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CRsCRs below the knee below the knee ------ Galactic SN RemnantsGalactic SN Remnants

Diffuse shock accelerationDiffuse shock acceleration
a) a) CRsCRs below the kneebelow the knee
Protons: Protons: 

b) b) CRsCRs above the kneeabove the knee

Heavy nuclei: Heavy nuclei: 

SN1006
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KASCADE data: Progressively increasing contribution
of heavy nuclei with increasing energy

Berezhko & Volk 07

Galactic CRs >~1e17 eV



ExtraExtra--galactic galactic CRsCRs
Transition position from GCR to EGCR: still controversialTransition position from GCR to EGCR: still controversial

1) ankle: 1) ankle: EGCRsEGCRs start at E>1e19 start at E>1e19 eVeV

require require GCRsGCRs extending to ~1e19 extending to ~1e19 eVeV (e.g. (e.g. BudnikBudnik et al. 07)et al. 07)

2) the second knee: E~6e17 2) the second knee: E~6e17 eVeV
where the composition changes significantly (where the composition changes significantly (HiResHiRes data)data)

2nd knee

e.g. Berezinsky et al. 06



Source models for Source models for EGCRsEGCRs

AGNsAGNs, radio galaxies (, radio galaxies (BiermannBiermann…….).)
GRBsGRBs ((waxmanwaxman 05; 05; VietriVietri; ; DermerDermer))
Cluster of galaxiesCluster of galaxies
……

SemiSemi--relativistic relativistic HypernovaeHypernovae: : ??

large explosion energy SN  (E=3large explosion energy SN  (E=3--
5e52erg) with significant mildly5e52erg) with significant mildly--
relativistic relativistic ejectaejecta

3C 296

GRB

Wang et al.,2007, arXiv:0705.0027 (astro-ph)



HypernovaHypernova prototype prototype –– SN1998bw: an unusual SNSN1998bw: an unusual SN

In the error box of GRB980425

1) Type Ic SN
2) High peak luminosity, broad emission lines -> modelling require large 

explosion energy (E=3(E=3--5e52erg)5e52erg)

Normal SN: E=1e51 erg



Radio, xRadio, x--ray & gammaray & gamma--ray observationsray observations

subsub--energetic GRBenergetic GRB——GRB980425: E~1e48 erg  (d=38 GRB980425: E~1e48 erg  (d=38 MpcMpc))
Radio afterglow modeling:   E>1e49 erg,    Radio afterglow modeling:   E>1e49 erg,    \\Gamma~1Gamma~1--22
XX--ray afterglow:  E~5e49 erg, ray afterglow:  E~5e49 erg, \\beta=0.8  beta=0.8  

SN

SN shock acceleration in the
Envelope?

E_SN=5e52 erg
V=0.1c

Tan et al. 01
Woosley et al. 99

Mildly relativistic ejecta component



Other Other hypernovaehypernovae/sub/sub--energetic energetic GRBsGRBs

SN2003lw/GRB031203SN2003lw/GRB031203
SN2006aj/GRB060218SN2006aj/GRB060218

prompt thermal xprompt thermal x--ray emissionray emission——
mildly relativistic SN shock mildly relativistic SN shock 
breakout from stellar windbreakout from stellar wind

gammagamma--ray emission (repeatedly ray emission (repeatedly 
scattering of shock breakout scattering of shock breakout 
photons by photons by hypernovahypernova ejectaejecta) ) 

radio afterglow emission radio afterglow emission 
modellingmodelling: a continuous velocity : a continuous velocity 
distributiondistribution

Wang, Li, Meszaros, Waxman 07

Campana et al. 06

Waxman, Meszaros, Campana 07



Energy distribution with velocityEnergy distribution with velocity

Normal SN Normal SN 
Very steep distribution Very steep distribution --> negligible > negligible 

contribution to highcontribution to high--energy energy CRsCRs

SemiSemi--relativistic relativistic hypernovahypernova: : 
high velocity high velocity ejectaejecta with with 

significant energy is essentialsignificant energy is essential

Berezhko & Volk 04

Wang, Soeb, Meszaros, Dai 07



The maximum energy of accelerated particlesThe maximum energy of accelerated particles

1) Type Ib/c SN expanding into the stellar wind, Wolf-Rayet star

2) equipartition magnetic field B, both upstream and downstream

Protons can be accelerated to >=1e19 eV

Maximum energy: Hillas 84



The spectrumThe spectrum

Injection spectrumInjection spectrum



The flux levelThe flux level------ energeticsenergetics
1) Extra-galactic hypernova explosion rate
2) average energy per hypernova event

Normal Ib/c SN rate: 

sub-energetic GRB rate: 

HypernovaHypernova
(v=0.1c)(v=0.1c)

Normal Normal GRBsGRBs

Rate Rate 
(z=0)(z=0)

~500~500 ~1~1

kinetickinetic
energyenergy

33--5e52 erg5e52 erg 1e531e53--1e54erg1e54erg

Compare with normal GRBs

The required rate :

Soderberg et al. 06; Liang et al. 06



Open issuesOpen issues

LowLow--metalicitymetalicity host: no host: no hypernovaehypernovae in our Galaxy?in our Galaxy?
StanekStanek et al. 06; et al. 06; WoosleyWoosley & Bloom 06& Bloom 06

HypernovaHypernova ejectaejecta velocity distribution profilevelocity distribution profile

CR composition: heavy nuclei in UHE CR composition: heavy nuclei in UHE CRsCRs ??
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