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INTRODUCTION: The nuclear charge radius is one of 
the fundamental parameters that gives information about 
the effective interactions on nuclear structure. Muonic 
atoms are ideal tools for the study because the interaction 
between negative muons and nuclei can be accurately 
described by electromagnetic interaction. The energies of 
the X-rays emitted from the muonic atoms are measured 
for the investigation [1]. The study of muonic atoms for 
unstable nuclei, however, is little progress mainly be-
cause a large amount of radioactivity is needed. We have 
recently developed a new method using solid hydrogen 
film to produce muonic atoms with high efficiency. In 
this method, negative muons (μ−) are injected to solid 
deuterium film (D) in which nuclei of interest (A) are 
implanted beforehand, thereby muonic atoms being 
formed through the highly-efficient muon transfer reac-
tion: μ−D + A → D + μ−. The feasibility of this method 
was demonstrated for some stable isotopes and promis-
ing results were obtained [2]. In this study, the technical 
difficulties to be expected in applying this method to 
unstable nuclei, in particularly concerned with 
high-efficient recovering of residual radioactivities in 
deuterium film after experiments, is being approached 
using a radioactive-isotope beam from KUR-ISOL and 
dry ice film instead of solid hydrogen film. 
EXPERIMENTS: An apparatus capable of implanting 
radioactivities to dry ice film was installed at the beam 
line of KUR-ISOL [3]. This apparatus consists of two 
coolable copper blocks and one CO2 gas diffuser in the 
vacuum chamber. Dry ice film is formed on the surface 
of one cooled block (catcher) by sprayed CO2 gas 
through the diffuser and radioactivities are implanted 
into it. The amounts of radioactivities transferred from 
the catcher to the other block (trap) are examined under 
the different conditions of the film formation. In the re-
cent experiments, in order to improve the reproducibility 
of the transfer efficiency, the film forming parameters 
were controlled more finely by recording the vacuum 
degree in the chamber and the temperatures of the copper 
blocks using a data logger. Moreover, "standing collars" 
were attached on the four sides of the film formation 
surface so that more CO2 gas could retain near the sur-
face during film formation, and during transfer, the col-
lars covered the catcher-trap gap so that more CO2 gas 
could agglomerate on the trap block again. About 106 
ions of 146LaO+ were implanted into dry ice film on the 
catcher in every run. After the implantation, the 
pre-cooled trap was moved to the frontal vicinity of the 
catcher, and then the catcher was warmed by stopping 
LN2 flow. With this procedure, the atoms of 146Ce and 
146Pr, daughter and grandchild nuclides of 146La, were 
released from the catcher and were re-trapped on the trap 

together with CO2 gas. The transfer efficiency was 
measured by detecting the -rays emitted from each of 
the blocks after the transfer procedure.
RESULTS AND DISCUSSION: The four runs for the 
two types of films with different thicknesses were per-
formed in two-days of machine time, and their transfer 
efficiencies were measured. The higher efficiency was 
obtained although the reproducibility cannot be men-
tioned due to the small number of runs. (see Fig.1). As in 
previous reports, the transfer efficiency was derived from 
the peak counts of 454 keV gamma-ray of 146Pr for the 
catcher and for the trap by taken into account of the de-
tection efficiency of each Ge detector. The ratio of the 
counts for the trap to those for the catcher was 12.1:1, 
while the previous best value was 8.8:1 (=880%) [4]. 
 The experiments to obtain the absolute transfer effi-
ciency are planned while searching for the better condi-
tions for dry ice film formation. In addition to develop-
ing a highly efficient recovery method, the experiments 
focusing on the scattering of radioactivities during the 
implantation are also planned hereafter. 
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Fig.1 Transfer of radioactivities using a cold trap type re-
covery apparatus. Gamma-ray spectra of (a) the catcher and 
(b) the trap after the transfer. Gamma-rays of 146Ce (T1/2 =
14 m) and 146Pr (T1/2 = 24 m) were observed.
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