Interpretation of the AMS
time-dependent data

Nicola Tomassetti

unipg Universita degli Studi di Perugia

DIPARTIMENTO AMS-Italy meeting 20 December 2022

DI FISICA E GEOLOGIA




Solar modulation: what to look at and why
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Some recent efforts & results
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E. Fiandrini, N. Tomassetti, B. Bertucci, F. Donnini, M. Graziani, B. Khiali, A. Reina
Conde, “Numerical modeling of cosmic rays in the heliosphere: Analysis of proton data
from AMS-02 and PAMELA”, Phys. Rev. D 104, 023012 (2021)

B. Khiali, B. Bertucci, E. Fiandrini, N. Tomassetti, “Recent progress in solar modulation
modeling in light of new cosmic-ray data from AMS-02”, Nuovo Cimento 43 C, 78
(2020) + Paper in preparazione (2023).
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Solar Cycle 247, Adv. Space Res. 64 (2019) 2477-2489 [arXiv:1906.11477]
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Solar Modulation Calculations
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Stochastic method
The solution is obtained by sampling of MC CR transport parameters
ge_neratfeq pseudo-particle trajectories. Free parameters that regulate the processes of CR
(Fiandrini et al. 2021) tranport in heliosphere, e.q. diffusion and drift.
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Heliospheric input parameters Fiandrini et al 2021
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Transport parameters

Time-dependent coefficients of the diffusion tensor:
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Data driven calculation of CR transport

CR transport

IMF conditions
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Data driven calculation of CR transport
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Correlation analyses
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Results with CR nuclei SR "
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Evolution of the CR propagation times

Data-driven calculation of the CR
propagation times and energy
losses and how they evolve over
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Calculations of times and energies

B. Khiali et al. 1600 4 BN Ei - 1Gev, A <0, Mean=37.19days
Simulation of 1 GeV protons (arrival energy). o e i
120Q -
Model calibrated over an entire 22yr polarity cycle ot
(Data from AMS, PAMELA, EPHIN/SOHO, BESS) g 8’.)'0_
Propagation time: time spent by CR protons in the ,c'oo-
heliosphere if they are detected near-Earth with E; = 1 GeV. 1100
P(t|E)
Energy loss fraction: loss of initial energy E; by CRs )
due to adiabatic cooling n = (E; — E)/E;. L 0o 50 00 10 20 - - ~7%
Time (days) _ - =~

Probability density functions P(t|E) & P(gIE) | ___.-=="

150 F 0.08
" 0.07
C 0.06

1
00 : 0.05
0.04

1 0.03
0.02
0.01

50 |

Propagation time [day]

1995 2000 2005 2010 2015
UlLITJY Nicola Tomassetti AMS - Italy Bologna, 20 Dicembre 2022 12

PDF



Calculations of times and energies

B. Khiali et al.

Propagation times of 1 GeV protons and antiprotons
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Calculations of times and energies

B. Khiali et al.

Energy loss fraction of 1 GeV protons and antiprotons
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Investigation of the time lag
NT et al. 2022 The best correlation is between ¢(t) and SSN(t — AT) ,
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Time Lag between Solar Activity and Modulation

NT et al. 2022
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Evolution of the Lag over the Solar Cycle
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Evolution of the Lag over the Solar Cycle
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Evolution of the Lag over the Solar Cycle
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Evol

ution of the Lag over the Solar Cycle
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Evolution of the Lag over the Solar Cycle
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Rigidity dependence of the Lag
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Predictions for antiparticles

The heliosphere is a giant magnetic spectrometer. It acts at selecting/suppressing trajectories.

> During A+ polarity states, CR protons come to us through the polar regions. Fast wind, short lag.
> During A- polarity states, CR protons come to us through the equators. Slow wind, large lag.

The observed evolution of the lag is a signature of charge-sign dependent drift. Its rigidity
dipendence may be related to the CR propagation times (and to spectrum of IMF turbulence)
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Insights from antimatter/matter ratios: drift
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Insights from antimatter/matter ratios: drift
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