)

the
ctucadonth s abdus salam
poon international centre for theoretical physics

33
2

organization
international atomic
energy agency

¢

N

SMR 1331/8

AUTUMN COLLEGE ON PLASMA PHYSICS

8 October - 2 November 2001

Radioastronomy and the Nature
of Turbulence in the
Interplanetary Medium

S.R. Spangler

University of lowa, Dept. of Physics
U.SA.

These are preliminary lecture notes, intended only for distribution to participants.

strada costiera, | | - 34014 trieste italy - tel. +39 04022401 | | fax +39 040224163 - sci_info@ictp.trieste.it - www.ictp.trieste.it






Gt
S

i
Ll
o

L
e

S
A

o
e
&'}5‘/@ o

i

/’/\/Wjé/jéz«///«é
i
i

G

-
. .
.

s

e .
.

i

oh e
..
7 i
s

o
o

b

e
-

»

s
'
b,

A
SR
§

)
#



e
S e
-

Sy S

Shisaa e
e
-

. - -

.
o e
. -

.

-
.
&WW&%»»
.

- Q%%W%%m&w .
S S G Pamaaae
o ,/&% S cone e
. - e

e
Saalmaaaaan a8
Lo

L

Coaaem e
e
e
. =

o
sonamaa
.
S
e
e
..
e
S
e e
Dmaaaa e

S

Saaeeaaia
-

.
- s

-

-

e

-

S -
o
g e
.
.
e
= o = y}m),xt =

et
e

T
.

e
S e
.
-
e
ey -
s
e -
S
Saeaana
..
e e

o -
.
.

.

TRenSRE

hot gas
Sun’s

i
Yy

10
db

5
ne

Ps
1t

L.oo
con

o







{6681) ®ig

Wi cTOc Moy

Angle Density
(dce) Vth (km/s) ¢ /cmwf:"}

O
(XP* Op O U” <O (ﬁ o ow Q
Baabivateonteer] Levsadps gadsaanfl

Vsw (km/s)

“wwéama
o8 3 s 8 3

wd/;o;w/sageo/oqos puollioy jo Ayisseaiun




A Comparison of the Solar Wind and ISM

“Turbulent Age”!

Notes

Parameter iffuse Ionized Phase of ISM | Solar Wind at la.u. |
Bo(uG) 5 | 50 |
n.(cm™3)  0.080 5

T. (K) 8000 1.5 x 10°

T: (K) | < 15000 5 x 104

Vs (km/sec) 23 50
vion-~EuT(sec™!) | 8.3 x 10710 0

(1) Rnugh estimate of time from generation of turbulence to arrival

at point of observation.



Eine Kleine Nachtphysik ...
The equations of
hydro/magnetohydrodynamics

Jdp L

With “steady state” spherical symmetry —

ldv?

— = ()
2 dr

Therefore v? = C'

de 1
~—+v-Ve=eV -7 — —
dt 7'(

Therefore “Distant Wind’ hasv = C, p
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¢ Phenomenon similar
to flow in middle
atmosphere



For wave-driven models to be viable (1) the must be a sufficient
wave flux (turbulent energy density) ~ (2—5) x 10° ergs/sec/cm?.
and (2) the waves should damp sufficiently rapidly ( < 10 —

20Rs).
Two Models for Turbulence

(1) Low Frequency Waves (periods of tens of minutes to couple
of hours)

(2) High Frequency Waves (plasma frame frequencies of 1 - 1000
Hertz).
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Expression for Phase Power
Spectrum

R. L. Mutel, 1975
Physical Variables in Phase Power Spectrum

s Density power spectrum, Fi,(q) = C3g™®. C%(r) expression given by Spangler
et al 1996, Solar Wind 8.

e Solar Wind flow speed V.
o Effective thickuess of solar wind plasma screen, L.

o Quter scale {g

Then ...

32 ‘2/\“ 1 ]
Fig(fi o, Oy L, Vi) = Barre X ChL / dg1 ‘ a7a SO [Wép “}’*g‘ﬁ;} }
(1 +8lgl + Q;;]) 0 .
(1)
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What can one do with coronal Faraday rotation
observations?

e RM fluctuations — coronal Alfvén waves
e RM — magnetohydrodynamic structure of corona

e Depolarization — small scale Alfvén waves

18
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A Model for the Plasma Structure of the Solar
Corona

e Density distribution
n(r,8,8) = non(r)+(nes(r) = neu(r)) exp [-(0/w(#)?] (8)

ncy and nes compound power laws in 1.
e Magnetic Field model

B(r) = 0.06(r/Rs) ™ + 3.1(r/Rg) % nT (9)
with Rg = 1 astronomical unit (Patzold, 1987).

B (GAUSS)

0 —itraaa bbb ot
2 3 5 Y] 20 0 0 100

SOLAR DISTANCE (R,)
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How Observables Relate to the
Theory

(1) RMS Rotation Measure Fluctuation

3 2
2 _[_© % 9 2
< (0RM)* >= (27rm§c4) h, Me <(6B;)">Lds (1)
(2) Relating 4 B, to wave flux
< 6B
Fy= > (3U +2Vy) )
8
(3) Relating flux to coronal base
< éB? > 2 [ A
Fuo= gy W+V) {71.7} 3)

22
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HotLwes T aL.: Coronal Waves

2 . ¢ . 20

SOLAR OFFSET (SQULAR RADID)
"4

2¢0.¢ * + ¥ 250.0
10000 FARADAY RQOTATIGN o0
- B0 53.0
T st - 80,0
L “s
™ ‘Q~M(T ar.y
e v
)
“:‘ ZO‘Cf ; 8.0
o :
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ot o
5.0~ + 8.0
= -
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‘f O *
2B obeervational it + 0.
= : i
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; §
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1 2 ] * L 19 20
SJRvE SYHal, 80. Data POINTS TOTAL WOURS $LOPE reINTERCEPY
Lgr8ecgrr o] 160 805.8 ~7.58 188.1

Fig. 6. Standard deviation of the Farsday rotation from the mean lincar trend over each observation pass versus
solar offset: all data from 1975 through 1977. The solid line is a power law fit to the observations. The dashed line is the
theoretical expression (25), which is based on the assumption that most of the Faraday rotation variance is caused by
fluctuations of the coronal magnetic field and not the electron concentration.
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