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?he 3xperin;znts on r;iiA in F:arlsruhe are 
reviewed. A r.ew cospression coil system in- 
cl.;dlng devices for roll out, spill out and 
expansion acceleration Is under construction. 
Two possible applications of a mo;ecular 
beam soitrce I‘or neavy ion ant. cluster ion 
acceleration are proposed. 

Old coil system 

'ITi-ie experiments cn ERA at Xarlsru:?e have 
teen dp to now carried out wit‘n a j stage 
helmholtz-compressor desigr.ed 4 years ago 
which was char,ged only a little in the follow- 
ing tirze. 'ji Ti;e electron rings are formed 
at R = 20 cm ar.d are compressed down to radius 
of R = : cm with an energy E = lo iieV. by 
varying tne tines of swi-,ching the coil 
carrents and by cnanging the axial distar.ce 
0;' the ceils several compression programs 
witn different n-patterns could be tested. 

As main aiagnostic tools magnetic pick 
'up loops are used to measure the number of 
electrons and to detect possible losses 
during tne inflection and compression process. 
iitn a fast ioop (worKing in the naec-regicn) 
ic coulc ce snown that up to one half of the 
ir.jecteu electron pulse with a Length of 
12 nsec could be ir,flected. by a suitable 
cnoice of the compression program nearly all 
tnese electrons could be compressed down to 
j cm. but small losses occured sometimes at 
n = 0.5, 3.25. In fig.1 a typical signal of 
trle slow pick up loop is shown. A-positive 
bum; can be seen in tne negative 5 signal 

due to the ccnpressicn of the electron ring. 
'Tr,is bump ir.cicates a loss of some electrcns. 
'i'ne less could be explained 'by a blow ilp 
uuring tne crcsslng cf the n = 0.25 resonance. 
lr,is resonar,ce :rlas zriven by tnc relatively 
ni&n field disturbances of the compression 
2 0 i 1 c i *ml t 'b 0 ,: e .a- Y ex,rerin:ents: il, fllrther blow tip 
was Jal.ised +I L, y the multiple crossing of she 
.<alkicci;aw rescnnnce LL; n = 3.2. 

,Sbvicusly :ne influence of sincie pnrticle 
effects were :crr.ir.ant in thi.5 set :dp. Uii: the 
occurence of some collective effects cG.dld not 
; L' e x c 1 L d e Li ) c2l;ecisll:? in tne first, con.pres- 
s1~r-i Stage. _ ne fact, tnat signals with ;he 
fredusr.cy il = oc and 3 = (1 - Vr)#Jc Could be 
ii,fZ;iSur6?Cl, ir.uica:ec; that some azirr.uthal but-.ch- 
~r,t; al;2 ais; :ran;versai deformation existed. 

"ne A n,axinum nunb<er of electrons compressed 
ac-wn to tt:e fir.%1 radiu; was aboilt 2 * 1212. . ;eca;lse r-f tne 'bi;c Vhitic3 for tne ri.lnor raax 
L.,.scld,UL_U wit:: ~-:rttper:: ,ar.3 x-r:cy.3 :I:; vcll as ._ - ,, ,. ,-,. ,i 

with synchrotron 1ig.h:) caused mainly by the 
sin;le particle resonances only a holding 
power of about 5 MV/m could be reached. 
Therefore a new design of the coil system 
is made which is described in the following 
section. 

F!ew coil system 

The new coil syst'srr. (fig. 2) is optimized 
with respect to single particle behaviour. The 
coils have another winding structure so that 
the field distortions are small. To cross the 
critical n-values far a-day from the in:ection 
snout the field index is kept at a relatively 
high value of about 0.4 at the inital stage 
of compression and all the resonances are 
crossed at small radii. Moreover this relative- 
ly high field index provides a good Landau 
damping coefficien; for the negative mass 
instability during the initial stage when y 
is still small. A special "n-coil" is use5 
to cross the critical n values very fast. 
And also, choosing the parameters of this coil 
in a proper way, we can obtain the second 
derivative of the field 3'B/ar2= 0 at n = 3.2 
so that the driving force for this resonance 
is made small. 

Further compress%on is done by coil pair 
II. Coil III and coils IV 1, 2, 3 are planned 
for roll out and spill out. A 65 cm solenoid 
should allow for expansion acceleration of the 
ion loaded ring. Bp-coils are used to adjust 
the accelerating BP-field. 

During the last rr.onths the first stages 
of this new arzangemen'c were assenbled. Coil 
pair la and lb are fired in series to get the 
nearly constant field index. Again aboa', 1'512 
electrons could be inflected. 5ut it turr.ed 
out very soon that a severe loss occure$lat 
a radius R ^I iz Ci(l ,;;;;y ;i fz-*- tii;,es 12' 
electrons survived this insta'cility. At this 
radius :he Landau damping coefficient 
15s . E/AE of the first mode of the trar,sversc 
radial instability had a small value 3ce to 
the benaviour cf the field incex at ttiis ra- 
dius. 'The firir.6 of the n-coil becore this . . cr;tlcal t;Oillt was r,ct enoug;t tc chnn&e the 
field ir,dex shape and did not make a sub- 
stanti.31 improvere'nt. The Qbservation of a 
strong signal 3f [*i = (1 - vr)xc cor,vinced iis 
that the loss jia.~ due tc the radlni ir,statili- 
ty . To get some rr.ore information abcuf this 
instability a j 9/sqluare foil was installed 
4 cm away from the compressor median plan. &t 
this foil had no noticeable effect on the 
stability of the ring. The main ef'fect of this 
foii was an Increase ol' tile seifinflcctisc tc 
a \r:liue of about 31 '"J of the electrons infiec- 
ted with infiector or, (2 * IO--; ,ti~ith abs-t 
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59 A injectec). it seems to be that we need 
more care of the transverse instability in 
this first stage of the compression system 
even at the intensity of 2 . 11312 electrons. 

Field emission tube 

The main reason for the small current 
injected in the compressor is in the poor 
beam quality of the commercial field emission 
tube of tne FEEIE'TW!; 705. In order to im- 
prove the beam quality we made some studies 
on the electron tube. The new tube works 
without magnetic focussing. Therefore the 
accelerating gap between cathode and anode 
is kept s&mall (3 - 4 cm). 'i'o reduce space 
charge effects, the electron current from 
tne cathode is made smaller and the main 
current of the Marx generator flows through 
a shunted CuS;c)4 resistor. After some problems 
to operate a first version of a selfmade 
tube at full voltage (2.3 NeV) because of 
damages cf the epoxy-insulators due to elec- 
tron bombardment from the cathode electrode 
we constructed a tube with the geometry 
shown in fig. 4. The total output of this 
tube is about 6130 A, the useful1 current is 
about 200 A (compared to 6000 A and 40 A 
respectively in the commercial tube). 
Remittance and energy measurements are planned 
prior to assembling the tube in the electron 
ring experiment. 

Ion loading 

Besides the above attempts to improve 
the quality of the electron rings an appara- 
tus is being prepared to carry out ion load- 
ing experiments with the aid of the molecu- 
lar beam device proposed at the 4th work 
meeting on electron ring accelerators.' To 
reach the required vacuum of 13-8 torr or 
better a quartz glass chamber has been 
developed in cooperation with the industry. 
Lt. consists of three viton sealed quartz 
pieces. In test runs we could reach a vacuum 
of about ldj-8 torr. 

by use of the proposed apparatus all 
gaseous materials can be used for ion load- 
ing and ion acceleration. The loading process 
can be controlled over a wide range by vary- 
iCg bCth "ulie loaiiiric Lime Argo the intensity 
of tne molecular beam. An important pheno- 
menon in the generation process of these beams 
is the condensation of the molecules during 
the expansion in the pillsed nozzle source. 4 
ihis condensation of u? to some lJ4 molecules 
forming small drops of a liquia is accompanied 
smith a Fartial mococnrcmat isation Of t.ie bi-jhi;i 

ana provides gGod geometrical properties. 
kut r.0 experience is avaiLable about the In- 
teraction of sucn clusters with relativistic 
electrons an3 esl;eciall;i witn dense eiectron 
rings. Therefore experiments are necessary 
In tne future. 

'Iwo applications of a electronring- 
cluster-beam device are possible - SUppOsFd 
tnat 212itrCn rii-~i;;; wiiii iloiuing poltiniers of 
say 90 MVim are available. 
1. if a sufficient ioni; ionization time 

bet.tieen ion loading: and expansion accelera- 
tion is i;rovi.;led (':i > lir0 psec), till 
clilster3 are fully broxcn up :ir.d t;:e Atoms 
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are multiply icnized. In this case ;he de- 
vice can act as an ion accelerator ;vitn a 
small loading fraction ;'iion/'ZJe = 13-T - 
113-2. Acceleration can be done up to ener- 
gies in the region of 13 MeV/nucleon. ?.n 
application can 'be found for example in 
heavy ion physics or the irradiation cf 
n:aterials. 

2. hnother possibility is 
also by bottiglioni5 

- 3.3 pointed out 
- to accelerate the 

cluster as a whole, each cluster being 
ionized only a few times, in order not! to 
neutralize the electron charge. Even multi- 
ply charged clusters are stable as shown 
fcr example by Eenkes.6 Considerable amounts 
of particles can Se accelerated. 

N atoms + 
( :.I, 2 10 -- 1JO ,?<:ii<lO -1 for 1i ' .- - 2’ 

a/ 

Eecause of the hi&h mass loadin:: ',~TP energy 
gain is very small, for example lc) - 130 -- 
keV/atom. An interesting possible applica- 
tion of such a device is the injection of 
the accelerated clusters of hydrogen mole- 
cules in fusion power systems. 
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Fig. 1: Example of a self field measurement 
showing a small electrcn less at 
n q 3.25 
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Pi- &. 3: Fieldindex n as a function of K in 
the old and the new set up 
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Fig. 4: Fieldemission tube 
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