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J. Last time a problem of highly charged ion production is 
very importante We need high-charge ion beams in aécelerators, 
ion spectr~seopy, $olid ~hYsics. A special interest represent 
cross-seetions of ion production~ their interaetions and phe
nomena in a very ionized ga~. The main ion sources are based 
on heating and following plasma eonfinement by different methods., 
They are: PIG method, duoplasmatron and ari electron-eyelutron 
resonanee ion source. The ion b~am is formed also in the 
laser souree as a result of laser emission interaction with the 
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~ubstanee. ~ 

The highest charged ions (UI> to Xe 52~ were ob t a í ned in t he 
• /11 I •Donets EBIS 1n Dubna .A very foeused eleetron beam w1th ener

gr up to 22 keV, density Ne up to i0 11cm- 3 and the duration 
up to lO s is used in EBIS. The main defeet of this souiee is 
a small 'number of highly eharged 'ions in a one pul~e and a very 
low.énergy efficiency~ So to reeeive 10 6 Xe 52+ ions about 
10 19 eleettons of the ,beam are neeped. A maximum/ion charge 
reaehed in a I L the tYP~_8 o f sourees is determined by the enefgy 
or i6nizing eleetrons. - ! 

'., 

.:11~ J.~ ,\~ lo" ~L " 2. New possibilities of produeing highly eharged ions of 
i'/l1 '1~1;'I' /" ,fl;~,
 

l' l\~J 'l 'f.' 'i N ~ he avy e l.emen t s- are ereated in the Colleetive Heavy Ions Aceele
"I 

'I /2/
I', rato! at JINR , 

The typieal . elec tron ring parameters are: 
t ~ Major radius R == 3.5 em;lIf''~jl' \ 
< I RMS small ha l fd í.mens i ons a = O. I em; 

Number of electronsNe up'to 10 13 . 
El ect ron en~rgy·E = 20 MeV; 
Compressed ring lifetime r = I MS; 

10 2 3 2Current density j = em- s-l. 
So ionization factor jr = 10 20cm- 2 It~s enough to reeeive 

Xe2~+ and U 24+ ions. A number of Ní ions wi th charge Z Ls 
limited by the condition Ni < Ne/Z. Relativis~ic eleetron ener~ 

gy permits to ionize the inner shells of the heaví e st elem'ents. 
for this purpose we need to inerease Lhe lif~time of the eleet
ron-ion ring. So to produce Xe 54+ and U 90+ ions time about 

C) 

1 8 i8 needed . 
the li~etime of the eleetron-ion ring and the possibility 

'of highly charged ion productio~ are'limited by: 
a) relati~istie eleetron en~rgy losses due to the synehro

.,l 

"~ f:'l'l' tron radiation; ----- 
O~S:..ti'A"" '" ·,·tr~ \[' ;tn 

~ , J t~, ~~ 1,l",i flt"I"'J ; t,' 11 , _ J'ft / \.• ,11 Uti::J'~'~:!í ,'~' .J'!.',i!U'J.'"
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b) tncreasi?g of the small electron ring dimensions by the 
electron scattéring on trapped ions; 

c) neutralization of the electron charge by the ionization ' 
of the background gas in the accelerator -chamber; 

d) decreasing of theion charge as a result'of electron cap
ture in background gas; 

e) technical difficulties of the electrori-ion ring long time 
confinement. 

3. Let~s analyse these questions in detail. 
a) Th~ time behaviour of the electron ring major radius 

is determined by the equation: 

dR R (~B _ !_ ~13_) R P 
-:+ ------ + ---- 0, ( 1) 
dt ~1 - n)B d t ' 2 dt 1 - n E 

wheré B_ is qn axial compDnent of the magnetic field induc
tions; B, meanvalue o f 13 in the electron ring; n field in

2 E\' .. 2
dex ; P = -3 .----~- ,rad~at~on loss power; E = vmc, electron ener

3 5 2 ' 
, m c R I '. I d í d I -.. . , I gy ; m , f , y, mas s, c as s i. ca r a i. usan r e a t i. v i. s t i. c e ec t 

e . . 
r on factor; C ve Loc í t y of l í.ght.. 

A char ac t e r i.s t í.c time d í.minut í on o f the electron ring rad,ius 
by two times, due to the synchrotron radiation in the stationa
ry magnetic field, is 20-40 ms. 

b) 5mall dimensions depend on two façtors except self and 
ext e rna L elect.ro-magnetic f e l ds: diminution of d i.mens í.ons" dueí 

to the radiative frictions and their increasing due to the scat
téring of electrons on the trapped ions. Using the moments 
method / 31 we can obtàin the time variation law of transverse 
effective phase value (= Yú) a 2 , 
df p(.t~: (2) 
dt ú) E 

where ú) is a frequency of electron betatron oscillation; S 
2 3..-2 

feC ZNi ay . ... ~ 
------.--- In ------ ~s the so-called co l l i s i on í.n t.egra I . 
4 7Ta 2R y 2 137 f 

'- e 
~ The synchrotron radiation and scattering i~fluence OU s~all 

dímensions of electron-ion ring depends very strongíy on the 
energy of electrons. 80, with y = 30-40 typical time of di 
mensions dec reas i ng due to the synchro t ron radiation is 30

o 
60 ms, and the dimensiàns increasing due~to the scattering 
with Ni = 10 1 1 ions- ot Xe 50 + is 20-30 ms. 

c) It was shown in ref. 141 that the number of ions produéed 
from background gas with thermal velocity U T and density 

'in dense electron rings is defined from equation dN/dt = 
y2:7;3;'UTsnO' where s is surface area of the electron rings. 
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J. 
I II 
I. \1

,~ 
,~p,	 The N7+ ions are created in the ring Juring 5-10 mSa 50, the 
:l~' 

11.1:h. 
electron rin~ wrll be neutralized by the ions from background
 

' 
gas with 10- Torr pressure uuring 50 ms.
' •. \llO 

t:,.~ d) Ion	 charge increases in the ring by tlie electrDn :i-mpact
\'~' ionization. Ionization cross-section decrease~ with the ion
 

.....I'I~~ charge increasing and the charge growth becomes slower. At the
.. 
same time the possibility of charge exchange of the ions with
 
neutral atoms (background gas) increases and it can limit the
 

\'.',q, trapped ion charge when number of neutral atoms i.n accelerator
 
In / 41 chamber is large. it was Jound that for obtaining Xe 5 4 + /
 

~:I I and U90 
+ ions the background gas pressure in the chamber must
'Il 

be less t.han 10-9 Torr . ~ 'I"
I,
 

l 
e) There are some difficulties in practical realization of
 

"/ electron ring long time confinement in the ~ollective accele

.,: rator.
 
'~~ The simplest solution is to short out the curr~nt in the

It, ' 
~,..	 coils of magnetlc system when tb~ current reached maximum va


lue. After that current, and therefore magnetic field, will
 ,~ 

change by the law B=13oexp(-t/T). where T is a decrement de

termined by the coil inductance and their active resistance.
 

I, 
We qave T = 50 ms in collective accelerator in Dubna.
I 

\ 

I 

,'l 

'i\. 4. The	 circumstances, given above show that it~s difficult 
\ ~ J 

,I, to contain ~lecçron rings in collective accelerator more than
 
;' 50-100 ms. To produce the highly charged ions of the heavy
 , .,~ 

~lements a considerable increasing of the ring density is neces
'sary. In/61 it was proposed to use the synchrotron radiation 
of rerativistic ele~trons in a special generated nonhomogeneous~ 

magnetic field with index ns 1 to diminish ~lettron ring dimen
sions. A system was calculated that permits to diminish the 

~\	 ring radius about two times during 5 ms.,When we short out the 
,I, 
'L	 magnetic system after supplementary ring compressing, its ra

dius practically will not change because ofthe compensation of 
the magnetic field decreasing by the influence of synchrotron 
radiation. Moreover, the radiation friction exceeds the in

I,l, 

")

'f" creasing of small dimensions due to the electron scattering on
 

trappe~ ions in the initial time momento The calculated time
 
dependence of the electron ring and Xe , U ions parameters :

are 'sh9wn in the ,iable. 'rhe ring radius is determinat~d by equa

tion (1). To find small dimensions we used equation (2) with

I 'i I out considering the electron scattering. When, for example, Xe 
~ I ions are about 10 10 some increasing of transv~rse ring dimen
,~ sions takes place after y is less than 10. As a resuLt, final 
lI:, 

small dimensions increase about 1.5 times compared to the table,I 

,~~ data. The table time is calculated from the ~lectron ring for)\~(~ 

mation. 
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Table 

tms Rsm a mm Y j r x I0 22 sm-2 2 xe zu 
2.5 3.5 1.0 so 0.01 20 24 
7.0 2.0 0.8 35 0.25 42 68 
I 5 1.5 0.7 23 1.0 51 83 
30 1.3 0.7 IS 3.5 53 86 
60 1.5 1.0 9.3 8.5 54 89 
100 2.4 1.5 6. I 12.5 54 90 

Electron ring dimension diminution makes weaker the require
ments for the vacuum by 3-4 times. 

5. The examination performed shows that it is possible to 
create new very effective source of highly charged ions and 
even nuclei of heavy elements on the base of the collective 
accelerator in Dubna. The source can o~erate with frequency 
I cps and in the pulse I0 11 ions of Xe 2 + and 5-10 10 of u 84 + 
ions (confinement time 20 ms), or 10 10of Xe 54 + and 3-109 of u90 + 
ions (confinement time 100 ms), using 10 ~3 electrons in every 
cycle . 
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nepenbWTe~ 3.A., WHpKOB r.a. 
RaneHHA a 3neKTpoHHO-HOHHWX KOnb~ax 
H npo6neMa nony~eHHA MHOr03apAAHWX HOHOB 

E9-85-li 

PaccMaTpH&aoTcA ABneHHA a 3neKTpoHHO-HOHHwx KOnb~ax npH HX AnHTenbHOM 
YAep•aHHH B KonneKTHBHOM yCKOpHTene TA*enwx HOHOB. 0CHOBHWMH ~KTOpaMH, 
orpaHH~HBa~HMH &peMA *H3HH 3neKTpoHHO-HOHHOrO KOnb~a H B03MO*HOCTH nony
~eHHA MHOro3aPAAHWX HOHOB 8 HeM, ABnAOTCA: OOTePH 3HeprHH penATHBHCTCKHX 
3r.eKTPOHOB Ha CHHXPQTPOHHOe H3ny~eHHe, yaenH~eHHe Manwx pa3MepoB 3neKTPOH
HOrO KOnbqa 3a C~eT pacceAHHA 3neKTPOHOB Ha HaKOnneHHWX HOHaX, HeHTpanH3a
qHR 3neKTpOHHOrO 3aPAAa o6pa3~HMHCA HOHaMH H3 OCTaTO~HOrO ra3a B KaMepe 
yCKOPHTenA H yMeHbweHHe 3aPAAa HOHOB B pe3ynbTaTe nepe3aPAAKH Ha OCTaTO~
HOM ra3e. B pe3ynbTaTe aHanH3a 3THX npo~eccoa noKa3aHo, ~To apeMA *H3HH 
3neKTPOHHO-HOHHoro KOnb~a a KYTM MO*eT 6wTb yaenH~eHo AO -0,1 c. H3y~eHa 
B03MOMHOCTb C03AaHHA HCTO~HHKa MHOr03aPAAHWX HOHOB Ha 6ase KYTH nyTeM 
AOOOnHHTenbHOrO yMeHbWeHHA pa3MePOB 3neKTpGHHWX KOne~ 3a C~eT CHHXpoTpoH
HOrO H3ny~eHHA a MarHHTHOM none c noKa3aTeneM cnaAa n < 1 H HX nocneAy~ero 
YAepMaHHA a MeAneHHo y6waa~eM MarHHTHOM none a Te~eHHe 0,1 c. HcTO~HHK 
HOHOB C 3neKTPOHH~MH KOnb~aMH HO*eT AaBaTb B CeKYHAY 10 10 HOHOB X!~ 
H 3 · 1 0 9 HOHOB U g + 

Pa6oTa awnonHeHa a 0TAene Hoawx MeTOAOB yCKOpeHHA OHRH. 

llpenpHHT 0CS1.e,QKHeHHOI'O HHCTHTyTa IIJiepHMX HCcnep;OHIDIA • .l(yt\Ha J98S 

Perelstein E.A., Shirkov G.D. 
Electron-Jon Ring Phenomena and the Problem 
of ~ighly-Charged lon Production 

E9-85-li 

Th~ phenomena in the electron rings at the collective accelerator 
with a long confinement time are examined. The main factors limiting the 
lifetime of the electron-ion ring and possibilities of highly charged ion 
production are: relativistic electron loses energy due to the synchrotron 
radiation; the small electron ring dimensions increase provided by electron 
scattering on trapped ions; neutral lzation of the electron charge due to 
the ionization of the background gas In the accelerator chamber; ion charge 
decreasing as a result of electron capture in the background gas. This exa
mination shows that the I ifetime of the electron-ion rings at the collec
tive accelerator can be increased up to -0.1 s. A possibility of production 
of highly charged ions on the base of the collective accelerator is exami
ned. A supplementary synchrotron radiation decreasing of the electron ring 
dimensions takes place in the magnetic field with index n ~ 1 . Then the 
rings are kept in a slowly decreasing magnetic field during 0.1 s. lon 
source with electron rings can give 10 10 ions of Xe54+ and 3.10 9 u 90 + 
ions per second. 

The investigation has been performed at the Department of New Accele
ration Methods, JINR. 
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