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Experiments on the activation of heavy nuclei by pions 
were performed using a slow pion be2.n1 from the Dubna 
synchrocyclotron • / 1 / 

Produced isotopes were identified by means of gamma-
rays emitted in ihe decay with a high resolution Go (Li ) -
detector. 

The 1 7 "" 1 2 Hf isomer with p , y,'2~ w a s observed in the 
""Taf ,7".-in ) reaction. Ear l ier this isomer was obtained 

by Y.Chu et a l . / 2 / in the l 7 , , Yb(» ,3n) 1 T 7 m 2 Hf reaction. 
Fig. 1 shows a part of the gamma-ray spectrum from the 
decay of isotopes produced in the '"'Ta( - _ , xn ) reaction. 
All gamma-rays related to the l 7 7 m 2Hf (51.4) with 1 7 7 , n HU 
in equilibrium (1.1 sec) were identified. The half life 
measured by means of a 214 keV gamma-line is 51.6 min, 
which closely resembles the known data. 

The production of metastable high spin states is 
observed for other nuclei also. Thus., e.g., when i r rad ia
ting Pb with negative pions the i somers 1 У 6 m Tl(7 4 ) and 

i9BmTi(7+l have been obtained >'-1' with an unusually high 
isomeric ratio £ =o-rr/r/g =5.0. 

When pions a r e captured oy Bi nuclei, the following 
metastable states a r e formed:' < J 7 mPb( 13/2 + ) ^ 9 m Pb(13 /2 + \ 

2 0 1 * Р Ь Ш / 2 + ) , 2 0 2 п , Р Ь ( 9 - ) , 2 **™Pb(9-) / 4 / (Flg. 2). 
The high spin states in m i r ( l l - ) and 1 9 6 m Au(12-) were 

obtained when irradiating platinum and mercury. 
The fact itself of the excitation of high spin states in 

negative pion capture seems surprising. 
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Fig. 1. The part of the gamma-ray spectrum of Hf isoto
pes produced in the Та (,7- xn ) reaction. The numbers 
indicate the energies (keV) of gamma-lines of ITTHf iso
mers. 



ШЧскигог 1-96 

(_6)qdm7078 99Z. 
и1/£№ёшШ ZLL 

(-6)qdui Zoj5^S9-

4 о 

о 
сэ or 

m 

_1 
ш 
Z 
z: 
< 
х 

I SINnOO 

5 



As is known, pion capture by the nuclei o:f heavy ele
ments proceeds mainly from the 4f orbit of the pionic 
atom. Since the pion has zero spin, only its orbital 
momentum 1 = 31i can be t ransferred to the nucleus. 

It might seem that the probability of the excitation of 
nuclear high spin states should be mall. At present 
there a re no theoretical investigations describing the 
mechanism of the excitation of such states in pion capture 
by nuclei, 

In our opinion, the observed effect might be due mainly 
to pion capture by nucleons having a large orbital momen
tum. 

The authors consider it their pleasant duty to thank 
Profs. V.P.Dzhelepov, L.I.Lapidus and K.Ya.Gromov for 
support and helpful discussions. 
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