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In a multiaperture linac the Coulomb coherent beam 

oscillations are excited and thus stimulate particle losses. To 

analyse the coherent oscillations the model is proposed, in that 

the Coulomb fields of other bearr~ in relation to the considered 

bunch t.rain are approximated by the fields of uniformly charged 

t.hreads. The lowest mode equations are derived by linearization of 

Coulomb and external fields. The beam interact.ion effects in the 

multiaperture alt.ernat.ing phase focused linac are st.udied. The 

dipole mode is sho~ to influence mainly t.he beam dynamics 1n t.his 
linac, and increasing of bunch sizes by t.he quadrupole rnode-.1s ,. 

negligible., , 

P1g~ - 5, ref. -3 
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We der1ve the equations for d1po-leaDd 

f 

quadrupole .-sor 

}'I 

.; 

.'" 

coherent osciilations of a bunched beaa in the g1venchannel of a, j 
~ . 

au) l1apertU"'e drift.· t.ube l1nac. 'the considered.beaa 1s represent.e4' 
'. 

by a sequence oftm1fOMll1y charged ell1psoids following each other 

at distance L. The r.ou1omb fields of other beaJ:lS in relation t.o 

" 
the cons1dered bunch tra1n are apprOJ:ima.t.ed by the nelds or 
W\1forDl1y charged t.hreads~ The Coulomb field potential 1DS1de a 

1. Introduction 
The basic method qf total current increasing in ion linac is 

a use of multiaperture ac~e1erating systems [1]. In a 

1IU1tiaperlure linac the Coul01J!b coherent beam oscillations are 

'excited and thus stimulate particle losses. The dipole and 

quadrupole modes are the lowest modes of these oscillations. The 

dipole mode' excites the bunch centre oscillations, and the 

quadrupole mode1ncreases the bunch siZes. 

To analyse the co~rent oscillations the ...ode1 is proposed, 

in that the Coulomb fields of other beams, in re1at.1on to the. 

considered bunch train are approximated by t.he fields of UJliformly 

charged threads. The equations for dipole and quadrupole modes of 

coherent oscillations are derived by linearization of Coulomb and 

exlerna1 fields. 

beam propagat.ing in the given channel 1s 

. UCx,y,zl-tJ1Cx.y.zl+U.CX,1.zl, en 
"'e x,y.z are coord1nates originat.ed (roa the given cr.annel 
ax1s; Ui is the beam self-fle1d pot.ential; Ue - is the field 

potential created by all other beams of the mlt1aper-ture l1nac. 

The pot.ential U1 '15 determined by the field $1.1perpOS1t.lon of 

all ellipsoidal charges. If, we neglect. the met.al. batmdar'y 

1nfluence the se1f-f1e1d potent.1al 1r~i~e the considered bunch in 

linear approximation t.o space-charge forces 15 descr1bed by the 

quadratic form 

U1Cl['Y,Z)=-~[1(X-Xo)2 + ~(Y~Yo)2 + r(Z""ZsJ2]. (2) 
D 

Here p is the space-charge density; e is the electr1c constant.. 
. 0 

xo'Yo,zs are coordinates of the given bunch centre; t(,y.s are
ellipsoid form factors with 1IIUlua.l influence of .t.he bunches. 

The beam interaction effects in the IIlUlt.1aperture alternating 

phase focused linac are studied. The d1pole mode is shOlm to 
h . 

influence mainly the beam dynamics in this linac, and increasing 

of bunch sizes. by the quadrupole mode is negl1gib1e. 

Factors'" I: may be reFesanted 1n t.hIt fora•...Y. 
tiI:;oM +~, 
•...,YOZ 1l.YOZ 1.7OZ 

where ~,y,z are single ellipsoid font factors; Al'fll,y,z 

correcUons t.o the form factors caused by electrostatic 

inleraction. 

c3t 

are 

bUnch 

".<; 

h' 

2., The equat.1ons for d1pole and quadrupole·aodes of coherent 
oscillations 

beaa - In paper [31 t.he· approximat.e torJ!l11as for (arID factors 

single ellipsoid With semiaxes r ,r ,I" are g1Y8R 
• l' I: 

or a 
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r	 r r 
"',." r /j- (i-I'V ; M =. rT-r <l-H ) ; Hz =+ ; (4) 

II	 Y Y " y' 
z 

:II 

which are val id in th'3 range r =if"T ~ r . 
.	 t " y.. % 

furtncr t.he consldl'red b!'nch is assur:;cd to be an ellipso~d 

With se:niaxes' ro' ,;- •r • and .1U the resl of bunches are spheroids _ .• y z . 

with semiaxes 'L,r., 

The effects of electrost~tic buncn interaction have been 

stUdied in bOok rZl by appro;{lmat,ion of a bea:" by a sequence of 

~ifcr~jy charged spheroids: Lsing t}~ results of this. work the 

following expressions for ferm factors corrections Ill<lY be obtained 

easily 

A.'f =AM :::-t A.'1 • 
II Y Z %' 

, (5) 

A.\{ =_2{1-.-;.2)_ I 2k C(2hD (L).2Ic+1 ~ ...8 (rZ]3 1-;.;2 
z: £;3 bl a+r . I.. 5

. 
TJ l-,;aCr

11
/U'" 

where £=fJrzand f:::Jr:-r-~ are eccent.ricllr and focal lengt.h of the 
~ 1 . 

spheroid; CCs)= r·--- is C-Riecao function. . 
S 

n=1	 n ' . 

. Relations.(S) are aCCuTate for axls}~elric field focusing. 

tna quadrupole focusing linac these formulAs take. Inlo account 

aY~r~.gs influence of the ~unch .train. 

. Withir! th9 framework of lhe accepted model the pot.ential 

def ining lhe beam int.eract.ion in lha _ accelerating gaps. has lhe 

form 
1 K . 

Ue(x.y.~)=- liI't= r'c 1: IJln [(x-x/I 
+(Y-)·J)2]+<:onSt... (6) 

o	 J~. . 
J;rlJ. 

where ~ is lh~ ralio of synchronous particle ve]oslt.y lo the speed 

of light; c is t.he speed or light.; N 1s t.he number or channels of 
. ..
 
lhl':f :iUJliaporlure linao; J. 1$ t.henumber of t.he given channal; _It
 

and	 (1i. 'Y )a;-e <lur-renl and ~h~re coordlNl&s of t.he beam in t.he 
. J J	 . 

jih channel <fig.n.. 

~' ....~ 
: "'.' '\ 

'" 

\Ito! neglect the coupling bet:...-een lransven:a del;r'3eS of rre9dolll 

arising from the bea:;-, interaction..Then t.he llnea.- equation.s ,;)1 

parllc1~s molion with the potentlal- of the baa~ self-field (2) ~~' 

the poter.t.ial of t.he be~llt l.nt.eraeUon UD. trliJ.y be .,."..lLten as 

follo"lS 
dil t'fCI 
~ + a:CT)X - r~x-Xo)rf.(T), 
dr. ~y 'I 

. day" Cl 1'1. 
-~	 + 0 (-r)y - ~y- )::f (t] (7)
d~z y r r r J o y , 

, . • y z 
da ..0.1'(. '. 
~z-z~)+ ~(T)(Z-ZS)--~Z-ZS)~' 
dT~ ~ .. , II y"2
 

Here T=Vl'F; TF is the transitiotl UlZe of t.h9 focusing perioj.
 

- a~z ..(T):Oy(T)··g (1');. (8)
 __ -X, II.)'· 

the functions Q ..(T) are propor-t.t.mal t/) t.he ert~ force 
a"y.~ 

gradients w1thoppvsit.e sign; a~~"t~; I 1~ the beam pulsed 
,. 0 

currenl in t.he, ~1v£n charmel; A. is t.he wav91angt.h or lhe, 

accelerat1ng field; 11sLorentz fact~; I 1s the chataelerl~tlc! 
o -_ 

cUrrant (2]; kF:SF"'IlA-;SF Is .the len\Jth of the _ focusing per1act. 
The functions f (y) and 9 '(T) caused by wlUa1 Infl~. ~ 

••y II'"	 ,. 
boalDS are datarmlned by the expressions 1n tt'.a acc&lerat,lr,g gaps
 

1 " I· . 1 It Y
r (T)=-""'l3Ctr I: Cl--.::L; f (T)"''"" ~ t a· .....:,.L.; . (9) 
11	 . jj t J=l J ~.~~ Y. r T ... J'" J. ~+~
 

J-. J J J-J JJ
 
~o	 o. 

r"".a .	 ..a~ 
, __ ~ If. J 7 J • ... _ . 1N • rJ J . 

9..(Tl- ----pf:'fr t ~J . a ...a.• ,.~tt) "j1CTT" t QJ ... ..a a C1O] 
. 1':1. (XJ+JJ.)	 JOl (~J:+IJ')' 
J~J.	 J-J.. .
•.	 0 

and equal zero In .drltt. t.ubes. of, a IllUlt.1a~ llnlC. Ttie 
'parameters a;- are . 

.:A.~ 
,~ ..	 . 0.1 .,a"o .k; . 

Note that factor 1"" 1s added in the· fl'JrmJlas (tr 4,· ar' to t"~. 
int.oaocount. influence of the lIIagnellc: rields· craatat by~', 

curnmtL 

~ (... ~ , _.	 ,. ,. (:- .. ~ •I':""	 )' 
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We, tntreduce coordinates ~lginaUrig CrOll the, beaII ceritre 18 

the given channel: i=x-x., fay-y., z=%-;. then ttoa (7) • 

r~ive equations of motion or the bunched beam centre 

tJ&x " 
dT.· + a:CT)x.=rll(~)' 

~y ,
 
dT: + o;(T)Y.=f,.(Tl, ell)
 

and also equations ter bunch semues Cr~ <~ 

:;1:' 

where Ft and Fl, 

, _ t.he phase planes (i. aT) and (i. aT) respectively. ' 

_ Transverse beaoll sizes in t.he channel are connect.ed with bunch 

semiues by relations 

R••uCT)"rIlCt)+x.Ct); ~1l1.CTl:it-r...CT)+z.(d; 
C131 

Ryau(tl:r,Ctl..,..(t); ~.(1'l:-r,.(T)..,..C1'). 

Thus. in IIUIt1apert.ure accelerating systellS the coherent beaa 

oScllIations caused by Coulomb beam interaction are excited.. The 

proposed model of this int.eraction 'enables to study the dipole and 

quadrupole modes of cot1erent oscillations. ,The dipole DIOde excites 

t~e beam cent.re oscillations and obeys equations C1U, and the 

qucdrupole mode increases t.he bunch sizes according to, (12). ' 

3.	 The coherent bea. oscillat.ions. in the i11ternat.ing .... 

focused Hnac 

~r ~ a~ 
_II + o.Ct)r -.!. - ~. 0 ma ~ ~ rl'... •II 

tJ&r ~ ~'a 
~, + n-h)r -- - ,= 0 (12)

'dta -y Y r~ r.& ' 
dar F{ -;$
_& + 0 (t)r - - ,;. ,. 0,
dt· ~, • r:, .1'., 
are	 t.ransverse and longitudinal beUell1tt.ances en 

dX dZ ' 

, 

6

... consider- the, coher'ant. beaIt ClSClnaUcm 111 tilt. .~., 

, 

... 

by. 

8JlUapertur:e altMnat.lng phase fGClQSed CAPn l1nac cont.ai.......ur 
ChaMels Cfig. U. the Rin llnac parUet.ersaregiven ·lauW.t. 

In an APr l1nac tuncllans ~.sCd, appeart-.g. In ~1c:m. 

(11),CI2> and describing the llMar act.lonot accel....t.tng 

fccuslng fields are del.eMl1tl8d in Wn lens atJprOKlaUClD 

upr8SS1cm 
-

.~., 

o,.Ct)~(1'l- ?fi(U'(l'-Tu~tC U)I(~-TIt"I' . i..
. 

n •. ... ." •	 "~j 

(1.&).. 
n Ie	 l- :.:Jr tU lU " - " J' ',':::..... T l: II cK'l'-rU'~' ICT-r'uJ).	 ,,;,1t..	 

. 

u t ...- . 

Here the superscript. 1 1s denoting qllant.1t.1es relating t.o tJw it.b 

aeceleraUng gap. ancIsubsCript.s 1.2 are QesigraU.ng Uwirwlues 

a~the inpUt. and output. or the ith ~; , __• is t.be · ...... or 
lU' 

accelerating gaps; 8(d. is lfirac f'Unetion; ("'.. are 

coefficients or part.1cle t.raject.ories for the 

coord1nate.~· In the squar. wave, a.ppraIti.Uon t.o 

distribution 1ft the aCCE!lerat.ing gap .. haw tor the 

coefrtcients 
U) 't' ' 

•	 ':ZiP" cose, +JIlL).'1"1" .1" at	 ---'1.' 

• ltl ,.......zp«ll cosC ' ; IM.)
...... o. .. f'.l --a ' 

rettacUon 
U ("!PI",Z> 

the' f'ield 

ref'l"act.ion 

'tIbere a1 15 t.he It.h gap coefficient.; 'al 15 synchronous partiele 

phase 1n the llh gap centre;, , 
U) _ eZE ~ .- , 

-Po. .. u , 
p1 

C1'~ te,.. 
ZAJo"{J,,,aCr...) 

e and t. are charge and rest energy of' prolon; Z and A Mil charge
P 

and mass ntJlIlbers or the .accelera.tecfions; E'!Jl 15 the rf', rteld 
amplitude 1ft t.he ith gap. 

In	 the cent.ral. channel t.he Coulomb fields crea~ .by 
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peripheral teams are cOlnpensated com;:,lE'tE'ly. ~is follows from 

relat.ions(91.C10). na:;;ely. functionsf en and 9 (T) caused 
. X8 ~y 

by mutual int'1u;:·nce of beams' equal' identically ;:ero. ThorPi'cre 

behaviour of tha bunch train envelopes in the central channE'l 1s 

dGfir,d by ellternal and self-fields and the given beam emittance 

only. ,, 

The beam dynaJlli.cs J n the central channel of the multiaperture 

l1na.c'is stUdied by means of a set of ~atlons (12), The periodic 

, solutions of equations (2) in the first. focUSing period ,at. 

9 (ThO we-re accept.ed as injection conditions. The initial 
.~ . . 

longltlJcUnal size of an ellipsoid<\l bunch 1s maximum with1n the 

phase stability region ar~ is 1ndepend6n~ oC. the injection 

current.. The t.ran~verse beam emittance is chosen equal to 0.4 of 

the acceptance value. The llIaximum inject.ion cl.D"'rent. '1s about. a 

half of the current 1imit. In tMs case space charge tune 

depression of transv~rse'4nd longiludinaf particle oscillat.ions 1s 

"t /"to"O"(9 and 111/"10 :::.0.35 respeclively. 

.'nl~ transverse bunch sizes as functions oC the longitudinal 

coordinate are shc~n in fi9.2 for zero and 1 mA injection 

currents. As is seen in f1g.2, "he' envelope max1mum are 

oscillat.ed, along the accelerator. MxIulat.1on of beam envelope 

ll'.axiliiUlllS ls caused by discontinuil1es of' 1nst.ant.aneous values ot 
trans'ierse .tImes at the joint po1n~s of foelis1ng per1ods. 1ft spit.e 

of eX1sting beam mismatching t.he accelerated particle losses ,are 

absent. in the cenlral channel tor inject,ion currents not. elceedl1'lg 

7 mAo 

The peripheral beams located In lhe vicinit.y or t.he drift. 

Lube boundary S"uf1'er the larg$St.1ntluence or Coulomb interaction 
forces. Due to' t.he S}'llUllet.ry or· channels arrAngelllGnt :1n U. 

., - ~.

jj" 

..... - j 

,~,_. 

3 

multiaperlure l1nac it 1s enough to consider the dynam1.CSof 

inleracUng beams in channels a and 11 (fig. U. 

We neglect ~!splacement of bunch centres in the electrostatic 

inj~tor of a mull1apert.ure l1nac, L e. we assulII8 1 =0; dlo/dT=O;
0 

Yo =0; dyo/ch"O at. the ent.rance of the accelerator. We accept beaa 

emittances and init1al bunch s1zes equal to the corrasponding 

values ror !.he 1 mA cent.raJ. beUI. 

The results of the sol!rt.ion of equationS (Ill, (Ii!) are 

ploUed in figs.3.4 for· peripheral· 1 mA beaJllS propagating in 

channels 8 and 11. The d.Lstance between the centres of channels Is 

chosen equal 1.0 r c =1.5 J/lIII =2.3a, where a 1s an aperture radius at 
the chaqnel. The g1ven packinq of channels proVides higtt densit.y 

of, their arrangement. and sufficient. construel1on ,. rigidityat' 

rnull1aparlure dr'itt. lubes. As 1s seen in f1gs. 3,4. the bUnch 

cGnl.re oscillations Cdipole oscillations) are s\.Jbl., and· it, 

accomplished in the radial plane passing over \.he cent.re at the 

considered ehannel. This polarizal.1onof'alpole oscUla&.l_ll 

accounted for by the fact. t.hat. 1n t.he direct10n perpendicular t.o 

the radial plane the forces of beam interaction are c:ompensaLIid 

completely because or t.he channels sy;n:etr1cal arra,rigelltRt. Far. 

t.he given packing of channels t.he amplit.udes of peripheral beM 

centre oscUlat.ions in channels 8 aa"ld 11 ·are 0.79 !III CO.a4aJ ... 

0.72 IIlIII CO. G2a) respecUvelY. 

'(be c'jll',par1son of the curves in figs. 2-4 shows tJId. 
1ncreasing of selll.1axe$ of periPheral· bunches relat.1~ t.o .. 
cent.ralones 1s· less than 0.3'5. Therefore L'li'luenee flu.· 
'1'1....1••• on t.he bEla. dynamics in t.he l1nac is n-sllt!~••. .. 

"ft\e dlPQlelllClde or coherent. O$cUlat.1ons lRl1inlY«mt.r~.· 

ln theerreet. Or lh. beu slze growt.h IRx,pa n I, ill"... (13), .... fa 

, \ ". ... ... ,: 
---"_.......~."--.--._---~...:.... ..............,~'~...:.-.~ ---~_ ..
 

,.( ). 

, ~ 

';~ 
,,~, 

'~~ 
{,. 

. J 

§ 
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t.he channels or the mulUapert.ur. linae. 'or the ;lven JlIt.klDg 'of Tlbl. 1 -A;
; 

:,;.
.' beams t.he dipole mode exe1t.aUQII results 1n parttol., lClllStS 1ft ItPF llnac deslUft par-.n \~ 

'fi
per1pheral chaMeIs Cf1gs. S.". Ifle1l 1 

one at t.he possible ways or particle loss reduct.101'1 in l1nac . s) keV.Input enere'
 
is cWcteaslng of t.hlt chaMeJ. arrangement. dens1t.y. In part1cular. 3. ltV
Output. .... 
t.o t.r-.n~p,ort. btu 1n thlt considered lIIult.1aperLure l1nac w1Lhout 

Fr~ 148.81Gt& 

parUole los!m the' d1stance bet.'ilGtn t.he ehannels IIlUSt be' 18RuIIber or channels
 
inereased approx1.maltly 2. e timas Cr19.5', 3.3.
Apert.we radiUS ot one chaMal 

J:i'ul$. current. Ualt. 1ft 
4. tonel.1oe 13.one chaMel 

To analyse cohertnt. oscUlations' 1n a 1IU1t.1apert.Ul'"8 linae the ~Phas~ ~anceI 

IIlCldel is proposed. 1n t.hat. t.he Coulomb fields ot other bealll5 1n Long1t.udinal pha$t advance •
r.llU~ t.o the cons1dered bUnch t.rain are approxtlllated by the .Rorulized t.ranSverse aocept.ance of 
tt.ld.s or uniformly charged t.hreads. 'the equaUoll$ tor t.M lowest. 0.13. Jr Q .....one c;hannel
 
lOdes otcoharent. oscllh.t.1ons are .derived by l1nearizat.1on of Tl'atl'lVet-'phase .advance ttl'"
 
Qoulotllb al\cl external f1elds. The ben int.eraction etreet.s in. the 1~ of COC\Is1ng· periods
 
mult1ap9tture alternating PhaSo focused ·llnacare studied. The 3(A
Focusing period length
 
CoulOlllb bell\ Int.&tiet.1on 1s shown to b& subst.antial tor paeking or as
Numb9r or acceleraUng gaps
 
channels ~lth high d~nslty (~Cl-2.3a'. The dipole IIOde of eoh&rent 190 kV/Cli
Peak field in gap
 
oseUlat.1ons mainly ~nfl.uences.t.he beam SiZ4S in the channeL In 1.4e •
 . Aecelel"atcr ltngt.h
 
to.... eons1dered. accelerating . st.ruct.ure the blmch. centre
 

.. oscUlaUons result.in partiel. losses in peripheral cMnnels. TO
 
. . 

dtQruse part.1cle losses in a muIt.1aperture linac 1t 1s nectssuy
 

to dllpres$ t.he dipole a..
 

. Ad,ftD,.l~nls 

.. .,.. indebt.ed t.o Dr-. V. V.Kwh1~ ret .t.1llUlat.1~ 011'"' 

int.erest, ~o t.his p:-oblem. 

,--' 
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APli' l1nae. 
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