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Experimental observation of features like rotational
bands and enhanced transition probabilities usually signify
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serves enhanced electric quadrupole transitions conne
DI 5 2 levels in a rotational band. Observation of quas
tational bands based on configurations which are know
be nearly spherical is therefore quite unexpected. Nu
structure physics has in recent times been witness t
observation of many such groups of levels which appe
have rotational character and display enhanced mag
dipole transitions connectingDI 5 1 levels. Such band
have therefore been termed in the literature “magneti
pole” or “magnetic rotational” bands and subsequently
“shears” bands. Observation of such structures has
rise to much excitement, and one hopes that many new
exotic coupling schemes may be identified [1]. In this pa
we present a Table of the established as well as the
likely candidates of magnetic rotation (MR) bands.
literature cutoff date for the data is August 1999.

Most MR-band nuclei are either even–even
odd–A; only a few odd–odd nuclei are known to have s
bands. The largest aggregate of data occurs in theA ' 195
mass region, where 12 lead isotopes having 191# A #
202 display as many as 42 MR bands. All the nu
included in the compiled Table are shown in Fig. 1. E
nucleus is assigned a box that exhibits the total numb
backbending. It should be noted that a critical evaluatio
the experimental data is not the aim of this paper and
of the information has been gleaned from the refere
cited for each band; a total of 81 references have been

Salient Features of Magnetic Dipole Rotational Bands

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

1. The bands exhibit aDI 5 1 structure rather tha
a DI 5 2 structure and have a somewhat rotational c
acter.

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

3. The bandhead lies at a high excitation energ
few MeV) and has a high spin (I ; 10–15\) and a high
value ofK (the projection ofI on the symmetry axis), bo
indicative of a multi-quasiparticle character.

4. Intraband transitions are predominantly magn
dipole (M1) in nature, withB(M1) values being of the ord
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of several Weisskopf units. Crossover E2 transitions
either very weak or absent, so thatB(E2) values are&0.1
eb)2. The ratioB(M1)/B(E2) is therefore quite large, wi

values;10–100 (mN/eb)2. In normal rotational bands th
ratio is less than 1 (mN/eb)2. In a number of MR bands in th

5 110 and 195 mass region, a decrease in theB(M1)
values with increasing spin has been observed.

FIG. 1. Isotope chart ofZ vs N for the magnetic dipole rotational band
box.
5. These bands have generally weak connectio
other yrast states.

6. These bands carry a dynamical moment of in
of the order ofI(2) 5 10–25\2MeV21, smaller than th
dynamical moments of inertia of normal-deformed and
perdeformed nuclei. The ratioI (2)/B(E2) is larger than 15
\2MeV21(eb)22 here, in comparison to a value of

in this compilation. See key (inset) for the interpretation of the entrie
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\2MeV21(eb)22 in well-deformed nuclei and 5
\2MeV21(eb)22 in superdeformed nuclei.
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Keeping these characteristics in mind, we have b
ble to extract from the published literature on experim

ally observed level structures 120 MR bands in 56 nu
hese are spread over four mass regions, namelyA 5
7–85, 105–113, 124–144, and191–205. While most o

hese bands have been assigned oblate many-quasip
onfigurations, several prolate configurations have
een assigned to bands in the lighter mass regions.

We find that in addition to the above-mentioned c
cteristics, the experimentally observed bands also ex

he following features:

1. Some of these cascades do not display anI (I 1 1)
ehavior 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 ident
n Pb nuclei, and these, therefore, constitute the fore
esting ground for the various physical mechanisms w
ould give rise to rotation-like features with strong magn
ipole transitions connectingDI 5 1 states. A configuratio
ssignment for the bands has been possible in most o
ases in Pb nuclei based on considerations such as
xcitation energies and angular momenta, (ii) compari
ith the known excitations in neighboring nuclei, and
stimates from model calculations. Unlike the supe

ormed bands, the linking transitions have been seen
arge number of cases; the excitation energies and th
ular momenta are therefore known with greater certain
any instances.

The low-lying excitations of neutron-deficient Pb i
opes are known to consist of spherical states arising
eutron hole excitations, and further higher-lying exc

ions are formed on weakly oblate states built on bro
air proton (particle–hole) excitations across the core
n example, the 01 state at 931 keV in194Pb, having a sma

oblate deformation [2], is built on the {p9/22[505]} 2 con-
figuration of theh9/ 2 orbital. Two high-spin isomeric exc
ations are observed at 2438 and 2934 keV, havingI p 5 81

and 112, respectively [3]; these are interpreted as (2p2h)
broken proton-pair shell model configurations given
[{ ph9/ 2, 9/ 22[505]} V { ph9/ 2, 7/ 22[514]}] Kp 581 and
{ ph9/ 2, 9/ 22[505]} V { pi 13/ 2, 13/ 21[606]}] Kp 5112.
oth these configurations are also known to be assoc
ith a small oblate deformationb2 ; 20.18 as suggeste

by some calculations. However, no regular collective b
built on these states have been observed.

The DI 5 1 bands observed in the lead isotopes h
been assigned configurations consisting of theKp 5 112
ion is like a torus with angular momentum pointing along
ymmetry axis. The low-V neutron hole states, on the ot
and, have a dumbbell-like density distribution, with ang
omentum pointing along a direction perpendicular to

ymmetry axis [4, 5]. Maximum overlap between the
ensity distributions is therefore obtained when the an
omenta of proton particle and neutron hole are perpend

o each other, and the resultant angular momentum lies s
here between the proton and the neutron angular mom
s shown in Fig. 2a. Frauendorf [4, 6, 7] suggested that

wo angular momenta are like the two blades of a pa
hears, and that the unusual properties of MR bands, su
he generation of high angular momenta at such low defo
ion, predominance of regular M1 transitions, lack of signa
plitting, etc., can be explained if the two blades sim
eously align toward the resultant total angular momentu
enerate higher angular momentum states (cf. Fig. 2b).
echanism has hence been named the “shears mechani

ilted-axis version of the Cranking model (TAC) was propo
4] which incorporates this shears mechanism quite suc
ully and gives a good estimate of the excitation ener
pins, andB(M1)/B(E2) values of many such bands.

A similar mechanism is seen to work in theA 5 110
nd 135 mass regions although different orbitals are
olved. In theA 5 110 mass region the active orbitals
igh-V proton g9/ 2 holes, driving the nucleus toward

slightly prolate shape ofb2 ; 0.13, and low-Vneutronh11/ 2

particles [7]. Due to the shape of their density distribut
the proton angular momentum vector aligns itself tow
the nuclear symmetry axis while the neutron angular
mentum vector aligns toward an axis perpendicular to
the A 5 135 mass region,h11/ 2 proton particles andh11/ 2

neutron holes are involved in the configuration of MR ba
[8]; sometimesg7/ 2 protons are also assigned a role.
coexistence of prolate and oblate shapes is predict
different bands in a few nuclei. However, the interpretat
are not as firm in these mass regions as in theA 5 195 mas
egion. It may be noted that the high-jintruder orbitals
hich are known to play an important role in many hi
pin phenomena such as superdeformation, also pla
mportant role in generating MR bands.

Recent calculations based on the spherical
odel with a reasonable configuration space for proton
eutrons have also been able to reproduce regular MR
nd confirm the shears mechanism of generating mag
ipole rotational bands [9].

A suggestion has recently been made that the s
echanism may arise due to a residual interaction bet

he protons and neutrons in the two blades [10]. An in
ction of theP2(u ) kind can be mediated through the c
y particle–vibration coupling acting in second order. T
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kind of physical mechanism may not require the presen
a deformed mean field for nearly spherical nuclei.

Application of Tilted-Axis Cranking Model

A general TAC Hamiltonian for a single particle
given by [4]

h9TAC 5 hsp 2 v~ j 1sin u cosw 1 j 2sin u sin w 1 j 3cosu !,

(1)

herehsp is the single particle Hamiltonian in a deform
field (e.g., a deformed oscillator or a deformed Woo

FIG. 2. Schematic coupling scheme of shears mechanism for a small
deformation in the Pb region at (a) small rotational frequency an
large rotational frequency. For details see text.
omponents of particle angular momentumj along the (1, 2
) axes, respectively, where the 3-axis is the symmetry

Detailed calculations have been reported in the l
ture for the MR bands, where, using the multipar
ersion of the TAC, pairing and residual interactions h
lso been included (for example see [11, 12] and refere

herein). Within the pairing plus quadrupole–quadrup
odel, the quasiparticle Routhian is given by [5]

h9 5 hsp 2 \v0bScosgq0 2
sin g

Î2
~q2 1 q22!D

2 D~P1 1 P! 2 ln 2 v~ j 1sin u 1 j 3cosu !, (2)

where w 5 0° has been substituted to reduce the th
dimensional problem to a planar one. Here,\v 0 5 41A21/3;
b andg are the usual deformation parameters; andq0, q2,

nd q22 are the expectation values of the respective c
ponents of the quadrupole tensorQ. The operatorP1 cre-
tes the pair field, the strength of which is fixed by the
arameterD. The Fermi levell is fixed to give the corre
article number. As an example, we have performed c

ations for the MR band in105Sn by using the TAC cod
13]. The proton pairing was neglected in these calcula
ecause the protonZ 5 50 shell is closed. For the neutro
airing was taken into account using a constantDn 5 0.80
eV. The neutron Fermi levell was calculated to give th

appropriate particle number. We have done calculation
a series of deformation parameters to minimize the
energy in the lab frame and found that the most suit
deformation in this case isb 5 0.137 andg 5 10°. Single
proton and single quasineutron Routhians were then c
lated. Taking the bandhead spin and parity into consi
tion, we chose the configurationp(g9/2

21g7/2) V n[h11/2
2 (g7/2d5/2)

1]
and calculated the total quantities (like spin, energy, e
librium tilt angle u). In order to compare the experimen
results with the calculated ones, we transform the ex
mental energiesE(I ) into rotational frequencies by usi
the relation

\v~I ! 5 E~I ! 2 E~I 2 1!. (3)

The results of our calculations along with the experime
results [14] are shown in Fig. 3, where the total ang
momentum I vs \v is plotted. The TAC curve differ
slightly from the observed values but exhibits the s
trend. The observed values also show a backbending
has been attributed in [14] to the alignment of a (g7/ 2d5/ 2)
eutron pair. The wavefunctions so obtained can be us
alculate the electromagnetic transitions and other pr
ies, as discussed in the following section.
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Electromagnetic Properties of Magnetic Dipole
Rotational Bands

A DI 5 1 structure and large intrabandB(M1) values
mmediately suggest that the MR bands are based on hK
roton configurations. In the strong coupling limit [15],

B~M1, I 3 I 9! 5
3

4p
K 2~ gK 2 gR! 2u^I 9K10uIK& u 2, ~4!

wheregK is the protong-factor andgR ' Z/A. When both
K and (gK 2 gR) are large, theB(M1) value increase
However, the trend of theB(M1) values with rotationa
frequency distinguishes a high-K band from a MR band.

The coupling scheme for the bandhead in a tilted
representation is shown in Fig. 2a, with the proton ang
momentum vector close to the nuclear symmetry
(deformation-aligned) and the neutron angular momen
vector close to an axis perpendicular to it (rotation-align
Such a coupling gives rise to a large perpendicular com
nent of the magnetic moment,m' 5 mp

' 1 mn
'. Higher

ngular momentum states are generated by a gradual
ent of the neutron and proton blades with the total ang
omentum IW. As IW increases,m' decreases. Since t
(M1) values are proportional toum'u2, the shears mech
ism predicts decreasingB(M1) values with increasing sp
long the band. TheB(M1) and B(E2) values can be ca
ulated in the TAC model by using the expressions [4

FIG. 3. Angular momentum vs rotational frequency for105Sn using th
TAC model for the configurationp( g9/ 2

21g7/ 2) V n[h11/ 2
2 (d5/ 2g7/ 2)

1]
and the deformation parameters (b, g) 5 (0.137, 10°) along with th
experimental curve for the dipole band in105Sn.
1 gs,n^sn,3&v% 2 cosu$ gl ,p^j p,1&v

1 ~ gs,p 2 gl ,p !^sp,1&v 1 gs,n^sn,1&v%# 2 (5)

nd

B~E2! 5
15

128p
~eQ0sin2u ! 2, (6)

where the average values of the components ofj , the spins,
and the intrinsic electric quadrupole momentQ0 are calcu
lated from the TAC model configurations. Theg’s are the
usual gyromagnetic factors. In Fig. 4, we show the resu
our calculations forB(M1) andB(M1)/B(E2) values for th
105Sn nucleus discussed in the previous section. We find
both B(M1) and B(M1)/B(E2) values decrease with
creasing rotational frequency and hence with increa
angular momentum, thus proving the validity of the sh
mechanism in the massA 5 110 region.

A comparison of the calculated values with the
cently measuredB(M1) values in a series of Pb isotop
with A 5 193–197 hasconfirmed the decrease inB(M1)
with increasing angular momentum [11]. This constitu
the strongest argument in favor of the shears mechani
lead nuclei. It may be emphasized that whereas the r
such asB(M1)/B(E2) may be explained on the basis
principal axis cranking, the behavior ofB(M1) with angula
momentum confirms that it is a new mode of excita
which requires the TAC.

Measurement of theg-factor is another sensitive te
of a configuration. For example, theg-factor of the 2584
keV bandhead in193Pb was measured [16] to be 0.686
0.03, which matches very well with the calculated va
0.71 6 0.04 for the assigned configuration [(ph9/ 2 V

13/ 2)Kp 5112 V (ni 13/ 2)
21] Kp 529/ 22; other configurations d

ot reproduce the measured value.
Another useful quantity which is reported more of

nd which highlights the large strength of the M1 transit
s the ratioB(M1)/B(E2). It can be obtained from expe

ent by using the expression [17]

B~M1!/B~E2! 5
0.6968Eg2

5

lEg1
3 ~1 1 d 2!

, (7)

whereEg1,g2 are the respectiveg-ray energies in MeV co
esponding to the M1 (DI 5 1) and E2 (DI 5 2) transitions
rom a stateI , l is theg-ray intensity ratio [I (g 2)/I (g 1)],
and d is the mixing ratio for theDI 5 1 transition. Sinc
observed M1 transitions are much stronger than the
transitions, it may be assumed that theDI 5 1 transitions
are pure M1 transitions and therefore the mixing ratio

Atomic Data and Nuclear Data Tables, Vol. 74, No. 2, March 2000
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be ignored. We tabulate thisB(M1)/B(E2) ratio in the Tabl
for a large number of cases. It turns out to be of the ord
10–100 (mN/eb)2 as compared to a value less than 1 (mN/
eb)2 in normally deformed nuclei.

Moments of Inertia, Alignment, and Backbending

The kinematic moment of inertiaI (1) 5 \I /v 5
2I /Eg(I 3 I 2 1) and the dynamic moment of iner

I (2) 5 \dI/dv 5 \ 2/DEg(I) are plotted in Fig. 5 for som

FIG. 4. TheB(M1) (upper panel) andB(M1)/B(E2) values (lower pane
vs rotational frequency from the TAC model calculations for
configuration shown in Fig. 3.
each mass region. TheI(1) values (solid lines) genera
decrease with increasing angular momentum, a trend o
site to what one observes in normal deformed rotati
bands whereI(1) generally rises with increasing angu
momentum. This is indicative of a large contribution to
total angular momentum from a source other than co
tive. Also theI(2) values are typically considerably sma
than I(1), again indicating a large contribution to the to
ngular momentum from alignment; the very large fluc

ions in I(2) values shown in some MR bands are due
backbending in these bands. More recently, the behav
I(1) and I(2) as a function of angular momentum has a
been shown to be consistent with theP2(u ) type of residua
interaction between protons and neutrons [18].

For rotational bands in normal deformed nuclei,
moment of inertia is directly proportional to theB(E2)
values, and hence the ratioI (2)/B(E2) is expected to b
oughly constant. For MR bands, this ratio is, on aver
ore than a factor of 10 larger than in well deformed nu
hich shows that only a fraction of the inertia is gener
y the rotation of the deformed core. It should be no
owever, that ratiosI (2)/B(E2) as large as 10 can also co
bout for a normal rotor in the presence of pairing
aving a small deformation.

A kind of singularity or sharp rise is observed in
alue of I(2) at angular momenta where backbending

curs, which is normally attributed to a bandcrossing wi
further alignment of thei 13/ 2 quasineutron pair in Pb nuc
and an alignment of theh11/ 2 neutron pair in the mass 1
and 135 regions. For example an upbend at\v ; 0.38 MeV
in band 2 of196Pb having configurationp(h9/ 2 V i 13/ 2) V

n(i 13/ 2)
22 is attributed to a secondi 13/ 2 quasineutron pa

rossing [19]. Thus after the crossing, the configura
ecomesp(h9/ 2 V i 13/ 2) V n(i 13/ 2)

24. A similar bandcross
ing is also noticed in band 3 of198Pb but at a highe
requency; the shift in frequency may be interpreted as
and having some pairing prior to crossing. It is also
ible to interpret the backbending as the crossing of
hears bands. When a second shears band crosses t
hears band, the shears angle opens up again from a
alue (near 0°) to a large value (near 90°). The experim
vidence in favor of such a crossing would be a sudden

n theB(M1) value near the crossing frequency. It would
ery interesting to make such measurements.

Regular and Irregular Bands

While most of the bands are nearly regular (not c
idering backbending as an irregularity), some of the b
ppear quite irregular. It may be pointed out that with be
tatistics in experiments, the order of transitions has

Atomic Data and Nuclear Data Tables, Vol. 74, No. 2, March 2000
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changed in many cases, thereby making some irre
bands regular. Also, it may be noted that signature spli
in a band must be distinguished from the irregular natu
a DI 5 1 band. This distinction may be achieved
dividing a DI 5 1 band into twoDI 5 2 bands, the
analyzing the levels within theDI 5 2 subbands for reg
larity and bandcrossing. For example, band 3 of196Pb,

hich otherwise looks quite irregular, on dividing into t
ands can be interpreted as a rotational structure with a
ent taking place around the 1237-keV level [19].

Signature Splitting

The TAC model mixes states of good signature.
herefore expected that MR bands may not have a sign
plitting. We find that 14 of the 42 MR bands experim
ally observed in the Pb nuclei display a signature split

FIG. 5. Kinematic (solid lines) and dynamic (dashed lines) moments
We did not include a few other cases because it was dif
to make a judgment in those cases where only three o
transitions are known. In Fig. 6, we plotDEg(I ) vs I for 6

f the 14 cases; a signature splitting is evident in all
ases. It is interesting to note that 2 cases, namely ban

195Pb and band 4 of199Pb, also exhibit a signature inversi
uch phenomena of signature splitting and signature i
ion have been observed and studied in normal defo
ven–even [20], odd–A, and odd–odd nuclei [21] and c
e explained by using the particle-rotor model [22, 23

An odd–odd nucleus with the odd proton and the
eutron in appropriate orbitals is the simplest system
imulating the shears mechanism. Accordingly we h
sed the two-quasiparticle-plus-rotor model for
eformation-aligned proton particle in anh9/ 2, 9/ 2[514]

orbit and a rotation-aligned neutron hole in ani 13/ 2,

s spin plotted for five nuclei from theA 5 80, 110, 135, and 195mass regions
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1/ 2[600] orbit at a small oblate deformation (e 5 20.1),
nd calculated energies and the aligned angular mom
tc. Our calculations [24] show that the band based on
onfiguration develops a strong signature splitting atI 5
6. The signature splitting persists even for the band b
n the h9/ 2, 9/ 2[514] V i 13/ 2, 7/ 2[604] configuration

However, this signature splitting disappears when the
formation is increased to, say,e 5 20.25. These calcul
tions also indicate that the shears mechanism is more
at small deformations. Similar conclusions regarding
validity of the shears mechanism have also been reach
Macchiavelli et al. [25]. Since signature splitting is a
prominent at small deformation, it is not unusual to obs
signature splitting in MR bands, which is a small defor
tion phenomenon. In Fig. 7, we show the geometry of
particle angular momenta and their alignments at lo
spins where splitting is absent and at higher angular
menta where splitting is present. The diagrams revea
the shears mechanism is active at the lower spins. At h
spins (I . 16), thestates belonging to different signatu
learly align along different directions, thus diluting
hears mechanism. We may therefore infer that the pre

FIG. 6. Signature splitting in some MR bands in Pb isotopes as obser
f a large signature splitting may be linked with a dilut
f the shears mechanism.

Identical Bands

Observation of identical bands in superdeformed
lei brought this phenomenon, which is also present to s
xtent in normal deformed nuclei [26, 27], into sharp fo
ome MR bands also appear to have identical trans
nergies. An example is band 2 of199Pb and band 1 of200Pb.
he bands differ in their configuration by a quasineu
rbital f 5/ 2, 1/ 2[521]. An interpretation in terms of a d

coupling of a pseudo-spiñL 5 0 quasineutron originatin
from p3/ 2 andf 5/ 2 Nilsson orbitals has been suggested [5
equires a decoupling parametera 5 1. However, no
dentical band has been found in a similar situation in201Pb
nd 202Pb. This phenomenon therefore remains to be in

tigated in MR bands.

Conclusions

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

experimental data. The spins are uncertain in the three cases in the b
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support the recently proposed concept of magnetic rota
A total of 120 bands in 56 nuclei from four mass regi
have been compiled from the literature. Some additi
cases, namely83Y [28, 29], 83Zr [30], 106Cd [31], 103,105,107,109In
[32, 33], 117I [34], 128Ba [35], and139Pm [36], are also likel
candidates of MR bands but have not been included in
Table due to the uncertain nature of the bands and in
cient information. The bands in theA 5 80 and 135 region
nd Hg nuclides included in the Table should also be tre
ith caution. The energies, spin, parity, configuration
ignments, electromagnetic properties, and other impo
etails of MR bands are listed in the Table. We h
iscussed very briefly the shears mechanism and ex
ental as well as theoretical evidence in its favor. M

FIG. 7. Geometry of particle angular momenta atI 5 8 and 16 (uppe
panel), and at three consecutive angular momenta forI 5 20, 21, and
22, which lie in the region of signature splitting (lower panel),
small oblate deformatione2 5 20.1.
echanism when signature splitting occurs. It may
ointed out that MR is just one of the several new mode
otation that are being talked about [1]. For example,
ossible to construct both blades of the shears from
ame type of particles (either protons or neutrons). Wh
egular pattern of levels would still be formed, these wil
onnected by weak E2 transitions (antimagnetic rotat
bservation of a “pure” MR band based on a perfe
pherical configuration is another challenge for the ex
entalists. Another mode where the blades of the sh

lose with decreasing excitation rather than open has
een predicted. It would indeed be interesting to obs

hese 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 by the
ken from
h of the

a reaction
by the

a

R Nuclear

AMITA, A. K. JAIN, and B. SINGH M1 Rotational Bands
original authors are relative to the energy of an isomer, we have added the energy of the isomer (ta
the Evaluated Nuclear Structure Data File database at Brookhaven National Laboratory) to eac
energy levels.

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

eferences The references are listed in chronological order in terms of eight digit key numbers as assigned in the
Science References database at Brookhaven National Laboratory.
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ABLE. Magnetic Dipole Rotational Bands

Z
AXN 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 c
denotes the band number.

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

I p I denotes the level spin for each band member.p denotes the parity (1or 2). I p given in
parentheses denotes uncertain spin and/or parity assignments.

Eg(M1) g-Ray energies in units of keV for the M1 (DI 5 1) transitionI 3 I 2 1.
Eg(E2) g-Ray energies in units of keV for the E2 (DI 5 2) transitionI 3 I 2 2.
B(M1)/B(E2) The ratio of reduced transition probabilities in units of (mN/eb)2 given with the uncertainties

the last digits in parentheses [Eq. (7),d 5 0]. In some bands where only upper limits
the intensities of the E2 transitions are given the lower limits forB(M1)/B(E2) are given

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

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

p here is for protons andn is for neutrons. s, p, d, f, g, h, and i are the orbitals. A pos
integer in the superscript of the orbital denotes the number of particles while a ne
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 , g) Deformation parameters.
Backbending In a rotational band, the transition energies increase with increase in spin reflecting tI (I 1

1) behavior, but in some cases, e.g., in band 1 of108Cd, the moment of inertia increas
drastically after the spin 162, and the transition energy decreases and again starts
after 182. This phenomenon is known as backbending and is usually attributed
crossing of two rotational bands due to the alignment of a pair of either kin
quasiparticles.

Regular band A band where the excitation energy varies more or less smoothly with spin, tho
necessarily asI (I 1 1).

Irregular band A band where energy variation with spin is quite abrupt.
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1995Ba35 G. Baldsiefen, S. Chmel, H. Hübel, W. Korten, M. Neffgen, W. Pohler, U. J. van Severen, J. Heese, H
K. H. Maier and K. Spohr, Nucl. Phys. A587, 562 (1995).
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