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Overview

1) Motivation: local source additional contribution to the cosmic ray sea spectrum
GU

S 2) Imprint of a 2 Myr old local supernova source on

— the spectrum of cosmic ray nuclei
— spectrum of antiprotons and positrons
— anisotropy
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Local supernova in the local cosmic ray « sea »

The ejecta from the local supernova explosion at the distance ~100 pc have apparently reached
the Earth some 2 Myr ago and deposited %°Fe isotope found in the deep ocean crust.

® Fe / *° Fe with decay

1 supernova exploding evey 30 yr within the
Galactic disk of radius 10 kpc implies

1 supernova within 100 pc distance every Myr.
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Local supernova in the local cosmic ray « sea »

Cosmic Ray Spectra of Various Experiments

-
(=]
FS

T TR ] | satellite . oy L -
R % A A S W Lo 1 supernova exploding evey 30 yr within the
10 E q ey 20 | . . . . .
2 g W (L particlelmiset) | n vakustk- ground amay | | Galactic disk of radius 10 kpc implies
(0] .o k LRI S < Haverah Park - ground array . . . .
5 107 ® \ ,,,,, ] O Absno-growdamey | | 1 supernova within 100 pc distance every Myr.
N B : . A SN W A AGASA - ground array
g‘ B ° \ i [} Fly's E ir fl
o gt SUNIREE SR, QR S Etye - air fluorescence ¥ . . .
2104F T % HiRest mono - air fluorescence | | A supernova which occurred within the last T
— LV R & esZ mono - air fluorescence i . . .
N - X o] st mono A luoreseen Myr within 100 pc distance has spread some
107 | S L= LR Il | Ecg~10°° erg of cosmic rays over the distance
_ % o R~(D(E)T)"2 produces a flux comparable to the
-10 : = : H
10°F N W S W ; (1 particleim’yea)| | locally observed cosmic ray spectrum in the TeV
1031 fﬁﬁffj@ﬁﬁfﬁﬁfﬁﬁ A X/ S | | rangeif
o — ,
1076 *?&% (Ecg/T¥?)>(10% erg / [1 Myr]*?)
10-19 : .....................
L% : Did the last nearby supernova leave an
104 % 5 i i i
LS N 1.particle/km’ R imprint on the observed cosmic ray spectrum?
- RSOOSR WO SO WL i
1025 E %
= "% £%8 : o .... The imprint should be encoded in the
- °.'j \’ {1-particle/km®-century)— .
1028 : - features of the spectra of cosmic ray
components
109 1010 1011 1012 1013 1014 1015 1016 1017 1018 1019 1020 p

Energy (eV)



Features in the cosmic ray spectrum components
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Spread of cosmic rays from single source
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Monte-Carlo code simulating trajectories of
individual particles through the Jensson-Farrar ‘12
model of Galactic magnetic field including regular
and turbulent (Kolmogorov spectrum) components.




Local supernova imprint on the spectra of protons
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A supernova with cosmic ray injection energy 10°° erg exploding some
~100 pc away along the ordered Galactic magnetic field line passing at ~50
pc from the Solar system
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NGC 2395

'Local Galacnc mjgnetlc ﬁeld and the source posutlon
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Local supernova imprint on the spectra of protons
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A supernova with cosmic ray injection energy 10°° erg exploding some
~100 pc away along the ordered Galactic magnetic field line passing at ~50
pc from the Solar system

Kachelriess et al. ‘15



Local supernova imprint on the spectra of protons

108 =
. Monte-Carlo code simulating trajectories of
i individual particles through the realistic
B Galactic magnetic field which includes
10° & regular and turbulent (Kolmogorov)
= components.
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Lower energy cosmic ray flux from the local
source could be suppressed because of slow
diffusion across magnetic field lines
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A supernova with cosmic ray injection energy 10°° erg exploding some
~100 pc away along the ordered Galactic Magnetic field line passing at ~50
pc from the Solar system
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Local supernova imprint on the CR anisotropy

Cosmic rays did not reach the source yet /

1073 : Cosmic rays have escape from the disk
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A supernova with cosmic ray injection energy 10°° erg exploding some
~100 pc away along the ordered Galactic Magnetic field line passing at ~50
pc from the Solar system

Savchenko et al. ‘15
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Local supernova imprint on antiprotons and positrons

The spectrum of positrons and antiprotons
from the local supernova approximately
repeats the spectrum of the source cosmic
rays, because the matter column crossed by
cosmic rays is energy-independent.

The flux of positrons is at the level of excess in

the positron spectrum observed by PAMELA
nd AMS-02 if the the cosmic ray injeciton
vent happened ~2 Myr ago.

ntiprotons produced on the same time scale
ive sizable contribution to the observed
ntiproton flux.
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Detection of a break in the positron spectrum
would provide an independent measurement
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Local supernova vs. alternative models of spectral features
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Summary

Contribution of a nearby (100 pc) recent (several Myr) supernova to the cosmic ray
spectrum provides a satisfactory explanation to a number of features in the cosmic ray flux:

— deviaitons of the spectra of nuclei from simple powerlaw
— positron excess

— large antiproton flux at several 100 GeV

— anisotropy in the TeV-PeV range
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