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Outline

| — Particle acceleration before SN shock breakout

Il - Supernovae in dense winds as PeVatrons
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Radiation mediated shocks
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: optically thick wind
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Progenitor with an optically THIN wind
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Progenitor with an optically THIN wind
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Progenitor with an optically THIN wind
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Progenitor with an optically THICK wind

Spherical 1D
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Progenitor with an optically THICK wind

Spherical 1D
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Observational consequences
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Observational consequences
1)

Neutrinos with energy E > 100 GeV -1 TeV (m * decay) arrive before the first photons from SB.

Typically ~ 10° (3 kpc/l)“2 neutrinos (distance ,r_=10r , 0.1c, 10° M, processed at r < r).
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2) X-Ray Flash
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Parameters of Svirski & Nakar, ApJL (2014) ...

SN 2008D / XRF 080109 may have been an
event in which a CS is formed before SB

G. Giacinti et al. Onset of Particle Acceleration at SNe ICRC, Aug 5 (2015)



G. Giacinti et al. Onset of Particle Acceleration at SNe ICRC, Aug 5 (2015)



Bell's instability (Bell '04)

Large CR current densities :
Bell's non-resonant hybrid instability
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CR acceleration and escape

MNEAS 431, 415429 (2013)
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Cosmic-ray acceleration and escape from supernova remnants

A.R. BellL* K. M. Schure, B. Reville and G. Giacinti

Clarendon Laborarory, Universiny of Oxjord, Parks Road, (Oxford OX1 2PU, UK

a background plasma modelled magnetohydrodynamically.
Standard MHD equations describe the background plasma
except that a —jor x B force is added to the momentum
equation:
du 1 .
p— =—-VP—- —Bx (VxB)—jcr xB (7)
el Lo
as described in Lucek & Bell (2000) and Bell (2004). The CR
distribution function f(r.p.t) at position r and momentum
p is defined in the local fluid rest frame and evolves accord-

ing to the Vlasov-Fokker-Planck (VFP) equation
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where C'(f) is an optional collision term included to repre-
sent scattering by magnetic fluctuations on a small scale.
The electric field is zero in the local fluid rest frame.
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CR acceleration and escape
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CR acceleration and escape
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CR acceleration and escape
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CR charge through a unit surface, upstream
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The CR current density at a radius R is jcr = nour?/R*T
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CR acceleration and escape
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Radio SNe
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ABSTRACT

1 are discussed. We find that a fit to the individual spectra by a
| xternal free-free absorption and synchrotron self-absorption, gives
1 re free-free absorption. A standard r~? circumstellar medium is
1 . From the flux and : getic field in the
3+ shock is determine . Jhe strength of
1 . amplification behind THwslg D enkaliaee® e magnetic and
1 ck is ~0.14. Synchrotron losses dominate the cooling of the elec-
due to photospheric photons are less important. For most of the
e spectrum. A model where a constant fraction of the shocked,
elerated, and subsequently lose their energy due to synchrotron
| tion of the flux and number of relativistic electrons well The
cy” ®1, consistent with diffusive shock acceleration. The injected

| scales with the thermal electron energy density, p¥2, rather than

leg F, (mily)

1 % is strongly connected to the deceleration of the shock wave. The
{21 /90 1 electrons, if extrapolated to vy~ 1, is ~5 x 10™* of the thermal
1 n required is consistent with previous calculations of the circum-
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Conclusions and perspectives

* First few decades of SNe in dense winds very promising
-> Need to search for HE neutrino / (LE) y-rays from SNe

 Studied transition from a radiation mediated shock to a
collisionless shock,
» Optically thick winds : CS can form significantly before
breakout
« Observational consequences :

- X-ray flashes

- E > 100 GeV neutrinos — Probe of the poorly known
optically thick regions of circumstellar winds
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