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ABSTRACT
The present workc describes some of the more recent developments

in the study of medium weight and heavy nuclei faI from 8-stabiity.
A survey of experimentAl technigues, results on individual nuclear
levels and some statistical properties of eRcited levels populated in
high 6-decay is piesented.

INTRODUCTION

Systematic p1perties of nuclei in the Tare earth region (150 <
A < 192) has been studied by several authors 1-4). Such systematic
accumulatiion of results are rather useful to clarify the properties f
of these nuclei. However review articles on nuclei far from the
stability ine are rather 1are. In the last few years, a huge amount
of expenimenta] data concerning these nuclei has been published. We
found it useful to present a survey of the more recent developments
in the study of these nuclei.

EXPERIMENAL METHODS
Nuclei far from the stability line could be produced mainly by

three methods

1) Fissio :

Fission process offers a good source of heavy neutron rich nuclei.
Study of delayed radiations from fission fragments as well as ,radia­
tions from primary products 5) provided ws with a extensie data
on levels in even-even nuclei.
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However, such study needs some soit of fast physical and chemical
sepaation of fagmens. Ln some cases recoil mass spectrometers were
used but in most cases nowadays, the on-lire isotopic seperators are
used 6, 7).

2) Higl energلا proto reacfions

Spallation, fragmentation and fission ieactions using proton beam8
in the Gev range are used to produce a large number of nuclei. As
the Cross section for producing nuclei very far from the stability hin
becomes very small, avery sensitive mass sepanator is usualy requiIed.
Klapisch &) group in Orsay (France) used the on-line mass spectro­
meter illustrated in figure(1) to separate neutron rich alkali isotope9.
In their experiments 0 -10), 31 Na, 32Na and isotopes of Rb, Cs and
Kr were observed.

n 1961, an isotope sepeator on line4, 11) has been oprated in
CERN (usually how as ISOLDE proiect) to study the products from
spallation reactions with 600 Mev protons from the sychrocylotron.
In this spectrometer a tArget of molten La at 1l00%C is used to produce
Cs isotopes. Analogous techiques have been used to produce Rb and
Fr isotopes (the 21 millisecond 219 Rr isotope has been observed).
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The ORSAY on-line mass Spectmeter

A yield curve illustrating the satuIation disintegration rates for Cs
isotopes measured at the collector and of the separtor is shown in
Figar٥ 8.
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Fig. @)

Saturation Disentegrtion 1ates for Cs isotopغs

3) Eea. ion euctios :

The cross section for heavyy ion reactions shoWs narIow excitation
functions. This narrow excitation functioh allows the production of
fewv product nuclei at a given enelgy. In the last few years, ah appre
ciable amount of informations about excited levels in nuclei far from
the stability line has been obtained by detecting electrons and
y-ray8 12, 13) following (heavy ion, Hn) reattions. 'These studies have
been useful for elucidating the rotational (and quasi-rotational) bands
becuse of the high angular momentum transferred in such reactions.

It should be noted that the production cross section for very
neutron deficient nuclei falls appeciably below the compound nucleus
cross section. This is mainly due to the fact that the low proton bind­
ing energy leads to a competition between (heavy ion, Kn) and heavy
ion, Yn, Zp) reactions. This fact sets a sharp Limit1) to the pro­
duction of very neuton deficient nuelei. Figure (8) shows part of
the chart of nuclei having neutron number 50 <N < 130 and atomic
number 60 <5 <90. The dashed line shows the lightest compound
nucleus that can be reached by heavy ion reactions.
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Lightest compound nucleus limits for heavy ion reactions
In the region where the cross section of the reaction is very small,

it is important to perform measurements far away from he intense
radiations emitted from other reactions in the target If one is in­
terested t identify only the product nucleus, magnetic analysis will
be very useful. This method bas been used to observe 15) the forma­
tion of ,Mg ة0 42cl and other nuclides formed in transfer reactions
from 40 A with 232TH target.

Lf one is interested to stdy the delayed radiations from the pIo­
duct nucleus, the helium jet technigue (9) is used to transfer the pro­
duet nucleus very quicky from the target to the detection sytem. In
this mehod, the large recoi energy of the product nucleus permits it
to escape from the taIget. 'There recoil nuclei are slowed down in
helium gas and then deposited on a metalie surface by the fast flow
of helium through an orifice leading into a region of low pressure.

Properties of grondl states an. eacited leels

1) Nuclear mas8es :

Measurements of the Duclear maEs for a given nucleus mill give
infommation about its nuclear ground state Unfortionately, such mea­
surements in the region far from the stability line are very difficult.
Direct mass determinations by mass spectroscopy has been used up



285

till now only for relatively light nuclei. Another method is to measure
the 0 6values i the isobarie decAy chains so that one can reate the
nem masses to Haown mass values near the stability line. 'The most
complete set of data available up til now for the masses of 182 isobarie
chain are give by Westgaard et al (16) in 1971.
2) Mclean spins, moments, dnd eZcited. leoels :

Measurements of spins and moments on-line 9-17) could be done
by optical pumping wIth circularly polarized Iesonance radiations.
Atomie beam magnetic resonance is a very powerful techniaue for
spin and moment determination for off-line experiments. By this
method and even with diffIcult elements, measurements can be made
for half-lives down to 2 minutes.

Table 1 shows a selected 18) data from tbe beautiful series of
papers. by GothenbuRg-Uppsala group. It illustrates the values of
syBtematic measurements of spins for Tm isotopes over a wide mass
range. It should bo noted that the intensities expected for the im­
proved ISOLDE facilities wil be bigh enough to pemmit on line atomie
beam magnetic resonance measurements.

For systematics of excited levels, a geat progress has been made
during the past years partly by using on-beam spectroscopy or by
studying excited level populated in e and p-decay and in isomeric
transition. Fig () shows some systematics of kow levels in
neutron deficient Pb isotopes produeed by heavy ion reactions 18).

3) Alhua an poton adioactioit :

a-emitter nuclei far from the stability line has been studied by
several techniques. The helium jet techصique has been used to study
systematically the c-energies and half-lives in the uranium re
gion (%0 -23) and for osmium isotopes. A similar study (4-27) has
been done above the N = 82 closed shell i the rare earth region. 0n
line isotopic seperation technique has been used also to study the
a-decay of mercury and radon isotopes together with their daughters.
#igue (5) shows a very interesting emitterه amoung the light
tellurium isotopes. (8)

For extermely neutron-deficient nuclei, the proton binding ener­
gies are expected to becomes negative and barrier penetration will
then give rise to coulomb-delayed proton emission. However this has
not been confirmed. Only weak indications that s0ft protons are
produced with 32S or 35 C] ions on rare earths isotopes have been
reported (9, 24, 25).
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Telluriumn alpha activities from Ref. 28

The Beta stendth fwnction

It i possibleف t describeم how the amplitude for a given reaction
channel .distibutes itself over a large number of levels of a system by
the strength function, From the experimental point of view, a
strength is expressed as the product of the average reduced width
and the level density, 1or 8-deay, the strength function is defined (0)
as

-1 -1
S. Mev.

b (K)
٢٤(2,٩-E). T ]s@) =

Where : b(E) = Absolute p intensity/Mev. of final levels at the
energy E in the daughter nucleus.

£ = Statistical rate function.
( = Total energy available for the decay م with

haLf-Iife T4.
From the theoritieAl poit of view, the 8-stength function could

be expressed in terms of the average reduced 8.- transition probability
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B, (E) to levels having energy E, spin and parity I " and with density
P; (E) as follows (38)

S ( =ر«٤ ,م,@ ,ة»E6) م
1 1 1

D is a constant (30) = 6260 ± 60S.

Detailed information about 8-strength function could be obtained
from the decay scheme for low and intermediate G-7alues. For high
@-values, the decAy scheme are very complex and one should use
good resolution techniques such as total absorption of 7-mays in well

-sodium iodide Thalium activated crystals (29). By this tech(4 )ج
nigue, the energy of the compound level populated in the 8-decay could
be measured by summing they- rays emitted in cascade. It ws
possible to have the following main conclusions :

a) There is a cutoff in the 6 -strengtl function for odd-mass
and odd-odd nuclei.

b) The 8-stength function shows no pronounced energy de
pendence above the cut-off. Its average values varies systematically
with the proton and neutron numbers.

c) The8-strength function shows low energy peak8.
For electron capture decays, it has been possible to measure the

8 -strength functions dom to the light iodine isotopes by adding a
4 + positron counter to veto positron decays. F'igwre (6) shows the
measued (31) 8-strength function for some Xe isotopes. The hist­
gram shows the theoritical values cAlculated by Martinsan (3?) et al.
Their calculated values shows :

a) That the neglect of particle hole corelatiion leads t anم over .
estimatio of the calculated 8-strength function by a factor 0f 10.

b) 'Dhat the min ource ة ٥4 6-etrentheth in reeion فنا is the

 {,,ؤة( ),ردة( يهei .«مناا

An improved experimental techniqae has been constructed (7) in
studsvik in which the %-cascade were detected i coincidence with
p -particles escaping from the»-counter. It has been shom that in
contredistinction t theم 8", electron capture strength function the

,strength function shows a very strong increase with energyم_ 

4
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8 stength funetions (31) for (117, 11٥) Re

compared with theoritical calculation (3%)

It should be noted that the study of fast g-transitions has per­
mitted identification of some complex structure states. In rare earth
isotopes for example, number ج of three quesi particle levels has been
identified (33) through the allowed unhindered tIansitions of the type

6 -ء/(23) (-و/523.)

- ٠٠ DAnother' example is the fast gلزجي and " م s?
2٨ و٦١١/٩ و

tansitions (34) in (208) Pb. Bowever one (28) could convert '-haif- م
lives ي to an average strength above ؟ the cutoff energy 0 as followsم 

3c -مة٢١-6١١٦, "٢إ٤٢٢0٠٤٦١٠ -د
where b is the branching ratio for other decay modes competing with
8 decay. It Ehould be noted that the average p-strength functions
calculated from this eqtation agree very well with the more precise
Walues obtained fromy cascAde absorption methods. '

Another example (%9) of the average 8 -streugth function whicH
shows the systematic behaviour with Z and N are shomn in figure 7.
The smooth behaviour with and N piovides further evidence that '
core excitations dominate the 8-strength function.
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in the region Os-Rn

However, the results shows A strong decrease of the 8-strengtb
1unction as the 126th neuton closed shell is approached.

Caleulations of aveIage strength function for 8-emitters have
been done by Damkiaer et al(9). It was found that a strong Ehell
effects at N = 50 and 82 occurs. However the recent observations
that the p-strength function depends stongly on energy make the
usa 0f a model constج nt strength somewhat doubtful.

Gonclwcsvo Eemarks :

It would probably be intereting to have a systematic sUrvey of
decay scheme with high @-values in order to have more informations
about the 8-strength function. In fact, much of experimental work
is needed to identify a significant amount of transitions either not  ه
placed in the decAy schemes as remained unobserved. Unfortunately,
no high resolution method exists for the time being for probing directly
into the 8 -strength functions at high energy exications.

However, for lomer energy levels, model ة with simple wave func­
tions form a conventient starting poit, but as the work is extended  tم
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higher excitation energies, it is to be expeeted that statistical features
will be observable. In fact, nuclei far from the stability line could be
considered as exotic nuclei, studying thei structure wil lead to some
SuprisEs. 'Tbese surprises will povide us with a new experiment]
toal for learning about the nucleus.

TABLE 1

Nuclea1 Spins of thaliun isotop
« ي

A T 1
 د

159 11 min 6/2
160 9 min 1
161 34 min 7/2
162 21 min 1
163 1.8 h %
164 2 min 1
164m 5 mi 6
165 30.1 h  ت/٦

166 7.7 d 2
167 9.6 d %4

168 87 d  ت ي
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