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ABSTRACT

Experiments using the Daresbury Recoil Mass Separator have

identified microsecond isomers in the exotic N=82, 83 nuclei

153yb, 153Lu, 154y, and 15%Hf, and have established their decay

schemes. The results for 153Lu and 15%Hf, together with those

for lighter N=82 isotones, provide an outstanding illustration
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of the dependence of E2 transition rates between J" states on the
subshell occupation, and demonstrate that half-filling of the
whyy/2 subshell in the N=82 series occurs just below Z=71

153y, The result of the isomer in the even-odd N=83 nucleus

153Yh shows that the isomerism is due to a low-energy E2 transition
rather than an E3 transition as in lighter N=83 even-odd isotones,
which is another consequence of the nh;;/, subshell being about
half-filled. Furthermore, the long-lived isomer observed in the
odd-odd N=83 nucleus !5%Lu also reflects that the wh;,;, sub-

shell is close to being half-filled.
I. FILLING OF THE why;;, SUBSHELL: N=82 ISOTONES 153Lu AND 134Hf

Some ten years ago it was found [1] that the 7=64, N=82 species 146Gd
displays properties resembling those of a doubly magic nucleus. This discovery
stimulated spectroscopic studies of many neighbouring nuclei which have a few
valence nucleons outside the 146Gd core and may be well described in terms of
shell model configurations. Particularly interesting are the proton-rich N=82
isotones above 146Gd, where the three nearly degenerate proton subshells h11/2,
S1/2 and d3/, are being filled. The high-j unique parity wh1y/, orbitals should
be especially important in the formation of high-spin states, and one could
expect yrast excitations of the type ﬂh11/2n to figure prominently in the
spectra of N=82 isotones with Z-64 valence protons. Experiments [2-7] have
identified and characterized the decays of related nh11/2" E2 isomers below
3 MeV in the 2 to 6 valence proton N=82 nuclei 148Dy, 143Hg, 150, 151Tm and
152yb (Figure 1). In the even-A nuclei the isomeric transitions are between

10* and 8" nhll/zn states of seniority v=2; in the odd-A nuclei they are
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27/2° + 23/2° transitions between whll/zn v=] states. These isomeric decays
also populate 3~ octupole, [nhll/zn'lsl/zjs' and [wh11/2"'1d3/2]7' v=2
excitations in the even-A nuclei, and corresponding 15/2%, 19/2% and 23/2% v=3

states, formed by coupling with an additional hy;/, proton, in the odd-A nuclei.

The results for 148Dy include a complete spectrum [2] of why;/,2 levels
(0+, 2+, 4+, 6+, 8+, 10+) whose energies provide empirical two-body matrix ele-
ments for calculating the nhll/zn spectra in the heavier isotones. Moreover,
Lawson [8] has used the 148Dy energies to show that the condition for no
seniority mixing is very nearly fulfilled. When seniority is a good quantum
number, the reduced E2 transition rates between corresponding nh11/2" states
of the same seniority should be proportional to (6-n)2, where n is the
whyy,, occupation number, and should become zero when n=6 at the half filled

subshell [9, 10]. The relevant expressions for the v=2 and v=3 transitions

are [8]:

B(E2; 10 » 8") = [%ﬂ]z 2B (e, p r>)2

and
B(E2; 27/2" + 23/27) =[%ﬁ]2 . 2%%%%‘7’? (eger <r2>)2.

Using the fixed value for the effective charge Caff = 1,52e, and <r2> = 32 fm?
for the =hy;,, orbital, the measured B(E2) values for the five N=82 nuclei are

very well reproduced [11,12] (Figure 2) by assuming that in every case n

equals Z-64, the number of valence protons. For 152Yb with 6 valence protons,

the experimental B(E2) is not exactly zero as in the ideal picture, but its very

small value (0.02 Weisskopf units) demonstrates that the whyy/, subshell is close

to being half-filled in the 8% and 10% states.
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It is difficult to see why this simple model is so successful, since one
would expect that in the relevant states of the Z > 67 nuclei, the s;/, and
d3/2 subshells should also be partly occupied by proton pairs, reducing the
occupation of whyy . On the other hand, the single particle energy gap at
7=64 is significantly smaller than the gaps at traditional magic numbers, and
scattering of proton pairs from g;,, or ds/, across the gap into h;;/, may com-
pensate in some measure for the depletion into s,/, and dj/;. Calculations
[11,13] which take account of these two effects suggest that half-filling of the

nhyy/; subshell might be postponed to 13§Lu32 or lgngaz. but there have been

no data for these nuclei up to now.

The N=82 isotones 153Lu and !54Hf lie very close to the proton drip line,
Previous attempts to study these nuclei have been unfruitfy] mainly because they
can be produced only in reactions with very low cross sections. In the present
experiments, the sensitivity for detection of weak isomeric decays was con-
siderably enhanced by the use of the Darasbury Recoil Mass Separator [14]. The
ionization chamber, normally located behind the separator focal plane, was
replaced by an aluminium catcher foil which was surrounded by four large Ge
detectors and a LEPS. Fusi&n-evaporation product recoils from the reaction
102pq + S4Fe » 156Hf* were mass analyzed, and, after passing through the
position-sensitive focal plane detector [14], were deposited on the catcher foil
for y-ray measurements. Time relationships between signals from the position-
sensitive detector and from the y-ray detectors were used for mass, half-life
and yy coincidence determinations. Since the separator transit time is ~1 ps,
only long-lived isomeric species were observed, but they could be studied under

low background conditions. The measurements were performed over a three day
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period using 10 to 15 particle nA beams of 240 to 245 MeV 5*Fe ions on a

1 mg/cm? 102pd target.

Production cross-sections predicted by the code CASCADE [15] for the reac-
tion products 153yp, 153y, 154y, and 15%Hf, all of which were expected to have
long-lived isomers, are summarized in Table I, which also lists relative yields
at the catcher foil for the isomeric species identified in these experiments,

In line with the predictions, by far the strongest family of y-rays was observed
in the A=153 mass window (Figure 7) and to be coincident with Yb x-rays.

The 23 y-rays thus assigned to 153Yb have been placed [16] in the decay scheme
(Figure 9) of a new 15 us isomer in that nucleus. A second, much weaker

(<2%) y-ray family, including 130, 174 and 217 keV lines, was also observed in
the A=153 mass window. These y-rays are assigned to the p2n evaporation product
153 u, because they appeared in coincidence with Lu K x-rays (Figure 3a),
whereas the 153Yb 1ines were suppressed by more than a factor of 50 in the same
spectrum. Other transitions in 153Ly were identified by yy coincidences (for

example Figure 3b). The 153Lu y-rays were observed to decay
TI/Z =15 * 3 yus,

and they are all placed in the isomeric decay scheme shown in Figure 4 on the
basis of the yy coincidence results. Table II lists the energies and intensities
for all y-rays placed in the 153Ly decay scheme. Spins and parities are

assigned mainly by analogy with the similar decay schemes of the shorter-lived

27/2" isomers [3,4,61 in 1%%o and 151Tm. The total conversion coefficient of

the 130 keV transition

LT, (130 kev) = 1.1 % 0.2
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derived from intensity balance, is consistent with E2 character, and the

measured half-life gives:
B(E2; 130 keVv, 153Ly) = 0.45 = 0.09 e?fm",

the smallest value determined in the N=82 series. The yy time distributions for

183Ly indicated a lower isomer with Ty/, > 0.1 us, that we associate with the

23/2 state.

As Figure 4 shows, the spectrum of mhy /.7 levels calculated using the
empirical "h11/22 interactions from 48Dy is in very good agreement with
experiment, especially for the four topmost levels. The 21/2° level in 153Ly,
populated by an unobserved 21 keV transition from the 23/2  level, has no
observed counterparts in 14%Ho and 151Tm. Theory [8] predicts such a level
~26 keV below the 23/2° in each of the three nuclei, but the 23/2° + 21/2° Ml
transition is strongly forbidden, It appears that the 23/2° » 19/2° E2 decay
must be extremely retarded, as it is in 153Lu, before the 23/2° + 21/27
transition becomes competitive. An interesting note is that the 27/2° 15 s
isomeric state in 153y has a positive Q-value of 3.3 & 0.7 MeV (Reference [17])
for proton decay to the !52Yb ground state, but this decay mode must be
suppressed by the centrifugal barrier associated with ¢ = 13 nucleon transfer

and by the complicated nucleon rearrangements involved.

The possible A=154 products of the reaction were 154Yb, 154y, and 154Hf,
and of these the N=84 nucleus 15%Yb has no microsecond isomers. The most
intense A=154 y-rays were found to be coincident with Lu x-rays, and they are
assigned [18] to a new 35 us isomer in 154Lu (Figures 10 and 11). Careful scru-

tiny of the A=154 y-ray spectrum for a possible 154Hf 2* » 0% transition in the
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1490 to 1530 keV range suggested by systematics revealed a weak 1513 keV y-ray
that decayed with the half-life

Tys2 = 9% 4 us,
A gate on the 1513 keV transition (Figure 3c) indicated coincidence peaks (each
with 4 to 6 counts) at 135, 214 and 311 keV, and additional gates on these low
energy lines identified another y-ray of 498 keV in the same nucleus (Figure 3d).
Although the data are statistically poor and provide no Z-identification,
the firm A=154 mass determination, the N=82 systematics and the observed reac-
tion yield (Table I) all favour the assignment of these five y-rays to the decay
of a 9 ys isomer in 15%Hf, When the transitions are ordered as shown in Figure
5, the smooth energy level systematics [2-7] of the even-A N=82 isotones are
extended to 2=72 in a convincing manner. The value of the 152Yb 10" half-life
shown in Figure 5 was determined during the present studies., By assuming that
the energies of the unobserved 10* + 8% E2 transitions in 152yb and 15Hf lie

within the range 14 to 70 keV, as systematics indicate, the following results

are obtained:

B(E2; 107 » 8", 152yp) = 0.9 + 0.1 e2fm*

and

B(E2; 10" » 8%, 154HF) = 2.9 + 1.4 e2fm*.

n

The faster transition rate for 15%Hf is a clear signal that in this nucleus the

nhyy1 /2 subshell is more than half-filled.

For both 153Lu and 15%Hf, the B(E2) results are much smaller than the
values predicted using the equations and model assumptions specified earlier,
and they imply that the whll/z occupation numbers for these nuclei are in fact
somewhat less than Z-64. The overall results are illustrated in Figure 6, where

the transition amplitudes /B(EZ) for the seven N=82 isotones are plotted versus
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2-64. The square root leaves an ambiguity about the sign of the E2 matrix
element, which should change at the point of half-filling, but the data strongly
indicate that the sign change occurs just before Lu. The fact that the smooth
curves through the data points both intersect the zero axis at the same value of
Z-64 provides reassurance that correct signs have been chosen for the amplitudes.
The variation of E2 transition amplitude with number of valence protons is not
exactly linear, but nearly so, and it is clear that the wh;,/, subshell is
clasest to being half-filled in the Z=71 isotone 153Lu. 1t is less easy to
specify the magnitude of the whyy/, E2 effective charge in this region, but it

may be significantly larger [11] than 1.52e, the value suggested previously [2].
II. THE 15 us ISOMER IN THE Z=70, N=83 NUCLEUS 153yp

An intriguing problem in the structure of proton-rich N=83 isotones has
recently come to light [19]. Three-particle 27/2  isomers, having the aligned
configuration (nh11/2")10vf7/2, are well established [2,20,21] in the Z=66, 68
isotones 149Dy and 151Er. The main decay in each case is by a retarded low-
energy E3 transition to a 21/2" state of dominant “h11/2n-1d3/2Vf7/2 character
(Figure 8). Consequently, the isomeric half-lives are unusually long (~0.5s),
so much so that Barden et al. [19] were able to study the competitive 8-decay
branching from the 27/2" isomers to levels in N=84 daughter nuclei. However,
when these workers went on to search for an analogous long-lived isomer in

the Z=70 isotone 153Yb, they found none, and concluded that no 27/2° E3 isomer

exists in that nucleus [19].

The observation of the strong 153Yb y-rays, which were observed to decay
with the half-1ife

Tl/z =15+ 1 us,
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elucidates the systematics of proton-rich N=83 nuclei discussed in the previous
paragrapk. Comprehensive yy coincidence results allowed us to place all the
abserved 153Yb y-rays in the level scheme in Figure 9, and Table III 1ists the
energies and intensities for all the y-rays known to follow the decay of the
153yy 15 us isomer. Total conversion coefficients for low-energy transitions,
determined from intensity balance requirements, yielded key information about
multipolarities. The strong 51 keV transition is determined to have the total
conversion coefficient value

&y o (51 keV) = 0,49 £ 0.06
which is indicative of El charactar. From an intensity balance condition with
the 234 and 328 keV y-rays, the conversion coefficient for the 97 keV transition
is calculated to be

a0 (97 keV) = 3.86 + 0.04,
indicating Ml charzcter. However, some unobservable weak feeding from the
assigned 19/2% and 21/2* 1evels into the 19/2" level could occur and then the
determined above conversion coefficient value is slightly too large, which would
then suggest either M1 or E2 character., The 107 and 110 keV transitions are

found to have the total conversion coefficient values:

utot(107 kevV) = 2,81 + 0.04

and

utot(llo kev) = 2.5 ¢ 0.2,

which indicate M1, and E2 or M1 character, respectively. Since no measurable
lifetime was observed for the 110 keV transition, the E2 possibility may be
discounted. On the basis of this information, together with the measured

branching intensities and the N=83 systematics, spin-parity values are assigned

with confidence (Figure 9),
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The half-1ife of the 1202 keV level, interpreted as a 13/2+ state of
u113/2 x 3~ character, has been determined to be ~6 ns. The energy reduced
branching to the 567 keV and ground states of 153Yb is almost identical to the
known M2/E3 branching from the 13/2° isomer in 151Er to the vhgy, and vfy/,
single particle states (Figure 8). We note in passing that measurements of
radioactivity from the catcher showed 567 keV y-rays coincident with 511 kev
annihilation radiation, indicating that the radioisotope 133Lu mainly a+-decays

by the expected fast Gamow-Teller transition why;;, + vhgy,.

From systamatics, the strongly populated 15/2+, 17/2+ and 19/2+, 21/2+
Yevels in 133Yb are interpreted as members of nhll/zn-lsl/zvf7/2 and
“h11/zn-1d3/2Vf7/2 multiplets.. The intense 21/2" » 19/2% 23 keV Ml was not
detected, but it is clearly indicated by the coincidence results. The 21/2+
level is fed by the strong 51 keV E1 from a 23/2° level that is assigned to the
coupling of a [nhll/zn] 8% with vf7/2. This level also deexcites through a
23/2° » 19/2° + 15/2° cascade where the 97 and 329 keV transition energies
closely resemble known gt + 6"+ 4t spacings between ﬂh11/zn states in N=82
nuclei such as 148Dy and 150Er. Furthermore, the 1460 as well as the 1491 keV
transition energies resemble the interpreted nhll/zn 25 .0t spacing in 152yp,
The 15 ys isomeric state almost certainly has the aligned configuration
[nhll/znvf7/2]27/2'. The 27/2° + 23/2" isomeric transition was not observed;
our measurements place an upper limit of 50 kév on its energy, and the
deduced B(E2) is ~2 e2fm*. This transition, 1ike the =hy,/," 10° + 8" E2 tran-

sition in 152Yb, is highly retarded because in these nuclei the rhy,;, subshell

is close to being haif-filled [7,12].
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The present study thus provides a solution to the N=83 systematics problem
outlined above. As Barden et al. [19] have discussed, the long-lived E3 isomers
occur in 142Dy and !S1Er because the strongly attractive neutron-proton interac-
tion in the whyy/,vuf;/, 9% coupling lowers the uhll/znvf7/2 27/2" aligned
state below the 23/2” multiplet member, With increasing Z, the n~p attraction
diminishes as the half-filled =h,,/, subshell is approached, and one consequence
is that in 153Yh the 23/2° is now found below the 27/2° steic, yiving rise io
E2 rather than E3 isomerism, The structure of other multiplets observed in

153Yb are also influenced by the reduced n-p interaction.
IT1. THE 35 ps ISOMER IN THE Z=71, N=83 NUCLEUS 15%Lu

As was discussed previously in Sections I and 1I, 27/2" isomers of
nhll/zn v=3 character occur at ~2.7 MeV in the proton-rich N=82 isotones 1“43Ho,
151Tm and 153Lu. As both Z and the =hy,/, occupation number increases, the
observed B(E2; 27/2" + 23/2") decreases sharply, reaching a value of only
0.45 e2fm* (or 0.01 Wu) in 153Lu, where the =h;,/, subshell is approximately
half-filled. Corresponding [nhll/znvf7/2]17+ isomers have been located [22,23]
in the N=83 neighbouring nuclei 150Ho and 152Tm. Echoing the trend in the N=82
series, the B(E2; 177 » 15%) diminishes from 150Ho to 152Tm, and by extrapola-
tion a 177 half=1ife much longer than 1 us has been predicted [23] for the 154%Lu

isotone, which has not been studied up to now.

For the recent experiment discussed in Section I, the strongest family of
Y-rays observed in the A=154 mass window was found to be coincident with Lu

x-rays and therefore assigned to the pn evaporation product 15%Lu. The isomeric

half-1ife was determined to be:

Tl/z = 35 ¢ 3 pus.



-12-

Although the yield of the 15%Lu isomer at the catcher foil was only 4% of the
153yh isomeric yield, the 15%Lu yy coincidence data recorded were of excellent

quality, as is illustrated in Figure 10.

The 130 keV transition was found to be in prompt coincidence with all the
other 1S4%Ly y-rays (Figure 10a), and its total conversion coefficient was deter-
mined from intensity balance to be

“tct(130 keV, 15%Ly) = 1,14 * 0.21
in agreement with the theoretical E2 value. Accordingly, it is interpreted as
the isomeric 17+ * 15+ transition. A key result, illustrated in Figure 10b, was

the identification of the 130, 350, 678 and 1402 keV y-ray cascade which closely

+ + +

resembles established 17% » 157 » 13" » 11* » 9% E2 cascades in the 150Ho and
152Tm isotones [23]. A1l the strong l5%Lu y-rays, except the 678 and 1402 keV

lines, appeared in coincidence with the 215 keV transition (Figure 10c).

The 15%Lu isomeric decay scheme shown in Figure 11 is based on the compre-
hensive yy coincidence results and on N=83 level systematics, and Table IV lists
the energies and intensities for all the y-rays tnat follow the decay of the
154y 35 ys isomer. Particularly, the spin-parity and suggested configuration
assignments rest largely on systematic arguments. The nhlllznvf7/2 assignment
for the two lowest 15%Lu levels extends & regular trend observed in the 148Tb,
150Ho and 152Tm isotones where the 8% multiplet members are found 315, 217 and
114 keV, respectively, above the [nhlllznvf7/2] 9" ground states. The decay
patterns of the 9: and 10" 1evels in 154y support their interpretation as
nh11/2"vh9/2 states, corresponding to similar states identified in 152Tm [23];
the lower energies in 15%Lu are consistent with the established downward trend

in the vhg/, single particle energy with increasing Z. The 117, 12" and higher-

lying negative parity 15%Lu levels are also probable counterparts of known
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excitationrs in 150Ho and 152Tm, and in most respects the three isomeric decays
resemble one another closely. However, the 350 keV y-ray in 15%Lu is unlikely
to be the 157 + 13" transition, as we first assumed. Such an E2 transition
between uhll/znvf7/2 states would be so slow in this nucleus that the parent
level should be isomeric, but the measurements revealed no intermediate isomers
in the level scheme. A further difficulty would be the implied 157 » 13
assignment for the 520 keV transition. The most plausible solution is indicatet
in Figure 11, where an unobserved low-energy 157 » 147 M1 transition is followe
by 350 keVv 147 » 13" and 520 kev 147 » 13” decay branches in a manner consisten
with the coincidence results. In the corresponding portion of the 153Lu level
spectrum, the uhll/zn 23/2° state is isomeric, even though the 21/2" state lies
below it [18]; this happens bécause the 23/2° » 21/2° Ml transition is forbidde
within the why,/," configuration, However, in 15%Lu the 15" » 14" transition

between nhll/znuf7/2 states can be fast, and may thus carry the entire decay

intensity.

While the Figure 11 level scheme may not be correct in all details, there
seems 1ittle doubt about the interpretation of the 130 keV E2 as the expected
177 » 15% isomeric transition, The measured half-1ife gives

B(E2; 130 kev, 15%Lu) = 0.19 + 0.02 e2fm“,
much smaller than the values 182 % 18 and 44 + 2 e2fm* determined from the anal
17t » 15° decays in 130Ho and 152Tm. Following Reference [23], we plot in Figu
12 the isomeric E2 transition amplitudes, vB(E2), for N=82, 83 nuclei as a func
tion of Z, with the assumption that the amplitude has changed sign only in
153Lu, The variation of /B{E2) with Z is seen to be appropriate linear for eac
set of the isotones. The shift in Figure 12 between the N=82 and N=83 lines m

be attributed to the (nhll/zn)27/2vf7/2 components of the 15" states, which gi
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rise to similar contributions to the 17 + 15* transition amplitudes in each of
the N=83 isotones. As mentioned above, this result has been anticipated in
Reference [23], where a B(E2; 17t - 15+) very close to zero was predicted for 15%L,
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Table 1. Production cross-sections for the reaction 102pd + S4Fe 4 156{f«

predicted by the code CASCADE at S“4Fe beam energies of 235 and 245 MeV.

The right hand column gives relative experimental yields (in arbitrary

units) for the isomeric species identified.

Exit o(235 MeV) o(245 MeV) Isomeric
Channel Product (mb) (mb) Yields*
2pn 133yh 73 60 70
p2n 153y 2 3.5 1.0
pn 154y 3 1.2 2.5
2n 1?"Hf 0.2 0.1 0.06

*Uncorrected for differences in the separator

products.

transmission for different



Table I1. Energies, intensities, and placements

of y-rays following the 15 us isomer in 153Lu.

Energy 0ff-Beam Placements
(keV) Intensity (keV)
130.4(2) 54(4) 2633.0
174.0(2) 46(4) 1506.1
216.5(2) 65(6) 1822.6
270.0(3) 24(2) 2147.2
291.0(3) 8(2)2) 2502.6
323.9(3) 10(2)%) 2147.2
355.4(3) 57(4) 2502.6
389.1(3) 35(3) 2211.7
658.8(3) ) 22(3) 2481.4
715.1(3) 35(4) 2147.2
1432,1(3) 100(9) 1432.1
1606.1(3) ~2 1601.1

a)Obta'ined from coincidence gates.



Table 111. Energies, intensities, and placements

of y-rays following the 15 us isomer in 153Yb.

Energy O0ff-Beam Placement
(keV) Intensity (keV)
50.8(2) 765(76) 2577.9
96.8(2) 50(4) 2577.9

107.2(2) 67(4) 2137.2

109.5(2) 98(5) 2246,7

234,4(2) 226(11) 2481.1

257.6(2) 616(31) 2504,3

267.7(2) 90(4) 2030.0

271.7(4) 6(1) 1762.3

280.5(3) - 12(2) 2527.1

303.0(2) 44(4) 17562.3

328.4(3) 17(2) 2481.1

367.1(2) 384(19) 2504.,3

539.4(2) 142(7) 2030.0

561.0(2) 41(4) 1762.3

566.7(2) 189(9) 566.7

635.1(2) 160(8) 1201.4

935.8(2) 473(24) 2137.2

951.2(3) 13(2) 2152.7

1045.3(2) 612(31) 2246.7
1196.0(3) 22(2) 1762.3
1201.4(2) 1000(50) 1201.4
1459.0(2) 47(4) 1459.0

1490.6(2) 148(7) 1490.6




Table IV. Energies, intensities, and placements

of y-rays following the 35 us isomer in 15%Lu,

Energy 0ff-Beam Placement
(keV) Intensity (kev)
98.0(6) 7(4) 1911.6
130.4(3) 72(7) 2561 .5+x

206.8(4) 18(2) 2431,1

215,4(3) 100(10) 1440,5 -
313.4(5) 10(2) 2224.3
316.2(5) 9(2) 1202.5
335.9(3) 75(8) 357.3

338.7(4) 39(4) 1225,1
350.0(3) - 99(10) 2431.1

358.1(6) 5(2) 358.1

411.6(5) 10(2) 1813.9
470.7(4) 31(3) 1911.6
519.5(4) 37(4) 2431.1
529.1(4) 34(5) 886.4

640.6(4) 70(7) 2081.1

678.8(4) 18(3) 2081.1
784.3(6) 8(2) 2224.3

845,2(4) 43(4) 1202.5

1202,5(5) 50(9) 1202.5

1402.3(4) 31(3) 1402.3




FIGURE CAPTIONS

Figure 1. Systematics of the yrast levels up to 3 MeV in the N=82 isotones
Iksn_y’ 1’-&9“0’ ISOEr, 151Tm and 152Ybh.

Figure 2. The EZ transition rates between 10" and gt states of the
nhll/zn v=2 spectra in the even-A nuclei (148D, 130gp, 152yh)
and those between 27/2" and 23/2° states of the uh11/2" v=3
spectra in the odd-A miciei (!4%Ho, 151Tm), The measured B(E2)'s
are shown with error bars, and the error bar for 152Yb is within the
plotted point. Two parabolae show the calculated B(E2) transition
rates of pure uh11/2" configurations using <eeffr2> whyy/z = 49
efm?,

Figure 3. Key y-ray coincidence spectra for the specified mass windows and

2)-d) gating transitions.

Figure 4. Isomeric decay scheme for 153Lu. Transition arrow widths are pro-
portional to the measured intensities, with internal conversion
contributions unshaded. The calculated nh11/57spectrum, with the
27/2° level energy matched to experiment, is shown to the left.

Figure 5, Energy systematics of even-A N=82 isotones, showing the main decay
pathways of the 10+ isomers.

Figure 6. Measured E2 transition amplitudes for v=2 and v=3 isomeric tran-
sitions in N=82 isotones as a function of Z-64. Where error bars
are not shown, they 1ie within the plotted point.

Figure 7. Off-beam y-ray spectrum for A=153 mass recoils following the reac-
tion 102pd + 240-245 MeV S4Fe, Lifetime data are shown in the inset.

Figure 8. Systematics observed in the even-odd N=83 isotones 149Dy and 15Er,

Figure 9. The 153Yb level scheme. Arrow widths are proportional to the tran-

siton intensities, with internal conversion contributions unshaded.



Figure 10.
a)=c)

Figure 1l1.

Figure 12.

FIGURE CAPTIONS CONTINUED

Key v-ray coincidence spectra for transitions in !3%Lu., Lifetime
datz are shown in the inset.

The 15%Lu level scheme, Arrow widths are proportional to the tran-
sition intensities with internal conversion contributions unshaded.
Measured E2 transition amplitudes far v=3 and v=4 isomeric tran-
sitions in N=82 and N=83 isotones as a function of Z. Where error

bars are not shown, they lie within the plotted point.
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