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the low-lying levels in "Sb via the reaction
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Table I. Information concerning the spin and parity of low-lying states of ~~98b.

Neutron
gl oup

Level
energy
(MeV)

Neutron
energy

(Me V)

1a,b,c

2a,b,c

3a,b,c

4a,b,c

5b,c

6b,c

1pc

12b,c

13c

0.270

p 644

0.700

1.048

1.213

1.413

1.487

1.749

1.820

3+
2

~+
2

2+
2

2(2)

&(4)

-'(0)

-'(2)

g(4)

)(4)

[s (0), s (1), 2 (1), 2 (2)]

[2 (0) q 2 (1), 2 (1), 2 (2)]

[2 (0) p 2 (1),2 (1), s (2)]

[2 (0), 2 (1),m(1), 8(2)l

3.280

3.013

2.642

2.586

2.241

2.078

1.879

1.806

1.546

1.476

640 +30

0 +20

270+ 30

260 +30

0+20

520 + 40

570+ 50

140 + 30

230 +40

aG. Bassani et al. , Phys. Letters 22, 189 (1966).
J. Kantele and R. %. Fink, Nucl. Phys. 43, 187

(1963).

G. Berzins and H. W. Kelly, Nucl. Phys. A92, 65
(1967).

Neutron energy for 4.709 MeV incident energy.

each enhancement &0, which gives the relative
decay probability of the 0+ compound states to
a particular state of "'Sb, was obtained sim-
ply by subtracting the normalized off-resonance
90' differential yield from the on-resonance
yield. These 4g's are included in Table I.

According to several' analog resonance the-
ories, the "resonance" in an isospin-forbid-
den process, such as (P, n) process, is the
manifestation of the Coulomb mixing (external
mixing) of the analog state with nearby com-
pound states. Therefore, the observed enhance-
ment of the (P, n) cross section in the vicinity
of the analog state is via the resonance in the
formation of J~= 0+ compound states. Since
it is reasonable to assume that the dominant
reaction mechanism for these low proton en-
ergies is the statistical compound-nuclear re-
action, 4 the enhancement at the analog resonance
for neutron emission with angular momenta
l and j and with energyE~ is given by

« ~(~,i)P (E'),

where the strength function S (l, i) is the ratio
of the average values of the neutron reduced
width and the level spacing, and Pf (En) is the
neutron penetration factor. It follows that the
ratio of enhancements of two neutron groups
decaying to states of the same spin parity in

the residual nucleus is

I (E')
l n

&cr P (E )'
n

(2)

Since the spin and parity of the 644- and 700-
keV states of "Sb are known to be ~ and 2,
Eq. (2) along with the measured enhancement
~a'e» for the neutron groups to these two states
can be used to predict the enhancement of any
neutron group with l = 0 or 2. These calculat-
ed enhancements

cvocal

are shown for the neu-
tron groups to the levels at 1.413, 1.487, 1.749,
and 1.820 MeV in Table II. Each of these states
has been previously reported to have a spin
of 2 or 2. A comparison of ~oexp with ~ical
indicates the neutron groups n» and n» have
l = 0 and 2, respectively. Thus a spin and par-
ity of 2+ is assigned to the 1.749-MeV state
and 2+ to the 1.820-MeV state.

The very strong enhancements observed for
the 1.339- and 1.413-MeV states rule out l =0
or 2 neutron transitions. The only remaining
l value consistent with the possible spins of
these states is 1. Thus, these states are as-
signed negative parity.

Although these spin-parity assignments are
based on an untested 'assumption, there were
several results in the present study which do
support it. Briefly, these are the following:
(1) The spin-parity assignments of the 1.749-
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Table II. Table of calculated and observed ho.

Neutron
group

n4

nfp

nif

n13

Level
energy
(MeV)

0.644

0.700

1.413

1.487

1.749

1.820

1+
2

3+
2

2or21 3

p or 2
1

ol 2
1 3

3
2 or —,

0(-:)

2(2)

Unknown

Unknown

Unknown

Unknown

++exp

270 + 30

260 + 30

540 ~40

570 + 50

140+ 30

230 + 40

205 +40

200 +23

161+19

151+18

230 +26

224+25

208 +23

203 +23

c (3()')/o(9()')

1.43 + 0.20

1.00 + 0.20

1.00+ 0.20

1.58 + 0.20

Nuclear radius of 6.6 F is used.

and 1.820-MeV states based on the enhance-
ments are consistent with the off-resonance
angular distribution result. That is, as shown
in Table II, the same anisotropy o(30')/o(90')
is obtained for the 0.700- and 1.749-MeV states
and for the 0.644- and 1.820-MeV states. (2) The
P -wave (l = 1) neutron strength function is known'
to be about four times larger than the s-wave
(l =0) strength function for Sn. Thus, the ex-
pected l = 1 enhancements for neutron groups
+ yp and + ] y

are about 600. The experimental
enhancements of 520 + 40 and 570 + 50 for +yp
and +yy are consistent with this predicted val-
ue. (3) The effect of the angular momentum
barrier on the enhancement, as given in Eq.
(1) by PI(E„), can be seen in Table I, i.e. ,
transitions which involve l = 0, 1, and 2 are
strongly enhanced, whereas the transitions
which require l = 4 are only weakly enhanced.
(4) The enhancements of the neutron groups
to the —,+ (ground state) and the —, (700-keV
state), with Eq. (1), can be used to deduce a
value of 1.6+ 0.3 for the ratio of their strength
functions. This is in good agreement with the
optical-model values' of 1.32 and 1.61 calcu-
lated, respectively, by Percy and Auerbach.
(In passing, it is interesting to note that this
ratio should be unity if there were no spin-
orbit interaction. )
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