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OutlineOutline

I – Cosmic Ray Acceleration and escape at SNR shocks
 

II – Radio and X-Ray SNe : The onset of CR acceleration ?
 

III – What (we think) we know on formation of collisionless 
shocks and SN shock breakout

 

IV – Basics of radiation-hydrodynamics
 

V – Results & Interpretation : CR acceleration may start 
SIGNIFICANTLY BEFORE supernova shock breakout !!!

  

VI – Particle acceleration & Observational consequences :
X-ray flashes + High-energy neutrinos
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I – Cosmic ray acceleration and I – Cosmic ray acceleration and 
escape at SNR shocksescape at SNR shocks
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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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CR acceleration and escapeCR acceleration and escape
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CoreCollapse SNe, Progenitors, Circumstellar CoreCollapse SNe, Progenitors, Circumstellar 
windswinds

– Variety of progenitors and SNe types.

– Mass loss and circumstellar material :
Optically thin or thick winds possible
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CR acceleration and escapeCR acceleration and escape

~ 0.03

(m=0)

(m=2)
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II – Radio and XRay SNe :II – Radio and XRay SNe :
The onset of CR acceleration ?The onset of CR acceleration ?
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Fransson & Björnsson '98    -     SN1993J

Radio :

→ Due to SSA

→ Sometimes a bit of 
free-free abs. further 
diminish the flux at 
early times 

Cosmic Ray electrons at fwd. shock & radio SNeCosmic Ray electrons at fwd. shock & radio SNe
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Fransson & Björnsson '98    -     SN1993J

Radio :

X-rays : → Due to synchrotron (?) or Inverse Compton (more 
often)

               but often dominated by thermal X-rays from shock 
heated ISM

→ Due to SSA

→ Sometimes a bit of 
free-free abs. further 
diminish the flux at 
early times 

Cosmic Ray electrons at fwd. shock & radio SNeCosmic Ray electrons at fwd. shock & radio SNe
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Cosmic Ray electrons at fwd. shock & radio SNeCosmic Ray electrons at fwd. shock & radio SNe

Fransson & Björnsson '98

Radio :

X-rays : → Due to synchrotron (?) or Inverse Compton (more 
often)

               but often dominated by thermal X-rays from shock 
heated ISM

→ Due to SSA

→ Sometimes a bit of 
free-free abs. further 
diminish the flux at 
early times 

Ofek et al. '12
   (SN 2006jc)
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III – Formation of a collisionless shock : III – Formation of a collisionless shock : 
What (we think) we knowWhat (we think) we know
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Shock Evolution and Shock BreakoutShock Evolution and Shock Breakout
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Shock Evolution and Shock BreakoutShock Evolution and Shock Breakout

Shock breakoutShock breakout

                Should have a Should have a 
collisionless shock (?)collisionless shock (?)
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IV – Basics of radiationIV – Basics of radiation
hydrodynamicshydrodynamics
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RadiationHydrodynamics CodeRadiationHydrodynamics Code

Assumptions... and requirements :

- 1D – spherical code sufficient,

- Two temperature code, and T
e
 = T

p
,

- Allow NLTE  (T
e
 ≠ T

rad
 ),

- For a reasonable and safe behaviour during the transition 
from optically thick to optically thin regions :
=> Use a flux limiter,

- Fluid fully ionized. Electron temperature between a few eV 
and a few 100s keV (< m

e
)

=> Do not need to take into account atomic lines
and Assume Thomson scattering for photons

          ---> No multigroup treatment of radiation (-> Gray diff.).
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RadiationHydrodynamics CodeRadiationHydrodynamics Code

– Eulerian code.

– Architecture :
 

- > Explicit :
 

1) Lagrangian terms,
2) Advection terms,
3) Energy exchange photons <-> fluid 
(Bremsstrahlung & Compton cooling).
 

- > Implicit :
 

Photon diffusion term.
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RadiationHydrodynamics CodeRadiationHydrodynamics Code
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RadiationHydrodynamics CodeRadiationHydrodynamics Code

- Compton cooling (Chevalier & Klein '79) : 

- Bremsstrahlung :

(Gaunt factor ~ 1.25)
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RadiationHydrodynamics CodeRadiationHydrodynamics Code
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V – Results & InterpretationV – Results & Interpretation
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Progenitor with an optically THIN windProgenitor with an optically THIN wind

Initial conditions at t = 0
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Progenitor with an optically THIN windProgenitor with an optically THIN wind

t = 1 000 s
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Progenitor with an optically THIN windProgenitor with an optically THIN wind

t = 4 500 s
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Progenitor with an optically THIN windProgenitor with an optically THIN wind

T = 8 000 s

Movie
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Progenitor with an optically Progenitor with an optically THICKTHICK wind wind
Spherical 1D
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Progenitor with an optically Progenitor with an optically THICKTHICK wind wind
Spherical 1D



   

G. Giacinti & A. R. Bell                      CR Acceleration and HE Neutrinos at SN Explosions                   Hamburg, Jan 13 (2014)
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Spherical 1D
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Progenitor with an optically Progenitor with an optically THICKTHICK wind wind
Spherical 1D
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Progenitor with an optically Progenitor with an optically THICKTHICK wind wind
Spherical 1D
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Progenitor with an optically Progenitor with an optically THICKTHICK wind wind
Spherical 1D
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Progenitor with an optically Progenitor with an optically THICKTHICK wind wind
Spherical 1D
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Viscous shock formation in opt. thick medium ?Viscous shock formation in opt. thick medium ?
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Collisionless shock :
 

 From a viscous shock  : NO
 From Radiation : NO
 From compression From compression
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(i)(i) (ii)(ii)

… But estimate rather conservative. Numerically, we find :

i.e.
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Observational consequencesObservational consequences

●  1 – 10 TeV CRs possibly in a few seconds... (but do not 
contribute significantly to the Galactic CR flux)

 → SuperAlfvenic, OK.

for

( + )

( )

<
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●  HE neutrinos from p – p interactions arrive SIGNIFICANTLY 
BEFORE photons from shock breakout : 10 hours or more !

●  Flash harder than expected at shock breakout because of the 
viscous shock
( + Secondary gammarays from pi0 decay.                                 )

Observational consequencesObservational consequences
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Conclusions and perspectivesConclusions and perspectives

●  Studied transition from a radiation mediated shock to a 
collisionless shock,
● Confirm that a collisionless shock forms (and why),
● Optically thick winds : Can form significantly before breakout
● Observational consequences :
     Xray flashes
      >100 GeV neutrinos   Probe of the poorly known optically →
thick regions of circumstellar winds
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