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Why anisotropy? (I)
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Why anisotropy? (1I)
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Experimental situation

dipole anisotropy
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Source stochasticity
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Measured vs. predicted diffusion coefficient

D = Dy(R/GV)°

from fitting B/C:

6 =0.33 =Dy ~ 4.0 x 10% cm?s™!

for zmax = 4kpc
§ = 0.55 =Dy ~ 2.3 x 10%® cm?s ™!

from quasi-linear theory:

turbulence spectrum W (k) oc k=9 where kW (k) ~ 6 B*(k)

pin () ()

falls short of measured values (for Bg = 4 G and L = 100 pc)
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Conclusion I
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Conclusion II

* maybe the predicted global gradient is too large
* also in disagreement with gamma-ray data

* vary diffusion coefficient with galacto-centric radius

§B\ * 5B\’
D) (B—O> but D (B_o)

turbulence level follows source density ¢ (1)

in the inner Galaxy escape is dominated by perpendicular diffusion

simulated by D x q(7)"
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Emissivity [1072¢ s™'sr™"'], z = 0, E > 200 MeV
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Ensemble averaging

12. Test Particle Approach 1.
Hierarchy of Transport Equations _

After having established the RaCH and sources of cosmic plasTa WOES we

‘now turn to the effect of these plasma waves on the costic rays.

12.1 Quasilinear Theory

* distribution functi
. ction f(f, p,t)d
under influence of § B(Z) and) 5eEV(§'())pS

We start from the relativistic Viasov equations (8:21)

oty e p. U
m+v BZ*F OP/S,‘(:.p.!), (\2]\)

with the equations of motion

p=da lET\Z.‘I R B:"‘”] . (12.1.22)
p= v=- (12.1.20)
Fma
Sa in (12:1.1) denotes sources and sinks of particles. Because of the high [ ] .
e adctivity of cosmic plasmas v eglect any large-scale dlectric field in the We
system, so that the ‘otal electromagnetic field entering (12.1:28) is & super- e 1 Ct
ition of the usiform magnetic T T Boe, and the plasma turbulence l l t e
ensemble av —
—
By = Bo+ 8Bt Er=8E@1) - (12.13) for e a- erage f x t
Bocause of the gyrorotation of the particles in the uniform magnetic field we I 1 S e l I I le a 9 p ’
are not 5o much interested i their actual position as i the coordinates of er a e
the guiding center 4 O rc e t e r
oxes
_xY.D =zt g
R=(X.Y.2)=2+"q l I l
where §2 a before denotes the absolute value of the particlet
in the uniform field and € = ga/ldal the charge sign. It is als
o o again spherical coordinates (P 10) in momentum $pac °

e = peoséV/T =i py=psingV/T= 10 Pe=PE: (12.1.5)

random B-field, characterised by W (k)

_
n the derivation of (12.1.9) (12.1.96)
we have introduced (12.1.91)

6B p=L
a=Lep.tu
7 6B-24B,), 5B - sp

(12.1.10a)

Schlickeiser, Cosmic Ray Astrophysics

of random magnetic field!
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Anisotropic diffusion

— amplitude depends on gradient along
background B-field

In the derivation of (12.1.9) we have introduced

Bp=L
Bun= 75(6B.218,), 5B, - g,

%]

.U 1.

i 12. ;ﬁ;ﬁ%ﬁ%ﬁ;‘;ﬁ Equations .
‘§ (12.1.10b)

I Tl I * decompose distribution function
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9 * dipole = first harmonic of anisotropic part
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— orientation not in direction of gradient but of
background B-field

* can this help decrease the dipole amplitude?



Numerical approach




Numerical approach

1. setup large scale gradient at time (tg — At): f(Z,p,to — At) = ...

2. back-track large number of particles i € N for time At:
{Zi(to),Pi(to)} —  {Zi(to — At),pi(to — At)}

3. Liouville’s theorem:

df =0 = f(Zobs.,Pi(t0)) = [(Zi(to — Al),pi(to — At))



check: diffusion coefficient

dx*dx/(2*dt), dy*dy/(2*dt), dz*dz/(2*dt)

average over large number of trajectories and B-field realisations

isotropic diffusion coefficient in agreement with “theory”

—  dx*dx/(2*dt)
— dy*dy/(2*dt)
—  dz*dz/(2*dt)
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check: diffusion coefficient

dx*dx/(2*dt), dy*dy/(2*dt), dz*dz/(2*dt)

average over large number of trajectories and B-field realisations

anisotropic diffusion coefficients in agreement with quasi-linear theory
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w/o background B-field
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w/o background B-field

* Vo
x Bﬂ
5&0

o [5|=10"

O Bl=10
: |




w/o background B-field
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number of field configurations
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w/o background B-field

log10(dipole amplitude)
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w/ background B-field @ 0°




w/ background B-field @ 60°




w/ background B-field @ 90°




w/ background B-field @ 0°
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w/ background B-field @ 90°
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w/ background B-field

log10(dipole amplitude)
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w/ background B-field

log10(dipole amplitude)
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w/ background B-field

dipole anisotropy
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Conclusion

: diffusion not in ensemble average but in particular realisation of B-field
2. relative orientation between B-field and gradient

considerable variations B-field and gradient @ 90° finding sources?



