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Primary vs. secondary nuclei

Some species in the CR flux are overrepresented compared to local
Galactic (1.e. Solar System) abundances
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Cycle of matter in the Galaxy
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Abundances of cosmm@ay species

HEAO-3-C2 GCR abundances (Engelmann et al. 1989)
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Abundances of cosmm@ay species

HEAO-3-C2 GCR abundances (Engelmann et al. 1989) - ®  SuparTIGER Rafractory
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Abundances of cosmm@ay species

HEAQO-3-C2 GCR abundances (Engelmann et al. 1989) & SugarTIGER Rafractory
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OB Association model of injection

Synthesis of
MSM in OB
Associations
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OB Assoc:|at|on model of injection

Condensation onto grains, along
with other nuclei and p

Collection of charge on outside of grains
-> increase rigidity for same momentum

e.g.lvlevet
al. 2018

Synthesis of
MSM in OB
Associations
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OB Assoc:|at|on model of injection

Condensation onto grains, along
with other nuclei and p

Collection of charge on outside of grains

-> increase rigidity for same momentum
h'&z B c.g.Ivievet

' . al. 2018

Synthesis of
MSM in OB
Associations

Charge sputtering cross secti@i
Lingenfelteret al. 2019
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Stages of GCR lifetime

Synthesis: Injection: Acceleration: Propagation:
Stellar fusion Dust grain Grain sputtering and Accelerated GCRs
processes, massive  acceleration to acceleration to GCR escape local
star ejecta, explosive  suprathermal energies in strong environmentand
nucleosynthesis energies in strong shocks transport throughout
shocks the Galaxy
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Primary vs. secondary nuclei

Some species in the CR flux are overrepresented compared to local
Galactic (1.e. Solar System) abundances
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Not due to enrichment of MSM, must arise from fragmentation of
heavier nuclei producing significant secondary component
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Transport equation for nuclei
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Transport equation for nuclei

For a nuclear
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Transport equation for nuclei
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Transport equation for nuclei
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Transport equation for nuclei
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Transport equation for nuclei
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Secondanto-primary ratio for light nuclel

Observed abundance ratio of

[ ] LiBeB CNO ~ 0.25
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Secondanto-primary ratio for light nuclel

Observed abundance ratio of
LiBeB CNO ~ 0.25
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More realistic results require (at least) reintroduction of the diffusion term to account for
distribution of path lengths traveled by particles (rather than assuming the average)
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Secondanto-primary ratios

Beyond this small illustrative example, the real situation is much more complex:
A Diffusion, energy loss, and source terms that we neglected

- Treatment of diffusion leads to different distributions of pathlengths which
modify the resulting secondary/primary ratios

- Isotropic diffusiorg Gaussian distribution of pathlengths
- Leaky box mode] exponential distribution of pathlengths
A Energy dependence of parameters in the transport equation
- Diffusion coefficient
- Energy loss and source injection terms
A+l NBAY 3T f S@STHA L2 TTFANINKIYOKNEA LISOASE Y
-a2a0f@& Lz2NB LINAYINARSaAS So3d LI | S:

- Mixed, e.g. N with significant primary component and secondary component
from interactions of primary O

- Mostly pure secondaries, e.g. Li, Be, B



Secondanto-primary ratios

Beyond this small illustrative example, the real situation is much more complex:
A Diffusion, energy loss, and source terms that we neglected

- Treatment of diffusion leads to different distributions of pathlengths which
modify the resulting secondary/primary ratios

- Isotropic diffusiorg Gaussian distribution of pathlengths
- Leaky box mode] exponential distribution of pathlengths
A Energy dependence of parameters in the transport equation
- Diffusion coefficient
- Energy loss and source injection terms
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- Mixed, e.g. N with significant primary component and secondary component
from interactions of primary O

- Mostly pure secondaries, e.g. Li, Be, B

Energydependent measurement of elemental CR spectra up to the limits of Galactic
accelerators are critical input for models of acceleration and propagation of GCRs



Cosmieray altparticle spectrum
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Cosmieray altparticle spectrum

Relatively featureless except for smal
changes in spectral index

Direct measurements are limited to
~severaPeVtotal energies simply by
feasibility of required detector size

Only up to the knee, where the
transition to extragalactic sources
dominating the flux begins
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CALET and DAMPE Calorimeters

CALET DAMPE
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Depth(EM) = 30 X Depth(EM) = 32 X
Depth(HAD) = 1.%, Depth(HAD) = 1.6,
Geom. Fact. = 0.12 fisr Geom. Fact. = 0.3 fisr
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PAMELA and AMIR Spectrometers
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