
A solar cycle of cosmic ray data measured by 
the PAMELA experiment.

New opportunities in the AMS Era
25 April 2018 – Washington 

Riccardo Munini, INFN Trieste
on behalf of the PAMELA collaboration



2

O. Adriani et al., ApJ 765 (2013) 91

M. S. Potgieter et al., Solar Phys 289 (2014) 

Solar Mod

Solar Events

15 June 2006

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

O. Adriani et al., ApJ 742 (2011) 102 O. Adriani et al., ApJ 810 (2015) 142

M. S. Potgieter et al., ApJ 810 (2015) 2, 141. O. Adriani et al., PRL 116 (2016) 241105

O. Adriani et al., Space Weather 14 (2016) 210

V. Di Felice  et al., ApJ 834 (2017) 89O. Adriani et al., Space Weather 14 (2016) 210

Submitted to ApJ

5 papers

8 papers

R. Munini et al., ApJ 853 (2018) 1

M. Martucci et al., ApJ 854 (2018) 1

O. Adriani et al., ApJ 852 (2018) 1

Alessandro Bruno talk 

A<0 A>0

2



3

Solar modulation studies

3



4

Solar modulation: protons
Adriani, O. et al. 2017, NUOVO CIMENTO, 40, 473

Measurement in a wide energy range of the proton flux time variation with a single apparatus
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Solar Modulation: protons

O. Adriani et al., ApJ 765 (2013) 91
M. S. Potgieter et al., Solar Phys 289 (2014) 

Measurement and modeling during the 23th solar minimum
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Solar modulation: modelling ● Local interstellar spectrum (LIS): from numerical 
simulation or fitting data
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3D numerical solution of Parker equation
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Solar modulation: modelling ● Local interstellar spectrum (LIS): from numerical 
simulation or fitting data.

● Heliospheric parameter: magnetic field, tilt angle, 
solar wind velocity...

● Tuning of free parameter (diffusion and drift 
coefficients) in order to reproduce measure data.
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Solar modulation: protons

Measure and modeling of the proton spectra during a period of maximum of the  solar activity

M. Martucci et al., ApJ 854 (2018) 1
2007 20082007 2009 2010 2011 2012 2013 2014 2015 2016 2017

A<0 A>0

10



11

PAMELA – AMS02 comparison

Comparison of the  proton flux measured during the same time period of AMS02 published data

AMS 2011-2013
PAMELA 2006-2008 AMS 2011-2013

PAMELA 2011-2013

Adriani, O. et al. 2017, NUOVO CIMENTO, 40, 473
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Solar Modulation: electrons

First measurement and modeling between 70 MeV – 30 GeV during a solar minimum

O. Adriani et al., ApJ 810 (2015) 142
M. S. Potgieter et al., ApJ 810 (2015) 2, 141.
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Charge sign dependence: e+/e-

O. Adriani et al., PRL 116 (2016) 241105

First measurement of the charge dependet effect over an entire solar cycle and through polarity reversal
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Charge sign dependence: e-/p

Measure and modeling of the charge sign dependence as a function of the energy.

V. Di Felice, R. M., E. E.  Vos. M. S. Pogieter, ApJ 834 (2017) 89
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Forbush decrease 
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December 2006 Forbush decrease
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● Uncommon event: solar minimum



23

December 2006 Forbush decrease

2007 20082007 2009 2010 2011 2012 2013 2014 2015 2016 2017

R. Munini et al., ApJ 853 (2018) 1

A<0A<0 A>0

● Uncommon event: solar minimum

29



24

December 2006 Forbush decrease

2007 20082007 2009 2010 2011 2012 2013 2014 2015 2016 2017

R. Munini et al., ApJ 853 (2018) 1

A<0 A>0

● Uncommon event: solar minimum
● First measurement of a Forbush decrease with 

a space apparatus over a wide energy range
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dependence observed
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December 2006 Forbush decrease

● Uncommon event: solar minimum
● First measurement of a Forbush decrease with 

a space apparatus over a wide energy range
● Amplitude and recovery time energy 

dependence observed
● Charge sign dependece of the recovery time 

due to drift effects
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Conclusions I 

● PAMELA provided excellent data for solar 
modulation studied: low geomagnetic cutoff, low 
energy threshold 

● Multiparticle studies, charge sign dependence
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Conclusions I 

● PAMELA provided excellent data for solar 
modulation studied: low geomagnetic cutoff, low 
energy threshold 

● Multiparticle studies, charge sign dependence
● Improve the understanding of propagation inside 

heliosphere (and galaxy): decrease uncertainties 
at low energies, indirect search of dark matter.

● Solar modulation, forbush decrease, cyclic 
variation (400-27 days) 

G. Giesen et al., JCAP 1509 (2015) 023;
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