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Fig. 2
(a) The gated spectrum of the 367 keV +y-ray under the condition —600ns < At < =30ns
(clearly, the 367 keV transition is at least 30 ns later than its coincidence vy-ray); (b) and (c)
are gated spectra of the 97 keV and 121 keV 1 transitions with no time window restriction,
respectively.

Below the 1969 keV 21/2* level, the present level scheme is consistent with the previous one [2].
In Ref. [2] the coincidence data showed that the 295 keV transition precedes the 386 keV transition
in time, indicating the presence of an isomer between these two transitions. Since the 367 keV
transition showed a clear prompt peak in the spectrum measured by using the pulsed beam, there
should be another low-energy transition depopulating the isomer directly. It was also reported that a
97 keV transition with a half-life of 60 ns was observed in the pulsed beam measurement, and was
tentatively proposed (lack of coincidence evidence) to depopulate the isomer directly. However, our
coincidence data show that the 97 keV + ray does not coincide with the 295 keV transition. Instead,
we find a 121 keV transition, which not only has a delayed coincidence with the 295 ke'V transition
but also a prompt coincidence with the 367 keV transition. The relative intensity of the 121 keV
transition measured from the single spectrum is (9 + 2)% of the 404 keV transition. Its angular
distribution favors Al = 2 transition. The intensity rules out the M2 assignment, but is consistent with
the E2 character (o, = 44.5, o, = 3.2) within the experimental error. The half-lives of the isomeric
states of ’Bi can be obtained from the y-y-¢ coincidence data. The half-life of 13.6 + 3.7 ns for the
1601 keV 17/2* isomeric state can be obtained by fitting the coincidence time spectrum taken between
the 367 keV and 404 keV transitions. This is consistent with the previous value of 16.2 + 1.7 ns [2]
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Fig. 3
Gated spectrum of 160 keV vy-ray.
(a) No time window restriction; (b) Gated spectrum under the condition
—600 ns < Ar < —30 ns. The y-ray that precedes the 160 keV v ray

by at least 30 ns is chosen; (c) same as (b) except the y-ray that follows
the 160 keV v ray by at least 30 ns is chosen.

within the experimental errors. Therefore, the method employed here is reliable. Time distribution of
the 295 keV v ray relative to the 367 keV v ray is shown in Fig. 4(b). Shown in Fig. 4(a) is the

* prompt coincidence time spectrum taken between the 404 keV and 1009 keV transitions. Comparing

these two spectra, the right side of Fig. 4(b) is apparently broadened, indicating the presence of a short
lifetime isomer. A half-life of 19.3 + 4.9 ns was determined for the 2089 keV level from fits to the
spectrum in Fig. 4(b), which is different from the previous one of 60 + 22 ns obtained with a similar
procedure [2]. Due to the rich coincidence data in the present work, our half-life value is more
reliable. The measured half-life of 19.3 ns for the 121 keV transition yields a B(E2) value of 1.3 W.u.
This value well fits the systematic character of B(E2) for the 25/2* — 21/2* transition in odd-4 Bi
isotopes [3-7]. Therefore, it is possible to assign 25/2* to the isomeric state depopulated by the 121
keV transition. Above the 25/2* isomer, the isomeric state 29/2~ and the 485 keV and 439 keV
transitions are confirmed, and the two new v rays of 377 keV and 924 keV are added to the level
scheme.

Parallel to the 121 keV and 295 keV transitions, there is a cascade 160 keV and 255 keV 7 rays,
which precede the 367 keV transition and follow the 485 keV, 439 keV, and 924 keV transitions in
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Fig. 4
(a) The prompt coincidence time spectrum between the 404 keV and
1009 keV # rays. (b) The time distribution of the 295 keV v ray relative
to the 367 keV « ray.

time. Figure 3 shows three Compton-subtracted spectra gated at the 160 keV transition under different
time conditions, from which a new isomeric level depopulated by an unobserved low-energy transition
can be determined. Due to the weak population for this isomer, its half-life could not be determined
in the present work. The negative 4,/4, coefficients for the 160 keV and 255 keV transitions indicate
the Al = 1 character. By considering the correction of the detector efficiencies, the intensity of the
255 keV peak is at least three times smaller than that of the 160 keV peak. This indicates that the
conversion coefficient of the 255 keV transition is larger than that of the 160 keV transition. Then the
multipolarities of the 160 keV and 255 keV transitions should be E1 and M1, respectively. As a result,
the J* value of the new isomer between the 160 keV and 367 keV transitions can possibly be the
unobserved low-energy transition that depopulates the isomer and should be E1.

The 97 keV transition is in prompt coincidence with the 367 keV transition and depopulates an
isomer. Figure 2(a) shows the spectrum of the y-ray, which precedes the gating 367 keV transition by
at least 30 ns. The previously reported isomer between the 864 keV and 672 keV transitions is
confirmed. Eight new transitions (241, 311, 278, 293, 433, 581, 947, and 1006 keV) are identified
and placed above the isomeric state depopulated by the 97 keV transition. The 278 keV transition
precedes the 293 keV « ray in time, which can be used to determine the 2357 keV new isomer. Due
to the weak populations for these isomeric states, their half-lives could not be determined in the present
work. There is no reliable angular distribution data for the 97 keV transition. This is partly due to the
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high Compton background and low efficiency of the HPGe detector at this energy. Therefore, J* values
for the levels above the 97 keV transition cannot be assigned at this moment.

The high-spin yrast states in the odd-4 Bi isotopes can be interpreted in terms of the weak
coupling of a valence proton to the two-quasiparticle (neutron hole) in the corresponding Pb core
obeying the semiempirical J,,,—1 rule [8]. It is worthwhile to point out that the B(E2) value for the
121 keV transition, as well as the related level energies, follows the systematic character of the odd-A
Bi isotopes [3-7]. Therefore, the 25/2* = 21/2* transition may be interpreted as (why, @ »97)25/2*
- (mhy, ®»77)21/2*. With increasing neutron deficiency for the odd-A Bi nuclei the B(E2) value of
the 25/2* - 21/2* transition has a moderate enhancement, and there is a similar inerease for the 9~
— 7~ core transition from **Pb to *Pb [9]. Therefore, it is believed that the 25/2% —21/2* transition
is essentially a 9~ — 7~ core transition, with the mh,, valence proton functioning as a spectator. The
29/27 - 27/27 transition is not observed. Considering the measured half-life of the 29/2~ isomeric
state in Ref. [2] and the systematic feature of the level structure in the odd-4 Bi isotopes, this transition
can be explained as (mhy, ® »12%)29/27 - (mh,, ®v97)27/27 : A striking feature of the systematic level
structures in the lighter Bi nuclei is that the energy of the 13/2* state decreases rapidity. This state is
formed by coupling an odd proton orbital i, to the 0* ground state of the Pb core. For /Bi, the
energy of this state drops more. This probably occurs because the neutron holes in the »i,4, orbital are
more easily excited. It is worthwhile to investigate whether the highly excited high-spin isomeric states
above the 97 keV transition originated from the proton orbital 7i,s,.
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