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o Fermi mechanism (Ferml 1954) ‘random sca’r’rerlng leads to energy galn

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

| Test-particle

O . squeezed
. between

N | converging

flows
Downstream (post-shock) Upstream (pre-shock) | mmmmsmmms

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

compression ratio R=u;/uz only. For strong shocks: o =4 (i.e., CE?)
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Evidence of magnetic field amplification A

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

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

Morlino & Caprioli, 2012
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@ The coupling between CRs and waves enhances Va o< B
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Shock

® Maximum energy achievable in a SNR: {1,¢c DV(QE) = Tqge

® With Galactic diffusion: Enax~5 GeV!
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@ The ﬁeld is ampllﬁed by CR-induced s’rreamlng ms’rablll’rles

@ The coupling between CRs and waves enhances Va < B

Downstream Upstream

Shock

® Maximum energy achievable in a SNR: {1,¢c DV(QE) = Tqge

@& With Galactic diffusion: Enax~5 GeV!

@ With self-generated diffusion in 0 B, Emax~5%10° GeV (Blasi et al. 2007)
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@ Mediated by collective electromagnetic interactions

@ Sources of non-thermal particles and emission
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Acceleration from ﬁrsf prmaples

@ Full parhcle in cell approach

(Spitkovsky 2008, Niemiec et al. 2008, Stroman et al
2009, Riquelme & Spitkovsky 2010, Sironi & Spitkovsky
2011, Park et al 2012, Niemiec at al 2012,...)

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

@ Computationally very challenging!
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Fluid electrons - Kinetic protons i e
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@ massless electrons for more [T e SRty = -
macroscopical time/length scales : .
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Spectrum evolution
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Log,  [E f(E)] (t=250)

DC & Spitkovsky, arXiv:1310.2943 |
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® Is acceleration at shocks efficient?

@ Hybrid simulations: >15%

® How do CRs amplify the magnetic
field?

@ Filamentation instability

® How do CRs scatter on the self-gen B?
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® Is acceleration at shocks efficient?

@ Hybrid simulations: >15%

® How do CRs amplify the magnetic
field?

@ Filamentation instability

® How do CRs scatter on the self-gen B?



Time evolution

- - . 150 200 250 300
o Diffusion coefficient TS

(averaged over the
upstream)

6B/B = 1, F(k) const:

Bohm diffusion!

’ B B(E>
DSQ(E 31 F(k) |

DC & Spitkovsky, in prep | ¢



Time evolution

Diffusion coefficient
(averaged over the
upstream)

6B/B = 1, F(k) const:

Bohm diffusion!

= = = DSA prediction

@ Evolution of Emax(t) for
M=20 parallel shock

200 400 600 800 1o|09 1200 1400 1600 1800 2000 [ DYOREN Spitkovsky, in prep |
tw, ]




Ouftline

150 200 250 300
L il

D(E)/DBOII m




Ouftline A

@ Is acceleration at shocks efficient?
@ Hybrid simulations: >15%

@ How do CRs amplify the magnetic
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® Bohm diffusion in 6B

@ When is DSA efficient?
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DC & Spitkovsky, arXiv:1310.2943
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Parallel vs Oblique shocks

Non-Thermal
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art simulation
(109 particles)

Computation
time: almost

Efficiency (%)
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DC & Spitkovsky, arXiv:1310.2943
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Dependence on inclination and M
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SN 1006: a parallel accelerator

X-ray emission
(red=thermal
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@ Is acceleration at shocks efficient?

@ Hybrid simulations: >15%

® How do CRs amplify the magnetic =l <0
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@ Filamentation Instability

® How do CRs scatter on the self-gen B?

® Bohm diffusion (in 6B?)
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@ At parallel, strong shocks
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@ Super—Hybrld (with X, Bai, A. Spl’rkovs'ky and L.°°Si.roni)'
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