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A previous theory ofequilibriumstat.e ill electron cooJ.ins sy8\em .... 
deriwtd for a cue wbCll neutratizatiotl desree is near unity [1],(2]. In 
this cue ~be ion energy appear~ due to Coulomb interaeliouwith fast 
electrons is extremely small (- eV). For eud1ro1d ions the electric field 
of the neutralization electrode is 8Cn!en~ by· the self Coulomb forces, 
and the ene~aI eleetric field inftuenees ontbe ion motion only in a ftty 

small Nlion with diInension about Debye radiu8 ("sbarp ed«e model"')• 
.H~, the r«ent meeuremenla of neutralisation illLEAJt electron 

cooIiJJI sy*m have shown that the r-.I obterwd Deutrafia;tion degree 
ill far enough from unity. fOr such .ituation ions are born. with th... 
preciable ~tial energy iD the Coulomb fi~ld of the electron beam.. 
Thus, without. maxvelliAtioDthe trullmx.a1 ion eneq, m., ~euen~ 

,*1, Jaraer thaD the lor.tgitudiD&1 Oh, .&nti. the transv«Al electric field of 
the DeU\ratisa.tiou ·tHetrocle may peaell'ateillaide the beam and disturb 
tie ion motioD. . 

In our paper we have COI'lRidered thefoUowiaI JnOdd: a) the Jonait.u­
dina) COIIlpooeDte of tbe euerD&l electric field are screeMdby the self 
Coulomb rom. of theioD beao1; b} the CXJJTe!PODdinS tra.nsversal t'ereeD­

ing itt abeeat;c) for .im:pUkation of the ~leetric field· cakulation. we have 
. limit·ed OUf8e}vcs by thefoUOwiua~ry= tbe left pan of tbe infmite 
cylindria.l chamber bas unifonn pot.cnt.iaJ equal toO Uo, the right: part hu 
the potential ~quaJ to ~ro. . 

Such trimple nlOdel permit.lJ us to ~timate tlte Effect. &llalitically and 
to di!tCull1iu qualitative fcaturct.ReaJly, of COUf'ae. it ia n~to 

examine the problem by Ilumerical methods with account of the .tell· 
consialentpolential of the ion beam. 
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In*c!Stigation of Self~eollS.teDiSUie 

A ~oJ1ditionof the .loqitudinal screenins'ha.. the followias form: 

U_.(z) +U,(z) =0 (I) 

Here 1I.,(z) is & longitudinal potential of the neutralization electrode~ 

U.(z) is a longitudinal potential of the ion beam (we have supposed that 
both potentia.ls are calculated for l' = O)~ r!z are. respectively! transversal 
and longitudinal coordinates. The potentials are norlnalized by use of the 
same condition: 

u.~«X» ., =U,(oo) =0 (2) 

The equation (1) with account of the normalization condition (2) may 
be written in tbe foUbWing fonn: . 

CG(z.z')A(a')tW =1 - fjF(~) (3) 

The Green fuDctioJiG(z~~ tor ioD beaIIl Coulomb poteMiaI.ia deter­
mined in Appendix by Eq(l1)~ F(~) =. U...CO.z}/Uo, U...(f&',z) i.8 the 
external potential (see (20». fJ .= Uo/l'-». U~ is the potential of the 
uniform beam~ z =z/b, where ~ is the chamber radius. 

In Eq(3) A(:t) is a longitudinal linear density of the ioDa divided by a 
corresponding density of the uniform beam. We see thu formaBy Eq(3) 
is an integral Fredholm equation of the second kind for unknown fundion 
A(x). It is convenient for calculations to write this integral equation for 
argument u::: X - %0 in ,be form: 

K(u,u')A(u')du' ± 1" F(zo + u) (4)!:o F(ze) 

where the kemel K(u, u') is determined by: 

'). ( ') F(zo+u) ( ')K (U,U =G u~u - F(zu) , G O,U (5) 

The value of %0 is connected with fi by the equatioa: 

1- UF(zo) =!:G(O,u)A(u)dus cp(Ztt) (6) 

We shall eonsider :to as a free parameter of our problem. If ~ and the 
corresponding function A(u) (and. therefore. !p(X(l» are known, then the 
dimensionless potential fj ma.y be expressed as follows: 
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alb =1/3 alb =1/2 

%0 li fJ 
0.85 0.94 0.79 
0.10 ·1.25 1.10 
0.20 1.19 1.64 
O.eo 3.52 3.1' 
1.00 8.33 T.4' 

fj :::: 1 • ~(eo) (1) 
. F(~) 

(AJrrespoadiDg value or the poteJl.ti.J flo if detennilt.ed by the followins 
ap~ 

Uo # iJ ·Uoo (8) 

Uoo is given in AppeQdix by Eq(I8). 4epelldence ii upon Z(I for different 
values of 0/6 is given in Table 1. 

The res-uka of calculation A(u) are presented in Fig.I-FigA. Wt! see 
that charge density of the beam is nonuniform near the boundary of 
the 'reSecting field of the electro~. This nonuniformi~y increases with 
decrease of the voltage Ua and with growth of the beam radi.us (i.e.~ 

~eter alb). If a. transversaJ el«tric field of the electrode penetrates . 
iDaicle the beam. then ita gradient ( caJcula.~ according to (20» changes 
the complete radial toeusing cradient actina on the ions &8 follows: 

'):} :e 1- qA(u) - all{i)2E~e%P(-1,u) 
(9) 

, J1(.11..) 
• =2.t: A .\.1" 

th!Ie IF is the coefficieftt of neutralization, a i•. the beam cross tedion 
radius. J.(:t) .. B.-eI function of the n~th index~ .A.. are roots of Jo(z). 
the eummation is made for all values of k. Values ofg(u)/go are calculated 
for the different parameter. '1, %0 and 4/b and IJIU'Cnted in FiS·5-Fig;8. 

We see that without transversal screening the gradient of the exterilal 
fieldma, sicnificandy influence on the ion focusilll, moreover, & depen­
dan~ of thi!' ('flf'Ct on param("l'~ Po and a.lb i~ similar wi~h described 
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- aboft depeadence of iua kJDsittidinal density. Let _ underline that for 
Zo < 0.1 (i.e. for UO/UOA < 1.25) De8I' tJ1eedpof\he ion beam appeea a 
def'ocuJiDs radial~ <.f(u) < O)? whidl may. reeuk in panicle Ioeaea.. 
3 DLtc1l88ion 

Of COUl'Ie, our DOte does DDt exhlWld this very complicated ptOblem. 
Partic:ul8l'1y. we have- DOt considered the influence- of a dipole componeJlt 
of the neutralization el~Uode field. This dipole component may also 
penetrate into the ion beam and to aIfect on iou-dynamica (thele· both 
effecta diminish with mcreaae of the Deutl'aIisaion electrode vokap). 
Therefore, such ~ effects may belp U6 to explain the influence of tms 
YOltap OIl the neutral_ion degree9 which wu found m recellt LEAR. 
experiments. 

MOrecM!l'9 it i.e DeCea&r)' to underline that ~ IIUIIlerir:al calca­
lation of the edp etJecta obliptory baa to include the aaalyeie of ...­
consistent state of the ioD beam. Such au81,ai8 (eepecially in three~ 

dimensional case) is DOt a trivial problem and J'le8Ile in & uemadou 
work, but without such work the result. of aiulpI.b.euted DltlD4!l'ical cal­
cWations are not reliable. 

4 _Appeadix 

The potential of the Wlibla-daarpd did in \he- ebamber of- dn:.u:IBt' 
section is derived .. foUawa. The aoludoe. of the Laplace equaCiaa with 
the zeroth boundary condition for .. potential on the chamber wall. ia of 
the form: 

A~ ~A:fzt
U(r,z):: EClJo(T)ezP<--b-) (10.) 

Here 4,b, conaequently, ~ the radii of 4ihe disk Mod the chamber c.roa 
section. The boundary condition i. U(11,.1) =O. ­

The boundary amditioDa on the disk·ate the foRowing: 

~={·2.d r~4 (11)
th 0 r>G 

Here IT is the surface density of the charge. Performing tile differentiation 
of (10) we obt.~n: 



5 

(flU )..0 = E c.AtJo(.\.lt") (12). tlz ,. b 

When mul&iplied by the ,.Jt<¥)and integrated overrfrom 0 &0 btu 
eq-.tim ill accordam:e·with (12) bec«nel the form: . 

. ciA, r Itt A..,. . r .\." 
(13)T"lc rJo(T)*';:: 2.0- It ,.Jo(T)dr 

Uaiq the upraaiGDafor th8e i.d"- liveD in (3}· _obtain: 

J1(.\.t ) 
Ctk =41ftT4.\ 1('\') (14) 

To derift the Green funct.ion for the pe;ruial beam we take thea· 
pnuion 11= ~ = .1R 4z, where p ia lbe ch.., <leuit, of.perticlea.·l

~ 
• tile ~ cummt, pc is the ft10city of partida~ aod obtaiD &am (10) 
and (14): 

4 r- 1(6'). 7(~'~ r' I. - .I'J
U(,..~) =;; J__ tJ(z')d%''E .-\,J (A4)JO(lli)ezP(-,\,~) (15) 

1 

IatrocIt1ciD& A(z) :: ~:C) and takiQc r =0 we deriye: 

U(O.z) = ~:eL: A(l)G(z - .')tW (16) 

..... tbe Greeu fwlctiGn G{z - t) is defined I.,: 

O(&-~) =.!£ Jt(l, )ap(-~I.e - &"1) (17) 
• .\ l(~) ,. 

.....,.A. ..·......ofl"OI)..~. ItfoDows from fo,.aias 
tha& tile pc'AeUialoa tbeeed ort"~ dlar'pd beam • expreued 
bJ &be equatioD: 

1~ r- 4loc". ;l(~t!..
Uoo ;: (1.e6Jo G(.I). == ~EA,J1(U) (18) 

We evaluate Ute the potatial of the half cylinderthu. baa em ill left 
boaDd the cooditirm U :: U•. TMiDa.l #: 0 ill the FAI(10) we·obtain: 

(19) 
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PetfOrmiDg the same procedUte all in Eq(13) .. ftaklateCl aad the·de­
aired ~tial: . 
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