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ABSTRACT 

Experiaehtal results on the slow cyclotron and space 
charge Qlasaal waves excitaticc in intense relativistic 
electron beaas ( !REB I a:e presented, Large amplitude (lo- 
56 S’;r: and !ow phase ‘?elo:ity (in order of 6.61 0 waves 
.?ate been ob!&~ed, 3l;ective ion acceleration results, 
*Piih kere reciered by using ricrosecond pulse duration 
2le:t:oo bea~,s are reported. R concept of a few stage 
collective accelerator with an energy and particle type 
control is also considered. 

I, INTRODUCTlDN 

The RF linacs are the most preferable accelerators for 
producing ians in the energy range of tens and hundreds 
HeV. Honever, there are two essential deaerits which have 
to be taker: into accotint ken constructing and exploiting 
linacs, namely, the high cost of the RF supply system and 
the diffirulty to ccntro! an energy and type of the acce- 
leratR.$ ions in the 4de range. 

The collective methcds of ice acceleration based or; 
the utilization of intense relativistic electron beans say 
result in devel opeent of a new generatior! of ion !inacs 
iso-called ‘collective !inacs”J, It is the tost natura! nay 
to deve!oF such collective !inacs which are sisila: to the 
convectimal RF linacs, but provide direc! kansferrinq 
a part of tie !REB energy tc the accelerated ions irithout 
vii:q s: e:pensive RF suppiy systea, These linacs way be 
cased of, utili:3tion of the slow CyCiotraP arA plasaa naves 
e L, i i ted ; n the IREB. ds it was shoed ic the evfy *MS 
:::,;?I the electric fiefds of the cyclotron and F!asta 
was ar2 ei;t+ iarqer . than those it the corwentional ion 
* : ;.na:s, krecw, Irtense ior be&G with wrents 54 t-l? G 
?a; be accela-a!ed by the ryrlotror, anri p’;assa rcaves. hit 
the ;ss! attcaciile feature of these haves is that their 
pbttj? tieIcriiies aay be controlled by a lonqitudina! eag- 
ceti: field, Tte last peculiarity ray be used for :ontrc:- 
Ii?; ar e-e:gy aod a ;rartic!e type ig the aside range, 

1:. C?CLElIN WE EXCITk’lIDR cI#D 
COLLECTIVE IElN FiCCELERCTICti 

Yhe sior cycloiror wdres in the e;ectron beaes of 
a seal1 psrer T!! or a high pow, bst a short p:lse length 
:r: k.ad been prodlced ir; early eiperirents by using of the 
~x!ia-ire<hs-~il kjply frot the e:!e:nal ponerf n! qener a!o: 
d6C ihE It-:.& b>‘i r&i guide, as ar amplifier structure. !n our 

experiments the ink-se relativistic electron bear propa- 
qates donh a cyliedrical copper passive cavity cf H-type. 
The scteee of the experimental set up is shonn in Fig.1. 

Fig-l. Experinental set up scheme: l-cathode, Z-anode, 
3- vacuum chamber, 4 - raqnetic coils of solenoid, 
5 - diaphraqa, 6 - cavity, 7 - collective acceleration 
channel, 8 - aagnetic loops, 9 - IREB collector, 

The H-cavity length is 0.34 I, The cavity involves 15 drift 
tubes, nhich have ! co in aperture and are installed with 
pericd of 2 CA. The electron beam propagation excites the 
large atp!itude self-sustained RF oscillations in the cavi- 
ty. The interaction between electrons and cavity fields re- 
sults in the constrained generation of a sloli cyclotron 
wave. It is found that the bear wave generation is also 
produced, nhen an equality between the structure period and 
the cyclotron wave length is not supported. The generatinn 
is ocwed in a bide eaqnetir: field range fror 0.4 T to 
20T . s ?he phase velocity of Wave is varied and controlled 
by value and distributioa of aaqoetic field. When energy of 
electrons is about 500 keV and beae current equels approxi- 
aetly ! kk, it is excited a cyclotron wave Gth amplitude 
of about 10 W/a and frequency of bb7 HHz. Durations of the 
dave generatim and the cavity oscillation process are 
about 0.5 - f.0 rks ( bear pulse duration equels 10 rks 1. 
ci breakdonn of the generation process is enp’iained by 
arising of discharge in the cavity drift tube gap, 

To test the effect of the collective ioh acceleration 
by the cyclotron wave field it was proposed to use the col- 
lector plasea as ion source and to accelerate the ions 
opposite to the eiectron stream (Fig.11 T51. In carried out 
experiments the protons Were accelerated up to 1.5 IleV. The 
proton dynamics calculation showed that protons were acce- 
Ierated up to 0.5 HeV in the acceleration channel and up to 
1.5 HeV in the cavity. The current of accelerated protons 
was about ! A, It was registered that the ion beam had a RF 
structti:e corresponded to the excited wave frequency. 
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III. PlASlill WE EXClTATIUN 

The problem of plasra wave excitation was solved in 
early experiments 121,ibl. The experiments of our collea- 
gues I61 were conducted with using the annular IREB of 
energy 550 keV, current 4.5 kA and pulse duration lOOn% 
The experiuental set up consisted of a disk-loaded uave- 
guide and drift tubes of various diameters. Plasma waves 
were excited in IRE3 as a result of the interaction betueen 
the IREB and the waveguide. The waveguide had following pa- 
rameters: relative phase velocity- 0.87, frequency of 3 6Hr 
and shunt irpedance of about 20 WOha/r. The !REB was con- 
fined by the longitudinal adqnetic field of about 0.7 T, 
The paraaeters of plasra waves were reasured by magnetic 
loops uounted inside a drift tube. 

The experimental results showed that the slow plasma 
waves of large arplitudes were excited. The aeasured values 
of phase velocities were 0,5 c, 0.27 c and 0.16 c f c- 
light velocity) when the diameters of drift tubes equaled 
4cr, 7~1, and 8ce correspondingly, The estimates rade for 
these cases gave the following values of electric field 
amplitudes: 4.5 WV/e, 20 W/m and 50 HVir. The lowest phase 
velocity was obtained when !rllc= 0.9, where Ig - beau cur- 
rent and 14 - space charge liritinq current, Coosequent 
utilization 35 plasaa waves for ion acceleration is advi- 
sable when irlitial energy of ions is sufficient high Iabout 
20 HeV). 

IY. ION rlCCELERAT8R CONCEPT WITH AN ENERGY 
MB P(IRTICLE TYPE CONTROL 

ihe above experimental research has demonstrated out 
capabilities of collective ion acceleration by meabs of the 
intecse electron bears, A rather low value of ion energy 
erperirentally measured can be explained by usi~q collector 
plasaa$ as a lou energy ion source, and choosing a small 
value of the synchrotron acceleration phase to demonstrate 
collective acceleration physical effect, However, accelera- 
tion : ate about Ir) Rev/a can be taker! for estieates, if 
electron beaks with paraseters described above is used. 
E:e:qy and rurrent of ions can be increased,if the indepen- 
dent ion injector is applied. 

The phase velocity of the cyclotron wave roving 
together with ions is controlled by the external magnetic 
field Biz): 

P PA = 2ntSrfleBLzl (15 

e, m ,JS and )^ are charge, eass, relative velocity and 
energy of electroris respectively, f - frequency of the pro- 
pagating uavc, The capture 36 ions with different #ass and 
ctiarqe can be produced by varying of Bi ieaqnetic field in 
zaptbre area).The output inn energy can be varied intersely 
30 (oLtp$t saqnetic field). The passive ii-cavity has a iine 
sprc:ims *it!! 13cer freqciency of 233 ?!Hr. Cavity frequency, 
C:Ojely equfl to f, can change according to excited wade 
ar,d depends DO the electron beae parasete:s. The collective 

ion accelerator concept with a velocity and mass control 
has been developed due to above factors. 

The accelerator scheae is the same, as experirental 
set up scheme. The rather wide spectruu of ions, such as p, 
d lie+ He’*, C’: Cc’, N+, U+can be used for acceieratioc, 
RLlatiin of uagnetic fields is defined as 

Bi IB, = t 1 + ZeEl!W. 1 Jki 
c 9 (2) 

where 1 - relative ior! charge, E - accelerating electric 
field of uave, 1 -acceleration section length, Wi-injection 
eoerqy. tlaxiaua value B, is limited by the technical 
capability I 2.5 T for that experimental set up I. Rinirur 
value B0 is deterrined by the electron beam equilibration 
labout 0.1 Tl. This magnetic field range is quite enocqh to 
capture and accelerate ions of the above spectruc. Using 
relation (21 one can produce estimates of the accelerator 
paraaeters for two boundery cases, The first case is the 
proton acceleration up to 21 Rev (Yi = !.O HeVl, It nay be 
obtained, if B;= 1.0 T, B,= 0.22 T and f = 557 KHz. Ih this 
case the most ‘fast’ cyclotron wave ()3Ph= 0.04b-0.21 1 is 
creatingSIn the second case the acceleration of oxygen ions 
with sass-charge ratio of 16 is produced tip to the saae 
output energy and the slowest cyclotron wave (JDPh= 0,008- 
0,052 1 is used. It is occured, when B; = 2.0 T, B,= 0.31 T 
and f = 230 HHz. In both cases$)“= 2, 1 = 28, E = 10 W/n, 
In order to control the growth rate of wave and the output 
energy, the respective axial eaqnetic fieid distribution 
must be taken. In our experirents the longitudinal uagnetic 
field gradient was exchanged by reans of the solenoid coil 
couuutation and the tine displacerent of the elettron bear 
pulse relative to the magnetic field pulse. This method of 
the eagnetic field distribution control was used success- 
fully by ourself in the experitents on the collective ion 
accele:ation and the microwave radiation 151,173, 

The output ion energy can be increased by increasiog of 
i(ave arplitude and acceleration length. The ion energy is 
rised until 100 HeV, if E = 20 WV/r and 1 = 5 e. 

The acceleration of ions up to hundreds Rev can be 
realized by using a few stage collective accelerator. For 
example let us consider a two-stage accelerator which can 
be based on scheme shown in Fiq.2. The iirst stage consists 
of an ion injector, a high-intensity electron diode, a pas- 
sive H-cavity and the first acceleration section. The first 
stage corresponds to above considered concept and can pra- 
vide the ion acceleration up to 100 ReV. The second stage 
consists of an electron diode, a disk-loaded guide and the 
second acceleration section, The ions accelerated in the 
first stage are injected into the second stage through the 
hollow cathode tube of the second diode. The second stage 
is based on ;1eiiig the p!asea naies ahd can prodclce a high 
gradient acceleration becatise very high fields were 
obtained ir: the above described experirents [63. The phase 
.rrelocity of plasma waves depends on the re!atiun :1R, uhere 
r - beam ralibs and R -tube radius oi acceleration section. 
In a ragnetized electron beau its radius r is definded by 
the saqnetic field value, Therefore, changing a distribu- 
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Fib,2. iek stage ccliective accelerator scheee: i - ion iojector, 2 - electroo diode! 3 - H-cavity, 
4 - first acceleratior, section, 5 - electron beam, t - electron bear collector, 7 - magnetic coils, 
8 - disk.-loaded guide, 9 - semd atceleration section, lo - accelerated ion bear, 

tie; of tt.e aaghetic field OEE tab varY tha phase velocity 
a;ar,g thE acce&ration section. This prcperty provides a 
possibility to acceiera?e different type ions an3 to 
mtrol their energies aithoiit cverdesigeing the accelera- 
tir,g striictiire, It shoil$ be poizied ollt that the higher is 
tte injecticn mrgy af ions the Bore effective is the 
acceleratiz process, Therefore, the inJection energy of 
protons chmb ior the above considered exaaple is q&te 
high il He?:. In order to produce big’: ener;y ims, one 
cat ;:opcse to use the resahance accelerating structure 
+fr?n by an electron bear 18’ I I, . . Lch i:jeCtof rteeds CL! RF 
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