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Test of Wigner's Spin-Isospin Symmetry from Double Binding Energy Differences

P. Van Isacker, ' D. D. Warner, and D. S. Brenner
'Grand Accelerateur National d'Ions Lourds, BP 5027, F-24021 Caen Cedex, France

2DRAL Daresbury Laboratory, Daresbury, Warrington WA4 4AD, United Kingdom
'Clark University, Worcester, Massachusetts 01610

(Received 21 December 1994)

It is shown that the anomalously large double binding energy differences for even-even N = Z nuclei
are a consequence of Wigner's SU(4) symmetry. These, and similar quantities for odd-mass and odd-
odd nuclei, provide a simple and distinct signature of this symmetry in N = Z nuclei.
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In the supermultiplet model of nuclei it is assumed
that nuclear forces are independent of isospin as well
as spin [1—3]. Nuclear states can then be characterized
by the quantum numbers of the spin-isospin or SU(4)
symmetry, giving rise to simple predictions concerning
nuclear p-decay rates and masses. The former arise
because the Fermi as well as Gamow-Teller operators
are generators of SU(4), and as such p transitions
can only occur between states belonging to the same
supermultiplet; predictions of nuclear binding energies
are obtained in a lowest-order approximation from the
permutational symmetry of the orbital part of the many-
body wave function which determines the degree of
spatial overlap between the nucleons. Since the original
work by Wigner [1] and Hund [2], it has become clear
that SU(4) symmetry is badly broken in the majority of
nuclei because of the increasing importance with mass
of the spin-orbit term in the nuclear mean-held potential.
Nevertheless, it remains a useful ansatz for studying
global properties of p- and sd-shell nuclei from a simple
perspective. Moreover, as will be shown in this Letter, it
may have a particular and renewed relevance in the study
of the heavier N = Z nuclei from Ni to ' Sn, a declared
experimental goal of many of the current proposals for
new facilities based on accelerated radioactive beams [4].

The most conclusive test of SU(4) symmetry is through
a comparison with realistic shell-model calculations which
can be readily performed for nuclei up to 4 Ca. The
goodness of SU(4) symmetry in the ground state is then
obtained by taking the overlap between the shell-model
wave function and the favored SU(4) representation. This
approach is followed, for example, for sd- and pf
shell nuclei by Vogel and Ormand [5]. The overall
conclusion of such studies is that in nuclei heavier than
'60 significant departures from SU(4) symmetry occur,
especially in midshell regions [6].

To obtain a test of the goodness of SU(4) symmetry
directly from masses is more difficult. Franzini and
Radicati [7] suggested the use of a ratio R(T, ) of ground-
state energy differences involving four isobaric nuclei
with different isospin projections T, and showed that the
values agree rather well with the SU(4) predictions for
nuclei with masses up to A = 110. However, it was

demonstrated subsequently [8] that this ratio R(T, ) is not
very sensitive to SU(4) symmetry mixing.

In this Letter we point out that a sensitive test of SU(4)
symmetry can be made by using double binding energy
differences which also provide information concerning the
strength of the neutron-proton (np) interaction, which is
known to play a pivotal role in the structure of nuclei [9].
Recently, the quantity

6 V„p (N, Z) —=
4 ([B(N, Z) —B(N —2, Z)]

—[B(N, Z —2) —B(N —2, Z —2)]),

where B(N, Z) is the (negative) binding energy of an
even-even nucleus with N neutrons and Z protons, was
used by Brenner et al. [10] to extract the empirical
interaction strength of the last neutron with the last
proton. A notable outcome of this analysis was the
occurrence of particularly large interaction strengths for
N = Z nuclei. Although this feature is consistent with
both schematic and realistic shell-model calculations [10],
a simple interpretation of this result is still lacking. It
is the purpose of this Letter to show that the N = Z
enhancements of ~6 V„„~ are an unavoidable consequence
of Wigner's SU(4) symmetry and that the degree of the
enhancement provides a sensitive test of the quality of the
symmetry itself.

A representative sample of the data is shown in
Fig. 1(a) which gives —BV„„(N,Z) (where known) for the
sd shell. While for N 4 Z the np interaction strength
is roughly constant and of the order of —1 MeV, the
dramatic enhancement of ~BV„„~ occurring for N = Z is
clearly evident. This prominent feature can be understood
from the simple perspective of Wigner's supermultiplet
theory. Wigner's scheme in a harmonic-oscillator shell
with degeneracy cu = g(21 + 1) implies the classification

U(4') D (U„b(~) D . D O„b(3))

e (Usr(4) & SUsr(4) & SUs(2) e SUr(2)) . (2)

The dots refer to an appropriate labeling scheme for
the orbital part of the fermion wave function, such
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as Elliott's SSU(3) scheme [12 .
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(a) sd shell (odd-neutron)

PH YSICAL REVIEW LETTERS 5 JUNE 1995

(b) SU(4) (odd-neutron) TABLE I. Obseserved binding ener gy if ere ces
~

Vnp
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20 20
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Z=8
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1788
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1491 5727'

2574
1952

1979
1585
5706"'
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1958
2090
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827

2867 2288
2221 2362
5607' 4132"
4138' 3941a
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—10+ 8u,
6 V„p (N, Z)/b = . —2 —4a 2,

2 7

N=Z,
N=Z ~2,
NWZ, Z~2,

(8)

where n2 is the weight of the next-favored SU(4) represen-
tation. Away from the N = Z line, 6V„„is completely in-
sensitive to the admixture of higher SU(4) representations.
For N = Z, however, the changes are dramatic. For a 30%
admixture (n2 = 0.3, which is a typical value obtained in
realistic shell-model calculations [5]), ~6V„~(N = Z)~ is
reduced from 10b to 7.6b, while ~BV„~(N = Z 4- 2)~ in-
creases from 2b to 3.2b. Although very schematic, this
result does show that double binding energy differences at
the N = Z line are sensitive to SU(4) symmetry breaking.

As the mass of the nucleus increases, the SU(4)
symmetry is increasingly broken. Along the N = Z line,
this is a result of two conspiring effects: the spin-orbit
term in the nuclear mean-field potential and the Coulomb
interaction, both increasing in importance with mass. So
it would seem that the N = Z enhancements in ~BV„„~
will gradually disappear in the heavier nuclei. However,
this is not necessarily the case for the nuclei beyond 56Ni

Figures 1 and 2 show that substantial deviations from
the simple SU(4) predictions occur for the sd shell. This
is a reAection of the spin-orbit interaction which increases
in importance with increasing mass and which destroys
SU(4) symmetry, since it favors one spin direction over
the other. The double energy differences in the even-
even, odd mass as well as odd odd nuclei show a
systematic behavior at the N = Z line: a rapid decrease
towards the middle and an increase near the end of
the sd shell. While the former could be explained
(at least partially) as resulting from the decrease of
the overall interaction strength (i.e., of the coefficient
b) with increasing mass number, it would be difficult
to understand the latter, unless it is associated with a
restoration of SU(4) symmetry. The results of Vogel and
Ormand [5] for N = Z (or T = 0), obtained by taking the
overlap between the shell-model wave function and the
favored SU(4) representation, are in qualitative agreement
with what we find here from binding energy systematics
in that the overlaps first decrease with mass but increase
towards the end of the sd shell.

The sensitivity of these predictions to a small degree
of symmetry breaking can be analyzed by considering ad-
mixtures of the next-favored SU(4) representation into the
ground state. We illustrate this with the example of even-
even nuclei, which have as next-favored SU(4) represen-
tation (101) if N = Z and (2, T —1, 0) otherwise. [An
exception to this rule occurs in doubly closed shell nuclei
where the SU(4) representation is unique. ] Proceeding as
before one finds (for double binding energy differences not
involving doubly closed shell nuclei)

where the masses which determine 6V,„are currently
lacking. Although they have strongly admixed SU(4)
representations, these nuclei might exhibit a pseudo-SU(4)
symmetry. The latter symmetry arises by treating the pf
shell as pseudo-sd in the spirit of suggestions made by
Arima, Harvey, and Shimizu [16] and Hecht and Adler
[17] (see also [18], and references therein). The quality
of the pseudo-SU(4) symmetry in the pf shell will depend
on two conflicting effects: a pseudo-spin-orbit splitting
which is greatly reduced and a Coulomb interaction which
continues to increase with mass. A theoretical study
incorporating both effects should determine whether the
pseudo-SU(4) symmetry has any chance of surviving
in heavier nuclei. Experimentally, the pseudo-SU(4)
symmetry cannot be tested with P-decay selection rules,
since the Gamow-Teller operator is not a generator of
pseudo-SU(4). The measurement of masses and the
determination of double binding energy differences along
the N = Z line, on the other hand, should provide
a sensitive test for the existence of a pseudo-SU(4)
symmetry in nuclei.
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