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* Two-stream instability in a proton-electron plasma

e Turbulence
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Interstellar Turbulence

18-sq. deg. color-coded map of |V P| (P is the 2-component Stokes polarization vector) for
1.4GHz radio observations from ATCA (Australia Telescope Compact Array) radio telescope

Galactic latitude
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332° Galactic longitude

Gaensler et al., Nature, 2011



The “Great Power Law in the Sky”
(S. Spangler, Univ. of lowa)
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The magnetic field observed by Voyager 1
in the Local Interstellar Medium
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* Voyager 1 is measuring the short-wavelength end of the
interstellar magnetic field turbulence spectrum

* Fluctuations are mostly in the magnitude of the magnetic field
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Observations of turbulence in the solar wind
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Basic schematic of energy input, cascade to
smaller scales, and dissipation

-1

Inertial
range

Energy-containing

acale k —5f3

Dissipation

Energy flow range

Wave number



~°<$<Z?‘r

c""ﬁ\&.‘- [~ “1 . SCret (ot
& B |
Cveloaly | ot

L 4
W =g > ‘ ;
< > T € Yeriewg



Crsicla e fuprhi
Culed ule+ at)S = Reae
@ ot <o Reaey =gt

@ ¢~ e Rt oeww) = O
RCat

\
H¢= Coneleit &t
Fae

e rasahle eshe & R T

(]
| RCae) o€
t. [a Rl Corvelei, o

~ :
[ RO dat Cihnwre dua

-
JShot ot sFreq S'CJCS? |
Wiewer- Khmdion Meces — phe Spectel Jdecnndlfia

62 e Covre(ata &dd‘l:- (4 e
PO wies SPe brem.



g
-t ¢
P(w> = Zﬂ’fRC“)e wedﬁt

'ﬁwﬂer 4"‘\4’6 M

02 Gorr
Coe olrse b Mt . ?74,(_
k| '

X =

R ( ax) " < Ulx) «Cx+ax)d



B duas  +rboline ~[ofa~7

Plessa tachlnlbio. | swermiree erpbsions
Sheame sfream wWitradk oy gtirrwy wlie

p
"Q‘ ‘, te

- He ety::\ls o bsteole
“lfomwer *flo — whinelly, he Fréolug

A7

'lo" a,:ud% S“!Sulq',
2eyyalss
&
Pa4.Pu
/Q“-C( Z.ymlls £ PR = ! <
I#A7%u )
Y« 'W’&?(a - J’“z/g
K\\!‘ (“R i | A “/L;‘




-&

f{ R$>] — VISc,s,,:s A‘A‘ ~g Q[LQJ
A Cam,+ L L AR
Dol odpy Criscosy

i a Jc‘FAO!‘OL»
v B €flo

@rge Reymieg @it

= h wa fows R oxa
= [Grg 5 eateg ki

N Saell fecles, R 1\ santt o viseyy

Sheortes odf
“oless pohe %
WJ'QJ(:"'Q
frblve —> sete depedst.
ek & b ol
T"y,", i & “-OJJcr
a.[,,,.ipﬁ. Pregs
crp(““ . @Iw‘i l \) 5 taller
s Sy O
| CoRede
enermy A, 0t +4e -9 L A\ j‘
le
w609 RR
E i I L\ L
) N s O o © o0 ©O 2



..é_
Prow deas fra'c caceed R o e

9 wowelugh? Vhek o oo obstrbobel of
Sch?

/_{gbuoaonv

Prskilches Hpot Pu, m(r d‘fﬂ..’j a

e euerﬁ CasSca L¢ rate Ol dee Sole

Py o (é)«*ls

S
< - e““? Cefce de rel
’l" - Weue Nuaben




(p(ﬂ] S Cenergy. L~ .V.IL
= =
¥ 1 -
2« Ot 2= 24-p
T~2 - T-3'l _'2:_3“ s .(: lé

)
| \"Fﬁnws "
(R>>' 8/3 (e
mu) . i ¢
lner‘uu( . Y ge
— /
P «¢ 4 -5
/0‘ E fmm‘ -
Py = R=1e4,,
., | s~
A, A i
kﬂs a -h':‘ g . A 2ﬂ\
T A A O (Wests Saug S Bl v



	PTYS 558 04-23-2018 - Turbulence + CRTransport 1.pdf
	Cosmc Ray Transport Lecture 2.pdf
	Cosmic Ray Transport in the Heliosphere
	Outline
	Slide Number 3
	The distribution function
	Cartesian coordinates
	The differential intensity
	Forces acting on energetic charged particles
	Constant Electric and Magnetic Fields
	Constant Electric and Magnetic Fields Case
	Varying E and B fields�Case 1: Scale of variation >> gyroradius of particles
	Slide Number 11
	Varying E and B fields�Case 2: Scale of variation ≈ gyroradius of particles
	A charged particle moving in a turbulent magnetic field (numerical integration)
	Restrictions on particle motions imposed by artificially limiting the dimensionality of the fields
	Spatial Diffusion in 1 D
	Slide Number 16
	Slide Number 17
	The distribution as a function of time at a particular spatial location away from the source
	Slide Number 19
	Slide Number 20
	Diffusion in multi-dimensions
	In addition to diffusion, there are other important collective effects on charged particles: they include
	Slide Number 23
	Combining all the relevant particle effects, we arrive at Parker’s energetic-particle transport equation (Parker, 1965)
	Slide Number 25
	Power spectra in space
	Parallel Diffusion
	Perpendicular diffusion



