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Systematics of nuclear deformation in large regions
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In this paper we present the systematics of nuclear deformation for even-even, even-odd, odd-even, and
doubly odd nuclei in four regions: the 50,Z<66 and 82,N<104 region, the 66,Z,82 and 82,N<104
region, the 66,Z,82 and 104,N,126 region, and the 82,Z<104 and 126,N<155 region. Compact
trajectories are obtained using theP5NpNn /(Np1Nn) factor. It is found that there are no apparent shifts in
the trajectories between the even-even nuclei previously studied with theP factor, and the other classes of
nuclei included here. This may suggest that the pairing interaction strength of even-even nuclei is very close to
that in their oddA and doubly odd neighbors. Strong anomalies around theZ;80 region are highlighted.

DOI: 10.1103/PhysRevC.63.067302 PACS number~s!: 21.10.Re, 23.20.Js
in
an
h

l-
d

in
a
p
le

rv

at
-

-
-

ib
bl
t

ing
,
o

ab
.

tio
d-

ng

s
-

nu-
odd

ir Z

ws

ith
ac-

-

ain

s
f

The paramount importance of the residual valencep-n
interaction in the evolution of single-particle structure and
the development of collectivity, phase shape transitions,
deformation has been emphasized by many authors, suc
deShalit and Goldhaber@1#, Talmi @2#, and later Federman
and Pittel@3#. This idea was further exploited in Ref.@4#: if
the residual valencep-n interaction is the dominant contro
ling factor in the development of configuration mixing an
collectivity in nuclei, the evolution of structure should
some way scale with the integrated strength of this inter
tion in the active proton and neutron shells, and the sim
valence nucleon productNpNn can be regarded as a variab
to gauge this interaction. The usefulness of theNpNn scheme
to simplify the phenomenology of nuclear structure obse
ables of even-even nuclei has been well established@5#. A
simple modification@6# to NpNn , the P „P5NpNn/(Np
1Nn)… factor, can be regarded as the average number ofp-n
interactions per valence nucleon. It is also related to the r
of the integrated valencep-n interaction strength to the inte
grated valence pairing strength. A simple argument@6# sug-
gests why deformation of nuclei sets in whenP;425, re-
gardless of mass region.

We recently plotted@7# the quadrupole deformation pa
rameters e2, which were taken from macroscopic
microscopic calculations@8#, in the NpNn scheme.e2 is de-
fined in Ref.@8#. For the even-even, odd-A, and the doubly
odd cases of all known medium-heavy nuclei, no discern
shifts between these different classes of nuclei were visi
The NpNn scheme shows that thep-n interaction does no
depend much on the class of nucleus~even, odd, or odd-
odd!; it is therefore interesting to see whether the pair
effects embodied in theP factor modify this result, that is
whetherP-factor plots are likewise independent of class
nucleus. One may also ask whether theP factor presents any
new phenomenology, especially whether it signals any ‘‘
normal’’ structures in the ground state or low-lying states

Figure 1 shows the systematics of nuclear deforma
parameters,e2 vs theP factor for even-even, even-odd, od
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even, and doubly odd nuclei in four regions: the 50,Z
<66 and 82,N<104 region, the 66,Z,82 and 82,N
<104 region, the 66,Z,82 and 104,N,126 region, and
the 82,Z<104 and 126,N,155 region. Like theNpNn

scheme, theP factor, generally speaking, presents a striki
correlation, that is,e2 increases with the factorP very
smoothly, then begins to saturate aroundP;6. This behav-
ior was discussed in Ref.@6# in the context of the systematic
of the ratioE4

1
1 /E2

1
1 for even-even nuclei. Here it is con

firmed using the deformation parameters for all types of
clei, i.e., even-even, even-odd, odd-even, and doubly
nuclei. The correlations of the 82,Z<104 and 126,N
,155 nuclei are extremely compact in both theNpNn

scheme„Fig. 1~d! in Ref. @7#… and theP-factor plot@Fig. 1~d!
in this paper#. TheNpNn scheme shows a strongZ564 sub-
shell effect in theZ550266 region @7#. However, in the
P-factor plot, this subshell effect seems to be reduced.

There are strong anomalies in Figs. 1~b! and 1~c! in the
Z576280 region. These were also noticed in theNpNn
scheme in Ref.@7# but are greatly magnified in theP-factor
plots. These anomalies are correlated according to the
values as indicated in Figs. 1~b! and 1~c!.

To illustrate this systematics more clearly, Fig. 2 sho
the deformation parametere2 vs theP factor for the even-
odd and odd-odd nuclei for the 66,Z,82 and 82,N
<104 region, where we focus on the subset of nuclei w
e2,0.30,P,6.5, and have circled the anomalous points
cording to theirZ values.

For nuclei withZ580 or 79, the anomalies lie along lin
ear trajectories, with the highestN values farthest from the
main correlation and the lowest values closest. ForZ577
and 76 there tend to be a cluster of points far from the m
correlation. TheZ578 case is intermediate.

For the same range ofZ values, but with neutron number
past midshell (104,N,126), an almost identical set o
anomalies occur, as seen in Fig. 1~c!. The fact that, again, the
points lying farthest from the main correlation haveN;104,
©2001 The American Physical Society02-1
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FIG. 1. The deformation parametere2 vs the P factor for nuclei with~a! 50,Z<66 and 82,N<104; ~b! 66,Z,82 and 82,N
<104; ~c! 66,Z,82 and 104,N,126; and~d! 82,Z<104 and 126,N,155. In calculatingP, the numbers of valence protons an
neutrons,Np andNn , respectively, are always counted relative to the closest magic number~50, 82, 126!. The anomalous clusters of thee2

data are labeled using their proton numbersZ. See the text for details.
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suggests that the effects are related to some specific fe
associated with nuclei near this neutron midshell point. B
low, we will speculate on what the origin of this effect mig
be but, first, it is useful to verify that this effect is not a
artifact of using calculated deformations from Ref.@8#; we
have inspected empiricalE2

1
1 energies from these nucle

~even-even type! as well. An example of the results is show
in Fig. 3. The same class of nuclei (Z close to 82,N close to
midshell! show anomalousE2

1
1 energies, again suggestin

larger deformations.
The effect in Figs. 1~b!, 1~c!, 2, and 3 is a substantia

anomaly. One possible explanation is that these nuclei
06730
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near midneutron shell, where coexisting deformed states
volving proton excitations across theZ582 gap descend into
the low-lying spectrum. If this increases the effective valen
proton number, then the data points should have been plo
at largerP values, which would have indeed reduced t
anomalies. However, this does not explain why the effec
basically absent in theNpNn plot.

In short, a compact systematics of nuclear deformati
for heavy even-even, even-odd, odd-even, and doubly
nuclei is obtained in theP5NpNn /(Np1Nn) factor plots. It
is found that there are no apparent shifts in comparison to
systematics for the even-even nuclei. This suggests tha
pairing interaction strength is almost the same in these
dd

FIG. 2. Similar to Fig. 1~b! except that thee2

data are limited to the even-odd and odd-o
cases withe2,0.30, P,6.5.
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FIG. 3. Similar to Figs. 1~b! and 2 except that
empirical 21

1 energies are plotted againstP. The
anomalous points are labeled.
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the
ferent classes of nuclei. Anomalies in theZ;76280 region
are magnified greatly inP-factor plots compared with thos
in the NpNn scheme, and they can be classified according
their proton numbers. It seems that nuclei with the larg
numbers of valence neutrons in theZ576282 region are
systematically more deformed than the main correlation
nuclei. No corresponding anomaly occurs in theZ550266
and Z5822104 regions. No real explanation is yet ava
able, although coexisting deformed states related to part
,
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hole proton excitations, which appear near the yrast lev
for neutron numbers near midshell, may play an import
role. TheNpNn scheme and theP-factor scheme thus work
in complementary ways to disclose anomalies of structu
evolution.
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