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Introduction 

"he electron ring accelerator has appeared to con- 
stitute a Farticularly attractive, or at least a con- 
ceptually straightforward, means for the acceleration 
of ions by use of collective r'ields. The potential ad- 
vantages of collective-field act leratior. were empha- 
sized for many years by Veksler. f The report by 
Kolomenskii at the 1967 Accelerator Conference in 
Cembridge2of an active electron-ring development program 
at Dubna, under the direction of V.F. Sarantsev, stimu- 
lated the initiation of similar experimental programs 
and related theoretical studies by several ether groups. 
It was hoped by many at that time that the formaticn of 
a high-quality ring of relativistic electrons wo.djld 
provide a holding field as great as at least a few hun- 
dred ?W per meter an-i that acceleration of the ring 
then would Fennit trapped positive ions to be b 

9?3ht TO high energies in a relatively short distance. 
Other potentially useful characteristics of such an 
accelerator were also recognized -- as the availability 
of output beam pulses of &crt duration and the ability 
tc acceierate sim~‘t5necusly heavy ions of diverse 

"I; charge/mss ratio. 

Now that electron-rLng program have been in pros- 
ress for several years at a number of laboratories, it 
is indeed timely to inquire concerning our present de- 
Lree of understanding with respect to the basic physical 
#enomera that can act to limit the pcrformacce of an 
eiectror-ring accelerator. It would appear premature 
at this time tc attempt to specify the competitive 
economic position tnat such an accelerator could occupy 
f 0 r various applications -- more relevant at the moment 
is a ;uantitati-re and confirmed understanding of ring 
behavior, and of the implications of this behavicr. 
Much of the effort during the past ye%% of co.urse 
necessarily has been devoted +XJ the assembly of experi- 
mental equipment and, on the theoretical side, tc the 
cxa:r,inaticn ii:' alternative scncertc l'cr ring-forrztion 
anci a:'c. :;rverthe;ess , qantibti7.rc exprimentz have 
been performed (arid are being continued), related 
&corc+d<i& .:.i; LjLr?iAlt,ly17i-& c;A&~""" &7.-- 7>C3' mrf~,jL 
tk-cu&, wid xeful irZorr:;ztloii ccnccrr,icg relevant 
?,tlencmena ais0 il2C b eccmc available from ;;ork with gjrn- 
-trcjtr,:cs hn~ stora'e rips-s. 
a" I >cpe 'X j.rd&~, --- 

T2e-e activ-jt;iec ;&,TJe lee . , 
tc ,-..I n.p,-,:-trently ,;ooC legree cf 

.understan4zini: ~ccnsernir~ ceveral $encmcns. of iri:~rtancq 
I ;kile 3 conridersbl~: Wffiunt 0.t Jc: int ~~xp%riE-en;sl c3.n:i 

->&.cr-ti-Q &-fgj;.t, ,:ii;h l-c.-;etzi; -;o iGitb2.~ ~heix;r:;e-n:L l-c?- 
7d.n; tc be ~nx:.$2tc2:d before the ~ctiormence ,zapabilit- 
:.,::i t:f ,:1+22 txn- rir.; a~zselerators #can bu zorfi ientil; 
-'L r<j,:a:. t. ‘i:< u ij i c0u.r.c have been eczourzjed .,uric;; Xhi:: 
*.:crk by :;he r:l.ortek: zu<:zess of t;ne Xbnn F:;rcu>5 ir 
:.i3i:.;~rifL,: ;&f+- ifins jL' SC: IleT; i:fi~:y,_y by u.3, ,rA&,ic-e2:;-c.n- 
sic2 ~.~cel!2r?&lLL33 L,hl-Gl~~~~ Lt !:.;t;Ln32 c;:.ti:..ate, a.1 3.L:c. 

~l-,>T:lcr:.c: 6:' Eas fc I::l;e I:; c t 

_I 1 q i;..: ;,-:J~L~.,.I CiT ;;ili2> ;a'..'L,: :.;,,.-;-::tZ:;. L;:,: '2.2.. 
:c:-.t;i-Gj. n-:y tile .:.cc: '! ritLS8.i 'I~~c'iil to t2 the fC~i.lL~viiIl,:: 

'Ill<! : x:bi.!.Ltlr V2:I l-2: pxt tc ::i.r,~.,i-;;r.rti.~;,~ 
i;;~.tp:=.-~~'2lilni;icr_ re:'cr.:-cxcr., 

'II-; ; ,. ':: II, ii:. ;;;r ..;1 IAl r:-::>; r,;t t,(J ,;c:i;.; 2:;;:.rc ,,;-.,;j.llz- 
i;ir3r,:. CL' t;:,; ,&.ec:p:fi i,c.z. -- I, 1-2 LL' Cii c : ,$I?:? 
1.;:1, -Li;.;l!1 n':l > 

The stability with respect to collective electron- 
ion oscillations, 

The radiation of energy by an intense ring beam 
curing passage through an electric-acceleration 
structure, and 

The selection of design parameters that ccnr'cr~ to 
fur&mental physical restrictions and leaci ?3z 
"optimized" perform%ce. 

Single-Particle Resonances 

Early electron-ring experiments' at several Mb- 
oratories have revealed beam loss or a degradation of 
hem quality attributable to sin&e-particle betatron 
resonances -- notabl 
0.30, 0.25, and 0.2. Y 

at field-index values n = 0.5, 
it is noteworthy that even the 

difference resonances associated 'dith n = 0.5 or 0.2 
evidently can lead to unac,:eptably Large axial ampli- 
tudes through the resonant coupling of axial and radial 
betatron oscillations, 

Analytic 8 tud'as of betetron ceso~acces of rourse ;- 
have been made fcr application tc more conventio al 
devices, and the analyses can be directly adapted 4 'cc 
describe such rescnant behavior In an eiectro:l-ring 

compressor. One's understandins of these phenomena 
should be considered sound, particularly since the 
analyses can be monitored end the results readily 
checked by means of rccmputer calculaticns. '3e phen- 
omena do exist, however, and should be controlled in 
practical compressor designs. 

Significant beam deterioriation as a result of 
betatron resonances can t'e avcidcd by suitable design 
of the ccmpression cycle, so as to obtain a variation 
Of n with time ("n-tra:ectory") that neither leads 
to the crossing of resonant values immediately after 
injection nor to slow traversal of such values at any 
stage of the compression cycle. ?h2 rcdcction of iar~e 
spatial non-linearities of the ma,znetic iieif: c,an also 
be desirable . In the ca!:e cf irhomol:eneccs resonances, 
w!7<.2;Z ?.re ~-ir?.ven hj- 37.imllt.l7al variat,j.ql:s cf the f;eid, 
reduci;ion of azim-uthal inhomcjeneitics also can be 
helpful -- ILG has been B~CW:: exqrimentall:i by, fcr 

CxampLc!, :clT.e recent exm:rl;renkzC ;3r; &.rc:lir:, ;blCt:..y 

to the n = 3.25 resonC~:ce. 

i'ittcct:cn to the >Gilli,.z ,.A? i :.2nticp2i, ,;?i:.,i Y 
4l~rmit ;;1FFress iqn of r,z:;cnz,-.t y*','r-" Lcu4 ioz.r ~32 ~re~5.u:u 
c.n;i :.i$ifi,XLnt *le p.iaticn tc1' L.5zz ..I,-.I. -iLf;'. 1. G ‘3' i ,: 
7ompres3j.cn cycles, ;ihich <zs.n be -,ttruct:ve fcr cthcr 

..,.__ rrxons, zw;e L-WC i.z.rcri:c- iy ;c::.c iGr+yhL!: ii17 I.'- 
;ffective ttichni~~w for j:edu,:Lq. -::;c;-Jar,; ,&y<;: :;s. xt, 
.c:?o!;l4? ‘EC nctca tkat i:~.tit:lrcr. 3;: cnan:c:: cthcr -;hu.n 
tko;e ocntioned &r: I.-;?> :ic.rr::r.?, ',.ttc;':icr. a (.' 'kc: i'1.12J.r; -- 
at the c&it toes not tixk:ibic r.ccir;c-p;acc ~ym~.~tr~ or 
Lr' an ~LZLnlllt!-l~~.1 :c.J:.L;oier-; cf :.z,;r,etic l';&! i-2 ;::-2: lrlt. 
l?htis if a ;ii;$~~ntal ?::imuth-21 :::qyc t,i ,: :'iry: i 
llliJ -..-:+, -.,r\ q-. \ -y - .- "'i G&' *po-.y;er: ,, 'a.2 I! 51, bccyn -*,I'-q?,*ti~ I '-, ,-i;j,.c 
re:;Oi-tE,,- "2 = 2. , : sin,-1 ;-- ::rtizl~ il~:~~r.;:~.,~~r .,i:>- 
bacomc prxr,inec:L~~ an> reLy;irc: :: 'Luiq. ilLal;; '.LcL:cll b-r2,- 
tier. cf .-;ke ric.;j, moreov~ir, -+;hn ~;timi! lo:: ;'osuri.:5- ..:ill 
b;i ;p;i;"-r; L:1:; ';k-<, :3.:ci:Ll :::1.< ne i;:.c -‘i,&,: -.;111 >ro:- _ :e 
py&;l!.,-,:.b;<? :?L:.. ::. .-‘->$,j:;-. r<, , ' ._ YL. , 11: llltrc :L'll:i 

:-r;j.x 

,>,i;'-2 .,".. - &I. : CA it L‘L ----t-- -' 
;ei"rjc;.d:: .irj'- : ,.I;>] L'::..~..!J~.:Li. :.;.;!.,e l'ti~~Ll:i.;;,-; ((2 . -. , 

1,;r ;i !Ylil;;~:r,!J i lottizri q;7j:~i,l,-~.ir-li~c : LTzcl cr ",.tLi;Ir~s,2L 
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cagelrila) or use of an H+-field11 may be desirable. 

Coherent Oscillations 

Coherent beem cscillations have been observed, and 
in m&.ny cases s*tabilized, 
handling devices. 

in a large num3er of particle- 
There also has been a great amount 

of analytic work devoted to this topic, for which the 
results considered most relevant to electron-rin 
formance have been summarized in a recent paper. B4pe;o, 

collective phenomena of course are driven by self-gen- 
erated electro-magnetic fields, whose magnitude and 
Fhase will be significactly influenced by the surround- 
ings and that possibly may be resonant with the ~,cuum 
chamber within which the beam is situated. It has been 
found convenient in recent work to characterize the 
effective z+ bx B' driving field th 

a4 
arises in this 

wag by a complex "coupling impedance", defined as 
%I = iMC &eff;IM, jrhere C is the orbit circumference 
and is the current of the associated collective- 
oscillation mode. In some instances measurements 
34 can conveniently be made by electrical means. 1F 

The dynamical analysis of a potential collective 
instability customarily commences with the Vlasov 
equation, 
i:._p., 

which normally is linearized about a sirnose 
unmodulated) equilibrium state, and the cat&e 

of complex solutions w to the resulting dispersion 
equation are then sought for varicus assumed distribu- 
tion functions that can 2rcvide some Landau damping.17 
In the event that ary of the simplifying assumptions 
required for The analysis appear to be unrealistiz, 
recourse may be had to alternative techni 
putational nature and simulation nrograms ?F:e_p:t;;og 
phenomena occurring in electron-ring devices have begun 
to be applied for this purpose. 

Transverse Coherent Stabiltty -- The transverse 
stability of a coasting (unmodulated) beam, novicg in 
the presence of walls of a high conductivity and a 
thickness at least as great as several skin dent&, has 
been investigated analytically and the resul’&-a@;ed 
in assessing the possible perfo 
of electron-rips accelerators, lKma;z ;;y-Sl";z;;;i;;, 
that, for the assumed conditions, the transverse collec- 
tive stability of a high quality ring beem can easily- 
be achieved by the Landau damping normally associated 
wita only a modest asnount of energy spread. 

Scm5 experiments idurir+ the latter part of 1970 
ldi;h Compressor 4 at Berkeley did show, however, a 
:~riLal instability of this nature at certain radii nn< 
we aszo~2La:ed radio-frequency si~n&s 
be cf frequency (N-v,)we/2n uith iii = 1. 

r5reT;;s;;.eeto 

ty,r,:e:; of +J--se yx-*' ".. L - a.+ Ular ,eXp;r-i:.laath were L;ome~hst 
;;ecLal in that, FZE ore r'eature, the thin metallic side 
da112 i;f the ,z&mbar , situated about 3.5 cm to either 
.:i,e CT the ring beam, had a smface resistance 
-3 -" = - j'Y,,U to permit virtually unic_nedel.l penetration 
i;,- the pL;;ed ir32.ector field. 
catI*.rc OS 

Recognizing this special 
-he sile walls, Lambert:.:cn pointed out that 

:-%IL?J c;zllSctioar CT the bc:Jc curefit so.d,l in,ju-e 
~11 tcurrents ;Ihoc-e - c1 magnetic fielils would act regenera- 
timely on the oscillstini: beam an0 that a specific 
<?..x*l> ;iu (vnliNl 
le,Z",icl; the 

for large Rs) voula be c-esirable. Xeg- 
scmewhat smaller effect of w,all currents 

."A_L, "*"-in.; from the motion of eldctrost&icall~ induced 
;h;tr,es, the a-f'olr~ni: ;grow"b rate of n collective 
:n&.al occillation in?thl: absence of Landau <am~ing 
JCiii~l ;?e ti'LtimteJ. z::; 

iI r 1 I 
.,2 c (K-v,: 

T- $ 
'G 4x 7 v, h E li --I- z. 1'(h;R) 

s 

;~r 2 2ia[; af r:*ili-us 1 '2 AliilL,1;.~*,~; ii particles, 
;iherr rc.: i:- -112 clss:;i:al electron radius, 

2, =dw = 377 ohms, and the curvature factor f 
is of tne order of 1'2. 

I 
Vith the parameters character- 

j.i;;c,;;nCz;ser at that time, a ring beam cf no 
electrons thus could be expected to 

lead to growth rates of the order of 1.6 asec-1 (for 
18 = 1) unless suppressed 7: 
more intense bcsms (N G 10 17 

Landau dsmping, and for 
-) the growth rate to be 

suppressed uo13d be 
32 psec-l) . 

ctorrespcndingly greater (e.:., 

Landau damping of the transverse collective os- 
cillations is provided most effectively by energ;r 
spread In the circulating beam and stability requires 
an energy spread sufficiently great that21 

I(E &/aEj(AE,,'E)l > l/?C, 

where 

s 1 (M - vr)Loe 

and 

E as/&E = - + _ &$;) + R avr 
I 

we 
Y -% E 

with &J /aR typically a negative quantity. 
a SuggeS F. 

7ollowing 
100 of Sessler concerning the possibility of 

a strong cancellation of terms within the square bracket 
of the equation for the damping coefficient E &S/&E 
it was found22 that eddy currents induced in the winh- 
in&s of the Stage-2 compressicn coils indeed did re- 
sult in the Landau damping coefficient for the radial 
mode M = 1 becoming essentially zero some 20 asec 
following injection. Substitution of a coil formed of 
stranded conductors served to suppress the eddy 
currents and raised the dsmping coefficient sufficiently 
that the radial instability was no longer observed. A 
ccrresponding re-design of the Stage-2 and Stage-3 coils 
of Compressor 5 (through use of thin-walled stainless- 
steel tubing) has likewise removed the similar undesired 
suppression of E &S/$E at certain radii in that de- 
vice, with the result that the calculated value for 
this quantitjr remains above 550 psec-1 throughout the 
compression cycle. *3 ThUE, althcugh the nature of the 
walls of a coupre-= uLion chamber may be modified in future 
designs, the effectiveness of the Landau damping co- 
efficient for suppressing ccllective &radial instabil- 
ities appears to be understood and reasoLnably effective. 
Further control of this dempirg coefficient can be 
obtained, if desired, through the intm cction cf a 
supplementa 87,i mluthrl 3.t;netic field .2 i: 

An alter-native wa$ cf examining the effect of re- 
iTi5ti.W ~a115 may be usefut i’cr application to an ic- 
jetted beam with considerable radial or azimutnal 
structure -- especially when invecti;ntiAng the &Gynami:al 
consequences computationally. 
ternative approach, 

In introducing r;his ai- 
it is helpful first tc thirk of c? 

line of ch,arce and current s.Jdderly established in the 
mid-plane between two parallel resistive walls. At 
that ins-ant full ;tren;th electric (anti 
rholiLd arise (slnse the 

(current ti~.,;e3 
side Flates will mon.entarlly 

shield the 3&egcr_regior, from the beam), ank the 
zffective F = C + v :< 3 imat;a field in the interior 
-ii11 be small (0~ l,,y2) I”cr p close to unity. Due tc 
the resistacc2 of the rile slates, ho;levc-.* 
arrests will 

-, txe Lniucc; 
re-dis,tribute and cLttt2ZLat.e in a -alpd- 

able wqy, with the result t.hn.t, t!lc ~zlfecti-,~c 
-, 
& 4 .; y jy 

1ield at an;r goint in the inyrior will tow in ;y*ci- 
tude tc approach the field 6. 
irxy;e fi:?id does 

The chani;ing magnetic 
not exhibit an identical time behavior 

at all points, but for comFutationa1 purpses the change 
of the image-field focilsing ~:~JeSfL;ient ray be conven- 
i2ntZ.y shara;:tirized by :A time 1:onstant that calculn- 
63.cns indicate is of the orler of f~ = aoh/2R, (YJG). 

In orbit compu+&tions with CI beam that is 'shifting its 
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location, the effective image field at each of many 
sampling points in the interior then may be continually 
updated by ireans of differential equations that con+sin 
the "time ccnsrant" TW as a parmeter: 

7 = s pqG>~k) - FGI] , 
cF(3 1 

;t 
[ 

where Sl(I;',$) Is the (electric) field ini$ally 
developed at 2 by 2 unit Line charge at r-k. 

This type of anabsis of the electromagnetic proob- 
lem, if applied to a line current oscillating trans- 
versely about the axis of a resistive circular tube and 
the results expressed in a Fourier form, appears to give 
agreement (for Bs < 2,,!2 and wall thickness < 1.7 5) 
with values of the quantity V (customarily en;ployed Iii 
perturbation treatments of beam stability) obtained from 
b pi-o~radj based 

26 
on general methods developed at CERN 

by Zotter. To the extent that this is correct, the 
quantity 1;~~ for a growing collective oscillation of 
specific frequency, should (as nentioned before) be 
proportional to 1,/R, when the wall resistance is high 
but should be directly proportional to Rs for walls Of 
rather Low resistance [pv/5 < Rs < p,hw/2 = 
~,h(N-vr)uo/2]. We thus have been led to employ walls 
with a surface resistance considerably less than l?/O -- 
for example l/l5 ?/a (?W z 300 nsec) -- while provid- 
ing one or more small windows for introducticn of the 
inflector field. The adopticn of low resistance walls, 
moreover, also should be favcrable with respect to a 
longitudinal collecti%-e instability. Dynamical conputa- 
tions with respect to the transverse instability then 
1nlii.cate growth rates distinctly less than 1 psec-1 for 
circ-ulating beams of 1013 electrons in the absence cf 
LanClzu dmping and accordingly, as we have found, a 
very motieraxe energy spread may suffice for the suppres- 
sion of this instability. 

Longitudinal Coherent Stability -- The potential 
lc,n~itudinal (azimuthal) coherent instability of an 
lctence beam has b,een seen -a develop and is of ccnsid- 
erable interest In connection with synchrotron acceler- 
ators,27 storage rings, and electron-ring devices. The 
necessity of avcioing this particular potential irsta- 
bility indeed play present a major limitation to the 
attainable perfcrmance of electron-ring devices. Ex?er- 
imental work at Berkeley on the fcrmation of rings of 
various Intens;ties has shown that a greater amount of 
cner,Jr spread Ls necessarily present when stable ri&;s 
of high intensity are achieved. The analytic result for 
the stability limit, exprec:,in;: the maxbum pemissible 
nurcber of particles in tzrc;s,of a longitudiaa; coupling 
impeaance %I for the node I4 of interest, 2u 

:j = I?( -g -p$p q2 

e 

(ia iihich 1'11 = [(l-~)-' - yq21 Cf (i-n)-' for Ein 
electron-rin;; .lcrTce), has been confined expericcntally 

:A zerLc5 of careful cxpcricentr ;;t;3Ke-;.;s;;&alP~ in 

me uclzic-ieciin'c cf high-qi;aiity rlrti;s acccrdillglj~ 
rc,:uires that ;i;c lcr~ltudinnl couplin: impedance 3 
cr, c:ri':tly, l~vIl,M -- be kept low fcr a large mm er i-- 
of ,.C~ZL; . tC:*rcful #&sign of a* electron-ring device 
-cherefOre -,<iil mi.crt;liie iu bupprebs the couplir& irL- 
~e~latlce 1'or low ::o,:cs by the use of (ica~:itudina~~y, : 
t20ncjutytip,c ir;ttcrjAl clcsc to tht besm, will attempt to 
;-Jo ; 1 (or to ~;c:;rade) dlectro-ragnetic rcsonanccs, anc 
:,ill rlir for :in i:l;c&ince charactcri;tic -;hat. f'cr the 
:qi her LUIIC xabcrs i:; close to :hat cm.r:icter:s u 'ic of 
3 1;,:;:;1 Ln i'rec -:ya,:e ( I?4 I;14 C ?Y2, 2). C:;lcuiation.: 

have been made of the values of 7&M for a wide 
variety of configurations ~otentia1l.y suitable for an 
electron-ring .evice, of which one3" indicated the 
utility of situating the ring beam, at the time of its 
release from the magnetic well, between a pair of CG- 
axial conducting tubes and preferably close to the 
inner member of the tube pair. 

It will be recognized that the locatlcn of a con- 
ducting surface witii little radial clearance to the 
beam, in the interests of reducing [$11/M, precludes 
the presence of substantial energy spread, that will 
act to provide Landau damping but that also will lead 
to an increased radial spread of the beam. A 6009 de- 
sign would need to achieve, therefore, a suitable bal- 
ance between these effects. Also, of course, a conduct- 
ing surface of sin;ple design, if situated at a radius 
only slightly smaller than that of the ring bean, 
necessarily uust reduce the effectiveness of a pulsed 
(or RF) electric field intended to accelerate the ring 
in an electric acceleration column. In the successful 
magnetic-acceleration experiments reported from Cubna* 
it is difficult to see hew values of 1 %tp as low as 
would be required theoretically for stabi lty could have 
been present throughout the acceleraticn. We may con- 
clude, therefore, that the maintenance of azicluthal 
stability under such conditions should be no xrore diffi- 
cult than is suggested by the present theorjr. 

Stability -with respect to azimuthal collective 
oscillation of course is essential throughout the con;- 
pression stage cf an electron-ring compressor. The 
situation immediateljr following injection may, in parti- 
cular, be rather different than that just discussed. 
Specifically, the beam may have an initial density mcd- 
ulation of substantial magnitude as a result of the 
injection process. The beam also may be conposed of 
several rather distinct turns, it may have a progressive 
enera variation along its lengtii, and the amplitude of 
betatrcn oscillations nay be significantly great. 
Simulation programs seem prticularly sttractive for the 
stuw of the de-bunching (or bunching) of circulating 
beams immediately following injection. We nave beg;iu; to 
make simple computations of this nature at Berkeley, and 
the early results appear to be in general agreement with 
expectations -- it remains to be seen whether use of such 
>rograns can realistically be extended to give insight 
into the interpretation of experimental resets obtained 
under various conditions with rings that have survived 
for z.aw hundreds of turns. 

Collective Electron-Ion C,scillations 

The sX)jsibility of unst&>e transverse collective 
oscillations of ions vs. electrons in an electron-ring 
accelerator was consiZ&ea in several early papers, 3 
and recent& has been examined in greater detail with 

ilipole and squadrupole rcodes by Zenkevich 
:::"-;:g~::,a- Ion-electron instabilities of the type 
descrlbcd by this analysis indeed appear to hA.ie been 
observed in conventicnal accelerators cul:h as the 
3evatron.j2 The work of Zenkevich and Koshkarev tcer- 
tainlv indi,:ates *h&l; the achievement cf stability x-ith 
respect to this tJ*~:e of cotion can restrict -he per- 
formance of an electron-rinc accelem;or -- at least 
-dith rc:;pect to the cumbcr cf ions that can ssfely be 
tmppcd by the electron ring beam. A further, sonewhat 
detailed, wmination33 c~i' the influence of Landau 
ct,7ing, of ic;r&-specie: forces, an; of irrai;e effect:: 
suggests, n-ioroover, that theije elfctcti; in pr;rc;i<X will 
30t gmfe to be :2i, nii'icantly hel;,fU. 

Rai:intion 1iea:ctio.h 

"hti r:!4i:i;lon rea:l;i.on cxpericn~~c~ by an Lntenss ^ 
elcctroa rin,: in pL;Lii?;; throa$ :I pcrics.Cc s~:*I.E~;~;TLJ 
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(as i n an electric-acceleration co1 the electrcn ring, the maximum effective acceleration 
able concern during the past years, field for trapped ions becomes approximately 83 w,‘u, 
it was uncertain whether the energy loss from this which could be attractive for scme applications, al- 
mechanism wculd insrease with 7z. The situation seems though recognition cf additional constraints may lea3 

1 0c;e clarified, as a result of experimental 
ZZktZZGCb3i computaticns by Keii.,z5 and analytic 

to smaller estimates for this field.14 Righer values 

calculations).3 %e conclusion, as smmarized in a re- 
cent panel discussion,s7 is ' that the radiation loss per 
sell fcrtcnateiy exhibits no y dependence over a wide 
range of energies, the electron-ring dimensions do not 
affect the loss in a critical way, but the reaction 
force is substantial -unless the bore of the acceleration 
colu7~r, is lar,-e. 

of the guide field B of course could leai to larger 
values of the useful acceleration field [as has been 
mted by Mohl (ZRAN-178)], but such an in:rease would 
nc': necessarily be advantageous econc'micaily. 

Conclusion 

Expected Performance Characteristics 

The selection of "optimum" parameters for a com- 
plete electron-ring compressor and acceleration system 
would be an extensive task and, moreover, would be in- 
fluenced by the figure-of-merit considered appropriate 
tc the application of interest. 
late discussion can be gained, however, by emplo ing 

Information ti3;ti"rr, 

current concepts to up-date an earlier analysis -- 
with particular emphasis on the holding field for pro- 
tons that could be produced by a stable electron ring at 
the end of compression. To present a highly simplified 
smmary, one may express the useful holding field (in 
the absence of safety factors) as39 

e&Z Ne* 1 
nR(J ; 

for a ring of N electrons, of major radius R, and 
with radial and axial minor dimensions of standard de- 
viation U a, ub, while c1 is a factor that shnpd be at 
least as great as 2 for magnetic acceleration. 

If we now confine our attention solely to the lm- 
portant rc 

4 
uirement of azimuthal collective stability 

and write- 

I~&M = 300 &h"l2aS a,/R ohms 

for a ring situated a Distance h = 40, from a conduct- 
ing tube, the stability limit occurs for 

N = &; $2g (g)* 

arx 

e G= .p$-& ij-$& (gj2 (nw2). 

:,.j i ti x/2 at most given by 2.36~~‘~ (betatron- 
cccillation amplitude small) and ua >> ub, then 

e &= 377 (2.3612 1 2 
24oom I? mot ’ 

Tor hi&ly relativistic ,particles circulat'q in a guide 
flz2.d of strength B gauss, -4y:3 = (e/moc")B, and, for 
el:l:tronr, y,:R = 5.867 x 10 
-* = 2, 

B. We thus obtain, with 

d &=: f;;,$:i3y (5.867 x 10-1~)(o.511 x 106)B 

= 41.7 E ev,'cm i'or 3 in gauss 

= 4.i7 13 >,I:V,m fcr B in kilogaus;. 

'_'hu:; for B = 20 kilo$;auss :Lnd rfagnetic ncoelcration of 

In conclusion, one can state that underste-nding of 
beam stability has been, and ccntinues to be, particu- 
larly important to development of the ERA. The situa- 
tion in this regard appears to be reasonably well in 
hand for single-particle resonances acd for transverse 
collective motion. Knowledge concerning characteristics 
of the longitudinal instability is being acquired ex- 
perimentally. There is available a considerable volume 
of theory pertaining to this phenomenon and to electron- 
ion collective motion also. Work at present is actively 
continuing with the ob;ect of establishing the connec- 
tion between experimental observations and the theory. 
Simulation programs are beginning to aid in exter;diag 
the theoretical work, and most importantly, it is 
gratifying that the experimental programs of several 
EPA groups have arrived %t the point where quantitative 
experiments can be designed and conducted to test our 
present understanding and to stimulate its further 
advance. 
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