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Resonance mechanism

Gyroresonance

o kyv=nQn=+x1,+2...),
Which states that the MHD wave frequency (Doppler shifted)

1s a multiple of gyrofrequency of particles (v, 1s particle speed

parallel to B).

So, k, .~ @ = 1/1,
, /—\\




Transport in Altvenic

turbulence
1. “random walk” 2. “steep spectrum”

E(k )~k , 5k, ~L"7"
— E(ku) k*

steeper than Kolmogorov!
B  Less energy on resonant

scale

scattering efficiency is reduced

Alfven modes contribute marginally to particle acceleration

and scattering 1f energy 1s injected from large scale!
(Chandran 00, Yan & Lazarian 02, O«



What induces scattering?

5 Alfven modes Fast modes

8 107 107 p———r : ; .

- [ ——————————] T S, s

8 107"% Isotropic turbulence i - no damping

= N (Kolmogorov) 8

& » Alfvenic turbulence - yepenas-on-aan

g _20

o R S

- sl !

& e based on QLT

= 407 ]

<

o _10

e T 1 E;((éév')“;&* TS 10. | 10 TS Ek(ee'v')'ﬁ'é’f T
Kinetic energy Kinetic energy

Alfven modes are inefficient. Fast modes dominate
CR scattering in spite of damping (Yan & Lazarian 02,04).



Observed abundance of
secondary elements 1n CRs

Figure 1. B/C ratio for diffusive reacceleration models with z; =
5 kpe, v4 = 0 (dotted), 15 (dashed), 20 (thin solid), 30 km s~ ! (thick
solid). In each case the interstellar ratio and the ratio modulated to

500 MV is shown. Data: from Webber et al. (1996).



Examples of anisotropic Damping
of fast modes

Cutoff scale In dlfferent media

Damplng in different phases of ISM .5 Damping length|
| Haa 10 T s

—p=0.01

---p=0.1
mean free path
proton gyro scale|

10"

;B Zo 10%} <
\é 10°} 10°
(@)
o 10.‘ :
=1 ---WIM viscous s T D (Va4
1 __zello_ WM coliisionless| . . 10070 20 ad %rgsgﬁr;o ebada &
pe e = *Nan & Lazdfian (07) Lazarian &(2007)
Pitch angle Pitch angle

Damping depends on medium.

Anisotropic damping results in quasi-slab
geometry.

Field line wandering should be accounted for.




We need nonlinear theory

* Long standing problem: 90 degree
scattering K = @, —>oo, the scale is below

the dissipation scale of turbulence No

= —>007!

*  Perpendicular diffusion .

= scattering at 90°?

A key assumption in
Quasilinear theory:

guiding center is
unperturbed Zo=vut;

—lp

Non

Inear theory:

In reality, the guiding
center Is perturbed,
especially on large

scales,

z=(vu £ Av”)t.




