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The experimentally observed level structures which appear to support the newly proposed magnetic
rotation phenomenon in weakly deformed nuclei are classified according to their intrinsic structures and
other measured properties suchE#$/11)/B(E2) values, lifetimes, etc. A total of 120 magnetic dipole-
rotational bands are observed in 56 nuclei spread over four mass regions, namel0 (Z = 35-37),

110 (Z= 48-51), 135 (Z= 54-64), and 195 (Z# 80-86); 42such bands are observed in Pb isotopes
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INTRODUCTION

Experimental observation of features like rotational
bands and enhanced transition probabilities usually signify
the presence of nonsphericity in nuclei. Normally one ob-
serves enhanced electric quadrupole transitions connecting
Al = 2 levels in a rotational band. Observation of quasiro-
tational bands based on configurations which are known to
be nearly spherical is therefore quite unexpected. Nuclear
structure physics has in recent times been witness to the
observation of many such groups of levels which appear to
have rotational character and display enhanced magnetic
dipole transitions connectingl = 1 levels. Such bands
have therefore been termed in the literature “magnetic di-
pole” or “magnetic rotational” bands and subsequently also
“shears” bands. Observation of such structures has given
rise to much excitement, and one hopes that many new and
exotic coupling schemes may be identified [1]. In this paper
we present a Table of the established as well as the most
likely candidates of magnetic rotation (MR) bands. The
literature cutoff date for the data is August 1999.

Most MR-band nuclei are either even—even or
odd—A only a few odd—odd nuclei are known to have such
bands. The largest aggregate of data occurs i\the 195
mass region, where 12 lead isotopes having ¥91A =
202 display as many as 42 MR bands. All the nuclei
included in the compiled Table are shown in Fig. 1. Each
nucleus is assigned a box that exhibits the total number of
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MR bands, the minimum excitation energy, the minimurr
and maximum spins assigned in these bands, the corr
sponding parities, and the number of bands which exhib
backbending. It should be noted that a critical evaluation c
the experimental data is not the aim of this paper and mo
of the information has been gleaned from the reference
cited for each band; a total of 81 references have been cite

Salient Features of Magnetic Dipole Rotational Bands

Based on observations made so far and on theoretic
calculations, MR bands are expected to display the follow
ing properties:

1. The bands exhibit &l = 1 structure rather than
a Al = 2 structure and have a somewhat rotational chal
acter.

2. They are typically observed in nearly spherical
nuclei, most having a very small oblate deformation, al
though many are also known to have small prolate defol
mation.

3. The bandhead lies at a high excitation energy (
few MeV) and has a high spin (~ 10-15#%) and a high
value ofK (the projection ofl on the symmetry axis), both
indicative of a multi-quasiparticle character.

4. Intraband transitions are predominantly magneti
dipole (M1) in nature, witlB(M1) values being of the order
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FIG. 1. Isotope chart oZ vs N for the magnetic dipole rotational bands included in this compilation. See key (inset) for the interpretation of the entries in

box.

of several Weisskopf units. Crossover E2 transitions are 5. These bands have generally weak connections |
either very weak or absent, so tHB¢E2) values are<0.1 other yrast states.

(eby. The ratioB(M1)/B(E2) is therefore quite large, with 6. These bands carry a dynamical moment of inerti
values~10-100 (,/eby. In normal rotational bands this of the order of3® = 10-254°MeV ', smaller than the
ratio is less than 1y(,/eby. In a number of MR bands in the dynamical moments of inertia of normal-deformed and su
A = 110 and 195 mass region, a decrease inBhe1) perdeformed nuclei. The rati®®/B(E2) is larger than 150
values with increasing spin has been observed. #’MeV *(eb)? here, in comparison to a value of 15
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fi’MeV'(eb)? in well-deformed nuclei and 5
#’MeV *(eb)? in superdeformed nuclei.

Keeping these characteristics in mind, we have been
able to extract from the published literature on experimen-
tally observed level structures 120 MR bands in 56 nuclei.
These are spread over four mass regions, namely
77-85, 105-113, 124-144, att81-205. While most of
these bands have been assigned oblate many-quasiparticle
configurations, several prolate configurations have also
been assigned to bands in the lighter mass regions.

We find that in addition to the above-mentioned char-
acteristics, the experimentally observed bands also exhibit
the following features:

1. Some of these cascades do not displai(br- 1)
behavior and are irregular in their structure.

2. Many MR bands display signature splitting.

3. A large number of cases display backbending.

Physical Mechanism of Magnetic Rotation

The largest number of MR bands has been identified
in Pb nuclei, and these, therefore, constitute the foremost
testing ground for the various physical mechanisms which
could give rise to rotation-like features with strong magnetic
dipole transitions connectinyl = 1 states. A configuration
assignment for the bands has been possible in most of the
cases in Pb nuclei based on considerations such as (i) the
excitation energies and angular momenta, (ii) comparisons
with the known excitations in neighboring nuclei, and (iii)
estimates from model calculations. Unlike the superde-
formed bands, the linking transitions have been seen in a
large number of cases; the excitation energies and the an-
gular momenta are therefore known with greater certainty in
many instances.

The low-lying excitations of neutron-deficient Pb iso-
topes are known to consist of spherical states arising from
neutron hole excitations, and further higher-lying excita-
tions are formed on weakly oblate states built on broken-
pair proton (particle—hole) excitations across the core. As
an example, the Ostate at 931 keV in*Pb, having a small
oblate deformation [2], is built on themd/2 [505]}* con-
figuration of thehy,, orbital. Two high-spin isomeric exci-
tations are observed at 2438 and 2934 keV, halfng 8"
and 11, respectively [3]; these are interpreted apZR)
broken proton-pair shell model configurations given by
[{ whe;,, 9/27[505]} ® {mhgy,, 7/27[514]}] k--s- and
[{ mheo, 9/27[505]} ® {risen 13/2°[606]}] wroys-

Both these configurations are also known to be associated
with a small oblate deformatioff, ~ —0.18 as suggested
by some calculations. However, no regular collective bands
built on these states have been observed.

The Al = 1 bands observed in the lead isotopes have
been assigned configurations consisting of Kle = 11"
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excitation coupled to low-(@ne/three quasineutrons (in odd—
nuclides) or twoffour quasineutrons (in evén-uclides).
Since the protons occupy high<lates, their density distribu-
tion is like a torus with angular momentum pointing along the
symmetry axis. The lowd neutron hole states, on the other
hand, have a dumbbell-like density distribution, with angula
momentum pointing along a direction perpendicular to the
symmetry axis [4, 5]. Maximum overlap between the two
density distributions is therefore obtained when the angule
momenta of proton particle and neutron hole are perpendicul
to each other, and the resultant angular momentum lies sor
where between the proton and the neutron angular momen
as shown in Fig. 2a. Frauendorf [4, 6, 7] suggested that the
two angular momenta are like the two blades of a pair o
shears, and that the unusual properties of MR bands, such
the generation of high angular momenta at such low deform:
tion, predominance of regular M1 transitions, lack of signatur
splitting, etc., can be explained if the two blades simulta
neously align toward the resultant total angular momentum 1
generate higher angular momentum states (cf. Fig. 2b). Th
mechanism has hence been named the “shears mechanism.
tilted-axis version of the Cranking model (TAC) was proposec
[4] which incorporates this shears mechanism quite succes
fully and gives a good estimate of the excitation energies
spins, andB(M1)/B(E2) values of many such bands.

A similar mechanism is seen to work in the= 110
and 135 mass regions although different orbitals are ir
volved. In theA = 110 mass region the active orbitals are
high-Q proton ge, holes, driving the nucleus toward a
slightly prolate shape g8, ~ 0.13, and low-(heutronh,,,,
particles [7]. Due to the shape of their density distribution
the proton angular momentum vector aligns itself towart
the nuclear symmetry axis while the neutron angular mo
mentum vector aligns toward an axis perpendicular to it. It
the A = 135 mass regiomy,,,, proton particles andh,,,,
neutron holes are involved in the configuration of MR band:
[8]; sometimesg,,, protons are also assigned a role. The
coexistence of prolate and oblate shapes is predicted
different bands in a few nuclei. However, the interpretation:
are not as firm in these mass regions as inthe 195 mass
region. It may be noted that the highisitruder orbitals,
which are known to play an important role in many high-
spin phenomena such as superdeformation, also play .
important role in generating MR bands.

Recent calculations based on the spherical she
model with a reasonable configuration space for protons ar
neutrons have also been able to reproduce regular MR ban
and confirm the shears mechanism of generating magne
dipole rotational bands [9].

A suggestion has recently been made that the shee
mechanism may arise due to a residual interaction betwe:
the protons and neutrons in the two blades [10]. An inter
action of theP,(0) kind can be mediated through the core
by particle—vibration coupling acting in second order. This
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FIG. 2. Schematic coupling scheme of shears mechanism for a small oblate
deformation in the Pb region at (a) small rotational frequency and (b)
large rotational frequency. For details see text.

kind of physical mechanism may not require the presence of
a deformed mean field for nearly spherical nuclei.
Application of Tilted-Axis Cranking Model
A general TAC Hamiltonian for a single particle is
given by [4]
w(j1SIN O cos@ + j,Sin 6 sin ¢ + j;c080),
1)

wherehs, is the single particle Hamiltonian in a deformed
field (e.g., a deformed oscillator or a deformed Woods—

! J—
TAC — hsp -
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Saxon potential)w is the rotational frequency, and,(¢)
are the tilting angle and the azimuthal angle of the tota
angular momentum, respectively; anp,(j., js) are the
components of particle angular momentpaiong the (1, 2,
3) axes, respectively, where the 3-axis is the symmetry axi
Detailed calculations have been reported in the liter
ature for the MR bands, where, using the multiparticle
version of the TAC, pairing and residual interactions have
also been included (for example see [11, 12] and referenc
therein). Within the pairing plus quadrupole—quadrupole
model, the quasiparticle Routhian is given by [5]

, siny
h" = hy, — fiweB| cos Yy — T(% +q-,)
\r
—AP*"+ P) — An — w(j;Sin 6 + jscos0), (2)

where ¢ = 0° has been substituted to reduce the three
dimensional problem to a planar one. Héte, = 41A™?;

B and y are the usual deformation parameters; gpdd.,
andq_, are the expectation values of the respective corr
ponents of the quadrupole tensQr The operatoP " cre-
ates the pair field, the strength of which is fixed by the gaj
parameterd. The Fermi level is fixed to give the correct
particle number. As an example, we have performed calct
lations for the MR band in®Sn by using the TAC code
[13]. The proton pairing was neglected in these calculation
because the protat = 50 shell is closed. For the neutrons,
pairing was taken into account using a constant= 0.80
MeV. The neutron Fermi level was calculated to give the
appropriate particle number. We have done calculations fc
a series of deformation parameters to minimize the tote
energy in the lab frame and found that the most suitabl
deformation in this case i8 = 0.137 andy = 10°. Single
proton and single quasineutron Routhians were then calc
lated. Taking the bandhead spin and parity into consider:
tion, we chose the configuratiof{ ge39:2) ® Y[hiyA g..052)"]
and calculated the total quantities (like spin, energy, equ
librium tilt angle 6). In order to compare the experimental
results with the calculated ones, we transform the exper
mental energiegk(l) into rotational frequencies by using
the relation

() = E(1) — E(I — 1). 3)

The results of our calculations along with the experimente
results [14] are shown in Fig. 3, where the total angula
momentum| vs fw is plotted. The TAC curve differs
slightly from the observed values but exhibits the sam
trend. The observed values also show a backbending tf
has been attributed in [14] to the alignment of @,(ds,,)
neutron pair. The wavefunctions so obtained can be used
calculate the electromagnetic transitions and other prope
ties, as discussed in the following section.
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FIG. 3. Angular momentum vs rotational frequency f8fSn using the
TAC model for the configurationt(ge3g72) ® v[hZ(ds2072)"]
and the deformation parametef /) = (0.137, 10°) along with the
experimental curve for the dipole band fiSn.

Electromagnetic Properties of Magnetic Dipole
Rotational Bands

A Al = 1 structure and large intrabaBdM1) values
immediately suggest that the MR bands are based onKigh-
proton configurations. In the strong coupling limit [15],

3
BIML, 1 — 1) =, K¥(ge — ga)2(1'KLOJIK)[% (&)

wheregy is the protong-factor andgg ~ Z/A. When both
K and (gx — gr) are large, theB(M1) value increases.
However, the trend of th&(M1) values with rotational
frequency distinguishes a hidb-band from a MR band.

The coupling scheme for the bandhead in a tilted axis
representation is shown in Fig. 2a, with the proton angular
momentum vector close to the nuclear symmetry axis
(deformation-aligned) and the neutron angular momentum
vector close to an axis perpendicular to it (rotation-aligned).
Such a coupling gives rise to a large perpendicular compo-
nent of the magnetic momeng,* = w,; + w,. Higher
angular momentum states are generated by a gradual align-
ment of the neutron and proton blades with the total angular
momentumi. As | increases,u’ decreases. Since the
B(M1) values are proportional t.*|?, the shears mecha-
nism predicts decreasii@(M1) values with increasing spin
along the band. Th&(M1) and B(E2) values can be cal-
culated in the TAC model by using the expressions [4, 6],
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3
B(Ml) = g [Sln 9{ g|,77<j11',3>u) + (gS,’JT - gl,‘n')<s7r,3>w

+ 05.4S0300) — COSO{ Q) [ r1)w
+ (e = 91)(Sr0)0 T Gs{SuD)ut]® (5)

and

15 .
B(E2) = 1287 (eQ,sin?0)?2, (6)

where the average values of the componenis tife spins,
and the intrinsic electric quadrupole mom&yy are calcu-
lated from the TAC model configurations. Tly&s are the
usual gyromagnetic factors. In Fig. 4, we show the results c
our calculations foB(M1) andB(M1)/B(E2) values for the
%31 nucleus discussed in the previous section. We find th
both B(M1) and B(M1)/B(E2) values decrease with in-
creasing rotational frequency and hence with increasin
angular momentum, thus proving the validity of the shear
mechanism in the mass = 110 region.

A comparison of the calculated values with the re-
cently measured(M1) values in a series of Pb isotopes
with A = 193-197 hagonfirmed the decrease B(M1)
with increasing angular momentum [11]. This constitute:
the strongest argument in favor of the shears mechanism
lead nuclei. It may be emphasized that whereas the rati
such asB(M1)/B(E2) may be explained on the basis of
principal axis cranking, the behavior B{fM1) with angular
momentum confirms that it is a new mode of excitatior
which requires the TAC.

Measurement of thg-factor is another sensitive test
of a configuration. For example, thgefactor of the 2584-
keV bandhead in**Pb was measured [16] to be 0.68
0.03, which matches very well with the calculated value
0.71 = 0.04 for the assigned configurationy, ®
132 kre11- ® (Vien) kw—202-; Other configurations do
not reproduce the measured value.

Another useful quantity which is reported more often
and which highlights the large strength of the M1 transition:
is the ratioB(M1)/B(E2). It can be obtained from experi-
ment by using the expression [17]

B(M1)/B(E2) — - -0 68E: 7

( ) ( ) - ma ( )
whereE,, ,, are the respectivg-ray energies in MeV cor-
responding to the M1X1 = 1) and E2 Al = 2) transitions
from a statdl, A is the y-ray intensity ratio [(-y,)/1(7y1)],
and 8 is the mixing ratio for theAl = 1 transition. Since
observed M1 transitions are much stronger than the E
transitions, it may be assumed that the = 1 transitions
are pure M1 transitions and therefore the mixing ratio ma
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FIG. 4. The B(M1) (upper panel) an&(M1)/B(E2) values (lower panel)
vs rotational frequency from the TAC model calculations for the
configuration shown in Fig. 3.

be ignored. We tabulate thii{ M1)/B(E2) ratio in the Table
for a large number of cases. It turns out to be of the order of
10-100 (u\/eby as compared to a value less thanul(
eby in normally deformed nuclei.

Moments of Inertia, Alignment, and Backbending

The kinematic moment of inerti&? = #l/w =
#’1/E(I = | — 1) and the dynamic moment of inertia
I® = adl/dw = A*/AE (1) are plotted in Fig. 5 for some
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typical cases from thé = 80, 110, 135, and 195ass
regions. HereAE (1) = E(l -1 - 1) - E,(I — 1 —

| — 2). We notice many similarities in the four plots from
each mass region. Tha® values (solid lines) generally
decrease with increasing angular momentum, a trend opp
site to what one observes in normal deformed rotatione
bands where3™ generally rises with increasing angular
momentum. This is indicative of a large contribution to the
total angular momentum from a source other than collec
tive. Also theI® values are typically considerably smaller
than 3™, again indicating a large contribution to the total
angular momentum from alignment; the very large fluctua
tions in I® values shown in some MR bands are due to :
backbending in these bands. More recently, the behavior
I® and I? as a function of angular momentum has alsc
been shown to be consistent with thg 0) type of residual
interaction between protons and neutrons [18].

For rotational bands in normal deformed nuclei, the
moment of inertia is directly proportional to thB(E2)
values, and hence the ratid®/B(E2) is expected to be
roughly constant. For MR bands, this ratio is, on average
more than a factor of 10 larger than in well deformed nuclei
which shows that only a fraction of the inertia is generate
by the rotation of the deformed core. It should be notec
however, that ratio§ ®’/B(E2) as large as 10 can also come
about for a normal rotor in the presence of pairing anc
having a small deformation.

A kind of singularity or sharp rise is observed in the
value of I® at angular momenta where backbending oc
curs, which is normally attributed to a bandcrossing with
further alignment of thé, 5, quasineutron pair in Pb nuclei
and an alignment of thk,,,, neutron pair in the mass 110
and 135 regions. For example an upbenti@t- 0.38 MeV
in band 2 of**Pb having configurationr(hg, ® i, ®
v(i15,) 2 is attributed to a seconi, quasineutron pair
crossing [19]. Thus after the crossing, the configuratiol
becomesr(hg, ® i13,) ® v(is,) *. A similar bandcross-
ing is also noticed in band 3 of®Pb but at a higher
frequency; the shift in frequency may be interpreted as thi
band having some pairing prior to crossing. It is also pos
sible to interpret the backbending as the crossing of tw
shears bands. When a second shears band crosses the
shears band, the shears angle opens up again from a sn
value (near 0°) to a large value (near 90°). The experiment
evidence in favor of such a crossing would be a sudden ris
in the B(M1) value near the crossing frequency. It would be
very interesting to make such measurements.

Regular and Irregular Bands

While most of the bands are nearly regular (not con
sidering backbending as an irregularity), some of the banc
appear quite irregular. It may be pointed out that with bette
statistics in experiments, the order of transitions has bee
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FIG. 5. Kinematic (solid lines) and dynamic (dashed lines) moments of inertia vs spin plotted for five nuclei frén+ti8®, 110, 135, and 19%ass regions.

changed in many cases, thereby making some irregular
bands regular. Also, it may be noted that signature splitting
in a band must be distinguished from the irregular nature of
a Al = 1 band. This distinction may be achieved by
dividing a Al = 1 band into twoAl = 2 bands, then
analyzing the levels within thAl = 2 subbands for regu-
larity and bandcrossing. For example, band 3'8Pb,
which otherwise looks quite irregular, on dividing into two
bands can be interpreted as a rotational structure with align-
ment taking place around the 1237-keV level [19].

Signature Splitting

The TAC model mixes states of good signature. It is
therefore expected that MR bands may not have a signature
splitting. We find that 14 of the 42 MR bands experimen-
tally observed in the Pb nuclei display a signature splitting.
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We did not include a few other cases because it was difficu
to make a judgment in those cases where only three or fol
transitions are known. In Fig. 6, we platE (1) vs |1 for 6
of the 14 cases; a signature splitting is evident in all the
cases. It is interesting to note that 2 cases, namely band 2
Pp and band 4 of°Pb, also exhibit a signature inversion.
Such phenomena of signature splitting and signature inve
sion have been observed and studied in normal deforme
even—even [20], odd-Aand odd—odd nuclei [21] and can
be explained by using the particle-rotor model [22, 23].
An odd-odd nucleus with the odd proton and the odt
neutron in appropriate orbitals is the simplest system fc
simulating the shears mechanism. Accordingly we hav
used the two-quasiparticle-plus-rotor model for &
deformation-aligned proton particle in dn,,, 9/2[514]
orbit and a rotation-aligned neutron hole in an.,,
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FIG. 6. Signature splitting in some MR bands in Pb isotopes as observed in the experimental data. The spins are uncertain in the three cases in the bottc

1/2[600] orbit at a small oblate deformatior & —0.1),

and calculated energies and the aligned angular momenta,
etc. Our calculations [24] show that the band based on this
configuration develops a strong signature splitting at

16. The signature splitting persists even for the band based
on the hg,, 9/2[514] ® i,4, 7/2[604] configuration.
However, this signature splitting disappears when the de-
formation is increased to, say,= —0.25. These calcula-
tions also indicate that the shears mechanism is more valid
at small deformations. Similar conclusions regarding the
validity of the shears mechanism have also been reached by
Macchiavelli et al. [25]. Since signature splitting is also
prominent at small deformation, it is not unusual to observe
signature splitting in MR bands, which is a small deforma-
tion phenomenon. In Fig. 7, we show the geometry of the
particle angular momenta and their alignments at lower
spins where splitting is absent and at higher angular mo-
menta where splitting is present. The diagrams reveal that
the shears mechanism is active at the lower spins. At higher
spins ( > 16), thestates belonging to different signatures
clearly align along different directions, thus diluting the
shears mechanism. We may therefore infer that the presence
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of a large signature splitting may be linked with a dilution
of the shears mechanism.

Identical Bands

Observation of identical bands in superdeformed nu
clei brought this phenomenon, which is also present to son
extent in normal deformed nuclei [26, 27], into sharp focus
Some MR bands also appear to have identical transitic
energies. An example is band 2'8Pb and band 1 of°Pb.
The bands differ in their configuration by a quasineutror
orbital f5/,, 1/2[521]. Aninterpretation in terms of a de-
coupling of a pseudo-spin = 0 quasineutron originating
from ps,, andfs,, Nilsson orbitals has been suggested [5]; it
requires a decoupling parametar = 1. However, no
identical band has been found in a similar situatio’iRb
and*”Pb. This phenomenon therefore remains to be inves
tigated in MR bands.

Conclusions

In this paper, we have presented experimental da
and other evidence taken from the literature which appear

Atomic Data and Nuclear Data Tables, Vol. 74, No. 2, March 2000



1 — I= 8
107 eeee I= 16
: /vj
M . -
T B [
1 A
7 J vy
@_||’Il’l|lll|l||||||l||||l
%) 5 10
J1
1 — I= 20
i 1= 21
1 ----1=22
w j
.2 -
: T T T T T T T T T T ¥ T T T T T [ T T7T
%] 5 19

J1
FIG. 7. Geometry of particle angular momentalat 8 and 16 (upper
panel), and at three consecutive angular momenta$o20, 21, and

22, which lie in the region of signature splitting (lower panel), for
small oblate deformatioe, = —0.1.

support the recently proposed concept of magnetic rotation.
A total of 120 bands in 56 nuclei from four mass regions
have been compiled from the literature. Some additional
cases, namel{?Y [28, 29], *Zr [30], *°°Cd [31], “%**%>'9"*%n

[32, 33],""1 [34], ***Ba [35], and"**Pm [36], are also likely
candidates of MR bands but have not been included in this
Table due to the uncertain nature of the bands and insuffi-
cient information. The bands in the= 80 and 135 regions
and Hg nuclides included in the Table should also be treated
with caution. The energies, spin, parity, configuration as-
signments, electromagnetic properties, and other important
details of MR bands are listed in the Table. We have
discussed very briefly the shears mechanism and experi-
mental as well as theoretical evidence in its favor. Many
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other features of MR bands such as signature effects are al
discussed. Preliminary results from the two-particle—roto
model are given to check the applicability of the shear:
mechanism when signature splitting occurs. It may b
pointed out that MR is just one of the several new modes ¢
rotation that are being talked about [1]. For example, it i
possible to construct both blades of the shears from tf
same type of particles (either protons or neutrons). While
regular pattern of levels would still be formed, these will be
connected by weak E2 transitions (antimagnetic rotation
Observation of a “pure” MR band based on a perfectly
spherical configuration is another challenge for the exper
mentalists. Another mode where the blades of the shea
close with decreasing excitation rather than open has al
been predicted. It would indeed be interesting to observ
these new modes of rotation in experiments.
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POLICIES

Level Energies The listed level energies are taken from the first reference given for a band. In cases where values given
original authors are relative to the energy of an isomer, we have added the energy of the isomer (taker
the Evaluated Nuclear Structure Data File database at Brookhaven National Laboratory) to each ¢
energy levels.

Band Intensity The quoted value represents the approximate intensity (as a percentage) of the population of a band in a rt
channel leading to that nucleus. The value is taken from the cited reference if quoted explicitly by
authors. Otherwise an approximate value is deduced by us from the authors’ relatiyéntensity data
(either numeric or graphic).

References The references are listed in chronological order in terms of eight digit key numbers as assigned in the Nt
Science References database at Brookhaven National Laboratory.

294 Atomic Data and Nuclear Data Tables, Vol. 74, No. 2, March 2000



TABLE.

EXPLANATION OF TABLE

Magnetic Dipole Rotational Bands

Xu Denotes the specific nuclide with
X chemical symbol
A mass number
Z atomic number
N neutron number
A single blank row marks the end of entries for each band. The number in the first colu
denotes the band number.

Eiever Level energy in units of keV. Energies in parentheses denote tentative levels. Labels X, Y
etc., indicate that absolute excitation energies are unknown due to lack of knowledge a
linking transitions to the lower levels.

I denotes the level spin for each band membedenotes the parity (dor —). I ™ given in
parentheses denotes uncertain spin and/or parity assignments.

I‘IT

E,(M1) v-Ray energies in units of keV for the MA( = 1) transitionl — 1 — 1.
E,(E2) v-Ray energies in units of keV for the EA[ = 2) transitionl — | — 2.
B(M1)/B(E2) The ratio of reduced transition probabilities in units pf{eby given with the uncertainties in

the last digits in parentheses [Eq. (8)= 0]. In some bands where only upper limits for
the intensities of the E2 transitions are given the lower limits&@vi1)/B(E2) are given.

References The references follow key numbers as assigned in the Nuclear Science References date
Brookhaven National Laboratory. The data for a band have been taken from the 1
reference cited (printed bold). Information taken from other references is given under
column “Configurations and Comments.”

Configurations and

Comments The quasiparticle configuration for a band is given wherever assigned by the original aut

7 here is for protons andis for neutrons. s, p, d, f, g, h, and i are the orbitals. A positiv
integer in the superscript of the orbital denotes the number of particles while a nega
integer denotes the number of holes in that orbital.

The abbreviations in this item are explained below:
DSM deformed shell model
TAC tilted-axis cranking
CSM cranked shell model
TRS total Routhian surface
PSM  projected shell model
IBFM interacting Boson—Fermion model
FAL  Fermi aligned
HF Hartree—Fock
BCS Pairing theory of Bardeen, Cooper, and Schrieffer
CWS Cranked Woods—Saxon

(B2, ) Deformation parameters.

Backbending In a rotational band, the transition energies increase with increase in spin refledt{ihgtthe
1) behavior, but in some cases, e.g., in band 1*6fd, the moment of inertia increases
drastically after the spin 16 and the transition energy decreases and again starts risi
after 18. This phenomenon is known as backbending and is usually attributed to
crossing of two rotational bands due to the alignment of a pair of either kind
quasiparticles.

Regular band A band where the excitation energy varies more or less smoothly with spin, thougt
necessarily as(l + 1).

Irregular band A band where energy variation with spin is quite abrupt.
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TABLE. Magnetic Dipole Rotational Bands
See page 295 for Explanation of Table

77
35BI'y
Eievel I" E,M1) E(E2) B(MI1yB(E2) References Configurations and Comments:
keV keV keV (nn/eb)?
2931.6 17/2° 1993Do14 1. Tentatively assigned as m(go;) ® v{gon ®
3219.6 (19/2) 288.0 1993Sy03 (pl/zpmfs/z)l} from the alignment and DSM
3609.9 (21/2%) 390.3 1995Ta2l calculations.
4149.8 (23/27) 539.9 2. Regular band.
3. Nuclear reactions: As (o, 2ny), E(c)= 27 MeV,
Ge ('Li, 3ny) and ™Ge ('Li, 4ny), E('Li)=35
MeV.
79
3sBry
Eievel " E,M1) E(E2) B(MI1)B(E2) References Configurations and Comments:
keV keV keV (un/eb)?
2393.1 13/2 1988Sc13 1. Tentatively assigned as m(gopn) ® V[2on(P32fsn)']
2580.4 15/2 187.3 1995Ta21 2. Regular band.
27739 17/2 193.5 3. Nuclear reaction: "’Se (o, npy), E()=27 MeV,
3088.3 19/2 314.4 Band intensity ~ 6%.
3535.8 21/2 447.5
81
35 By
Eievel I E,M1) E(E2) B(MI)B(E2) References Configurations and Comments:
keV keV keV (un/eb)?
25494 (13/2) 1986Fu04 1. Tentatively assigned as 7(go;,"ps12), but this may
2668.5 (15/2) 119.1 1995Ta21 only be just one component.
2942.1 (17/2) 273.6 2. Regular band.
3333.5 (192 3914 3. Nuclear reaction: *Se (a, p2ny), E(o)= 35-48
3798.7 2172y 4652 MeV.
79
36 Krg
Eevel I E(M1) E(E2) B(MI)YB(E2) References Configurations and Comments:
keV keV keV (un/eb)?
2857.0 (17727 1990Sc07 1. Tentatively assigned as n{ge, ® (psnfsn)'] ®
32143 19/2° 357 1994J008 v(gop)-
3585.5 21/2 371.2 1995Ta21 2. Regular band.
4133.0 23/2° 5475 3. Nuclear reactions: 77Se(oc, 2ny), 78Se(ot, 3ny),

and **Cu('*0, 3pny).
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TABLE. Magnetic Dipole Rotational Bands
See page 295 for Explanation of Table

79
37 Rb42
Eevel I EM1) EJE2) B(MI)B(E2) References Configurations and Comments:
keV keV keV (un/eb)?
3309.4 (19/27) 1993Ho15 I. Tentatively assigned as 1(gq) ®v[(gon) ®
3687.5 (21/2) 3781 1995Ta21 (pH)'] by comparison with the isotone ' /Br.
4152.2 (23/2) 464.7 842.8 1996Sm07 2. Regular band.
4686.4 (25/2) 5342 3. 601 keV MI transition is from 1996Sm07.
5287.4 @72y 601 4. Nuclear reactions: *Cu("F, 2pny) and **Cu('*0,
4ny), E(*F) and E(**0) = 65 MeV, Band
intensity < 2%.
81
37 Rb 44
Ejevel I E,M1) E(E2) B(MI1)B(E2) References Configurations and Comments:
keV keV keV (un/eb)?
2636.0 (15/27) 1994Do18 1. Tentatively assigned as n(gq;) ®v{(gen) ®
2697.2 17/2° 61.0 1995Ta2l (pH'"]
2997.7 19727 300.5 2. Regular band.
3427.5 21727 429.8 3. Nuclear reactions: °Br(a, 2ny), E(a)=27 MeV
3993.1 23/2 565.6 (996) and **Zn("°F, o2ny), E("*F) = 72 MeV.
4529 (25/2) 599
82
37Rb45
Elevel Ir E,M1) E(E2) B(MI)B(E2) Reference Configurations and Comments:
keV keV keV (un/eb)?
2616 119 19998c14 1. Tentatively assigned as nt[(go)* ® (p3nfsn)'] ®
3027 120 411 1999D002 V(go)-
3499 130 473 883 2. (B, ¥) =(0.16, 20°) from TAC calculations.
4046 (147 548 1018 3. Regular band.
4714 (15) 668 1215 4. B(M1)/B(E2) values range from 10-25 (uy/eb)’.
5483 (16) 769 1437 5. Nuclear reaction: "°Ge (''B, 5ny), E("'B)= 50
MeV, band intensity ~ 20%.
83
37 Rb 46
Elevel I" E(MI) E(E2) B(MI)B(E2) References Configurations and Comments:
KeV keV keV (un/eb)?
2314.0 (13/27) 1980Gal7 1. Tentatively assigned as a three gp band.
2414.4 (15/27) 100.5 1995Ta21l 2. Regular band.
2596.7 (17/27) 182.0 3. Nuclear reactions: 81Br(ot, 2ny), E(a)=19-25
2958.9 1972y 3622 MeV, ¥Se(°Li, 3ny), E(°Li)= 23-29 MeV,
3363.8 2U2) 4049 Zn(*°0, p2ny), E(**0)= 52 MeV and “Ge('C,

p2ny), E(*?C)= 35-49 MeV.

297 Atomic Data and Nuclear Data Tables, Vol. 74, No. 2, March 2000



TABLE. Magnetic Dipole Rotational Bands
See page 295 for Explanation of Table

84

ywRby,
Eievet I E,M1) E(E2) B(MI)YB(E2) References Configurations and Comments:
keV keV keV (un/eb)?

1 3393 119 1999Sc14 1. Tentatively assigned as ®[(go)* ® (P3fs2)'] ®

3720 129 327 V(gon).
4166 130 445 772 2. (B2, v) = (0.14, -15°) from TAC calculations.
4714 140 548 996 3. Regular band.
5372 159 657 1206 4. B(M1)/B(E2) values range from 5-20 (un/eb)?.
6094 162 722 1381 5. Nuclear reaction: "*Ge (''B, 3ny), E("'B)= 50
6861 179 766 1489 MeV, band intensity ~ 20%.

85

37 Rb48
Ejevel I E(M1) E(E2) B(MI1)/B(E2) References Configurations and Comments:
keV keV keV (un/eb)?

1 31982 17729 1995Sc04 1. Tentatively assigned as i(gon™ ") ® V(g fs™").
3813.1 19229 6149 1995Ta21 2. Irregular band.

4356.1 2129 5435 3. Nuclear reaction: ¥Se(Li, 4ny), E('Li)= 32
4940.0 (23/2) 5839 MeV.
108
48 Cd60
Eievel I E/M1) E(E2) B(MI)B(E2) References Configurations and Comments:
keV keV keV (un/eb)?

1 (5590.7) (11) 1993Th05 1. Tentatively assigned as ni(ger2) k=5 ® V[hy12 (272
5641.0 127 (51) 1994Th01 or dsz)° before and m(gy,) ks ® v(hyy® (g or
5762.2 13° 121.2 ds;»)'] after the band crossing.

6078.2 14 316.0 >25 2. Small prolate deformation suggested.

6600.1 15 521.9 >118 3. Lower limits on B(M1)/B(E2) are from the
7277.0 167 676.9 >164 unobserved Al= 2 (E2) transitions.

7742.5 17 465.5 >218 4. Regular band with backbending at 17",

8104.0 18 361.5 >9] 5. Mean lifetimes of 14" and 15" levels are <3 ps
8586.5 19 482.5 >35 from 1994ThO1.

9176.7 (209 590.2 6. Nuclear reaction: **Zr ('°0, 4ny), E('*0)= 74, 75
(9881.2) @21)  (704.5) MeV, Band intensity ~ 3% and from 1994Th01:

1Mo (2C, 4ny), E(?C)= 54 MeV.
2 (7863.7) (16) 1993Th05 1. Regular band.
(8187.0) (17) 3233 2. Band intensity < 2%.

(8545.7) (18)  358.7
(8966.5) (19 4208
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TABLE. Magnetic Dipole Rotational Bands
See page 295 for Explanation of Table

109
48 Cd61
Elevel I® EM1) E(E2) B(MI1)Y/B(E2) Reference Configurations and Comments:
keV keV keV (un/eb)?
3354.5 21/2 1994Ju0s 1. Tentatively assigned as 7(go)> ® v(hyy2) by
35495 23/2° 195.0 comparison with the similar bands in '®Cd and
4030.5 25/ 4817 1ocd.
4630.5 27/2 600.0 2. (B2, ¥) ~ (0.12, 3°) from CSM calculations.
5279.5 29/2 649.0  1249.0 3. B(M1)/B(E2) values range from ~ 40 (py/eb)’
5441.1 31/2 161.6 to ~ 150 (un/eb)>
5731.0 33/2 289.9 4. Regular band with a backbending at 31/2.
61643 352 4333 5. Nuclear reactions: '“Mo ('*C, 4ny), E(*C)= 44
6795.8 37727 6315 MeV and **Zr ("*0, 5ny), E= 73 MeV, Band
7554.8 (39/27) 759 intensity ~ 4%.
5560.9 (27/2) 1994Ju05 1. Tentatively assigned as m(ge)” ® v(ds; hy1%)
5862.0 (2972)  301.1 or T(gsn)” ® V(g hy1%) from the properties of
6241.0 (31/2) 379.0 the band and its decay patterns.
6704.0 (33/2) 463.0 2. B(M1)/B(E2) values > 20 (uy/eb)? for the two
7244.6 (35/2) 540.6 levels at 33/2 and 35/2.
7822.4 37/2) 577.8 3. Regular band.
84294 39/2) 607 4. Band intensity ~ 2%.
'wCdg,
Elevet " EM1) E(E2) B(MI1)yB(E2) References Configurations and Comments:
keV keV keV (un/eb)?
5759.7 13 1994Ju04 1. Tentatively assigned as mt(go2) ® v(hy pgs2) or
5985.3 14 225.6 m(gor %) ® v(hyy,5ds,) by comparison with a
6355.3 15 370.0 similar band in '®®Cd and from the alignments.
6963.8 167 608.5 >58 2. Prolate deformation.
7576.2 17 612.4 >317 3. Lower limits on B(M1)/B(E2) values are from
the unobserved Al= 2 (E2) transitions.
4. Regular band.
5. Nuclear reactions: *Zr (30, 4ny), E(*0)=73
MeV and Mo (C, 3ny), E("°C) = 44 MeV,
Band intensity ~ 5%.
6584.2 14 1994Ju04 1. Tentatively assigned as m(ge;,) ® v(h;,,,%) or
6879.2 15 295.0 7(gon ' P1i2) ® V(hy1,2) depending on whether
7280.6 16 401.4 the band has positive or negative parity.
7758.5 17 4779 2. Prolate deformation.
3. Regular band.
4. Band intensity ~ 1%.
8015.8 17 1994Ju04 1. Configuration may involve in addition to that
8277.0 18 261.2 1999Cl103 of band 2, an aligned pair of neutrons in the
8594.6 19 317.6 2772 orbital.
8966.9 20 372.3 2. Prolate deformation.
9429.4 21 462.5 >48 3. Lower limits on B(M1)/B(E2) values are from
9990.4 22 561 >63 the unobserved Al= 2 (E2) transitions.
10664.2 23 673.8 >60 4. Regular band.
11450.2 24 786 5. Mean lifetimes of levels with spins from 20 to

23, as given in 1999Cl are 0.184(+18-22),
0.101(+15-18), 0.094(+14-18) and 0.092(+17
-23) ps, respectively.

6. B(M1) values for transitions from 372.3 to
673.8 keV, as given in 1999C] are 5.40(+65-53)
5.13(+90-75), 3.06(+57-45) and 1.83(+46-34)
i’ respectively.

7. Band intensity ~ 2.5%.
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TABLE. Magnetic Dipole Rotational Bands
See page 295 for Explanation of Table

111
wIng
Elevel " E,(M1) E(E2) B(M1)/B(E2) Reference Configurations and Comments:
keV keV keV (un/eb)?
3461.0 19727 1998V2a03 1. n(gorr” ") ®v(hy %) by comparison with a
3588.4 21/2° 127.4 similar band in ''°Cd .
3707.2 23/2" 118.8 2. Small prolate deformation.
3911.3 25728 204.1 3. BM1)/B(E2) > 50-100 (un/eb)? from
4282.6 27/2" 371.3 unobserved Al= 2 (E2) transitions.
4795.8 29127 513.2 884.3 70(11) 4. Regular band with small backbending at 23/2.
5330.7 3125 5349 10484 34(3) 5. Nuclear reaction : *°Zr("°F, 4ny), E("*F)=72
5877.1 (33/2)) 5464 10813 20(2) MeV, Band intensity ~ 33%.
4932.0 27/2° 1998Va03 1. 7(ger’") ®V(hy1,°g70) by comparison with a
5166.8 292% 2348 similar band in '°Cd .
5398.8 312" 232.0 2. Smali prolate deformation.
5678.1 332° 2793 3. B(M1YB(E2) > 50-100 (un/eb)? from

6051.0 35/2° 372.9 unobserved Al= 2 (E2) transitions.

6538.1 (3727  487.1 4. Regular band with small backbending at 31/2.
7175.2 (39/2") 637.1 5. Band intensity ~ 15%.
7917.1 412y 7419
8681.1 43127 764.0
X (31/2) 1998Va03 1. Tentatively assigned as T[(gg/z-l) ® v(hy 1 ngindsn)
390.5+X (33/27) 390.5 (configuration of a band in "'°Cd ) coupled to
794.7+X (35/2°) 404.2 an aligned gy, or hyy, neutron pair.
12443+X  (37/2) 449.6 2.1 and level energies are lower limits as
1774.1+X  (39/2) 529.8 estimated from intensity and feeding
2354.6+X  (41/2) 580.5 considerations.
3. X~ 5500 keV.
4. B(M1)/B(E2) > 50-100 (un/eb)? from
unobserved Al= 2 (E2) transitions.
5. Regular band.

6. Band intensity ~ 9%.

113
poIng
Elevel I" E,M1) E(E2) BMI)/B(E2) Reference Configurations and Comments:
keV keV keV (unfeb)’
2233.2 15/2) 1997Cho1 1. Tentatively assigned as m(gq  )®V(g72 ' hy110).
2396.4 (17/2)) 163.2 2. Small prolate deformation ($,=0.09).

(5]

2663.9 (19/27y 2675 . Parity assignment is based on comparison
2853.6 (21729 189.7 with neighboring nuclei.

3023.1 (23/2) 169.5 4. Irregular band.

3280.0 (25/2) 256.9 5. Fully aligned configuration gives rise to I"=

3972.6 2772y 692.6 27/2° ; 1" beyond this value is attributed to

4715.0 (29/2°) 742.4 1434.9 8(2) some collectivity.

5392.7 (3172) 6777 14186 17(6) 6. Nuclear reaction : ""°Pd("Li, 4ny), E('Li) = 40
MeV, Band intensity ~ 31%.

3122.1 (2129 1997Ch01 1. Tentative Configuration m(ge, " Y®v(hy122).

32139 (2312 91.8 2. Small prolate deformation (8,=0.09)

3397.2 (25121 183.3 3. Parity assignment is based on comparison

3788.1 (27/27y 3909 with neighboring nuclei.

43775 29727y 589.4 980.2 24(6) 4. Regular band.

5062.1 (3112"y  684.6 1274.2 71(14) 5. Band intensity ~ 15%.

5790.3 (33127 7282
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105
5050 55
Elevel I E,M1) E/E2) B(MI)/B(E2) Reference Configurations and Comments:
keV keV keV (un/eb)?
1 7043 29/27 1997Ga01 1. Tentatively assigned as m(go, ' g72)®v(h; 2>
7343 31/2° 300 (ds/zgm)‘) from TRS calculations.
7730 3320 388 2. Prolate deformation (B,=0.137)
8196 352 466 3. B(M1)/B(E2)>100(u/eb)? from the unobserved
8682 37729 486 Al=2 (E2) transitions.
9137 39200 456 4. Regular band with a backbending at 37/2.
9692 41/2W 555 5. Nuclear reaction : *°Cr(*®Ni, 2pny), E(*®Ni)=
10287 43720 596 210 MeV, Band intensity ~ 20%.
106
505N 5
Elevel I" E,MI1) E(E2) B(MI1)YB(E2) References Configurations and Comments:
keV keV keV (pun/eb)
1 8011 15 19993e07 1. (g2 89™") ® V{(g712d52)’ hyyy2) from TAC
8558 167 547 1999JeAA calculations.
9101 17 543 19987¢03 2. (B ¥) = (0.11, -13°),
9551 18 450 >160 3. Level energies, spins and parities are from
10039 19 488 >250 1999JeAA.
10631 207 592 >200 4. Mean lifetimes of the five uppermost levels are
11412 2r 781 >35 0.30(3), 0.43(5), 0.51(15), 0.22(2) and
12046 22" 634 0.22(+1-3) ps, respectively.
5. B(M1) values for the transitions from 450 to
599 keV are 2.06(+22-26), 1.12(+15-13),
0.54(+20-13), 0.54(+5-7) and 1.17(17) p2,
respectively.
6. Regular band with backbending at the top of
the band.
7. Nuclear reaction: **Fe(**Ni, «2py), E(*Ni) =
243 MeV.
2 9236.1 17 19983¢03 1. (g7 8o™) @ V((275dsp) hyys2) from TAC
9637.8 18 401.7 calculations.
10117.0 19 479.2 >155 2. (B2, v)=(0.11, -13°).
10672.4 200 555.4 >290 3. Regular band.
11292.7 21" 620.3 >220
11971.5 227 678.8
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108
505N 5
Ejevel & EMI1) E/(E2) B(M1)/B(E2) References Configurations and Comments:
keV keV keV (un/eb)?
1 6665 12 1998Je03 1. 7[(g7/2 gg/z-l) ® V((g7/2d5/2)l h”/z) from TAC
6885.0 13 220.0 1999Je07 calculations.
7182.7 14 297.7 2. Prolate shape (B, ) = (0.08, 0°) from 1999]Je.
7606.4 15 423.7 720 30.0(25) 3. The mean lifetimes of levels with spins from 15
8116.3 16 509.9 934 23.5(40) to 19 as given in 1999Je are 0.66(2), 0.23(1),
8634.5 17 518.2 1028 26.0(35) 0.29(1), 0.44(+5-2) and 0.56(2) ps, respectively.
9169.6 18 535.1 1053 19.5(40) 4. B(M1) values for the transitions from 424 to
9719.8 197 550.2 1085 23(4) 550 keV are 1.05(3), 1.63(8), 1.16(5), 0.64(+4
10355.3 200 635.5 1184 24(4) -8) and 0.48(3) py’, respectively.
5. Regular band.
6. Nuclear reaction: **Fe(**Ni, 4py), E(Ni) = 243
MeV.
2 8103 16’ 1998.Je03 1. (g7 gon™") ® V(72" (g72ds52)" hyypo) from TAC
8351.2 17 248.2 calculations.
8695.8 18 344.6 (592) 2. Prolate shape (B, ) = (0.11, 0°) from 1999Je.
9105.8 19 410.0 753 15.4(40)
9579.4 207 473.6 885 14.1(40)
10062.8 21 483.4 956 20.2(50)
10572.2 22 509.4 992 22.7(70)
108
51 Sb57
Elevel I" EM1) EJ(E2) B(MI)B(E2) Reference Configurations and Comments:
keV keV keV (un/eb)?
1 2154.6 T 1998Je09 1. [(gy2.d5n)’ gon'1® V() from TAC
2246.0 8 914 calculations.
2438.3 9 1923 283 2. (B2, v) = (0.116, 30°) from TAC calculations.
2719.9 107 281.6 474 3. B(M1)/B(E2) values range from ~ 5 (uy/eb)?
3032.4 1 3125 595 to ~ 20 (up/eb)?.
3376.8 127 344.4 657 4. Regular band.
3764.7 13 387.9 732 5. Nuclear reaction: **Fe (**Ni, 3pny), E(*Ni)=
4173.6 14 408.9 797 243 MeV, Band intensity ~ 47%.
4613.3 15 439.7 849
5101.9 16 488.6 929
5611.5 17 509.6 999
6150.0 18 538.5 1049
6719.6 19 569.6 1109
2 27534 107 1998Je09 1 n(hyi g7/2 gon™) ® gy 2.dspn)' from TAC
3057.4 11 304.0 calculations.
3376.4 12 319.0 623 2. (B, v) = (0.116, 10°) from TAC calculations.
37225 137 346.1 665 3. B(M1)/B(E2) values range from ~ 5 (un/eb)?
41779 14 455.4 801 to ~ 25 (un/eb).
45973 15 419.4 874 4. Regular band with backbending at 15.
5064.4 167 467.1 886 5. Band intensity ~ 19%.
5561.8 17 4974 964
6092.3 18 530.5 1028
6645.2 19 552.9 1084
7216.3 200 571.1 1124

302 Atomic Data and Nuclear Data Tables, Vol. 74, No. 2, March 2000



TABLE. Magnetic Dipole Rotational Bands
See page 295 for Explanation of Table

112

Sle61

Elevet I E,M1) E/E2) B(MI)/B(E2) Reference

keV keV keV (un/eb)?

1675.1 7 1998Lal4
1747.5 8 72.4

1949.7 9 2022

2275.2 10 3255 5277 24(2)

2629.1 I 3539 679.1 16.0(8)

3009.7 12 380.6 7346 14.2(7)

3402.1 13 3924 7735 13.3(7)

3809.0 14 4069  799.7 6.8(4)

4295.3 15 4863  893.2 10.6(8)

47983 16 503.0  989.8 9.9(9)

5326.2 17 527.9  1030.8

X (10 1998Lal4
378.2+X (11" 3782

750.8+X (12 3726 7506 7.5(5)

1077.6+X (137 3268  699.7 15.3(12)

1372.5+X (14 2949 6217 56(7)

1690.3+X (157  317.8 6130 200(180)
2046.1+X (16" 3558 6739 30(3)
2437.7+X (17 3916 7476 26(3)

2851.9+X (18" 4142
3284.4+X (199 4325
124

54 X€5

Ejevel " E,MI1) E(E2) B(MI1)YB(E2) Reference

keV keV keV (un/eb)?

5051 (12) 1999S¢20
5292 (13) 241 1997L012
5554 14 262 502

5830 (15) 276 537

6156 (16) 326 602

6556 a7 400 726

6987 18) 431 831

7436 (19) 449 880

7932 (20) 496 944

8368 @n 436 932

8914 (22) 546 982

9486 23) 572 1118

9929 24) 443 1016

303

Configurations and Comments:

1. n(gon™") ® v(hyyy,) from TRS calculations.

2. Regular band.

3. Nuclear reaction: 'Rh (**C, 3ny), E(*C)= 60
MeV and *Zr C'P, 2any), E= 150 MeV, Band
intensity ~ 30%.

L 1(ger") ® V{(dsag7)' hyy2”) from TRS
calculations and by comparison with similar
bands in neighboring isotopes.

2. Regular band with backbending at 12.

3. Band intensity ~ 6%.

Configurations and Comments:

1. Tentatively assigned as n(h,y, ® (dspg7)) @
v(hyin g72).

2. The observed B(M1)/B(E2) values start from
23.3 (3.3) (un/eb)® and decrease with increasing
spin before the backbend.

3. Irregular band with backbending at 8368 keV
level and at the top of the band.

4. Nuclear reaction: ''°Pd (**0, 4ny), E("*0)= 86
MeV, Band intensity ~ 13%.
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132
36 Ba g
Elever I EMI1) E/E2) BMI)/B(E2) Reference
KeV keV keV (un/eb)?
1 4108.5 109 1989Pal17
43123 (1 203.8
4548.0 (129 235.7
4883.0 (13%) 335.0
5307.5 (149 424.5
2 4863.9 an 1989Pal17
5033.6 (12) 169.7
5249.2 (13) 2156
5557.1 (14) 307.9
5964.1 (15) 407
131
s7Lag,
Ejever I" E(M1) E(E2) B(MIYB(E2) Reference
keV keV keV (un/eb)?
1 24767 (19/2) 1989Hi02
2544.0 212y 673
2698.3 (2372 1543
2934.4 2527 2361 389.9
3242.6 2772y 3082  544.1
3609.2 (29/2)  366.6 6756
4023.1 (31/2) 4139 7807
44785 (33/2) 4554  869.8
4967.1 (35/2)  488.6 9439
5489.3 372y 5222 1010
6037.1 (39/2) 5478 1069
(6603.6)  (41/2) (568.5) (1115)
(7184.6) (4372 (579)
2 2120.5 21/ 1989H;i02
2548.0 (23/2) 4275
3017.3 (25/2) 4693 896
35263 (27/2) 509 978

304

Configurations and Comments:

1

(¥

N

. Tentatively assigned as n(h,;2872) ® v(h;1ds1)

by considering the available orbits nearest to
the Fermi surface.

. Oblate shape (y~ -60°).
. Parities are from multipolarities of interband

transitions.

. Regular band.
. Nuclear reaction: '%$n (*C, 3ny), E("*C) =

57 MeV, Band intensity ~ 1%.

- (hyng ) ® vihy,7) by considering the

available orbits nearest to the Fermi surface.
Oblate shape (y~ -60°).

. Parities are from multipolarities of interband

transitions.

- Mean lifetime of Bandhead = 12.5(3) ns.
. Regular band.

Band intensity ~ 3%.

Configurations and Comments:

I.

w

[V

Tentatively assigned as m(h;;2) ® v(h,;,%) from
CSM calculations.
Collective oblate structure (y = -60°).

- B(M1)/B(E2) ratio is in the range of 10-50

(un/eb)? and rises with increasing spin.

. Regular band.
. Nuclear reaction: "®Cd(*°F, 4ny), E(¥F)=76 to

90 MeV, Band intensity ~ 7%.

. Tentatively assigned as 1(g;,,) ® v(gshy11) by

comparison with the neighboring '**Ba and
30Ce isotopes.

. Oblate shape suggested because of strong

connection to band 1.

. Bandhead is isomeric with a half life of

38(2) ns.

. Regular band.
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1
3Ce.;y
Eievel & E,M1) E(E2) B(M1)/B(E2) Reference Configurations and Comments:
keV KeV keV (unleb)’
3229.8 2327 1990Ma26 1. Tentatively assigned as m(h;;ng7) ® v(hyy,) by
3431.9 25/2° 202.1 comparison with the N=75 isotones.
3699.9 272" 268.0 2. Near prolate shape (y ~ 0°).
41282 29/2° 4283 696 >8 3. Irregular band with backbending at I" =31/2
4486.4 31/2° 358.2 786.8 23(7) and 35/2.
4979.3 33/2* 492.9 851 >9 4. Small signature splitting.
5428.5 3512° 449.2 942 >14 5. Lower limits of B(M1)/B(E2) are from the
5942.5 (37/2%) 514 963 unobserved Al =2 (E2) transitions.
6444.5 (3927 502 (1016) 6. Nuclear reaction :'22Sn(*®0, 5ny), E(**0) = 85
and 89 MeV, Band intensity ~ 17%.
4183.8 2712 1990Ma26 1. Tentatively assigned as w(h,;,,°) ® v(h,5) by
4460.9 29/2 277.1 comparison with the N=75 isotones.
4830.9 31/2 370.0 2. Near prolate shape (y ~ 0°).
5206.5 33/ 375.6 746 >6 3. Irregular band with backbending at 37/2.
5651.6 35/2° 445.1 821 >19 4. Small signature splitting.
6086.5 3717 434.9 880 >24 5. Lower limits of B(M1)/B(E2) are from the
6526.5 39/2° 440.0 (875) >13 unobserved Al =2 (E2) transitions.
6994.5 41/2° 468.0 (908) >6 6. Band intensity ~ 10%.
7494.5 (43/2) 500 968
4498.8 27/2 1990Ma26 1. Tentatively assigned as m(h;i,,g7,) ®
4637.9 29/2° 139.1 v(hyn2s1).
4816.4 31/2 178.5 >4 2. Collectively rotating oblate structure
5065.4 33/2° 249.0 >6 (v ~ -60°).
5362.9 35/2 297.5 >13 3. Limits on B(M1)/B(E2) values are from the
5755.1 372 392.2 >18 assumption that the unobserved Al =2 (E2)
6259.7 39/2° 504.6 >19 transitions are less than 1% intense as
6843.3 41/2) 583.6 >21 compared to the strongest transition in the level
7473.3 (43/2) 630 >22 scheme.
4. Regular band.
5. Relative intensity ~ 6%.
136
ssCerg
Elevel I" E,M1) E[E2) B(MI1)/B(E2) Reference Configurations and Comments:
keV keV keV (un/eb)’
5645.3 (14) 1990Pa05 L. nm{gsh112) ® v(hyy,2%) by comparison with
5809.3 15 164 the nearby odd Z and doubly odd nuclei.
59953 167 186.0 2. E2/M1 mixing ratios (Sgxm ) are negative
6283.4 17 288.1 for two gamma transitions, implying an
6663.3 18 379.9 oblate shape for the band (y = -60°).
7099.8 19 436.5 3. B(M1)/B(E2) > 10{un/eb)>.
7586.3 20) 486.5 4. Regular band.
(8101.3) 1) (515) 5. Nuclear reaction: '**Sn(*30, 4ny), E('*0) =
(8626.3) (22) (525) 85 and 89 MeV, Band intensity ~ 25%.
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133
59 DTy
Elevel r E,M1) E(E2) B(MI)/B(E2) Reference Configurations and Comments:
keV keV keV (un/eb)?

2141.5 (23/2°) 1988Hi04 1. w(hy 1) @ vihy .2 by comparison with the

2290.7 149.2 similar band in "*'La.

2536.6 245.9 2. Collective oblate band (y = -60°).

2863.6 327.0 3. B(M1)/B(E2)> 5 (uN/eb)z, from estimates of

32583 394.7 upper limits for the Al = 2 (E2) transitions.

3706.1 447.8 4. Regular band.

(4202.5) (496.4) 5. Nuclear reaction: '"®Sn ("°F, 4ny), seven
different E(*°F) ranging over 72-104 MeV and
"78n (*°F, 3ny), E(*°F) = 86.5 MeV, Band
intensity ~ 10%.

3309.7 1988Hi04 1. The properties of the band suggest mixed

3475.1 165.4 proton and neutron configurations with hy;,,

3726.3 251.2 neutrons.

4063.1 336.8 2. B(M1) values are expected to be large since no

4472.4 409.3 Al =2 (E2) transitions are reported.

4944.1 471.7 3. Regular band.

4. Band intensity ~ 5%.

X 1988Hi04 1. The properties of the band suggest mixed
196.1+X 196.1 and neutron configurations with h,,;, neutrons.
440.1+X 244.0 proton
736.7+X 296.6 2. B(M1) values are expected to be large since no
1087.6+X 350.9 Al =2 (E2) transitions are reported.
1491.3+X 403.7 3. Regular band.
1945.7+X 454.4 4. Band intensity ~ 3%.

(2444.1+X) (498.4)
137
50 PTyg
Elevel rr EM1) E(E2) B(MI1)B(E2) Reference Configurations and Comments:
keV keV keV (un/eb)?
34393 25/2 1989Xud1 1. Tentatively assigned as m(h, ;) ® v(h,;,°) by
3550.8 2712 111.5 comparison with a similar band in "*'La.
3871.5 29/2° 320.7 2. Collective oblate shape (y ~ -60°) determined
4212.8 31/2° 3413 by large negative A,/A, coefficients.
4696.1 33/2° 483.3 3. B(M1)/B(E2) values > 1(pp/eb)?.
51743 35/2 478.2 4. Signature splitting with backbending at 35/2.
5515.0 37/2 3407 5. Nuclear reaction: '**Sn (*°F, 4ny), E("*F)= 81

5923.2 3972 408.2 MeV, Band intensity ~ 28%.
6388.3 (41/27)  465.1
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wNd,,
Elevel I EM1) E[E2) B(M1)/B(E2) Reference Configurations and Comments:
keV keV keV (un/eb)?
22942 8 1997Pe07 1. A strong admixture of v(h;;,,{9/2] ) with
2721.1 9 426.9 v(g72[7/2] ® hy1»[7/2]) is suggested from the
31834 10° 462.3 888.9 PSM calculations.
3654.7 1 471.3 933.2 2. Prolate shape ($; =0.17).
4131.2 127 476.5 947.9 3. B(M1)/B(E2) values > 3 (un/eb)™.
4593.5 (13) 462 938.8 4. Regular band with backbending at the top of

the band.
5. Nuclear reaction: ''°Pd (*3Si, 4ny), E(*Si) = 130
MeV, Band intensity ~ 6%.

4514.5 120 1997Pe07 1. m(hy127) ® V(g7l7/2] @ hyy,[7/2]) from the
4714.0 139 199.5 PSM calculations.

5000.7 149 286.7 2. Prolate shape (8, =0.17).

5363.1 159 3624 6486 3. B(M1)/B(E2) values are >10 (py/eb)>.

5790.4 169 427.3 790 4. Regular band with backbending at the top of
6271.3 179 4809  908.7 the band.

6787.5 189 5162 997.1 5. Band intensity ~ 6%.

7293.2 199 505.7 1022

4985.5 14 1997Pe07 1. w(hy [11/2] ® g7,{5/2] )" 5 coupled to a
5201.4 150 2159 neutron pair in one of the following

5457.1 169 255.7 configurations: v(h,,,5)[3/2,5/2, K™= 1"],
5770.4 179 3133 569.3 v(hy 1) [1/2,5/2, K™= 2"] and v(h;,,%) [1/2,5/2,
6138.4 189 368.0  681.6 K™= 3%]. The lowest lying of these mixed 4-gp
6544.7 199 4063 7744 configurations is assigned to this band.

6936.5 20 391.9 798 2. Oblate shape (B, =-0.17).

7350.2 219 413.6 806 3. B(M1)/B(E2) values >10 (uy/eb)*.

7814.1 22) 463.9 878.0 4. Regular band with backbending at spin 20.
8331.2 23) 5171 9816 5. Band intensity ~ 6%.

8896.9 (24) 5657 10826
9510.9 (25) 614  1180.0
10167.9 (26) 657 12709
10861.9 27) 694 13513
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136
oo Nd 7
Ejevel I EM1) E(E2) B(MI)YB(E2) Reference
keV keV keV (un/eb)?
3782 i 1996Pe06
4002 109 220
4256 11 254
4550 120 294
4895 139 345
5306 149 411
5760 159 454
6261 169 501
6232 154 1996Pe06
6349 16 117
6580 179 231
6885 18 305
7294 19 409
7670 20 376
8051 21® 381
8467 220 416
8948 23M 481
9492 24 544
10092 25M 600
10763 26 671
6010 16" 1996Pe06
6241 17 231
6525 18* 284
6870 19* 345 629
7258 20" 388 733
7688 21 430 818
8151 22* 463 893
8655 23" 504 967
9181 24* 526 1030
9748 25" 567 1093
10346 26" 598 1165
10971 27" 625 1223
11650 28" 1304
12338 29* 1367
3875 11" 1996Pe06
4105 127 230
4414 13 309 539
4771 14° 357 666
5173 15 402 759
5610 167 437 839
6037 17 427 864
6482 18 445 872
6970 19 488 933
7481 200 511 999
8030 21 549 1060
8654 22 624 1173
8381 220 1996Pe06
8756 234 375
9166 24 410 785
9619 25M 453 863
10110 26M 491
10639 274 529 1020
308

Configurations and Comments:

L. ﬂ(hn/zz) ® v(hy12d312) from PSM
calculations.

2. The plotted B(M1)/B(E2) values lie around
10 (uy/eb)? and decrease as the spin values
increase.

3. Regular band.

4. Nuclear reaction: ''°Pd (*°Si, 4ny), EC°Si) =
125 and 130 MeV.

1. m(hy,2%) ® (vhyy, -vey,) associated with prolate
shape, from PSM calculations.

2. Regular band with backbending at 20.

3. Mean lifetimes of levels with spins 23 and 24
are 0.09(4) and 0.06(3) ps, respectively,
indicating enhanced B(M1) rates.

4. The B(M1)/B(E2) values range from about
6-20 (un/eb)’.

—_—

. (hy12%) ® (Vhyp +VEyp) associated with prolate
shape, from PSM calculations.

2. Regular band .

. The B(M1)/B(E2) values range from about
6-20 (un/eb)” and exhibit a rising trend as
the spin increases.

(]

—

. T[(hn/zz) ® v(hyi2 89p) oF "t(hn/zz) ® (vhyy, +

vd;),) associated with oblate shape, from PSM

calculations.

Regular band with backbending at spin 17.

. The B(M1)/B(E2) values range from about
3-25 (un/eb)™.

w

1. No definite configuration could be assigned
to this band but from energy considerations ,
n(hy12” g7°) may be favored.

2. Regular band.
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137
60 Nd 77
Elevel Ir E,M1) E(E2) BMI)/B(E2) Reference Configurations and Comments:
keV keV keV (un/eb)?
3896.2 2712 1997Pe06 1. v(hy1,) from the IBFM calculations.
4160.2 29/2° 264 2. Regular band with backbending at 37/2.
4514.1 3127 3539 6179 3. Nuclear reaction: ''°Pd (*Si, 3ny), EC’Si) = 125
4909.9 3327 3958 7497 MeV and '®Sb (*°F, 5ny), E("*F) = 97 MeV,
5372.7 35/2° 462.8 858.6 Band intensity ~ 10%.
5813.1 37/2 440.4 903.2
6194.5 39/2° 381.4 821.8
6669.6 41/2 475.1 856.5
7100.9 43/ 431.3 906.4
7652.3 45/2° 551.4 982.7
8349.3 47/ 697 1248.4
4822.5 3172 1997Pe06 1. 7(hy 1Y) ® v(hy) from the IBFM calculations.
5108.3 33/2 285.8 2. Regular band with backbending at 43/2.
5416.5 35/2° 308.2 3. Band intensity ~ 5%.
5788.6 37/2 372.1
6263.9 39/2° 4753
6795.4 41/2° 531.5
7314.7 43/2° 519.3
7702.8 45/2° 388.1
8197.6 47712 494.8
8745.7 (49/2°) 548.1
9337.9 (51/27) 592.2
5596.8 3327 1997Pe06 1. Tentatively assigned as m(h;;,2) ® v(h;»?)
5853.8 3527 257 ® v s15(dyn) .
6161.1 3727 3073 2. Regular band.
6515.8 39727 354.7 3. B(M1) values are of the order of 1 W.u.
6916.2 41/2* 400.4 4. Band intensity ~ 1%.
7339.4 4327 4232
7797.0 45/2" 457.6
8325.2 (47/2%) 528.2
8922.1 49/2")y 5969
9568.6 (5172 646.5
10272.2 (53/2%) 703.6
138
60 Nd78
Eievel I" E/M1) EJE2) B(MI)B(E2) Reference Configurations and Comments:
keV keV keV (un/eb)?
5577.6 14 1994Del1 1. Tentatively assigned as ni(hy;,%) ® v(h,,%).
5771.4 15 193.8 2. Smatl Prolate deformation (8, ~ 0.12).
6002.2 16" 230.8 3. Regular band with a small backbending at 19.
6288.5 (17) 286.3 4. Nuclear reaction: '2'Sb('°F, 4ny), E('°F) = 75
6669.0 (18) 380.5 MeV, Band intensity ~ 4%.
7048.1 (19) 379.1
7564.8 (20) 516.7
8489.5 (2))] 9247
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‘2 Sm,,
Eievel I E,M1) E/E2) B(MI1)B(E2) References Configurations and Comments:
keV keV keV (un/eb)?
3327.2 25/2 1996Ro04 1. Tentatively assigned in 1996Br33 as n(h;,,°) ®
3445.8 27/2 118.6 1996Br33 v(h;,,) from CSM calculations.
3710.8 29/2 265.0 384.2 2. Nearly axially symmetric prolate shape
4048.1 3172 3373 601.9 4.6(21) (B.=0.116), from 1996Br33.
44575 33/2° 409.4 746.6 5.6(25) 3. B(M1)/B(E2) are from 1996Br33.
4930.1 35/2 472.6 8823 4.8(22) 4. Regular band with backbending at 39/2.
5443.6 37/2 5135 986.2 5. Mean lifetimes of levels with spin values 31/2,
5934.9 (39/2) 491.3 1005.0 33/2" and 35/2" are 0.60(21), 0.40(14) and
6494.9 (41/2) 560.0 10514 0.25(8) ps, respectively from 1996Br33.
6. Nuclear reactions: '°Pd (**S, 5ny), E(**S) = 150
and 165 MeV, Band intensity~ 11% and
(1996Br33): ©Ni (*'Br, p3ny), E¢'Br) = 350
MeV.
142
64 Gd78
Elevel " E,MIl) E[E2) B(MI1)/B(E2) Reference Configurations and Comments:
keV keV keV (un/eb)
4767 12 1997Sull 1. The band probably has n(h;;,*) ® v(h;,,2)
4989 13 222 component in the configuration.
5182 14 193 2. Irregular band.
5374 15 192 3. Nuclear reaction: '"'Cd(**Cl, 1p3ny), E(*Cl) =
5608 16 234 170 MeV.
5893 17 285
6267 18 374
6562 19 295 670 11.6(9)
7090 20 528
7556 21 466 993 9.7(12)
5416 16" 1997Sull 1. The band probably has n(h,;,%) ® v(h;;%)
5716 17* 300 component in the configuration.
6076 18" 360 2. Regular band with backbending at 21.
6457 19 381
6883 20" 426
7016 217 133
144
64 GdSO
Ejever I" E,M1) E(E2) B(MI)B(E2) Reference Configurations and Comments:
keV keV keV (un/eb)?
5370.7 147 1994Rz01 1. m(hy 1 D)k=10" ® v{hy 22 from the FAL
5723.6 15* 3529 Coupling scheme.
6214.2 16" 490.6 2. Negative E2/M1 mixing ratios (Sgyn) imply an
6619.0 17° 404.8 oblate shape (B, ~ -0.12).
7014.6 18" 395.6 3. Irregular band.
7419.1 19* 404.5 4. Nuclear reaction: '°*Pd (*°Ar, 4ny), E(Ar) =
7923.5 20" 504.4 182 MeV, Band intensity ~ 15%.

8221.7 (21" 2982
8540.4 224 318.7
8993.8 (23" 4534
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12y
80 118112
Eevel " E,(M1) E(E2) BMI)/B(E2) References Configurations and Comments:
keV keV keV (un/eb)’
6879 239 1994Le08 L w(iy3she) ® V(i) or w(iisnhonhiy,’) ®v(ing®)
7036 24 157 based on 23 or 25 states from HF+BCS.
7273 25©) 237 394 calculations. For the upper part of the band a
7517 26 244 480 mixing with the 7(i)3,he/,) ® v(i13,°)
7788 2709 272 515 configuration is suggested.
7927 289 139 (410) 2. Irregular band.
8265 29¢) 337 476 3. B(M1)/B(E2) ratios lie around 5.5(uy/eb)>.
8545 300 280 617 4. Nuclear reaction: '°Gd (°°S, 4ny), E(®S) = 159
8992 310 447 727 MeV, Band intensity ~ 10%.
9446 320 454 900
9936 330 490 942
10467 340 (532) 1021
6304 (229 1996Wi09 1. m(hg?) ® W(iysn?), 122" or m(hy,22hep?) ®
6433.8 (239 129.8 1994Le08 V(iy3%), I=23" from the HF+BCS calculations
6710.1 (249 276.3 405.9 1.7(+10-9) (1994Le08).
7043.7 (25" 333.6 611 0.6(+00-6) 2. Small oblate deformation (1994Le08).
7435.6 (26% 391.9 7253 1.7(+42-10) 3. Mean lifetimes of the states with spins between
7960.0 @7 524.4 915.6 6.7(+39-56) (23%) and (32%) are 14.9(+50-39), 20.4(+40-52),
8303.4 (28" 343.4 867.6  10.0(+0-106) 1.0(+10-16), 3.6(+19-10), 1.7(+14-15), 0.7(7),
87125 (29" 409.1 753.7 3.8(+0-39) 0.2(+7-2), 1.3(6), 3.5(+6-5) and 2.2(5) ps,
8960.6 (309 248.1 659.2 6.4(+110-43) respectively.
9195.4 (3179 234.8 483.2 8.7(+25-17) 4. Irregular band.
93752 (329 179.8 414.6 7.4(+24-18) 5. B(M1) ~ 0.01 p? in the lower spin region and
9665.2 339 290 470 jumps to 1.1 py? in the high spin region of the
10037.2 (349 372 band.
6. Band intensity ~ 12%.
o HE
Eievel Ir EM1) EJ(E2) B(MI1)YB(E2) References Configurations and Comments:
keV keV keV (un/eb)?
64187 (53/2) 1995F013 1. Tentatively assigned as m(hg,’h; 1, )@V(i132”)
6921.1 (55/2°) 502.4 in addition to ps, neutrons because of its
7275.8 (57/2) 3547 857.1 negative parity.
7698.7 (59/2) 4229 777.6 2. Small oblate deformation (3, ~ 0.15).
7837.5 61/2) 138.8 561.8 3. B(M1)/B(E2) values lie in the interval 2 — 4
8134.2 (6372 296.7 437.5 (un/eb) .
8392.0 (65/2) 257.8 556.5 4. Irregular band.
8748.1 (67/2) 3561  614.0 5. Nuclear reaction: "**Nd (**Ca, 5ny), E(**Ca) =
9218.7 69/2) 4706 826.6 213 MeV, Band intensity ~ 20%.

9673.1 (71/12) 4544 924.9
10287.6 (73/2) 6145 1068.9
10850.6 (75/2)  (563) 1177.7
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5338.4 (47/2) 1995Fo13 1. Tentatively assigned as m(he’hy 1, )®V(iy, ")
5714.2 49/2) (375.8) in addition to ps/, neutrons because of its
6016.4 (51/2) (302.2) 678.0 negative parity.

6400.3 (53/2) 2. Small oblate deformation (3, ~ 0.15).

6725.7 (55/27y 3254 3. B(M1)/B(E2) values lie in the interval 2 — 4
6978.0 (57/2) 2523 577.6 (/eb)? .

7245.0 (59/2)  267.0 4. Regular band with backbending at 57/2.
7559.7 (61/2)) 314.7 581.9 5. Band intensity ~ 6%.

79193 (63/2) 359.6  674.1
83303  (65/2) 4110 7707
87572  (67/2) 4269 8378

5546.9 472 1995Fo013 1. Tentatively assigned as m(hep’hy 12 ® V(ijs?)
5831.4 49289 284.5 1993De42 from the CSM calculations.
6067.0 5129 2356 520.1 1993R003 2. Small oblate deformation (B, ~ 0.15).
6464.0 53200 3970 6326 3. BOM1)/B(E2) values lie in the interval 2 — 4
6839.4 552%) 3754 7722 (un/eb)* .
7037.0 5729 1976 4. Irregular band.
7197.4 5927 160.4 5. Band intensity ~ 20%.
7554.7 612 3573 517.6
7924 .4 6372 3697 7269
8388.4 65/2) 4640  833.6
8886.3 672 4979  962.0
9408.5 6929 5222 10203
9922.6 7129 5141 10363
13(5) ngs
Efevel r E,M1) E(E2) BMI1)/B(E2) Reference Configurations and Comments:
keV keV keV (un/eb)?
7412.2 57/2 1998Ne01 1. t(hy 12 ® V(iyan*fs ") from CSM calculations.
7744.9 59/2 332.7 2. Small oblate deformation.
8067.5 6172 3226 6545 3. B(M1)/B(E2) ratios ~ 2 (up/eb)?.
8456.7 63/2 389.2 712.2 4. Irregular band with backbending at 61/2.
8892.1 65/2° 4354  825.1 5. Nuclear reaction: '*?Os (°Be, 6ny), E(Be) = 80
9331.2 67/2 439.1 875.7 MeV, Band intensity ~ 5%.
9785.2 69/27 4540 8934
10220.6 7 889.4
5174.7 43/2* 1998Ne01 1. 7(h; %) ® v(iy3,>) from CSM calculations.
5308.1 45/2° 133.4 2. Smali oblate deformation.
54113 4725 1032 3. B(M1)/B(E2) ratios lie around 2 (ju/eb)>.
5687.7 49/2° 2764 4. Irregular band.
5893.6 512Y 2059 4813 5. Band intensity ~ 15%.
6300.1 53/2* 406.5 611.5
6652.1 552" 3520 7583
7129.0 57/2* 4769 8283
7538.2 59/2° 4092 886.1
8010.3 61/2" 472.1 882.0
8383.3 63/2° 845.1
X 1998Ne01 1. This band has tentatively been assigned to the
171.8+X 171.8 nucleus.
443.3+X 271.5 2. Irregular band.
749.0+X 3057 5769 3. Band intensity ~ 3%.
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196 Hg
80 116
Ejevel Ir E,M1) E(E2) B(MI)B(E2) Reference Configurations and Comments:
keV keV keV (un/eb)?
6400+X (229 1993Ce04 L. w(honhy 122 @ V(iran ) from TRS calculations.
6557+X (239 157 2. Small oblate shape (B,, v) = (0.139, -72°).
6659+X 24% 102 259 3.X20keV.
6916+X (259 257 359 4. B(M1)/B(E2) values range from 0.5 - 3 (un/eb)’
7094+X (269 178 435 5. Irregular band.
7462+X Q7 368 547 6. Nuclear reaction: **?0s (°Be, 5ny), E(Be) = 65
7750+X (289 288 656 MeV, Band intensity ~ 19%.
8211+X (29% 461 749
8609+X (30" 398 859
13; Pb 109
Elevel I" E,MI1) EJ(E2) BMI)YB(E2) Reference Configurations and Comments:
keV keV keV (un/eb)?
2577.5+X  (29/2) 1998F002 1. Tentatively assigned as m(hopiisnsys =117 @
2811.5+X  (31/2) 2340 V(iry ") below, and m(hepisnsin D™ ®
3195.1+X  (33/2) 383.6 V(i3 k332" above the bandcrossing.
3604.4+X  (35/27) 4093 792.9 23(5) 2. X ~72keV.
4030.5+X (37/2) 426.1 835.5 20(5) 3. All Ejey given here are approximate since
437724X  (39/2))  346.7 Ejever 0f 13/27 state is ~ 138 keV.
4691.3+X  (41/2) 314.1 4. Regular band with backbending at 39/2.
4929.9+X  (43/2) 2386 5. Nuclear reaction: 'Yb (*Mg, 6ny), E(*Mg) =
5207.1+X  (45/2) 2772 134.5 MeV, Band intensity ~ 10%.
2428.7 27/2¢ 1998F002 1. Tentatively assigned as (hg,s /s 2xeg’ ®
2765.9 2927y 3372 V(inse") or miznsin er” ® iy ) -
31414 31/2H 375.5 2. All E;q given here are approximate since
3551.3 (33/2)  409.9 Ejevel O 13/2" state is ~ 138 keV.
3. Regular band.
4. Band intensity ~ 7.5%.
‘2 Pbyy
Elevel " E,M1) E(E2) B(MI1)B(E2) Reference Configurations and Comments:
keV keV keV (un/eb)?
4241.2 15 1993P102 1. Tentatively assigned as n(9/2[505] ®13/2[606}])
4370.1 167 128.9 ® v(iy3,?) based on CSM-TRS calculations and
4519.2 17 149.1 >2.38 by comparison with "'T1.
47023 18 183.1 >7.69 2. Small oblate deformation.
4989.6 19° 2873 >6.67 3. The limits on B(M1)/B(E2) are by assuming
5276.9 207 287.3 >16.67 that the unobserved E2 transitions are at the
5559.5 21 282.6 >11.11 most half intense than the 489.5 keV y ray in
5708.6 (227 149.1 431.7 <20 band 2.
4. Regular band with backbending at spin 21.
5. Nuclear reaction: 'Yb (*Mg, 5ny), E(*Mg) =
132 MeV.
4963.0 18 1993P102 1. Tentatively assigned as n(7/2[514] ®13/2[606])
5087.1 19 124.1 >50 ® v(ilmz) from the CSM-TRS calculations and
5286.3 200 199.2 >4 by comparison with "*'TI.
5531.7 210 2454 >11.11 2. Small oblate deformation.
5871.0 22 3393 >12.5 3. The limits on B(M1)/B(E2) are by assuming
6232.1 23 361.1 >5.88 that the unobserved E2 transitions are at the
6666.0 24) 433.9 >4 most half-intense than the 489.5 keV v ray.
7155.5 (25Y) 489.5 >5.88 4. Regular band.
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lg Pblll
Elevet I E,MI1) E/(E2) B(MI1)B(E2) References
keV keV keV (un/eb)?
2584.8+X 2972 1996Duls
2686.9+X  31/2 102.1 1996Ba54
29392+X  33/27 2523 1997Ch33
3320.7+X  35/2 3815  633.8 28(5)
37223+X  37/27 4016 783.1 22(4)
4136.1+X  39/27 4138 8154 16(6)
4470.6tX  41/2 3345 7483
48283+X  43/2 3577 6923
5218.6+X  45/27 3903
4297.7+X  (39/2%) 1996Du18
4387.7+X (41729 90.0 1998CI106
4536.6+X  (43/2") 1489
4768.6+X  (45/27) 2320
5060.2+X  (47/2) 2916
5425.4+4X  (49/2y 3652  656.8 15(3)
5815.0+X  (512%) 3896  754.7 12(3)
6231.14X  (532) 416.1  805.6
66572+X (5521  426.1 842.2 15(3)
7089.9+X  (57/2%) 4327 8588
(7516.0+X)  (59127)  (426.1)
(7932.14X)  (61127)  (416.1)
4944.8+X (43121 1996Du18
5169.1+4X  (45/2") 2243
5436.6+X  (47/2") 2675
5762.8+X  (49/27) 3262
61452+X  (51127) 3824
5092.7+X  (45/2) 1996Du18
5331.8+X  (47/2) 2391 1996Bas54
5597.4+X  (4972)  265.6
5926.9+X  (51/2) 3295
6302.5+X  (53/2) 3756
6715.4+X  (55/2) 4129
71546+X  (57/2) 4392
58253+X  (49/2) 1996Du18
6001.6+tX  (51/2) 1763
6285.3+X  (53/2) 2837
6597.2+X  (55/2) 3119
6927.6+X  (57/2) 3304
T312.14X  (59/2) 3845
7713.6+X  (61/2) 4015
314

Configurations and Comments:

—

—

W

~]

oW N

W W N

—

. (9/2[505] ®13/2[6061) k-11® V(i131) by

Comparison with similar bands in neighboring
Pb nuclei.

. Oblate deformation.
. X ~ 100 keV from systematics.
. For bandhead T, = 9.4(7) ns and g factor =

0.68(3) (1997Ch33).

. Regular band with backbending at 41/2.
. Nuclear reaction: "**Er (*°Si, 5ny), ECSi) = 159

MeV, Band intensity ~ 17%.

. Tentatively assigned as n(9/2[505] ®13/2[606])

k=11 @ v(ilm2 P3r2) by comparison with similar
Bands in neighboring Pb nuclei.

. Oblate deformation.
. X ~ 100 keV from systematics.
. The B(M1) values as given in 1998C106 for the

transitions from 291 to 416 keV are 5.27(64),
4.32(+56-75), 4.01(+95-76) and 2.83(34) (),
respectively.

. The mean lifetimes of levels having spin values

from 45/2 to 51/2 as given in 1998CI106 are
0.33(4), 0.23(+4-3), 0.21(+4-5) and 0.25(3) ps,
respectively.

Regular band with backbending at spin 59/2.

. Band intensity ~ 7%.

. 7(9/2[505] ®13/2[606] )11 ® V(132 f52) by

comparison with similar bands in neighboring
Pb nuclei.

. Oblate deformation.

. X ~ 100 keV from systematics.
. Regular band.

. Band intensity ~ 3%.

. Tentatively assigned as n(9/2[505] ®13/2[606])

k=11 ® v(i;32)° by comparison with similar
bands in neighboring Pb nuclei.

. Oblate deformation.

. X ~ 100 keV from systematics.
. Regular band.

. Band intensity ~ 0.6%.

. Tentatively assigned as n(9/2[505] ®13/2[606])

e’ ® V(i) or 1(972[505] ® 13/2[606])err”
® V(i 32he,7) from HF+BCS calculations.

. X ~ 100 keV from systematics.
. Parity assignment is based on three M1

transitions to band 1.

. Regular band.
. Band intensity ~ 0.6%.
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lgngllz
Ejevel rr E(M1) E(E2) B(MI)B(E2) References
keV keV keV (un/eb)?

1 49635 16 1693Mel2
5083.1 17 119.6 1994Po08
5228.3 18 145.2 1995Kal9
5424.4 19 197.1 1998CI106
5685.8 20° 260.4 1998Kas59
6022.2 21 336.4
6398.3 22 376.1
6814.9 23 416.6
7239.0 24 4241
7681 25) 442
8109 26) 428

2 4376 13* 1998Ka59
4506.4 147 130.4 1993Mel2
4643 .4 15* 137.0 1994Po08
4806.7 16" 163.3 1995Ka19
5109.7 17" 303.0
5506.9 18* 3972
5883.5 19" 376.6  773.4 21(4)

62473 20" 363.8  740.0 13(3)
6508.3 21" 261

6720.9 22F 212.6
6948.6 23* 227.7
7216.0 24 267.4
7523.2 (25) 307.2
7884.8 (26) 361.6  (668)
8278.4 27 393.6  (754)
8699 (28) 421

9141 29) 442

9603 (30) 462

10088 31) 485

3 4135.6 16" 1993Mel2

(4298.2) 17* (162.6)
4531.3 18* 233.1
4819.3 19* 288.0
5167.1 20" 347.8
5541.4 21* 3743

5938.4 (22) 397.0

315

Configurations and Comments:

—

. Tentatively assigned as n(9/2[505]®13/2[606])
k=11" ® V(i;3,%) in 1994P008 from the excitation
energy, spin, mom. of inertia, alignments and
from a comparison with the isotone '*?Hg.

2. The two topmost transitions are from 1995Kal9

. Regular band with backbending at the top of
the band.

4. The B(M1) values as given in 1998C106 for the
transitions from 260 to 417 keV are 9.79(+255
-170), 5.86(+56-56), 5.13(+114-143) and 3.90
87) (1), respectively.

5. The mean lifetimes of levels having spin values
from 20 to 23 as given in 1998C106 are
0.23(+4-6), 0.21(2), 0.18(+5-4) and 0.18(4) ps,
respectively.

6. Nuclear reaction: '**Gd (**Ar, 4ny), E(*Ar)=

178 MeV, Band intensity ~ 25%.

(]

—_—

. Tentatively assigned as m(9/2[505]®13/2[606])
k=11" ® V(fspi3p) before and m(9/2[505] ®
13/2 [606])k = 11" ® V(fspiys°) after the
bandcrossing from the spin, parity and from a
comparison with the isotone *Hg.

2. The ordering of levels up to 23" is from
1998Ka59 with the exception that 212.6 is
assumed between the 227.7 and 261 keV
transitions. The ordering above this is taken
from 1993Me12, 1994Po08 and 1995Kal9.

. Regular band with backbending at 19",

. Nuclear reaction: "2*W('°0, 4ny), E('°0)= 95
MeV.

W

1. No definite configuration has been suggested
for this band. From the decay pattern it appears
that this is based on four-neutron excitation.
Regular band.

. Band intensity ~ 4%.

w
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195 pp
82 113
Elevel " E,M1) E(E2) B(MI)B(E2) References Configurations and Comments:
keV keV keV (un/eb)?
2968.3 27/2° 1996Kal5 1. m(9/2[505] ®13/2[606])"_11" @ v(ij3p) by
3098.0 29/2° 129.7 1995Fal9 comparison with the neighboring '**Pb and
3362.0 31/ 2640 1911,
37347 33/2 372.7 637.0 16(4) 2. Oblate shape
4119.9 35/2° 385.2 757.7 18(3) 3. Parities are from 1995Fal9.
4566.2 (37/2) 446.3 832.0 13(3) 4. Irregular band with backbending at the top of
4966.8 (39/2°) 400.6 the band.
5. Nuclear reaction: '**W (°0, 5ny), E(*%0)=113
MeV, Band intensity ~ 5%.
5123.6 (39/2) 1996Kals 1. 1(9/2[505) ®13/2[606]) ", ® v(i}3,°) by
5270.4 (41/2)  146.8 1995Fal9 comparison with the neighboring '**Pb and
5467.7 (43/2)y 1973 1998C106 19571,
5702.5 (45/27y 2348 2. Oblate shape
5978.4 47/2) 275.9 3. Parities are from 1995Fal9.
6308.1 (49/2) 3297 4. Regular band.
6674.2 (51/2) 366.1 5. The B(M1) values as given in 1998CI106 for the
7090.8 (53/2) 416.6 transitions from 276 to 366 keV are 7.01(+200
7536.8 (55/2)  (446.0) -125), 6.14(88) and 4.48 (+41-61) (ua2).

respectively.

6. The mean lifetimes of levels having spin values
from 47/2 to 51/2 as given in 1998CI06 are
0.28(+5-8), 0.21(3) and 0.22(+3-2) ps,

respectively.
4465.6 (33/2) 1996Kals 1. m(9/2[505]1 ®13/2[606])k-11 ® V(i13 (L5 P3n)’)
4560.4 (35/2) 948 1995Fal9 at low spin and m(9/2[505] ®13/2[606])x-,; ®
4693.9 (37/2) 133.5 V(irsn (Fsf ps3n)) at high spin, by comparison
4866.5 (392) 1726 with a similar band of '**Pb.

5108.1 (4172 2416

~

Oblate shape (B, ~ -0.15).

5412.9 (43/2) 304.8 3. Regular band with backbending at the top of
5770.9 (45/2)  358.0 663.0 17(4) the band.

6144.7 (47/2) 3738 732.0 23(5) 4. Parities are from 1995Fal9.

6529.5 (49/27) 3848 759.0 13(3) 5. Band intensity ~ 15%.

6907.2 s12y 3717 763.0 10(3)

7281.2 (53/2)  374.0
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lgnglm
Eevel " E,(M1) E(E2) B(M1) References Configurations and Comments:
keV keV keV '

X 1996Bas3 1. Configuration assignment could not be made as
164.4+X 164.4 1993Hu01 the spins and excitation energies could not be
372.9+X 208.5 1995Mo01 measured experimentally.
622.8+X 250.3 2. Regular band.
931.9+X 309.1 3. X ~ 5874 keV from systematics.
1307.7+X 375.1 4. Nuclear reaction (1993Hu01) : '"°Er (°Si, 4ny),
1712.2+X 404.4 E(*°Si) = 142, 146 and 151 MeV and '*Yb

(*Mg, 6ny), E(*Mg) = 138 MeV,Band
intensity ~ 9%.
5155.0 169 1995Mo01 1. Tentatively assigned as m(hopiizn) ® V(i)
5262.6 179 107.6 1993Hu01 from the CSM calculations.
5400.2 189 137.6 1996Ba53 2. Oblate deformation.
5604.3 199 204.1 3. Regular band with backbending at spin 26.
5872.7 219 268.4 4. B(E2) values are from 1996Ba53.
6205.1 219 332.4 5. The mean lifetimes of levels having spin values
6572.3 220 3672 6987 >23 from 237 to 28 are <0.4, 0.21(+15-12),
6964.4 230 392.1 759.3 3.7(+49-16) 0.17(+12 -8), 0.39(11), 0.47(+10-14) and
7362.3 249 3979 7903  4.4(+39-18) 0.23(9) ps, respectively.
7770.7 259 408.4 806.1 1.8(+7-4) 6. Top five transitions are from 1996Ba53. Above
8104.5 (26) 333.8 25 there is a forking with another path having
8476.4 27 371.9 395.4,422.1, 404.1 and 428.5 keV transitions.
8813.1 (28) 336.7 7. Band intensity ~ 15% from 1993Hu01.
9171.7 (29) 358.6
9614.2 (30) 442.5

Y 1996Bas3 1. The band is likely to be based on the nt(hg/s,/,)
192.9+Y 192.9 1993Hu01 quasiproton configuration (1995Mo01).
507.5+Y 314.6 507.6 1995Mo01 2. Oblate deformation.
882.0+Y 3745 689.2 1998C106 3. Spins are from 1998Cl06.
1237.4+Y 355.4 730.0 4. Regular band with backbending at 1237.4+X
1578.9+Y 341.5 696.8 level.
1822.6+Y 243.7 585.2 5. The B(M1) values are from 1995Mo01.

2032.5+Y 209.9 6. The B(M1) values as given in 1998C106 for the
2272.0+Y 25 239.5 transitions from 286 to 490 keV are 9.57(+201
2558.2+Y 26 286.2 3.9(+10-6) -151), 7.05(+166-124), 5.28 (106), 4.52
2897.4+Y 27 339.2 3.2(+13-12) (+70-104) and 2.59(58) (un?), respectively.
3295.1+Y 28 397.7 3.0(+10-6) 7. The mean lifetimes as given in 1995Mo01, of
3743.7+Y 29 448.6 2.0(+4-3) five uppermost levels are 0.35(+20-10), 0.41(8),
42342+Y 490.5 1.9(+5-3) 0.25(6), 0.27(4) and 0.23(5) ps respectively.
4760.9+Y 526.7 8. The mean lifetimes of levels having spin values

from 25 to 29 as given in 1998Cl06 are

0.19(+3-4), 0.17(+3-4), 0.15(3), 0.13(+3-2) and

0.18(4) ps, respectively.

9. Band intensity ~ 30% from 1993Hu01.

4 1995Mo01 1. Configuration assignment could not be made as
295.7+Z 295.7 1996Ba53 the spins and excitation energies could not be
638.5+Z 342.8 measured experimentally.
1018.4+Z 379.9 2. Regular band.
1431.1+Z 412.7 3. Nuclear reaction (1995Mo01) : '™Er (*°Si, 4ny)
1863.5+Z 4324 E(*°Si) = 142 MeV, Band intensity ~ 6%
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197 Pb
82 115
Elevel I" EM1) E(E2) B(MI1)B(E2) References Configurations and Comments:
keV keV keV (un/eb)?
3283.8 27/2 1999Po13 1. me(hopiysik=t” ®v(iy3»"') below and
3436.3 29/2 152.5 1995Ba35 Tt(hopnipznsin ) ® v(iyn’) above the band
3706.8 3172 270.5 1992Ku06 crossing , by comparison with the similar band
4065.9 33/2 359.1 629.8 17(4) 1994CI01 in neighboring '**Pb and from the TAC model
4435.7 35/2° 369.8 729.0 23(3) 1998Cl106 calculations.
4820.7 3712 385.0 754.9 15(2) 2. Regular band showing a backbend at 41/2.
5185.9 39/2° 365.2 750.2 15(2) 3. B(M1)/B(E2) values are from 1994CI01. Since
5479.7 41/ 293.8 659.2 28(4) we are choosing ordering from 1999Po13, some
5707.3 43/2 227.6 5217 26(7) B(M1)/B(E2) ratios of 1994CI01 are left out.
5952.7 45/2 245.4 4732 4. The mean lifetimes for the transitions from
6237.9 47/2 285.2 531.0 152.6 to 293.8 keV as given in 1994CI101 are
6565.1 49/2° 327.2 612.4 3.1(7), 2.8(4), 1.3(3), 1.3(3), 1.1(3) 1.3(3) and
6904.0 5172 338.9 666.1 1.3(3) ps, respectively and that for transitions
72573 53/2° 3533 692.1 from 285 to 353 as given in 1998C106 are
7660.1 55/2° 402.8 756.0 0.40(2), 0.29(+3-2), 0.17(+2-1) and 0.17(+2-1)
8120.4 57/2° 460.3 862.8 ps, respectively.
8635.5 59/2° 515.1 975.1 5. The B(M1) values as given in 1994CI01 for the
9198.1 61/2 562.6 10774 transitions from 152 to 294 keV are 0.76(+22
9794.1 63/2° 596.0 1158.1 -14), 0.31(+6-5), 0.38(+11-8), 0.34(+11-7), 0.35
10405.8 65/2° 611.7 1207.4 (+14-8), 0.34(+11-8) and 0.59(+17-12) W.u,,

respectively and that for transitions from 285
to 353 keV as given in 1998C106 are 4.59(23),
4.53(+31-47), 7.05(+41-83) and 6.35 (+37-75)
(1n?), respectively.

6. Nuclear reaction: '*W ('°0, 5ny) E(*°0)=97
MeV, Band intensity ~ 18%.

4794.6 3712° 1999P013 L whonirsk=11”® V(i fs ) below and
4907.0 39/2" 1124 1995Ba35 nhoninnk=11” ® V(i3 *fsn) above the
5058.3 41/2* 151.3 1992Ku06 bandcrossing from the TAC model
5258.9 432" 200.6 1993Hu08 calculations.
5525.6 452" 266.7 1994Cl01 2. B(M1)/B(E2) values are from 1994Cl01.
5862.3 472" 336.7 1998C106 3. The mean lifetimes for the transitions from
6266.2 49/2* 403.9 740.7 24(4) 151.3 t0 266.7 keV as given in 1994Cl01 are
6712.3 512" 446.1 849.9 17(3) 1.8(8), 0.9(4) and 1.2(3) ps, and from 337 to
7179.4 53/2° 467.1 913.3 32(5) 467 as given in 1998C106 are 0.17(3), 0.13(+3
7613.1 552" 433.7 900.6 -2), 0.16(2) and 0.28(+5-6) ps, respectively.
7984.5 572" 371.4 4. The B(M1) values as given in 1994C101 for the
8372.1 59/2° 387.6 transitions from 151 to 267 keV are 1.32(+132
8794.7 612" 422.6 -44), 2.08(+125-57) and 1.01(+67-29) W 1.,
9246.4 632" (451.7) respectively, and that for transitions from 337
97235 6512 (477.1) to 467 keV, as given in 1998C106 are
7.18(127), 5.88(+90-136), 3.72 (47) and
1.90(+41-34) (uNz), respectively.
5. Regular band showing a backbending at 55/2.
6. Band intensity ~ 7%.

X 1995Ba35 1. Spin values could not be assigned due to the
162.7+X 162.7 1999Po13 nonobservation of linking transitions to the
381.5+X 218.8 lower lying states.
646.2+X 264.7 2. X ~ 5200 keV.
962.8+X 316.6 3. Regular band.
1325.9+X 363.1 4. Band intensity ~ 6(2)%.
1717.0+X 391.1
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lgg Pb 116
Elevel I E(MI1) E(E2) B(MI)Y/B(E2) References
keV keV keV (un/eb)?

X 209 1993CI105
206.8+X 219 206.8 1992Wa20
444.9+X 22H 238.1 1994CI101
725.1+X (23 2802  (518) >50 1997C103
1051.4+X (249 326.3 607 32(3)
1426.4+X (259 375.0 701 21(2)
18483+X (26 4219 797 26(3)
2312.5+X 464.2 886 34(3)
2818.7+X 506.2 970 27(3)
3369.0+X 550.3 1056 30(3)
3960.7+X 591.7 1142 21(3)

Y 1993C105
114.1+Y 114.1
270.0+Y 155.9
485.8+Y 2158 (372) 14(4)
769.6+Y 283.8  (499) 13(4)
1113.9+Y 3443
1533.1+Y 419.2
2010.3+Y 4772 (896) 30(8)
2495.1+Y 484.8

z (18) 1993Cl05

113.9+Z (19) 113.9 1992Wa20
269.9+Z 20) 156.0  (270) 10(3) 1994CI01
485.2+7, @n 2153 1997Cl103
763.9+7 (22) 2787  (494) 30(9) 1998Kr20
1106.7+Z 23) 342.8 622 13(4)
1496.2+7 (24) 389.5 732 26(3)

1919.3+Z (257 423.1 812 24(2)
2363.9+7 (26) 444.6 867 25(3)
2835.6+Z 27) 471.7 917 23(2)
3311.8+Z (28) 476.2 948 17(2)
3840.8+7 529.0

319

Configurations and Comments:

1. Tentatively assigned as m(hosizn)k=11” ®
V(i3 *) from CWS calculations.

2. Nearly oblate shape (f,, v) ~ (0.15, -60°)

3. 1™s are from 1992Wa20, 1993CI05 gives the
tentative bandhead spin as 22 or 23,

4. B(M1)/B(E2)’s except the first one are from

1994CI01.

5. The mean lifetimes for the transitions from
206.8 to 506.2 keV as given in 1994Cl01 are
2.1(4), 0.85(30), 1.1(6), 0.58(15), 0.36(10),
0.20(4), 0.099(25) and 0.052(11) ps,
respectively.

6. B(M1) values for the transitions from 207 to
506 keV as given in 1994CI01 are 0.75(+18-12)
1.5(+8-4), 0.8(+10-3), 1.1(+5-3), 1.2(+5-3), 1.6
(+5-3), 2.6(+9-5) and 3.7(+11-9) W.u,,
respectively.

7. Regular band.

8. Nuclear reaction: "*W ("0, 5ny) E('70) =92
and 98 MeV, Band intensity ~ 8%.

. Tentatively assigned as m(hy,”) ® V(i pyn ).
Small oblate deformation.

Regular band.

Band intensity ~ 2%.

falb ol S

—

. Tentatively assigned as m(hg%) ® V(i;n > fs™).

. Small oblate deformation.

. I™s are from 1992Wa20. 1993CI05 gives the
tentative bandhead spin around 18-22.

4. Last six B(M1)/B(E2)’s are from 1994CI101.

. The mean lifetimes for the transitions from
156.0 to 476.2 keV as given in 1994CI01 are
2.709), 1.8(5), 2.1(5), 1.14(23), 0.72(10),
0.46(10), 0.24(4), 0.22(6), and 0.27(7) ps,
respectively and B(M1) values for these
transitions are 0.67(+34-17), 0.83(+32-18), 0.45
(+12-9), 0.48(+11-8), 0.55(+11-8), 0.69(+26
-12), 1.07(+38-17), 0.99(+49-19) and 0.74(+34
-14) W.u,, respectively.

6. The mean lifetimes for the transitions from 156
to 342.8 keV as given in 1998Kr20 are
0.63(10), 0.70(+10-20), 0.34(+15-10) and
0.20(+20-10) ps and the B(M1) values for
these transitions are 6.2(+11-9), 3.8(+15-5),
4.9(+20-15) and 4.9(+48-28) > respectively.

7. Regular band.

8. Band intensity ~ 10%.

W N

W
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U 1993C105 1. Tentatively assigned as (ho/i 32} ® V(ijzy>
123.4+U 123.4 fi7).
283.2+U 159.8 2. Small oblate deformation.
487.6+U 204.4 (364) 19(4) 3. Regular band.
752.5+U 264.9 4. Band intensity ~ 4%.
1090.3+U 337.8 (603) 14(3)
1499.4+U 409.1 (747) 21(8)
1952.4+U 453.0
(495)
\Y 1993C105 1. Suggested proton configuration: m(he;s; ),
220.8+V 220.8 neutron configuration not indicated.
461.2+V 240.4 (462) 10(3) 2. Very small oblate deformed structure.
742.9+V 281.7 (523) 18(6) 3. Irregular band with backbending at 997.7+V
997.7+V 254.8 (537) 8(3) level.
1330.0+V 3323 4. Band intensity ~ 4%.
1718.0+V 388.0 (720) 8(3)
2110.0+V 392.0
lgg Pb 117
Eiever I" E,M1) EJ(E2) B(MI)B(E2) References Configurations and Comments:
keV keV keV (un/eb)?
3604.2 (25/2%) 1995Ne09 1. n(hopiyzn)k=11” ® V(i) below and
3694.1 (27/2%) 89.9 1999Po13 T(hopitan)k=11” ® v(iyzn>) above the
3868.0 (29/27) 173.9 1994Ba43 bandcrossing from the TAC model
41434 312y 2754 1997C103 calculations.
4502.8 (33/2) 359.4 634.8 2. Small oblate deformation (§,,y) ~ (0.1, -70°)
4904.1 (35/27)y 4013 760.8 3. Mean lifetimes of states with spins from 43/2 to
5324.8 372y 4207 822.1 49/2 are 0.37(+51-29), 0.31(+31-24),
5746.3 39727y 4215 842.4 0.17(+6-4) and 0.13(+4-3), and for the states
6074.9 (41727y 3286 750.1 with spins 51/2 to 57/2 as given in 1997C103
6309.5 (43/27) 2346 are 0.20(5), 0.16(+5-4), 0.15(+5-4) and
6549.6 (45/2)) 240.1 0.21(+6-5) ps, respectively.
6823.4 47/2) 273.8 4. B(M1) values for the transitions 234.6, 240.1
7139.7 49/2) 3163 590.1 35(+22-20) and 273.8 keV are 6.6(+25-38), 7.4(+24-38)
7502.8 (512 363.1 679.5 27(+18-14) and 10.6(+34-29) py’ and for the transitions
7914.1 (5372 4113 774.6 27(+15-18) from 363.1 to 508.3 keV as given in 1997CI03
8373.4 (55/27) 4593 870.9 38(20) are 4.8(13), 4.4(+12-15), 3.0(+7-9) and
8881.7 (57/7) 508.3 967.7 1.7(+4-5) 1y, respectively.
9436.5 (59/2) 5548  (1063) 5. Regular band with backbending at 41/2.
6. Nuclear reaction: '**W ('*0, 5ny) E(**0) =92

and 94 MeV.
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X (352" 1999Po13 1. n(honiizndk-n ® V(izn “fs2 ") below and
98.2+X (3712%) 98.2 1995Ne09 hopniryk=11” ® V(i s, ") above the

223.2+X (3927 1250 1992Bal3 bandcrossing from the TAC model
388.8+X 41/2%) 165.6 1994Ba43 calculations.
603.4+X  (43/27) 2146 1997Ci03 2. Small oblate deformation (B,,y) ~ (0.1, -70°)
871.2+X  (45/2") 2678 suggested in 1995Ne09.
119434X  (47/2")  323.1 3. Mean lifetimes of states with spins from 47/2 to
1571.4+X (4972 3771 700.1 28(9) 55/2 are 0.19(+15-8), 0.14(+6-4), 0.10(+3-2),
2001.7+X  (512") 4303 807.1 49(28) 0.06(2) and 0.11(2) ps, respectively and that
2483.6+X  (33/27) 4819 912.4 52(20) for spin 57/2 as given in 1997CI103 is 0.14(+3-2)
3015.64X  (55/2") 5320 10142 30(9) 4. B(M1) value for the transition 323.1 keV is
3589.2+X  (5712") 5736 11057 34(10) 6.6(+47-29) uy’ from 1995Ne09.
42074+X  (59/2") 6185 1192.1 45(11) 5. B(M1)/B(E2) values are from 1992Bal3.

o

4546.6+X (61121  339.2 Regular band with backbending at spin 61/2.
4932.5+X  (6312") 3859 Nuclear reactions: '*?Os ('2C, 5ny), E(*2C) = 82
5353.5+X  (65/27)  421.0 MeV, and '*W (30, 5ny), E(**0) = 94 MeV,
5806.9+X (672" 4534 Band intensity ~ 12%.

6303.4+X (69720 4965

6845.9+X  (71/27) 5425

7433.6+X  (732%) 5877

~

Y (39/2%) 1994Ba43 1. Tentatively assigned as m(hopiyzn)k-1" @
137.7+4Y  (412% 1377 1999Po13 V(iy3n? £5™") from the TAC model calculation,
3023+Y (43127 164.6 1995Ne09 2. Small oblate deformation (f,,y) ~ (0.1, -70°)
510.6tY 452"y 2083 3. The topmost transition is from 1999Po13.
781.6+Y (47727  271.0 4. Regular band.

1123.6+Y (4972 3420
1540.6+Y (51727 417.0
20233+Y  (53/27) 4827 900.0
2560.14Y  (55/2") 5368  1019.6
31453+Y  (5772%) 5852 11220

Z 1994Ba43 1. Tentatively assigned as m(hep k=5 ® v(iz2>).
97.7+7. 97.7 1999Po13 2. The estimated bandhead spin is 37/2 since it
232.9+Z 135.2 populates states with spin around 33/2.
426.1+Z 193.2 3. The two topmost transitions are from 1999Po13
673.5+Z 2474 4. Regular band with signature splitting and
967.6+Z 294.1 5414 backbending at the top of the band.
1349.7+Z 382.1 676.2
1743.9+Z 394.2 776.4
2227.4+7 483.5 877.6
2737.9+Z 510.5 994.2
3256.7+Z 5188  1029.4
3594.9+7Z 338.2
U 1994Bad3 1. Tentatively assigned as m(hoy, g5 ® V(ij3™
242.9+U 2429 P
550.2+U 307.3 2. The estimated bandhead spin is 45/2 since it
863.2+U 313.0 620.5 populates states with spin around 41/2.
1247.8+U 384.6 697.6 3. Regular band with signature splitting.
1661.8+U 414.0 798.7
2148.8+U 487.0 901.4
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200 Pb
82 118
Elevel I E,M1) E(E2) B(M1)/B(E2) Reference Configurations and Comments:
keV keV keV (un/eb)?
X 1994Ba43 1. (hopiy3n)k=1i” ® V(iy3n?) from the TAC model
100.6+X 100.6 calculation.
223.9+X 123.3 2. Small oblate deformation.
384.2+X 160.3 3. Tentative bandhead spin is around 17.
592.8+X 208.6 4. Regular band.
855.3+X 262.5 5. Nuclear reaction (1992Bal3): '?0s (*C, 5ny)
1174.8+X 319.5 E(**C)=81 MeV, Band intensity ~ 12%.
1549.5+X 374.7
1978.9+X 429.4
2459.5+X 480.6
2992.5+X 533.0 (1014)
3574.6+X 582.1
4207.0+X 632.4 12143
Y 1994Ba43 1. Tentatively assigned as nt(hgyii3n)k-11" ®
212.5+Y 2125 V(3™ paz’?) from the TAC model calculation.
452.8+Y 240.3 2. Tentative bandhead spin is around 23.
736.1+Y 2833 3. Regular band.
1065.7+Y 329.6 4. Band intensity ~ 7%.
1445.8+Y 380.1
1884.6+Y 438.8
Z 1994Ba43 1. Tentatively assigned as n(hgpijan)k=11” &
237.5+Z 237.5 V(iy™ £5,°") from the TAC model calculation.
518.8+Z 281.3 2. Tentative bandhead spin is around 23.
853.4+7 334.6 3. Regular band.
1234.8+Z 381.4
1658.3+Z 423.5
"nPb,;s
Ejever I E,M1) E(E2) B(MI1)/B(E2) Reference Configurations and Comments:
keV keV keV (un/eb)?
X 1995Ba70 1. m(hopl 3)k=11" ®v(i,3/2") by comparison with a
109.2+X 109.2 similar band in '*Pb.
290.8+X 181.6 2. Regular band.
554.6+X 263.8 3. Nuclear reaction: '*20s (*C, 5ny), E(**C) = 76
895.4+X 340.8 MeV, Band intensity ~ 11(4)%.
1299.4+X 404.0 744.6
1758.4+X 459.0 862.8
2264.1+X 505.7 964.7
2822.6+X 558.5
6146.0+Y 3572 1995Ba70 1. m(hopiis)k=11” ®V(iysnps2”) by comparison
6247.7+Y 3772 101.7 with ***Pb and TAC model calculations.
6377.4+Y 3972 129.7 2. Small oblate deformation.
6549.0+Y 4172 171.6 3. From 47/2 and above, there is a forking of the
6769.5+Y 43/2 220.5 band with very close lying transitions having
7045.4+Y 45/2 275.9 energies 333.1, 394.8 and 492.5 keV.
7380.0+Y 4772 334.6 4. regular band.
T7733+Y 4972 3933 5. Band intensity ~ 11(3)%.

8227.2+Y 5172 453.9
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z 1995Ba70
139.6+Z 139.6

315.4+Z 175.8

537.7+Z 2223

814,147 276.4

1146.4+7 3323

1534.5+Z 388.1

1975.8+Z 4413 8294
2467.5+Z 4917 933.1
3007.3+Z 539.8 10314

§] 1995Ba70
176.5+U 176.5

402.2+U 225.7

680.4+U 278.2

1007.1+U 326.7

1387.5+U 380.4

1817.2+U 429.7
2300.3+U 483.1
2830.5+U 530.2

v 1995Ba70
152.9+V 152.9

351.5+V 198.6

601.5+V 250.0

913.5+V 312.0

1287.9+V 374.4

1723.9+V 436.0
2217.3+V 493.4
"2 Pb s

Elevel I E/(M1) E(E2) B(MIYB(E2) Reference
keV keV keV (un/eb)?

X 1995Ba70
161.5+X 161.5

404.8+X 2433

737.7+X 332.9

1145.3+X 407.6

1611.8+X 466.5
2129.5+X 517.7

Y 1995Ba70
183.0+Y 183.0

423.1+Y 240.1

719.4+Y 296.3

1081.3+Y 361.9

1500.8+Y 419.5

1988.0+Y 487.2

323

1.

Tentatively assigned as nt(hopii3n)k=-11" ®
V(i f527), because of the similarity in the
moment of inertia of the bands 2 and 3.

. Regular band.
. Band intensity ~ 8(3)%.

. Regular band.
. Band intensity ~ 7(4)%.

. Regular band.
. Band intensity ~ 8(4)%.

Configurations and Comments:

1

. Tentatively assigned as n(hopizn)k=11” ®V(i;37)

by comparison with the neighboring 2°'Pb,

. Regular band.
. Nuclear reaction: '**Os (**C, 4ny), E(**C) = 76

MeV.

. This band is tentatively assigned to the nucleus

because of its weaker intensity and the
nonclarity of the coincidence relations. If it
belongs to the nucleus, it probably has higher
spin than band 1.

Regular band.

Atomic Data and Nuclear Data Tables, Vol. 74, No. 2, March 2000



TABLE. Magnetic Dipole Rotational Bands
See page 295 for Explanation of Table

198 Bi
8320115
Ejeyel I" E,M1) E(E2) BMI1yB(E2) Reference Configurations and Comments:
keV keV keV (un/eb)?

X 1994Dal7 1. Tentatively assigned as n(hos ij32 51,2™') coupled
165+X 165 to one or three ij3; neutron holes by comparison
416+X 251 with a similar band in neighboring Pb isotopes.
731+X 315 2. B(M1)/B(E2) ratios are large due to the
1108+X 377 nonobservation of crossover E2 transitions.
1517+X 409 3. Regular band.

4. Nuclear reaction: "W ("°F, 7ny), E(**F) = 115
and 105 MeV, Band intensity ~ 25% relative to
the low lying 630 keV transition.

"5 B
Elevel I" EMI1) E(E2) B(MI1)/B(E2) Reference Configurations and Comments:
keV keV keV (un/eb)?

X 1994Dal7 1. Tentatively assigned as n(he 132 512") coupled
184.4+X 184.4 to two i3, neutron holes by comparison with a
400.2+X 215.8 similar band in neighboring Pb isotopes.
642.0+X 241.8 2. The band depopulates around 37/2.
923.2+X 281.2 3. B(M1)/B(E2) ratios are large due to the
1236.7+X 313.5 nonobservation of crossover E2 transitions.
1590.3+X 353.6 4. Regular band.
1950.8+X 360.5 5. Nuclear reaction: W ('°F, 6ny), E('°F) = 115

2316.7+X 365.9 and 105 MeV, Band intensity ~ 20% relative to
495 keV 31/2°> 29/2" transition.
s Bi,
Elevet I E,M1) EJE2) B(MI)B(E2) Reference Configurations and Comments:
keV keV kev (un/eb)?

X 1994Dal7 1. Tentatively assigned as n(hey, i132 $127) coupled
193+X 193 to one or three i3, neutron holes by comparison
431+X 238 with a similar band in neighboring Pb isotopes.
720+X 289 2. B(M1)/B(E2) ratios are large due to the
1056+X 336 nonobservation of crossover E2 transitions.
1432+X 376 3. Regular band.
1855+X 423 4. Nuclear reaction: '**W ("°F, Sny), E("*F) = 115

and 105 MeV, Band intensity ~ 20% relative to
the low lying 326 keV transition.

Y 1994Dal7 1. Tentatively assigned as n(hg;, ij3251,™") coupled
199.0+Y 199.0 to one or three ij3, neutron holes by comparison
446.2+Y 247.2 with a similar band in neighboring Pb isotopes.
740.7+Y 294.5 2. B(M1)/B(E2) > 10 (u/eb)>.
1083.8+Y 343.1 3. Regular band.
14752+Y 3914 4. Band intensity ~ 30% relative to the low lying
1918.8+Y 443.6 326 keV transition.
2417.8+Y 499.0
2970.7+Y 552.9
3577.7+Y 607.0
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202 Bl
8327119
Eievel I E,M1) E(E2) B(MI1)YB(E2) Reference Configurations and Comments:
keV keV keV (pn/eb)?

X 1993Cl102 1. Tentatively assigned as m(hos i13/2 51727 coupled
164+X 164 to one or two i3, neutron holes by comparison
423+X 259 with a similar band in neighboring Pb isotopes.
775+X 352 2. The estimated bandhead spin is about 10-16.
1199+X 424 3. BIMI)/B(E2) = 12 (up/eb)>.
1680+X 481 4. Regular band.

2210+X 530 5. Nuclear reaction: '**Pt ("B, 5ny), E('"'B) =75
2780+X 570 MeV, Band intensity ~ 15%.

Y 1993Cl102 1. Tentatively assigned as 7(hos i132 8127") or
180+Y 180 n(hes’s12) coupled to one or two i3> neutron
394+Y 214 holes by comparison with the similar band in
659+Y 265 neighboring Pb isotopes.
984+Y 325 2. The estimated bandhead spin is about 10-16.
1374+Y 390 3. B(M1)/B(E2) 2 6 (un/eb)*.

4. Regular band.
5. Band intensity ~ 4%.

7 1993C102 1. Tentatively assigned as m( hopi328;,,™") coupled
250+Z 250 to one or two i3, neutron holes by comparison
550+Z 300 with the similar band in neighboring Pb
907+Z 357 isotopes. The estimated bandhead spin is about
1320+2Z 413 11-19.
1785+Z 465 2. BIM1)/B(E2) > 5 (un/eb)>.
2302+7 517 3. Regular band.

4. Band intensity ~ 3%.
2 Bi
Ejevel I" E,M1) E(E2) B(MI1)/B(E2) Reference Configurations and Comments:
keV keV keV (un/eb)?

X 1994Dal7 1. Tentatively assigned as T[(hg/zi]}/zsl/z-l) coupled
175+X 175 to two i3/, neutron holes by comparison with a
421+X 246 similar band in neighboring Pb isotopes.
759+X 338 2. B(M1)/B(E2) ratios are large due to the
1201+X 442 nonobservation of crossover E2 transitions.
1718+X 517 3. Regular band.

2295+X 577 4, Nuclear reaction: '**pt (*'B, 6ny), E(''B) = 74
MeV, Band intensity ~ 15% relative to the 689
keV transition.

s Rn
Elevel I E,M1) E/E2) B(MI1)B(E2) Reference Configurations and Comments:
keV keV keV (un/eb)?

1680+X (21727 1999N003 1. The most likely configuration is the negative

1796.7+X  (23/2%) 116.7 parity m(heypiiz2) ®V(i3) from the TAC
1966.9+X  (25/2%) 170.2 calculations. Since the observed parities are
21248+X (2727 1579 2.0(2) positive, the configuration n(i;3,%) ®v(i,3) is
2246.0+4X (2972 1212 >4 tentatively assigned.

2494.0+X  (3172%) 2480 >7 2. Small oblate deformation , B, ~ -0.1.
2861.7+X (3329 3677 >10 3. X ~ 600 keV from systematics.

3164.14X  (35/2") 3024 >33 4. Irregular band.

34523+X  (372") 2882 >18 5. Nuclear reaction: ""°Er (’Ar, 5ny), E(**Ar) =
3653.64X  (39/2") 2013 183 MeV, band intensity ~ 25%.

4059.4+X  (412")  405.8
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