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NEUTRON SEPARATION AND PAIRING ENERGIES IN THE REGION 82 N 126~
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Results of a systematic study of atomic-mass differences in the region 82 N 126
are presented as plots of double-neutron separation energy and neutron-pairing energy.
These plots provide information concerning the extent of the nuclear deformation which
begins in the region of 90 neutrons, its dependence upon Z, and its gradual dissappear-
ance in the region 106& ¹116.

In 1964"and 1965' some of us reported a se-
ries of precise atomic-mass differences in the
region N -90, which provided accurate informa-
tion concerning the mass effect associated with
the onset of nuclear deformation in that region.
We have since extended this work substantially,
using improved techniques and employing both
the original high-resolution mass spectrometer'
and a newly constructed one, ' and can now pro-
vide a fairly complete picture of the mass sur-
face between the 82- and 126-neutron shells.
The details of this work, including the major
comments on its interpretation, will be reported
in due course in a series of papers, but the over-
all picture is sufficiently informative to warrant
its prior presentation.

As in earlier work, most of the mass differ-
ences have been obtained by studying doublets
of the type

AM — X, Cl- X Cl,

where X, and X, may or may not be isotopes of
the same element. The fractional spacing of the
various doublets studied ranged from one part
in 8400 to one part in 115800. The error associ-
ated with b3f was usually in the range 1-4 keV.
Since the "Cl-"Cl mass difference is known to
0.4 keV,"double-neutron separation energies
S, can be calculated to virtually the same pre-
cision as ~, viz.

S,.= 2n-("X,-'-'X, )

= 2n —(' Cl—'Cl) —l&$

for cases in which the doublet contains isotopes
of the same element. For cases in which iso-
topes of different elements are involved, the

available data are frequently accurate enough
to introduce negligible error in the calculation
of S, for the nuclides concerned.

The upper portion of Fig. 1 is a plot of S» for
even-Z, even-N nuclides from N =74 to N =126.
The many data relating to odd-Z and/or odd N-
nuclides are omitted in order to avoid congestion
in the figure. The values for Xe and Ce (taken
from the 1965 mass table' which in this region
is based primarily on the work of Johnson and
Nier' and Damerow, Ries, and Johnson'0) are
included to show the characteristically "regular"
shape of the curves of S» vs N in the region 50
-N -82,"and to remind the reader of the sudden
decrease in S» which occurs as the 82-neutron
shell is exceeded. The values for the other ele-
ments are based mainly on some 70 mass dif-
ferences determined in our laboratory during
the past four years. Most of these values are
derived directly from Eq. (2), but a few require
for their calculation the use of accurate reaction
Q's or disintegration energies.

As was mentioned, some of the curves shown
in the upper portion of Fig. 1 for N ™90were
published earlier, at which time attention was
drawn to the major discontinuity in slope at N
=88, the apparent charge dependence of this ef-
fect, and the suggestion that the slopes for N
~ 92 are similar to those for N&88. Also, the
relationship between these effects and the defor-
mation of the nucleus was commented upon. Ad-
ditional points now to be noted include these:

(a) The injection of the new data has produced
a marked increase in the regularity of the S2
curves in the region 92 -N - 126. One may now
ascribe special significance to the irregularities
that remain.
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FIG. 1. Plot of double-neutron separation energy (S2 ) and of neutron-pairing energy (I~), both as functions of
neutron number. Data are for isotopes of the even-Z elements in the region 82& N g 126.

(b) The energy of deformation exhibited by nu-
clides with N = 90 is least for Z = 60 (Nd) and

shows a small but steady increase in going to
Z = 62 (Sm) and Z = 64 (Dy). The relatively high

value of S» at "'Dy (N =88, Z = 66) may suggest
that this nuclide has already acquired a small
ground-state deformation. But in going from
N = 90 to N = 92, although there is also a Z depen-
dence, the incremental effect is greatest for Z
= 60 (Nd).

(c) When viewed over a range of two neutrons
the segments of adjacent curves are usually par-
allel to one another, that is, irregularities are
reproduced for the same neutron numbers.

(d) The most conspicuous irregularities lie in
the region 106 &N & 110.

(e) Below N-106 the shape of the curves (which
are strikingly different from the "regular"
curves referred to earlier) indicates that for
certain elements the mass effect associated with

deformation continues well beyond 92, but at a
more gradual rate.

(f) The curves above N -110do not individually
reveal the disapperance of deformation, rather,
this disappearance is indicated by the large sep-
arations between the curves for Z = 74 (W), Z
=76 (Os), and Z = 78 (Pt).

In the lower portion of Fig. 1 is a plot of neu-
tron-pairing energies for the majority of nu-
clides represented in the upper portion, calcu-
lated according to the relationship"

P (N) =(-1) —,'[2SN(N)-S (N-1)-S (N+1)]. (3)

These pairing-energy curves are a refinement
and an extension of the pioneer work of Johnson
and Nier' and Johnson and Bhanot" who drew at-
tention to maxima in the region of 90 and 116
neutrons. Kith reference to the lower portion of
Fig. 1, attention is now drawn to the following
specific features:

(g) At N =90 the neutron-pairing energies show
a definite maximum for Z = 62 (Sm) and Z = 64
(Gd), a probable maximum for Z= 60 (Nd), and
a possible maximum for Z = 66 (Dy). The great-
est effect appears to occur at Z = 62 (Sm) and
Z=64 (Gd).

(h) A second maximum in the neutron-pairing
energy appears to occur at N =116, although the
curve for no element actually passes through the
maximum. But the curves for Z = 76 (Os) and

Z = 78 (Pt) suggest the existence of this maxi-
mum, and those for Z = 74 (W) and Z = 80 (Hg)
are not inconsistent with this hypothesis.

(i) Between these two maxima, the neutron-
pairing energy appears to decline steadily to a
minimum in the region 106 ~N ~108. This is
undoubtedly related to the transition region re-
ferred to in comments (d), (e), and (f) above.

(j) The pairing energies for Z =80 (Hg) and
Z = 82 (Pb) appear not to follow the same trend
as they approach the 126-neutron shell.

%e are indebted to a number of individuals for
prepublication information, and appropriate
acknowledgement for this will be made in the
subsequent detailed papers.
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We have measured a mean life of 392+12 psec for the 4.49-MeV (5 ) state of Ca, cor-
responding to an E2 transition strength of 1.04 + 0.03 Weisskopf units which is consider-
ably stronger than that predicted by a one-particle, one-hole description of the states.
However, this E2 decay rate and those of eight other E2 transitions between odd-parity
states can be understood when the states are described as admixtures of deformed and
spherical wave functions.

The low-lying negative-parity states of ' Ca
are described by Gerace and Green' as combina-
tions of random phase approximation (RPA)
states and three-particle, three-hole (3p-3h) de-
formed states. In particular, the 3.74- (3, )
and 4.4S-MeV (5, ) states are described as
largely RPA states, each having of the order of
5 Io 3p-3h deformed component. Other authors2'3
describe the odd-parity spectrum as RPA states
and obtain good agreement (as do Gerace and

Green) for E3 and E5 transition rates of the 3,
and 5, states to the ground state. These rates
are not sensitive to the deformed component of
the excited-state wave functions. However,
small admixtures of deformed-state components
may contribute significantly to transition rates
between excited negative-parity levels. This
Letter reports the measurement of the lifetime
of the 4.49-MeV (5, ) state, the decay of which
reflects deformed-state admixtures.


