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A concept of nuclear shell structure has been developing
similarly to the a concept of atomic shells. A significant
difference in formation of atomic and nuclear shells is that in
atoms shells are populated with particles of the same type, namely
electrons, while in nuclei particles of two types, neutrons and
protons, populate shells, and between them there exists not only
Coulomb interaction but aiso nuclear forces. As a result, magic
numbers of atoms and nuclei are different though shell formation
mechanisms are similar. Up to recently the observed analogy in
formation of atomic and nuclear shells could not be considered
complete because analysis of atomic ionization potentials revealed
not only even numbers 2, 10, 18, 36, 54, etc., which characterize
shell closure, but also smail maxima at Z = 7, 15 and 33. These
configurations correspond to half population of p-shells and
1involve the maximum number of antisymmetr:c bonds between
p-electrons. Thus, Coulomb repuisinn - s the smallest, which
results in a stronqger atomic ionization [oterntial {1].

Some features of nuclear shell ser.cture ware jefined more
precisely in {2-5]. In (2] & mass farmula was cealculated on the
assumption of continuous mosaic nuclear energy surtace and it was
shown that one must take into account not only magic but also
submagic numbers, which must involve odd 33, 87, B9 and 101 in
neutron shells. Possible existence of an odd magic spherical shell
with N = 15 was inferred in {(4]. They analysed separation energy
Sm for a wide range of light nuclei. Grounds for identificetion
of odd shells in nuclei can be both an increase in nucleon binding
energy and a sudden drop in it after crossing the shell, which was
observed in this very case. Later it was shown in [$] that the
values of hindrance factors for magnetic dipole l-forbidden
transitions allow a similar conclusion about the magic character
of the number Z = 15 (Fig. 1). The hirndrance factors in Fig. !
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Fig. 1. Hindrance factors of l-forbidden Ml transitions in light
nuclei. Numbers in the plots are even nucleons in even-odd

and odd-even nuclei.

are calculated from the data of {6, 7] by Moshkovsky’s method. The
statistical factor was also taken into account in the calculation.

The question naturally arises as to whether there are any
other arguments supporting the existence of odd magical numbers in
nuclei. A phenomenon of coherent shell closure enhancement in
even-even nuclei due to interrelation of proton and neutron shells
is known. An very clear example of it is proton subshell closure
in "®Gd with 2 = 64 and N = 82. This phenomenon is also observed
in light even-even nuclei with Z = N (A = 12-32) (8). That is why
it is patural to try to find odd sheils in odd-odd nuclei with
Z = N. There is a total of 13 odd-odd ruclei with experimentally
e S, [91. They are “H, °Li, "B, "N, *F,

determined Sn, s, S
P, He1, ¥k, *?’sc, Vv and ““Mn. The sequence of

ZZNa' ZSAll 30
occupying the orbitals by protons and neutrons is the same in all
these nuclei. It allows one to expect coherent enharncement of odd



shell closure in the nucleus due to substantial overlapping of
wave functions of protons and neutrons of the same type. Figure 2
shows separation energies sn, s', S , S as a function of Z, N.
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Fig. 2. Nucleon and nucleon-pair separation energies in odd-~odd
light nuclel at Z = N.

Note that besides the maximum of the function Szh at N = 15 there
is a sharp change in s, at Z = 15, which confirms existence of an
odd proton shell. The sudden drop in 52n and szp for the nucleus
with N, 2 = 15 is as large as ASZp = 3.22 MeV and ASZn = 1,94 MeV,
which is commensurate with the nucleon pair separation energy for
even shell closure in light nuclei. For example, in 0ca Aszp is
8.30 MeV and ASZ“ is 9.08 MeV. Ever more illustrative are N, 2 = 7
shells. With _them, ASZ'J is 5.70 MeV and ASZn is 4.67 MeV, which is
comparable with nucleon pair separation energies observed in
doubly magic even-even nuclei. A common feature of nuclei with 2Z,N
= 7 and 15 shells is the ground state spin G 1+, whose value
depends or the rype of (1 +l) (s, +s) bond. A similar type bond
exists in the K nucleus w.n:h z, N = 19. With this number of
nucleons, separation energies § and Sp feature a small maximum.
Of special interest are Z,N = 23 shells. The v ground state spin
i" = 0% is determined by the configuration (m2s)” = 172% and
(v2s)" = 172%. since proton and neutron lf"2 shells are only
half-populated in this case, one can expect this nucleus to be
deformed. Supporting evidence for it might be the existence of a
deformation region for Ne, Na, Mg, &1, P nuclei with N > 20.
Noteworthy is also a small maximum in binding energies at 2,N=11,
which, as in the previous case, might be due to nuclear

deformation caused by the 1d, subshell being half-populated.
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Abrupt changes in separation energies Sn, Sp, Sn, Szp for these
shells are as large as 1-2 MeV. Another point in favour of
existence of odd shells at 2Z,N = 11 and 19 is an increase in
hindrance factors F(Ml) of l-forbidden M1 transitions at these
values (Fig. 1). The nuclei in question belong to the group of
light nuclei whose nuclear properties are mainly determined by
two-particle interactions in sd shells. Earlier observed anomalies
in §,, a N = 15 and N = 19, 20 [10-12] were generally explained
by calculations within the unified shell model [13-15], which
considers properties of light nuclei in the entire sd space of
shell-model wave functions (Odsn-lsvz—Odyz). It was shown that
abrupt change in the separation energy s, is determined by
competition of various two-particle interactions. The attractive

two-particle interaction (Odyz—odyz), (0d5/z-1sl/2)‘hz and
(ls”z-lsvz), which dominates at N = 15, gives way to repulsive
two-particle interaction (Odgﬂ—lsuz)ha at N = 16. The anomaly

around N = 19, 20 for neutron-rich Na and Mg isotopes can be due
to inversion of the lowest fp and sd orbits [16].

It is of interest to carry out calculations for odd-odd light
nuclei at 2 = N within the unified shell sd model in order to find
the type of two-particle interaction during formation of the
observed odd shells.

Thus, odd shells are observed in odd-odd light nuclei at Z,N
= 7, 11, 15, 19, 23 because of possible coherent shell closure
enhancement. The Z,N = 11 and 23 shells are most probably
deformed. The Z,N = 7 and 15 shells are similar to the atomic
shells with the same magic numbers and must be spherical.
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Mopozos B.A. E6-94-252
HeueTHbie NPOTOHHBIE ¥ HEXTPOHHBIE 0000UKH B IETKHX 9ApaxX

Ha ocHoBe aHa/1M3a 3HAUEHHI IHEPry OTACJCHHMS HYKI0OHOB M Nap HYK.10-
HOB S, Sp, Sy m Szp B HEUETHO-HEMETHMX JIETKMX aapax Owi10 obHapyxewo,
4TO BCJAENCTBHE BO3MOXHONO KOrEPEHTHON) YCHICHHS 3aMbiKaHus 000J04CK
HabaronaoTcs HeueTHne o6ogoukn npn Z, N =17,11, 15, 19, 23. Tpu arom
ofiorouxuZ, N = 11 n 23 ckopee BCero 0OTHOCATCS K KAaCCy A6OPMHUPOBAHHBIX.
ObGo.10ukn Z, N = 7 1 15 aHanornusn 0607104KaM € TAKMMH XC MAarHUECKHMH
4i1C.1aMH B ATOMdX H J0KHbI ObiTh CPEPHUCCKHMH.

PaBota snnosHeHa B JlJaBopatopuu saepHuix npobaem OUAHN.

IMpenpuuTt O0beIMHCHHOTO MHCTUTYTA SAEPHBIX MccaenoBaumi. Jlybua, 1994

Morozov V.A. E6-94-252
0dd Proton and Neutron Shells in Light Nuclei

It is shown by analysis of nucleon and nucleon pair separation cnergies

Sy Sps Sape Sp in 0dd-odd light nuclei that odd shells are observed at Z, N =

=7.11,15,19,23 as a result of coherently enhanced shell ciosure. The

Z, N =11 and 23 shells are most probably deformed. The Z, N =7 and 15

shells are similar to shells with the same magic numbers in atoms and thus must
be spherical.

The investigation has been performed at the Laboratory of Nuclear Prob-
wms, JINR.
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