P .
IPTEENATIONAL ATOMIC ENERGY AGENQCY ]m
UMITED FATIONS EDUOATIONAL, BCIENTIFIO AND OULTURAL ORGANIZATION

'INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

34100 TRIKESTE ¢TALY) - P.O.B. 808 - MIRAMARE - STRADA COSTIERA 11 - TELEFPHONE, 3240-1
, CABLE' OENTRATOM - TELEX 400893 -1
-

B&.5MR/210 - 26

SPRING COLLEGE ON PLASMA PHYSICS

{25 May ~ 19 June 1987)

ROLE OF WAVE PARTICLE INTERACTION
IN SPACE PLASMAS

N. Owidi

Institute of Geophysics & Planetary Physics
University of California
L.A. , U.5.A.



1. Broad 8e..d G‘!cdush{c'c. Nerse (B.")
Z - Aadnetiec Neise Burst (Pssl)
3+ Glectvostatic waves in tue fore Sk aud of tue ok ol
Runti- Pevfendicolar EMecks
W idh o
{ K. Aivgto
SOP' tha

i « Nadwee o.0) e Neulinear eveloten of tue

electwatave waves o\hserved Juring AneTE
Sela? Wind veleasSes.

Wil

Ko ‘ ul.m.*.

D.A.Gurnett
T 2. Ma
R. R. Awdergon




Sewme PossSible iow beam
‘ui*-b“u’*n’cs

\
&'——l—"'
1
—_——

/ g
- Sy Wind

— 4—__—_- E lectvestudic ¢
nuclves |

1. electven/ion-aconiie
2. {ow/low—actevstic

3 - electmiiown cvess-Riend
H. vew/iew cresiediend

1. K\'VN.‘\'\'C. M*m 0# s.“' ﬂl‘n‘ waaS$ |M-‘l\~3 E"‘*YO MAS\\“&‘C .

: .1, . (0w/iow visht “Mand veSonant
2 - Neature 04— Covu.c_"‘&f's shec ks L. town/iown ﬂ'a\d'- Weud u-nns.m\d'
| 3. electw/ion wlistler

Fv)

alectvon on

Witw -

D . WiwsKe =




Lecture 2 .

Lechore 19
h Linear 6‘.‘3'!'3 ., teneaCousht 43fe 1. l!'httv ‘hs'ﬁ‘o‘l c‘. ton/low viphte had
instabilidies ,and e Cvess el it YeSovant and neweSonent ingtabil dies

USe AMSITE waves avd BED as ouanples. and Wow ey velate to MNO weles.

2. Newlineav analy 849 0’ ton -acouiht 3¢

img tabilities USim g electrestatic Purbicde . Tuvesdigate e nomlinear evelution

. - ¢ W] T ¥
Simuladion . Bfﬂ-'l; descCribe *Thwe ot these electon ‘\n" ¢ imatabilidies

vie the hybrid ($luid electvons ,
Tweo Kinds lg Sivavlation +1¢Lm"u¢s

Particle ious) Simoletion techwigue
VEiZed iw g s tuly. |

Vhich will be briefly desevibed . The
SEN\J'#{"O\-S ave applied 4o e Moblew

ot Selov wid magy loadin) and Cownrhery
< bow EMocCKS,



Tow Acoustic t3fe Inmstabilities

G / Fg Vet

e\e

‘-T-. | 4

- = (u.umo \C) o (1, |

Ks Weve nuwmbsy | 1‘ » Debe |c-3'|k

® u Wave -"c}Wa . v =dved sPeed -
Vi o thuermal SPeed |, O = avyle betrm R4V,

e#.(1) vesulds ;w two vagtabilidies .

dtd"ﬁa/ oW = &Cousdie
Vo / tom=Qloustic

-'-V«.Q.St ‘\n.$"’0\ LI‘"‘{‘, ave ;\h\“*‘v‘ +. tha\\.‘*!'&
4-11.!1 .

o

electven /iou. acovstic -

1. A Kewete Twgta bel t3 due 4o \...le

veSonanle Wit g glectrons. tiviler

to Current drivan (om strustic insbnbrlily

2. Hes acoustic ~43f disflersiom velubion
vl W K ,and (13 wmakimuma
Yre H. ocCeuvs ¢ s 0

3. Growth vetes inCraase Iith iwcwuaiy
v .

. TRe Yﬁ"‘t. .* C‘C"‘“‘\ ‘e (ow *Qb"‘“f

(T‘/T-") i twalovdacd ¢
X aVN'“l\ V-*"

AT

- ‘ .*"Y hihl‘a




0w/ i covstic ¢ clectvonfiow eud ionsion even bt iush. :
10w/ jow -0 v o

W)
1. TS insdebilily @5 Kimedic wheg e

ion beam tewmferaivre (g Wk Leud it ‘“"_ /Z

Vhen tue brawm e 5 gl 1t is

Pogsidle *‘v Yot waves 4o be in Lendav veS.

SIHn lgns aad Seb Svew due b blord

1. electvong ave wmagnetized while te

tons ave
ingtabs \ t3

Vo meduedited .
2. Ne$ acoushe t3te d1farsion veldiow .

L Waves Wk Prefuencios wear Hue |
MaXimun grewtn ocews ot Ouo gac,

oWer
Wgbrid $reguem ¢y ($4).
aud b ocow ot QMisw aadles 4 WS 26,

3. T, redtn vates ey weas
3. The vde T.A.:,

Wmna whew, {w

the mguehi le.
Waves ave electvagtatdic. Al

q.l«.{u-...;\.«c efdects be Conne
fwmPortont al) tag waves Stabalize.

51

v N TPy 3 Qv A dicolay 4o

Yo when £ 0 s
y A INnCreasSes




6g

Frequency

AMPTEARM Day 255 Sept 11, 1984

072500 :10

360 Lu..l....l....l--.,|...:IQW..tu";..i.“‘.lu.v,.l.v...
~ - L
; S vyt
180 A 3
D ll T 1 L Jl" L) T . a \lfj T T A
90 Ajl]lllll.lAllljllIA‘l]I‘lll'I!Alllllllll]llllll‘lj-llllll
- - ,; .-" L
. ‘ K
1 n
0" ':. - ". f'\ A J _f--
. S .
. *\'ﬁ\/\f’\’w’\f =
"90 T T T T T T LIRS B T T T
m 30 IETFU AN TPTY TR Pt 1 | ITFE FUTEY FUTTE PP TN i 1
e E E
2 E ~ e
gy P A 3
Ole 154 IR - 3
- Y N 1
E and [ w“d 3
o0 0 4y £,
T T T T T ML T 3 T T YT,
| 1 | | I POV R TP TP 1
178.00 KHz . a
100.00 ks
56.20 Ak Abea
31.10 4
1780
10.00 M
562 . e dnda, 1
in N - aad ¥ v 1
e {1 nmntiit s o i ,
wo s ntins i, a 3
5620Fu_-;____lIhlL.nllmnlJIllll'.lllhﬂl.ll‘h—ulﬁn.P
o _%_
1780
1000
56.2
LT

20 20 40 50  0726:00
Universal Time

O

B-6G85-65

Y

F{v)

[m)
£9
=5
x
l»]
z
Q B
(e}
[v'
-
Q
w
-
w
S
z
[1' g
= + =
(V]
|
VY
a
(4]
—— o
=
I
ES
-

VELOCITY —=

Figure 8



C-GoE-37

ﬁou.m UL ELELLILN SRR R R RLL | LERILEALLL SRR UL R ALLL| L | ._O&
F 3
- >y e
*ON — m = _Ou
g { 1 .
- N \ ] T
1]
p 5 - n >
# h
- 10k N\ o2 2
.Y - h 3
I F I\ 3
= o ] 3
x - UNSTABLE REGION 1 \] ¢%¥
i ) i
3 T '=2X10% % Vsw=460 kmwsseC | 10
i T =5x10% * Np=8CM > {
i Tp = 1%10% NS =0 ) ]
_Ol_ FRETIT BN ST .u_._.EErnEELLE_
1073 102 o 1 10 102 10°
N #+/Ny, LITHUM TO PROTON DENSITY RATIO
3 A-
10 G86-65
ml T | T | T I T T T I T ] Y T r r —
r 4. ]
3 ._-F_. lNXqOu °K Z_L.fu ZU :8CM3 3
- T= 5X105 K .

I lllllll T

T

Vgw = 9460 KM/SEC

LTI

8, DEGREE

13

Ven




09 o0l 08 06

100 = ——"

0=8

_ | 1000 = og




0
-4 001
- 002
g
° Tm
— 0%
059 =8 oo
i SB8 =
(®)
9
°
1 I I 1 ]
- A—,
< | .
* b
] " .
b
- - _ _ W
-]
]
-
[
] °
@
s - —
°© -
-]
" =
- - o d
< H
-]
a L]
=]
L4 ~ -
«Q ~N
] | %
W o w o e P
e -t -
“ -
aQ

V7



Electric Field Spectral Density (Voits? m2Hz Y

Day 255 1984 R Full Pavhicle @lectrostabic Code o

°h 0725:30.20 i 0725:35.40
| ; " # g g
m‘z}’\j X o ey —,
“ju: _— ! il | o - v e ‘.““'. ‘”‘l .’.
10+ 3240 | :36.00 ) . Se |v‘ { h " , .
5 : “1 _ 4€ _ L
10\ )\_\ | P 5’? =% Poistes g,

T o %"‘; o Bin =28 4841 «o 3 aelny-n))

0 34 oxt

10\\ ‘\/\ Aj Fin +Bj 4S5 Fia = 04

10.‘0" N L N 1 dJ - EJ.-' d‘-l +F&"
w0l 34.20 | :38.00 c

: f wheve  Eiie = oy Fy e~ S (05 -AF
16":- : ﬂd € -th‘ B A Eﬁ-( d 'y J)

VSe 8.C. 35 4o Selve Hue Yetursive hs. -'-or
A ¢ it i

Frequency {Hz) : d Ji
£" g"—u—” 1 Bt d I . ' l
&r  \q ]

13



Peviodic bounlary Couwdidions

!‘t |t. !_1_‘_ -----i“ lmi"}l

b 3 Y- Xsl

Boumdury Conditions

{“- Pervedre - ﬂ" - ‘“‘ W
b. et mervo levilod b @ a0 (V)
b VN

u) - *“ ‘E.“ ﬂ.‘. +Fuy mo ‘{‘i« .e

F‘ql | ¥
Cal ‘Uln.* ¢

& .
“,Fun ; e-..,g“ Jew '..“R

h" - d" ‘5“.1'& sr..
Caleulte o oy, . o

i 1
-

P\hsw\\

M‘,'g ‘Mpe"“"\

V)= 0:71 Ve
Vp = 0.0 Ve

Vi m0-26216" Vep

M w My
31‘-?5"

Plu 'hwnc.'kf §

|




Field

Electron
Energy normalized to initial energy

Proton

Lithium

028
021
014

007
0.0
0.77

0.74
0.72
0.28
0.20

0.13
0.13

0.07
0.0

l e,
| '/ ]
1 sl | 1
225 450 675 900
Time (wpa")

o O

-85

-1L8

&3




Counts

Electron

Electron
Density

n;expledT,) n expled/T,)

836 - r » 601 _ r
629 [~ (a) t=0 < € 11 (b) t = 600 Wi
a9 - 1 3 -
210 - ~ —
0 1 i 1 C _.u“ 1 1
64 3 0 3 6 €< 3 0 3 6
Vi /v,
. t = 600 wpe!
- (c) -
1
0 l i

Lithium
T

(b}

t = 400 wys!

t = 600 wy,!

24 32

16
x ()\.)

%0

125 -

-125

125

-125 |-

-25.0
5.0

125

e



Eltd“d-\"fc S wdations with SeltEwen
elecdrons

‘:J— 3 -’ ] -(M- .I'(‘ﬂ"))

ént
o) = tﬁ % SLe)
D(#t'“) D(ﬁ*) "i?‘ (

teot

d)-o - 80

‘7‘--‘— *‘-‘-s.L -L.uf(' )
% Py O Cxl’(‘ ))"’ vyl Lu"l‘ )
‘f*... --ur(ﬁ %) o
t‘“ ul’&d ¢'&'°* 1
Jx‘

= (i -ex (oY ‘)) -.i exp ($%;)

116 p

-5.5

-11.0

25.0

12.5

-12.5

-25.0

t = 600 wy,!

Proton

Lithium

I

‘._1

(b)

16
x (\,)

24

32



IaqunN apop

008 €2z oSt st 00
T T o
- . )
L st (1,3
- <z
_ _ _ @
(‘v) x

180"
zzo-
wo- o

€70

01 8

12quinN apop
9 L4

IN = IN
28 = 8
/UM 0§y = MSa
M, c01xZ =g
- A, 01 =9
M, 0IxG = °L
] ) |

00

01x

&2



7.2

3¢

g

X (Ap)

125

25.0
250

125

Lithium

@

®)

t= 20 !

16 32 48
X (X’,

64



Protons (Core)

Protons (Beam)

e eI
J--—-‘""'. et ) s
e
"

._o o> v gt P '%ﬂh...u--.. L L

P S Py

= 60

-5.0 1 | 1
0 16 32 48 64

X (Xp)

22

33



BEAM - RING

VJ_ * V.L — vsw sin @ v *_-’D
. 1. io-tiowm reSouant msdabilidy
. Usw

W -'—"' Ku Vob -JS2 b

e . e

V
' | 2. W0e/iom  won nesonnt fwstabiledy
wlo
Y

- %"* “bol 2(‘) ) -0

"\‘ g(w-\(“ out )/\E'“‘

R Ll SN 3 VN

3 -
>



Fron Gury etet. [(454)

o2

0.

vy*0

T
b v.'IOv.l?.OTU‘
— Lo
amas oo
- al
02 0 .l
kam

Froe Gegy etal. Lisgy)

o-“' L] r L] L
I v | B
'0.0 4 " "'0"707
0.3 4 L "
q- - o
\ 0'2 Ay el
3 -y
[+ X} - |
(XL "'
1T -- .c..
o ——bed o tes .
- 1
(c)o 0.l 020 0 e
kay,
G4 LI L] LS LI
|1 L L S | | AL
i v°'20v.. h '0'30'- 4
oal- 'M.lu‘ :2|_2"
. b
€ oz 4 L -
?
Qi *f =« - F: . -
o] . FE S L ° <EETTEN B S U T Y
G’JO oJ4 020 0.l o2
ka,,



04 T
LA B s o
volo v‘,'IOUm'?OTv.
o.aT— 4 F
1
~ 0.2 T r
3 g
O.if= - a1
o'.c.. 7
.: .,
oo - o o S i |
0.1 02 0 0.1 K
(0) k "
Om
04—y T ' L
[ ¥y*20vm 1T %°30wm
osl slaty, AL *2h2v, N
2 - ™ 1
a
S o2l 1 7
3
0.} -1~ N
00. i1 1'- I U S -
o1 %20 0l 02
(b)
ka,

From Linske asd Garf V934

V,w\e Vg
Y T T !
Monresonant
%
By oxs|- i
fAesonant
° — : I
L . 0 15 20
My /Mp

¢ 3
Yesownat ¢ x“"-r"-l’ (‘-\L) (:u&)

View veSovan ¥ ?

3wy’

2 V.
Ll i vl v
A

Yo ] aud 3\&*.»1



o5 1 | 1
Nonesonant
Yo
fip o2s}- n
Resonant
| ] |
°o ) 10 15 20
Mp My
Figure 2

i

ﬁr LI R AL =TT L
YNSTABLE
- . -
o B
N .
o \\ Nenresonant o me, -
N ¢ a,=1m,
N\
4 ~ . -
N
luonm\\ hd
~
- \\\‘. . -
o— hﬁ__. : o !".-:.:
STABLE
0 Lo it Lot 1ty L1
0.001 .01 0.10 0.80

5

Frow, WinSKe gud G...a 9¢¢



‘OX T T 1T T TTTTIT =TT W aVe b’ Per‘\ics
UNSTABLE
sl . ’ -
\ . . ‘ 1 g‘*\‘ welel an "3\“* Wad PolaviZed
sl \ Nonresonant bl St ) ; *
% N mson R vt e g Wb Welecity
al- \ . - sduyle
N . e veaveionant wode by ot handed
o} \\‘-‘- R N kc‘l Co"’a
. S
0 lTAIlLll (MEEBE] y t ryanied 11 W
0.001 0.01 010 0.50
%E : — K
Figure 4

3- Batw wyyy ave Circularly

"
1 Corm o 53t | “han Rolugating alemy

e
o -g-ﬂl live 2 Mad ellcﬂ\(alg Ool\vited
M CGnmessiondl 4 oblifue siugles.

Polavie, d auld



HS brid Simotation wale|
(Pardcte iom ,massles Plid eteches)

lows m.}g -e(e-oz%i)

electvons

H¢N¢i{t =0 =-c-|.(3.. ;%5:) - ﬁ P. &Q‘i’ e, ¢;.

3 g(neTe) +2 (2 meTe V) +neTe f‘;"ﬁ =Q | enny e

Charie natmbily s N, wn,

Zeve Coweat in x_dimchon H v.,.i‘

Haxwell's e%s. o

VI-E. l..i.%.;i

Chc.“n TV, P e%.

- - '
ioms * .J-.K'I. E Vi
s m“ e(z-q_él)

electvens ¢

n.mbi% zo=-en (€. gz_'?)_ ﬁ P, &

'3- J% (“f.T¢) "’j%', ('3 NeTe Vs ) 4n,Te -g? = &

Cherie newtralily s ne w n

Zevo Curveal i X« divection 4 Vq‘--\-{:-.

Maxwell's e®s. o

Vx-E. =..é. %;i

-
VB - r
[

P

gy
V. B =0

o btain [~ “Tlv-\ elechon wasmn tutiona 9.

™om. €%,

CH‘_VM ey.



q&\ n

dvans. Comp. of Hhe mom. €g. _%& - _*uh.
| p m"—°
Toeoql(Eefgd) Q)

Y vew ef. (3) Can be writlem o3
."-ﬁ"c“ﬂl' Ezz‘-%% z-; *% o‘i g‘o; -6-
R TH B Bl J-l 8

V.3 weo an Bx « Coust.
o 3 - e v x ( " )
"*3=%¢6{’3&»"‘5”" 2) NG
X | -" "' $ L) ‘!\ w otV s NFL N
_3,% -4 3y ‘ Jo 8 G v
o el . €iwal ) & Cuown
Subsidvte €U beck inte C1) , en: Kaoin elewen wl O
T" Vector,
=% (dl- "5"&" ’ "Jg" ’ 4‘-:.") . * o
Q) X§ = Ej« X4\ 4 Fy feal -
M- s a / N
ur T ‘(. - - = - ol [ o -\
E -] 6; C \ Ad
OJ."t - A . ws dime e Jgt+ts rt] f)
i =Ay :d -.:z. jmemt = [%« & e,,,}' [5;-¢ & Faal
Ld -t Ai. Ay o u‘q .ﬂ,\
‘f_"-‘! ‘_'La:‘\‘ . ',';l :‘.u

AL 43



Thy) Fhe Veclw Godeadial and H
tramsverie Comlomets of He & any ¥
e Famd.
Vie the Veetw Fotede] il
The  Cumat Uiing e, (V) whieh
i dvm St Ve Since Vi ant Voo
USe electrm ewiy) ef. to CGultote T
o Pe

Then Awe  lonSitedined  eloctne &'c od

€, m-} tnud‘) ""Q‘%é'

\"' .
| f'\ u \‘} .1'\\\ .
x h\\. W '}" ,{i'r\“

“ \. W?m ll)

\\ |, \\
\ u m \3‘;‘:‘ }\\'\\1” T‘w \'Lfl
4 | :

{j' W"“' " *\‘ \%‘ 4\«1 e f! i «3'101 e "

|l w fl\ *“, .i‘ ﬁ,’ u\ﬂ*‘
h ?(A‘:" ll\1 H‘\ Q " e 'f J
‘1"?’:\\" m \\\\ ‘* ”

Q

N

Solar Wind

-
ol
bl
:
;

solar wind
2 + pleked-up
X Cometary lons

Cometaery Jon
production rete

e .,,:,>

Simulation Box



H.lc\ Pavu-uM
New BV, .‘V‘
Selar Wil ‘?ih;'. - Yoso
ﬁp "/’o =l
Lz sust Bives 1See Glyp
Sivvladion | W Part. & 3 x\e®
Parvew. W Cells w Seo \
ot s o025,
| Refresets b3 2 0*
Cow.td'“'3 %, =75 Ay
rown$

Xy ulSee CSAIp

S0
ASsowaing Ny alo Cwsd * Guw o wi/g

Lo 16° Km
R..,-v 2-!\; K

*7

8= 5°

750 1125 1500
X (C/wpy)

3an

0

1125 1500

750

375

0

X (C/wp,)



(*%m/D) X

00ST SZIT 0SL sLit 0

(*'m/0) X

00ST STIT oSsL sie 0

010~

$60

002

or°'0-

S60

mn 002

oro-
! _ oN T I T B

= _ l_t??lr\.l“ <60
e QUNI ——y ﬂQHI -

P 1 | { £/ I | 1 002
ﬂ-ﬂﬂﬂj ) T T 01°0-
N oor- _| - o] 560
—~ I -39y

O m 6 ou-¥vu

00T
om ﬂm
({Ym/) X (¥m/) X
00ST STIT 0OSL sit 0 00ST 9ZIT1 0SL Sit O:
C®. 1T ¥ i i 7 &
; %’Q
U1 O
[ ns_ { { £
_ T v T ] T &
g [ %é.?}?)\l 0
) Sit=]. ™, | SLE=
Y < 4
S,
- = _ T 1 £
o B Mo
’ ™, \ AL
¥ _ I T &
- 001 = 3°Y -~
y ™ L I ¢
om =

asa

3/%3



r

L ]

m/2) X

Wi

s o o0t T4 17! U 0

(®mv2) X

- ()
eot = Yy Jegte

e .
ore ooo..m =11 bbeanid
¢ Fish ¢ &L 18'0 FYT

oy B OTE

=
.uno_




COCE =11 ¢ ecem

M EOAD
(138

v 0-
TP vs
g
s & T Ll S -4 g o *9
1 t _ _ .
N32.K0 e 1L
N S =VIHL 0' T=1V138 O°In3Vi38 0°9 =¥M AVOISSYN  AUVIINOD ¢/

v




(*“m/0) X

0°00S1I g'eitl 0°'SzZ11 S°LE6 0°0SL
St

00

°a/%d

St
se-

00
St
T T T 00

uq<r<.5\¢ P e o K 4
Y

d/4d

L]

‘a/d

H44 a.:..u.—__._

°N/9N

mﬂnc - - —-aaﬂo . - n.N

(®) uojorg 881 = 97 -
050 131




(m/) X

0°00S1 STILI 0°'sZI11l S°LEG 0°0SL

S°¢e-
00
S'e
S'e-
00
g'e
0°0
$'c
0’s

°a/qa  °d/%g

d4/4d



