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» If SNR shocks accelerate cosmic rays
efficiently (via diffusive shock acceleration), then:

» Thermal properties of the shocked heated gas (X-ray lines
and continuum) depends importantly on the production of
superthermal particles

» Emission from radio to X-rays to TeV gamma-rays is
interconnected

This is true for forward and reverse shocks, but
reverse shocks are particularly interesting




FERMI SHOCK ACCELERATION in SNRs

» In collisionless plasmas, charged particles are coupled by magnetic
fields — strongly non-equilibrium particle spectra possible.

» Shocks set up converging plasmas making acceleration rapid and
efficient

» We know collisionless shocks exist and accelerate particles
efficiently !! — Direct observation of efficient shock acceleration in the
Heliosphere

» Much stronger SNRs shocks should be efficient ION accelerators
(at least in Q-parallel regions of shocks)

The efficient acceleration of CR ions impacts:

1) Thermal properties of the shock heated, X-ray emitting gas,
2) SNR evolution, and 3) broad-band emission
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In efficient accel., entire spectrum
must be described consistently
connects Radio and X-ray emission

» Concave spectrum
» Compression ratio, r,, > 4
» Lower shocked temp. rg \p, < 4

» Nonthermal tail on electron &
ion distributions

Here show "Simple’ model
of Berezhko & Ellison 99
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Efficient vs. Test-Particle Acceleration and
Temperature of shock heated gas:

If NO acceleration (or Test-particle acceleration), then compression
ratio, r ~ 4, and:

3 %V » | Shocked proton temperature (for typical
P~ 16 Ke, sk | young SNR shocks) extremely high !!

e.d., Vgk =2000 km/s — sz 108 K 1! This may force assumption

T << Tp to explain X-ray lines in some SNRs

If accel. occurs, some Internal energy goes into superthermal particles —
Must reduce energy in thermal population — Lower shocked proton temp.
Can be large effect, i.e., factor of 10

The greater the acceleration efficiency, the lower the shocked proton
temperature — may not need T, << Tp



Hydrodynamic simulation of
Supernova remnant evolution with
efficient particle acceleration

with Anne Decourchelle and Jean Ballet, CEA-Saclay

Decourchelle, Ellison, & Ballet, ApJL, 2000

Blondin & Ellison, ApJ, 2001
Ellison, Decourchelle, & Ballet, A&A, 2004
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SN 1006 Parameters ]
Age = 1000 yr Standard Hydro: NO accel.

15/3 _Hydro with Efficient accel.
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Efficient acceleration (Red curves)
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is parameterized injection efficiency:
i.e., fraction of thermal protons that
end up superthermal




Electron and Proton distributions (from B & E model)
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Do reverse shocks in SNRs accelerate electrons to
radio emitting energies ??

Suggestions that reverse shocks CAN produce relativistic
electrons: Cas A (Gotthelf et al 2001), Kepler (DeLaney et al 2002),
& RCW86 (TeV e’s !) (Rho et al 2002)

In ejecta, any progenitor B-field will be vastly diluted by
expansion and flux freezing > After << 100 yr will fall below
levels necessary to support particle acceleration to radio
emitting energies.

Ejecta bubble may be lowest magnetic field region anywhere!

If radio emission is clearly associated with reverse shocks,
may be sign that ejecta B-field has been strongly amplified by
diffusive shock acceleration (e.g., Bell & Lucek)
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y» FS

Convincing evidence in radio,

marginal evidence at 4-6 keV

Is the RS accelerating these
relativistic electrons ??
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Kepler's SNR

DelLaney, Koralesky, Rudnick, &
Dickel ApdJ, 580, 914, 2002
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scaled intensity

Kepler’'s SNR
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The fact that ejecta magnetic fields may be much
lower than Bg,, opens the possibility that the
dampening effects of the magnetic field become
insignificant.

A high magnetic field damps Fermi acceleration because:

» Energy from superthermal particles is efficiently transferred to
magnetic turbulence and then to heat, lowering the subshock

Mach number and lowering the injection rate

» Magnetic scattering centers move through fluid at the Alfven
speed, lowering the effective compression ratio

Normal ISM magnetic fields (B|gp 2 3 106 G) are
large enough to damp acceleration




A range of B,; << B, may exist where B,; is high
enough so electrons are trapped near the shock

long enough to be accelerated to radio emitting
energies,

But low enough so the full nonlinear effects of
efficient Fermi acceleration of ions occurs.
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For smaller Byyp = 1010 G,
Pmax t00 small for efficient
production of radio emitting
electrons

If radio emission is clearly
associated with RS, may
imply that Bej has been
amplified

For normal Byyp =< 10° G,
needed amplification is many
orders of magnitude!



If reverse shocks in SNRs are accelerating electrons by diffusive
shock acceleration to radio emitting energies or higher, there
may be important consequences for:

» magnetic field generation in strong shocks,
» cosmic-ray production,

» the structure and evolution of the X-ray emitting interaction region
between the reverse shock and contact discontinuity,

» the likelihood of an early radiative phase in young remnants, and

» electron equilibration times.

The efficient production of cosmic rays (superthermal particles) by
the Fermi shock mechanism influences the dynamics of supernova
remnants and constrains the broad-band photon emission —
emission in one band depends on emission in all other bands.

This should apply to other sites undergoing shock acceleration,
e,g., colliding stellar winds



