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Please report your samples, experimental method and results, discussion and conclusions. Please add figures and
tables for better explanation.

1. ¥ Name of sample(s) and chemical formula, or compositions including physical form.

Co metal (5 x 50 x 50 pm)

2. RBRAERVER (EBRNSIFWOIGENOFHE . TOEHZLRL TSN, )

Experimental method and results. If you failed to conduct experiment as planned, please describe reasons.

The unusual chemical species and anomalous oxidation states of “exotic atoms” produced by nuclear reactions
and nuclear transformation have been investigated by combining nuclear probes and in situ characterization
technique. It is well known that exotic atoms are produced following negative muon capture as well as hot atoms
by neutron capture. Backenstoss et al. reported the distributions of excited nuclei formed after negative muon
capture process and determined the probabilities for the emission of the number of neutrons, by identification of
y-radiation emitted from the excited states. They succeeded to measure some of the excited sublevels produced
by the reaction of YCo (p, 2n) "Fe* with a monoisotopic YCo metal, but could not obtain the first excited level
of 14.4 keV that is a Mdssbauer transition for °’Fe [1].

The experiment [2012B0178] was performed at D2 port at the MLF Facility in J-Parc. A Co metal foil with a

thickness of Sum was placed at the target position in the end of the beamline. The y-rays and the muonic X-rays

emitted from Co as a result of the pu~ capture process were measured by Ge semiconductor detector, then the
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2. EERAERUFER (DDF) Experimental method and results (continued)

momentum of the negative muon were optimized to be 30 MeV/c. Energy spectra of Co that captured negative
muon with the momentum of 30 MeV/c is shown in Fig. 1. It was found that the peak intensities of the 122-keV
y-transition were too weak, and the peak position was overlapped with that of uN(3-1). Since the y-ray with the
energy of 122 keV is a precursor of *’Fe Mossbauer y-ray of 14.4 keV, it was suggested to be really hard to

measure the in-beam Mdssbauer spectroscopy in a simple experimental layout. Then, the obtained muonic X- ray
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Fig. 1. Energy spectra of Co that captured negative muon with the momentum of 30 MeV/c.
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spectrum was analyzed by the delayed components just after pulsed-muon irradiation. Most of the characteristic
X-ray peaks were disappeared. However, both y-transitions of 14.4 and 122 keV could be extracted, since they have

the life-times of approximate 100 ns, as shown Fig. 2 (a) and (b).
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Fig. 2. Delayed X-ray and y-ray spectra of Co irradiated by negative muon with the momentum of 30 MeV/c.

The experimental configuration including the target layout and the detection system will be optimized and

improved further for the in-beam Mdssbauer spectroscopy.




