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Abstract

This contribution presents high resolution results for two (p, ) reactions on odd
target nuclei, 2°°Bi and ®!Zr. Also if DWBA calculations, using both Woods-Saxon
and Double-Folded potentials for a-particles, have been done, only two kind of
analysis are presented here:

a) spins and parities have been attributed to the observed multiplets of excited
states in the residual nuclei 2°6Pb and ®8Y, using the homology concept;

b) shell model calculations have been performed for the homologous states, using
the OXBASH code.

In low resolution (1) and afterward in high resolution experiments (2,3,4,5) at 22
MeV performed with the Munich Tandem, polarized source, Q3D and position and angle
resolving light ion detector, it has been shown that spectra of a-particles emitted in
proton induced reactions on target nuclei having one unpaired nucleon outside a magic
shell, display distinctive features which indicate that this last, slightly bound, nucleon
may act as spectator in the process. In fact in case of weak coupling between the parent
state and the spectator nucleon, it is expected for the son states of the excited multiplets
that:

a) both angular distributions of cross section and asymmetry for transitions to
homologous states to be very similar in shape;

b) the differential cross section for population of a parent state to be of the same
magnitude of the sum of the cross sections of the transitions to the multiplet of son states
which corresponds to a given parent state;

c) the ratio between the son and the parent state cross sections for the population
of a state of spin J, in a given multiplet, to be proportional to (2J+1).

The aim of the present contribution is to show, for the first time together, the most
meaningfull experimental results achieved and some preliminary shell model calculations
done with the OXBASH code (6), which seem to confirm the spectator role of the unpaired
nucleon for transitions to homologous levels and the concept of homology as spectroscopic
tool to identify spin and parity of a large number of levels with relatively high excitation
energy.

In fig.s 1,2 are shown the cumulative cross sections and analyzing powers for transitions
to different multiplets of 2°°Pb and ®Y compared with the cross sections and analyzing
powers for transitions to the corresponding parent states. In the case of 38Y the cumulative
cross sections include the contributions of the transitions to fragmented levels(5).
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Fig. 1: Cumulative cross sections and analysing powers for transitions to different multiplets of
206pP} (dots) compared with the experimental cross sections and analysing powers for transitions
to the corresponding 29°TI parent states (solid lines)

In fig.s 3,4 experimental energy spectra for 2°°Pb and *¥Y homologous levels, arising
from the coupling of the spectator nucleon with the states excited in the parent nu-
cleus, 2°5T1 and 87Y respectively, are compared with theoretical ones, obtained with the
OXBASH code.

For some levels of 8Y, belonging to different multiplets, only the parity is assigned,
due to the fact that the shape of the differential cross section and asymmetry for each
of these levels fits very well the corresponding one of the respective parent state and if
the contribution of these levels is included in the cumulative cross section of the proper
multiplet, the parent state angular distribution of cross section and asymmetry is quite
well reproduced.

Tables I and II show spin and parity attributions for homologous levels of 2**Pb and
88Y . compared with the adopted ones. The presented results arise both from analysis of
the experimental data exploiting the homology with low energy states 2°°T1 and *"Y and
from shell model calculations.
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Fig. 2: The same as in fig. 1 for 88Y and 87Y
i TABLE T |
“ JUBTI JUbe "
Eezp Jr Eexp Egpeir ¥ J ad
g8 L+ | aa273 3.38 5= 5~
3.672 3.35 4=
0.204 3t 3.237 3.84 4= 4=
3.399 3.57 5= 5=
3.653 3.81 6~ Ml TABLE 1
3.716 3.73 3= 3= BTy B8y
0.619 8+ | 3.828 | (4.59,4.36) (6,7~ = =
3.980 4.65 ’.2_. Ee:p J Eezp E.h:ll JT J ad
3'924 . 3‘:24726 s 45_ go. | 4= | 2203 | 2181 | 2~
4.044  (4.38,4.20) (3,4)7 2.444 | 2138 | 3~ (10%)
4.120 | (4.59,4.36) (6,7) 5 _ oot et
_ 0.794 | & 2.734 2,673 | 3 atgts
4.221 | (4.38,4.26) (3,4) 2 fh 2703 | 2-
0.924 r+ 4.243 4.87 8)~ ’ ’ -
. 2.787 3.041 | 1
4.257 4.51 (s) -
_ 2.830 2.645 | 4
4.317 4.56 2 3145 -
4.373 | (4.6344.49) | (3~ +77) ’ a7 | o-
4.532 | (4.55+44.59) | (47467) 3.208 : -
9 - .
1.430 gt 4.584 4.49 7_ 3133 | 5=
4.673 51 8~ 0982 | 2= | 2.944 | 3.086 | 2-
4.887 5.05 2 32 2.997 -
4.728 5.4 9~ 3‘025 -
4.833 4.5 5= : -
Ee2 3 3.052
ity po 3.093 2.990 | 3~
: 3.122 3.523 | 1~
1.48¢4 | L= | 4818 5.07 10t
4.912 5.07 at | (37)
4.925 4.98 5+
4.941 4.89 7t | (6h
5.011 4.91 ot
5.078 5.20 at+
5.112 4.92 et | (ahH)
5.149 1.87 st | (8t)
5.66 2t




—_— 1
D —— 2’ B
— 5.5
—_— 2.9 L
—— -3 ~
jr— g:...wj < r
—— 56" — 3.0
s=mm AU |
— I i
........... 6 ~
szmzzo amd s
gy 1S 8.5 lm 4.5
______ ! .
-y B
=
15 — = [
] — 4.0
1.0 — &
- - 4 -
S .0
e T d -
en ]
g o — 3.5
631 = i -
g ‘ I
.a = -
.S T
g - |
X 0.0 — Shell L~ 3.0

Pb

Fig. 3: Comparison of experimental and theoretical energy spectra for 2°6Pb. Solid and dashed
lines identify homologous levels in 2°°T1 and 2%6Pb.

Shell model calculations have been performed in both the pair of residual nuclei 2°6Pb,
205T] and 88Y, 7Y, based on the usual two-body Hamiltonian

H = Ze;a:-fa,- + Z \/;jkla:-fa;[akaz
: i>j=1k>I=1
and using the code OXBASH.

For the calculations regarding the pair 2%Pb, 2%T] the core has been assumed to be
208P}h and ¢; are the single-hole energies of proton (neutron)-hole nucleus 2°7T1 (*7Pb),
and the single-particle energies of neutron-particle nucleus 2°°Pb.

Single Particle Orbitals (S.P.O.) and Single Particle Energies (S.P.E.) used in the

calculations, for protons and neutrons, are shown in the following.

pI'OtOIl S.P.O. 1g7/2 2d5/2 2d3/2 331/2 1h11/2
S.P.E. | 11.483 | 9.696 | 8.364 | 8.013 | 9.361
neutron | S.P.O. 11:11/2 2_(]9/2 2_(]7/2 3(15/2 3d3/2 431/2 1j15/2
S.P.E. | -3.158 | -3.937 | -1.446 | -2.370 | -1.400 | -1.905 | -2.514




The two-body matrix elements
Vigw = (i [V k1)
have been calculated from MSDI (Modified Surface Delta Interaction).
The configuration space has been assumed of the form (3k) for 2°5Tl, i.e.

| mir vt g3 e T >
and a mixing of (2h) and (3~ — 1p) for 2%Pb, i.e.
| V(G dt) >
and
| 7T o2, I (i3, 3570), J"), T >

with a proton particle in the hg/; shell.

About the nature of the states in 2°°T1 the 1/2% and 3/2* states display a predominant
single-hole proton character, the total probability of having a hole in the s;/; and in the
da/2 orbital respectively, being in both cases larger than 70% . This is not the case of
5/2% and 7/2% states. For the 5/2%, for example, the percentage of ds/; single-hole only
amounts to approximately 10%, the main component still being the s, /2 hole (~67%) with
recoupling of the neutron holes to non-zero angular momentum.

In spite of the large configuration mixing, multiplets can be sorted out in the 2%Pb
spectrum, which can be put in connection with parent states in 2°°T1, with spectator role

-
e P 5 .
15 30
jumas—g 1
———— 3" — 3
-
-
L2
11— 32 3" 2"
.3
/2" ol
5/2° amaa
3 S
= a =)
23 i 23
S > 3
&3] m
= =
k=) 2 S
= ’ =
= =
8 o v Exp. Shell |, &
87 88
Y Y

Fig. 4: The same as in fig.3 for #Y and 3Y. Conventions are the same as in fig. 3



of the hg;; proton orbital. In most cases the states of each multiplet display wave functions
which are very similar among them, and, more important, similar to the wave function of
the parent state in 2Tl. And this is not only the case of the multiplets homologous to
the rather pure 1/2% and 3/2% states, but also in the case of the largely mixed 5/2% and
7/2%.

The situation is even clearer in the case of the positive-parity multiplet 1*,...,10%. The
11/27 state is a rather pure hy;/; hole state, with a total content of hy;/; of the order of
90%. All states of the multiplet display practically the same structure, therefore giving
strong support of considering the multiplet as homologous of the hfll/zstate, coupled to
the hg/; particle.

A last comment deserve the centroids and the spreadings of the different multiplets.
These are in acceptable overall agreement with the experimental findings, even if the
sequence of different multipolarities is not always fulfilled.

A particular problem arises with the 47,5~ doublet, which is acceptably reproduced
as energies, but is assigned by the calculations as the 1/2% @ hg/,- configuration. the
analysis of the (p, a) reaction, instead, indicates the lowest 4~ state as belonging to the
3/2% @ hgjo- multiplet. Such a discrepancy calls, from one side, for an improvement of
the residual interaction beyond the MSDI, and for an extension of the model space with
the inclusion of neutron core-excitations , leading to 4h — 2p configuration.

We will illustrate now the shell model calculations for 8Y levels. It is well known that
the structure of nuclei in the region A = 90 (Z ~ 40, N = 50) is rather complex. In
particular the possible existence of a proton subshell (at Z = 38 or 40) and the role of
the intruder orbital go/; has been lengthily debated. The case of 88Y falls into this wide
problematics. Since our attention was particularly concentrated to possible evidence of
levels in 8Y homologous to states in 7Y, the calculations have been parallelly performed
for both 87Y and ®Y nuclei.

We have used to construct the model space the orbitals and the single-particle energies
€; given in the following:

proton neutron

S.P.O. 1f5/2 2173/2 2Pl/z 1.979/2 1.919/2 197/2 2ds./'z 2ds/z 331/2
S.P.E. |-8.90|-12.62 {-9.61 | -5.80 | 0.66 | 6.00 | 4.22 | 7.22 { 5.03

For the two-body matrix elements V;;i; we have used the set GWBXC (7), which are
essentially G-matrix effective interactions based on realistic Paris potential.

It is important to point out the effect of the configuration mixing, from one side, and
of the nature of the residual interaction, from the other.

In fact the predicted levels when pure configurations are assumed, namely when only
the diagonal part of the residual interaction is included, give a correct ordering and po-
sition for the states 47-5~ (not homologous and corresponding to the pure configuration
m(p1/2)~'v(ges2) "), and for multiplets of states which are homologous to states in 87Y
with the addition of the (ds/;) neutron particle, namely the multiplet 27-3~ (correspond-
ing to the pure configuration m(p;/2)~'v((ge/2) "*(ds/2)), the multiplet 0--17-27-37-4~-5~
(corresponding to the pure configuration 7(fs;2)"'v((ge/2)~(ds/2))), and finally the mul-
tiplet 17-27-37-4~ (corresponding to the pure configuration m(pa/2)~'v((ges2)~2(ds/2)))-



Due to the absence of configuration mixing, the ordering of the sequence of levels within
each multiplet is just fixed by the two-body matrix elements. A correct ordering and
position are predicted for the 4-5~ and 27-37 doublets. For the other multiplets, on the
other hand, although the residual interaction leads to a correct amount of total spreading
of the multiplets, the centroids are shifted with respect to experiment, and some levels
within the multiplets are inverted.

The situation gets modified when we introduce configuration mixing. In this case
the model space with particle occupations (in square brackets) used in the calculation
are the following: proton: (fs/2)[5-6], (psj2)[3-4] and (p1/2)[1-2]; neutron: (99/2)(8-9],
(ds2)[0-1], (s1/2)[0-1], (d3/2)[0-1] and (g7/2)[0-1]. In terms of particle-hole description,
we have the mixing of both m(1h)v(1h) and w(1h)v(2h — 1p) configurations, with the
proton hole in one of the orbitals (fs/2), (Pa/2) or (p1/2), the neutron hole(s) in the go/2
orbital and the neutron particle in one of the orbitals (ds/2), (s1/2), (da/2) and (g7/2). One
can immediately, from the amplitudes of the wave functions, single out the multiplets
4--5~, 2=-3~ and 07-17-27-37-47-5", which display a relatively pure character, with
large overlaps with the pure configurations m(p1/2) ™ v(ges2) ™", m(p1/2) v (gos2) "2 (ds/2)
and 7(fs/2) " v(ges2) "2(ds/2) respectively. In these cases, although a number of level in-
version still occurs within the last multiplets, the centroids of the multiplets are now in
good agreement with the experimental findings. At variance with these cases, no clear
multiplet corresponding to the configuration 7 (paj2) v (ges2) "%(ds/2) is predicted by the
calculation. The configuration appears to be rather fragmented into a number of states.
Only the 2~ state at 3.55 MeV and the 4~ state at 3.64 MeV display an appreciable
overlap (= 50 %) with that configuration. Due to the large energy difference between
the ps/, and other two proton hole states fsj2 and pij2, large mixings do in fact occour
between states with one hole in the ps/; orbitals with those corresponding to the hole in
the fs/2 or p12 orbital, but with a recoupling of the two neutron holes in the go/2 orbital
to angular momentum different from zero.

The problem of large configuration mixing involving states associated with the proton
holes is also reflected in the case of 7Y . In this case the model space has been assumed
of the form ( in square brackets the allowed particle occupations): proton: fs72 [5-6], p3j2
[3-4], p1/2 [0-2] and ggy [0-1]; neutron: gy, (8]. In terms of particle-hole description, this
amounts to include negative-parity m(1h)v(1h) states of the form [ (7)™ v(gs/2)~*) 111,
where the allowed proton hole states include the ps/2, the fs/2 and the py /s orbitals, plus
positive-parity m(2h—1p)v(2h) states of the form [r{(j1)~* (42) " (goy2)) 1, (V(go/2) ~2) 1)1, L.
states corresponding to proton core excitation to the proton gg/; orbital. Only the spins
1/27 and 9/ 2% of the lowest states can be assigned to dominatly proton single particle
configurations (p1/2)~! and (p1/2)~*(ges2), respectively. In the case of the spins s 3/2
and 5/27, on the converse, the lowest states are still associated, as dominant component,
to the proton (pi/2) state, with a recoupling of the two (go/2) neutron holes. The states
collecting most of the single-hole character are predicted to lie at higher excitation energy,
precisely at 1.00 MeV for the 5/27 and 1.46 MeV for the 3/2".

It has in any case to be remarked that independently on the overlapping of the son
states with the foreseen configurations, OXBASH calculations clearly indicate common
configurations for homologous states.
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