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_An extraterrestrial radiation! A

@ 1912: V. Hess discovers an
extraterrestrial source of
lonization: Cosmic Rays

@ 1930-1932: A. Piccard
reaches the stratosphere
with a pressurized
aluminum gondola
attached to a ballon

@ 1940: B. Rossi and P.
Auger measure Extensive
Air Showers:

@ CRs up to 10*-10° GeV
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Cosmic ray flux at Earth
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@ Below ~1 PeV: satellites and balloons

@ Above: ground-based arrays, fluorescence telescopes for showers
triggered by primary CRs
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Magnetic Field Strength
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SNR paradlgm energehcs e \

@ Baade- Zwmky (1934) energe’rlc argumen’r upda’red

7R*h = 2 x 10 cm’

W= éx V

conf

~ 2x10” erg

~ 5x 10" ergs™

~ 3x 10" ergs”

110-20% of SN ejecta kinetic energy converted |
. into CRs can account for the energetics |



SNR paradlgm acceleration mechanism

o Fermi mechanism (Fermi, 1954) ‘random sca’r’rermg leads to energy gam

@ In a shock a particle gains energy at any reflection (Blandford &
Ostriker; Bell; Axford et al.; 1978): Diffusive Shock Acceleration (DSA)

| Test-particle

O . squeezed
. between

N | converging

flows
Downstream (post-shock) Upstream (pre-shock) |t s

@ DSA produces power-law p~“ in momentum, depending on the

compression ratio R=p0 4/ 04 only. For strong shocks: o =4




Evidence of magnetic field amplification

Tycho :
@ Narrow (non-thermal) X-ray rims due

to synchrotron losses of 10-100 TeV
electrons...

@ ...in fields as large as B~100-500 4 G

X—ray profile @ 1 keV

/
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Brightness [erg/s/cm2/Hz/sr]

Morlino & DC, 2012




. 88
Conclusions? A
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@ Supernova Remnants

@ Have the right energetics

o Diffusive shock acceleration produces power-laws

@ B amplification may help reaching the knee

SNR G1.9+0.3

@ Is acceleration at shocks efficient?
@ How do CRs amplify the magnetic field?
@ When is acceleration efficient?

@ How are ions and electrons injected?







Accelerahon From ﬁr51L prmcnples

@ Full parhcle in cell approach

(..., Spitkovsky 2008, Niemiec+2008, Stroman+2009,
Riquelme & Spitkovsky 2010, Sironi & Spitkovsky 2011,
Park+2012,2015, Niemiec+2012, Guo+2014, DC+15...)

@ Define electromagnetic field on a grid
@ Move particles via Lorentz force
@ Evolve fields via Maxwell equations

@ Computationally very challenging!

@ Hybrid approach:

Fluid electrons - Kinetic protons

(Winske & Omidi; Lipatov 2002; Giacalone et al.; Gargate
& Spitkovsky 2012, DC & Spitkovsky 2013-2015,...)

@ massless electrons for more
macroscopical time/length scales
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Hybrid simulations ¥ A
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@ dHybrid code (Gargaté et al, 2007)

Initial B field




AR
A

PO

Spectrum evolution

| | . First-order Fermi
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Filamentation instability
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Uchiyama et al 2007

Knots and filaments
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Parallel vs Oblique shocks

Non-Thermal
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DC & Spitkovsky, 2014
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Each point
corresponds to
a simulation

with about 10°
parfticles

Computation
time: almost

2x10° cpu h




3D simulations
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SN 1006: a parallel accelerator

X-ray emission:
red=thermal
white=synchrotron
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Polarization:
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Account for spectra,
SNR hydrodynamics,
and morphology

1.5~ Radio profile @ 1.5 GHz
I X-ray profile @ 1 keV
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o Protons up to 0.5 PeV

@ Only two free parameters: injection efficiency and electron/proton ratio



Galactic CRs: Conclusions!

@ Acceleration at shocks
can be efficient: >15%

@ CRs amplify B field via
streaming instability

@ Ion DSA efficient at
parallel, strong shocks

Efficiency (%)

@ Ions are injected via
reflection and shock
drift acceleration

@ Electron DSA efficient ;
at oblique shocks gk
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Downstream 7 Upstream

in the downstream frame: © Energy gain depends on [t f - (1

First cycle: Ef ~I 2 E;

Elastic scattering (gyration): A Following cycles: Ef ~2 E;
. |

Back in the upstream:
@ CAVEAT: return not guaranteed!

| Er = T(Ef + Bpt o) = T°Ei(1 — Bus) (1 + Bus

25



Acceleration in rela’rlws’rlc FLOWS

Ao Requlremen’r m’rerface ’rhlckness << gyroradlus << ’ryplcal ﬂow size

Flow. (Upstream)

@ Most trajectories lead to a ~1' ¢ energy gain! .r-_
26
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UHECRs from AGN jets: constraints |7

4 Emax

° ° ° q > Xy
@ Confinement (Hillas Criterion): EAEEE A vy

@ Energetics: Quuecr(E=10'%eV )x5x10%%erg/Mpc3/yr
Lol = 1043-104521"9/5; NAGN*"IO“‘*/MPC‘?’
Qacn = a few 10%6-10*%erg/Mpc3/yr >> Qunecr V

@ Efficiency depends on:
@ Reacceleration efficiency

@ Jet cross section
(angle of a few degrees: € ~ 1071-10-?)

@ Contributing AGNs

@ Likely radio-loud quasars, blazars, FR-I,...



@ CR spectral features

Mo Prediction of UHECR
chemical composition!

@ UHECR spectra must be
quite flaf, ~E1>

-~ 1020 '
Knee CUf-OFF (Aloisio+13, Gaisser+13, Taylor 14,...)
DC, sub. PRL
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CR summary
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