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KyrHep B.6. HAP- E7-89-492 
3$1)eKTHBHOCTb Hcnonb30BaHHR peAKHX H30Tonoe 
B AYrOBOM ~OHHOM HCTOYHHKe 

npoBOAHTCR aHanH3 a(jxpeKTHBHOCTH HcnonbJoeaHHR pa6oYero ee~ecrea npH no
nyYeH~H H ycKopeHHH nyYKOB HOHOB H3 Ayroeoro HCTOYHHKa HOHOB Ha 4HKnorpoHax 
nHP OHHH B cpaeHeHHH C pe3ynbTaTaMH AnR HCTOYHHKa HOHOB C aneKTPOHH0-4HKno
TpOHHb1M'pe30HaHCOM (3UP) rAHHn (4HKnorpoHHblA KoMnneKc TR>Kenblx HOHoe e KaHe, ~ 
~paH4HR) H 4HKnorpoHa B 6epKnH (CWA). npeACTaeneHbl 3KCnepHMeHranbHble pe3ynb
TaTbl, nonyYeHHble npH YCKOpeHHH Ha· 4HKnorpoHax Y-400 H Y-300 nyYKOB HOHOB peA
KHX H30Tonoe (Mg-:Ge). OnHCaHbl oco6eHHOCTH noAaYH B 4HKnoTpOHHblH HCTOYHHK 
reepAoro pa6oYero ee~ecrea. 06cy>1<Aa~TCR onTHManbHble ycnoeHR AnR a(jxpeKTHBHoro 
Hcnonb30BaHHR pa60YHX ee~ecre B AYrOBOM pa3pRAe. npHBeAeHbl pe3ynbTaTbl HC
cneAOBaHHH, nonyYeHHR H ycKopeHHR nyYKOB HOHOB peAKHX H30Tonoe ra30B,· B TOM 

.YHCne paAHOaKTHBHOro H30Tona yrnepoAa-14. 06cy>1<Aa~TCR B03MO>KHOCTH H nepcneK
THBbl pa3BHTHR a(jxpe·KTlilBHblX HCTOYHHKOB HOHOB nHP OHHH AnR 4HKnOTPOHHoro KOMn
neKca 4HKnorpoHoe Y-400 H Y-400M. 

I 
Pa6ora BblnonHeHa e na6oparopHH RAepHblX peaK4Hii OHHH. 

npenpHHT 061,enmieHHoro HHCTHTyTa ~epHblX Hccnenoeamdt. Jly6Ha 1989 

Kutner V.B. et al. 
The Efficiency of Consuming Rare Isotopes 
in a Pig Ion Source 

E7-89-492 

The efficiency of consuming a working substance in the cyclotron arc ion 
s6urce during operation· at the LNR JINR cyclotrons is analyzed i~ comparison 
with the r.esul ts obtained for the ECR ion source ot GANI L and the Berkeley 
cyclotron. The experimental results are described, which have been obtained 
during the acceleration of rare isotopes ion beams (Mg;Ge) at the U-400 
and U-300 cyclotrons. Some features of solid working substances fed into 
the cyclotron ion source are described. The optimal conditions for the effi
cient use of working substances in the arc discharge are discussed. The re
sults of producing and accelerating rare gas isotopes ion beams, including 
the radioactive isotope carbon-14, are presented.· Prospects for the futu
re development of efficient ion sources for the LNR cyclotron complex, con-
sisting of the U~400 and the U-400M are discussed. · 

The investigation has been performed at the Laboratory of Nuclear 
Reactions, JINR. 
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The accelerated beuma o! rure und rudiouotlve iootopeo are o! 
great interest !or heuvy ion phyeioe·Iutely 11, 21. 

However the production o! theoe ion beams requiree the uoe o! 
high-,t!ioienoy ion aouroea. Thie requirement beoomeo very .importuut 
when rare and expenoive iootopea, ae 41lc:u, or rudioaotive ones; euoh 
ae 14c, are uaed. In the dane o! uaing·, e.g. Be, it ie poooible to 

·, 
run with a low oonoentration o! working oubatanoe 1! the ion aouroe 

. bas. a high e!!ioiency. 
In the preaent paper the efficiency of conauming the working 

aubetance in the cyclotron arc ion· source. during operation at the 
JINR LNR oyclotrona ia analyzed in oompariaon with the reaulta 
obtained !or the ECR ion sources of GANIL and of the Berkeley cyclo
tron. 

At present the PIG ion oourcee are -uaed at the oyclotrono o! 

the Laboratory of Nuclear Heactio.na JINH. 'rhe eucceea!ul development 
o! this type o! ion aouroe hilo made it pooeible to obtaiu at the 
cyclotron U-400 intense ion bewna ( 1012 - 101.4 ppe) in the range 
!rom N2+ to Kr9+. ·such u source provides beamo o! multi ply-charged 
gas ions, !or example, Ar8+, Kr 11 + and Xe 15+, with intensities o! 
1.5xto13 , 8xto11 and 4x10 11 ppo respectively. 

In table 1 there are presented the iona produced !rom solids in 
the PIG source with cathode sputtering. Moot of the ions of the 
elements of the Mendeleev Periodic Table were accelerated at the LNR 
cyclotrons. • 

The main etudiea with ion aourcee at the U-400 cyclotron dealt 
with the production and acceleration o! ion beame o! enriched isotop
es ranging !rem 26Mg to 76oe to energies above 6 MeV/n (table 2). 

Hecently studies aimed at the production and acceleration o! 

the ions o! the radioactive isotope 1.4c have been carried out. 
The aooeleration of 14c iona is a very dif!ioult technical 

problem. However, theoe beams were needed for generation of the 
heavy isotopes of light nuclei, for example, 6H, 7H, 9He, 10ue and 
other nuolidee. Aleo they are required !or the synthesis and study 
of trunefermium elementa • 

· To solve this and other problems o! hoavy ion phyaica 14c2+ and 
14c3+ ion beams were p1·oduced uoing a PIG ion aouroe with 14co2 aa 
a working gae. 
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Table 1 
Solid states ion yield from the PIG source at test operation 
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ZI 11 100 e 
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100 o.e, x. - :1.1 11., 1.e 1.1 1.:,1 o.w 0.11 0.01 

JJOO 0.11 Ar - I.I 4,1 6.t 3.ff 1.41 1.0 · o.t.1 o.u 0 0 0& 
880 1.11 J• G., 4.8 I.I II IT-3 3.1 1.1 o.aa o.OM 0.004 
~o ,.a .. • 24 26 13 16.8 9.4 2.0 0.4, 
200 1.0 .. • 14 II 28 37 22 11.1 3 O,'N. O.U 0,021 
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MO 2.a .. - u H u., H.3 ,., e o.a 0.1 
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Table 2 
Ions of the enriched isotopes accelerated at the U-400 cyclotron 

Accelerated Working Content of the Substance 
ion substance isotope in a after 

26MgJ+ MgO 
4Bca5+ Cao 
49Ti5+ Ti02 50Ti5+ Ti02 
53cr5+ Cr2o3 54cr6+ Cr. 
58Fe6+ Fe 
64Ni6+ Ni 
70zn8+ Zn 
760ea+ Ge 

sputtering regeneration 
electrode, 
atoms/% 

37 MgO 

20 cao 
11 Ti02 
10 Ti02 
17 -
J6 Cr 
91 Fe 

78 -
45 -
74 -

\
-~~~;::~_~•,.·'" 

ti:;. !'_"••.: - • ~ 

1 

.•"'--·--·--..... -i..rlr,... 

. " : '{.'f'i.t?yi \' 
,_ 3-~- :;: .. _,_~.;~~nt,~~ 

__ ,:~i·c:.:;~r\ 
~ ... ~-~,,..~~·- -- , 

The intensity 
of internal 
beam, 
pps 

4.o:x:1013 

5.o:x:1012 

1.o:x:1013 

9.6:x:1012 

6.o:x:1012 

6.J:x:1012 

1.0x1013 

3.5:z:1012 

4.o:z:1011 

1.0x1012 



Since 14co2 is a radioactive gas, a hermetically-sealed feed 
and recover gas system has been designed to avoid the leakage of 
the radioactive gas. 

Special investigations have been done to determine the optional 
working gas consumption. The consumption was decreased to about 
0.03 cm3 per minute for A:r as a supporting gas. 

Bearing in mind that the main experiments to produce and 
accelerate-rare and radioactive ion beams in the world's cyclotron 
laboratories were performed with PIG and ECR ion sources, the 
efficiencies of consuming some working substances in such ion 
sources is compared in Fig. 1 arid in·table 3 l 1- 91. 

The efficiencies of consuming a working substan~e in the cyclo
tron multiply charged ion source and during acceleration in cyclo
trons is made using Green's method 1101 , used 'tor singly charged 
ions. 

In our case for multiply-charged ion beams 

i Ni 
Eis = 7J":""" ' 

0 . 

where Eis is the effioiency of consuming a working substance in the 
production of ions in the i-th charged state from the ion source; 
N

0 
is the number of the atoms of the working substance, fed into the 

discharge per unit time; Ni is the number of ions with the charge 
i in the beam. 

It is clear that E; characterizes the ion source type and also is -
the sort and the charge of the ions produced. But· of practical 
importance for a physical experiment is also the total efficiency of • • N . 
consuming a working substance (E~ = E!c -ro) where E!c is the 
efficiency of ion acceleration and beam transport. 

C_onclusion 

The investigations and the experience of using PIG and ECR ion 
sources at cyclotrons show that the problems of the effective pro
duction and acceleration of ion beams in a wide mass range can be 

successfully solved. 
At the present time the efficiency of consuming a solid working 

substance is somewhat higher in PIG ion source than in an ECR ion 
source. It depends mainly on the technology of working substance 
feeding into the_discharge chamber. But the ECR discharge has a hig
her efficiency of consuming gases for the production of highly 
charged ions. 

4 

IIJ 
·j 

) 

i 
Eis 

10° 

1 □-1 

10-2 

1 □-3 

1□-4 

5 

V-PIG 
Q-ECR 

V 

i~ 
® 

~-

-- . .... - .. -2 3 4 5 6 7 8 9 10 11 

A;z 

® 

12 13 1, 

Fig. 1. Comparison of the efficiencies of consuming some 
working substances in PIG and ECR ion sources. 

Table 3 
Comparison of the efficiencies of consuming some working 
substances in PIG and ECR ion sources 

Ion 
source 

PIG 

ECR 

Ion 

14c2+ 
26Mg3+ 
40A:r8+ 
48ca7+ 

132xe13+ 

1~1+ 
_ 40Ar8+ 

40ca 11+ 
48ca 11+ 
48ca6+ 

-4,mg x h-1 

-
4.4 

-
4.0 

-

-
2.1 
0.15 
1.a 

Q,cm3:xmin-1 

0.03 

-
o.6 

-
0.4 

o.6 

-
-
-

5 

Eis 

1.5x10-2 

5x10-2 

5.5x10-5 

1x10-2 

1x10-4 

2.5x10-1 

3x10-4 

6x10-4 

6x10-4 

1.6x10-3 

Et 

1."5x10-4 
1.2x10-3 
3.3x10-7 
1.2x10-4 

2.5x10-5 
1.3x10-5 
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