 proton fluxes between August 2011 and April 2012,
using the JUSO5 LIS model.

The evolution of the Solar modulation parameter from
August 2011 to April 2012 does not show a specific
trend, even considering that presently we are near a So-
lar maximum and the modulation effects are increasing
very rapidly. In order to see a clear ascending tendency
more months need to be analyzed.

6.4 Compatibility with NM

The flux on the top of the atmosphere can be cal-
culated using the neutron rates, and the specific yield
function of each station. Given this, the Solar modula-
tion parameter can be derived using the NM network
data. The interstellar flux normally used to compute
the NM’s Solar modulation parameter is JUSO5 [7]. As
a result, the parameters extracted from the NM and the
AMS-02 proton fluxes are directly comparable, since
both used the same LIS model. Unfortunately, the NM
modulation parameters for the year 2012 haven’t yet
been published, and the comparison can only be done
with the values between August 2011 and December
2011 [8]. This comparison is shown in figure 13, where
the dashed line is just a guiding line of slope equal to
one. As can be seen, all the points, except one, have
an error compatible with the line of unity slope. This
proves that a relatively good agreement exists between
the Solar modulation parameter derived independently
from AMS-02 and NM data.
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Figure 13: The plot shows the correlation between the So-
lar modulation parameter obtained from AMS-02 and the
NM network. The dashed line has slope equal to 1.

Additionally, figure 14 shows the correlation be-
tween the number of neutrons reaching the Oulu NM
station and the low rigidity integrated proton flux, from
August 2011 to April 2012. There is an evident correla-
tion between the integrated flux and the neutron rates.
The correlation factor obtained was r = 0.79.
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Figure 14: Correlation between the number of neutrons
reaching the Oulu NM station and the low rigidity inte-
grated proton flux. Each point corresponds to 1 day, begin-
ning in August 2011 and ending in April 2012. The total
number of points is 183.

7 Conclusions

The goal of the first part of this work was to study
the several approaches to solve the TPE in the helio-
sphere. Three solutions were derived: the Force Field
approximation, which is the most widely used solution
to study the solar modulation effects, 1D and 2D nu-
merical solutions. The Force Field and the 1D solu-
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tion are very similar for energies above 0.1 GeV, which
reduces the chances of distinguishing them using the
AMS-02 proton fluxes, since the detector is not able to
measure proton fluxes below 0.1 GeV. The Force Field
and the 1D solution assume a spherically symmetric He-
liosphere, disregarding the effects related to the drifts
in the HMF and the HCS. The 2D solution is by far
the most complex of the three and depends on a lot
of parameters, when compared with the other two. It
also takes into account the drift effects and perpendic-
ular diffusion, which were neglected before. Numerical
methods were developed to solve the 1D and 2D solu-
tions.

Due to the unprecedented statistical precision of the
AMS-02 detector it was possible to characterize, on a
daily basis, the effects of the Sun on the proton fluxes.
The proton fluxes were determined using all the avail-
able data, since AMS-02 started collecting data last
year, which is approximately 20 billion events.

The variations of the integrated fluxes for low [2;30]
GV and high [30;100] GV rigidities were also systemat-
ically studied. As expected, the low energy portion of
the flux is sensible to Solar events, showing 20% to 30%

decreases (Forbush decreases) during the most intense
Solar flares. The integrated low energy proton fluxes
were compared with the rate of neutrons that reach
Earth’s surface using the data from the Oulu NM sta-
tion, and a clear correlation was found. The integrated
high energy fluxes show variations of only 2% to 3%.

Finally, the Force Field modulation parameter was
calculated using the AMS-02 proton fluxes for all the
months, between August 2011 and April 2012. For
rigidities below 6 GV the Force Field parameter is
consecutively degraded, as the model seems to have
difficulties in fitting the observed flux. However, for
rigidities above 6 GV, the model seems to fit correctly
the data. The Force Field parameter, calculated us-
ing AMS-02 proton fluxes (above 6 GV), was compared
with the one obtained independently from the NM net-
work available data, and a relatively good agreement
was found.

The apparent difficulty of the Force Field to fit the
fluxes below 6 GV might be related to the fact that
the model is neglecting terms in the transport equa-

tion that cannot be discarded, such as the drift terms.
This might indicate that a more complex model, such
as the 2D model, must be used in order to explain the
observed fluxes below 6 GV. The complete study of the
2D model is out of the scope of this thesis. There are
a lot of parameters that enter the 2D equation, which
have to be carefully analyzed in order to understand its
effects. However, the numerical method to solve the 2D
equation, explained in chapter 4, and developed using
a C++ classes framework (integrated in the analysis
sofware chain - LxSoft), is available and can serve as
a starting point to a complete data analysis using the
2D model.
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