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X-vy Observations

= E, ~ 100TeV
o =>E . ~0.3 PeV

 Hadronic vs leptonic?
- Fermi?

= Variable X-rays
* E,~100 TeV
 B~100 uG
= => Shocks also amplify field

e Details controversial
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Acceleration

=71+, —f_)exp[]dx'u/D];x <0

J=r:x>0
fo(py=agp™ [ dp' P f.(Pg =3r/(r=1)

=>N(E)~E->? for strong shock with r~3.5
Consistent with Galactic cosmic ray spectrum
allowing for energy-dependent propagation
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Diffusion and Escape
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Magnetic Bootstrap




The can of worms (AV)

= Create turbulence at long wavelengths
e A>r (E)~3x 10 E,.cm

= Conjectured to saturate at large value

= "Background” field for lower energy
particles that encounter it later

e Quasi-linear theory of wave modes?
- More bootstraps?

e Inertial range? (Goldreich-Sridhar etc)
e Limit cycle, intermittency, convective motion?

= What is the nature of the transport?
 Reconcile with X-ray observations of SN1006?
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Magnetic Bootlaces

th

. P
= How can a small magnetic

pressure mediate the
interaction between two

particle “fluids”?
VPP = jPB
VPCR = jCRB
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Describing Cosmic Plasma

= Fluid description

P, p, v, B...
Magneto Fluid Dynamics

- Flux-freezing, conservation of mass, momentum, energy
- P~ pY —isotropic!

Long wavelengths

Including cosmic rays is subtle

= Kinetic description

f(p,x,t), E, B... Need a hybrid approach
to tackle global problem

Collisionless plasmas

- Vlasov equation for f
Nonthermal distributions
Transport effects
Cosmic rays treated more confidently
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Double Adiabatic Theory

Chew Goldberger & Low (1955)
= Adiabatic invariants

Pl = %fdpplvif x ppi x pb (NR)
B = [dppy,f = pp; * p’B™ (NR)
= Second invariant requires rapid mirroring
e Ignores heat flux (Kulsrud)

NRC, B.=1, =1 2 NRA, .=1. =1
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Wave Growth

S'rr'eammg instability
Kinetic treatment P,(u)
e <V>>a
* Resonant; A ~r|
e o~P, u/pcar
* Creates scattering waves at low energy
e Ineffective at high energy

Firehose instability

e  Fluid treatment P,(p)

e Parallel pressure dominant
e P>P +B?

Yx: ROx,
P o p B

* Non-resonant; A >r|
* O~ [PPY/PIV2 /1y,
o ot;~30 E,;1AP/P)°B_jnt,2

Whirling (mirror) instability

e Slower than Firehose

Energy - magnetic moment formalism
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Halo

olar system

J

= 100Gev CR scatter off waves with A ~ r, ~10'%cm

 Waves are part of local turbulence spectrum
 Waves are self-generated by escaping particles so that <v> <V,

= CR escape times are energy-dependent

30 ix 2009 KITP 13



Active Propagation
» Protons create and scatter off RF waves
e Protons are abundant

* Protons create much turbulence
- <v>~1000E,, km s'! >v, => instability

e Protons diffuse slowly
e Proton intensity enhanced

= Electrons create and scatter off LF waves
e ...Electron intensity diminished
e Effects are energy-dependent

» Positrons create and scatter off RF waves
e skiobbow the protons at thenssame rigidity 4



Passive Propagation

= Disturbances created on outer scale
e L~100pc, 1~0.1?
o [~ )6
e Inner scale could be 1000km!

= If waves on outer scale possess
helicity, is this preserved in cascade?
e If so, propagation could be charge-dependent
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Summary

= Shocks appear to accelerate cosmic rays
and amplify magnetic field very efficiently

= Highest energy particles create field far
ahead of shock

= Firehose may be of interest at shocks

= Interstellar propagation may be active or
passive

= Positrons follow protons and may propagate
differently from electrons

= Fermi, PAMELA, CREAM....
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