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IIIP ion cyclntron Wavrs ilr(’ {Ihservfd is the

1)1’twmn 111PIllilgnrmq)alls(l (- 1:1001“’1’)and

Inirmr Illlctliations are primarily nhs~rvwl.

I

plas[na (Irpletion l;lver (130:1-1340 [v=).wtlirll is

Ill or(lf~r to (lPlllOIIStriLtP that thrI spatial ord~ring lllagllet(]l)*!lse-inI] ryrlotron waves--mirror

111()(]0 III)] (Is in gonorid for l,hP ]Iigh ll];kgn(~lost](~att) ])olm (’nn(iitions dnring which ;\Ahf])T~/fl~~~

IJhsrrvcs Ihf= mmgnct(~sllmthm ;fnd(’rsol)

tions froln ll)fignpt~piLl]sP [“rossillgs an{l

Iluctllmions. ‘1’hP rwults arv shown in

“1’ransilitlns ;ir(’ L;IIOWH f{) 111.IK!)(IIOI);LIIS{”

iill(l I’”l]sciicr [ 1!)!):1] lnadr a statistical stll(l,v III lransi-

frnll) l,il]lv illtorva]s with ion {Iyrlotron f)r Illirror mode

l’;LIIlo I (a(laptml fr{)nl [:llldrr.st)ll and I’im’fif’r. l!)!l:l j),

~rfw:;in~yi illl(l L(I Iill)v intorvcals with il)tl ryrlfltri~ll. lllir-



,i

II IF. i ‘ON. and LOW spectra is a numerical artifact. ;md sl]ou]d he ignore d.) The rharactpristics

lllt’ l~l(lltlll l’IIIIItIIiIIIIrC’ ;Illiwllrllllv,

I
1, I /’ l//if),, 1. [‘.’)

1’,11 II

Il!,l:ll







mrowth rat~ becomes greater than lhml of the Ion C~C]OtrO1l Ill Od~S. ‘rhus the ,jllP variation ,JIm

spectral properties is WPII predicted b-v t.h~ theory. In fact. there is a remarkable resemblance

l)~tw~en Figure I and F!gure A because the passage of th~ satellite shown in Fi~ure 1 corresponds

I o passage into the plasma depletion layer and into the magnetc)sheath where /jllP becomes larger.

.\s further evidence of the adequacy of linear ~lmov theory to predict the wave properties. the

llnstable frt~qucncy hands for the Pxampb ruies are shown in Figure 2 {as horizontal bars: again

thor~ is good ;~greenlent, mc(’pt for the mirror Inodo ( \lIR.) C,MP. for which the theory pmlicts

i[jn cyclotron ivaves. I)ossibly, prmen~:r (If the nlirmr Inotle inhibits the ion cyclotron mode in this

(“asF.

‘~he tart that the proton md all)ha, ryrlolnm illstabilitim approach their rcspmlivr gyrofrequpn-

rit’s ;~t iow ,)IIPis Pasv to undmstand. Imtahility m-curs for particlps which :~r~ ~nppi~r shift~d UP

1,0 thrir gyrofrqumry. :\t low ;~llP, the thermal vrdority is small mmpard to the :llfvt% slwed.

which is n)llghlv (’quid to the phmm w~ltwitv of t 11Pw,avm. so at low J[l,), thr W:LVP lrqllcncy Inust

;Lpprmach tho gyrofrwlumry. At higher ;Jn},, th(’ l) Opl)lPr Shift, iS grPiLtrr. h~llct’ th~’ W;LV~ frl’qllcll~~

is Iowf’r.

‘~hv (liLtiL l)rf%f~flt[’~1 hero pf’rl:~ill ,)IIIV t,(~ porimls with high w)l;lr Wind I]vnaltlir l)r~’s!illr~’. i.{’. high

Illilgll(’l, oslll’:1111 1)( ’1,).. I:t)r low (lVlliLllliCprwwuro t“l)l; ““ ~(~llS I.]IP ])(’liL jll!+t (~OWllStr P;LIIl t)f Illf’ I)I)W

sh[wk m:Lv ho flllitl~ h)w, . I . Ill thiS I“;M(’, ItIf* lll;LK1ll’t,OStl(’;Lttl Id;Mlll:L Wii] lWoiVP ;Lh)Il~ t.h(’ S:LIII(’

I 1’ ,$,, ri,l;Lt,i[~ll ~ll)t;Lillwl llvr~t ;1s it r~~nvorl,s I,f)w;ml I.hu Ill;lglI(*t(Il);Llls[J. I)llt will st;wt on I,h(’ cllr’w

Jt :L i(~w(’r V: LIIIII (IJ ljlll, M~! higtwr v;d IIr III .!l, than 1.11(’hi~h I)t’1.a cnsos stll(li(vl t,{] {I;lt(l. 111’nrf*. 1111-

(lf*r 1Ilt+(l [x~ll~iil.i{jlls it is IM)ssil)lo t II;lI, il~n ryrh}tr[m w:tw’s rolllti flillllill;lto t III’ Illwrvml spl’~”trunl

1Ilr(lll::il(lut I !I1’ ltl;~~ll(’t(ls~l~’;llll jsrk~jpkl~ III. d.. I1!)!)[) . S(I th;lt III(I Illirrtlr III()(IP is I](JI {Ilis(’rvwi.

Sll[li ,1 rvsllll i~ l’lllirl’ly t.[ltlsistvllt wit h t Ilv rvslllts st;l.twl ll~lrr I)rllvifll.11 t Il:lt I II(* l~lw I)f’t ;L ll]il SllliL

ill I III* liltgll~’l~)slll’;ll h ishighly;Illislll r~lllir (MIO I“il(llrl’ :1). III{I(vvI. lli~lllv ;lllisijtrl~ljir I]rtlloll IIis

I rilllltii~lls lI:LvP 11~’1’rl[Ilwi’rvlvl {Iljwllstrv;Llll i~f IOW 1~1’1.;Lslitwks I ‘Y’h~Jt)~.sfrtfl (Il.. I!w5: Srkopk~*[It

.I]. I!I!III],\\’hil~’ Iii:;tril)tit.i[}ll:; (l(Jwrlsl,ri*atll (~1”IIIW 11111:1shclrks ;lrr IIIIIrlI llli)r~’ ;lllisljtrfll~it I lIJII I.11~1

llihlril~llli(lns (Ilwrvvd in Iht.hil(ll 11111.;I. IIIIIEIItItiI:+lI(I:Il h l~IIIII{Ir IIV :\\ll’’l’l”/f ‘f ‘1:. it i:: itllll(~rl;llll

III ll,illiz!, I II;II I II(’V ,1ill t)lllv lt,l)riw,lll .1 l~l~lSlll;l 1IliLI i:. lll;l,l’L~,lll;lllV ,.,l;Il)]fI It) I lIt L l,,r{livl II III’ illll

“1I ~1 (11,11111..V:IV(lS.



\VP hav~ shown that the low (rrvlumcy

plasma depletion layer and magnetoshpath proper are well identified with proton cyclotron waves

( [Iriven hv .4P), alpha cyclotron waves ( (Irivm hy .1,, ), and the mirror mode- The wav~ spwtral

properties are wwil ordered with r{)spect to the proton parallel beta. .~llP. Sllch a rrdt is pre-

(Iictrd hy linear \VWov theor.v Ilsing a simple mode] for the plasma depletion layer. [lccaus~ of

this. the ~)lmrvwl spectral type is r~latd to relative distanr-r from the magnetopause. sincp JJIIP

incrmsr+s sharply away from the magnrtopause within the pl,asma d~plr%ion lil~~r find into the

Illagnetosheath propm. ThP ;lllis(ltrc)i)~--l)eta rplation. ,lP = 0..50 d~~)’4H. results from the (act that

the waves pitch angle scatter I he particlps so that the plasma is near marginal stahilit.v. This

r[4ation sl]pplim il fundamental constraint 1)11 111P plilsitla. itnd shm Ild ho l.(ak~n into a~nmnt in

!Iui(i (Iwwriptions of the plwma dt+~tion Iaym mnd nl~gn~tosh~i~tll propor.

,!(:kll(J711/(’d~l~ lClltsV, ‘r]l,~ work :Lt l);tr[,[tloulh has IMWI1 sullportm] with funding [rolll ?4As~\ undrr grants
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muq)ict’s of thr I: .S, I)qxartl]mll {If I;m,rgy ( I)OF.) :m(l wiL%sllpp(wtf’[1 hy Ilw 1)OFJ oflin” (If Iliuic Knrrgy
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,~ll([vrs(]ll, 11.J. aIIIl s.:~. I:llw’lirr. tl:IKIII’IIr l~llisnl,i{]ns [r,nll (). I I(J 1,[) [fx ;LIIIi ;LWICl; ihl(l lIliLSIII;L l)r(jlwrtir~

III III!* IMII.:< .llllw)l:lr II I: LgIIt,l(I:;l II,:Illl .IIItl lIl;u; lII;t [11’l~il’lil~ll l~lyl’r. I (f’II~p/lv*. li(~.. :1~, I l~;l If;!).

1!)!):1,

I]](l(,rsl)ll, I{, J,, S ,\. I’llw.lwr, .%1’, I i;ir}’, .IIIII 11.11:. 1)1’111,,,11 \l;IKIIf,l Ir SI),vtr:ll Si~li:llllr,v; I’r(,lll 1~.1 h) .1.()

ffz Ill I Ill’ k~nrlh’:{ \l:lgllf’t(lslll.:illl :11111I’I:LsIII:I I h,lJII’1 i[ul l,;~yt$r, ::11111111111,11Ii, / i ;, (I~J/If/,w Iir.q I !)!13

t ‘r,},)k(,r, Y 11 , “[’ l:, l::U;llll~ill, ;111!1( ; S S111,,s, I )I),+r,rv;ill{)lls (II II IWIII, L 111.1)11’tlllll Ill 1111,111:11[111-1l~~lll’;ll.ll :11

t Ill. II; IVSIIII’ II I; IKII,’! llII:IIIS1-, ,/ (1’1ll@v+’. Iir’$ . ,~ f , !Xfl .\:l, ,~fi!~ Hill l!}’;!)

I )1.nlilll, 1{ 1’:. \l ,K. 1111(1s011, S,;\ I“l]si!lirr, :LI1411!,.1 ,\ll,l,’rsl)ll, I’11,.[lr,,lll;ly,tl,llt 1,)11,y(li,t rt)ll \V:LV1-!i111111!’

llllL41!liL tlrlllrl 1,111I;ivrr. i f ;rilphtl.+ /il.* , Ill llr~w. 1!~!~;l:l.
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FIGURE ( ‘APTIONS

‘rable 1. Percentage of Transitions from the magn,?topause and from time intprvals during which ion I“y-

clotron and mirror mode waves were observed. to che magnetc)pause or LO time intervals with ion cyclotron,

mirror mode. or “-other sheath” (see trxt ) waves. For each of the rawgoritw from which transitions {Jcrur,

the number of total transitions k indicated M ‘SXO, E,wnts””,

Fig. 1. Dynamic spectra of }. MPTE/( ’(’E magnrt,ic ticld (Iata together wiLh (“CE and Iflhl density aild

nlagnetic field data. The top p;mel (lab~led “X}”” ) shows tlw t,ransvrrse ( to BO) spectral power fron: O

to 2 Hz and the second pane] (lal~rled “Z’ ) shows the parallel powr=r over the same frequency range. The

thir,i panel shows the Avtrcm Ii.[lsity at ( ‘(”’E, calculated w lhp slim of the proton drnsity m(l twice the

lle2+ (h’nsity nw~ure.d hy Ltlr 111’(.’11 instrument. “I*Iw i Ritfl rlerlron ~iensiLy, measured l~v rlw rlect ron

instrumt’nl w= multiplkd hy 1.!)2. (1(’tt”rn]inwl as [,I,F ratio Iwt wemt the f!ensicics from 1340 to I IO() I ‘T.

The lR\l time has been shifted hy 3,5 minutrs to arrount for the I,la...ma convection (rnln ll?~~l (() ( ‘(’E.

“rhe bottom pane] shows thr (‘( ~E i~ll(l I H ?tI Inagntwic Iield strtmgth. fin. ‘Me I RM Iirl(l Illagnitudr W;LS

multiplied !)y 4.H 1, the ratio Atfiinrd from the 1340-1400 I IT interval.

Fig. 2. Examplr powrr spcrtra (If Ill;lgnrlric firl(l {l;Lla for [he live sp(~ctral ratlc:gorirs of [,4 ndrrson (’t al.,

1993] (Irlinwl in 11!(’ Il*xt. I,vft :in(l right lIanti I)f)larizrll p(,wm ill I,ht’ l)iimv l)t’rl](’ll(lirlll;lr III II() m’

in(licntr(l I)y tllr solid and (1(11,11’(1Cllrvvs rrslwrl.lw’ly, whilr III(, I)[twrr (If Ilucl. u;lti[ms pmallvl to B(] is

illlliralr~l !)y Illr lla.%ho(l rllrw’. ‘[’1,(> Il(lrlzf)llt,ill l);lrs :ilII)vI. 1,]111SI)(-CI,C;l stlow l,hv frwlllvllry r:mgr ,)( linr:lr

instal)ilit,y l~rmlirtr(i I)y VliLst)v Ihwwy.

I:lg, ,1. I’rol]orllrs ,)1’ tllr l~~n (yrl~d.r!m .tlllsl~lr(q,v Illsl.:lljlllli{,s :11111 tlIc Illlrrljr Ill>l;ll)llil.y ms l“IIIIrl It IIIS ill ,‘ ill,,

Illi{lf-r 1Ilr Il;ir:irllvlrrs II 1’ III(. Illll!ll.1 (It l/hllfltn II (11, 1!1!1:11)], [’III, 11,11 Illr,.v I)rlllf’ls Illlistr:il(’ lr(,illlrll,”lrs

.L,, WIIICII mrr r(,lf’v:llll 1,41Ill!, It Ill i’yrli)l rlui ;llllsl!l.r~q)y lllsl;Ll}ilillf+: I III* : III(I Ill)f,< Ill(llc;ilt, I II{’ Irt.fill,’llrli’s

whlrll 11111111~1III(* illsl.:il~llitv rt.~’,ltlllw. -,/\ l,, I f Ill ‘. ;illll 1111’ ,I:L+III’(1 l!lll>S lll(ll(.; ltls III(S Irl 1[111’111”1(’!i

wl,,rh rt,rrrsl,[)llll I(I ;i Iilral Ill:lxlllilllll ( Wlt II r,’sllf’(t I(I &, ) III ltIIIII)fw:il ~~,rl~wtll r;Lh*, ; I“IIP lIIItlI~III lllr~tt.

lIXIIISIS I]]llstr;ll,,. llw IIIitxlllIIllII ~r,)wl.11 r;lt,.:~ I’,)r III(, ljrolttll I ~rl~,lr[ul 111s1;11,11111’(111,, !, ,1,,1, ,I;lsllf .11 11111,,il.
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the h~lium cyclotron Instability (the short dashed Iirit=s), and the Inirror insLability (the scdid lines), l’anels

(J) ;md (d) correspond to the full mmirl. I’ane]s ( 1)) :md (r) :t~~rment results from the model except that

6

~~ q). = 1.0. and panels (I-) and (f) represent results from the Inodel t’xrepL that (T1/~l)P = 1.0. The

1, rs B. (’. L. [. (wer M, and \l in panel (a) indicate thr sp~ctral categories of [.4nder.qon t’f al , 1993]

~lefind in thr text. ‘rhpy are plotted zt a horizontal position corresponding to the avmge v~llle of ;Jllp for

thP f’vmts in each category,
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Example Power Spectra: AMPTE/CCE 1984 Day 280
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