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Introduction

I
« Space: in situ experiment

« Space is NOT empty and well structured.
« Space has all kinds of dynamics:

Single-ptl + Kinetic + Fluid approach

L ~ 700,000km
dL ~ 100km




Introduction

(ground) (space)
Sea: ~ 10%*/cm?® ~ 102-10"%/cm?
Air- ~ 107 /cm?

- collisions dominant - collisions negligible

- diffusive - well-structured

- neutral ptls - plasma (ions, electrons)
- mech. + gravit. - mech. + electromag.

cf) For CLIC beams,
n, 107/ (Inm, 40nm,150ns*c) ~ 10** / cm’
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Background: from single-ptl to fluid

. Single-ptl (e.g., f=ma)

X (1), V (t) F = m‘jj—\t/ = g (E +V x B)
« A few or many ptls (kinetic approach, f(x,v,t))
N(X,V,t) = Z O(X— X ) o V ) f(Z.0.t) =< N(Z.U.1) >

e Multi-fluids (multi-ions + electrons)
n(X t), VX, t), PX 1), T,(X,t) j= ei

e Single-fluid (MHD) n(%,t), V(X, t), P(X, t), T(X, t)

e ldeal MHD



Background: Multi-fluids (m

- Multi-fluid equations

aon;
— +V o (yvy) =0
v
m;n; la—; + (v 'V)Vj] =n;q;(E+v; xB)=Vp, +R;  j=i.e
pi = Cin}’

- I[deal MHD equations

E—I—?'(ﬂv)zo

v

p=0Cn"

E+v<B=0



Approximations

- From N(x,v,t) to f(x,v,t):
Neglect the single-particle nature

c kT

e Ap = ' ’[i} = the Debye length
ne

A=n)\p? >> 1 : the plasma parameter

cf) For CLIC beams: rlJ A5, but A 0O 1

-From f(x,v,t) {plasma kinetic eq.}
to f(x,v,t) {Vlasov eq.}:
Neglect collisions (resistivity)

weak turbulence
qguasi-linear theory



Approximations
.
- From f(x,v,t) to MF(x,t) :
Neglect the velocity distribution
ex) wave-particle interaction
microscopic instabilities
Landau damping
non-thermal equilibrium

- From MF(x,t) to SF(x,t) :
Neglect the electron inertia and the ion species

ex) rapid EM & ES variations
el3
w < w, = — lon gyro-frequency
iy
(' _
' > T« = —— lon gyro-radius
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Application — Waves in space
.
<MHD waves>

- very low freq: MHD waves w << €.

<multi-fluid waves>

- low freq: lon waves w ~ Q,
- Intermed. freq: lon-electron waves Q< @ < ),
- high freq: Electron waves w ~ Q

<kinetic waves>
- e.g. higher harmonics, Bernstein waves, ...
<single-ptl resonances>

- e.g. bounce resonance, bounce-drift resonance, ...



Application — Waves in space
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. ] e P=0(cutoff)
Application — Waves } | .
spheroids lemniscoid
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Figure 2.8: CMA diagram with all boundaries and wave normal surfaces.



Application — W
.

<electron waves>

<multi-ion waves>
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Application — Waves in space

“+ Two wave modes
= First mode

increasing time
= Second mode

« Appear after the reception
of first wave modes

+ Decreasing frequency with I
‘ﬁ i

% Length of the wavetrains grows
significantly with z.

%+ The time delay increases with o
Z. time

<ion-electron waves>
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In uniform medium:

@ = 1 kz @ = 1 kz
l l
1+ Fes 1+ Faes
- Compressional waves - Incompressional waves
- Magnetosonic waves - Alfven waves

- Isotropic mode
-  Three-dimensional

Anisotropic
One-dimensional
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* In a nonuni

B
) — 1 and I‘, V T =
e.g., MHD waves: o « plz), Va(z) (D)
2
S E—E
Vi Ex : Alfven waves
D =~ 0 Ey : Compressional waves
Ez =0
P — ~
— . wﬂ
E Ei.{kuy+kzz—mt]| D - —k‘f

- Vi(z)




.
- MHD waves: Asymptotic solutions

|
FE,
At resonances, I — Iy

E, o In|z— x|

T
|
=~
t B

(T — Tn) ' w — wo)

Vi }

RS ) (R
E,(z,t— ~x) ~ E/ hEn|w—;¢;D|e “dw — 57° et

Ey is being damped to Ex (even if no dissipations)

Compressional waves damp, shear Alfven waves grow.

Resonant absorption of Alfven waves = Field line resonances

T

Mode conversion



- Two degrees of freedom bec
i : !

* In terms of wave (collective) motion,
azimuthal or shear motion is stable.

Non-uniform
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low frequency wave motion.

~ Non-uniform

- When inhomo. lies perpendicular to B-field, the
azimuthal (shear) motion Vy or radial Ex or azimuthal By
are expected to be stable(and dominant?).
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* Torodial & Poloidal mode
N
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* Torodial & Poloidal modes

[McPherron, 2005]
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Application — Waves in space
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- 3-D dipole MHD waves

NOON EQUATOR
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[e.g., Lee et al., 2004]

cf) For CLIC,
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* Assume: v =0

- Eqgs of motion:




where wy; 2 (Vi — i)
9P = Co Z (

Wy, i
e

o, = & E —

- Vi, —lw




Oy (]) mcj

1836

|H.

Wi m,
Ven m;
= — =+ 1836 =43
Vin J m,

There are 3 choices:

: both P currents dominant
: P(i) and H(e)

: both H currents dominant
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Fig. 1.2. International Quiet Solar Year (IQSY) daytime atmospheric composition, based on
mass spectrometer measurements above White Sands, New Mexico (32°N, 106°W). The helium
distribution is from a nighttime measurement. Distributions above 250 km are from the Elektron Il
satellite results of Istomin (1966) and Explorer XVII results of Reber and Nicolet (1965). [C. Y.
Johnson, U.S. Naval Research Laboratory, Washington, D.C. Reprinted from Johnson (1969) by
permission of the MIT Press, Cambridge, Massachusetts. Copyright 1969 by MIT.|
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* CME observations at the two near-by stations (< 60km)
k-

« 1996.12.02 09:30 - 10:30(UT) at Icheon, Yongin station

Tirme— of Loft=90 12,02 DO OOl Fe=g.=1 He=E FS= SOmT Fraarpnc]== 153 ariEr

RS o CaEnbar: Hre—=3020 T FRoyr—350 re @ He == 373300 e W F=fSRres® 0 T
= T ’ T o

| - /-"JM “1&\”1_"—? Ty
T T T S athandingd |

—-h‘“"\._‘______ e —————— R ——
s e
E
M ‘_"’-_ - k —
Thume of LeTt=S5 1 20402 OO0 00 Fraog. =+ He FS= SOnT  FPoricod=— 1a40mmin
b o F Cemritemr A —EODTED T Hy =B T Hr—aOSaSd T eSO T EO m

1

o wm —— vawj




Magnetic Field Data of Branch of RRL
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Application - Magnetospheric dynamics

* MHD Dynamo: EiVxB =0 (ideal MHD eq.)

- EM energy generates mechanical energy or
- Mechanical energy generates EM energy

Region 1 Region 1

Field-aligned .
Currents

Faederson
Cu-rents

Currents

Pederson
Currents




AE-C

ION DRIFT VELOCITIES Applica

DAY 75044 ORBIT 5516

HEMISPHERE
NORTHERN HE 8 Magn

)6 (a)
|
&N
\\ |
Convection Convection
Reversal Rev%rgal
\
1 | km/sec “ B
1 \
1 \
1
|I INV LAT vs MLT \\
SO =1 - \\ =1
5 II T ..‘ \\
2 ofi- Z e — =B .
> 5 \
_<_. 1 \_‘. o (b
— 0= ’-.. ; =~
= q.. A | ~40-120 kV
= 5 <
—20+— - —
..‘o‘f—/
=30 =u3 L i L— I 1 1 Sopte L
LAy S8.0 e8.9 70.2 62.5
MLT 19:54 21:42 O1:249 04:00

Fig. 6.7. (a) A satellite flight ac¢ross the high-latitude convection pattern provides drift velocn
profiles, which are shown along with the inferred convection pattern. (b) The potential dist ," x
rcesulting from this convective flow pattern shows maxima and minima at the polar cap boundu:l
and a total potential difference of about 60 kV across the polar cap. [After Heelis and Hanson (1
Reproduced with permission of the American Geophysical Union.|



Geomagnetic Induced Currents 1989.3.13
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Space Weather: Global feature

Reported impacts from a storm in October, 2003

-

POWER OUTAGE

Polar flights r
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NOTAM
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acts

Oilfield services instrument
Interference

Failures of GPS based
positioning

4
_ " Nuclear power
e plants reduced
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-7 ’Widespread HF outage over
A African continent

SatComm and HF
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Transformer
damage

Over 130 hours of HF communication blackout in Anarctic

Japan’s Data Relay Test
Satellite safe mode

SatComm and HF
outages



Home | Help

ISES | URSIgram Codes | Reports = Regional Warning Centres | Info | Geo-Calendar

Regional Warning Centres & Print this

Australia (Sydney)

Belgium (Brussels) "Lundzi-:“Mosco;
Brazil (Séo José d OtaA" prysseldliaiamsaws g
razil (Sao Jose dos

| Boulder
Campos) \ ’” {

Canada (Ottawa)

China (Beijing)

Czech Republic
(Prague)

India (New Delhi )

http://www.spaceweather.org/

Japan (Tokyo)




Summary
e

- The near-Earth space provides a broad range of temporal
and spatial phenomena from single-ptl to MHD, which can
be confirmed in /n situ observations.

- MHD disturbances & waves tend to effectively affect
geomagnetic variations in the sense that relatively large-
scale EM variations occur with considerable amplitude.

- In terms of spatial and temporal scales over CLIC's
criterion, it seems that natural sources from “Space” such
as dB~nT over dT~1 sec can be well incorporated (Space
Weather should be monitored, though).

- In addition, local conductivity variation should be checked
in advance by comparing B(t) at the two “Ground” ends.

Kyung Hee University
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