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CR! spectrium
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CRs below the knee --- Galactic SN Remnants
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Extra-galactic CRS

Transition positien from GCR: ter EGCR: still centreversial

1) ankle: EGCRs start at E>1el19 eV
require GCRs extending to —1el19 eV (e.q. Budnik et al. 07)

.g. B insky et al. 06
2)| the second knee: E-6el7 eV €.g. Berezinsky et a
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Hyperneva prototype — SN1998hbw: an unusuall SN

In the error box of GRB980425
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1) Type Ic SN
2) High peak luminosity, broad emission lines -> modelling require large
explosion energy (E=3-5e52erq)

Normal SN: E=1e51 erg



Radioe;, X-ray: & gammea-ray. 6lhsenvations

sup-energetic GRB—GRB980425: E—1e48 erg (d=38'Mpc)
Radio afterglow modeling: E>1e49 eng, \Gamma—1-2
X-ray afterglow: E=5e49 erg| \heta=0.8

Mildly relativistic ejecta component

SN shock acceleration in the
Envelope?

E_SN=5e52 erg
V=0.1c

Tan et al. 01
Woosley et al. 99




Other hypernevae/sub-energetic GRBS

SN2003Iw/GRB031203
SN20062a)/GRB06021.8

prempt thermal x=ray emissie
mildly: relativistic: SINI shock

preakout from stellar wind
Waxman, Meszaros, Campana 07
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gamma-ray: emission (repeatedly.
scattering ol shock breakoui
pPhetons by hypernova ejecta)

Wang, Li, Meszaros, Waxman 07

iadio afterglow emission _
modelling a continuous Velocity
AISTADULION [N

Campana et al. 06




Enengy: distribution with velocity.

Normal SN IS ENC

\Very: steep distribution -> negligible
contributien te high-energy. CRs

Berezhko & Volk 04

Semi-relatvistic hyperneva:
nIgh Velocity, ejecta With

sIgnIficant energy. is essential
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Wang, Soeb, Meszaros, Dai 07



The 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
B? /81 = 2eppu(R)c? 37

Maximum energy: Hillas 84
Emax = ZFBRJ =4 x 10182

‘ : 1/2
1/2 v 2 ~1/2 ~;
NPT (#) v Y26

1019¢ms—1 3x10—-5Mgyr—1 w3

Protons can be accelerated to >=1e19 eV



The spectrum
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The fiux level--- energetics

1) Extra-galactic hypernova explosion rate
2) average energy per hypernova event

ok « 1046 R e Myne—3 1p—1
B x 10 (_EfH}l'}pl:._E}-T_L) erg Mpc™ vr

IHYPEGYa
. oF I (v=0.1c)
ompare with normal GRBs
4 Rate | ~500
(z=0)
kinetic | 3-5e52 erg 1e53-1e54erg
ENergy/.
Normal Ib/c SN rate:
The required rate : ~ 2 —5x10* Gpe?yr—!

Run = T50Z74(f,/3) " Gpe yr ™ sub-energetic GRB rate:
100—1800 Gpe~?yr~!
Soderberg et al. 06; Liang et al. 06




Open Issues

Low=metalicity host: noer Aypernovaein eur Galaxy?
Stanek et:al. 06; Woosley & Bleen 06

HypemoVva ejecta velecity distribution: profile

CR composition: heavy nuclel int UHE CRS 2
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