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Basic phenomenology
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Basic phenomenology
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Observational milestones

Protons Light Nuclei
2017 =B c B
3§ [2.15 - 2.40] GV e i . =
2.5 E_ .”‘0.‘03'. ..:”.‘3‘30’: :‘::’:to zt‘é
— ® ofoe —
21— ...C.'. o ]
9-‘:3".. 'C :l.. E
1.5 ° ”' :....0:,. o o8 o ....... R
E : PR L L N >> talk F. Donnini =
May Aug Oct Jan Apr Jun Sep Dec
2015 2011 2012 2013 2015 2016 2017 2018 2019
Antiparticles
0.11 ;—' | = - | e LIS | » ol 1 b ¥ 1 L =EEL A | Ll I Ll 1 1 1 _;
- 2.31 - 2.65 GeV :
0.10F & ¢ -
0.09 '

2013

[1.00-1.16] GV [1.92-2.15] GV [2.97-3.29] GV 0.08 E
[4.02-4.43] GV [5.90-6.47] GV [9.26-10.10] GV :
Dail ton fl t DT
ally proton 1riux measuremen . .
0.06 F* >> talk M. Graziani
fromAMS_OZ(PRLZOZZ) :.l..l..l‘.l..l..l..l..l..l..l..l..l..'
Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul
>> talk V. Formato 2011 2012 2013 2014 2015 2016 2017

Nicola Tomassetti



Observational milestones
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Observational milestones

Long-term behavior of the p/He ratio
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Observational milestones

Long-term behavior of the p/He ratio AN\S‘02

The ratio between
proton and helium
fluxes at the same
rigidity value is

not constant at
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Observational milestones

Evolution of et+/e- ratio through the solar magnetic reversal
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Solar Modulation Calculations

Parker equation captures the whole phenomenology of CRs in the heliosphere
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the MC simulation of many particle trajectories. tranport in heliosphere, e.q. diffusion and drift.

100° 75°
connection

150° Heliospheric input parameters

Proxies for the average condition of the < IMF intensity

Example: 1-GV/
prot‘or/)D trajectgry heliospheric plasma (the medium where < IMF polarity

0° CRs move throught) at a given epoch  IMFTilt Angle

175°

0 20 40 60 80 100120

A.D. 1308

uni pg Nicola Tomassetti 2° Congresso Space Weather Italian Community — SWICO 2022

1



Heliospheric iﬂp“t Fiandrini et al. Phys. Rev. D 104, 023012 (2021)
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Solar Modulation Calculations

Modelled GCR spectra

Fiandrini et al. Phys. Rev. D 104, 023012 (2021)

Parallel component of the diffusion tensor
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Insights from protons: time lag beween CR and SSN

Tomassetti et al., Apd 849, L32 (2017)
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Insights from the p/He ratio: diffusion

The p/He long-term behavior is a signature of universality of the CR mean free path A(R)

Tomassetti et al., Phys. Rev. Lett. 121 (2018) 251104 [arXiv:1811.08909]
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Insights from antimatter/matter ratios: drift
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Aguilar et al. PRL 120 (2018) 051102
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Insights from antimatter/matter ratios: drift
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Predictions for the carbon flux
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Carbon Reina Conde et al., PhD Thesis (2022)
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Conclusions

Golden age for cosmic ray measurements
* Data from space: Voyager-1, PAMELA, AMS-02, CRIS/ACE

* Multi-channel approach: protons, nuclei, antiparticles

New insights to CR physics

* Proton data -> evidence for a time-lag -> timescale of CR modulation

* P/He & nuclei data -> test for low-energy diffusion of CRs in heliosphere
e Antimatter/matter -> test for charge-sign dependent effects

From multi-channel & long-term data to space physics

* Establishment of predictive model with forecast capabilities
* Improve risk assessment in manned exploration missions
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