


INTRODUTION . - oo

The electron beam 1on source EBIS 1s an electron accele—”'f
‘rator w1th a drift. tube.~The electron beam 1s strongly focu-
~.sed by the long1tud1nal magnetlc fleld The 1ons are; produ— =

‘ced as the result of electron 1mpact 1on12at10n of the neu—a
tral atoms ‘or molecules in the beam or in a spec1al preioni-

~.zation stage of the: source. The 1ons are caught and kept by"

the negatlve potentlal well of - the beam .and :they undergo
further 1onlzat10n step—by—step :The 1on charge states are
determlned. by ‘the. electron density, “~confinement  time and

":electron energy There are potential barriers at the ends of
7the beam for the 1on conflnement in the: long1tud1nal d1rec— o
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‘tlon Xe and Xe 4_ 1ons were obtalned 1n KRION 2 EBIS
1. The “times about 10s ‘are requlred for obta1n1ng ‘the "
superhigh" charged 1ons One of “the main problems is great’f'f:

losses of. h1ghly charged. 1ons at the prolonged t1me conflne—

Hment Th1s art1cle touches the problems of hlghly charged,
"1on losses and ion- coollng in’ EBIS ‘ 5

oIV “ION’ LOSSES FOR BOLTZMAN DISTRIBUTION OF ION ENERGIES

IN EBIS BEAM

; It was shown that the ion heat1ng in elast1c colllslons

_w1th electrons at 1onlzatlon times dur1ng ‘some seconds may

be one -of the ma1n causes of . the 1on losses. The more accu{

'.rate calculatlons requlre to take 1nto cons1deratlon the

“are: the’’ 1ntens1ve elast1c collls1ons among the 1ons 1n theujg

,pecullar1ty of d1str1butlon functlon for ion energles Therel;

“électron’ beam of 'EBIS. The collls1on ‘rate: of the 1ons w1th!

Mof all ion components 1s "

charge state i, mass number ‘A, temperature T w1th the 1onsk
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€lectron, ¢ is the velocity of light
called, Coulomb logarithm, n
ion components, )
The. ion thermolization takes

THED)= —— V/E:7_;| e Ei/?x  ' ‘kz) ’
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ons. with energy hiéher"ihahliE’
i

T go..away .from the beam voiumé. Where

f= ) iN /N jg- . 2
x§1 170 15 the beam heutralization fac

time, So we co i r rticles
p ‘ . - 0 be the lost pa i :
3/ The" l»lneal .den51 ty of the lost pax'ticl es is oo (
AN = = I‘V'l‘ l ’
N f f (E)AdE ‘ 2N r(3/2 E I 3
i N N ) ( i/l/ )x (37 s By / s ) (3)
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L Where (g ) 1. & o i 100 '
. ‘(fo) }s‘;ncomplete«r—function. There-are some
es alwa wi . Sl
- . ys }y}Fh‘:E>E‘mforﬁ every ‘ion- tempefétufé' T g i
ese ions qre,;osp.from the ; : i<Eim

b;lltate4the distribution function '
»: i) i 4

. ' L =15 is, the so

, 1s the jion density of one of n

'7For typlgal EBIS -parameters p =10441065'1:7
f 3 .

functions .of 411 ionic species
of equality temperature T for =
i .

s T

tor, N..and N are .

beam. -The iqn'coliisié s réha—'.
the lons with hign ener—
» We have' continuous ion 1o§éesvvv}&i’ﬁ
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’with

' Here''a is the beam radius.‘It;was:usedjthatth_‘n

/6,7/. " The idw:chérgéd ions receive the energy of heavy
idns,'leavé the beam‘ahd’tak¢ tﬁé,epérgx awéf. Let Qé suppo:
se that'thé‘fempérature of heavy high1y charg¢d'i6ns is;kept
at the constant level. Then the Fate of ‘ion 1osses;isydéf,

fined from equation:

AN /dt = -AN /At o (a)

'

One can obtain.,uéing the formulas (1) apd'(S):

N ;'N‘o/(1+t/fi) ;

i il T T
L ST AMN a? N ToN2 TN
T,= O e rme SN [ ]“exp[ x'](1‘—‘1‘) Ls)
. 2V 2z mr, Z?Nrnc LIVE Sy N E )i T

and r(é)é,k) é} /X exp(ﬁxiqur X »1 in‘(3){1;f,3 [‘,
“The fypiéairlifetimes (in seconds) for different elements: = -
v = 0.0015cm, f

“for KRION-2 type ion source ( Ne=3x108cm‘ ,a =

=z NO/Ne =0.5) are presented in. the table. . .

"Table. Dependence: of 1ifetimer:f£in rsécohdévfbn'fTi-th‘
'.\,E‘;}elation for A, Kr, Xe and U ions..., - : e
T./E | LA Kr - Xe ooluo
i m S G QR
20 | 4.7107% 0 2.4107% 1.6.10° 1.0 107°
sl 45107t 77 1078 5.37107° © 3.2 107% |
v10000 o506 10 7P 2,910 7 1.9 10 ?oowierte TP
15 ] 0T oa1e g ~0.078
20 | st qe T T els
25 . 2900 1500 .7 1000 L. 620 . -

Accordingato:these,results it-is nécessary’td kegpffne
temperature at the level of Ti:Eim/ZO to preclUde the pos-
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s1b111ty of ion losses at beam llfetlme about 105

Let us use the de51gnat1ons, the 1ndex "1"'1s for heavy
working 1ons and index "2" is for 11ght 1ons'for cool1ngn'

“The charge states for all klnd ‘of. ions can be expected equal
‘.. to nuclear ‘Number - for prolonged conf1nement t1mes .Then for.

cooling ‘it . is necessary to Keep the ion temperature T > E
f“ﬁ where E2m= Z m c? r N (1-1). ~Hence E1/E2- ZI/ZZ, and(Zl/ZZ}
~20.:8So0, it follows that one should use the most light ele—

ments for cooling, for example, the ions of helium.

II. HEAVY ION COOLING WITH LIGHT ION FLOW

It'is possible to cool the highly charged ions with con-
tinuous flow -of ~light ions along -the  beam.. The light ions.

. are ‘injected w1th energy . E o< Ey ,'they receive‘the energy

from heavy ions, heat to the energy more than' E '; are ‘lost

and - take away, the energy ‘from the beam. The heavy ions take
* the energy from electrons and return it to the l1ght 1ons
Two requlrement must be fulfllled in stat1onary cond1t1ons

1). The heating rate 1s not h1gher than the cool1ng rate for’

i

‘heavy ions:

dE]/dt = dE/dt : ; (6)

2). The llght 1ons have t1me to get the energy more than E
dur1ng tran51t t1me along ‘the beam ‘ ca

LaEy/at = (E-E) v, (D

where 1 is the' beam length, v = /2 E,/AM _is the mean

ve1061ty of llght 1ons

The heatlng rate. of heavy 1ons 1n elast1c coll1s10ns w1th_‘

electrons 1s

aE e r2z% N miciL
1 : 2m e 1 . e ; e
E

,?t e a” A M

(8)

§
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b

‘~'poss1ble to obta1n

7value of neutrallzat1on factor f

with E —~ electron . energy,\Lez 10\r the so, called Coulomb
logar1thm The cool1ng rate of heavy 1ons w1th light, 1ons is:

- ! 2 2 4 o2 .2
qaE, B AN, T oM c 22/, (E, - E) Cp e e
: , o ’ ' 1 L 49)
‘dtv L az‘Al o M g3/2 . . : .
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In addition we have N_ dE /dt = N,dE[/dt and; thus, it.is-

P

22"

= : . . 3 : . - 2 . o
EE.: Z, VN, ~ m ¢ Ne_ze. (1.~ f + ) (10y"
I ‘yvehe 4 /.2 AZ»H Eé~ (251— €.~ leyf) £ :
where €= E, /Zmc N r and c1 T /Z'mczN'r LIf T, is sup-

- posed equal to E /20 then e —Z (1 f)/(ZOZ ) and f1nally

. 2
Z, (1 - f + co)

1 "N
2 20 1.4x10-10 = :
I : E, A, ((1-10)(Z- 1022)'»,—-: 102, )

e

v

- The condition (7) results to relation: ' i-

(1= f - e )(1=£4e)% 2 etz AL 1 o
o o 1 2 e
— - — 3 — — — T o= af. o (11) -
(oD@ e, D s Em AL

£

‘We have 1 "100Em‘for KRION-2 and .« = 0.01.. The relatlons_f

7 (10) and (11) make poss1ble to determlne the requlred cur—

rent and 1n1t1al energy of l1ght 1ons for the perm1551bleﬁ

'tDependenc1es of T factorv

-on’ energy c are presented 1n Flg‘ The curves 1 correspond’e

to o« = ‘0. 05 ‘the curves 2° correspond to a‘= 0 01 and the
curves 3 to a = 0.002. The curves 4 relate to cond1t1on E =
E2, when the numerators in formulas (10) and - (11) become
equal to zero In the F1g the sol1d llnes show the :results
for Xe ions’ (z 54) and the dashed 11nes relate to U ions. -
(Z 92) The work1ng values of f and €, fall 1n51de one of

‘,the curves 4 and one of the curves 1 2 or 3 respectlvely. ;
“So, for KRION- 2, Cif] E —510 ev and £o =0.7 (E f,GOQV),‘we,r




can obtain for‘Xe‘ions: I $ 4"2x10'B‘Ie‘: 4 2x10 A . 0. 6 > f

>'0.3. Slmllar for U ionsit'l > 5x10° A 0. 8 > f > 0. 25

Flg Dependence of neut-

,;9 ‘,\\‘\;\\;;‘\_ b‘ " | “ralization = factor f on '
‘ L \‘*~o\;~' , ’ A1n1t1al energy  of light
0% 3 N ff"‘*s-,\‘ ~dons' e 'in relative units.
°J/'77\\¥\A B Y Here curves 1 are for .a.
08 v\\\ : " " '} 0.05, curves 2 are for « =
osf 2 \\\ '0.01 ana curves 3 are for.
“QLFTT} ¥ 77‘\\\\\ ,?"t’.f_ \‘§;> o 10.002. “The curyes,‘4;
s \\g . :|" are ‘the conditions ‘of po-.
,m a0, BN i sitive. value of  expres-
4uL;ff"‘__~—f__--7”f}o;\ff\\, . sions (10) and- (11) . The
ol :““ R \\\:\ : solid’ 11nes are for . Xe
T e N “1ons and the dashed 11nes\

0°..01-- 02 °03 04~ 057 06. 07 08 09 & :
: i k .are for U-~ions.

III.. CONCLUSION -

Thus; in the concluslon .Wwe can-summarize -that the elastlc
ion collisions in EBIS electron beam are the cause of great
losses of hlghly charged 1ons durlng the confinement: times
of 'some seconds.: It 1s necessary to use the most “light” 1ons
{H" "and’ He'") for coollng till the temperatures not less

Mthan twenty’tlmes 1ower than the potentlal barr1er It 1s
7pos51b1e to'cool the heavy h1ghly charged 1ons by llght 1on

flow “with the current about some nA and accurately selected
,1n1t1a1 energles ‘The probablllty of 1on losses,_when the.k~
"parameters of coollng flow are not chosen correctly the‘:

_problem of 1on losses requ1rs addltlonal 1nvest1gat10ns
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