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acceleration mechanisms



acceleration paradigms

cosmic strings electromagnetic acceleration
topological defects gravitational acceleration
super-heavy dark matter

/-bursts

other exotic mechanisms



Fermi 2nd order: stochastic shock acceleration
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A theory of the origin of cosmic radiation is proposed according to which cosmic rays are originated
and accelerated primarily in the interstellar space of the galaxy by collisions against moving mag-
metic fields. One of the features of the theory is that it yields naturally an inverse power law for the
spectral distribution of the cosmic rays. The chief difficulty is that it fails to explain in a straight-
forward way the heavy nuclei observed in the primary radiation.
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Fermi 1st order: diffusive shock acceleration

Spiatkovsky. Astrophys. J. Letters 682 (2008) L5. arXiv:0802.3216.
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3 | » shock acceleration naturally leads to power laws

» spectral indices around ~2

» 2D PIC simulations by Spitkovsky 2008

» relativistic shock efficiency: ~10%
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Fermi 1st order: diffusive shock acceleration

’

https:.//www.youtube.com/watch?v=jA0viMh_0g8


https://www.youtube.com/watch?v=jA0v1Mh_Oq8

Converging flows

(e.g. de Gouveia dal Pino & Lazarian 2005)

Contracting islands
(e.g. Drake et al. 2006)

Kowal et al. PRL 108 (2012) 241102
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Merging islands
(e.g. Sironi & Spitkovsky 2014)

Matthews et al. New Astron. Rev. 89 (2020) 101543. arXiv:20023.06587

acceleration via magnetic reconnection
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acceleration via gravitational scattering

(Penrose processes)

rotating black holes (Kerr) can
accelerated particles to arbitrarily high

energies [Banado, Silk, West 2009]
generally: Ez > E1+Eyand E4s < 0O

the efficiency of such mechanism in real

circumstances is unclear [Kimura+ 2011;
Harada & Kimura 2014]

gravitational acceleration
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Image credits: A. Svyatkovskyy






supersonic waves: Mach cone




supernova expansion

supernova SN1993)
host galaxy: M81

observations in radio

1993 May 17 °
1993 Dec 17 C
1994 Mar 15 O
1997 Nov 15
Initial shock: 20000 km/s
2002 May 26

1998 Dec 7

e 2003 Jun 2
2000 Nov 13

1994 Apr 22

1994 Jun 22 .
1994 Dec 230

1995 May 11 l
1996 Apr 8 l
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The Interstellar Medium
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Voyager at the end of the Solar System



https://www.youtube.com/watch?v=suo7_u18C_s

cosmic accelerators
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bottom-up models. electromagnetic acceleration

Alves Batista. arXiv:2412.17201
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https://arxiv.org/abs/2412.17201

what sets the maximum energy of a source?

Most general ENERGETICS DYNAMICS

Least restrictive

PLASMA PHYSICS

Matthews et al. New Astron. Rev. 89 (2020) 101543. arXiv:20023.06587
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sources of high-energy
messengers
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bottom-up models. electromagnetic acceleration

Alves Batista. arXiv:2412.17201
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https://arxiv.org/abs/2412.17201

gamma-ray bursts

Credits: NASA. https://www.youtube.com/watch?v=IMcU2m5YbFE


https://www.youtube.com/watch?v=IMcU2m5YbFE

active galactic nuclei

Credits: H. Shiokawa. https://www.youtube.com/watch?v=L97YdjsnWSO0


https://www.youtube.com/watch?v=L97YdjsnWS0
https://www.youtube.com/watch?v=L97YdjsnWS0

tidal disruption events : WD+BH

Alves Batista & Silk. Phys. Rev. D 96 (2017) 103003. arXiv:1702.06978

WD-BH encounter
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