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Cosmic nitrogen, sodium, and aluminum nuclei are a combination of primaries produced at
cosmic-ray sources and secondaries resulting from collisions of heavier primary cosmic rays
with the interstellar medium. We present high-statistics measurements of the N, Na and Al
rigidity spectra. We discuss the properties and composition of their spectra and present a model-
independent determination of their primary and secondary components, together with the mostly
primary cosmic rays C, Ne, Mg, and S. This allows us to determine the C/O, N/O, Ne/Si, Na/Si,
Mg/Si, Al/Si, and S/Si abundance ratios at the source independently of cosmic-ray propagation

models.
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Unique Properties of the Third Group of Cosmic Rays Measured by the Alpha Magnetic Spectrometer

AMS and Cosmic Nuclei — Traditionally, cosmic-ray nuclei are grouped in two types: primary
nuclei, which are fused in stars through the a-process and accelerated and injected into the galactic
medium in supernova explosions, and secondary nuclei, which are the result of the fragmentation of
primary nuclei with the interstellar medium (cold gas of H and He), a process termed ‘spallation’.
The Alpha Magnetic Spectrometer (AMS) is a state-of-the-art multipurpose particle-physics detec-
tor in orbit at the International Space Station (ISS) since May 2011. AMS has measured with high
statistics and extensive studies of systematic errors the primary fluxes of helium, carbon, oxygen,
neon, magnesium, silicon, sulphur and iron and the secondary fluxes of lithium, beryllium, boron
and fluorine. In this work, the preliminary measurements of the fluxes of nitrogen, sodium and
aluminium are presented for 11 years of AMS data-taking (see [1, 2] for previous results). AMS has
five subdetectors placed either above, below or inside a permanent magnet, namely, the transition-
radiation detector (TRD), the silicon tracker, the time of flight (TOF), the ring-imaging Cherenkov
detector (RICH) and the electromagnetic calorimeter (ECAL) [3]. As for what the measurement
of the fluxes of comic nuclei is concerned, the key subdetectors are the tracker-magnet pair, which
provides a measurement of the rigidity from the bending of the particle trajectory, as well as the
time of flight, which gives a highly efficient particle trigger. Both the tracker and the time of flight
independently measure the atomic charge of nuclei with high resolution.

AMS Flux Measurement — The isotropic flux ®; measured in the rigidity bin from R; to R; +AR;

is computed as
N:
D=
AiSiTiAR,'

where N; are the number of events of Z-nuclei counted in the rigidity interval after background

ey

subtraction and correction of bin-to-bin migrations, A; is the effective acceptance of the instrument,
including the geometric acceptance, the event selection and event reconstruction efficiencies and
the survival probability of the signal inside the detector, all of them computed with a Monte-Carlo
simulation and corrected with data, g; is the trigger efficiency of the instrument and 7; is the
data-collection time. The analysis of the fluxes of cosmic nuclei is based on the accurate evaluation
of the various elements in Eq. (1). The measured fluxes of nitrogen, sodium and aluminium
are shown in figure 1 (left). The dominant source of systematic error from 2 GV to 1 TV is the
uncertainty the determination of the survival probability, which was found to be < 5% over the
entire rigidity range. Other sources of systematic error include the background subtraction arising
from interactions inside the detector, which is < 1.5% over the entire rigidity range for nitrogen and
up to 100 GV, then increasing up to 5 — 6% for sodium and aluminium at 3 TV; the unfolding due
to a limited knowledge of the rigidity resolution matrix; and the determination of the rigidity scale
(< 1% below 100 GV and increasing up to 5 — 7% at 1-3 TV).

Primary and Secondary Fractions of Cosmic-Ray Fluxes — All three fluxes show a spectral
shape that is softer than primaries, but harder than secondaries. Consequently, this third group
of fluxes can be fitted to a linear combination of a primary AMS flux (oxygen or silicon) and a
secondary AMS flux (boron or fluorine), namely @ = cp X ®p + cs X @g. This demonstrates the
existence of a third group of cosmic nuclei with sizable primary and secondary components, as
shown in figure 1 (right). Moreover, the same type of fit can be performed to the fluxes of carbon,
neon, magnesium and sulphur [4] to show that they can also be described by a linear combination
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Figure 1: Left: The fluxes of nitrogen, sodium and aluminium compared with other experiments (see [1, 2]
and ref. therein) as a function of kinetic energy per nucleon (the measurement is made from 2-3 GV to 3 TV,
although, in order to compare against other measurements which do to measure rigidity, a certain mean mass
composition has to be assumed for each flux, namely, for nitrogen, sodium and aluminium are 14.5 u, 23 u
and 27 u respectively). The state-of-the-art GALPROP-HELMOD model is also shown. Right: All three
fluxes can be fitted to linear combination of a primary flux (oxygen for nitrogen and silicon for sodium and
aluminium) and a secondary flux (boron for nitrogen and fluorine for sodium and aluminium). [These are
preliminary 11-year AMS data. Please, refer to the forthcoming AMS publication for the final figures.]

of primary and secondary fluxes where the primary component largely dominates (figure 2). The
fitted values of cp and cg for all these fluxes are quoted in Table 1. Most importantly, the fitted
primary fraction, cp, allows for a determination of the relative abundance at the source of fluxes

with respect to reference primaries (oxygen and silicon) independently of cosmic-ray propagation.
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cpX®Dp cs X Og cp X®Dp cs X Og

N | (0.091 £0.002)®0 | (0.61 £0.02)®5 || C | (0.83+0.02)do | (0.70 +0.03)®5
Na | (0.038 = 0.003)®s; | (1.33 = 0.04)df || Ne | (0.83+0.02)ds; | (2.0+0.1)®df
Al | (0.105 +0.004)®g; | (1.04+0.03)®x | Mg | (1.01 £0.03)®s; | (2.4+0.2)0F
S | (0.162 £0.005)®s; | (0.33 +£0.04)®F

Table 1: The fitted primary and secondary fractions of the fluxes in figures | and 2.
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Figure 2: The fluxes of carbon, neon, magnesium and sulphur can be described with a linear combination
of a dominant primary (oxygen or silicon) and a secondary (boron or fluorine) component. [These are
preliminary 11-year AMS data. Please, refer to the forthcoming AMS publication for the final figures. ]

Conclusions — AMS has measured the fluxes of nitrogen, sodium and aluminum with high
statistics and extensive studies of systematic errors. Each of these fluxes can be described by a
linear combination of a primary flux and a secondary flux. Moreover, carbon, neon, magnesium
and sulphur can also be described in the same way. This procedure allows for a calculation of the
relative source abundances of primary fluxes independently of propagation models.

References —

[1] M. Aguilar et al. (AMS Collaboration), Phys. Rev. Lett. 121, 051103 (2018)
[2] M. Aguilar ef al. (AMS Collaboration), Phys. Rev. Lett. 127, 021101 (2021)
[3] M. Aguilar ef al. (AMS Collaboration), Phys. Rep. 894, 1 (2021)

[4] M. Aguilar et al. (AMS Collaboration), Phys. Rev. Lett. 130, 211002 (2023)



