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1 Introduction

The gas mixing effect in ECR ion sources consists in a substantial
increase to the ion beam intensity with high charge states when a
second lighter gas is mixed into the plasma. The gas mixing effect
has been used widely in many ECR ion sources over the world[1,2].
But its mechanism has not been very clear. In order to improve the
highly charged ion production on DECRIS-14-2 [3] and study the gas
mixing effect experimentally, a set of experiments were performed on
DECRIS-14-2 with the first stage, negatively biased electrode [3] (no
first stage), and the first stage together with negatively biased poten-
tial. Different support gases ( helium, oxygen, neon) were tested to
the different main gases (oxygen, argoll, Xenon).

2 Experimental Procedures

DECRIS-14-2 is a 14 Glz compact ECR ion source particularly de-
veloped for the multiply charged ion production which will be coupled
to FLNR U-400M cyclotron. The structure of this source is shown in
Fig.1. The details of DECRIS-11-2 were described in Ref.[3].

All experiments about the gas mixing effect were done on DIECRIS-
14-2 with 10 Kv extraction voltage and 8 min extraction hole. The
source was optimized at a constant RF power-level of 200 W for all
.the highest available charge states. The main gas (beam-gas) and
support gas (mixing-gas) are fed by two seperated piczo valves. The
main gas is mixed up with the support gas at the common exit of the
piezo valves from where the mixed gas 1s fed into the source through
the coaxial line. The gas consumption and flow rate can be estimated
by the two calibrated valves which are controled by the high voltage
around 1 KV. The typical gas pressure for the bottle of the main gas
and support gas is approximately 200 ~ 300 mbar. All the ion currents
were measured by a Faraday-cup situated about 90 ¢ downstream
the exit of a 90 degree analyzing magnet, no any slits in the beam
line.

The experimental procedures are always same no niatter what kind
of ions are optimized, and no matter with the first stage and the
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Fig.1 Schematic form of DECRIS-14-2
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Fig.2 The gas mixing effect to highly charged ions of Xenon mixing
with oxygen with the first stage and the negatively biased electrode.
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negatively biased electrode. The source always begins to be tuned
with pure gas by optimizing certain high charge state, and then the
suppori gas 1s injected and the ion with the same charge state is
optimized. All the results compared between the gas mixing effect
and no gas mixing were obtained at the best optimization regime 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 experiments like the following procedure.

A little bit of main gas is fed into the source firstly after the cur-
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 and 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 1t at this level. What is the most important next
1s 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-
tively 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 optimized ion 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.



3 Experimental Results

The gas mixing effect to highly charged ions of oxygen, argon and
xenon was studied with support gases helium, oxygen and neon. 0
, Arllt and Xe|57 were always as typically optimized ions respectively
during all experiments. ’

The comparison of the gas mixing effect with the first stage 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
mixing effect with the negatively biased electrode are much less than
those with the first stage. In other words, the gas mixing effect is
restrained by the negatively biased electrode compared with the first
stage.

Only argon mixed with oxygen was tested when the first stage
together with a negatively biased potential. No any gas mixing effect
was found when we optimized Ar''* and Ar®*.

The experiments indicate that helium and oxygen have almost
same gas mixing effect to Ar''*. There is no much effect to Arttt
and Ar®t 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 Xel®t
increases from 21 g A to 28 p A by the gas mixing of neon with the
negatively biased electrode.

The consumptions of the main gases oxygen, argon and xenon at
different conditions are shown in Fig.3 which were obtained when we
optimized 0%t | Ar''* and Xe'®t 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 theoretically 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.5 The fitting between the calculated charge state distribu-
tions for argon mixed with oxygen and the experimental results from

DECRIS-14-2.
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electron temperature and density are relatively low 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 cffect. the beam intensity of the typically
optimized ions ( O%F . Ar''* and Xe'®* ) are improved averagely by
more than 1.3 times with 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 Arii”. 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 indicate 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 clectrons 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-



perimental phenomina. It is obvious that this phenomina can not be
explained by the previous interpretation to the gas mixing effect (ion
cooling). From this interpretation it seems that the increase of the

electron density should be one of dominant reasons for the gas mixing
effect.
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Edpemos A A. u ap. E9-95-112
JxCrepuMeHTANBHOE UCCIenoBanme odxpeKTa CMeLMBanMs rasos 8 DECRIS-14-2

IKCMEPUMEHTAIIBHO MCCTIEA0BAK 3DEKT CMEIIMBAHMS Ia308. IIposenena cepus IKCIEPUMEHTOB
Ha ucrounmke DECRIS-14-2 ¢ meproit cTynensio, ¢ OTPHMUATENBHO CMEHIEHHBIM 3JIEKTPOAOM
(63 nepBoit CTyIIEHN) M ¢ NEPBOM CTYNIEHBIO BMECTE C OTPHULIATEJIBHO CMEIEHHBIM 3JIEKTPOAOM.
Paanuvunble 6annactubie rasbl (reauit, KUCIOPOA, HEOH) GbUIM UCTILITAHB] BMECTE C Pa3AMUHBIMM
pa6ouMMy raszamm (KMUCIOPOZ, 4proH, KCEHOH). B COOTBETCTBYIOUIMX IKCHEPUMEHTAX UIMEPSICS
pacxoa pabouero rasa u K03(MULIMEHT CMEIMBAHMS. JKCHEPHUMEHTDI NOKA3BIBAIOT, UTO 3bdeKT
CMCIIMBAHMS Tra30B [POSIBJISETCS CHJIbHEE B CIYYAE MCMONb3OBAHMUS OTPHLATENBHO CMELIEHHOTO
a1exTpona 6e3 mepsoit CTYNEHM MO CPABHEHMIO C COBMECTHBIM MCHOIb30BAHUEM OTPULATENLHO
CMEIUEHHOIO JJICKTPOAA ¥ MEPBOH CTYNEHbIO. TIPU MCTOJIB30BAHMM CMEIUMBAHMS T430B DACXO
OCHOBHOTO ra3a ymeHbiuaercs 6osee uem Ha 60 % . IddexT cMelmpanms ra30s yBeTHIMBAET MHTEH-
CHBHOCTb ITyuKa MOHOB, HA KOTOPBIHA ONTUMHU3MPYETCS UCTOUHMK, Gosee ueM B 1,3 pasa ¢ orpuia-
TENLHO CMELIEHHDBIM HIEKTPOAOM M Gontee uem s 1,5 pa3a npu pabore ¢ neproit CTYNEHBO.

PaboTa Bbino.1HeHa B Jlaboparopuu anepHpiX peakumit um.I' H. D aeposa OUSU.

Coobuenne Ofbe tMHEHHOTO MHCTUTYTa SAEPHBIX UcCiiegoBanui. [ly6ua, 1995

Efremov A.A. etal. E9-95-112
Experimental Studies on the Gas Mixing Effect on DECRIS-14-2

The gas mixing effect has been studied experimentally. A set of experiments were performed
on DECRIS-14-2 with the first stage, negatively biased electrode (no first stage), and the first stage
together with negatively biased potential. Different support gases (helium, oxygen, neon) were tested
to the different main gases (oxygen, argon, xenon). The main gas consumption and the mixing ratios
were measured for the corresponding experiments. The experiments indicate that the gas mixing effect
is restrained by the negatively biased potential compared with the first stage. The main gas
consumption are decreased by more than 60%, due to the gas mixing effect. By means of the gas mixing
effect, the beam intensity of the typically optimized ions (0°*, Ar''* and Xe'®*) are improved
averagely by more than 1.3 times with the negatively biased electrode and more than 1.5 times
with the first stage.

The investigation has been performed at the Flerov Laboratory of Nuclear Reactions, JINR.
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