RICAP-24 Roma International Conference on AstroParticle Physics - 23 — 27 Sept 2024

2R He isotopes spectra: a GALPROP-HelMod S
SR . ~ Mod//
perspective S

M. J. Boschinil?, S. Della Torrel, M. Gervasi!3, D. Grandil3, G. J6hannesson4?®, G. La Vaccal=, |.V. Moskalenko®?, N. Masi®’,
S. Pensottit:3, T.A. Porter®?, L. Quadrani®’, P.G. Rancoita!, D. Rozza'*, M. Tacconil3

LINFN, Milano-Bicocca, Milano, Italy , 2CINECA, Segrate, Milano, Italy, 3Physics Department, University of Milano-Bicocca, Milano, Italy, 4 Science Institute, University of
Iceland, Dunhaga 3, IS-107 Reykjavik, Iceland, °INFN, Bologna, Italy, ®Physics Department, University of Bologna, Bologna, Italy, "THansen Experimental Physics
Laboratory, Stanford University, Stanford, CA 94305, 8Kavli Institute for Particle Astrophysics and Cosmology, Stanford University, Stanford, CA 94305

Models for CR Transport

10%
We estimated Local Interstellar Spectra (LIS) using an iterative procedure involving GALPROP, HelMod and latest GCR

observations. GALPROP code that describes propagation of Galactic CRs and production of the associated diffuse emissions
The GALPROP code uses information from astronomy, particle, and nuclear physics to predict CRs, y-rays, synchrotron
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emission, and its polarization in a self-consistent manner. The key concept underlying the GALPROP code is that various kinds

—

of data, e.g., direct CR measurements, p, et, y-rays, synchrotron radiation, and so forth, are all related to the same Galaxy
and hence have to be modeled self-consistently. The goal for the GALPROP-based models is to be as realistic as possible and
to make use of available information with a minimum of simplifying assumptions. Before reaching Earth orbit, CR particles
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pass through the interplanetary medium, called the heliosphere. Though many processes are similar to the Galactic

Differential Intensity x R%7 [(m? s sr GV)™}]

propagation, the heliosphere has its own specifics. Solar activity changes on weekly and monthly scales, and the solar wind

and magnetic field vary with time and position in space, and therefore they require a dedicated modeling to understand all A M
factors involved. In this work, the particle transport within the heliosphere is treated by means of the HELMOD model. The o s
HELMOD model, now version (HELMOD-4), numerically solves the Parker (1965) transport equation using a Monte Carlo 107 10' Rigidity@?’ 10°

approach involving stochastic differential equations.
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Some of them are exhibiting resonant enhancements in the ratio
3He/3He, that could even make 3He dominant. Hypothesis 3: Alternative propagation: inhomogeneous diffusion
After fifty years of studies, the mechanism of this enhancement is not We performed a calculation of secondary 3He (the “background”) produced by fragmentation of
fully understood but, under favorable circumstance, 3He-rich material nuclei Z > 2 with standard model propagation and source abundance of He set to O.
could be injected into the ISM, where it can be picked by a Second, we performed an MCMC scan to derive the alternative propagation parameters with fixed
propagating shock, or injected directly into the shock at the CR halo size z=4 kpc, free source abundance of *He and abundances of nuclei Z > 2 set to 0.
accelerator. The final spectrum of 3He was calculated as a sum of the first background plus secondary 3He
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The “He “excess” can be fitted adding a new tiny source A new set of propagation parameters, trained on 3He, *He and 3He/*He using the MCMC

eg ® ° 3 ° ° 4
term (additional primary *He ) which is few %o of “He approach, has been found to fit the 3He discrepancy. This could represent an alternative

abundance at source scenario for light isotopes propagation.
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