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‘ The gas- m1x1ng effect in ECR 1on sources consrsts ina substantlal.,
" .increase to the i lon beam 1ntensnty with- hlgh charge states when a

: second. lighter gas is mlxed into the plasma ‘The gas. mixing effect

has been used widely in many ECR ion sources over the world[l 2]

~But its mechanlsm has not been very clear. In order to improve the' R
' h1ghly charged ion production on DECRIS 14:2 [3] and study the’ gas Sl

- mixing effect experlmentally, a set of experiments were performed on -

 .DECRIS-14-2° ‘with the first stage negatlvely biased _electrode [3] (no' B
i first stage),’ and. the first stage together with negatlvcly biased poten-

= tlal ‘Different support gases ( helium, oxygen, neon) were tested to.

~ the dlfferent maln gases (oxygen argon xenon)

l’ 2 Experlmental Procedures

i -DECRIS 14- 21isa 14 GH& compact ECR ion source partncularly de— o
T veloped for the multlply charged ion productlon WlllCll will be coupled
~to FLNR U:400M cyclotron. The structure of this source is shown in~

o Flg 1. The details.of DECRIS-14-2 were described in Ref. [3]

S Al experlments about the gas mixing eflect were done on DECRIS- -

14 2 w1th 10 Kv extractlon voltage and 8 min extractlon hole The .

- source was optimized -at a constant RF power-level of 200 W for all ;
- the h1ghest available: charge states. - The main gas *(bearn- gas) and - -

. _ support gas (mixing-gas) are fed by two. seperated piezo valves. The

. main gas is mixed up w1th the support gas at thie common exit of the
" piezo valves from where the mixed gas is fed into the source through o
~ the coaxial line: The § gas consumptlon and flow rate can. be estimated

by the two cahbrated valves which are controled by the high- voltage

' around 1 KV The typlcal gas pressure for the’ bottle of the main gas

“and support gas'is approx1mately 200~ 300 mbar. All thc ion chrrents

were measured by a Faraday- cup sntuated about 90 ¢ downstream >
“the ex1t of a 90 degree analyzmg magnet no any sllts in thc beam’

lrne

; The experlmental procedures are always same no matter what klnd .
Ikof lons . are optrmlzed and no matter w1th the ﬁrst stage and the :

.
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Fig.1 Schematlc form of DECRIS 14-2
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» ' Charge States Q . ‘
Flg 2 The gas m1x1ng effect to hlghly charged ions of Xenon mlxmgk

" with-oxygen with the first stage and the negatively biased electrode.




negatively biased electrode. - The source a.lwa.ys begms to be tunedf o

with pure gas by optimizing certain high cha.rge sta.te and then the
support gas is injected and the ion with the same cha.rge state is
optimized. All the results compared between the gas mixing effect
and no gas mixing were obtained at the best optimization reglme of

the source so that 'we could understand the real and practical effect
of the gas mixing to the enhancement of highly charged ion currents.

We usually do the experlments like the following procedure.

- A little bit of main gas is fed’ 1nto the source firstly after the cur- E -
rents of the magnetic mirror coils and high- voltage of the source are

applied to, and then about 50 ~ 100 W RF power is coupled to the
source. The plasma is ignited ‘a.nd the ions are extracted from the
source which can be seen from the total load current , the profile
monitor and the current of the Fraday-cup. The currents of the lens

and the-analyzing magnet have to be optimized so that the ions with (

" the high charge state that we want to optimize can be transported and

selected efficiently. After that we increase the rf power little by little.

up to 200 W and fix it at this level: What is the most important next

is to optimize the gas flow rate and the currents of the two magnetic -

mirror coils in order to get the best optimization regime. The nega-
tlvely biased potential also has to be optimized if with the negatively
biased electrode.” We have to pay attention that the axial magnetic
field, the gas flow rate and the rf power don’t always match very well.
Several good regime often occur, but we have to find the best one to
make the current of the optlmlzed lon maximum and stable by the

~ best compromise between all those tuned parameters of the source. .

All the parameters, ion currents and spectrum can be recorded when
we are sure that we get the best regime. After completion of a set
of charge state measurements we have to check the reproducibility of

the beam current for the selected ion. At this moment, the second :
gas (support gas) can be fed into the source and we begin to tune and "

optimize the same ion charge state with the gas mixing. The opti-
mization procedures are similar to that mentioned above. The mixing

ratio between main gas and support gas plays a very important role - .
and we have to tune it very carefully to get a optimum mixing ratio. -

2N

3 _Experimental Results

- The gas mixing-effect to hlghly charged ions of oxygen, argon a,nd‘ E

Xenon was studied with support gases helium, oxygen and neon. oSt

, Arit and Xel3T were a.lwa.ys as typlcally optimized ions respectlvely o
durmg all experiments. ‘

The comparison of the gas mixing effect with the first’ sta.ge and the

‘negatively biased electrode for the typically optimized ions is presented -

in Table 1. The results of the gas mixing effect to highly charged ions-
of Xenon mixing with oxygen are summarized in Fig.2 with the first

| - stage and the negatively biased electrode.

We can see from Table 1 that the enhancement factors of the gas

o 'rn1x1ng effect with the nega.tlvely biased electrode are much less than
- those with the first .stage. In other words; the gas mixing effect is
- restrained by the nega.tlvely blased electrode compared with the first
- stage.

Only argon mlxed with oxygen was tested when the first stage

o together with a negatively biased potential. No any gas mlxmg effect -
~was found when we optimized Ar''* and Ar®*. -

- The experiments indicate that helium and oxygen have almost

~same gas mixing effect to Ar''t. There is no much effect to Arl1+
“and Ar®" when neon as a support gas. With neon as support gas, the
" gas mixing effect to the high charge states of xenon is obvious, but

the effct is less than oxygen (at least @ <20 ). The current of Xe!®*

- increases from 21 p A to 28 u A by the gas m1x1ng of neon with the
'nega.tlvely biased electrode.

The consumptlons of the main gases oxygen, argon and xenon at

. _different conditions are shown in Fig.3 which were obtained when we

optimized O%* , Arl'* and Xe!'8* respectively. All of the gas con-

' sumptions in Fig.3 are estimated from the two calibrated piezo valves. -

The calibrated curves for the two valves are shown in Fig.4.
The gas mixing effect was also studied theoretlca.lly on the base of

- a simple balance model [4]. The calculated charge state distributions

for argon and xenon mixed with oxygen are fitted with the experi-
mental results from DECRIS-14-2, as.shown in Fig.5 and Fig.6. In

~order to fit with the experimental results, in our calculations the hot
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Fig.4 The calibrated curves of the two piezo valves used in the

ts.

experimen
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tions for argon mixed with oxygen and the experimental results from

- DECRIS-14-2.
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o f‘electron temperature and densrty are relatlvely Tow because the mi- -

* ‘crowave power that we used in our experiments was very low ( less

‘than .250-W ). Fig.5 and Fig.6 indicate that the calculations are in
good agreement with the experimental results.

4 Discussion and Conclusion

By means of the gas mixing effect, the beam mtenslty of the typically

optlrnlzed ions ( O°t , Ar'!* and Xe'®* ) are improved averagely by
more than 1.3 times w1th the negatively biased electrode and more
than 1.5 times with the first stage. The gas mixing effect not only

. improves the currents of the highly charged ions, but also decreases

the main gas consumption by more than 60% on average which is very
promising and interesting to the radioactive ion production. Oxygen
is the best support gas and very effective to the high charge states of -
xenon and argon. The mixing ratio between main gas and support
gas is different for different ions and different support gas with the
first stage and the negatively biased electrode.: For DECRIS-14-2 in
optimization of ArjyT, the mixing ratio changes from 20% argon , 80%
support gas to 40% argon , 60% support gas with negatively biased

potential and with first stage when oxygen and helium are used as
~support gas.

The experiments 1nd1cate that the gas mixing effect is restrained
by the negatively biased potential. The negatively biased electrode
works as a plasma cathode to collect ions and repel the plasma elec-
trons into the central plasma, meanwhile, it also provides electrons
from secondary emission of impinging plasma particles. That means
the additional electrons are injected into the ECR plasma with a neg-
atively biased potential. When an ECR ion source works at the best
optimum regime, the density of the electrons might reach the value
near the cut-off density (a constant value) . when additional electrons
are injected into the ECR plasma with a negatively biased potential,
the gas mixing effect must be limitted if we think one of functions
for the gas mixing effect is the increase of the electron density. If
one of mechanisms for the gas mixing effect were not the increase of
the electron density, then it would be very difficult to explain this ex-



'

perlmental phenomma It is-obvious. that this phenomlna can’ not be
explained by the previous lnterpretatlon to the gas mixing effect (ion
cooling). From this interpretation it seems that. the increase of the

electron dens1ty should be one of dominant reasons for the gas mlxmg .

£

effect.- o L )
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E)xcnepnmemanbnoe uccxenoaar—me 3¢d)exra cmemusar—mn rason B DECRIS 14 2 Co :

3xcnepumemam>no uccneuonan :qu;exr ..MCII!HBaHHSI rason Hpone;(er-ra cepust axcnepmemon
na’ wcrounnke DECRIS-14-2 ¢ nepsoit’ cryneHbro, €. OTPHLIATENBHO CMEIIEHHDIM 3nexrponom
“(6ea TepBOii. CTyNEHM) U ¢ mepeoit CTYIEHBIO BMECTE C OTPULIATENBHO CMEIUEHHBIM JEKTPOROM.
Paannunele 6amnacrubie rassi (renmit, KMCIOPOR, Heor-r) (65LTM MCIIBITAHEL BMECTE C PA3TIMUHBIMM
‘paGqum rasamu (xuc.nopo;(, aproH, KCeHoH). B coorsercrsyromnx IKCTIEPHMEHTAX H3MEPSUICS
pacxon pa6oyero rasa u koadduument CMeIMBaHUS. DKCTIEPUMEHTBI MTOKA3BIBAIOT, uTO adidexT
CMEmMBaHKs Ta30B NPOSBISETCS CWJIBHEE B CITYYae MCTIONb3OBAHUS OTPUIATENHHO CMEMEHHOro
anexTpona. 6ea nepBoii CTYNEHN N0 CPaBHEHHIO -C COBMECTHBIM MCIONB30BAHHEM OTPHUATELHO *
CMEI(EHHOIO JMIEKTPOA M NEPBOH CTYNEHBIO. Tpu - MCIIONE30BAHNH CMEIIMBAHNA Ta30B PAacXof
OCHOBHOIO ra3a ymeHbmaeTca Gonee uem Ha 60 %+ dbdekT cmemmpanns ra30B yBENMINBAET MHTEH-
CHMBHOCT [TyKa HOHOB, Ha KOTOprH onrumusupyercn HCTOYHMK, Gonee ueM B 1,3 pasa ¢ orpuua—

TENBHO CMemeHHblM snem'ponom n 60:xee uem s 1 5 pasa npH pa60're c nepnovx mynebeo

PaGOTa sbmo:mer-ra B JIaGoparopuu smepr-rbrx peaxuuu HM. I‘ H. (Dnepona OI/ISII/I

S ‘(;o06uiem{re O6beziHeHHOro MHCTHTYTa SAEpHBIX nccnenoéannifr. Jly6ua, 1995
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Experlmental Studtes on the Gas Mxxlng Effect on DECRIS 14 2 ’ : o
The gas nuxmg effect has been studted expenmentally A set of expenmems were performed :
on DECRIS 14-2 with the first stage, negatively biased electrode (no first stage) ‘and the firststage
together with negatively biased potentral Different support gases (helium, oxygen, neon) were tested.

“tothe different main gases (oxygen, argon, xenon). The main gas consumption and the mtxmg ratios | .

were measured for the corresponding experiments. The expenmentsmdtcate thatthe gas mixing effect.
is restrained by the negatively. biased . potential compared with thefirst stage.’ The main ‘gas’
consumpnon are decreased by more than 60%, due to the gas mixing effect: By means of the gas mixifg

effect, the beam intensity of the typtcally opnmlzed ions (0°*, Ar''* and Xels ) are improved -

averagely by more than 1.3 ttmes wnh the neganvely blased electrode and more than l -5 times
with the flm stage. . ) R ; E - : :

The 1nvest1gat10n has been performed at the Flerov L'iboratory of Nuclear Reacnons JINR




