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Summary 

The final concept, engineering design, and pres- 

ent status of the University of Xlaryland ERA Project 

1s revlewed. A hollow cylindrical electron beam is 

produced by an injector which was designed ‘by VI. 
Luptcn and coworkers of the Naval Research Labora- 

tory- in collaboration with members of the Maryland 

ERA group (design values: maximum energy 5 MeV, 

peak current 20 k-4, pulse width 20 ns). The hollow 

beam is compressed into a short ring via transmission 

through a cusped static magnetic field configuraticn. 

The laboratory housing the facility was ready in June, 

1972, construction of the injector was completed in 

September. Testing of the injector and assembly of 

the cusp and compressor coil system began in October. 

X first electron beam was obtained on February 22. 

Tne main results of injector, diode, and magnetic 
field measurements are presented. Some problems 

and solutions are discussed and the methods for gas 

loading and ring trapping are described. 

Introduction 

At the 1971 Particle Accelerator Conference in 

Chicago the basic method and initial design concept of 

the University of Maryland electron ring accelerator 

project were described by the authcr in a general re- 

view paper I. Theoretical studizs were stnmxmarised 

by Kalnins, Kim, and Nelson and a paper by Rhee, 

Zorn, Placius, and Sparro%:li presented the results of 

preliminary expernnental studies at the National Bur- 

eau of Standards on field emission diode characteristics 

and improvements. The Plasma Physics Division of 

the Naval Research Laboratory had decided to collab- 
orate with the University of Maryland group and t;i 

build the inlector for the ERA facility. Initial design 

studies for the injector L\‘ere discussed in tile author’s 
1 

rcvi~w paper , 

The basic idea of the Maryland ERA scheme is 

ti-I 2s~ a hollow rylindricnl rl~rtron hezr yr!!qp 

ieo,ii.ted from an drnulsr cathode) which is bexg trans- 

fcrmed into a compressed rotating ring by passage 

t.lr’-‘ugh a changing static magnetic field. The magnetic 

:i:..x enclosrd 1,) tiic beam has t<) be changed in accord- 

;II;CC with the: conservation law for the canonical an;?u- 

1.1:- !-r,r:mcntu:n (G1’ Enssil’ s thcorm). ,‘m imp ,rtant 

‘itl~.-.int;r~e .;i ti.tz liollow-bean> ,Ipp r,:nch is the axial 

.5~:rn-.mctr~+~ ~nhc~rcnt in the systc,m -.~hlch sl1oa.d help in 

;I ‘:‘; i cl I i; L’ :. hi,?, (’ ,:I the diffic Iltii,:: ‘;i n :ills ymxetric 
:;E~illl .:: ]‘~ctlon fi”mi’~trlr’s. 

$zvr rcli i1’~;“il>illtit’s OT prodl~c:ng th<, desired 

flux chanses xere rllsc issed 1,: Ihr: abox,e n:t,nti,,ned 

Ct:Ir:<-Lg” pip”‘“. T’h. .S ..rltc: rnativc-; v;e re studic~d 1c 

,,ri..it rlc-stail by Kim, K,llnins, c:ntl \:t,ls<,n: ii bc~tatron- .-, 
l!iL <lrld I. ~-ll’p~Yl-t)-p~?2 mc~g:7~~tic !~clc! ,:,>nfigiur.lti:,n. 

In :i;,- :,y:.2t 1111-l -i: )I” gc<,rllrtr~, lbv rll~rfinr~t;c iieid is 

.il’!Yl at thl. L: itllc,rlc rdrll~ls San<1 ill<, :-i~ql.1: rt~d tri;-i;Ln etic 

il!l:c i’i pr~~~~iil~~cl ib!, a crii 1 inside the: csthodc? radiiis. 

‘A J r ij iu::j,r, rt cd 1,;‘ lhe Nation.il .Sc!l:nce F~~~indnt~on. 
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The studies for the second scheme, where the cathode 

is located in a uniform magnetic field, showed that the 

use of an iron plate for the flu-u return and a centering 

coil should minimize the radial amplitudes resulting 

from beam passage through the cusp. 

An important step in the evolution of the finai 

design ccncept for the Maryland ERA facil:ty was the 

second experiment by Rhee an d Zorn w;th the Febetron 

705 at the Naticnal 13ureau of Standards whe:e a hollow 

cylindrical beam with good quality was produced5. This 

experiment, as well as the earlier one 3, demonstrated 

the importance of using a strong magnetic field in the 

cathode region: the radial width of the hollows beam 

was found to be inversely proportional to the magnetic 

field. 

On the basis of the above theoretical and experi- 

mental studies, as well as engineering considerations, 

(feasibility and ease of construction) the cusped-field 

geometry with iron plate was chosen for the final de- 
sign of the facility. 

The values for the basic parameters [magnetic 

field, etc.) were determined ina compromise between 

beam-focusing and ion-acceleration requirements on 

the one hand and existing injector technology on the 

other hand. Initially, we had planned to -use a Febe- 

tron 705 field emission accelerator, commercially 

available xvith an electron energy of up to 2 RZeV and a 

peak current of 5, 000 A. From the point of Tviel\i of 

ion focusing (Budker-Bennett condition) and expansion 

acceleration, the energy of the Febetron beam is very 

low, et’en for a first feasibility study. The Febetron 

plan was therefore abandoned when the Naval Research 

Laboratory offered to collaborate wth us and to build 
an injector with higher energy, hfter careful consider- 
ation of technical know-how, engineering problems, and 

theoretical aspects, a design value of 5 ,XleV .J;as chosen 
for the energy and W. Lupton and collaborators ( .I. 
Burton, 3. Condor., ‘I. O’Connell, and M. Jevndker) 

iof I’\ KL worl~recl out a relatively- simple and ine>xz>en sive 

kcIcsign. 

The Unite rsity of \!arylantl ERA pro-ect is si;p- 
ported by the Sations. Sc:lincc lF,urdati,:::. in:tial 

funds for the facility v+‘~I‘P received in ,‘:-:r:~ary 1972. 

A temporar\i buildin,~;. was n 1 ‘, cl i fi c d I > !j I h v 1; I: ! : P :- 5 1 t > 
tij house the Edciiit:, and the .r,s.5oclat?tI !al,vratory; 
c:,nitructi.on xrirk on this ‘b~iildii;!; start,*r! in :I,,.-11 1’]7? 

and I~VC~S completed by .;uly 1 ‘j72. Tin? ,n;~~cto: ,:;:thJ;lt 
rl~ucle section wa:: l;uil: rlii ring ttle sun:nler l.;ist ;‘i:,ar .xntl 
ir.itlrF1 testing ?>f~SaJl in Octoba r. Tlit :n.iyn(,tic (:s.,:l .+; s- 
tern with i ran plate and cl. c. pc,wer supply for Phase 1 
of the planned exp~:ri;::ental pr<+ ran? hid l),‘(*n c~,;npi~~ L<lCl 
by Drccn>bt r. The diode section 1 with cathode, anode, 
s:;t-I i’c,cili;ili 5 > .i :. I’ iii ) L’. CL i ..-.::..L::~d ii, 1~‘L~:>mdrg dinti iii< 
first electron beam shi8t was ii red ‘In Fell :‘ud i-1; 22. 
Further dc,tails on t!lf. .;t.atlls of tilt, pro:ect ,ir,’ ;ii; (:I: 

.:> the f:,lluwing :scctirJn :; of this papt’r. 

?‘ll(~ initial r)bj~~cti~~.~ &,f our pr-o.j,,ct arc’ thrct~- 

fold; ii rstiy, -xh;t want to Tinrl out whethc:r our Ei:A 
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method works in principle; secondly, if it works, we 
want to determine the design parameters for a heavy- 

ion accelerator with ion energies in the range of 10 

LleVinucleon; thirdly, the program serves an educa- 

tional purpose by training engineering and physics 

stlldents ir. this new field of applied physics. 

The number of technical personnel involved in the 

project at the University of Maryland is relatively 

small. Collaborating with me at present are the fol- 

lowing people (some of them only part time): H. Kim 

(co-principal investigator, theory), G. Zorn (co-prin- 

cipal inx.estigator, espcrimentj, M, J. Rhee (experi- 

ment), D. LeVice (,theory), F. Desrosier (mechanical 

engineering), Z. Hrrness \electrical engineering); two 

technicians I,C. Meese and R. Hendronj, and five grad- 

uJte rese~~rch assistants (A. Greenwald, D. Hudgings, 

G. Kalnins, A. Kehs, and P. K. Misra). 

Description of Facility 

Principle of Operation 

The initral magnetic field system and the oper- 

ating principle of the Maryland ERA facility is sche- 

matically illustrated in Fig. 1. A hollow electron 

beam pulse (design values: peak energy 5 MeV, peak 

current 20 kA, pulse width 20 ns) is generated by the 

field emission diode of the injector. The annular 

cat‘hode (diameter 12 cm) and the entire diode region 

3r‘17- located in a uniform magnetic field between 2. 5 

and 4.0 kG depending on electron energy and the type 

of experiment to be performed. The beam propagates 

svith \,‘A x c in z direction and passes through an an- 

nular opening in the iron plate which is 2 cm thick at 

that radius and 6 cm further out. On the downstream 

;ide of the iron plate the magnetic field is again ap- 

proximately uniform but is in the opposite direction 

to the field on the diode side. The iron plate serves 

as a radial return path for the flux and reduces the 

transition width of this cusp field geometry. The vz 

I3, force turns the electrons into a circular path about 

the z axis thereby slowing down the motion in z dir- 

ection and thus compressing the beam axially as de- 

picted in the figure. In the initial experiments the 

mngnetic field is more or less symmetric having the 

same magnitude [but opposite direction) on either side 

.:f the iron plate. The z-velocity of the electrons 

after passage through the iron plate is controlled by 

adjusting the field intensity. Only seven coils are 

being used in this initial phase on the “compressor” 

sidr of the iror plate. Later on more coils will be 

added to the compressor system and the field will bc 
shaped as shown (on the bottom Iof Fig. 2. E’or a bc:am 

VI, t.11 5 !*leV p’!“:’ cncrgy the field inltn.;ity \x;ill l,e ‘lp- 

p rr3xirna:cly 2. 5 kG in the diode region and -2. 5 hG at 

Ltlt’ 2omj~rcsh~lr Jiilc of the ir:jn pICite. Th<. L-Velocity 

of the 5 \l<t’Y vlectrors will still be very high at that 

pcjint. F’.I rtti: I- down :i t ream tti< magnetic field !n- 

2 ri il.“c’S g rntlually to i. 6 kc-. This results in a quasi- 

,~cll,.t!j,itic: ratlid Ct~rnpre5s1~:17 of the hollows bo~llT? fro?73 

12 ctL*i to 10 cu1 di~rr.eter and a simultaneous 51oWing 

~107,~ of the x motion to almost zero velocity at the 

peak s,f thi:; “i:,;rnpr,,.;LiiOI:’ ric.d. D~:ring lhis c~xr. - 

pressi!~n phasr~ the beam passras through d K-L* cloud 

~inj~:ctcd G-CIITI ;L pllff val.ir) ..Ihf:rc li,n lo.lding takes 

plasl~. T h c 1, I .a cl I: d r i n g thc>n emerges from the gas 

L$til ;nl.lll .< ‘,t,lstcity <r!lrl *1:3y +::l,~tl I)?’ Llcsi.le r‘tteil by 

eupa~~ iir,n ‘1 r I li-ctr:c;rl f~<slds or both, as III the Dubna 

ERA scheme. This entire compression and ion-loading 

process is relatively short - between 10 and 50 ns - 

and the pressure requirements not very critical (1 0-3 

to 1 O-‘torr in the ion-loading region, 1 Om5 torr or 

better outside). We also intend to perform trapping 

experiments, as will be (described in the ne.xt section. 

In these experiments, the ring will !>e completely 

stopped and trapped for a longer per:od of time; the 

pressure required for ion loading must then be corres- 

pondingly lower. 

The magnetic fi.eld configuration acts as an 

energy selector; only electrons with energy above a 

given threshold (which can be defined by varying the 

field) pass through the peak field. Those with lower 

energies are being reflected. It is therefore impor- 

tant that the current and energy peak of the electron 

pulse coincide in time as much as possible. Prelim- 

inary experiments indicated that this should ‘be fea- 

sible 5. In addition, we are interested in a very sharp 

peak; a slice of only 1 ns length with current of 1.6 kA 

from the center of the pu.lse would be sufficient to ob- 

tain 101 3 electrons. 

It should be noted that the radial vgB, force 

in the cusp field tends to increase the radial width of 

the beam. However, this effect can be fully compen- 

sated by use of the iron plate and a centering coil 

(not shovvn in Figures 1 and 2)) as was mentioned pre- 

viously. 

The lniector I _-_ 

Fig. 2 shows a schematic of the entire facil- 

ity. The injector has a total length of approximately 

7.8 m and the full compression coil system will be 

about 3. 7 m long; the seven compressor ceils employed 

in the initial studies, ho.vever, have a length of only 

about 0.7 m. 

The 1.0 MV Marx generator charges a 8 9 

water Blumlein system. Six switches symmetri- 
cally arranged around the Blumlein, are fired via a 

pulse from a small trigger Blumlein. The resulting 

high-voltage pulse then travels down the coaxial oil 

transformer whose inner conductor is shaped coni- 

cally to change the impedance from 30 s1 to 73 .Q. Ttc 

electron beam from the cathode has an im pedance of 
2hrr.C 7’?0 0. -YIY. T!-ic impcdar.c.~ yiLi rAii’;c!;c 3 frsr; .,._ e^ . . L ,.‘Aj_LL 
to oil, in the transformer, and between transformer 
and diode arc designed to increase the voltage ampli- 

tude to 5 MV. In order to insure a 20 ns ‘clean “pulse, 
the Blumlcin and transformer were built Iting ,cnough 

that reflections arrive at the di~ode at a later t:mc. 

78-1 ~i7e dianietc.:: u1 the trnnsfornlrr t&ink i,; 
about 1. 1 5 n,. A radial insulator 7.5 cm thick, sop- 
3rates the ai1 sect: ;n alit t!ir vrlcu’2*2 ~.f thr diode. 
This radial disk insulator is a departure frcjm the C,J- 

axial ir.:;ulators conxnonly used ii: rlt ctron bairn 

machines. Its design, As well as that of the cntlre 
dii,dt-:, was a col:aboratinn (effort b~~tx~een n‘RL and the 
University of Maryland xorhers. Main considerations 
in the design were electrical breakdown, mechanical 

stal,illt~-, and prevvcnt:or c:f elqrctron cur r<ynt (.;;litt,!d 
fr~:Irl tile cathodr~ stem to Sow baci~warci :nto the in- 
sul,itor. The diode coil played .rn important lu rt in tn$: 
,<c.)lutir)n finally Lrrrived at. It has th rev function-i , 
nzn~~ly (‘i) II) pi-~.;~,~itlr~ the lmi form rn~a:<1~i~tic ii<‘l;i i:~:~~tii d 

in our :,chcmc betureen cathod<> and iron plate, ib) to 
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prevent radial spread of the beam due to space charge 

forces, and (c) to prevent electrical breakdown at the 

insulator. The 3 and 8 fieid in the diode were shaped 

in such a way that 2 x B drift forces accelerate elec- 

trons from the stem towards the ar.ode rather than to- 

wards the insulator. 

A photo of the injector witi Starr generator in 

t’ne foreground and the transformer section pointing 

backward is shown in Fig. 3. The Blumlein section 

with some of the switches is shown in a close-up view 

on Fig. 4. Initial performance characteristics of the 

injector will be briefly discussed in the nest chapter. 

A more detailed description of the injector system and 

results of the te,sts are presented in paper E- I5 of 

this conference’. 

The Compressor System 

The compressor coil system is separated from 

the diode region by an iron plate (see Figs. 1 and 2) 

which is used for guiding the magnet return f1u.x there- 
by providing as short a transition width as possible for 

the field reversal. This plate consists of two parts: 

the inner disk, with diameter of 12 cm and thickness 

of 2 cm and the main plate which has an outer diameter 

of 180 cm and a width which increases conically from 

2 cm to 8.2 cm. A small gap, 5 mm wide, separates 

the disk fram the main plate. The disk is connected 

with the outer plate by three radial spikes on the diode 

side. 

Follou::ng the iron plate are a series of double- 

layered coil pancakes. They are separated spatially 

such that the field - in the final phase - increases from 

2. 5 kG at the iron plate to 3. b kG, remains at that 

level for a short distance, and then fails off gradually 

I as required by expansion acceleration), For initial 

experiments only seven coils will be used, as was 

mentioned previously. All of the coils, including the 

diode coil, are driven by a dual output, 170 V, 1800 

X dc power supply with < 10e4 current regulation. If 

needed, a second newer supply will be added for the 

expansion acceleration section. The coils are wound 

of copper conductors with a 0. 73” x 0. 73” rectangular 

cross section and a 0.4” diameter hole for coolmg 

watt r. Inner diameter of each pancake in tne com- 

pressor section is 40 cm, outer diameter is 61 cm; 

me pancalies of snc diode c~11 arc’ Larger tsce Figs. i 

and 2). The ccmpressor coil system includmg the 

p:in-,p secti,-,n a t the ?rd will havz a total length ,>f 
about 3. 7 m when all coils arc assem’bled as presently 

planned. Each individual coil is mechanically adjust- 

<L!;lt: to c\7rrcct for errors And to ~<iiLe~*c J. desired 
‘1 c.2 sari;tti \T b.1 alf,ng the pst.h ,,f the beam. 

‘The c tnte rin g coil, which is not shown in Fig. 2 

~111 be located in the transition rcgi,Jn between iron 

pl,lte and maximum c jmprr~sion field. It is fed by 

3. .itp;lrate small power supply. 

Prc,scnt Status and Test Results 

Jnjcctor 

i>i~rin,g the past Lhrc:,: nlontlas tne m:cctor was 
I ,A ;t,,rt r.ttl,cr c~ytcnsi~~cly ‘vit!lo:lt thi: diode scct:;n in. 

:;t.ill<~tl to dk,termine pulse s~~;IP, rise time, switch 

,,c’rF<, t-n,a,:c<~ ,lcrl i;mc:lrl,r.~z,itll,n, x.ultaye amplification 

!I): ~n:p:~cl;lr.cf mismatch, etc. It should b<- pointed out 

that i.tlc. Ln~(,ct,, r itself, like the rest of the XIarylsnd 

ERA facility, represents a new developmental project 

for which no prototype model existed. Its design was 

based on extrapolation and application of available 

knowledge and experience with machines of lower vol- 

tage and diode impedance. The resulhs of the initial 

tests may be summarized as follows: 

1. The rise time of the voltage puises is of the order 

of ;O to35 ns, total pulse width between 50 and f>O ns. 

The pulses are thus by a factor of 3 longer than was 

expected, but they do have a sharp peak (no flat top) 

which is desired for energy-time selection. 

2. The amplification of the voltage peak is less than 

theoretically expected, partly as a result of the longer 

rise time, partly due to other factors such as Blumlein 

geometry, etc. 

3. After a few initial difficulties, all sir Blumlein 

switches could be fired in synchronism with good re- 

producibility. 

4. The blue-nylon radial insulator at the diode end of 

the transformer was damaged by electrical breakdown. 

It was temporarily replaced by lucite; later an epoxy 

disk will be installed. 

5. Similar breakdown problems exist with the Bluin- 

lein switches where two failures have occured so far. 

The switch casings are also made of blue nylon. Pos- 

sibilities to change the design and to use some other 

material are being investigated. 

Beam Tests 

The diode section was installed in February 
and the first shots with an electron beam from an an- 

nular knife-edge cathode v/ere made on February 22. 
In these experiments the beam was confined to the 

diode side of the iron plate, i.e., no cusp transition 

was attempted. The diode coils produced a magnetic 

field in the range of 2 kG. The beam current was 

measured with a Faraday cup mounted right behind 

the anode. Cathode-anode spacing v,ras approsimatel) 
3 inches. The measured current pulse had a width of 

about 35 ns and a sharp peak of about b IcA. The peak 

of the voltage pulse was approximately 2. 1 LCIV. (To 

avoid possible brcak~down problems we deliberately 

stayed below the maximum voltage capability of the 
\J~TY generator). In 5Ul>L2~1ClliCtlt ""F" ri!r.entY fi?m \"3S 

placed on the inside Iof the anode. Tne traces left b)r 

the annular beam showed a remarkably good circ)Jlar 

shape and indicated i. sharp radial der.sit> nroEile with 

a typical radial width of about 3 mm. Fig.. 5 shows a 
picture of the diode section with the cathode stem :,ro- 

truding outward from the radial insulator and the inner 

conductor of the transfo i-me r. The ribbon-lilte cathode 

emitter made fr~rn l-x1.1 tantalum foil is mout;ttd <in 

the disk, but was not installed \vhen tnis picture was 

t&en. 

Magnetic Field 

One of the ma,or problems in our ]3lOJ”t 15 
the design of the magnetic field, in part:cular, the 

shape of the iron plate inc! !-kc> positioning oi the c.:il 

pancakes on both tliorlc and compressor side to achieve 

a drsircd field configuration. T.le initial setup Lads 

tletc rmincd with the aid of a computer :a rogram th.it 
calculators ccjil-prodliced nlagnctic fitzlds in the absence 

of ms!;netic nlatc rial:j. The ir%,n platt, -+:.a~ tal~en lntu 
account by considering it as an idcal plane sllrfacr 
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which images the coil fields on each side. In the actual 

plate the width increases with radius (see Fig. 1) to 

stay below saturation level for the flux density. The 

ceil system for the initial e.uperiment is schematically 

indicated in Fig. 1 and a photograph of the coil and 

iron-plate assembly at the diode end of the injector is 

shown In Fig. 6. 

Measurements of the magnetic field were made 

in January and indicated substantial discrepancies 

with regard to the ideal shape predicted by the compu- 

ter studies. At that point it was decided to employ the 

more accurate computer program TRIM7 at the Ar- 
gonne National Laboratory which takes into account 

magnetic materials. The problem in our system is 

that iron is present only In a small but critical region 

between the two coil sections. In accelerator-magnet 

and other applications where TRIX4 has been success- 

fully employed, the magnetic circuit, by contrast, is 

dominated by the iron, and usually one wants to know 

:he field in a small air gap between poles’hoes. Far 

our purpose it was therefore necessary to start with 
a relatively large “universe ” with artificial boundaries 

at large distance from the coils and a coarse grid of 

me shpoints. The series of computer runs carried out 

with TRIM so far produced results that are closer to 

the measurements, but there are still significant dif- 

ferences: both in shape as well as in field magnitude. 

Fig. 1 shows typical magnetic flux lines as calculated 

by the TRIhl program for the coil geometry indicated 

in the figure. The computed curve E, versus distance 

along the orbit radius of r = 6 cm for this particular 
geometry, however, deviates from the desired “ideal” 

curve plotted on the bottom of the figure. Further re- 

finements in the program calculations are necessary 

to achieve better accuracy and we hope to get errors 

down into the lye range or better. Despite the dis- 

c repancies which still exist between the numerical 

,and experiniental data we habe gained already a great 

deal of very valuable information concerning the field 

desiL>n from thr TRIM studies. a Thus, it appears that 

the thickness of the central part of the iron plate has 
t” be increased somewhat and that correction coils 

have tc be placed on either side of the plate with small 

radii close to tne beam in order to achiev-e the desired 

short transiti%>n from negative to positive magnetic 

fieid. 

Fcture CL’nr3 

A pliff-\,alvc gas system in which the vaive is 

~:pened f”r a siic;rt time interval by a current pulse 

frg:m a rllsccarging capacitor ban;< is being developed. 

iill of tke hard.:%are ior this system has been assembled 

,inr1 n:,‘,i;,~rrmer;ts h<av(! bc:$lTl. >.4sin ohji>ctives of 

thr>sP nleasur[~mcnts ..vith fast ionia&tion gauges are to 
~lctcrrninc 73 rv5s:~re and 13spasir,n -:,i thr yas clo;ld as 

-L f1.1;ctior7 t,f tinlf. 

!c;tlai s~:q2c’ riment:i of I~~.arn transn:iasi0n thro~.lgtl 

the cusp and compression will be performed with static 

pressure in the vacuum ta.nk. The puff-valve system 

will be added later in the second phase of the e.xperi- 

mental program (latter part of 1973). 

Possibilities of trapping the ring for a certain 

period of time prior to acceleration are under inves- 

tigation. Two schemes are being studied at the pre- 

sent time: 1. Trapping by a resistive-wire scheme8 

similar to the Astron e~xperiment. Here the beam is 

stopped by the interaction with a specially designed 

coil. 2. Trapping by two mirror coils. In this scheme 

a small coil generates a bump in the uniform region of 

the compressor field whose mirror action reflects all 

electrons. Before they can escape a second coil is 

triggered upstream which. generates a second bump. 

This bump increases until a desired level is reached. 

The beam then remains trapped while ion loading takes 

place. A further increase of the upstream bump (or a 

decrease of the downstream bump) opens the “bottle” 

and kicks the loaded ring out into the acceleration re- 

gion. 

At present, we have not yet decided which of 

the two schemes will be tried first. Theoretical 

studies are still in progress and it is too early to as- 

sess the relative merits Iof each. Perhaps the opti- 

mum solution might be a suitable combination of both 

methods. 
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