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The ecoelerated bsumg of rore und rudlivaotive ilgotopes are of
great interest for heavy ion physica lutely /1'2/.

However the production of thsse ion beams requires the use of
bigh-efficiency ion sourcea. This requirement beocomes very lmportunt
when rore and expenolive isotopes, as 4“0u, or rudiosotive cnes, such
ag 140. are used. In the dave of uslng, e.4. Be, it 18 posaible to
run with a low concentration of working asubstance 1if the ilon source
has & high efficiency.

In the present paper the efficiency of consuming the working
substance in the cyclotron arc ilon source durlng cperation at the
JINR LNR ocyclotrons is analyzed in comparison with the results
obtained for the ECR lon sources ¢f GANIL and of the Berkelsy cyclo-
tron.

At present the PIG lon acurces are used at the cyclotrona of
the laboratory of Nuclear Heactlons JINR. The successful development
of this type of lon scurce hna made 1t powseible to obtain at the
oyclotron U-400 intense ion beama f1012 - ‘IO14 ppa) 1n the range
from N2+ to Kr9+. Such & eource prouvides beams of multiply-charged
gas lons, for example, Ar8+, Kr”+ and Ko15+, with intensities of
1.5x1013. 8::1011 end 4x101! ppo respectively.

In table 1 there are pregented the ions produced from asolida in
the PIG source with cathode sputtering. Most of the ions of the
elements of the Mendeleev Periodic Table were accelerated at the LNR
cyclotrons.

The main studies with ion aources at the U-400 cyclotron dealt
with the production and acgceleration of ion beams of enriched imotop-
es8 ranging from 26Mg to 766& to energles mbove & MeV/n (table 2).

Recently studlies aimed at the production and acceleration of
the lona of the radioactive fsctops 14C have been carried out.

The mcoeleration of T40 icone i8 a very diffioult technical
problem. However, these beams were nesded Ior generation of the
heavy isotopes of 1llght nuclei, for example, 6H. 7H. gﬂo. 10Ho and
other nuclides. Also they are required for the synthesls and study
of transfermium elements.

To solve this and other problema oI heavy ion phyaica
1403* ion beams were produced using a PIG lon aource with 14{:02 an
a working gos.

1402+ end



Table 1
30lid states ion yield from the FPIG source at test operation
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Table 2

Iong of the enriched lsotopes accelerated at the U-400 oyclotron

Accelerated Working Content of the Substance The intensilty
ion gubstance isotope in & after of internal
sputtering - regeneration beam,
electrode, ppe
atoma/% _
1
26y, 3+ MgO 37 Mg 4.0::1012
48545+ a0 20 Ca0 5.0x10
4945+ 110, 11 Ti0, 1.0x101?
50qpy 5+ 140, 10 T10, 9.6x10"2
33¢pot ¢r,0 17 - 6.0x1012
54, 6+ 273 12
Cr Cr 36 Cr 6.3x10
58pg b+ Fe 91 Fe 1.0x1013
6dy, 6+ Ni 78 - 3. 5::10:2
70Zn8+ in 45 - 4.0x10 ;
T65e8* e 74 - 1.0x10"




Since 1400 is & radicactive gas, a hermetically-sealed feed
and recover gas system has been designsd to aveid the leakage of
the radicactive ges.

Speclal investigations have been done to determine the cptional
working gas consumption. The consumption was decreased to about
.03 cm3 per minute for Ar ae 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 parformed with PIG and ECR ion sources, the
efficlencies of consuming some working substances in such ion
sources is compared in Fig. 1 and in ftable 3 /1-

The efficlencies of consuming & working substance in the cyclo-
$ron multiply charged lon source and during acceleration in cyclo-
trons is made using Green's method 10 s, used for singly charged
iona.

In ocur case for multiply-charged ion beams

~ Ny

is —N;" 4
where Ei is the efficiency of conguming a working substence in the
production of ions in the i-th charged state from the ion source;
v, ig the number of the atoms of the working substence, fed into the
discharge per unit time; N; ie the number of ions with the charge
i in the beam.

It 1s clesar that Eia characterizes the ion source type and mlso
the sort and the charge of the ions produced. But of practical
importance for a physicel experiment is also the total efficliency of
conguming a working substance (Ei " E -Ni) where Ei i1s the
efficiency of ion acceleration and beam transport.

Conclugion

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 ¢f ion beams in a wide mass range can be
succegefully solved.

A%t the present time the efficiency of consuming a so0lid working
substance ig somewhat higher in PIG ion source than in an ECR ion
gource. It depends malnly on the technology of working gubstance
feeding into the discharge chamber. But the ECR discharge has a hig-
her efficiency of consuming gases for the production of highly
charged lons.
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Fig. 1. Comparison of the efficiencies of consuming some
working substances in PIG snd ECR ion sources.

Table 3
Comparison of the efficlencies of consuming some working
substences in PIG and ECR ion sources

sgl?;ce Ton —%,mg x b1 Q,cn‘lem:i.n_‘| Ejg _ Ey
PIG¢ 142+ - ' .03 1.5x1072 1.5x1074
26M33+ 4.4 - 5x1072 1.2x1072
40,8+ - 0.6 5.5x10™7 3.3x10°7
4Bog T+ 4.0 - 12102 1.2x10™4
1327413+ - 0.4 1x1074 -
EGR Py 2.5x10™" -
40,,8+ - 0.6 3x1074 -
40oe 17+ 5 4 - 6x10~4 -
4Beg 11+ 5,15 - 6x1074 2.5%10 2
480g6+ 1.8 - 1.6x1077 1.3x107°
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Kytvep B.B. » ap. £7-89-492
IpberTHBHOCTL WCNONL3OBAHUA PeAKWX U3QTON0B
B AYFOBOM WOHHMOM WCTQYHUKE

MposoanTCH aHamMM3 agdeKTUBHOCTU UCNONbaceaHwa pabovero &ewecTsa npu no-
Ny“eHk M YCKOPEHAM NYYKOB WOMOB W3 AYFOBOrO WCTOWMHWKA WOHOB Ha LMKAGTPOHAX
AP OWAY B cpaeHeHWW C pe3ayneTaTams ANA NCTOMHWKA MOHOB € 3NeKTPOHHO-UKKAG-
TpoHHuM pesoHadcoM (3UP) MAHUN (UMKNOTPOHHBIA KOMNNEKC TAMENHWX WOHOB B KaHe,
Opanura) v umknoTpona B Bepxnm (CUWA). TlpescTaeneHs 3KCnepuMeHTanbHele peaynb-
TaTh, MONYMeHHME Mph YCKOPeHWn Ha UMKNoTpoHax ¥-400 n ¥-300 nyuxoB voHOB peq-
Kkux w3oTonos (MgsGe). Ormcade ocobeHHOCTH noaadn B UMENO TPOHHBIA WCTOMHKK
Teepaoro pabodero semecTsa. OBCywdawTca ONTUMANbHLE YCAOBWA ANA appeKrTHBHOTO
WCronb3oBaHKA pabounx BewecTs B AyroBoMm paapsde. [puBeAeHn peaynbTaTel WC-
CNeAOBAHUA, NONYYEHWS U YCKOpEHMA Ny4xoS WOHOB PesKWX M3CTONOB raios, B TOM
uWCNEe PAAVIOAKTMBHOFG W30TONA yrnepoaa-14. OGCywaanwTcs S03MOMHOCTY W NEpCRex-
TUBB Pa3BUTHA IPPEKTMBHBIX WCTOYHWMKOE Wonos NRAP OUAM ANR UMKNOTPOHHOrO KoMn-
nekca yvknoTpoHoe Y-400 w Y-400M.

PaBoTa swnonuera B NaboparTopuv sgepHeix pearkuwid OWAW.

TIpenpunt OObenMKeHHOro HHCTHTYTa AREPHbIX HecnenoBatil. IyGue 1989

Kutner V.B. et al. E7-89-492
The Efficiency of Consuming Rare Isotopes
in a Pig lon Source

The efficiency of consuming a working substance in the cyclotron arc jan
source during aperation at the LNR JINR cyclotrons is analyzed in comparison
with the results obtained for the ECR ion source ot GANIL and the Berkeley
cyclotron. The experimental results are described, which have been obtained
during the acceleration of rare isotopes ion beams {Mg3Ge) 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 fon beams, including
the radicactive 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,

Preprint of the Joint Institute for Nuclear Research. Dubna 1989
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