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11. Introduction

The study of nuclei far from stability is one of the

interesting subject! in nuclear physics now. To search a new

decay model which is not observed in nuclei near stability

line such as beta-delayed proton emission or direct proton

emission provides us a wealth of knowledge on nuclear stabil-

ity. Besides study of the nuclear decay modes, study of

nuclear structures reveals us new aspect of nuclei like new

deformed regions or new magic numbers. In these respects the

study of a nucleus Sn and its closest neighbours has a

special role.

12. Is Sn a doubly closed nucleus?

Prom the study of structure of nuclei near the sta-

bility line the N-50 and 2-50 is known as a magic number. In

other word* when Z is near it, N-50 behaves as a magic number

and when N is near or over 60, also 2-50 behaves as a magic

number. This fact does not mean that a nucleus l00Sn is a

doubly magic nuclei, because the conventional magic numbers

has been extracted from nuclei near the stability line.

Famous example of break of magic number is N-20 in very

proton-deficient nuclei '. Theoretically it is predicted

that the magic number of Z-82 becomes a normal number21 when

the neutron number decreases far from 126.

90
A nucleus Zr is known as a neutron closed nucleus

and its low-lying spectra is well understood with a proton

configuration (lpl/2, 0g9/2) . By comparison of the binding
an on gi

energies of zr, Zr and Zr, the energy gap between 0g9/2

and ld5/2 neutron orbits is about 6.4 MeV. How we have a

problem how these single-particle levels will change when we

add ten protons on Zr. It is well known that the monopole

part of the proton-neutron interaction is strongly attrac-

tive. If the p-n interaction would change a single-neutron

spectra and extinguish an energy gap E<ld5/2)-E(0g9/2), then

the nucleus 1 0 0Sn is no longer doubly closed one. In this

theoretical process the proton-neutron interactions which are

taken from the study of Zr are used. ' The Fig. 1 shows

the 0g7/2 neutron levels goes down when the proton number has

increased by 40 to 50, but still the ldS/2 - 0g9/2 energy gap

is existing. Though more reliable judgement should be made

through Hartree-Fock type calculation, the present estimation

suggests that the Sn nuclues is a doubly closed one.

Fig. 1

Single-Particle energies

of neutron around N-50



S3. Proton Emission from Iodine- and Caesium-Isotope

Recently two proton-rich nucleus are known as a

direct proton emitters around the Sn region. ' Those

are I and l l 3Cs nuclei which have been found by MQnchen

and GSI groups through the Ni+ Hi and Ni+ Fe reactions.

The energies of a emitted proton are E = 0.811 MeV for 109T

U3, P
and E • 0.958 MeV for Cs. In the following we report on

the shell-model approach to the structures of these nuclei

based on an assumption of the doubly magic nuclei 100Sn.

The z-50 protons and N-50 neutrons are allowed to

occupy the ld5/2 and 0g7/2 orbits. In the present calcula-

tion, the single particle energies e and e n are as follows

en(ldS/2)

en(0g7/2)

-11.10 MeV

-10.65 MeV

and e (0g7/2) - e <ld5/2) - 0.50 MeV.

Here an absolute binding energy of the proton Ids/2 orbitf

e (ld5/2), is treated as a free parameters and will be

determined so as to fit the experimental data.

At moment we have very poor knowledge on the effec-

tive two-body interactions in these nuclei. In this paper we

take the Schiffer-True interaction. A crucial parameter in

our calculation is th» single-particle energy e (ld5/2). We

fit this value so that the nucleus 1 1 3Cs (J . - 5/2+)
gnd

becomes a proton radioactivity which decays to the J . = 0
112 9n<*

state in Xe with E = 0.96 MaV. Using these effective

Hamiltonians the low-lying levels of isotones with N « 54, 56

and 58 are calculated and the ground state energies of these

nuclei are shown in Pig. 2. In Fig. 2 the ground states with

negative proton separation energy (S 0) are shown by open

circles. Fig. 2 shows, that if one derive the proton single

particle energy from the proton decay from Csf the nucleus
1 0 9I is also predicted as a proton radioactivity i.e. 1 0 9I

+ 1 0 8 +

(Jgnd " 5 / 2 + )

th

(Jqnd
83

T h e Q-value
g q

for this decay is Q - 0.83 MeV, which is in good agreement
with the experimental value of 0.81 MeV.

Based on the R-matrix theory the order of the partial

life time of the proton emission, T, .-, can be estimated by

the following equation

T 1 / 2 (krc) (1)

Fig. 2

Proton Separation

Energies predicted

for proton-rich

nuclei with

N-54,56 and 58

'"Elf SIC)

, where P| (kr ) is the penetration factor and k is wave

number of the emitted particles and r is a channel radius.

This factor is evaluated with the regular and irregular

Coulomb wave functions, F|(kr) and G|(kr)r

P, (kr) - kr/(F, {kr)2 + Gf(kr)
2) {2)

The magnitude of the reduced width X is estimated by the

equation,

(3)

, where R|.(r) is the radial part of the interior wave

function of the emitted particles and S.. is a spectroscopic
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amplitude of a single proton,

*2 _ /,„_, „,,,
4j II{Z,N)J>

2/(2J+1) (4)

In the evaluation of the life-timef this spectroscopic factor

takes an important part. Finally we obtain the calculated

cs, respectively. These values should be compared with

the latest experimental values ' , i.fc.. 16»10~ sec and

lOO'lO"6 sec.

Though the life times obtained by the present calcu-

lation are slightly shorter than the experimental ones* the

agreement in the order of magnitude suggests that the proton

with the angular momentum 1*2 is emitted in these process.

Fig. 2 shows another proton radioactivity of

alue and the partial l

0.86 MeV and T. ,., • 5.4«1O

Sb.
The Q-value and the partial life-time are predicted to be Q

T. ,., • 5.4«1O~ sec. However, the proton
105

emission from Sb has not been detected yet even after many

experimental research. This fact might suggest that the Q

value is much smaller than the calculated value. More

precise determination of the effective two-body interaction

is required so as to get the better agreement with the

experimental result.

S4. Proton Emission from Indium-, Cadominium- and

Silver-Isotopes

The structure of nuclei lighter than Sn like In,

Cd or Ag Isotopes can Be described by the (0g9/2, lpl/2)"n

model. At present, hcwever, we have no experimental data of

the single hole energies relative to the 1 0 0Sn core and the

effective two-body interaction. Theoretically the single-

particle energies and the effective two-body interactions in

the 0g9/2 and lpl/2 shells are well known in nuclei around

2r. Therefore starting from Zr region we approach to

proton-rich nuclei around Sn. The calculated results of
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the ground 3tate are shown in Table 1. The thick line

represents a predicted proton-drip line.

From Table 1, one can notice that the separation

energy of proton is predicted to be S « 2.9 MeV in Sn.

Thus the nucleus Sn is predicted as a stable nucleus

against the proton emission. Due to the large energy-gao

shown in Fig. 1, the first excited state which is presumably

a lp-lh J«2 state will be obtained above the proton

threshold. Therefore no excited states in Sn will be

stable against the proton emission.

Since the partial life-times of two proton emission

with low energy are predicted to be very long, the nuclei

with a positive Sn but a negative Sj- ,which are indicated by

double asterisk will be almost stable against two-proton

emission. Nuclei with single asterisk, i.e. nuclei with a

negative S , are predicted as direct-proton emitting nuclei

or proton radioactivities. The life-times are calculated to

be in the order of XO"6 sec for 97In, 93Ag and 8 9Rh. 9 )

As is already pointed out , several high spin

states are predicted as isomers with the (0g9/2)~n

configuration. These isomers are so-called "spin-gap

isomers* which can not decay through the low-multipolarity

gamma transition because of a large spin difference. Such

states are predicted in 95Pd, 95Ag. 9 6' 9 7Cd and 9 5' 9 7In. ft

common decay mode of these isomers is the bets transition.

Among them, some states are predicted above the proton

threshold. Therefore energetically the proton emission is a

possible decay-mode for such states.

The J=19/2~ isomer in 5 3Co, i.e. S 3 mCo is only one

example of the high-spin state which is observed is a proton

emitter. ' The measured partial lifetime of this decay

is very long (about 20 sec). Such hindrance of the proton

emission is understood as follows. The Co state which

decays to the J=0+ ground state in 52Fe has a wave function

like

J = 19/2 (53Co) = a.x\ (0f7/2)"
3;J=19/2~> + ..

+ b1|
S2Fel0+) |J-0,j=19/2)>

+ b2l
52Fe(2+) (l=7,j=15/2>>

It is clear that the proton emission decay to the J*0 . of

Fe is only possible through I Fe(0 > (1=9, j«19/2);> state.

The mixing amplitude of this component, b. , is estimated by

the lst-order perturbation theory,

bj - <(Of7/2)"3!J=19/2"lv|52Fe(0+)

and known to be small. Therefore the spectroscopic factor S

in eq.(4) also becomes very small.

Besides the small value of S, the high centrifugal

barrier due to a large angular momentum carried by emitted

proton quenches the penetrability. Tentatively we get a

calculated life time of 200 sec for this proton emission.

The J=16+ isomer in 96Cd and the J-23/2+ isomer in
95Pd are predicted slightly above the proton threshold (2.35

MeV and 1.71 MeV above the threshold, respectively),

therefore the proton-emission decay only to the ground state

or to the first excited state in the daughter nucleus is

possible. Thus situation is similar to Co. Much higher

spin differences between the emitting state and the daughter

state in these g9/2-shell nuclei than in Co, extremely

hindered values are obtained, i.e. T ^ 2 is larger than

0 8
108 sec.

The situation differs in 97In and In (see Fig. 3).

Since these two nuclei are predicted outside the proton-drip

line, the high spin isomers in these nuclei can decay to

several excited states in daughter nuclei. For example the

J=25/2+ isomer in 97In can decay to the J = 0+, 2+, i* and 6

- 7 - - 8 -



states in Cd. Thus the proton emission with relatively low

angular momentum might occur. In the following we show the

calculated partial life-times for each proton emission from

the spin-gap isomers

97In(25/2+)

9 5IniU/2 +)

96Cd(0+)Q =3.79 (HeV)
4. P

(2 ) 2.87

4Cd(0+)

C2+)

1.83

0.84

4.38

3.47

2.42

1.42

10* (sec)

103

43

lO"4

0.33 10"

Thus che predicted partial life-times for the proton emission
37_ .„ ._+_ . . ..-fi

are

for
*i/a

and T1/2 • 0.3-10"° sec40 sec for 3/In(25/2"1")

In<21/2+). If we compare these values with the

predicted life-time of the proton-emission decay of ground

states, i.e. T%/2 = 4.7 as for 9 7I and T 1 / 2 - 10~
1 3 sec for

In, the spin gap isomers have much probability of being

observed by the experiments than the ground states.

Thus the present calculation, though it is based on

the bound state shell-model, suggests us the possible surviv-

al oi some high spin states in nuclei beyond the drip line.

More general conclusion is that the nuclear stability against

the particle-emission, e.g. the particle-drip line, must be

discussed by taking into account the spin values J of the

states as well as the proton number Z and the neutron number

N.

Pig. 3
Predicted proton
emission from 95In
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