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OutlineOutline

I – Cosmic Ray Acceleration and escape at SNR shocksI – Cosmic Ray Acceleration and escape at SNR shocks

 

 
   … First few DECADES following the SN explosion ? 
 

II – SNe in dense winds as PeVatronsII – SNe in dense winds as PeVatrons

→ → How do CR escape SNR?How do CR escape SNR?
  

→ → Importance of magnetic field amplificationImportance of magnetic field amplification
  

→ → Can SNR accelerate CR to > 1 PeV ... when ?Can SNR accelerate CR to > 1 PeV ... when ?
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Sources, acceleration mechanismSources, acceleration mechanism

Forward Forward 
shockshockTycho - CompositeTycho - Composite

Supernova 
remnant

Emax ~ Z x 3 PeV Emax ~ Z x 3 PeV ??????

KNEE ?KNEE ?
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Sources, acceleration mechanismSources, acceleration mechanism
Diffusive shock acceleration (Krymskii '77; Axford et al. '77;
Bell '78; Blandford & Ostriker '78)
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Bell's instabilityBell's instability

Large CR current densities : Large CR current densities : 
Bell's non-resonant hybrid instabilityBell's non-resonant hybrid instability

(Bell '04)(Bell '04)
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Bell's instabilityBell's instability

(Bell '04)(Bell '04)

 → Instability grows & 
saturates ?

 → B field strength ?
 → Max. CR energy ?
 → CR escape 

upstream?
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CR acceleration and escapeCR acceleration and escape

CRsCRs  
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CR acceleration and escapeCR acceleration and escape

pistonpiston
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CR acceleration and escapeCR acceleration and escape

CR charge through a unit surface, upstream
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( )

Diff. / R :

    ρρ  = cst → = cst → 

Cas A :     T   400 TeV !!!≈
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Nowadays, historical SNRs are Nowadays, historical SNRs are notnot  
accelerating particles to the knee !accelerating particles to the knee !

Tycho Kepler

SN 1006 Cas A
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SNe in DENSE WINDS as PeVatronsSNe in DENSE WINDS as PeVatrons

r

R
Diff. / R :

    ρρ   αα  r  r -2-2 →  → 

Bell et al. MNRAS 431, 415 (2013)Bell et al. MNRAS 431, 415 (2013)
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Fransson & Björnsson '98    -     SN1993J

Radio :

→ Due to SSA

→ A bit of free-free 
absorption at early times 

Radio SNeRadio SNe

cm
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All-particle 
spectrum 

p+He

ARGOYBJ : cutoff at ~ 700 TeVARGOYBJ : cutoff at ~ 700 TeV
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All-particle 
spectrum 

p+He

ARGOYBJ : cutoff at ~ 700 TeVARGOYBJ : cutoff at ~ 700 TeV

SN Type Ia ?SN Type Ia ?

SNe in dense winds ? SNe in dense winds ? 
(Type Ib/c ?, some II)(Type Ib/c ?, some II)
Heavier nuclei?Heavier nuclei?
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Conclusions and perspectivesConclusions and perspectives

● Summary of Bell's NR instability
 

● Instability growth / saturation => Limits CR  E
max

 

● Tight link between CR Escape / E
max

 / MF amplification
 

● Type Ia fall short of reaching the knee
   => COMPOSITION ?

 

● First few decades of SNe in dense winds promising to 
reach knee and beyond
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