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Modulation of Cosmic RaysModulation of Cosmic Rays

Rate of p flux in two consecutive period  with
similar solar activity but opposite magnetic

polarity

The modulation depends
also from

Charge Magnetic Field Polarity
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Boella et. Al. 2001
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•Propagation of Cosmic Rays in the Heliosphere

•Antiproton/proton ratio

•Our results

•Prediction for AMS-02

•Conclusion
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U Cosmic Rays number density per unit interval of kinetic energy
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We use a Monte Carlo Code to integrate the 2D Parker Equation

The Cosmic Rays propagation
inside the Heliosphere is

described by the Parker
Equation

Cosmic Rays propagation



We improved our model with a dynamic and more realistic description of Heliosphere

We divided the
Heliosphere in 14 regions.

 each one equivalent to a
one month solar activity

averaged in periods before
the experiment

We use a modified heliospheric
magnetic field as Jokipii & Kòta
1989 that enhanced the field
magnitude to Poles

A



Ordinary Drift

NS drift

Transition Function that emulate the effect of a wavy
neutral sheet

For the neutral sheet drift we use the description Potgieter-Moraal 1985
with a Parker Magnetic Field modified as Jokipii-Kota 1989 and constant
Solar Wind
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We used a quasi-linear Theory
for the diffusion coefficient



K0

Oulu Neutron Monitor Data, plotted by David Archibald with prediction point
added. Data source: University of Oulu, Finland

Usoskin et al. JGR
2005

Force Field
approach

Estimation of
modulation potential

From neutron monitor
Counting rate

Modulation Potential published until 2004

!3

)(
1

0

RRV AUTSSW
K

"
=



We find a linear relation between K0 (previous
slide) and Smoothed Sunspot Numbers

Dispersion of data ~19%

In our model K0 is Gaussian (19% RMS) distributed around the analytical value



Diffusion coefficient estimation



Beischer et al., 
New journal of physics, 2009

Casaus, Journal of Physics, 2009

Force Field results
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BESS 95-97
Our Results



PAMELAOur Results



…LIS models…..



AMS-02 will operate onAMS-02 will operate on
International Space Station fromInternational Space Station from
February 2011February 2011

We estimated the expected GCR flux
for the AMS-02 mission

Estimated Sunspot Numbers

AMS-02



Predictions



• We developed a 2D MonteCarlo Stochastic model for
Cosmic Rays propagation in the Heliosphere

• Solar modulation  is charge and polarity dependent and
we improved our model for antiparticles

• Starting from Galprop LIS we reproduced
antiproton/proton measured ratio (Pamela, BESS).

• We compared our results with FF modulated ratio (only
proton modulated!!)

• We use the predictive features of our model to provide
modulated fluxes for AMS-02

Conclusions



Thank You!
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Rate of p flux in two consecutive period  with
similar solar activity but opposite magnetic

polarity


