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Formation of metastable states with high spin was observed following the capture of stopped negative pions

by nuclei.

Using the slow-pion beam of the synchrocyclotron of
the Nuclear Problems Laboratory of our Institute, '!!
experiments were performed on the activation of heavy
nuclei by pions. The identification of the produced
isotopes was based on the y rays emitted in the decay,
using a high-resolution Ge(Li) detector.

In the reaction '®!'Ta (7~ 4n) we observed the isomer
Y""Mmapg, with /*=37/2". This isomer was observed
earlier by Y. Chu ef al.'®! in the reaction "*Yb (o, 3n)
'"™m2Hf. Figure 1 shows a section of the spectrum of the

y rays from the decay of the Hf isotopes produced in the
reaction ®'Ta (7", xn). All the y rays connected with
the decay of *""™2Hf (51. 4 min) and of the isomer 1
(1.1 sec), which is in equilibrium with it, have been
identified. The half-life determined by measuring the
214-keV y line is 51,6 min, in accord with the known
data.

The formation of metastable states with high spin is
observed also following the capture of pions by other
nuclei. Thus, e.g., bombardment of lead by negative
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FIG. 1. Section of y-ray spectrum of the Hf isotopes obtained by bombarding a Ta target with negative pions. The numbers de-

signate the energies of the y rays of the !"’Hf isomers (in keV).
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FIG. 2. Section of the spectrum of the y rays of Pb isotopes obtained in the reaction Bi(r~, xn).

pions excites the isomers **"TI(7*) and **™T1(7*) with
the unusually high isomer ratio'® £=¢m/0g=5.0.

When pions are captured by bismuth nuclei, the
metastable states *"Pb(13/2"), 9°"Pb(13/2°),
0LmpK(13/27), *2"Pp(9°7), and *°*"Pb(9) are produced'!
(Fig. 2).

High-spin states were also obtained in the reactions
Pi(7", ) ¥°"Ir(117) and Hg(n, xn) °5™Au(12").

The very fact of excitation of high-spin metastable
states following capture of negative pions is surprising.

As is well known, the capture of a pion by a heavy
nucleus occurs principally at the instant when the nega-
tive pion is on the orbit 4f of the pionic atom. The pion
having zero spin can impart to the nucleus in this case
only its orbital angular momentum, which is equal to
3%. It might seem that the probability of excitation of
high-spin states of the nucleus should be low. At pres-
ent there are no theoretical studies to indicate the
mechanism whereby such states are excited when pions
are captured by nuclei.

In our opinion, the observed effect may be due to the
fact that the pion is captured predominantly by nucleons
that are in states with large orbital angular momenta.

The authors are grateful to V. P, Dzhelepov, L.I.
Lapidus, and K. Ya. Gromov for support and for useful
discussions.
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