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Outline  

• Solar Modulation introduction 

• The HelMod Monte Carlo Model 

• HelMod results in conjunction with GALPROP 
Local Interstellar Spectra. 

• Online calculator 
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Solar modulation - Introduction 

The Cosmic ray measured at Earth orbit is affected by Solar 
modulation at rigidity <10-30 GV 

The Cosmic rays 
intensity varies with 

time 

The variation is related to 
solar activity: greater is 
the activity, less is the 
cosmic rays intensity 
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U Cosmic Rays number density per unit interval of kinetic energy 

Diffusion 
Small Scale 

Magnetic Field 
irregoularity 

Drift 
Large Scale 
structure of 

magnetic field 
(e.g. gradients) 

Convection 
Presence of 

the solar wind 
moving out 

from the Sun 

Energetic Loss 

Due to adiabatic 
expansion of the 

solar wind 

Solar modulation - Introduction 

Cosmic Rays diffusion is described by Parker equation (1965)  

f Cosmic Rays omnidirectional distribution function 
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Monte Carlo Approach 

Fokker Planck Equation 

Stochastic Differential 

Equations (SDE) 

Ito’s lemma,  

see e.g. Gardiner, 1985 

Convection+ 
Drift 

Diffusion 
CF=BFBF

T 

Stochastic 

Quasi-particle 
evolution 

Deterministic 

L allows  to “increase” (or “decrease”) the quasi particles 
weight at an exponential rate as function of time propagation 
[see, e.g., Zhang, 1999] 
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Details of the SDE approach can be found in Bobik et al. JGR. 2016, 121(5) 
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Diffusion 
Small Scale 

Magnetic Field 
irregoularity 

HelMod Monte Carlo Code 
For low activity - Parameters 

The Diffusione process is described by diffusion tensor: 

In the magnetic field line reference this is 

High Solar Activity 

Low Solar Activity 

The linear dependence of parallel diffusion was corrected at 

lower rigidity depending for solar Activity 
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Diffusion 
Small Scale 

Magnetic Field 
irregoularity 

HelMod Monte Carlo Code 
Parameters 

see [Bobik et al, Adv.Astr. 2013] 

K0(t) Is the modulation  parameter 
obtained using cosmic ray flux > 2 GV 

K0(t) fitting procedure use a 
practical relationship between K0 
from modulation strength and Solar 
activity evaluated using both 
Smoothed Sunspot Numbers and 
Neutron Monitor Counting Rate.  

This act like a time scaling factor 
for the diffusion process 
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Convection 
Presence of 

the solar wind 
moving out 

from the Sun 

Energetic Loss 

Due to adiabatic 
expansion of the 

solar wind 

Drift 
Large Scale 
structure of 

magnetic field 
(e.g. gradients) 

Solar Wind speed is obtained by in-situ 
measurements available in 

omniweb.gsfc.nasa.gov database  

We use the model described in  
Potgieter & Moraal,  ApJ 1985 

The model depends on Tilt angle of the Neutral Sheet 
(computed monthly by  http://wso.stanford.edu 

using the so called “L” and “R” model) and Magnetic 
Field Magnitude at Earth (available in 

omniweb.gsfc.nasa.gov database ) 

HelMod Monte Carlo Code 
Parameters 

http://wso.stanford.edu/
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We divide the Heliosphere in 15 

regions. 

 each one equivalent to the 

average of solar activity in 

periods before the experiment 

Parameters in each region are 

Diffusion 

parameter 

Tilt angle 

of the Neutral Sheet 

Magnetic Field  

Magnitude at Earth 

Solar Wind Speed 

HelMod Monte Carlo Code 
Parameters 

Details of the model can be found in  

Bobik et al. Ap.J. 2012 745:132 
Bobik et al, Adv.Astr. 2013 

Proc. ICRC 2013 
www.helmod.org 
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In present approach, the Local 

Interstellar Spectrum is an additional 

parameter that need to be tuned on 

data 

Normalized probability function that a 

particle with Rigidity R at 100 AU 

reach 1 AU with Rigidity R
0
. Evaluated 

via Monte Carlo Simulation 

The modulated spectrum is obtained combining 

unmodulated spectrum (J
LIS

) with Monte Carlo 

normalized probability function G 

See N. Masi talk, id 8 Parallel Session 5b On 
September, 7 

We developed a procedure that tune 

LIS from GALPROP to reproduce 

experimental data during both Solar 

Cycle 23 and 24 
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The model was able to reproduce both Low and High 

Solar activity Modulated Proton Spectra 

The error bars comes from data and  the grey area account for parameter uncertainties. 

1% agreement 
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The model was able to reproduce both Low and High 

Solar Activity Modulated Helium Spectra 

The error bars comes from data and  the grey area account for parameter uncertainties. 



ECRS, Torino - September, 6  2016 – D. Grandi 13 

The model was able to reproduce the normalized proton 

Counting rate measured by Ulysses at ~2 GeV 

Ulysses spacecraft explored the heliosphere outside the ecliptic plane up to 

±80° of solar latitude at a solar distance from  ~1 up to ~ 5 AU 
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The released online tools for solar modulation 

http://www.helmod.org 

Using the online calculator it is possible to 
modulate GALPROP spectrum and compare with 
relevant experiment during solar cycle 23 and 24 

Using the Solar Modulator it is possible to modulate 
GALPROP spectrum for an arbitrary period during 
solar cycle 23 and 24. 
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Conclusions 

• We presented the HelMod Model for the propagation of Cosmic rays 
through the heliosphere that is able to reproduce the observed 
spectra during solar cycle 23 and 24, both at high and low solar 
activity using GALPROP LIS’s.  

• HelMod is in agreement at the 1% level for AMS-02 Protons. 

• It was able to reproduce the observed spectra by Ulysses outside the 
ecliptic plane (between +80° and -80° of  solar latitude) and from 1 
to 5 AU 

• The HelMod Model is available online (for GALPROP LIS’s) at 
www.helmod.org to evaluate modulated spectrum for Proton, Helium, 
Antiproton and Electron  for an arbitrary period during solar cycle 
23 and 24, as a function of the Carrington Rotations. 

• The forthcoming features to the web model are: Nuclei modulation 
spectra and the possibility to use a generic LIS. 
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Thank You for Your Attention! 
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