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A full solar cycle of proton and helium 
measurements with the PAMELA experiment
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PAMELA collaboration
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Time-Of-Fligth
Plastic scintillators:
- Trigger           - Velocity
- Charge identification dE/dx

Magnetic spectrometer
Silicon strip + permanent
magnet:
- Trajectory track
- Sing and absolute

value of the charge
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Silicon Strip and tungsten:
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shower energy
- Incident e-/+ energy

Neutron Detector
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- Adrons and leptons

discrimination

PAMELA detector
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Solar activity
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PAMELA data

24th



ICRC 2021, 12-23 July 2021 Nadir Marcelli 5/16

Solar activity

23rd

PAMELA data
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Proton and helium fluxes:
July 2006 – September 2014
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Flux computation

ϕ 𝑅𝑖 =
𝑁𝑠𝑒𝑙 𝑅𝑖
∆𝑅𝑖

∙
1

𝐺𝐹 𝑅𝑖 ∙ 𝜀𝑡𝑜𝑡𝑎𝑙 𝑅𝑖 ∙ 𝑇𝑙𝑖𝑣𝑒 𝑅𝑖
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Proton fluxes

Solar minimum
From July 2006 to December 2009

Solar maximum
From January 2010 to February 2014 

Adriani et al., 2013 - ApJ Martucci et al., 2018 - ApJ
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Helium fluxes

Solar minimum
From July 2006 to December 2009

Solar maximum
From January 2010 to September 2014 

N. Marcelli et al., 2020 - ApJ
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Proton and helium fluxes
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Proton over helium ratio



ICRC 2021, 12-23 July 2021 Nadir Marcelli 11/16

Proton over helium ratio
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∆Ф from measured fluxes

∆Ф

∆Ф

∆Ф p

He

∆Ф

𝐽 𝑟, 𝐸, 𝑡 =
𝐸2 − 𝐸0

2

𝐸 + Ф 𝑡 2 − 𝐸0
2 𝐽 ∞, 𝐸 + Ф 𝑡

Gleeson, L. J. and Axford, W. I., doi:10.1086/149822

https://doi.org/10.1086/149822
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∆Ф from measured fluxes

Given ∆Ф we only need a starting Ф0

Sergey A. Koldobskiy et al., 
J.Geophys.Res.Space Phys. 
124 (2019) 4, 2367-2379
10.1029/2018JA026340

AMS p

https://doi.org/10.1029/2018JA026340
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Unfolded fluxes

Ф0 = 500 𝑀𝑉
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Modeled p/He ratio



ICRC 2021, 12-23 July 2021 Nadir Marcelli 16/16

Conclusion

➢ The spectra for proton and helium-nuclei measured by the PAMELA experiment over a nearly complete solar cycle 

(July 2006 – September 2014) were presented

➢ An indication of time dependence in the p/He ratio is observed, suggesting either a difference in the processes 

involved in solar modulation effects and/or a difference in the LIS for the two species

➢ The force-field approximation for solar modulation was applied to relate the observed dependencies to the different 

shapes of the local interstellar proton and helium-nuclei spectra

➢ More accurate models will be developed to have a complete picture of the cause of these dependencies


