Modeling solar modulation in cosmic rays

in light of new data from AMS-02 and PAMELA
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ic rays in the Heliogdhere
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Basic phenomenology
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Antiproton modulation

- Hint of a ~5 GeV excess. DM fit with M,, = 50 GeV and (g4v) = 107 ¢cm?/s in yy — bb.

« The DM fit is consistent with GeV excess, with the current limits, with the WIMP paradigm
« Uncertainties in the GeV region: production cross sections, propagation, solar modulation
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Observational milestones
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Observational milestones: AMS-02

Protons, Helium
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Observational milestones: protons & helium

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

Marcelli et al. ApJ 925, L24 (2022)
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Observational milestones

Aguilar et al., PRL 128, 231102 (2022)
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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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Solar Modulation Calculations

Parker equation captures the whole phenomenology of CRs in the heliosphere
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Heliospheric iﬂp“t Fiandrini et al. Phys. Rev. D 104, 023012 (2021)
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Solar Modulation Calculations

Parameters of CR diffusion determined over one solar cycle and across reversal

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

Connection between CR diffusion (K,) and solar activity (SSN): delayed correlation

NT+ Apd 849, L32 (2017) Fiandrini+ PRD 104, 023012(2021)
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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)

NT+ PRL 121 251104 (2018) [arXiv:1811.08909] NT+ASR 64 2477 (2019) [arXiv:1906.11477]
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Insights from antimatter/matter ratios: drift

The e+/e- ratio is a signature of charge-sign dependent drif of CRs in the IMF
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Insights from antimatter/matter ratios: drift

Predictions for the antiproton/proton ratio
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Insights from antimatter/matter ratios: drift

Predictions for the antiproton/proton ratio
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Evolution of the CR propagation times

New result: Data-driven
calculation of the CR propagation
times and energy losses and how
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Evolution of the CR energy losses

New result: Data-driven

calculation of the CR propagation
times and energy losses and how
they evolve over the solar cycle.

Example: 1 GeV CR protons
have lost 30% to 60% of their
energy in their travel to Earth.

B. Khiali+ ECRS-2022
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Comparing particles and antiparticles

Propagation times of CR protons (reconstructed) and antiprotons (predicted)

150 |
100 |

50 |

Proton

150 F
100 |

50 |

1995

2000

B. Khiali+ ECRS-2022

2015

0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

0.1
0.08
0.06

= 0.04

0.02

PDF

PDF

A.D. 1308

uni pg Nicola Tomassetti

RICAP 2022 | Roma International Conference on Astroparticle Physics

25



Energy loss fraction

Energy loss fraction
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Charge-signh dependence

Energy losses of CR protons (reconstructed) and antiprotons (predicted)
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Conclusions

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

* Multi-channel approach: protons, nuclei, antiparticles
New insights to CR physics
* Proton data -> determination of time lag in CR modulation.

* Proton data -> determination of propagation times & energy losses
* p/He & nuclei data -> test for low-energy diffusion of CRs in heliosphere

e Antimatter/matter -> test for charge-sign dependent effects

uni Pg Nicola Tomassetti RICAP 2022 | Roma International Conference on Astroparticle Physics



