AMS-02 isotopes: INEN
SH e, ‘*He and duterons predictions s

AR D
i

SNNOES

(o] ' KNERKE
/ ~7 f . 3

I A

agenzia spaziale
italiana

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA

— .,
—al

Y e—

Nicolo Masi

AMS-02 Italia Trento 2023



Explaining isotopic physics

by means of GALPROP and HelMod

* AMS-02 published data can be fitted in the combined framework of GALPROP and HelMod
(for Galactic and Heliosphere propagation, respectively) with a single model, capable of
reproducing all primary and secondary spectra at the same time

* The 28 proposed LISs fit Voyager-1, ACE-CRIS, HEAO-3-C2, Pamela, AMS-02, CREAM, ATIC-
2 and recent NUCLEON, CALET and DAMPE data, from 10 MeV/n up to 500 TeV/n,
representing a forecasting tool for the Collaboration.

* This is the starting point to study isotopes and possibly different propagation schemes for
light species.
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Secondary scenario
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Primary component scenario
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Alternative propagation scenario
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A new set of propagation parameters, trained on SHe, *He and °He/ *He using the

approach, has been found to fit the SHe discrepancy.

Standard Scenario

Parameter Units Best Value
zn  kpc 4.0
Do(R=4GV) cm?s™! 4.3 x 10%®
5@ 0.415
Valir km st 30
AVeonv/dz kms™! kpc™? 9.8

?The P-scenario assumes a break in the diffusion coefficient
with index d1 = ¢ below the break and index 62 = 0.15 +
0.03 above the break at R = 370 & 25 GV (for details see

Alternative Scenario

z=5.6 kpc,
DO =7.6x 10728 cm”2 s”-1,
delta =0.19,
Va= 27 km s”-1,
dVv0/dz = 2.0 km s”*-1 kpc/-1

This could represent an alternative scenario for light isotopes propagation.
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Local Interstellar Spectra
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Deuteron predictions
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« The difference between the >He primary-
secondary scenarios and the choice of the
nuclear cross section parametrization are not

* HelMod modulation produces only a slight shift

* Alternative propagation scenarios are going to

o

be tested in order to see if they can fit
deuterons and 3He at the same time
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Incremental cross section channels
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* Silicon does not affect deuteron production and the
prediction is comparable with AMS-02 up to Z2< 12

e Sulfur and Calcium appreciably affect d

« 21 <7< 25 are not relevant whereas Fe produces
the final jump which reaches 0.23 value

* From literature, the only available data are:
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\CNO+p->d 6 points: Ramaty & Lingenfelter(1969) & Olson et al (’83y
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Voyager-1 Deuterons
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Conclusions

* The analysis of receent heavy nuclei by AMS-02 within the GALPROP—-HELMOD framework, together with Voyager-
1 and ACE-CRIS data, provided updated local interstellar spectra up to Z=28: the following step is to characterize
isotopes contributions.

 AMS-02 high precision data put models to a severe test, highlighting fine featuresin nuclei spectra and isotopes.

* The helium isotopes and their ratio have been calculated using the GALPRQP-HelMod environment and compared

with AMS-02 : primary *He is perfectly described, as expected, whereas >He flux shows an underestimation for
R >7 GV, which pointstowardsa non-nuclear explanation.

« Two solutions are proposed: a new primary >He component or a different propagation model for helium isotopes
with respect to heavy nuclei.

e The comparison with GP deuterons production is ongoing, the case is not clear: before the inclusion of Z>2
channels, GP underestimates AMS-02, after it overestimates.

. Detf_terc_ms cross section data and analytic models for high Z production are poor and the parametrization are very
qualitative.
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Interstellar spectra measured by Voyager-1
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