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Abstract

Production of Cs and Fr isotopes from uranium carbide targets of a high density has been investigated at IR1S (Investigation Radio-
active [sotopes at Synchrocyclotron). Gatchina. The UC target material with a density of 12 g/cm” was prepared in a form of pellets.
Two targets were tested on-line under the same temperature conditions: (a) a reference small target with a thickness of’ 4.5 gfem?: (b)
a heavier (so called intermediate) target with a thickness of 91 g/cm”. Yields and release efficiencies of nuclides with half-lives from some
minules to some milliseconds produced by 1 GeV protons in these targets are presented. It is remarkable that yields. even those of very
short-lived isotopes such as ~'*Fr (T,,» = 5 ms) and “"Fr (T),~ = 20 ms). increase proportionally to the target thickness. A one month
ofi-line heating test of the 91 g/cm” target at a temperature of 2000 °C has been carried out successfully. The yields and release efficiencies
of Cs und Fr measured on-line before and after the heating test coincided within the limits of measurement ervors, thereby demonsirating
the conservation of the target unit parameters. Based on these very promising results. a heavier target with a mass about 0.7 kg is
prepared presently at IRIS.
© 2008 Elsevier B.V. All rights reserved.

PACS: 25.40.8c: 28.60.4-S; 29.25. Ni: 20.25.Rm

Kevwards, Uranium carbide target: lonising target: Massive target: Yield: Delay time

1. Introduction

This work is devoted to off-line and on-line mvestiga-
tions of uranium carbide target of a high density [1.2] to
establish whether these targets are efficient for production

of neutron-deficient and neutron-rich nuclei far [rom
stability. The next generation ISOL facilities [3.4]. where

neutron converters will be used for secondary neutron
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production. require uranium carbide target having a big
mass up to some kilograms. Presently there is no universal
model for reliable calculations of the target release charac-
teristics determined mainly by diffusion and eflusion
processes 1o estimate the release parameters of such a big
target. So the prediction of the produced vields for a very
massive target can give an error up to some order ol mag-
nitude. To investigate the influence of the target mass and
volume increase on the target characteristics. the tests of
the target with the “mtermediate” mass of uranium carbide
of about 100 g were carried out to compare its characteris-
tics (vields and delay parameters) with those of the smaller
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ed here focus on the

reference target. The results present
namely

development of this intermediate_ mass PJC' target. nel
long-term stability and comparison 91 the _\-'l?]dﬁ of Cs
anthr isotopes with those obtained with the rcllerence lz'n'-
get. The following step in the dev;]opn{cm of high density
targets is the construction and lestmg_ol a target prolotype
with UC mass about 700 g. which is 1/3 of the current

design of SPIRAL-2 [4].

2. Target construction and experiment description

A schematic view of the used target assemblies 1s pre-
sented in figs. 1 and 2. The 1omzing target described in
[1,5] has been used as a reference small target (Fig. 1). This
small target with high density pellets (HDP) had uranium
density = (11.5+ 0.5) g/fcm® and grain size about 20 pm.
Dimensions were: thickness = 4.5 g/cm?, mass = 4.4 g.
length = 3.9 mm, diameter = 11.2mm. There were 2 pel-
lets, each of 1.9 £ 0.1 mm thickness. The first containment
was a graphite tube with inner diameter 12 mm and wall
thickness about 1 mm. The external container in tung-
sten-tantalum was 57 mm long and 16 mm in diameter.
Since we intended to compare yields of nuclides with low
ionization potentials, namely the alkalis Rb. Cs and Fr,
the small ionizing target did not have an ionizer. As a mat-
ter of fact, ionization of these elements occurs on a hot
mner surface of the tungsten—tantalum target container
with a high efficiency. The application of the appropriate

Extraction electrode

V. N. Panteleer et al. | Nucl. Instr. and Meth. in Phys, Res. B 266 (2008 ) 42474251

sign of potential of DC current heating the target container
can direct the produced radioactive ions to the exit target
hole towards extraction electrode accelerating by this way
the eflusion process.

An intermediate high density pellet target (Fig. 2) con-
tained pellets of the same target material and dimensions
as used i the reference target, placed in two graphite
tubes with the inner diameter of 12 mm. The target thick-
ness was 91 g/em”, target mass was 90 g. The external two
tungsten-tantalum containers, each 70 mm length and
16 mm n diameter, were connected to a surface ionizer.
The 1onizer was a rhenium tube with inner diameter of
1.5mm. The targets were exposed to 1 GeV proton beam
of intensity of 0.05-0.07 pA. As in our experiments the
beam spot dimension was considerably larger than the tar-
get cross-section and the distribution of the proton beam
mtensity across the target was uniform in both used geom-
etries (parallel or perpendicular beam direction). the target
thickness in both cases was calculated by the same way
along the target axe. In both cases as well the proton beam
intensity was measured through the cross-section of
11.2 mm in diameter.

The isotopes were selected by the field of the mass-sep-
arator magnet. collected on a tape and transported to
appropriate detectors to be identified by characteristic a-.
p- and y-radiation. A more detailed description of the mea-
surement procedure and the yield determination from the
obtained data can be found in [2.6].
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Fig. 1. Schematic view of a small target.
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Fig. 2. Schematic view of an intermediate target.

3. Experimental results and discussion

For the targets to be compared the yields and release
times have been measured in similar temperature condi-
tions in the temperature interval of 1900-2100 “C. All the
vields shown are normalized to a target thickness of 1 g/em’
and 0.1 pA proton beam current. The so-called “normal-
ized” vyields of neutron-rich Cs isotopes from a small
(4.5 g/em?) and intermediate (91 g/cm”) HDP targets are
presented in Fig. 3. The yield values of Rb, Cs and Fr iso-
topes from a small 4.5 g/em” target were measured in
December 2005 [6]. In the table A 2.11 of [6] Rb and Cs
yields measured only by vy-detector were given. In this
paper the final evaluation of the data, taking into account
also the p-measurements have been presented. The Fr
vields obtained at 7= 2190 °C were processed later and
therefore have not been included into the data of [6].

The trends with a mass number for a small and interme-
diate target — as well before and after one month heating —
are rather similar. The yields from 91 g/cm” target before
and after the heating test are equal within the limits of mea-
surement errors. This confirms that the properties of the
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Fig. 3. Normalized yields of neutron-rich Cs isotopes from a small (4.5 g/
2 - . a
cm”) and intermediate (91 gfem™) HDP targets.

target-ion source unit have not changed during the heating
period.

Globally. the normalized yields from the intermediate
target are about two times higher than those from the smal-
ler reference target. This increase can be explained by the
neutron-rich 1sotope yield enhancement due to higher
amount of reactions produced by secondary neutrons in
the heavier mass target.

The release curves of long-lived '*°Cs (T, =9.27 nun)
measured at 7= 2000 °C (not presented here] are close
for all investigated targets. Similarly to the results obtained
m our earlier works for high density UC targets [1.7] the
measured release curves have a fast and slow component
of about one and twenty minutes with errors up to 40%.
To define more precisely a long component of the release
curve an isotope with a half-life considerably longer than
expected delay time should be used. In Fig. 4 the release
curve measured with '*2Cs (T)» = 6.48 days) 1s presented.
The longest component can be reliably measured in that
case. It 1s about 4 h. It seems possible that the longest com-
ponent measured with 139Cs is a mixture of the short and
long components measured now. The release curve of
long-lived '**Cs was measured from the target with three
pills of the same HDP target material of 6.5 g/em’
thickness.
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Fig. 4. Release curve measured with B2Cs {T)j» = 6.48 days).
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In Fig. 5 the normalized yields of Fr isotopes extracted
from the 4.5 g/em” and 91 g/cm® HDP targets are pre-
sented. Therefore, absolute yields increase proportionally
to the ratio of the target thicknesses. To compare the
release properties of the tested targets, the measured yields
of Fr isotopes from a big target have been divided by the
yields of the same isotopes from a small target and normal-
ized to the unity at the **Fr (half-life 14.2 min). Plot of
these ratios, as a function of the isotope half-lives. i1s shown
in Fig. 6. It shows that the ratio of normalized yields of Fr
isotopes from a small and big target is close to 1 within the
limits of measurement errors in a wide range of half-lives.
The most remarkable result is that there are no loses of
the yields of very short-lived Fr isotopes 21Fr (T =
5ms) and *"°Fr (71> =20 ms), when the target mass was
increased by twenty times. An unexpected high ratio for
*“Fr can be explained by a high measurement error of this
1sotope yield for a small reference target. In Fig. 7 the plot
of the ratios of the yields of Cs isotopes from the interme-
diate and small target versus isotope half-lives is presented.
The ratios have been normalized to the unity at the point of
“OCs (T)/» = 1.05 min). As one can see, similar to the Fr
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Fig. 6. Ratio of normalized vields of Fr isotopes from an intermediate
(91 g/em®) HDP and a small (4.5 g/ecm?) targets.
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Fig. 7. Ratio ol normalized yields of Cs 1sotopes from an intermediate
(91 g/cm®) HDP and a small (4.5 g/cm™) targets.

1sotope yields. there are no losses of the yields of Cs
short-lived 1sotopes [rom the intermediate mass target.
But situation with Cs isotopes 1s not so evident as for Fr.
Some compensation of the yield losses can be due to the
short-lived isotope yield enhancement by secondary neu-
trons in the heavier mass target. The question still remains
about a lower overall efficiency of the HDP material com-
paring to HDR (high density rod) or LDP (low density pill)
target materials [6]. Preliminary we can suggest that it is
due to a very long component of the release (see Fig. 4).
Additional on-line tests will be carried out to verify this
suggestion.

The very encouraging results about alkali yields increase
proportionally to the target mass have stimulated the con-
struction of a new even bigger target with target material
mass of about 0.7 kg, which is presently tested ofl-line at
the IRIS test bench. The new high density pellet target
has the following characteristics: pellets of 25 mm in diam-
eter and 2 mm thickness made of already used 5 pm grain
target material. The UC pellets are contained in two inter-
nal graphite tubes with the inner diameter of 26 mm. The
target thickness is about 160 g/cm”. The second contain-
ment consists of two tungsten—tantalum containers con-
nected to a tungsten tube of 1.5mm inner diameter
acting as a surface lonizer. A tungsten tube 1s used as a
surface ionizer. Each of the exiernal tungsten-tantalum
containers is 100 mm in length and 30 mm in diameter.

4. Conclusion

The yields and release of on-line mass-separated Rb. Cs
and Fr isotopes (in this paper only Cs and Fr are discussed)
produced by fission and spallation of Z¥U induced by
1 GeV protons have been studied for a high density UC pill
targets with the target material thicknesses of 4.5 g/cm”
and 91 g/em” (intermediate mass target). The yields and
release curves of Cs 1sotopes were measured from the
intermediate target before and after 1 month heating test
without beam and remained both unchanged. The yields
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of Fr and Cs isotopes measured for a small and intermedi-
ate target have shown the produced yield increase for tested
target proportionally to the ratio of the target thicknesses
even for very short-lived isotopes 24Er Ty» =5 ms),
29Fr (T2 = 20 ms) and '*°Cs (T = 321 ms). 1t is a very
encouraging result as it shows that the limit of the target

mass increase has not been reached yet for production of

short-lived alkalis. Consequently, the construction and
ofl-line testing of a UC target with uranium mass ol about
(0.7 kg have been initiated.

A very long component of the release curve which of

. 132 %
about 4 h have been observed using the 6.49 days 7~Cs iso-
tope. The reason for such a slow release process of alkalis
will be investigated in [ollowing experiments.
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