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LINEAR AND CIRCOLAR ACCELERATION OF THE ELECTROX-IOR BEAHS
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The interest to a problem of acceleration of . the eletron-ion

accelerators with such beaas
{(n=1:10)  cam e

vsed for auclides transmutation by means of proton or X -rays received

beams Increases at present. Limesr

which energy is apre thas nxI0 Me? effectively

during electron boabarding of some target [1] . Linear accelerators
with besaas which energy is less than ax10 Me¥ can  be wsed as
methods 21 .

-2
kecelerators with besas which energy is less than nx10 MeV can be

injectors in lon accelerators based on the collective

used for icn implantatice with simultaneous oneotralization of their

positive charge by means of negative electron charge. Jt prevents
eicrocircuits from discharge and damage (3] .
The  advantages  of  circular  electron  beans in proton

work [4] ,and  the

posibility of practical realization of such systems was

synchrotrons were showed in  the theoretical

dezonstrated

at the jon accelerators with electren rings [5) . These advantages

consist - in  higher radial and vertical ios orbit stability and

bigter ionizatior by electron beas during the first acceleration

stage.
schemes  of  linear and  circular

In  this paper various

accelerator with electron-ion beams are considered. The  results

reseived on  accelerator with electron-ion  beams, designed  and
perforsed in Moscow BEngineering Physics Institute ,were wused as the
basis of this suggestions.

Linear accelerator may be performed as it Is shown on Fig.1{a). The
RF structure contain identical toroidal cavities 1 coonected to RF
amplifiers 2 acd lavertor 3. Zach cavity has two RF lines comnected
to common gemerafors 4 which frecuemcies arej;andjaaccordingly. These
generators are united by sotual control system 5. The filters 6 and
T{bigher and lower each B line

between cavities ! and asplifiers 2 +to iflvence of one

frequencies) are fncluded in

prevent
generator on another. This structure can work in  varlous regimes
that 1s oo standiog or on travelling wave with two frequencies and
oa standing wave with ome frequency and ‘travelling wave with the
other frequescy. Tipical distribution of electrical RF fleld stremgth

on the axis for varfoss frequescies at the flred wmoment for

standing waves are shows on Fig.1{b,c). Dotted lize shows the =ain
harsonics for these cases, Theoretical apalysis showed that if the
focused by

electron beas is focused by  solenolds and loas are

negative electron charge, aod if electron velosltyl@ is  considerably
sore than fon velositylﬁ. the phase instability of

srise in case 1if phase electron oscillation frequency s

electrons  can
divisible

to the frequescy of “ion” wave

It may be cited for example the rext varlaent: U 00148 ¢
(c-lght velositr); W, 0.9 ¢ §, <150x00° 8y £, $0x10° B,
that the stable amovesent of ions and
sinultaneously Is possible if the beans parameters are the next:
eE,s e Bz 15 e/, Fo? Gr t 0°,  where Ee,t' the
electrical harmonics amplitudes for electrons and ions accordingly

fnalyzis showed electrons

ff}e;-the synchroneous phases. The potentional gradient s  defined
as d\{t/ dz = Eqigm SPse,L (where €  is the particle
sharge),

fl

The wmain difficulty in clrcular jop accelerater with electron

bean fs the turnimg of two beams. Authors suppose that this

problen may be desided in & device shown on Fig.2. It contain twe

plates of the electrostatic deflector 1, placed in clrcelar vacuum

chaaber on imsulators 2. They are connected to high voltage sourse

3. Both ends of each plate are coomected to secondary winding of

transformer 4. Radial eleciric field created by means of sourse 3

and vertical magnet field created by means of currentsIH. provide

simultaceous turning of electron and ion  beans. The  particle

electron-fon acceleration  structure

electrical  fleld  which

Fig.1. GScheae of the linear
distribution  of

sccelerate ions (b) and electroms (c).

{a) and & momentary



novenent smalysis was performed by equations

E:i,e: Qvt,e{E+[_—'l}L,exE]} 2 (+)
E‘l,e: m'LPUL&e R—(, @)

where}isnd}i@re the centripetal and centrifugsl forces;
m -particle laas;(‘-its charge; Indexes "i° and "2"  correspoad to
deflector. It
turned out that 1f the wmovement directions of both beaws arz the

sane, andZ{)l{9r if the directioas are opposite, andlﬁ(1£}he stresgth
)

foos and electrons;R -radius of the bean axis iz

nust be directed to the cemtre of circulation, and it is mecessery
to perfors the sext conditions
Fr it (A, Bl ), (3)
R 9 Ge
B =t (mréme . v-fmc) (4)
4 R‘ UG—ULI qe q;,
If the directions of the beaws movemeat are the same and Uy

or if the directions are opposite and 1Q3>1&the strength  sust be

directed from the cestre ard it is necessary to perfora the

conditions:
Q,(QU‘ U{m; Ueme
oo elUi Lmc (5)
E. Reugry))! Qi Ge 1
__ 4 (Uezme+ Uf’mL) (6)
 REA)Y Qe G:

The circular accelerator may be perforeed from such
and linear RBF strictures, described before (Fig.il{a)).

deflectors
RF accelerator
say coosist of llmear ion accelerator structure aod limear electron

accelerstor structure, each part is exited oo various frequencies.

Fig.2. The poist view of the

circulsr accelerator.

electron-lon  deflector in
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The focusing of electron beas in deflector may be performed by
tield, that s suitable
syachrotrons.The  fon

means of special configuration of magnet

currents in each deflector plate, as It is in

beans may be focused by negative electron charge or by special
configuration of electric field between deflector plates
Described scheme may be useful for heavy Jon acceleration.

Their energy may surpass some hundred MeV, and the don  Yeanm
current may be higher than in other accelerators

The accelerators dlmensions aay be decresed by lnreased strengthiil
regine |

deflector

It Is possible because currents create “magoet lnsulation”
when field

plates and cause the discharge

enission electrons cam oot move belween

variast, when the beams
-2

<10 ¢ {e- the  light

S 10° 1, R=

It may be cited for example a
directions are the same, and U,

Ye 05 ¢ B oz a0t E

velosity); N v

=05 a.

If these directions are opposite, and ESJ :0.29 1, the radius
R zust be equal to 5x 107%s, 1f the beams directions are the
Uy 08 ¢, Y, 0l g BJ:&%4 1
sust be equal to 125 =, and If these directioms are opposite, and

EQL 0,08 T, R must be equal to 24 a.

sane, aod radius R

S0, linear aad cfircular acceleration may be performed by means
of knownr and improved acceleration systems, and the possibilities
of physical erperisents and ‘bheas technology may  be essentially
extended.
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