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Alist i-act 

I!n~c:l on the klnrtyr theory of the plasma, 

WC prrseilt a trtatmrnt of wake Ficlrl phenomenon. 

lie dcve!vpr~l a rrdthematical IllOdC? to cslculatc~i 

L!lC frcxcilrncies in an inhomogenical Ilot ?lasmn 

tllnl is interacting with electron beams. WC lISf?(i 

diffcrfrlt ~nl-zomogcneous and trmprrsturra for the 

:JlnsTn an (1 elecir<~n benms. The system is put in 

a Ct rang maplftic~ll f1elrl. Finally, we examinrc! 

t'1c relationship bctwcrn this effects Zlr,(i thr 

1"st,2hllitr that nypcnrs ir tllis casps. 

must use a method of small perturbations [7], even 

though we suppose that the system is in stationary 

state, the distributions function is independent 

of z, axiallv symerric and 6’ 0.t) = 3; then we 

CO” write: 

Tntroduct ion 

‘fll,Prc i’xlsts :i t prrsrnt cxpcrlmrnlal 

PVi~~P"CC nt the particles accelcratcd by the 

inxcrtioq <If 3 beam into the plasma (Argon Advanced 

Accclcrnt~r Tv:t L‘aciI!t! II]). 1" respect tbPrc 

a r c m:' " '< , ti;eoric21 papers 1 hai explain thP basic 

fu"d;im(~nr;ll s c,f this pher!omenon [2,3,4], it 

crrnsldcr~ in geWr,ll milltl fluid models for thc- 

?lasnn unkv field [5,6]. liesi+es its confined in 

WYC gu idrs h.ls hc>c>" qtudzrr!. L!e present n thcorical 

mor'i~l has<~cl 01: ihrx \'?,isov - f'ojsson equations in 

Oi-[if?" t 0 c;il~ulilLe t !lC rlisprrsion relation of n 

ill8'iW : "a! I”t~‘l-.lrt inn wit!] rlectron ht=?lrl~ I" 

c y 1 i n d : i c n 1 li,,ve fillides :n a strong magnet+cal 

fic,ld along ti1.c. z-ax1s. h'e find the electrostntx 

wvc proilag,itirlg /II this medium. We estimate besides 

thr termlral tar irct an+ radial inhomogeneous for 

t t, r plrsm'! 3"" ThC elect l-0" hew-s. Ile (IO not 

cc'nsldcratr- t !I(' ior dyn3mirs, i.e, w deal wit', 

:1 il Flrctroric [)lnsma. 'fhc method is basei! 01 

< x:~'l"s lU" ('I- r:+r!i 11 funct ion of the irhomogencous 

prvblem~ /" i~~rrn.~ of thr well know of eizenfuctions 

fcr tkr hon~c~gc.nrr~r~s hounded plasm>. 

Plasma wake field theorv 

0°C "17drl of f-initf system for any radial 

l+CnSl t!i profile is that of multlsprcies plasm:! 

I IlJll'r'ci! in vr'ry 5trong magnetic field. Ve try 

L n ! t 1 a 1 I J, the case of t wo s[wcies: plasma and 

PIPCL~OI: hr,;lms, t'lry are symmrtric along tl>c gliidt 

RX1S. Dvc to the strrng mag'lrtical field we don't 

conclderc the rlrctron transversal movement, that 

15, the electron radir, larmor 1s very small. llnder 

this conditions t !lC axial velocity distributions 

functyons f(r,C,7,v,t) n"6 the equilihrlum distribw 

tlo" function may be written "5: f; (?,v) = g 

F,'(:,:,t) where L denotes 

(r) 

the kintl of par&clc 

I$ the plasma. The Vlasov - Pojsson equation: systrm 

can bp *rotten in terms of f(r,B,z,v,t) 

(1) 

C+:,t) = -43,nJO) Idvf,,(;,t) 
(2) 

t(T,t) is the electrostatic potential ,n(O) 

t!!c pnrt~clc densjty on axis and the sum c lJ 

IS carrlpd Out OYer al species present in the 

system. in order to solve the pass equations systems 

fL(:,v) = g,(r) F:(v) (3) 

I!irrc g (r) is the racial electron density 

profile "ormnli~ed. FL(v) is thr axial cqulllbrium 

velocity dist.ribution, then WC have: 

fuc:,t, = f;(r,v) + i;c:.:,t, t . . . (4) 

Q(:,t) = O’(;‘,t) + . . . (5) 

h’c take first terms only, besides in cylin- 

drlcal coordinates the equations (1) hnd (2) are: 

3 
afl e a0 aF” 

+vA- 
22. mv 

J x g,(r) 2 = 0 (6) 

v'@(r,e,z,t) = -4~ recn~(0)ldvf~(raz,v,t) (7) 

In order t-0 SO1L.E this equations we use 

Fourier-Ressel expansions for the radial coordinate, 

the Fourier serves for the angle 6 and the Fourier 

integral for the, z coordinate. We assume that the 

next orthogonal set is complete: 

Jm(Pmld 
Y;yr.H.z) = /TJ TI a J 

mtlCXml) 

exp (imO+ ikz) (81 

J is the Bessel function, P a are the 

radial wayyes number that can he drterm?r!ed by P a 
= ); where X 

the mLther han ir,l 

are the zeros of J (xml) = O.man 
we utilized the Ia$lce transform 

for the temporal variable. Finally, we get the 

following dispersion relation: 

c Ka 
x< 

me 

+ ka L IJk,w) C’l’- II 
lun 

3 

A:$:=0 (9) 

Where K 1s the wave number, a is the radio 

wave guide, II 1s the unity matrix and A are the 
m 
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eigenvectors that are associated with electrical 1) E:valunte t Ii e raquation (11) for any 

field, then: density profile g(r). 

IpOw) = :,“I “‘;;; “;$“’ 

(10) 

wfip = 

4111tn (0) 

TJ 

FII is the Haxwellia? distr:butions and, 

p, 
m a2J,+1 Urn,: J,+l (xmlt) . . . 

(11) 

. ..J’dr r J,(Pmlr) J,,,(Pml,.-) g,(r) 

The coefflcicnt b = I,? corrPsponl!s t-0 

the plasma and electron beams, 8 (r) gives thl, 

radial inhomogcnelty of the u s&cies. The equation 

(9) is solved by using the Srr17awa method [8] 

that for numeric31 facilities, in dlmensionlcss 

units is: 

*‘:b ‘* - .*’ 

. . . 
- 611’ 

A; (k) = 0 

the P subindex vcnns plnsna and I’ elrctron 

beams, furthermore: 

i? = Ka 

1 2 1 l/2 

2q)p 
a=B -_ 

K2 2x;B 
G-) 

KBT 

F is thr rncrgy of thr heam and 7’ is the 

derivatc of ‘rhc dispersion function. 

Results 

The matrix equation i? solved to find its 

eigenvalues (frrcuwlcies) using a numerical routine 

developed in the Ilniversidad National dP 

Colombia-Manizales-which It permits: 

2) Evaluate the dispersion funct inn 7. ant1 

their tlerivates. 

3) Calculatr the eiRcnvalucs of pquatlon 

(12). 

In this p;lper we just present results to 

evaluate the lntrraction between tws sprci~s, hilt 

the result may be generalized for thrre or more 

species which ones can hnvc di fffrcnt density 

profi lcs and temperatures. Thr figure 1 ilustratc 

the result for (EIKT)“’ = IO’, A’ = 0.05, X2 = 0.01. 

Figure 2 ilusLrate the djfferences that exists 

between pnsscd values an? 0r.c electron lic:Jms les-, 

energetical (E/KRT)“’ = 10. lhc frecucncies have 

two parts, w = wr + iwi, the imnginnry part IC 

alw:~ys nw~ativr 0 and giv,os the landau dnqpinp,, it 

is S!IJWrl in the down brnnclrcs (figures I,?), tllry 

usrd density profiles for the plasma and henm, 

rrsnectively th- following: 

a)8 = 
1 

ep 1 + Carla)’ 
a=3 a = 5.2 

(13) 

b) geB = 
1 

1 t (exp (1 1 (r/b-l) 

Cb = G.8 

Concl L!SI’Z”.? 

he to the fxt ctJnvcr~c”c~ of the !k::sc! 

funclions, WC t:Tke only fiitcBL,n tcrmi (i:‘s thrx 

ranqr of tbc dis7ersinn matrix). Tne ilrC”lC7i c0c:lti 

1% ,:Pnnral ~zrrl for nr::; nllmtmcr or spw: -c, WC) ct)iil~’ 

consider the pla~na, cl i‘ctrnn bcnn.5 8°C~ a proCoIl 

beams. T’IC Inndou damping ,irp:.nrls stron:,!y c.n the 

r!rnsity profile, It is Fmall fc)r Pn C 1 in;’ I : 

is significnnt for Ka > I. ‘lhc model may br rxtrnric,,’ 

to Include finite lnrmor dnrius efforts or:d ,on 

WBVCS. 

This work ‘has par’ia!l\ supnrt Ed by lC!‘FP, 

OTY, CIh’l)X. 
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FIG ( 11. DISPERSION RELATION FOR : 5; DP = 1 x 10 
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FIG (2) THEmeUPPER (DOWN) IS DRAW WITH. 

r DP= 1x10 (ii! oP=5x10-21, 5 DB’ 7x 16’(5; 0,: 7 xl(p) 

hm = 5 x1o-2; 
(&,I’, q 1x1;’ 


