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Excited states in ' Bi were populated by the "%'(' F,6n) and ' Tm( Si,4n) reactions. The subse-

quent y-ray emission was studied using in-beam spectroscopic methods including excitation func-

tions, y-ray angular distributions, y-y-t coincidence, conversion electron, and pulsed-beam-y timing

measurements. Three isomeric states were located in '9~Bi[J,t~q2, E]: [( 2 ), 32+2 ns, 888 keV];

[( 2' ), 80+10 ns, 2196 keV]; and [( '2 ), 750250 ns, 2311+5keV]. The structure of the observed

states is interpreted within the shell-model framework. Systematic features of excited state energies

and transition rates in the odd-A bismuth isotopes are discussed. A comparison of intruder states

analogous to those in odd-A antimony nuclei of the Z =50 transition region is made.

I. INTRODUCTION

As is well known, 82pb~26 is essentially an "inert"
spherical nucleus and therefore nuclei with a few valence
nucleons outside this core are well suited for testing vari-
ous properties of the nuclear shell model. For example,
detailed calculations have been performed to reproduce
the experimental energy spectra of the four(like)-nucleon
cases, Pb (Ref. 1) and ' Rn (Refs. 2 and 3). Recently, a
number of Z) 82 nuclides with many valence nucleons
have been studied in-beam, e.g., Rn (Z =86, 12 nu-
cleons), ' At (Z =85, 13, and 11 nucleons) (Ref. 5),
and ' Bi (Z =83, 13 nucleons). It has been found in
these many-nucleon cases that there is still no apparent
evidence for deviations from sphericity, and that the prop-
erties of the excited yrast states can be interpreted in
terms of some few valence nucleons coupled to a spherical
core.

When the core is increasingly depleted of neutrons,
however, new effects may be expected. First, the large
number of neutron holes in the %=126 shell may intro-
duce vibrational instability in the Pb core. This effect
would then be manifest by a vibrational-type excitation
spectrum and by enhanced E2 transition rates. In Fig. 1

(lower part) the systematic behavior of the first few yrast
excited states in even-A Pb isotopes ' is displayed. As is
seen, the lead isotopes do not seem to exhibit yrast vibra-
tional spectra, nor are enhanced 8(E2) values found.
Second, in the odd-A thallium (Z =81) isotopes, Jr= —,

intruder states appear at relatively low excitation energy.
They were interpreted to be one-particle —two-hole (lp-2h)
proton states. The analogous 2p-1h excitations are ob-
served in the bismuth isotopes, giving rise to —,', —, , and

states, ' but the mh~~~q intruder has not been ob-
served. Figure 1 (upper part) gives the proton hole se-

quence as observed in the Tl isotopes. Since the —, in-

truder states have not been observed in the Bi isotopes, it
is an open question whether this proton 2p-lh excitation
induces a sufficient lowering of a deformed minimum in
the potential energy surface to give rise to observable col-
lective bands, as has been observed in the analogous

195
81

11/2

3/2

11/2

5/2

5/2

exc
(MeV)

1,0

0.5

1/2 1/2 E}i

8xC 193 195 197 199 2O1 e&C
Tl Tl Tl T2 T2

4

9

5

9
5

4

exc
(MeV)

2.0

1.5

2

195

~ . 2' I.O

0.5

Pb Pb Pb Pb Pb Pb Pb

FIG. I. Systematic behavior of the low-lying 2+, 4+, 5, 7
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Z =51 isotopes. "
Thus, one of the aims of the ~resent study was to inves-

tigate the excited spectrum of Bi with an emphasis on
the onset of collectivity as outlined above, or conversely,
to see how far from the N = 126 closure the bismuth nu-

clei maintain sphericity. Moreover, the possibility of
finding evidence for the deformed m.h i i~i intruder state is

greater for ' Bi than for any of the heavier odd-A Bi nu-

clides studied, since ' Bi is closer to the middle of the
neutron shell. In Sec. II the experimental details are
presented. The construction of the level scheme is
described in Sec. III. In Sec. IV, we discuss the properties
of levels in ' Bi and the systematics of the excitation en-

ergies and transition rates in the odd-A bismuth isotopes.
A discussion of the possibility of shape coexistence and a
comparison with the analogous nucleus ' 'Sb (Z =51) is
made in Sec. IV D.

II. EXPERIMENTAL PROCEDURE

The excited states in ' Bi were populated in the
' 2W(' F,6n) and the ' Tm(MSi, 4n) reactions using heavy

ion beams from both the Brookhaven MP Tandem and
the Stony Brook Superconducting I.INAC. Since no ex-
cited states were known previously, a careful isotopic
identification was required. In order to identify transi-
tions belonging to ' Bi, a yield function for ' F+' W
was measured over the energy interval E&,b ——85—135
MeV, in steps of 10 MeV. A sputtered 2.4 mg/cm thick
tungsten target, enriched to -80% in ' W, was used; in-
formation on the reaction products from the contaminant
W isotopes is available. Since levels in ' Bi (4n), ' Pb
(5nP++p4n), and ' Pb (7nP++p6n) were known, ' a
search for y rays characteristic of the six-particle channel
could be made. The upper part of Fig. 2 shows a singles
y-ray spectrum recorded at 115 MeV, and the lower part
a delayed (b,t =50—500 ns) spectrum obtained by pulsing
the beam. In Fig. 3 the excitation functions of selected
known transitions in ' Bi, ' Pb, and ' Pb, as well as two
candidates for ' 58i are shown. As is seen, the curves la-
beled 888 and 344 keV clearly behave as if they originated
from the evaporation of six particles. Unfortunately the
reaction-to-background ratio for the neutron-deficient
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888 keV). The relative yields are normalized to the beam
current but not corrected for efficiency.

MeV.
The y-y-t coincidences were recorded with two large

(21%%uo relative efficiency) Ge(Li) detectors placed at + 90
and —110' with respect to the beam direction, using the
' F+' W reaction. Figure 4 shows the 888 keV gate for
y rays in a prior (50 ns & t & 500 ns) time window, the 421
keV gate for delayed (50 ns & t & 500 ns) y rays, and the
sum gate, for the entire time range (1 IMs), of all transitions
assigned to ' Bi. As is seen, all of these spectra show
coincidences with bismuth E x rays from converted y-ray
transitions. This fact along with the excitation curves
(Fig. 3) allows for unambiguous assignment of these tran-
sitions to ' Bi. The pulsed-beam-y timing measurement
was performed to establish isomeric lifetimes. In order to
achieve both good time resolution and reasonable intensi-
ties, both a small planar and a larger coaxial detector were
used. The beam was pulsed with a repetition rate of 1 p, s,
and a prompt-resolution slope of 7.8 ns at 880 keV was
achieved. A delayed spectrum (50 sn& t & 500 ns) is
shown in the lower part of Fig. 2. Three background-
subtracted time-delay curves are shown in Fig. 5. The 115
and 151 keV curves were obtained with the planar detec-
tor and that for the 888 keV y ray resulted from a coaxial
detector. Gamma-ray angular distributions were mea-
sured at six angles between 45' and 160' with respect to
the beam direction using a detector at 15 cm distance
from the target. A second detector at —90' served as a
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text).
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' ~Bi. The 115 and 151 keV curves ~ere obtained from the pla-
nar detector and the 888 keV curve from the coaxial detector.
The 115 keV decay curve contains only the 0.75 ps half-life
components plus a prompt part, the 151 keV curve contai. ns
both the 0.75 ps and 80 ns components mth no prompt contri-
butions, and the 888 keV curve has both of these components
plus a 32 ns half-life component.

monitor. The normalized y-ray intensities were fitted to
the Legendre polynomial

W(e) =I„[1+AzzPi(cos8)+ A ~P4(cos6))],

from which the angular-distribution coefficients
A pi =Ay/Ap and A44 =A4/Ap were obtained. The prop-
erties of the ' Bi y rays extracted from angular-
distribution and timing measurements are collected in
Table I.

A mini-orange electron spectrometer, 'i recently fabri-
cated at Stony Brook, was used to record the conversion
electrons produced (at 8=125') by the ' Tm( Si,4n)' sBi
reaction at 142 MeV. The ' Tm target was 800 p,g/cm
on either a kapton backing (1.9 mg/cm~) or a lead backing
(3.8 mg/cmi). The beam was stopped several meters
downstream, while the backing served to stop the reaction
products. In order to minimize the background from del-
ta rays, only electrons detected between the beam pulses
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FIG. 6. {a)Energy calibration for part of the conversion elec-
tron spectrum using a ' Eu source at the target position. (b)
Delayed conversion electron spectrum near 800 keV taken in-
beam for '~ Tm + Si (see discussion in the text).

(106 ns repetition period) were recorded. The energy cali-
bration of the Si(Li) detector was obtained by replacing
the target with an '~ Eu source for about 30 min. Part of
the '~iEu spectrum around 800 keV is shown in Fig. 6(a)
while the corresponding part of the in-beam spectrum is
shown in Fig. 6(b). The E- and L-conversion peaks of the

TABLE I. Properties of transitions assigned to '"Bi from the ' F + '"W data.

E (kev)

115.2
151.3
344.3
391.7
421.0
887.9

r„
5(3)

20(4)
84(6)
67(6}
62(6}
100

b
Itot

35(20)
46(10)

85(6)
68(6)
64(6}
100

Ag/Ao

-0
—0.20(17)
—0.25(7)
+ 0.42(6)
+ 0.09(7)

A4/Ao

+ 0.2(2)
+ 0.03(9)
—0.46(9)
+ 0.02(10)

T~ gg (ns)

750(100)
770(100),90(20)
800(100),70(20)
730(80),85(20)
720(80},75(20}

800(120),70(30)
32(2)

Multipolarityd

(M 1)
(E2)

Dipole
Dipole
(E2}

M2(+E3)

'Normalized to the 887.9 keV transition. The gamma-ray intensities of the 115.2 and 151.3 keV transitions are estimated from the
coincidence spectra.
Intensity corrected for the conversion (Ref. 13) of the adopted multipolarities.

'Prom multiple lifetime fits to the time-delay curves for the respective photopeaks. Weighted means give as final results: ti~ ——32{2)
ns, 80(10) ns, and 750(50) ns for the 888, 2196, and (2311 + 6) keV levels, respectively.
~For parity arguments, including conversion electron results, see the text.
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FIG. 7. Level scheme of ' 'Bi as obtained in the present
work. The calculated levels and configurations are given to the
right, cf. Sec. IV for details.

888 keV ground-state transition can be seen. The experi-
mental result for az is 0.082+0.015, while the calculated
value' for M2 is 0.0543 and for E3 is 0.0155. The 888
keV transition thus apped to be either an M2 or an
M 2/E 3 admixture, since the experimental result is
within two standard deviations above the calculated M2
value and the possibility of M3 or higher multipolarities
can be ruled out by lifetime considerations.

Since the 344 and 392 keV transitions are dipole in na-

ture from the angular distributions, it was hoped that the
electron conversion measurements could determine their
M 1 or E 1 character since the M 1 conversion coefficient
is approximately a factor of 10 larger than that for an
E l. Unfortunately, the background resulting from the y
decay of the fission fragments made it difficult to extract
the conversion electron peaks in this energy region. In
both cases, the electron yields did not allow one to rule
out the M 1 possibility; although the experimental upper
limit for the 344 keV E electrons was about half the cal-
culated M 1 value, an M 1/E2 admixture with significant
E2 mixing is still possible. Thus, the magnetic or electric
character of these dipoles is not defined. No conversion
electron information could be extracted from the remain-

ing Bi transitions.
Finally, the ' Tm( sSi,4n) reaction was used in a search

i3+
for excited states in ' Bi, where the —, state was

predicted at an excitation energy of 460+50 keV (see Sec.
IV C), and to have a half-life of about 0.5 ps. Despite the

analogy to the ' Tm( Si,4n) reaction which was used to
populate excited states in ' Bi, no transitions were found
which could be assigned to '9 Bi. This is probably due to
two effects. First, the fission cross section increases in
neutron deficient isotopes and second, the probability of
charged-particle emission increases rapidly in the vicinity
of the proton drip line.

III. LEVEL SCHEME OF '~~Bi

The level scheme of ' Bi obtained from the present
work is displayed in Fig. 7. The proposed J assign-

ments, which are tentative, are based on angular distribu-
tions, lifetime information, conversion electron results,
and systematic properties of the odd-3 Bi isotopes. As
mentioned in Sec. II, the transitions were assigned to this
nuclide on the basis of the excitation functions and the Bi
x-ray coincidences. We assume that the cascade obtained
from the y-y coincidence data ultimately feeds the
presumed —, ground state (mh9/q) as in the heavier odd-

A Bi isotopes. In ' Bi two low-lying states are anticipat-
ed, namely the odd 83rd proton —,

' state and the intruder
state (cf. Refs. 7 and 10), but since the nucleus is pro-

duced in a (Hl, xn) reaction, the former will be predom-
inantly populated. The 888 keV transition is placed as
feeding the ground state, for which J =(—', ) is assumed,
since it has the largest intensity and it is seen in the de-
layed region for all the other y-ray gates in the cascade.
Moreover, the 888 keV y ray is the only one showing the
ti/z ——32 ns time component (Fig. 5). A spin and parity
of (

—", ) are assigned to the ti/2 ——32 ns level since the
888 keV transition is of M2(+E3) multipolarity as dis-
cussed above. The next transitions in the cascade based
on intensity and prompt time components, are y rays of
344, 392, and 421 keV. Since the first two are E 1 or M 1

dipoles and the third of E2 character (Table I), they de-
fine for stretched transitions the level spins ( —", , 1232
keV), (—, , 1624 keV), and (—", , 2045 keV), with the adop-
tion of (

—", ) for the 888-keV excited state. The ordering
of the two topmost transitions shown in Fig. 7, 151 and
115 keV, is made on the basis of their time-delay curves
(Fig. 5), from which it is concluded that the 115 keV y
ray shows the 0.75 p, s half-life only, and the 151 keV tran-
sition depopulates a t~~2-80 ns isomeric state. Since the
115 keV y ray has a prompt component, the most prob-
able multipolarity is M 1, and the 80 ns half-life of the
151 keV transition is compatible with E2 multipolarity.
From the systematic behavior of the heavier Bi isotopes,
the 151 keV transition is assigned to be the expected

transition. These arguments give spingarities
of (—", , 2045 keV), ( —", , 2196 keV), and (—', , 2311
keV). With these assignments, the 344 and 392 keV
stretched dipoles have to be either both El or both M 1

transitions. The E 1 choice proposed, which implies the
( —, , 1232 keV) assignment, is based on systematics (see
discussion below) and a slight preference for a 344-keV
El by the conversion electron measurements. Finally,
since a half-life of about 0.75 ps is seen in all of the time
curves, the existence of an isomeric state above 2311 keV
is inferred, although no low-energy y ray is seen. An esti-
mate for the energy of the unobserved transition and thus
the energy of this isomer is made in Sec. IV 8. On the
basis of the systematic behavior in heavier odd-A Bi nu-
elides, the isomer probably is the expected —, level.

IV. DISCUSSION

A. Exritation energies and configurations in ' Si

In the recent studies of " ' Bi, a method of calcu-
lating the energies of three-quasiparticle states in the light
odd-A bismuth isotopes was presented. ' The tests made
in those nuclei showed that energies could be predicted
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with an accuracy of about 100 keV or better. The same
method was applied to ' Bi given the levels and configu-
rations on the right-hand side of Fig. 7. The 888 keU
state is most probably due to the i~3/2 proton because
of the ti/2 ——32 ns isomerism. The —, state drops

ra+

nonlinearly if compared to the heavier Bi isotopes. This is
expected since the i~3/2 proton has the smallest repulsion
with respect to the increasing population of vi &3/2 holes. '

The —", and —", states of the mh9/2v2+ configura-
tion are expected to be nearly degenerate with the
ni &2/28 vO+ state in ' Bi. Experimentally this is the first
isotope where the —", state is lower in energy than the
other two. For the (

—", }state at 1232 keV, the only plau-
sible configurations is nh9/2v4 . Note that positive
parity can be obtained only from the 7rh9/2v5 or
xiii/2v2+ configurations, both of which are estimated
to occur at about 1700 keV. The energy deviation with
theory for the —", state might be due to the presence of
two admixed 4+ states. The calculated energy for the

state of the 7th9/2v5 configuration comes very

close to the experimental (
—", ) state at 1624 keV, sup-

porting this configuration assignment. For the next three
levels the configurations 7th q/2 8v7, J =—", and

mh9/2ev9, J = —", ,
—", are consistent with the experi-

mental findings. Because the systematics of the heavier
isotopes show two —', states at these energies, the contri-
butions of the irh9/2v9 configuration to these states
are not definite. Finally, the —", state of the
7tIl9/2v12+ configuration is expected at about 2400 keV,
and it should decay with an E 1 hindrance of about 106 to
the —", state. A competing M2 transition to the —",

state is expected to be very strongly hindered because it
has to procaxl effectively as

v( t 13/2 )10 ~v(i 13/2It 9/2 }9

and these components should have fairly small amplitudes
in the —, and —, states. The 0.75 ps isomer is thus a
very good candidate for the above-mentioned —", state.

If the identification of the six experimentally observed
states is correct, the mean and rms deviations between ex-
periment and calculation are —61 and 85 keV, which can
be considered satisfactory in view of the simplifications
made in the calculations. We also note that there is no in-
crease in these deviations as compared to the heavier iso-
topes ' ' Bi, cf. Refs. 6 and 14. In what follows, the
proposed J assignments will be assumed.

B. Isomeric transition rates

In ' Bi three isomers at 888, 2196, and 2311+6 keV
were found involving the —, —+ —, , —, ~ 2, and13 + 9 25 + 21 +

transitions. The half-life of the 888 keV
M2 transition corresponds to a hindrance of13+ 9—

about 20 over the Weisskopf estimate, and this hindrance
is probably due to its spin-fhp character. The near-
isotropy of this transition can be explained by an E3 ad-
mixture ( —16(5(—0. 15), expected by extrapolation
from the 8(E3) values for the 7rh9/2~77li2/$ transitions
in ' Po (Ref. 16) and Bi (Ref. 17). The 2 ~—, E2

transition has a half-life corresponding to about 0.6 W.u.
This is a clear indication that collective components in the
wave functians are small for these two states in ' Bi, and
that the states can be interpreted as being of a quasiparti-
cle nature. The half-life of the assumed (

—", ~—", )

transition can be used to estimate the excitation energy of
the t, /2 ——0.75 ps isomeric state (see Fig. 6). The half-life
of the unobserved E 1 transition is proportional to the fac-
tor [(1+a„,)E&) '. Since this factor is slowly varying
for E„between the atomic shell energies, " it can be used
to estimate the E 1 half-lives (where the empirical 10 hin-
drance for this region is included). For Ez ——32—84 keV
one obtains t, /2

—0.6(4) ps, for E„=18—32 keV one has
t, /2

—2.6(8) ps, and for the next intervals much longer.
Hence the first energy interval corresponds to a hindrance
of 1.3(9}X10,which is the most plausible. This interval
along with the experimental constraint (Sec. III) yields

Ez ——41+9 keV and suggests the location of the —", level
at E-2350 keV, under these assumptions.

C. Systematic behavior of yrast states

The comparison of the yrast states in the odd-/I Bi iso-
topes (see Figs. 7 and 8), shows the main cascades to
praceed via the following states: —,

'
(g.s., ~h9/2vO+};

( & / 8 2+); —", ( ~pvO+); —",

(tth9/2v4+); 'z' (nh / 9I2I5v); 'z' (nh9/2v7 ); '2'

(nh9/28v9 ); —", , —,
' (nh9/28v12+); —,'

and —", (mh9/2v14+, 16+). The ordering and the spac-
ing of these levels depend sensitively on the correspanding
neutron states in the even Pb core nuclei. One feature in
the light Bi isotopes is that the —", states drop in energy
as the neutron number N decreases. This state is inter-
preted as the 7rii3/2 proton state, and its decreasing excita-
tion energy can be understood from the gatv

' two-nucleon
interaction energies. With increasing hole population in
the vi ~3/2 orbital, the mi $3/2 state appears depressed vs the
mh9/2 ground state since the nii3/2vl i3/2 multiplet has the
smallest repulsion. 's This behavior was used to predict
the excitation energy of the —", state in ' Bi. One ob-

tains 460 keV with an uncertainty of about 50 keV. This
transition energy would carrespond to a half-life of about
0.5 ps.

As mentioned above, ' Bi seems to be the first nucleus
where the mi&3/2 proton state is below the mh9/2(sv2+
J = —, ,

—", doublet that is related to the 965-keV 2+
state in-' Pb. The trend of approximately constant ener-

gy observed in the heavier isotopes for the —, state con-
tinues. The same effect is observed for the —", state.
The reduced splitting of the —', -—', states, cf. Fig. 8,
might be due to an increased admixture of the vf7/2 and
vh9/2 orbitals in the 9 core state, which is thought to
be mainly vi &z/2vf&~z. This admixture then reduces the
repulsion of the —, state and tends to bring the7+

J and J,„—1 states closer.
%e also want to stress the seemingly unusual behavior

of the —", state, which is interpreted to arise from the
tii 9/$8 v4+ confqpration. This state is present between

the —, and —, states in 'Bi, it is missing in

Bi, and then back almost at its original energy in
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'958i. This irregular behavior can be traced to the relative
positions of the 4+ and 5 core states. As can be seen in
Fig. 1 these two states are rather well separated in the
heavier Pb isotopes, they become almost degenerate in
'96Pb and then separate again in the lighter ones. This
feature then provides an explanation for the nonyrast
behavior of the 7rh9/zv4+ J~=—", states in ' ' Bi
that are related to the ' ' Pb cores.

D. Particle-hole intruder states,
and a comparison of Z =S2+ 1 ' ~Bi

mth Z =50+1 '~'Sb

Since both Z =50 and Z =82 are observed to be good
proton shell closures, it is of interest to compare the excit-
ed spectra of analogous single odd-proton nuclei of both
regions, e.g., Bi (Z =83) and Tl (Z =81) for the lead re-
gion and Sb (Z =51) and In (Z =49) for the tin region.
Thus in the present work the lead-region nuclides

Bi-' Tl are compared to ' 'Sb-" In of the tin region, as
shown in Fig. 9. The structures of the four nuclei of these
two regions are rather similar, as could be expected, al-
though there are some interesting differences. First, the
proton gaps across the Z =50 or 82 closures are both fair-
ly large, but their magnitudes are different, about 3 MeV
in ' Pb and 4.9 MeV in ' Sn. Second, the 2+ and 4+ ex-
citation energies are rather similar, 965 and 1539 keV in

Pb and 1172 and 2195 keV in ' Sn. But the odd-
proton nuclei behave in different ways. The Z =49 nu-
cleus " In shows most of the single proton-hole orbitals
of the Z =28—50 shell (f,/2, pz/2, pl/z, and g9/z),
whereas the Z =81 nucleus ' Tl shows, at energies com-
parable to those of " In, only the first two proton-hole or-

bitals si/2 alld d3/2 In ' Tl an "intruder" —', state, in-
terpreted to be the 7rj 0+nrh9/g proton core excitation,
appears already at about 400 keV. This state, with a
[505j—, Nilsson configuration, then has a M =1 band
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built upon it. In contrast to these proton-hole nuclides,
the proton-particle nucleus ' 'Sb shows all five proton or-
bitals of the Z =50—82 shell (si/2 di/i d5/2 g7/2 and

h»/2}, and in addition, the intruder ng9/2 state [404]—,

with a deformed EJ=1 band, as in ' Tl. From this one
would expect that the [505]—", ban dhead, the

nj 0+mb»/z proton core excitation, should appear in
Bi at a relatively low excitation energy, since the low-

spin particle-hole excitations involving the s, /i and d3/2
orbitals can be rather accurately determined. The si/2
state is located at 401 keV in '9sBi as found in recent a-
decay work. ' However, the —", intruder state is not ob™
served. As was pointed out, there should be a substantial
gain in energy from a particle-hole excitation, as has been
verified in Tl and Sb. However, if the core is deformed to
the oblate minimum, the 0 = —", intrinsic state would

acquire an additional repulsion, and this might be the ex-
planation of the nonobservation of the [505]—", band in

'958i. Indeed, in ' 3Tl the observed M= 1 band is typical
for a strongly coupled band on an oblate core, whereas the
mg9~2 hole in the Sb isotopes appears coupled to a prolate
core I.t is of interest to point out that the intruder states
seem to induce oblate deformation of the Pb cores. In a
recent work on light even Pb isotopes, it was found that
in ' ' Pb low-lying 0+ states occur. The calculation
presented there indicated that these states are of the 2p-2h
proton configurations {—,

' [@)0] i
—,
' [514]2I0=0, and

that this configuration attains a minimum energy in ' Pb
for a quadrupole deformation e2———0.1. Another effect
which may affect the observation of the intruder —",

state is the fact that the proton ni&3/Q orbital comes low in
energy, and thus being an yrast state, it might preclude
the observation of the nonyrast trh i ~/2 state.
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