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KayH K., Holi6epT B., llJyJibue B., CTapbr <1>,, PaKHBHeHKo lO,H., 
KmoqapeB A.n., nyuuK B.A., CKaKyH E.A., PoMaHHli H.A., E6 - 6809 
neKep n.K., BonMSIHCKHli 3.H. 

l130MepHOe COCTOSIHKe C BbiCOKHM CllKHOM B SlApe 
204 

Bi 

B SlApe 204 Bi 6hrno ~alineHo uaoMepuoe cocToSIHHe c nepuonoM 
nonypacnana T Y. = 1,1 MCeK K co cnuuoM 111 

= 16+, ucnonb3YSI peaKUHH 
C T S!lKenbiMH HOH8MH H a -'18CTKU8MHo 3TO COCTOSIHHe OllHCbrBaeTCSI '!eTbrpex
KB83K'I8CTH'IHOil KOHqmrypauueil 1T ( h 9; 2 ) I II ( { 5; 2 r

1 
11( i u/2 ) -

2
• 

llpenpHHT 06oe,WtHeHHOrO HHCTHTyTa HAepHbiX HCCJieAOBaHHii. 

,lzy6Ha, 1972 

K K H N b W S h . . E6 - 6809 aun . - , eu ert . , c ulze W., Stary F., ·. 
Rakivnenko Yu.N., Klyucharev A.P., Lutsik V.A., 
Skakun E.A., Romaniy I.A., Peker L.K., Volmyanski E.I 

A High-Spin Isomer in 
204

Bi 

By making use of heavy ion and alpha! particle 
induced reactions an isomeric state was found in the 

204 Bi nucleus, which has a half-life of T Y. = 1.1 ms 
and the quantum characteristics 1 11 = 16+. The four-quasi
particle configuration II 0 I rtrf /2 F1 

1T(h9/2 )
1 has been 

ascribed to this state. 
132 5 
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has a half~ life of T ~ = 13 ms and an excitation ener 
·Further investigations at the heavy ion cyclotron U-:J 
Institute for Nuclear Research in Dubna and with 
the linear accelerator of the Physico'-Technical Instit 
showed that another isomeric state exists in 2 04 B1 
excitation energy of 2795 keV and a ha1f-l~fe of T. ~ . = 
second isomeric. state was excited by the reactions 198 J 

and 2o3 Tl(a,3n) 204 Bi . In both cases metallic ·tar1 
to more than 90% were used .. In Dubna the prom 
gamma ray spectra and .lifetimes were measured with 
tors. In Kharkov the conversion electron spectra, 'the 
excitation functions of the. delayed transitions were 
an ironfree magnetic spectrometer I 41 . . The threl 
excitation of the 1.1 ms isomer lies about 2 MeV 11 
threshold for the 13 ms isomer, also populated in the · 2 

reaction, which indicates, that this state hasahigh.exc 
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From earlier investigations oC isomers in the doubly odd 
Bi nuclei with A = 198, 200, 204, 206 and 208 two-quasiparticle 

isomers with the characteristics 117 
= 10- are known /1.2,3!, wliich 

have the configuration 11( h 
9

; 2 ) 
1v (i 13 ; 2 ;- 1 • In 204 Bi this state 

has a half-life of T ~ = ._13 ms and an excitation energy of 808 keV. 
'Further investigations at the heavy ion cyclotron U-300 of the Joint 
Institute for NuClear Research in Dubna and with a -particles at 
the linear accelerator of the Physico-Technical Institute in Kharkov 
showed that another isomeric state exists in 204 Bi which has an 
excitation energy of 2795 keVand a half-l~fe of T ~ = 1.1 ms. This 
second isomeric state was excited by the reactions 198 Pt( 11B,.Sn) 204 Bi 
and 2o3 Tl (a ,3 n) 204 Bi . In both cases metallic targets, enriched 
to more than~ 90% were used. In Dubna the prompt and delayed 
gamma ray spectra and lifetimes were measured with Ge(Li) detec
tors. In Kharkov the conversion electron spectra, the lifetimes and 
excitation functions of the delayed transition·s were ·recorded with 
an ironfree magnetic spectrometer I 41 . The thresho~d for the 
excitation of the 1.1 ms isomer lies about 2 MeV higher than the · 
threshold for the 13 ms isomer, also populated in the · 20 3Tl ( a,3n) 204 Bi 
reaction, which indicates, that this state has a high excitation energy 
and high angular momentum. A detailed description of the experimen
tal technique; the obtained spectra and the analysis of the experimen
tal results is given in a forthcoming paper. In table 1 the experimen
tal results on energies, relative gamma ray and conversion electron 
intensities and the intensity ratios of the transitions in the prpmpt 
and delayed sp.ectra are su.mmarized. In addition the experimentally 
determined conversion coefficients and the multipole order deduced 
from them ·are presented. 

. Figure 1 shows the decay scheme of the 1.1 ms isomer in 204
Bi 

The deexcitation Jakes place by a stretched cascade to the 10- isome
ric state, which leads to the conclusion, that the spin and parity 

3 



values I 17 = .16 + are to be ascribed to the 1.1 ms isomer. The 
stretched cascade deexcitation may be concluded from the fact, that 
within the experimental errors nearly the same transitionintensity 
was found for each delayed transition, listed in table 1. ~The sequence 
of the transitions was deduced from the. comparison of the relative 
gamma ray infensities of the prompt and delayed spectra: (table 1, 
column 3). From this comparison and the experimentally obtained 
multipole order the.l82 keV transition is suggested to be the isomeric 
transition. Our data do not unambiguously determine the 93 keV -
736.5 keV sequence, but the fact that they are of nearly equal 
intensity indicates that they arise from states of approximately 
equal energy and not from states of 736.5 keV energy difference 

·as the reverse level sequence would suggest. The proposed position 
of the 1.1 ms isomer is particularly confirmed by the fact, that the 
threshold for exciting the Ll ms isomer is more than 2 MeV higher 
than the threshold for exciting the 10 7 · isomer. The existence of 
a stretched cascade without further branching gamma transitions 
indicates a monotonously increasing or decreasing spin sequence. 
A decreasing sequence can be excluded, since otherwise delayed 

·transitions should be observed, which do not belong to the cascade,· 
such as the direct deexcitation of the 1.1 ms isomer to the low lying 
states of 204 Bi. The deexcitation of the 1.1 ms isomer by the observed 
cascade with increasing spin directly to the ground state is excluded 
because no branching transitions to the 10- isomeric state were 
observed. If we assume decreasing spin sequence, an I" = o-

. assigment for the isomeric state and feeding in the 2 04 Po gr. st. 
decay are to be expected. However, no y -transition observed in the 
. 204 Po -. 204 Bi decay corresponds to our y -transitions in table 1. 

On the basis of these. arguments the level scheme of fig. 1 was 
established. The high spin value I 17 = 16 + of the 1.1 ms isomeric 
state cannqt be explained by any two-quasiparticle configuration, 
because the coupling of two i 13/2 particles results in a maximum 
spin value I. = '12. Therefore, we conclude that the structure of 
this state is more complex. By comparing this structure with the 
adjacent even-even core 202Pb we find, that an angular momentum 
I" = 16+ can arise from two-neutron states [v(i u/2 )-1 v(p 3;2 J-1lr 
[v(i 13/2) -

1 v (p 1/2 ;-
1 17- or [v(i 13f2F 1v( {5;~- 1 ]9- co

upled to the ( TT ( h 9/2 ) 
1 

V ( i 13 /2 F 1
) COnfiguration, WhiCh iS respon

Sible for the 10 - isomer in the doubly-odd Bi nuclei. In order to 
find out the structure of the highly excited isomeric state in 204 Bi we 
calculated the matrix elements ·of the four-particle configuration 
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<rr(h 9/2) vl (j) 112' 

. -2 
v23 (' 13/2) · 13 ; I>· 

for residual interacti 
type. ln place of i 
hole. The Wigner force 
multiplet, as shown i 
forces.<toes not change 
the matrix elements:fo 

"r h 9/2 ; 1 v 1 ({ 5/2r 1 J 
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using oscillator wave 
I 3 the diagonalizati1 
In this case the calcul~ 
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<rr 9/2) vi (j) !I2' '23 (il3/~ ~ ; II ~ V . •. lrr( h 1 /v (JFil i<.fr. J1< 92 I I2' 

v23 ( i H!2r2 !3 ; I> . . 
for residual interactions V ilr. of the Wigner, singlet and tensor 
type. ln place of i we used a f 5; 2 , p 3; 2 or p I/2 neutron· 
hole. The Wigner force is mainly responsible for the splitting of the 
multiplet, as shown in Fig. 2. An addition of single·t and tensor 
forces.does not chan.ge the level ordering essentially. We calculated 
the matrix elements for both the configurations·. 
rr(h

9
j

2
) 1 vi ([

5
/2FI !I2 =4,5,6,7 v'23 (i 13; 2 )-

2 
] 3 =·10,12. 

and 
'r,(h

9
j2) 1 v1 (p

3
; 2 F 1 

1 12 = 3,4,5,6 v 23 (i 13 /2)"'"
2 

! 3' = 10,12 

using oscillator wave functions. For the indicated values J 12 and 
J 

3 
the diagonalization was carried out for the first configuration. 

In this case the calculated matrix elements and also the result of the 
diagonalization show that the lowest-lying level has maximum 
angular momentum, provided J 12 = ! 12 = 7 and J 3 = J = 1? max 3max ~· 

For the second configuration we get the same result, namely 
1I2 = l12max = 6 and 13 = 13max= 12. From the calculated 
multiplet splitting ·shown in Fig. 2 we deduced that the levels with 
1+ 1T + 1 -~ I . ~ 16 can be isomeric. If, however, ( [5/2) -I or (p3/2FI 

are replaced by a p ¥2 neutron hole, we obtain 12 + < f 11 < 15 + as 
possible spin values of the isomeric state. This leads to the-conclu
sion that in the above mentioned four-particle cqnfiguration an 
f 

5
12 or p 

3
/J neutron hole is responsible for the observed isome

rism in :....lfr4BY Our results on the decay of the high spin isomer in 
200 Bi (ref. 5) favour the configuration rr(h9; 2f v1 .(f5; 2 )_~3·(i13;2 r. 2 
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· Fig. 2. Matrix elements for the level splitting of the multiplet 
[rr(h9/2)
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