Studying the low-energy excess in
cosmic ray iron: a possible evidence of a
massive supernova activity in the solar neighborhood
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Explaining Z < 28 CRs physics

by means of GALPROP and HelMod

* Thanks to AMS-02 high precision data we can constrain CRs production and
propagation at the % level,;

 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 (see ApJ 840:115 No 2, 2017; ApJ 854:94 No 2, 2018; ApJ 858:61 No 1, 2018;
ApJ 889:167, 2020; ApJS 250 27, 2020; Ap) 913 5, 2021);

* 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 200 TeV/n, representing a forecasting tool for astroparticle and
solar physics.



MCMC Matrix Approach

M. Boschini, S. della Torre, N. Masi, I. Moskalenko, L. Quadrani, P.G. Rancoita et al.,
Solution Of Heliospheric Propagation: Unveiling The Local Interstellar Spectra Of Cosmic Ray Species,
The Astrophysical Journal 840:115 No 2, 2017, arXiv:1704.06337

1. The Monte-Carlo-Markov-Chain interface to
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3. The experimental observables used in the
\ MCMC scan include all primary CRs AMS-02

data and B/C ratio.
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Best-fit propagation parameters for /- and P-

scenarios
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HEAQO vs AMS-02 normalization

to forecast Z >14 nuclei
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AMS-02 and HEAO normalization coincide at the % level

in this region (2.65-10.6 GeV/n) for not to heavy species




Interstellar spectra measured by Voyager-1
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Ne x 50
Mg x 11
Six5
Sx9
Fe x 0.7

Ni x 3

N x 3e-03
Na x 0.01
Al x 2e-03
Ca x 1e-03

Cr x 6e-04
Mn x 3e-04

Co x 1e-03

Li X 2e-07
Be x le-07
B x 1e-08
F X 6e-08
P x 6e-08
Cl x 2e-08
Ar x 4e-09
K x 2e-09
Sc x 1e-09

Ti x 1e-10
V x 8e-11

All Z <28 are well

eproduced




Our website provides numerical LISs, formulas and plots

Website Search Local Interstellar Spectra from Galprop-HelMod join effart

Search ...
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By exploiting experimental results, the combined effort of the physicists invalved with the Galprop model
HelMod Long Write Up for propagation in galaxy and HelMod for the propagation in heliosphere, the local interstellar spectra (LIS) for
(Galactic Cosmic Rays species up to Z=28 (Mickel) were derived. These spectra are available and accessible from
» The HelMod Model

: the current webpage.
» HelMod Heliosphere pag

» Heliospheric boundaries in Selected LIS: 26:Iran E

HelMod
» Heliospheric Magnetic Field
+ Diffusion Parameter Some of the currently available LIS's were derived accounting for AMS-02 data published up to TV rigidity region.
« Diffusion tensor The exploitation of AMS-02 data allowed one to approach the procedure with high statistic data of unprecedent
« Monte Carlo Integration accuracy. Currently, the observation data at Earth on cosmic rays species from HEAD3-C2 (from october 1979 to
» Current and Historical June 1980) and AMS-02 were employed for absolute scale normalization of fluxes (see Sects. 3-3.2 in Boschini et
Values of default al. 2020).
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The new iron from AMS-02

* Because of the large fragmentation cross section and large
ionization energy losses, most of CR iron at low energies is

o AMS-02 (2011-2019) | : .
'L 10-1t N b AMS02 (201120 9’_; local, and may harbor some features associated with supernova
3 activity inside the Local Bubble
% 1072k E
4 j The analysis of iron spectrum together with Voyager-1 and
~ _ . .
c 1073F 1 ACE-CRIS data reveals the unexpected necessity of a bump in
= 1 the iron spectrum at 1+3 GV (0.2+0.7 GeV/n)
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AMS-02 driven Fe LIS

The injection spectrum of iron

P Spectral parameters
Nucleus Y0 R() (GV) S0 ’}’I R’ (GV) s’ Y1 Rl (GV) S1 Y2 R2 (GV) S92 Y3
Old os6Fe  0.27 .04 0.18 . . . 199  7.00 020 2.51 355 0.17 2.19
New ogFe  0.95 2.00 0.20 L 3.62 2.94 0.10 ) 2.05 17.0 0.18 2.452 355 0.17 2.23
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Discrepancy between HEAO and AMS

* Previous analysis has shown that the middle range of the HEAO-3-C2 data agrees well with AMS-02
data for light and medium nuclei.

e All HEAO-3-C2 data points for Fe overlap with AMS-02 data, but the solar modulation levels during their data taking
are dramatically different: HEAO was launched on 1979 September 20 and ended on 1981 May 29 and took the data
during the solar maximum conditions, while the AMS-02 data were taken from 2011 to 2019, i.e., through almost
the entire Cycle 24, where the solar activity was moderate. Therefore the LISs derived from these two data sets are
also quite different.

* Possible sources of errors for HEAO:

1. technology gap and lack/poor rigidity calibration;
2. incorrect evaluation of nuclear fragmentation.
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* In HEAO data analysis, the charge-changing cross section was assumed to be energy independent:
o=5734/" +A)° —0.83)?

e If our conclusion is correct, we should see a gradual increase in the discrepancy between the HEAO-3-C2 “plateau”
data and AMS-02 data as the mass number increases from Si to Fe.



lron to primaries ratios
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HEAO and AMS-02 data are not compatible,
so we had to renormalize Iron to AMS-02: the

only way to recover ACE and Voyager-1 data
is to introduce a bump peaked at 2 GV.




No signs in He, O, Si

0.25 T T T T
T T ¥ X
s GALPROP LIS - AMS Normalization
140 — = GALPROP LIS - HEAO Normalization ]
Voyager - 1o
{b AMS-02(2011-2018) 0 20 - -

120

1ML
AT

100 :
0.15F

80

He/O
Si/O

s GALPROP LIS - AMS Normalization

= = GALPROP LIS - HEAO Normalization 1

= HelMod - AMS Normalization

== = HelMod - HEAO Normalization

Voyager - 1o

005 = e HEAO03-C2(1979/10-1980/06) - 10 ]

[ HelMod - 1o

20F = ACE-CRIS(1997/08-1998/04) - 1o
ACE-CRIS(2009/03-2010/01) - 1o

® AMS-02(2011-2018)

10° 10t 102 103 100 101 102 163
Rigidity [GV] Rigidity [GV]

60 0.10

40

A similar feature in the spectra of He, O, Si, and in their

ratios is absent, hinting at a local source of low-energy CRs.
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Rare isotope composition and SubFe/Fe ratio
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* The correct ACE-CRIS ®°Fe/>®Fe ratio could be reproduced

within our model only assuming a primary ®°Fe component, d in th
with a normalized abundance at sources of about 0.05 w.r.t. Good agreement in the
1+10 GeV/n range

577 for *°Fe: (8.7-10A-5)
This is fully consistent with the (7.5+2.9)-107-5 ACE-CRIS

prediction at source.




Conclusions

e Since its launch the Alpha Magnetic Spectrometer-02 has delivered outstanding quality measurements of
the spectra of cosmic-ray.

* The analysis of new iron spectrum by AMS-02 within the GALPROP-HELMOD framework, together with
Voyager-1 and ACE-CRIS data, provided an updated local interstellar spectrum in the energy range from 1
MeV/n to 10 TeV/n: it revealed an unexpected bump both in iron and in the Fe/He, Fe/O and Fe/Si ratios at
1-3 GV.

* This was the first time such an excess was found in the spectrum of an element that is dominated by stable
species: it will be fundamental to measure the spectra of other heavy CR species to see if a similar spectral
feature is present.

* The new-found excess in the Fe spectrum around 2 GV is falling in line with other excesses in iron rare
isotope ®°Fe, which is likely connected to the past SN activity in the Local Bubble.

 Starting from this LIS and the ®°Fe/>°Fe abundance measured by ACE-CRIS, ®°Fe primary component was
estimated, along with the prediction of the important SubFe/Fe ratio.

» To further constrain the ®Fe yield from SNe and interpret the 1.5 + 3 Myr ago progenitor event, it will be
useful to study the possible associate production of the long-lived radioactive 2°Al isotope.



