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A description of the low-lying positive parity levels of the odd mass isotopes of Sb and I is
presented on the basis of the intermediate coupling approach of the unified model. Such analysis
helps to understand many properties of those levels since a rather satisfactory agreement with

experimental data is reached.

1. Introduction

A surveyl—10 of the low-energy level spectra of
the odd mass isotopes of antimony and iodine
reveals certain striking features common to the
two. Considering the mass ranges, 113 < 4 < 129
for antimony and 125 < 4 < 133 for iodine, the
following interesting aspects become clear:

a) In the lightest isotopes of both elements, the
ground state is 5/2F, generally followed by an
excited 7/2+ state, the relative position of these
states being inverted in the heaviest isotopes.

b) The states, 3/2 (I = 2) and 1/2 (I = 0), are
regularly observed with energies not exceeding
1 MeV or so. These levels are characterized by
moderate values of the spectroscopic factors in
(He3, d) reactions on the doubly even isotopes of
Sn and Te.

¢) A group of high spin, (I = 7/2), positive parity
levels is seen in many of those nuclides with energies
ranging from 600 to about 1600 keV. Some of these
levels are strongly excited by the inelastic scatter-
ing of charged particles.

d) Many other regular features can be noted,
related to log(ft) values for beta feeding, reduced
transition probailities, branching ratios, static
moments, etc.
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It is shown in this paper that at least a qualitative
understanding of these several features can be
achieved within the framework of a very simple
model: the intermediate coupling version of the
unified model introduced by Borr and MOTTEL-
son11,12 and developed by CHOUDHURY 13.

2. Description of the Model

In the restricted version that will be used here,
the intermediate coupling model views the odd
mass nuclear system as consisting of an even
spherical core plus the unpaired particle. The core
is treated as an harmonic vibrator and only
quadrupolar phonons will be considered. The
Hamiltonian is then written as the sum of a single
particle spherical shell model Hamiltonian with
eigen energies ¢ (nlj), a vibrational Hamiltonian,
and a coupling term.

In the approximation of small quadrupolar
oscillations about the spherical shape the collective
Hamiltonian in the number representation is given
by

H=ho) (b by+ 1/2)
u“

where b7 and b, are the usual creation and destruc-
tion operators for quadrupolar phonons in the
magnetic sub-state u, and %Zw is the energy for
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excitation of a single phonon. If N is the total
number of quadrupolar phonons then the energy
eigenvalues are

E="ho(N +5/2).

The core angular momentum is defined as R.
In the same representation the interaction part
of the Hamiltonian is given by

Hint = — £l o (7[5)1/2
oS (b + (— 1)1bT,) Yo, (6, D)

7
where &, the coupling strength, is given in terms of
the radial average of the r-dependent part of the
interaction.

A basis was chosen which diagonalizes the
partial Hamiltonian H' = Hy . + Hcon
|7, NR; IM)

=>¢mRM—m|Im)|jm)| NRM —m)
m

and the eigenvectors of the total Hamiltonian were
expressed as linear combinations

| 1(v) M) = > ajVk |, NR; IM)
jNR

corresponding to the eigenenergies K (I, v). The
ordinal » is assigned from the lowest to the highest,
that is, if v << v then E(I,v) < E(I, ).

The diagonalization space was truncated by
considering only the 2d 5/2, 1g 7/2, 2d 3/2 and
3s 1/2 shell model states and three quadrupolar
phonons states.

Once the eigenvectors are obtained, the static
and dynamic electromagnetic moments are easily
calculated.

The model parameters are the energy differences
E; =c¢e(nlj)— e(2d5/2) for the given sets of
quantum numbers, n [ j, the vibrational energies,
h o, and the coupling strength. They were fixed with
an energy best fit criterion and the restriction of
a smooth variation from one isotope to the next.

Figs. 1 and 2 show how the parameters vary with
the neutron number for Z = 51 and Z = 53.

3. Results

The calculated energy levels are compared with
experimental levels in Table 1. The overall agree-
ment is quite good.

An attempt was madel? to apply the model to
heavier nuclei in the region 55 =< Z = 61 but, even

14 1. V. GoLpsTEIN, M. Sc. Thesis, Universidade Catolica,
Rio de Janeiro 1970, (unpublished).

I. V. GOLDSTEIN AND A.G.DE PINHO

Ej (MeV)
4
/A A
A ED,
Al 2
A/
o Sb /
A
3 /
/‘
& . e—————
/' — ) *%
a
o .
\. . —_— e —
2 \.\-/. . .s 4
2
A
\‘
\‘
~——a -
1 ,\ £
\_\
B —
—
0+ -\ \A\
A
. \‘E %
-\ ~
o a3
\.\/2
60 62 64 66 68 70 72 7 76 78 8o N

Fig. 1. Variation of the energy differences £; with the
neutron number.

5 hw (Kev)

44 \ 2000
3 \ t1500

G
hu .\./ N
./'\.
24 ./ \ +1000
./ ® /
. ./ a A
d /‘ =
a
A/
1 hw 500
4
60 62 64 66 G:B 7’0 72 7'4 76 78 80 N

Fig. 2. Variation of the vibrational energies, fiw, and the
coupling strength, &, with the neutron number.



LEVELS OF THE ODD MASS ISOTOPES OF Sb AND I

1989

Table 1. Experimental and calculated positive levels in the odd-A isotopes of Sb and I *.

1716(1/2,3/2) 1954 5/2

— 1616

920 3/2( 1050 (7/2) 972 17/2

Splis Spllis 1121 1125
Expt.2 Theor. Expt.2:17  Theor. Expt. 25 Theor. Expt. 26 Theor.
01=2 0 52(1) 01—=2 0 5/2(1) 0 52 0 5/2(1) 0 52 0 5/2(1)
650 1=0 718 1/2(1) 680 1=4 685 7/2(1) 9 1/2 111 1/2(1) 114 7/2 111 17/2(1)
830 1=4 840 7/2(1) 7801=0 771 1/2(1) 133 7/2 136 17/2(1) 188 3/2 190 3/2(1)
1050 I =2 1050 3/2(1) 1090 I=2 1040 3/2(1) 176 3/2 170 3/2(1) 243 1/2 240 1/2(1)
1064 9/2(1) 1130 9/2(1) 465 9/2(1) 613 9/2(1)
1188 17/2(2) 1220 7/2(2) 560 7/2(2) 688 7/2(2)
1280 5/2(2) 1355 5/2(2) T123 703 11/2(1)
1590 =2 1566 3/2(2) 1380 3/2 1555 3/2(2)  Expt.25 Theor. 833 9/2(2)
1851 5/2(3) 1785 11/2(1) 0 5/2 0 5/2(1) 988  5/2(2)
1882 11/2(1) 1863 9/2(2) 138 (7/2) 138 17/2(2) 990 3/2(2)
1923 3/2(3) 1953 5/2(3) 149 12 151 1/2(1) 1063 17/2(3)
1953 9/2(2) 2019 3/2(3) 178 3/2 178 3/2(1) 1076 5/2(3)
Sp117 Sp119 523 9/2(1)
Expt.2:414  Theor. Expt.4:18:19 Theor. géi 1%‘2)%
0 1-4 i 7a)  aml ap 2w 7 0= 1
£5) ——
7201—=0 721 1/2(1) 644 1)2 644 1/2(1) Expt.27 Theor. Expt.6 Theor
924 1 =2 918 3/2(1) 700 3/2 702 3/2(1) 0 5/2 0 5/2(1) 0 7/2 0 7/2(1)
1160 (9/2) 1110 9/2(1) 1048 7/2 1127 7/2(2) 58 17/2 55 7/2(1) 28 5/2 31 5/2(1)
1196 7/2(2) 1213 9/2 1046 9/2(1) 203 3/2 228 3/2(1) 278 3/2 286 3/2(1)
1355 (1=2) 1358 5/2(2) 1250 9/2 1386 9/2(2) 375 1/2 367 1/2(1) 487 52 — —
1455 (1 =2) 1500 3/2(2) 1332 5/2(2) 418 5/2 - = 560 1/2 533 1/2(1)
1605 11/2(1)  1339(1/2,3/2) 1412 3/2(2) 619 32 — — 696 11/2 696 11/2(1)
1700 9/2(2) 1407 (7/2, 1300 11/2(1) 629 7/2 671 7/2( 730 7/2,9/2 790 9/2(2)
9/2,11/2) 651 9/2 759 9/2( 769 7/2,9/2 766 17/2(2)
1860 5/2(3) 1413(1/2,3/2) 1412 3/2(2) 716 11/2 658 11/2( 830 3/2,5/2 987 3/2(2)
) 1487 (3/2) 1590 17/2(3) 745 9/2 635 9/2( ;)
) 3 — )
)

(3
1870 7/2(3
(4
(3

1811(1/2,3/2)1962 3/2(3) 1750 (3/2) — —
Sb121 Sp123
Expt.1:20  Theor. Expt.1:21,22 Theor.

0 572 0 5/2(1)
38 172 34 7/2(1)
510 3/2 514 3/2(1)
575 1/2 574 1/2(1)
948 7/2, 9/2 1027 11/2(1)

0 7/2 0 7/2(1
161 52 162 5/2(1
542 3/2 544 3/2(1
712 12 701
1032 (7/2, 1033 11/2(1
9/2, 11/2)

1024 7/2,9/2 1114 9/2(2) 10899/2,11/21110 9/2(1
1038 7/2, 9/2 1002 9/2(1) 1187 1210 9/2(2
1141 7/2,9/2 1076 7/2(2) 1258 1247 7/2(2
1382 1320 5/2(2) 1416 7/2(3
1346  7/2(3) 1510 1 =2 1437 5/2(2

1355 3/2(2) 1574 1555 5/2(3

1446 1556  3/2(2
1623 1 =0 1648 1/2(2) 1743 7/2(4

Sphl27 Sh129
Expt.24 Theor. Expt. 24 Theor.

0l=4 0 7/2(1) 0l=4 0 7/2(1)
498 1=2 500 5/2(1) 640 I=2 640 5/2(1)
776 1=2 780 3/2(1) 910 I=2 905 3/2(1)
1111 11/2(1) 1150 11/2(1)

1160 9/2(1) 1180 9/2(1)

1180 I=0 1190 1/2(1) 1325 7/2(2)
1340 7/2(2) 1415 5/2(2)

1444 5/2(2) 1450 1=0 1446 1/2(1)
1614 9/2(2) 1788 9/2(2)
1688 7/2(3) 1837 7/2(3)

1850 3/2(2) 1959  3/2(2)
1880 5/2(3) 1990 5/2(3)

2)
2)
1) (
1) 845 17/2,9/2 748 9/2(
= 2) (
995(3/2,5/2) 923 5/2(2)
3)

1095(3/2,5/2) 986 5/2( 1110 3/2, 5/2 1000
1131 1133
Expt.6:28  Theor. Expt.”? Theor
0 7/2 0 7/2(1) 0 7/2 0 7/2(1)
150 5/2 149 5/2(1) 312 5/2 312 5/2(1)
493 3/2 509 3/2(1) 720 5/2 - =
603 5/2 - = 787 3/2 788  3/2(1)
7749/2,11/2 772 11/2(1) 913 11/2 914 11/2(1)
8529/2,11/2 806 9/2(1) 926 9/2(1)
877 1)2 838 1/2(1) 959 7/2(2)
883 17/2(2) 1198 1/2(1)
938  5/2(2) 1233 9/2(2)
942 9/2(2) 1235 7/2(3)
1060 (7/2) 963 7/2(3) 1313 3/2,5/2 1256 3/2(2)
1098 3/2,5/2 1054 3/2(2) 1333 3/2,5/2 978 5/2(2)
1147 3/2,5/2 1067 5/2(3) 1374 <5/2 1281 5/2(3)
1188 (1/2) 1273 1/2(2) 1565 =<5/2 1566 3/2(3)
1296 3/2,5/2 1337 3/2(2) 1655 1/2(2)
1315 5/2, 1339 7/2(4) 1714 7/2(4)
7/2, 9/2 * 1717 3/2,5/2 1716 5/2(4)
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[1967].
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Phys. 58, 337 [1964].

21 J. M. F. Jeroxymo, N. L. pa Costa, A. G. DE PixHO
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* The first and second columns give, for each nuclide, the observed values of the energies (in keV) and the attributed values of
angular momenta, respectively. The third and fourth columns give the calculated values of £ (keV) and I () for levels
which were identified with the experimental ones.
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if many qualitative aspects of the energy spectra
are well reproduced, we cannot claim a good agree-
ment. It seems that the intermediate coupling
model fails if the nucleus presents a very soft core.

Another interesting point, already noted by
CHOUDHURY 15, is that some low-lying levels appear
in iodine which are not present in antimony. The
most conspicous of them is the second 5/2 level
observed in 1127, J129 T131 and 1133 at 418, 487, 603
and 720 keV respectively. They are supposed to
correspond to a partial excitation of the core due
to the recoupling of the odd particle with a pair of
protons moving in the same orbital as the unpaired
proton. The mutual interaction of identical particles
in the same orbital is sufficiently strong to invali-
date, at least partially, the arbitrary separation of
the nucleus in an even core containing all the partic-
les but one plus this odd particle.

A detailed discussion of the results will be present-
ed only for Sb12l and Sb125. A more complete
collection of results can be found elsewhere16.

The squared amplitude of the dominant con-
figurations that appear in the wave functions of the
low-lying levels of Sb125 are given in Table 2 to
help in understanding some assignments that were
made. For instance the observed levels at 1067 and
1087 keV are identified with the calculated levels

I. V. GOLDSTEIN AND A.G.DE PINHO

11/2(1) and 9/2(1) at 1066 and 1133 keV, respec-
tively; they decay preferentially to the ground
state. On the other hand a 9/2 level at 1419 keV is
identified with the calculated 9/2(2) state since it
decays with a greater probability to the first
excited state. Levels at 1484, 1700 and 1736 keV
are fed by the beta decay of Snl25 (3/2+). We
suggest the following assignments: 5/2(2), 3/2(2)
and 5/2(3) respectively, since the first one is ob-
served to decay preferentially to the ground state
and the last two levels feed with greater probabi-
lities the first 5/2 state. Such decays are to be inter-
preted as a core de-excitation and must be associated
with enhanced E 2 transitions.

Calculated static and dynamic electromagnetic
moments and spectroscopic factors are presented
in Table 3 and compared with experimental data
for Sb121,

4. Conclusions

The intermediate coupling approach to the uni-
fied model was used to describe the low-lying
(E = 1.5 MeV) positive parity levels of the odd-A
isotopes of Sb and I.

Most of the observed states are explained with
considerable success by using very few variable

Table 2. Low-lying positive parity levels of Sbh125,

Observed leve] 56,23
Energy (keV) I=

Calculated level
Energy (keV) I#

Squared amplitude of the dominant
configurations | N Rj) in the wave function

0 7/2+ 0 7/2+ (1)
332 5/2+ 334 5/2+ (1)
643 3/2+ 644 3/2+ (1)
921 1/2+ 925 1/2+ (1)

1067 9/2, 11/2)+ 1066 11/2+ (1)

1089 (11/2, 9/2)* 1133 9/2+ (1)

1349 (1/2)* 1524 7/2+ (3)

1419 (9/2+ 1408 9/2+ (2)

1484 (5/2, 3/2)* 1455 5/2+ (2)

1700 1/2, 3/2, 52)+ 1708 3/2+ (2)

1736 3/2, 5/2)* 1728 5/2+ (3)

[00 7/2> (74.8%), |12 7/2> (17.3%)
[00 52> (71.9%), |12 5/2> (15.9%)
[12 7/2> (53.7%), |00 3/2> (17.5%)
|12 52> (50.1%), |00 1/2> (15.0%)
[12 7/2> (72.8%), |24 7/2> (12.5%
[12 7/2> (70.7%), |24 7/2> (15.7%)
112 52> (53%), |24 5/2> (12%)
|12 5/2> (10%), |24 5/2) (14%)
112 7/2>) (15%), |24 72> (9%)
|12 52> (63%), |24 7/2> (16%)
112 5/2) (50%), |24 5/2>  (8%)
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[1966).

23 J.F. WiLps and W. B. WaLTERs, Nucl. Phys. A103,
601 [1967].

24 R. L. AusBLE, J. B. BaLr, and R. B. FuLmer, Nucl.
Phys. A 116, 14 [1968].

25 H. ScHRADER, R. StrppLER, and F.MUNNIcH., Nucl.
Phys. A151, 331 [1970].

26 J. S. GEIGER, Phys. Rev. 158, 1094 [1967].
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Phys. A152, 344 [1970].
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Table 3. Some properties of the low-lying levels of Sb12l. Magnetic moments were calculated with gs = 0.6 g5 (free)and
electric moments with e, = e and k¥ = 33 MeV. The spectroscopic factors refer to (He3, d) reaction on Sn120,

Levels Calculated  Experimental values Ref.
values
Magnetic dipole moment, (n.m.) 5/2) 3.367 3.3600 4 0.0015 29
7/2M) 2.507 235 -+0.03 30
Electric quadrupole moment. (e X 10-24 cm?) 5/2(1) —0.514 —0.54 +0.08 31
7/2() — 0.640 —0.75 +0.09 31,32
B(M 1), (n.m.)2 3/2) — 5/21) 0.32 0.13 20,33
B(E 2), (€2 X 10-48 cm?4) 5/2(1) — 9/2(1) 0.119 0.100 4+ 0.016 1
5/2(1) —7/2(2) 0.105 0.120 -+ 0.016 1
5/2(1) — 5/2(2) 0.029 0.020 4 0.005 1
5/21) — 1/2(1) 0.023 0.027 4+ 0.003 1
3/2(1) —7/2(1) 0.054 0.086 + 0.010 34
5/21) — 3/2(1) 0.010 0.007 4+ 0.002 1
Spectroscopic factors 5/2M) 0.74 0.72 2
7/2M) 0.73 0.70 2
3/2(1) 0.22 0.27 2
1/2@) 0.15 0.30 &

parameters. The N-dependence of these parameters
was not examined in detail; only a microscopic
model could account for it. However we observe
that a smooth variation of these parameters is a
necessary and sufficient condition to reach a rather
good overall agreement with experimental data.

29 J, E1siNGER and G. FEHER, Phys. Rev. 109, 1172 [1958].

30 S. L. RuBy, G.M. Kavvins, G. B. BEarp, and C. E.
SNYDER, Phys. Rev. 159, 239 [1967].

31 F. Lgs, Acta Phys. Polon. 20, 775 [1961].

32 S. L. RuBy, G.M. Karvins, R. E. SNYDER, and G. B.
Bearp, Phys. Rev. 148, 176 [1966].
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