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INTRODUCTION

The Nuclear Physics Department of the Comisión Nacional de Energía Atómica 

is not new. It already has a history of its own having gone through prosperous 

as well as difficult times. However, in spite of tis age, this is the first Pro- 

gress Report produced by our Department. Henee it deserves a somewhat special 

introduction so that the present can be put in a better perspective.

The Nuclear Physics Department is one of the oldest of the CNEA. Most scíen- 

tists among the first group to be incorporated in 1951 woriced in the field of 

Nuclear Science. If one were to pick out the most important events in the develop- 

ment of our Department, perhaps the dedication in 195^ of the Philips Slnchrocy- 

clotron capable of delivering 28 MeV deuterons, and the decisión in 1965 to under- 

take a joint program with physicists from the University to study Isotopes Far 

off the Stability Líne (lALE project), should be mentioned. But many other episo- 

des and efforts should aiso be remembered, like the earliest experiments with th« 

first "big" accelerator ín Argentina, a 1.2 ME Cockcroft-Walton acquired in 1952, 

or the Slobodrian-Bílaníuk report on their evidence for the existence of the di- 

proton in 1961, or the patient and careful work of the 3"ray spectroscopists with 

their Scandinavian orange and double focussing spectrometers. The number of papers 

presented at the 1958 lAEA Conference on Peaceful Uses of the Atomic Energy appro- 

priately reflects the rapid growth and vitality of the Department at that tíme.

In 1966, however, the massive emigration of physicists from the University 

of Buenos Aíres represented a heavy blow for the Department, particularly in view 

of the fruitful joint program that had just been started. Nevertheless the lALE 

project survived and since the first results were obtained, a steady and conside­

rable output has been produced.

in recent years the Department acquired a new dimensión with the formation 

of the theoretical group. Quite fortunately for our developmsnt the ínteraction 

between theoreticians and experimentalists has been strong and fruitful to a de- 

gree rarely found in other laboratories in the world. The meritoríous work on 

(d.^Lí) reactions carried out at the Synchrocyclotron is a nice example in this 

respect. A new development has been the ¡nitiation of the (a,xn) program at the 

Synchrocyclotron which was accompanied by the incorporation of new physicists.

This program, started in 1973, has already yfelded a good number of interestíng 

results. The actívities ín both this and the theoretical fields enhanced our 

friendly and productive contact with colleagues and institutions abroad.

Reading through the pages of this report we sense a feeling of pride. The 

contributors are many and they a11 have had to struggle against unfavourable
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condítions and obsolete machines.

The last years have been dífficult and the general e n v l r o n ^ n t  for **as«5arch 

has not been stímulatíng. However, the work descríbed here (ndlcates that the 

Department has managed to remaín as vígorous as ever. Thís bríef account shows 

that there have been, as ín every institutíon, good and bad tímes. íf the present 

results sprfng from the latter, we shouíd be very hopefu! sbout th« future. This 

Progress Report ís a testímony of our faíth.

Many paople have worked ín the Department who sre not 3mon§ us fíow. This 

report should al so serve as a tribute to them

The responstbíe of the enterpríse of puttfng Eosiather all the maisríi?! ín 

an appropríate form has been Edgardo Ventura, who for many vn'seks kept or, otr 

toes, working at a hectic pace. At one time or anothsr we al! hated hins. but now 

that ít is over we deeply appreciate his work. He has done se weí! that %’e very 

much hope he will be at it next yeari

Harío A. J. Haríscotti
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SUMMARY

The programme of research of the Department of Nuclear Physics has been mos- 

tly oriented towards nuclear structure investígatíons, both frcni an experimental 

and theoretícal point of víew.

One of the major efforts over the past two years has been the use of the al~ 

pha-beam from the Synchrocyclotron ín the study of (a,xn) reactíons. Thís also 

involved the development of a beam energy degrader (Eq( = 30-55 HeV) and f a c M í t i e s  

for the measurement of nuclear half-lives ín the ysec, nsec and msec range. The 

experíments carried out mostiy involved the study of odd-odd nuclei !n the 

6A 5 A ^ 76 región, as well as properties of individual states in neighbouring 

nuclei.

The on-line facility, consisting of the cascade accelerator and the isotope 

separator, has continued to yield considerable information on the structure of 

nuclei far away from the stabilíty Un e .  The facility has been up-dated by the 

development of a new ion-source capable of producing non-gaseous fission products.

Radioactivity (off-líne) studies consititute a new addition to the present 

facilities. A set-up for the measurement of gamma-gamma angular correlations and 

gamma-gamma polarizad directional correlations has been completed and used to 

determine spins, parities and mixing ratios. This set-up is also currently beíng 

used to study radiation damage in solids by means of perturbed angular correla- 

t i ons.

The theoretical group has focussed its attention on problems of nuclear 

structure and nuclear reactíons. The nuclear structure work has been híghlfghted 

by the formulation of a nuclear fie Id theory. The theory allows the sfmultaneous 

treatment of collective and síngle-partíele degrees of freedom and the correspon- 

díng problems of Paul i principie víolatíons and overcompletness. In addftfon shape 

and pairing phase transítíons have been studíed wíthín the framework of microsco- 

plcal and phenomenologícal models. In the fíeld of nuclear reactíons the efforts 

were maínly concentrated ín the study of ísospín dependence of the optícal para- 

meters and coupled-channel calculations.

The Department has always been involved in actívities supportíng other áreas 

of research and development of the C.N.E.A. To such extent a program to evalúate 

the utílízatíon of thoríum ín power reactors has been ínítíated. In addition, a 

group to study the utílízatíon of solar energy has been created.

Many of the achíevements of thís Department could not have been carried out 

wíthout the contínuous and efficient support of the former and present heads of
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the Research and Oevelopment Branch of the C.N.E.A., Dr. E.Pére^ Ferreíra and 

Or. R.CabrInf, respectively. It ís there a pleasure to acknowledge thelr he!p 

and understanding.

This Progress Report Is our ffrst venture in this field. Many thanks are 

offered to the authors who so wíllíngly contributed to write the reports; to Mrs. 

J.Corvalán and Mrs. M.NeufeId for theír enormous pattence and skfits tn the pre 

parat{on of the manuscrípt; and to Mr. A.SÍnda for hís valuabíe help fn the prin- 

ting of thfs work.

Edgardo Ventura
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VI.4. Scattering by a Schematic Potential Landscape................... IO6



vi i

PART C - SUPPORTING ACTIVITIES IN APPLIED PHYSICS

VII. ENERGY RELATED STUDIES.

VII.1. A Prellmínary Analysis on the U tMízation of Thoríum In

Power Reactors.............. ......................................  111

VI 1.2. Utilízation of Solar Energy.................................... . 11^

VIII. SERVICES.

VI 11.1. Use of the Synchrocyclotron for Sample Analysis............ . 115

Vil!.2. Implantat ion of ^^^La ín Various Foils........................  116

PART D - INSTRUHENTATION AND DEVELOPMENT

IX. MACHINE DEVELOPMENT.

IX.1. Synchrocyclotron....................... ...................... . 119

IX. 1.1. Improvements in the Frequency Modulator.............  119

IX.1.2. Automatizat ion of the Internal Target................ 119

I X. 1.3 • Repa i rs....................................................  120

IX.2. Isotope Separator................'.................................. 121

IX.2.1, New Movable Col lector...................................  121

IX.2.2. A New ion-Source.........................................  121
235

IX.2.3. Construction of an Arc-Chamber Containing U .....  121

IX.2.A. Electrostatic Deflector for the lon-Beam Separator. 121

IX.3. Cascade Accelerator...............................................  123

IX.3-1. Modification of the Lower End of the Accelerator... 123

IX.3-2. Increase in the Neutrón Flux........................... 123

IX.3-3. Modulator of the Dauteron Beam........................  123

IX.3.^. Safety System for Beam Deflector......................  123

IX.3.5. Uranium Oven.............................................  124

IX.3.6. Changes in the Separator Col lector.................... 12̂ *

X. IMPROVEMENTS OF THE EXPERIMENTAL FACILITIES.

X.l, Beam Energy Degrader..............................................  125

X.2. A System for the Determination of Nuclear Half-Lives in

the msec Range.....................................................  128

X.3. Measurements of Nuclear Half-Lives ín the ysec Range.......  133

X.k, Measurements of Nuclear Half-Lives in the nsec Range.......  135

X.5. New Facilities for In-Beam y-Spectroscopy..................... 138



vííl

XI. COMPUTA!ION.

XI.1. Desígn and Construction of a System for Semiautomatfc 

Analysís of y S p e c t r a  through an ¡ntsrphase wíth an

HP - 2116B Computer................................................ 139

XI.2. Study of a Program for Automatic Analysfs of Spectra by

the Method of Numerícal Símulatfon.............................  1**3

XI. 3, Subroutines Developed for the lALE Fací II ty..................

APPENDiX

XII. PERSONNEL OF THE DEPARTMENT OF NUCLEAR PHYSICS........................  1^7

XIII. PUBLICATIONS OF THE DEPARTMENT OF NUCLEAR PHYSICS..................... 151



P A R T A

E X P E R I M E N T A L  P H Y S I C S



I. TRANSFER REACTIONS

1.1. The (d.^Li) Reactíon in the f-p Shell at Ed = 27.25 MeV.

A.E.Ceballos, H.J.Erramuspe, A.M.J.Perrero, M .J .Sametband*,

J.E.TestonI**, D.R.Bes, E.E.Maqueda, R . P .J .Perazzo and S.L.

Re í ch.

As early as 1970, as a consequence of a study^ of the T = 1 pairíng forcé, 

ít was suggested that whenever the transfer of two nucleons coupled to

J^T = 0^1 is favoured, an enhancement of the a-partic1e transfer, may also be
6 2 

expected. T h u s , a formalísm for the (d, Lf) reactíon was developed and a set

3 k
of experíments was started ’ using the 27.25 MeV deuteron beam from the Buenos 

Aíres Synchrocyclotron on targets ín the Ní-Zn región, where a detaíled nuclear 

structure study was possíble.

Previous arguments^ casted some doubts on the viabilíty of (d,^Lí) reac- 

tíons on targets heavíer than Ca at bombardíng energíes of the order of 30 MeV. 

In spite of this, it was possíble to measure angular distríbutíons correspondíng 

to the population of the lowest two states ín the reactions ’̂^Zn(d,^Li)

6 0 , 6 2  ̂ Later,measurements were also nade on targets of ^^Fe and ^®Ní, and 

the theoretícal analysís was performed throughout this región.

The measurements descríbed here have been performed by bombardíng self- 

supportíng metal líe foíls wíth the external 27.25 MeV deuteron beam of the Syn­

chrocyclotron of the CNEA. The targets used ín the experiment were enriched 

foíls of ^^Fe(99.95%) and ^^Ní(99.96^), 0.800 mg/cm^ and 1 . 1 3  mg/cm^ thíck 

respectívely.

The experimental set-up consísted of two independent (E - AE) detector 

telescopes, operating simultaneously and placed in a symmetrical arrangement off 

the azimuthal plañe; they were mounted on a moving píate whose position could 

be determined to within 0.05° relative to the zero direction. The telescopes 

consísted of two sets of (100 - 50) ym and (90 - 55) Mm fully depleted surface 

barrier Si detectors. They allowed the ^Lí ions to be completely stopped, where- 

as the lighter producís of the reactíon and the involved pile-up were w e l 1 

identified or did hot interfere significantly wíth the nuclear levels studied. 

The overall energy resolution was estímated in ^00 keV FWHM.

The electroníc set-up consísted of two conventional chains functionally 

identical. The events were registered in a í<096-channel Intertechnique analyzer 

working in two 32 x (>k channel bidimensional mode.

As a typical example, Fig. 1.1.1 shows the spectrum of the Li ions 

produced ín the ^^Zn(d,^Li)^^Ní reactíon at 30° in the lab. system. The O 

ground state and the 1.33 MeV 2^ level of the residual nucleus are clearly



resolved. Because of the Q-value the Ni states populated ¡n the 

^^Zn(d,^L¡)^^N¡ reaction are at least 4.13 MeV below the 0^ ground State of 

^^N¡. Similar kinematic effects occur In almost all nucleí in the médium 

mass región, allowing the separation of the lowest states of the different 

isotopes.

Figures 1.1.2 and 1.1.3 show the angular distributions of the differential

cross sections corresponding to the 0^ ground State and the lowest 2^ state

of the residual nuclei for the reactions ^^Fe(d,^Li)^^Cr, i(d,^Li)^^Fe and 
64,66,68- / . 6, .X60,62,64.,. t u  j • • u

Zn(d, Li) ’ N i. The data are given in the c.m. system.

The patterns and magnitudes of the angular distributions in the zone cióse 

to the doubly magic ^^Ni are quite similar to those obtained in the Zn región. 

This fact suggests the pick-up of a superficial a-cluster through a mechanism 

independent of the progressive filling of the shell. They all show the diffrac- 

tion structure and forward peaking characteristi es of a direct reaction 

mechanism. This fact may be simply expected by the small probability of a ^Li 

emission in a compound nucleus reaction. The magnitudes of the measured cross 

sections range approximately between 1 yb/sr and 20 ub/sr, the higher valúes 

corresponding to the lower mass number. These results are consistent with the 

ones reported for lighter nuclei and in particular with those obtained on Ca^ 

at 19.5 MeV. A DWBA calculation indicates that the Zn(d,^Lí)Ni cross-sections 

are about the same for an incident energy of 19*5 MeV, in spite of the fact 

that in such case the Li ions are emitted with an energy corresponding to about 

the Coulomb barrier height.

The DWBA analysis of the experimental results has been performed by using
8 6 

the DWUCK code under the assumption that the (d, Li) reactions proceed through

a direct interaction mechanism and in a pick-up process a cluster a moving in

the averaged potential of the core is transferred to the incoming deuteron to

form the ^Li ion.

It is assumed that the transferred a particle is a point (m = 4) mass; 

thus we can construct a phenomenological form factor using the wave function 

of an a particle moving in a Woods-Saxon potential whose radius,diffusenes 

and depth are calculated such to bind the nuclear states described by a radial 

wave function with orbital quantum numbers N = 0-7 and N = 0-6 for angular 

momentum L = O and L = 2 respectively.

The optical parameters for the entrance channel has been taken from ref. 9, 

the Li parameters were chosen within reasonable ranges in order to yield good 

agreement with the experimental data. Both sets of optical parameters are shown 

in Table 1.1.1. Only the real potential V presents some variation with the mass 

of the target nucleus; the Coulomb radius in large in the outgoing channel as

59



a consequence of the fínite size of the ^Li ions.

In order to check the valídíty of the structure factors extractad from the 

experimental data, an extensive survey of the Influence of the dífferent Ll 

optical parameters has been performed.

The form factor has been constructed according to the formalísm propos'éd
2

by DragCin et al as a coherent sum over the allowed quantum number N.

Sol id línes in Fígs. 1.1.2 and 1.1.3 correspond to the DWBA calculatlons,

computed wlth the structure factors G.„ obtained from the dífferent theoretlcal 
6

approximations . Each curve is normalized with the corresponding valué of

^o ~ '^exp^'^DWUCK' ^
The analysís of the a-transitíons populating the J ■» O States has been

made under the assumption that the main component of the residual nuclear

interaction which is relevant In this process is the T ■ 1 part of the palring

forcé.

The calculation of the microscopic form factor has been performed in four

different w a y s :

a) through an exact diagona1 ization of the residual pairing forcé in a four- 

level shell model basis^'^^.

b) considering a simple shell model puré configuration.
6 +

c) assuming that the (d, Li) reaction leading to the O ground states of the

residual nuclei are transítions between vibrational states described in terms 

of additlon and removal phonons ’

d) through a description In terms of the palring-plus-quadrupole model, which
12 13

are treated wlthin the BCS and RPA approximation ’

For the analysís of the transitlons leading to the = 2^ final states, 

the experimental results have been divided In two groups according to whether 

they take place around A = 56 or on the ^Zn región. For the first group it is 

easy to perform a calculation with almost puré configurations; in the case of 

the ^Zn targets the final = 2^ states of the ^ ^Ni isotopes are described 

in terms of the pairing-plus-quadrupole model which are treated wlthin the BCS
7T

and RPA approximation as in the case d) for J = O .

ConclusIons

They are considered In refs. 2, 3, 6 and they point essentially:

a) the good agreement of the experimental results with the calculations 

performed under the assumption of a direct interaction mechanism.

b) the agreement between the magnitudes of the measured experimental differen- 

tial cross-sectlons and those obtained for the four particle transfer in

1ighter nuclei.



c) the valídíty of the optícal parameters used for the DWBA caIcuiatíons, 

allowíng the relativa strength of the 0^ and 2^ states to be determined 

wíthín an error of 20^.

d) the valídíty of the theoretícal assumptlons formulated to account for the 

transitíons leading to the final nuclear states = 0^ and « 2 .

The relatlonshíp between the cross sectíons for the (d,^Lí) reactíons and 

the pairing degree of freedom was agaín pointed out ín a recent paper by 

Becchettí et ál .

* Present address: Departamento de Combustibles Nucleares (CNEA).

** Present address: Departamento de Reactores (CNEA).

 ̂ G.G.Dussel, E.E.Maqueda and R.P.J.Perazzo, Nucí. Phys. A153 (1970)

O.Dragún, G.G.Dussel, E.E.Maqueda and R.P.J.Perazzo, Nucí. Phys. Al67 (1970 

529.

^ A.E.Ceballos, H . J .Erramuspe, A.M.J.Perrero, M.J.Sametband and J.E.Testonf, 

Phys. Rev. Ck (1971) 1959.
k

A.E.Ceballos, H.J.Erramuspe, A.M.J.Perrero, M.J.Sametband, J.E.TestonI, D.R. 

Bes and E.E.Maqueda, Nucí. Phys. A208 (1973) 617- 
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^ A.E.Ceballos, H . J .Erramuspe, A.M.J.Perrero, M.J.Sametband, J.E.TestonI, D.R.

Bes, E.E.Maqueda, R.P.J.Perazzo and S.L.ReIch, Nucí. Phys. A228 (197^) 216.
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p. 129.
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Table 1.1.1

The optical parameters for the deuteron and líthium channeis and the 

parameters for the bound a-partlcle well

d-channel Ll channel a-particle w e l 1

310 for

V (MeV) 71.9

312

328

321

310

for

for ^^Zn

, 66, 
for Zn

for ^®Zn

AdJusted to 

get the 

bíndíng 

energy

w (MeV) 56.0 75.0

^ov
(fm) 0.96 1.50 1.25

(fm) 0.99 0.65 0.65

r
ow

(fm) 1.35 1.50

(fm) 0.75 0.65

r
oc

(fm) 1.25 2.50 1.25

a
c

(fm) 0.00 0.00 0.00
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Fig. 1.1.2 The dífferential cross sections of the reactions ^^Fe(d,^Li)^^Cr,
. / . 6, . ■ > A 64,66,68 ,, 6 ,x60,62,64... , a

Ni(d, Li) Fe and Zn(d, Li) Ni, leading to the O ground

State at = 27-25 MeV. Sol id U n e s  represent DWBA calcuiatíons.
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— 1.1 .3 The dífferential cross sectíons of the reactions 

5^Fe(d,^í)52cr, (d,^Lí)5Ve and ^

leading to the 2 first excitad State at E¿ = 27.25 MeV. Solfd 

U n e s  represent the DWBA calculatíons.
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II. GAMMA RAY SPECTROSCOPY BY MEANS OF (a.xnyp) REACTIONS

11.1. Possible K = 1/2 Quasirotatíona1 Band in ^^Se.

M.Behar, A.Filevich, G.García Bermudez, A.M.Hernández and M.A.J.

Mar i scott i.

Our knowledge of the ^^Se level scheme was until now limited to the study 

of the decay of ^^Br^. Littie ís known about spins and other properties of the 

leveis populated in these decays, namely that the ground and first excíted sta- 

tes are 7/2^ and 1/2 , respectively^.

The fact that the ground state is 7/2^ ínstead of 9/2^, ís an indication
O

of an anomalous coupling. Recently, Kurfyama et al. have developed a new 

theory and were successful in reproducing the experimental trend in the syste- 

matics of the excitation energies. In the framework of this theory, when the, 

excítation energy of the mode with spin J-l(7/2^ in the present case) becomes 

equal or smaller than the energy of the one-quasiparti cíe state with spin 

J(9/2 ), an instability of the spherical shape may occur and the onset of 

deformation should be expected. If the existence of the anomalous 7/2^ state 

ímplies a deformed structure, this should give rise to a rotational structure. 

In order to explore this possibility we have investigated the (a,3n) reaction 

leading to levels in ^^Se which is well suited for this purpose.

An 82^ enriched ^^Ge target was bombarded with the a-particle beam from 

the Buenos Aires Synchrocyclotron. Excitation functions were measured in the 

energy range 30 to 55 MeV; and y-y coincidences and angular distributions were 

obtained at 35 MeV. The results of these measurements are summarized in the 

decay scheme shown in Fig. 11.1.1.

As mentioned above, the ground state o f ^ ^ S e  is 7/2^ and therefore one 

expects some indication of nuclear deformation. However in the present work we 

have not obtained evidence for a rotational band built on this state as should 

be expected if it were deformed. On the other hand, the levels observed here 

decaying to the 25 keV = 1/2 state actually exhibít a spin sequence, energy 

spacing, and decay pattern consistent with a rotational structure. In order to 

further explore this point we have adjusted the energy sequence to the expres- 

s ion

E|k = £ k f j  t ' + 1) - a (-1)''"’̂^ (I + 1/2)]^ (1)

which is characteristic of a K = 1/2 rotational band. The results are 

summarized in Fig. 11.1.2. The moment of inertia used in the calculation
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2
(j = 0.01 fi ) ¡s about three times smaller than those typícally found in the 

well deformed rare-earth nucleí; and comparable to those of nucleí with N = 88- 

90, that is just where the transition between spherical and deformed shapes 

takes place. Because transitional nucleí exhibíting small ground state moments 

of inertia are soft (i.e. moment of inertia íncreases with spin l), a least 

squares fit was carried out allowing the moment of inertia to vary linearly 

with I. The result of this improved fit is indicated in Fig. 11.1.2 with solid 

triangles,

A second test for the rotatíonal band picture of thís level scheme is to 

compare the experimental branchíng ratio for each level with the single partí- 

ele and unified models predictions. This comparíson, shown ín Table I 1.1.1 

agaín supports the hypothesis of a rotatíonal band buílt on the 1/2 state 

of 73se.

G.Murray, W.J.White, J.C.Willmott and R.F.Entwist1e , Nucí. Phys. Al 42 (1970) 

2 1.
2

G.Murray, W.J.White, J.C.Willmott and R.F.Entwist1e , Phys. Lett. 28B (1968) 

35.

^ A.Kuriyama, T.Marumorí and K.Matsyuanagí, Prog. Theor. Phys. kl (1972) 498.
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Table 11.1.1

Comparíson of Experimental Branchíng Ratios with Theoretica! Predíctíons

Level

Energy

(keV)

1
T(M1 + E2, 1 1 - 1) / T(E2 , 1 ->■1 - 2)

Single partióle Strong coupling Experiment

505.1 5/2 1000 > 6 3.4 ± 0.6

BOk.k 7/2 100 > 0.06 0.78 ± 0.10

1178.1 9/2 100 > 0.30 1 . 1 3  ± 0.20
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-0.2 -0.3 
DECOUPLING FACTOR a

Fig» 11.1.2 Comparíson of experimental and calculated energies 

for ^^Se. The dashed lines, obtaíned from the rigid rotor model, 

are shown as a function of the decouplíng parameter a. The 

triangles indícate the results obtaíned by assumíng a linear 

varíation of the moment of ínertia wíth angular momentum I.
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11.2. Structure of Studied wíth the (g,3np) Reactíon.

A.Filevich, M.Behar, G.García Bermudez and M.A,J.Mariscotti.

The level structure of the odd-odd nucleus ,?As__ has up to now only been
1 j < jy -7Q

investigated by ten Brink et al. by means of the radíoactive decay of Se. 

Sínce no reactíon studies of thís nucleus have been made, we have investigated 

the ^^Ge(a,3np)^^As reactíon wíth the idea of populating high-spin states 

whose subsequent decay would add new nuclear structure Information. The 

exístence of relative hígh-spin states ín ^^As at low excitation energies can 

be expected because the spin and paríty of its ground State is = 4^.

The experiment consísted of several runs in whích single y ^ a y  spectra at 

different bombarding energies were measured. From the excitation functions so 

obtained, it was possible to identify five different y r a y s  (75.9, 81.2, 13^.6, 

318.8, 320.2 keV) as belonging to ^*^As. In order to confírm these assignments 

and build up a level-scheme for thís nucleus, Y“Y coincidences were measu­

red with gates set on the above mentioned y-rays. The results enabled us to 

construct the level scheme shown in Fig. 11.2.1. The order of the 318 keV and 

13^ keV Y'fays has been adopted on the basis of their intensities. In addition, 

the measurement of the half-life of the 81 keV y-ray yielded a valué of

^ 1/9 ~ ^ nsec, (see Fig. 11.2.2), whích allowed us to make an assígnment
7 n

of J = 5 to the 81.2 keV level of ' A s .

The errors in the measurement of the yi'sy angular d istr i but ions do not 

allow the determination of the y~ray muítipolariti e s . However, in the case of 

the 8l.2 keV y r a y  the experimental angular distribution suggests a Al = 1 

transition with large mixing ratio implying a strong M1/E2 mixture, and henee 

a positíve parity assignment for this State. The absence of cross-over transi- 

tions suggests assignments of J = 6 and J = 7 for the 400.0 and 53^ keV states, 

respect ively.

The results obtained in the present work indícate a strong selectivity of 

the (a,3np) reactions to excíte only a few levels in the product nucleus. This 

fact is in good agreement with the results in other odd-odd neighboríng nuclei 

(see following sections).lt is interesting to note that the levels observed in 

^^As show a remarkable similarity with those in ^^As and ^^As having level 

sequences with spin J = 4,5,6,7 and level spacings of approximately 55, 200 

and 120 keV, respectively (see Sects. i 1.2.3 and 11.2.4).

Further experiments are planned in order to improve the precission of 

these measurements.

’ B.ú.ten Brink, R.D.Vis, A.W.B.KaIshoven and H.Verheul, Z. Phys. ^  (1974) 83. 

^ A.P.de Ruiter, H.Verheul and J.Konijn, Nucí. Phys. All6 (1968) 473»
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Fig» 11.2.1 Prellmlnary level scheme for ^®As.
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CHANNEL NUMBER

Fig. M . 2 . 2  Decay of the 81.1 keV y-ray In ^°As. A puré prompt 

peak ¡s shown for compar¡son.
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11.3. Leve] Structure of from the ^^Ge(a,np) Reaction.

M.A.J.Mariscotti, M.Behar, A.Filevich, G.Garcfa Bermudez and 

A.M.Hernández.

72 1 2
The low-spin levels of As have been previously studfed ' by means of

the (p,n) reaction at == 5 MeV. As part of a research program to study hígh
70 79

spín states in odd-odd nuclei we have ¡nvestigated the Ge(a,pn) As reaction

72 72
and the Ge(a,3np) As reaction.

A p r e 1iminary y-ray Identification was obtained by means of excitatíon
1 2  72

functions using as reference those y ^ ^ y s  previously assigned ’ to As (see 

Chapter X).

With a fixed bombarding energy = 35 MeV, the (a,np) reaction was used 

to measure y~Y coincidences, angular distributions and tíme dístributions in 

the nsec range. As a result of these measurements the level scheme shown in 

Fig. I1.3.1 (c) was produced. This is compared to previous results shown in 

Figs. 1 1 .3.1 (a) and I!.3 - 1 (b).

Except for the 414.1 keV level (which can be identified with the 413 keV 

level of Mordechai et a1.^) all the levels observed in the present work above 

E = 320 keV are different from those observed in the (p,n) reaction. The new 

levels have spin assignments up to J = 7* Our measurements confirm the assign- 

ment^ of = 3"*' to the 213-8 keV State.

The time distributions allowed us to establish a halflife T^^^ = 17 ± 3 

nsec for the 309-8 keV state and ^ 3-7 nsec for the 362,8 keV level. The

proposed spin and parity assignments for these levels are = 4 and J = 5, 

respectively. In addition the dípole moment of the ground state^ is explained 

assuming a '̂'̂ 5̂/2^99/2^2” configuration for this state. The existence of an 

isomeric state with T ^^2 ^ 1^^ nsec at E^ > 362.8 keV was aiso observed.

 ̂ H . B e r t s c h a t  et al., Int. Conf. N u c l e a r  Moments and N u c l e a r  Struc t u r e ,  Osaka, 

Japan, p. I7I, (1972).

^ S.Mordechai et al-. Nucí. Phys. A230 (1974) 343- 

^ E.A.Phillips et al., Bull. Am. Phys. Sor. 1_4̂  (1968) 944,
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F i g . 11.3.1 Level Sche m e  of As. Parts (a) and (b) have been d e t e r m í n e d  

yo
f r o m  the Geíp.ny) reaction (Refs. 1 and 2). Part (c) is o b t a í n e d  f r o m  

the pr e s e n t  work.



21

I I . Level Structure of from the ^^Ge(g,npY) Reaction.

G.Garcfa Bermudez, M.Behar, A.Fílevich and M.A.J.Mar iscotti.

Ik
The odd-odd nucleus As has been prevíously studied by means of the 

(p»nY)> (^He,d) and (p,d) reactions. The most recent and comprehensive investí- 

gation ís that of Kimura^ who, from measurements of conversión electrons and 

cross sections, determined spins, paritíes and y r a y  multípolaríties correspon-
O

ding to levels. up to 470 keV. In addítion Christiansen et al. determined the 

lífetime and g-factor of a level proposed at 273.8 keV.

We have studied the level structure of this nucleus by means of the
72

Ge(a,npy) reaction in the energy range = 30 - 55 MeV. This reaction 

predominantly populates high spin levels and therefore new Information is 

obtained.

From the study of:(a) excitation functions, (b) y-y coincidences, (c) an­

gular distribution and (d) y t i m e  distributions with respect to the beam bursts 

in the nsec range, we obtain the level scheme shown in Fig. 11.4.1. The Y"fay 

transitions with < 100 keV have been detected in a high resolution X-ray 

detector. Three states at 183.0 keV, 259 keV and 271-6 keV are identified with 

levels prevíously observed with the (p,n) reaction^ In addition six new 

levels are incorporated into the level scheme.

From the timing measurements we observe that all the y r a y s  with Ey < 100 
74

keV assigned to As exhibit a prompt distribution except for the 76.2 keV

y r a y .  The latter shows a half-life of 28 ± 2 nsec, in good agreement with the
2 2

valué of 26.8 ± 0.5 nsec previously measured . These authors , however, 

associate the 76.2 keV Y~ray with a different level from the one proposed in 

bol

74,
both Kimura's and the present work. The regularities observed in ^^ A s , ^^As and

As are intriguing and stimulate further studies.

 ̂ K.Kimura, Nucí. Phys. A213 (1973) 6l.

J.Christiansen, H.E.Mahnke, E.Recknagel, D.RÍegel, and W.Witthuna, Nucí.
2

Phys. A164 (1971) 367.



22

Tt

Ey Ti

/595.6
*̂t1̂ 5A7.0 

-516.3

1/2

335A
315.1 
271.6
259.2 26Bns 

183.0

OID



23

11.5. Level Schemes of and ^^Ga.

C.Pomar, M .A.J.Mariscotti, P.KIeinheinz , R.M.Lieder* and

O.W.B.Schult*.

66 68
The nuclei Ga and Ga have been studied by means of the (a,np) reaction 

at = 30 to 50 MeV on targets of Zn and Zn, respectively. These 

experiments have been carried out in a combíned effort between the Buenos Aires 

Synchrocyclotron and the Jülích Isochronous Cyclotron groups.

The exc¡tation functions obtained for the Y"rays corresponding to ^^Ga are 

shown in Fig. M.5-1. Angular distributions and Y"Y coincidences are shown in 

Figs. I1.5.a and II.5-3, respectively. The coincidence measurements were taken 

over a period of 30 hours per nucleus. The data were accumulated in an event 

by event mode with the Information corresponding to four different parameters; 

(a) the gamma ray energies detected with one and (b) another Ge(Li) diodes,

(c) the time interval between the pulses and (d) the time interval between 

y-ray pulses and beam bursts. The results are summarized in the level schemes 

shown in Fig. I1.5.

The nucleus ^^Ga has been previously studied by the radioactive decayó ^ 

of ^^Ge and also by means of the ^^Zn(p ,n)^^Ga reaction^. Our results show the 

presence of four new lavéis at ^93.5 keV, J = 3; 8^0.6, J = 1327-^ ke\l,

J = A and 1Í4Í(0.9 keV, J = 6. The parities of the 1327 and ]kkO keV levels are 

the same but opposi te to that of the 8^0 keV level. Furthermore, half-lives of 

T^ 2̂ - 100 nsec and = 5 ± 2 nsec have been measured for the states at

lít^O.9 and 139.9 keV, respectively.
68 7 

The nucleus Ga has recently been investigated by Harms-Ringdah1 et al.

using the ^^Cu(a,n) reaction at = 14.2 MeV. Our results, which are in 

general good agreement with theirs, allow us to determine that the spins for 

the 805.9 and 1323.0 keV levels are J = and J = 6, respectively. Further­

more the present work also indicates J(l219*é keV) = 7 and J(1103.3 keV) = 5.
g

The first of these states is isomeric and its haiflife has been confirmed to 

be T ^^2 ~ nsec.

Instítut fur Kernphysík der Kernforschungsan1 a g e , Julích, West Germany,

 ̂ H.H.Bolotin, Bull. Am. Phys. Soc. 8, N” 7, 52^4, 13 (1963).

^ R.A.Ricci, R.K.Girgis and R. van Lieshout, Nucí. Phys. ^  (1960) 177- 

^ H.H.Bolotin and D.A.Mc Clure, Phys. Rev. 180 (1969) 987- 

^ H.B.Bakhru and I.M.Ladenbauer-Bel1 is, Phys. Rev. 1 (1969) 11^2.

^ D.G.Saranti tes and S .Gronemeyer , Nucí. Phys. Al 30 (1969) 97.

^ N.R.Najam, W.F.Davídson, W.M.Zuk, L.E.Carlson and M.A.Awal, Nucí. Phys.

A173 (1971) 577.
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^ L.Harms-Ríngdahl , J.Sztarkíer and Z.P.Sawa, Annual Report 1973 Research 

Instítute for Physi e s , Stockolm, Sweden.
g

W.Zeitz, prívate communication.



25

30 ¿o 50 
E « ( M e V )

Fíg. II.5.1 Excftatlon functtons of y-raya 

followíng the ^^Zn(a,np)^^Qa reaction.
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® ^ n 4 4 5 M e V « S
66

Zn+45MeV«'S

-  0

Fjg. 11.5.2 Gamma-ray angular dfstríbutions followíng the 

Zn(a,np) and ^^Zn(a.np) reactfons.
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11.6. Trends ín (g,xnyp) Reaction Cross Sections.

C.Pomar and M.A.J.Maríscotti.

Reactlons of the type (a,xn) are clearly predomínant in the rare earth

región. For líghter nuclei, however, proton emission also becomes important.

Thís circumstance usually precludes a straightforward identification of the

product nucleus through the study of y~ray excitatíon functions. Frequently

reactíons such as the (a,3n) and (a,2np) exhibit similar excitatíon functions.

However, both the bombarding energy at which these reactions reach their

maxima E (a ) and their máximum cross sections, a , vary according to the 
a max ’ max

degree of neutrón deficiency of the target.

The knowledge of the behavior of these two quantíties is useful to assist

in the Identification procedure and also serves as a guide to make preliminary

estimates on the feasibility of different reactions for a given target.

The study of the trend shown by E (a ) and C is the aim of the pre-
' a max' max

sent work for the case of the Zn isotopes with A = 6k, 66, 67 and 68.

The different reactions (a,xnyp) which could be observed in the interval

E^ = 30 - 55 MeV were investigated. Excitation functions for most of the

observed y r a y s  were obtaíned in 5 MeV steps. These y f a y s  were in turn assigned

to a product nucleus through the Identification of certain lines with

transltions hitherto known from other processes (e.g. radioactive decay or (p,n)

reactions in most cases).With this Information it was possible to determine

E (a ) for the different reactions on the different targets, that is, 
ot m sx

E (a ) as a function of A. The results concerning this quantity are shown in 
Ot m sx
FIg. 11.6.1. The E (a ) valúes indicated with a "shadowed" symbol represent

Ot ÍTI3X

extrapolations estimated from the shape of the excitation curve. Some of the 

cases shown below the 29.5 MeV limit correspond to data reported by other 

authors\ Each thin dashed line corresponds to a given y-ray produced in 

different reactions according to the target. Thick lines join the experimental 

valúes corresponding to the same reaction. The plot shows how the reactions 

¡nvolving protons require, as a trend, more energy as we move towards the 

stabillty line (increasing A) while the opposite applies to reactions involving 

only neutrons.

To study a as a function of A it is necessary to have some knowledge 
m sx

of the level schemes of the product nuclei, at least regarding the lowest

states. The valué o was thus obtaíned from the total intensity which feeds
max

the ground State of the product nucleus and It was normalized in all cases to

the total number of counts accumulated In the spectrum. FIg. 11.6.2 shows

o as a function of A for the (a,p), (a,np), (a,2np), (a,n), (a,2n) and 
m sx
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(a,3n) reactions. For ^^Zn, the ísotope farthest from the stabíllty U n e ,  the

(a,np) and (a,2np) reactions predomínate. Agaln, the trend observed for these
68

reactions is opposíte to that of reactions Involving neutrons only. For Zn

the (a,2n) reactíon Is the most intense.

These results show that both E (a ) and o exhibit a regular
a max max ®

behavior. The knowledge of these trends greatly helps the y-ray Identification

in those cases where other Information is lacking. This Information is

particularly useful when dealing wlth médium and light nuclel. Presently the

study of E (a ) and a  is being extended to the NI isotopes. The prelimina- 
ot msx mdx

ry results suggest that trends similar to those obtained for the Zn isotopes 

can be expected.

 ̂ Harms et al., Phys. Ser. 9 (197^) 15.
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Fíg. 11.6.1 Bombarding energy at which the (a,xnyp) reaction reaches 

íts máximum versus A for the Zn ísotopes. Each thín dashed U n e  corres- 

ponds to a given y r a y  observed through different reactíons on different 

targets. Shadowed symbols indícate extrapolations beyond the energy range 

of the machine from the shapes of the excitation curves. Points labelled 

(l) and (2) are results from other authors (see Text).
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ll*7. Smooth Variation of the Crítícal Angular Momentum Throughout the 

Períodíe Table.

M.A.J.Mariscotti.

Energy spacíngs AEj = Ej - Ej_2 ín ground state bands of deformed even-

even nuclei normally ¡ncrease with spin. In some cases, however, thís ¡s not

so and thís phenomenon, known as the "backbendíng" effect, can be ídentifíed

with the exístence of a crítícal valué of the nuclear angular momentum

le 12 - li» R, for whích the derívative dAEj/dl becomes negatíve. The case of

'^®Er ¡s shown in Fig. II.7.1.

The exístence of a crítícal angular momentum defíned ín thís vyay ís not,

however, an exclusive characterístíc of ground state bands ín deformed nuclei.

It ís well known that ín some spherícal nuclei a "collapse" of levels occurs

for AR ^  Ij. ^  8fi. Thís fact ís ínterpreted as due to the predominance of an 
2*

(lj)| configuration (characteristic of magíc nuclei) for levels with I 1̂ ..

FIg. 11.7.2 shows the case of ®^Sr with I = A R , as well as a comparison
210

between the experimental levels of Po and the calculated ones assuming two 

hg /2 protons interacting through a delta forcé.

Although the exístence of a crítícal angular momentum 1^, both in deformed 

nuclei and nuclei near closed shells, ís ínterpreted ín quite unrelated terms; 

ít ís ínteresting to explore, from a phenomenologícal point of view, whether 

the effects ínvolved ín these two cases are indeed índependent. A Justification 

for such a search ís strengthened by the recently reported data on Hg and Pt 

ísotopes which contríbute to cióse the gap between well deformed (£í*/E2 3.3) 

and spherícal nuclei (E^/E2 2).

FIg. 1 1 .7.3 shows that when 1̂ . ís plotted versus the ratio Ek/E2, (possi- 

bly the best classifier of even-even nuclei), a clear correlatíon emerges.

Magíc and semí-magíc nuclei, for whích the ambiguity 1̂ . = O or 1̂. = 2 remaíns, 

are al so included.

In recent years several models have been proposed to explain the back- 

bending effect fn deformed nuclei. The observation of a smooth variation of 

Ij. versus E^/E2 may contríbute to clarífy the nature of such a phenomenon.
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III. ON-LINE STUOIES.OF FISSION FRAGMENTS

III.1. General Techniques Used In the lALE^ Facilíty.

E.Achterberg, F.C.Igles i as*, A.E.Jech , J.A.Moragues , 0.Otero, 

M.L.Pérez, A.N.Proto, J.J.Rossi and W.Scheuer.

The studies presented in thís section have been made using similar techní-

q u e s , which for convenience are summarized here.

The samples are produced in the Buenos Aires On-Line facility, whIch ís

described in detai 1 in Ref. 1. Briefly, an urany1-stearate target containlng

'V 10 grs of is placed in a thermal neutrón flux obtalned, after moderatlon

through paraffin, from the Li(d,n) reaction. The deuteron beam is produced by
235

a 1 MeV Cockcroft-Walton accelerator. The rare gases from the U fission are

fed into the ion source of an electromagnetic mass separator and the mass of

interest is deposited on an appropriate col lector. Different types of collec-

tors are used including a 1uminized-my1ar moving tapes, 0,5 mm thick detacha-

ble Be-plates, 0.03 mm thick detachable Al-plates and some special arrange-
2

ments to measure conversión electrons .

Measurements of y-ray spectra are carried out with Ge(Li) detectors of 

variable resolution and efficiency (between 2 and 3 keV at the ^*^Co lines)and 

about hO c.c. Conversión electrón spectra are determined with a Si(Li) detec­

tor (6.0 keV resolution at 250 keV), and B-ray spectra with a thick 5i(Li) 

detector. Low energy radiation is observed with an X-ray Si(Li) spectrometer 

(290 keV resolution at 5.9 keV).

The dataare recorded in an analyzer system provfded with two Í4096-channel 

analog-to-digita1 converters and several read-out peripherals under control of 

a 16K memory HP 2116B Computer.

The analysis of gamma-ray spectra is performed with a specially developed 

program ANPIK^ using a non-linear least-squares iterative technique to fit a 

phenomenological function to the peaks and background. This program was 

developed to run on the HP 2116 minicomputer. The memory size and speed 

limitations of the hardware led to a rather slow program which can handle 

only ^00 channels bf the spectrum at a tíme, while the actual fitting procedure 

ís restricted to a región of no more than 150 channels, which however may 

contain up to 10 peaks. The error assignments produced by the program appear 

to be reallstic, leading to consistent energy valúes for the peaks observed 

in runs taken with different gain settings.

^ Isotopes Far From the Line of Stability.
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In order to assign transitíons to each number of a gíven mass-chain, 

identifícation through half-llfe differences is made, using the movtng-tape 

col lector wíth an appropriate cycling.

The coincídence measurements are made ¡n the ^096 x 4096 bídímensfonal 

mode, using our HP 2116 computer-based data acquisitlon system. The addressés 

generated by the digital-to-analog converters (ADC) are stored in an interna! 

buffer, which is dumped onto a 7"track magnetic tape when fílled and then 

reset to zero to start a new accumulation. Using a specíally developed soft­

ware package a singles y-ray spectrum can be accumulated sImultaneously with 

the coincidence events in another part of the Computer memory. Thís ís very 

useful in establishing gates for the scanning of the coincidence spectra, for 

the analysis of random coincidences and to ensure that no gaín shlfts occur 

during the data accumulation.

Departamento de Combustibles Nucleares (CNEA).

Universidad Nacional de Luján, Pcia. de Buenos Aíres, Argentina.

 ̂ E.Achterberg et al., Nucí. Instr. and Methods, 101 (1972) 555*

^ E.Achterberg et al., Phys. Rev. C¿ (1972) 1759- 

^ E.Achterberg, Private Communication.
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II1.2. Decay of (AO sec).

E.Achterberg.

As part of the ongoíng investígatíon of the low-energy properties of the
235

short-Hved U fissíon products at the Buenos Aíres I SOL set-up, some addítlo-

nal measurements were made to complement those performed earlíer on the decay 
139

of Xe (^0 sec). These included maínly a new run of y-y coíncidences usíng

an ímproved experimental set-up, as well as a run of 0-y coíncidences and the

exploration of the Ibw-energy y-ray región usíng a Si(Li) X-ray detector. Due

to the great complexity of the y-ray spectra, showing more than 200 transitions,

It was necessary to emphazise the precise energy determination of the transi-

tions ín order to increase the relíability of the placement of y-ray transí- 
139

tions ín the Cs level scheme when usíng the energy sum technique. Thís ínvol-

ved specíal calibration runs wíth a number of well known standard calibration

sources, as well as a careful peak position analysis of the y-ray spectra.

Since the intense neutrón-induced background made the analysis of the low-

energy y-ray spectra accumulated ín the on-líne measurements dífficult, spectra

were also taken using a Sí(Li) X-ray detector. Calibrations were performed usíng 
olii 207

sources of Am and Bí.

139
The construction of the level scheme for Cs using the described facilí- 

ties ís presently ín progress.
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III.3. Leveis of Observed ín the g-Decay of ^^Kr.

M.L.Pérez and J.J.Rossi.

As part of a study of the energy levels in the Rb ísotopes\ an ínvestlga-
90

tion of the level scheme of Rb using the lALE facílíty, was undertaken. In

this Work, single y - r a y , conversión electrón, 3-ray and both X-ray and low

energy y r a y - s p e c t r a  were recorded. Measurements of Y“Y and 3"Y coíncidences
90 90

were also carried out. The half-lives of the ground states of Kr and Rb

and that of the isomer ^^"^Rb were measured by conveniently modulating the 
90

production of Kr and the time ¡ntervals. Precise valúes of y-ray energies and
90

intensities were determined for 9^ transitions assigned to the Kr decay. On 

the basis of the Y“Y and B-y coincidences, as well as energy combinations , a 

level scheme involving 15 levels was constructed. Gamma-ray transition m.ultipo- 

laritles were deduced from the conversión electrón coefficients and log ft 

valúes were obtaíned from the intensíty balance for each level. These data, 

together with the measured Q-value allow us to assign spin and parities to some 

levels.

The completion of the upper part of the level scheme (based only on energy

sums and y-ray intensities) and the theoretical interpretation of the observed 
90

structure of Rb is in progress.

 ̂ E.Achterberg, F.C.Iglesias , A.E.Jech, J .A.Moragues, 0.Otero, M.L.Pérez, A.N. 

Froto, J.J.Rossi and W.Scheuer, Phys. Rev. £9 (197^) 299 and Phys. Rev. CIO 

(197^) 2526.



111.^. Conversión Coefficients of the 13.8 and 38.3 keV Transitíons ín
-

G.R.Kalberman , D.Otero and A.N.Proto.

A S|(LI) detector wlth a thín Be window was used to determine the conv^sr-
1 /iQ

slon coefficients of the 13.8 and 38.3 keV transitíons In C s , by means of 

the X-ray peak to y r a y  peak method using L- and K- transitíons, respect Ively.

FIg. shows the spectrum obtalned. To compute the conversión coe-

fflclents, the contributlon from y-rays wlth E > 80 keV, known from other 

measurements\ was subtracted. In order to evalúate the contributíon of the 

50.6 keV U n e ,  It was assumed that Its muítlpolarIty was llmited to MI and/or 

E2 character.

From these measurements we conclude that the 13.8 keV transitlon Is MI 

while the 38.3 keV transitlon Is M1/E2.

A
Research Student.

 ̂ J.P.Adams, F.K.Wohn, W.L.Talbert J r . , W.C.Schlck J r . , and J.R.Mc Connell, 

Phys. Rev. CIO (197^) U 6 ? .
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II1.5. Levels of and Observed ín the Decays of
. l i » U  ---------------------------------------------------------------

and Cs.

D.Otero, A.N.Proto and F.C.Iglesias*.

1 Al
We were able to assign unambíguously 209 ytransitfons to the Xe decay.

1
The half-lífe for the Xe ground-state decay was determined to be t.72 ± 0.03 

sec. Thís valué was obtained as a weíghted average of those of the 68.98-, 

81.81-, 100.76-, 105.96-, and II8.7I- keV transitíons. Using the St(Lí) X-ray
1 !■ 1

detector the half-lífe of the Cs(K K_) U n e s  was also measured glvtng a
Ot p

valué of 1 .7 ± 0.1 sec, thus ensuring that the y r a y s  whích follow the 1.73-sec
1^1

half-lífe belong to the Xe decay.
lili

A specíal run was made to determíne the 3 feedíng to the Cs ground-

state. The actívíty of the 1̂ *1 mass-chaín was collected for about 10 hours: thís
I4l l4l l4l

means that the Xe, C s , and Ba actívítíes were ín equílíbríum and oniy
1

the La actívíty had to be slíghtly corrected for half-lífe. Through the

135^.52-keV transítíon of the ^^^La decay, whose íntensíty ín percent of 0

dísíntegratíons ís well k n o w n \  It is possíble to establísh: (a) the total

number of B decay ín the mass-chaín and (b) the íntensíty of the y transí-
1^1

tíons belongíng to the Xe decay per unit of 3 dísíntegration. From our le- 

vel scheme (see Fíg. III.5 - 1 (a), (b) and (c)) we were able to determíne the 

6 feedíngs to excíted levels of ^^^Cs and from (a) we obtained a valué of 

^9.5^ for the B branch to the ^^^Cs ground-state.

Eíght K-conversíon coeffícíents were obtained through the Normal ized-K- 

conversíon-Peak-to-Gamma peak method. A specíal movíng collector system to 

measure electrons, partícularly suítable for short half-líves, was used ín thís 

case. We assigned muítípolarítíes by comparíng our experimental valúes wíth 

the theoretícal ones given ín Ref. 2.
1^1

A valué of Zk.Sk ± O.O6 sec was found for the Cs ground-state decay, 

through the half-líves of the kS.kQ, 55^.7^» 561.51» and 588.55 keV 

The half-líves of the (K + Kq) 1ínes of ^^^Ba were also measured ín order to
Ot p

ensure the assígnment ín Z, gívíng a valué of 2,4.9 ± 0-7 sec.
1 ¿1

For the intenisíty of the 6 branch to the Ba ground-state we obtained
1^1

a valué < 5.9^ dísíntegratíons, using the same procedure as for the Cs 

ground-state feedíng, and consíderíng a puré MI muíti polar ity for the kQ.kS 

keV transítíon (see below).

The ínternal conversión coefficíent for the í»8.48 keV transítíon was 

determined by the X-ray-peak-to-y-ray-peak method, and a valué of

= 6.6 ± 0.9 was found. Sínce theoretícal valúes for MI and E2 multípola- 

rities are covered by the experimental error of the measured the amount

íf3



kk

of E2 admíxture cannot be obtaíned in thís way. However, from the ground- 

state ¡ntensity balance the total-conversion coefficient for the 1»8.48 keV 

transítion ís < 8.5, establishing an M I (< S% E2) mu 11ipolaríty for thís low- 

energy transí tíon.

The level scheme proposed for ^^^Cs ís shown ín Fígs. Ill.5«l(a), (b) and 

(c). It contaíns l66 transítíons (91^ of the total observed y íntensíty) wíthín 

a frame of 38 levels. The levels establíshed by Y“Y coíncídences are at an 

excítatíon energy of: 68.98, 105-96, 187.72, 206.69, ^*67.93, 557.10, (>kk.26, 

9 W . 0 1 ,  961.98, 977.53, 979.86, 1097.26, 123í».82, 12l*5.11, 1518.28 and 1556.71 

keV. In thís set of 16 levels, we can place 72% of the total y-ray íntensíty 

observed.

Recently, Morman et al.^ publíshed the low-energy part of the level scheme 
14l

of Cs, whích ís a partíal reproductíon of that proposed ín Ref. 1. From the 

eíght levels proposed by these authors we have not confírmed those at ^«92.8 

and 6A6.8 keV. Our experimental results did not show evídence enough to 

establísh a level at ^92.8 keV and for the transítíons that Morman et al.^ 

used in support of the 646.8 keV level, we were able to establísh (from our 

coíncídence results) that the 89.7^ keV y f a y  ís placed between the levels at 

467-93 and 557.10 keV, and that the 459.93 keV transítíon connects the levels 

at 1097.26 keV and 1556.71 keV, thus 1 eavíng thís presumed level unsupported.

In víew of our dísagreement wíth the scheme adopted by Morman et al.^ a límít 

of 2.4 nsec for the half-lífe for the proposed level at 646.8 keV should ín

fact correspond to the level at 557.04 keV.
141

The level scheme proposed for Ba ís shown ín Fígs. Ill.5.2(a) and (b). 

It contaíns 78 transítíons ín frame of 27 levels. The levels at 558.55, 1194.17 

and 1748.92 keV are supported by Y“Y coíncídences.
141

Regardíng the proposed scheme for Ba, íts more relevant characterístíc 

ís the exístence of a 48.48 keV transítion whích carríes an íntensíty of 

69.9^ of the total decay, and depopulates the fírst excíted level. From the 

data of Morman et al. the upper límít for the half-lífe of the 48.48 keV fírst 

excíted State should be 3.4 nsec.

*
Present address: Departamento de Combustibles Nucleares (CNEA).

’ R.L.Auble, Nucí. Data A10 (1973) 175.
2

R.S.Hager and E.C.Seltzer, Nuclear Data Al O (1971) 206.

^ J.A.Morman, W.C.Schíck and W.L.Talbert,Jr., Phys. Rev. C11 (1975) 913-
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III.6. Delayed Neutrons from the A = 1^1 Chain and Identification of

Y-ray Transitions In the A = 1k3 Chain.

A.N.Proto and D.Otero.

In order to broaden the techniques available for the study of isotopes,, 

far from the stability line, a method which allows discrimination of neutrons 

from Y~rays based on the different time responses of the detector signáis, 

was developed. in our case a hidrogenated plástic within whích ZnS(Ag) crys- 

tals are dispersed (NE^51) was used as the detector. Its efficiency for 

y r a y s  is about 3*5 x 10 ^ that of a Ge(Li) detector^

The system was tested with the data from the A = l4l chaín already 
2

published . However, the present measurements indícate that the neutrón
I4l l4l

precursor is Xe and not Cs as hítherto thought.

In order to explore new research poss i b i 1 i t íes the yi'adiation emftted 

in the A = 1^3 chaín was studied, partícularly for the less known isotopes 

^^^Xe(0.3 or 0.9 sec) , ^^^Cs(l.7 sec) , ^^^Ba(l3-6 sec) and (14.0 min).

The results obtained so far allow us to identify the main transitions indica- 

ted in Figs. III.6.1 and III.6.2.

1
A preliminary measurement of the half-life of the ground State of Xe 

favours the valué T ^^2 ~ 0.3 sec^ instead of 0.9 sec^. The possibility

that two different isotopes are present can not be ruled out from the 

measurements made until now because the earlier results were obtained either 

from an indirect determination or from the observation of 3“radiation, while 

in our case Y'^adiation was detected.

A.N.Proto, Thesis UNLP (La Plata), Biblioteca FTsica Nuclear N° 37 (197^)- 

^ Nucí. Data Tables (I969) 1^1.

^ P.Patzelt, G.Herrman, Proc. Symp. on Phys. and Chem. of Fission, V0I II, 

Salzburg, Austria, lAEA, Vienna, (I965) p. 2k3.

^ S.Amiel et al., Phys. Rev. C5 (1972) 270.
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I I 1.7. Studies of Físsíon Yíelds .of Products.

D.Otero and A.N.Proto.

235
The study of the yield of the U físsíon products by on-line techníques 

depends on the knowledge of their productíon and emanatíon propertíes from 

the físsíon chamber. A study of thís type was performed using the lALE pro- 

ject facílíties described ín Sec. 111.1. A swítchíng devíce was ínstalled 

allowing to dgflect the deuteron beam off the neutron-generatíng target. The 

tíme delay for thís bperatíon ís approxímately .03 sec. The mass separator 

beam can be índependently swítched off from the col lector assembly ín about 

.02 sec.

To study the time dependence of the transport process from the físsíon 

chamber to the mass separator ion source, irradiatíon with a constant neutrón 

flux was performed with the mass separator beam swítched off. The deuteron 

beam was then swítched off; the mass separator beam was swítched on, and the 

tíme evolution of the activity of ínterest was studied. It was assumed that 

the process can be described by a set of coupled diffusíon equations with a 

characteristic "diffusíon constant", , descríbing the transport from the 

físsíon chamber to the ion source.

The amount of atoms collected during a saturation irradiatíon will de- 

pend on the constant Measurements performed on X e , Kr, I and Br, showed 

that thís constant ís only weakly dependent on the mass of a given element.

Using thís method and applying the corrections due to the measured 

valúes of and the respective disintegration constants the accumulated 

yíelds for 37> 1 38,1 39»1^0> 1 were determined. The yield for ^^^Xe turned 

out to be approxímately half of that expected^

An additional result of the measurement of the temporal behavíor of the 

productíon of radioactive nuclei was the determínation of the half-life of 

those fission products which are parents of the rare gases and which them- 

selves are retained ín the fission chamber. Figs. II 1.7-1 . II i.7.2 and II 1.7*3 

show the results for the mass 137 chain. The valúes obtained for the half- 

lives ín the present work compared to those measured ín i^ef. 2 are shown ín 

Table I I 1.7.1.

 ̂ B.Ehrenberg, S.Amíel, Phys. Rev. C6 (1972) 6l8.
2

Chart of the Nuclides, Knoll's Atomlc Power Laboratory (1972).
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Table III.7.1 

Half-Líves of A - 137 Nuclel

Isptope (sec) present work T^y2 (sec) Ref. 2

137,
25.2 ± 1.2 21*.6

3.0 ± 0.5 3.5

’37sb 2.0 ± 0.6 —



55

Q

<

O
<

TIEMPO (seg)

Fig. III.7.1 Y~ray activíty at the mass-separator co]lector

obtained as a response to a step functíon of the neutrón írradíatíon.
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TIEMPO (seg)

Fíg. III.7 .2 Same as Fíg. III.7.1 (expended scale).
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TIEMPO (seg)

Fig. 111.7.3 Same as ín Fig. III.7.1 (expanded
137

scale). The scale at the right corresponds to Te 

on ly.
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IV. RADIOACTIVITY

IV.1. The Spín of the 2198 keV Level ín and Multípole Míxing

Ratíos of Gamma Transítíons ín the Decay of A s .

M.C.Cambiaggio*, G.García Bermudez and M.Behar.

Ik 7^
The levels ín Ge populated by radíoactíve decay of As have been

1 2
extensively studíed by several authors ’ and the level scheme shown ín

Fíg. iV.1.1 was proposed. Wlthín the framework of the víbratíonal model, the

596 level ís ínterpreted as a one-phonon State while the 1204 keV and 1483

keV levels are ínterpreted as members of the two-phonon tríplet.

The sítuatíon wíth the 2198 keV level ís contradíctory. From decay

consíderatíons the appropiate assígnment seems to be 2^ and, consequently,

t h e  S t a t e  c o u l d  b e  í n t e r p r e t e d  a s  a  m e m b e r  o f  t h e  t h r e e - p h o n o n  q u i n t u p l e t .

However a dírect measurement ínvolvíng the spín of thís level by means of the

(p,p'y) reactíon^ favoured an assígnment of 1 to thís level.
Ih

The g r o u n d  S t a t e  and f í r s t  t w o  e x c í t e d  s t a t e s  o f  Se a r e  a l s o  p o p u l a t e d  

74
by the decay of As. The spín and parítíes of the ground and fírst excíted 

74
State of Se are w e l 1 known. However there are strong díscrepancíes ín the

assígnments for the 1270 keV level. Kubok et al. establíshed the spín as
+ + 2 i i 4 .

o or 4 ; Van Híse et al. suggested 1“ or 2“; and Coban et al. determíned

the spín as 2^.

The present experíment was undertaken ín order to resolve these díscre- 

pancíes ín ^^Ge and ^^Se usíng the y-y dírectíonal correlatíon techníque. The 

dírectíonal correlatíon system employed a fíxed coaxial Ge(Lí) detector and 

a 5cm X 5cm movable Nal detector. A conventional coíncídence system wíth a 

TAC was used. Data were collected at seven dífferent angles between the symme- 

try axis of the detectors. The coíncídence counts were normalízed and then 

computer-fítted to a dírectíonal correlatíon functíon of the form

W(0) = I B (1) A (2) P (eos 0) (1)
k=0,2,4

Numeráis (l) and (2) express the dependence on the propertíes of the fírst and 

second transítíon ín a cascade, respectívely. Q|̂ |̂  ís the geometrícal correc- 

tíon factor.
74

The spín of the 2198 keV level ín Ge can be extracted not only from the 

994 keV - 1204 keV angular correlatíon but also from the 994 keV - 6O8 keV 

one. The angular correlatíon coeffícíents obtaíned ín the fírst case aré only 

compatible wíth a 2-2-0 spín sequence as shown ín Fíg. IV.1.2, where the
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coefffcíents = Bj^(l)A|^(2) are represented as a functlon of the mixing 

ratío 6 for dífferent spín sequences. The deduced míxíng ratío 6 and quadru- 

pole contení (Q) for the 99^ keV transítion are

6(99^) = -2.8 ± 0.2 and Q = (89 ± 2)%E2

From the measurement of the 99^ keV - 608 keV cascade one obtaíns 

-3.80 < &{SSk) í -1.^0 and 93^E2 5 Q ^ U % E 2

The results of both angular correlatíons agree very well with each other and 

fíx the spin of the 2198 keV level as 2. Furthermore, sínce a negatíve parity 

would gíve an unlíkely hígh M2 admíxture for the 99^ keV transition, a 

posítíve parity assignment ís favoured for this level.

The results of the 635 keV - 635 keV cascade correspondíng to levels in 

Se ís only compatible with a 2-2-0 spín sequence as shown in Fig. IV.1.2. 

Although this result agrees with the directíonal correlation work of Coban et 

al. , there ís a difference in the measured mixing ratio; 6(635) = -2.6 ± 0.2 

in the present case whereas the valué reported by Coban et al. ís

6(635) = -(6 ± 2).

The spin assignment of the 2198 keV level and the measured muítipolarity 

of the 99^ keV transition (89^ E2) enables us to interpret the 2198 keV level 

In Ge as a member of the three-phonon quíntuplet. The calculated B(E2) 

ratios between the 99^ keV transition and the gamma rays decay ing to the two- 

phonon, one-phonon and ground state are:

B(E2;994)

B(E2;715)
= 0.5 ± 0.2

B(E2;994) -p ,
■B'(E2;l6b6) -

B(E2;99^) _ q , + ic 
bT eT Í T íW  - - 15

These results show that the 99^ keV transition is clearly enhanced compared 

with the transítions to the one-phonon and ground state; confirming the 

collectíve structure of the 2198 keV level in ^^Ge.

*
Universidad Tecnológica Nacional, Buenos Aires, Argentina.

 ̂ A.H.Kuboc, J.D.Kíng and H.W.Taylor, Nucí. Phys. A115 (1968) 625. 

^ J.R.Van Hise and C.Paperiello, Nucí. Phys. A 1 8 8 (1972) 1^8.

^ T.H.Curtís. H.F.Lutz and W.Bartoliní, Phys. Rev. C1_ (1970) I4l8. 

^ A.Coban et a l ., Partióles and Nucleí Zf (1972) 108.
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■jL
Ffg. IV.1♦1 Decay scheme of As.
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IV.2. A gamma-gamma Polarizad Directíonal Correlatíon Set-Up Using a 

Planar Ge(Li) Detector as the Polarimeter.

A.Fílevích, M.Behar and G.García Bermudez.

In nuclear spectroscopy studies it ¡s often suffíclent to measure the 

dírectíonal angular correlatíon of two subsequent gamma rays and its ínternal 

conversión coeffícient to obtaín the spín and paríty of the nuclear levels 

Involved in the cascade. However, there are many cases in which the experimen­

tal data do not allow to distinguish between the various spin assignments. For 

such cases the measurement of the linear polarization of one of the cascade 

gamma rays, combinad wíth the Y“Y angular correlatíon measurement, .is a method 

which often allows to resol ve the ambiguities mentioned above.

Recently, ypolarimeters based on a single, thin, Ge(Lí) detector and on 

the anisotropy of the compton effect wíth respect to the electric vector 

orientation, have been introduced (see Fig. IV.2.1 (a)). In these devíces the 

observed radiation incides perpendicularly to one of the thin edges of the 

crystal which works both as compton scatterer and absorber.

A y-ray polarimeter of this type has been constructed using a 25x25x4 mm 

Ge crystal, mounted in a horizontal cryostat with one of the narrow edges 

facing a thin aluminium window. Well known y-ray sources in punctual configura- 

tion were used to center the crystal and for efficiency calibration (Fig.

IV.2.l(b)). In order to determíne the efficiency of the polarimeter, the 

movable detector was rotated in the 90° - 180° - 270“ sequence and the 

asymmetry was measured. The asymmetry 8 is related to the efficiency Q by

B
^ N// 1 - PQ 

where PQ is defined as

pn W(90M80° ) - W(90°.180°)
^  w (90*‘,180°) + W(90“’l80'’)

It has been found that Q is approximately constant in the energy range

O.A-1.3 MeV for the present device. The weighted average yields a valué 

Q = 0.15'* ± 0.012 (see Fig. IV.2.Ib).

In order to decide whether a measurement of the y-yÍLP) correlatíon can 

help to establish spins of nuclear states, the valué of the asymmetry B for 

the cascades more frequently found in spectroscopy studies have been plotted 

in Figs. IV.2.a and IV.2.3. The first transitíon in the cascade has a mixing 

ratío 6 (whose sign convention was adopted from Ref. 2), polarization P and
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electríc character. It has been assumed that the second transítion ¡s puré.

The solfd angle correctíon ís less than 6% for the J = 1-2-0 cascade 

and less than 3^ for all other cases. The asymmetry for the magnetic case can 

be easíly obtalned from

-1
6(mag) = e(el ec)

The tabulated valúes of the asyrmetry 3 are avaílable upon request.

’ A.E.LItherland, G.T.Ewan and S.T.Lam, Can. J. Phys. 48 (1970) 2320.

^ K.S.Krane and R.M.Steffen, Phys. Rev. C2 (1970) 72A.
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LINEAR POLARIZATION EFFICIENCY

a »  t

'9• IV• 2.1 (top) Pr inciple of the polarimeter based on á single

Ge(Lí) crystal.

(bottom) Polarization efficiency measured for the 

present device.
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&

Fíg. IV.2.2 Plot of the asymmetry B as a function of mixing 

ratío 6 for different multipolaríties (Even transitíons).
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151

Fig. IV.2.3 Plot of the asymmetry 6 as a functlon of mlxlng 

ratfo 6 for different multipolaríties (Odd transítions). Levéis 

labelled 11, 9, 1 should read 11/2, 9 / 2 ...... 1/2.
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IV.3. Spin of the 1248 keV and 1958 keV Leveis in Determíned from

Y-Y Dfrectíonal and Polarization Dírectional Correlatfons.

M.Behar, G.García Bermudez, A . F M e v í c h  and M.C .Cambíaggio*.

12k
The nucleus Te has been extensívely studíed and, as a result, a decay 

scheme has been proposed (Fig. IV.3.1). For certaín levels however, the paríty 

assignment ís not unique. Such are the cases of the 1958 keV and 12^*8 states 

for which the experimental data is c o m p a t i b l e ^ b o t h  wíth and = 3^-

In order to determíne the spín and paríty of these levels y~y dírectíonal 

angular and línearly polarízed correlatíons have been measured, employfng the 

techníque descríbed ín the preceedíng work. For the y-yí©) correlatíon the 

detector angle 0 was varied to 7 dífferent posítíons. A careful background and 

chance coíncídence substraction was performed.

The results of the measurements of the Y"Y(0) correlatíons do not allow 

to dístinguísh between the possible spín assígnments of J = 4-2-0 or J * 3-2-0 

for the 646-603“keV cascade or J = k-k~2 or J = "i-k-l for the 709"646-keV 

cascade. Even measurements of the conversión coeffícíent yíeld contradíctory 

assígnments for the mu 11ípolarítíes of these y-rays.

To resolve these ambíguítíes the Y"Y(90°LP) correlatíons were measured by 

acceptíng the fírst transítíon of the cascades ín the polarímeter and the 

second transítíon ín the movable detector. From the results of thís measure- 

ment (see Table IV.3.1) ít can be concluded wíthout ambíguíty that the only 

spín and paríty assignment compatible wíth experimental data ís = 4 for 

both the 1958 keV and the 1248 keV levels. These assígnments are in good agree- 

ment wíth theoretícal predíctions. It can be added that on the basís of the 

present results the 709 keV transítíon has a puré MI character.

Universidad Tecnológica Nacional, Buenos Aires, Argentina.

 ̂ R.P.Meyer, W.B.Walters and R.C.Ragaini, Nucí. Phys. Al27 (1969) 595»

^ Z.W.Grabowsky, K.S.Krane and R.M.Steffens, Phys. Rev. C3 (197D 1649.



69

Table IV.3.1

Results of the Y"Y(90°LP) correlatíon mea su remen ts In

Cascades Spín sequence
X. <L+1>
•5“ <L>

g

theor
3
exp

6i*6 - 603 3^ - 2^ - 0^ 0.25 ± 0.01 0.930

-  2*' - 0"̂ 0.00 ± 0.01 1.051 1.055 ± 0.010

709 - 6i*6 3* - - 2^ -0.1»3 ± O.Oi» 0.893

. 2-" 0.02 ± 0.06 1.110 1.095 ± 0.030
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’“ Te52 ^^72

F í g . IV. 3.1 Level Scheme of
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IV.A. Spin of the 2350 keV. 2516 keV and 25^7 keV Levels \n

Determíned from Y-Y Dírectíonal and Polarízatíon Dírectíonal 

Correlations.

G.Garepa Bermudez, A.FIlevích and M.Behar.

1AO
The nucleus Ce has been extensívely studíed in the past baslcally

because it Is one of the seven stable fsotones wíth magíc number N - 82. These

(nvestígatíons led to the level scheme shown ín Fíg. IV.^.1. SpIn and parlty

assignments of almost all the low lyíng states were made from the studíes of
1 ̂ 0

the radioactíve decay of La and from the conversíon electrón work of 
2

Karisson et al. . However, uncertafntíes tn spin assignments of several levels 

still subsíst. Such is the case of the 2516 keV level where an asslgntrient of 

“ 3~» ^ has been p r o p o s e d ^ a n d  also of the 25^7 keV level where the 

suggested assignment ís = (1,2)^. The situation wíth the respect to the 

2350 keV is contradictory. Baer et al.^ based on the conversión coefficient 

data of Karisson et al.^ made an assignment of =* 5 to this State. However 

Kalinnikov et al.^ concluded that the most probable assignment fs = (^,5)^.

The present experiment was undertaken in order to clarify this situation 

by using y-y directional correlation and y~y polarized directional correlation
1 i|Q

techniques. The radioactivo source La was produced by the Buenos Aires RA3 

Reactor. The directional correlation system employed a fixed coaxial Ge(LÍ) 

(resolution 2.3 keV at 1.33 MeV and 6% efficiency) and a 7*5 cm x 7.5 cm 

movable Nal detector coupled to a conventional coincidence system using a TAC 

converter. The window was set on the 1597 keV transition detected in the Nal 

crystal and the coincidence counting rate was determined for seven different 

angles. After a straightforward analysis the angular correlation coefficients 

A2 and A|̂  were obtained for several cascades.

The correlation of the 432 keV transition de-exciting the 2516 keV level 

has been measured through the triple cascade ^32 - (487) " 1597 keV. For this 

special spin sequence the analysis is reduced to a simple case Ín which the 

oniy possible sequences are J = 3"4-2 and J = 4-4-2. Fig. tV.4.2 shows a 

parametric plot of A2 and for different valúes of the mixing ratio ó esta- 

blishing an unique spin determination for the 2516 keV level of J = 4 and a 

mixing ratio 6(432) = 0.54 ± 0.10.

The spin of the 2547 keV level was studíed through the 951 - 1957 keV 

cascade. The result, also shown in Fig. IV.4.2, determines a spin of J = 1 and 

a mixing ratio 6 ( 9 5 0  =• 0,10 ± O.O3 for the 951 keV transition.

The spin of the 2350 keV level could not be determined oniy on the basis 

of the measurement of the angular correlation of the 267 " 1597 keV cascade.
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because the experimental results allow dífferent valúes of the mixíng ratio 

for the 267 keV transítíon. For thís case a measurement of the linear pola- 

rizatíon of the 267 keV transítíon was undertaken usíng the polarímeter 

described earlier in Sec. IV.2. The results of this measurement, displayed In 

Table IV.A.1, determines the spín and paríty of the 2350 keV level as = 5 1 

and the mixing ratío of the 267 keV transítíon as 6(267) “ 0.39 ± 0.05.

Fig. IV.^.l shows a partíal decay scheme of ^^^La compared to a shell
li

model calculatíon of Wlldenthal .

H.W.Baer, J.J.Reídy and M.L.Wiedenbeck, Nucí. Phys. (1966) 332. 

S.E.KarIsson, B.Svahn, H.Pettersen and G.Malmsted, Nucí. Phys. A100 (1967) 

113.

V.G.Kalínnikov, K.I.Ravn, H.G.Hansen and N.A.Lebedev, Bull. Acad. Scí. USSR, 

Phys. Ser. ^  (I97I) 815.
B.H.WíIdenthal, Phys. Rev. Letters 22 (1969) III8.

Table IV.^.1

1
Results of the linear polarizatíon measurement in Ce

Cascade
(keV)

Spín sequence 6 ^theor
6
exp

267 - 1597 k" 0.13 ± 0.05 0.905

0.13 ± 0.05 1.104

5~ 0.39 ± 0.05 1.080 1.065 ± 0.029

5" A"" 0.39 ± 0.05 0.926
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3 - E(keV)

-d,2)+ 33197 

-{1,2)+ 3118.3

-(1,2)+ 2899.7

'“c e
58 82

25Á75 
2521.8 
2516.1 
2ii81.3 

3- 2-Í64.4 
IIAIU

21081 

A+ 2083.5

1903.3

2+ 1596.4

0+ 0.0

O 
6 +
A +

2 +

0 +

Fig. IV.A.1 Partí al decay scheme of ^^°La compared with the shell model 

calculatíon of Ref. k.
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IV.5. Gamma-Gamma Coíncídences and Electron Conversión Measurements ínTzrr ■ ”
La.

A.N.Proto, D.Otero and E.Achterberg.

1^1
The Ba activity was produced at the on-line mass separator and col- 

lected ín order to perform off-line measurements. After an írradíatíon períod 

of 20 minutes and a waiting period of 1 minute, the y f a y  spectrum was recorded 

for another 20 minutes. We measured about 150 sources in this way, in order to 

record 10^ events for the 190.^0 keV y-ray transition.

From these measurements we can assign 137 Y'fays to the decay of 

The intensity of the y r a y  transitions, in percent of B d i s i ntegrat ions, was 

determined relative to the 135^.52-keV transition of the decay of ^^^La, whose 

intensity is well k n o w n \  This was done by means of a procedure similar to the 

one described in Ref. 2.

The Y"Y coincídence results obtained after a 50 hour run are summarized 

ín Table IV.5.1. The events collected for the coincidence between the 190.40 

and 276.93 keV y-ray transitions amount to 8 x 10^. The quantitative analysis 

of the results was restricted to the intense transitions although it was 

possible to identify random coincidences in all cases.

The conversión coeffícíents are collected in Table IV.5.2. The assigned 

multípolarities were obtained by comparison with theoretical valúes of Hager 

and Seltzer^,

14l
The level scheme proposed for La is shown in Fig. IV.5.1. Twenty two 

levels are established by Y“T coincidence results, another 4 levels, placed 

at 902.5 1 , 2293.69, 2469.^5 and 27^3.53 k e V , are only supported on energy sums 

and intensity balance, they are connected to other levels by at least 5 transi- 

tíons, and they were found through the LEVEL program .

From the intensity balance for the level at 580 k e V , we can place a limit 

to the conversión coefficient of the 68.07 keV transition to a < 25 which 

ímplies eíther El or M1/E2 muítipolarity assignment.

The consistency of the level scheme is supported by the quantitative 

analysis of the coincidence results. The numbers shown in parenthesis in the 

thírd column of Table IV.5.1 represent the ratio between the coincidence and 

single intensitíes normalized to the single intensity of the gating transition. 

The constancy of these numbers show the validity of the assumed level scheme 

(Fig. IV.5.1). All numbers in this column are normalized to the 190.^0 - 276.93 

keV coincidence intensity.

The 12 levels proposed by Mcisaac and Murri^ are confirmed. The levels at 

1039.3 , 1^25.9, 1566.2 , 2216.9, 2375.96, 2385.9 and ZkkO.7 proposed in Ref. 1 

are not consístent with our Y"Y coincidences or energy results. The level at
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2180.5 keV was not found as we do not detect the y r a y s  of 1É00.2 and 1877*3 

keV. On the other hand we establísh new levels at 752.09i 902.51, 1137.15, 

163^.20, 2293.69 and 27^3-53 keV.

’ R.L.Auble, Nuclear Data ^  (1973) 175.
2

D.Otero, A.N.Proto, F.C.Iglesias, Phys. Rev. C (to be published). 

^ R.S.Hager and E.C.Seltzer, Nuclear Data AlO (1971) 206.
— —

E.Achterberg, prívate communícat¡on (1974).

^ L.D.Mc Isaac and E.L.Murrí, Nucí. Phys. Al56 (1970) 212.
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Table IV.5.1

Quantitatíve coíncídence results

(a ) Dírect Colncídences

Intermedíate 
level (keV)

a)
Gate
(keV)

Colncídences 
(keV)

b)

190.3A (5^.8)

304.19 (25.8)

i*67.19 (32.6)

580.18 (2 .5)

190.í»0

30i».l8

276.93

462.24

113.08

389.72

276.93 (54.8)‘̂\  389.72 (55.3), 

457.50 (56.4), 739.09 (55.9), 

876.22 (54.8).

163.41 (26.5), 343.66 (25.4),
)

625.14 (27.6), 1197.59 (28.3). 

113.08 (32.8), 180.82 (29.0), 

364.33 (30.7), 462.24 (30.8). 
467.18 (3 1.0).

349.26, 609.10 , 1264.58 : (3.0)

349.26, 609.10 , 1264.58, 1346.54

d)

(2 .2)d)

(B) Indírect Colncídences

Intermed i ate 
leveis (keV)

e)
Gate
(keV)

Colncídences
(keV)

b)

467.19 - 190.34 
(26.2 )

190.40 113.08 (23-6), 180.82 (28.5), 

364.33 (2,8.2), 462.24 (24.9). 

349.26, 609.10, 1264.58, 1346.54 (2.2)580.18 - 190.34 190.40 

(2 .2)
a) Total transítíon íntensíty whích depopulates the level in parenthesís.

b) Quantítatíve coíncídence results ín parenthesís, the estímated errors vary 

between 2 and 20^, dependíng on the íntensíty.

c) NormalízatIon valué (see text).

d) Average valué for the U s t e d  coíncídence transítíons.

e) Intensíty connecting ínítíal and final Intermedíate levels ín parenthesís.

d)
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Table IV.5.2

1^1
K - Conversíon-Coefficients of Transítions ¡n La

Transítíon ,
energy x 10 Mu 11 i polar í ty
(keV) assígnment

113.08 1i*6 ± 30 El

190.í*0 172 25 MI - E2

276.93 53 8 MI - E2

304.18 34 5 MI - E2

3^3.66 22 3 E2 (< 15^ MI)

A57.50 15 3 MI - E2

í*62.24 16 Í4 MI - E2

A67.I8 8 2 E2
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V. NUCLEAR STRUCTURE

V .1. Shape-Phase Transitíoners as Paíring Back-Benders»

R.P.J.Perazzo and S.L.Reich.

1 2
Recently ’ a considerable effort has been invested ín understanding the 

detai 1s of the phase transitíons that may be induced by a large enough angular 

momentum (back-bendtng of rotational bands). Taking advantage of the cióse 

paral leíism that can be drawn between the paíring and quadrupole collective 

descríptions, one can empirically define a "gauge" angular velocity and a 

pairing moment of inertia as:

Em + AM ' 2J (H) 2(M - M.) + 1

where M is the number of paírs (the closed shell is filled with pairs) and 

E|̂  is defined ¡n terms of the experimental binding energy

<*o> ■ • "o* <2>

The parameter a is determined with the condition = E _ ^  The above empírica!

distríbutíons of and were used to plot several pairing bands (Fíg. V.1.1).

The Sn isotopes were chosen as an example of a good pairing rotational band,

whíle the Pb isotopes as a good pairing vibrational band. These two features

are faithfully reproduced by the corresponding vs plots aside from some

anomalous behavior of the last members of Pb removal branch. This is in turn

consistent with an irregular valué of the (t,p) cross sections. The Sm, Nd and

Gd bands display the pairing equivalents of the Mottelson-Valatin effect. The

"back-bending" pattern arises when the shape-phase transítion takes place.

This effect can be phenomenologically ínterpreted in terms of the

hybridization of two bands, one spherical and the other deformed. A calculatíon
2

along this U n e  has been performed for the Sm case assuming a E u = AM + BM 
2 spn

and = A'M + B'M + C  coupled through a -DM term. The free parameters A,
2

B, A', B', C* and D* were adjusted through a x minimization and the results 

are displayed ín Table V.1.1,

A more complete versión of this work has been published^.

 ̂ A.Johnson and Z.Szymansky, Phys. Rev. £7 (1973) l8l.

^ R.Sorensen, Rev. Mod. Phys. (1973) 896.
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^ R.P.J.Perazzo and S.L.Reich, Phys. Lett. 55B (1975) 35^.

^ T.Takemasa, M.Sakagamí and M.Sato, Phys. Lett. 37 (1971) ^73.

Table V.1.1

M A g.s.energy

theo exp
exc.energy

theo exp

aa)

thís calc.

V a®) 
ref .4

V

0 Ikk 0.0 0.0 2.835 - 1.000 0.000 - -

1 ¡k6 2.231 1.909 4.180 - 0.999 0.034 - -

2 1k8 U,830 ¡tASí 6.084 5.491 0.994 0.108 1.0 0.0

3 150 7.717 7.728 8.627 8.982 0.962 0.274 0.92 0.34

¡t 152 10.82Í» 10.964 11.876 12.055 0.412 0-911 0.37 0.91

5 15^ U . 2 8 1 14.213 15.703 15.431 0.314 0.950 0.0 1.0

6 156 18.193 18.258 20.001 - 0.279 0.960 - -

a)
The ground State wave functíon ís = a|sph> + u|def>.
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Fig. V.1.1 The pairing moment of ínertia Jp as a function of for

varíous pairing bands. The linear term was defined as described in the

text, except the GD band because B (^^^Gd) and B (^^^Gd) are un-
€ 0

known. In this case the valué of a was extrapolated from the known 

valúes a(Z)56 < Z < 62.
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V .2. Interplay between Shape and Paíríng Deformatíons ín N u d e í .

E.S.Hernández , R.P.J .Perazzo and A.Plastlno*.

The finita Fermi systems such as those occurring in Nuclear Physics allow 

a detailed analysís of the interplay between shape and pairing deformatíons, 

and of the phase transitions associated with these degrees of freedom. The pur- 

pose of this work is to discuss some of these effects withln the framework of 

a schematic model which allows for investigation of the role of either particle- 

hole or partícle-particle parts of the forcé near a phase transítion.

The model consísts of a two single-parti ele (s.p.) levels with the same

shel1-degeneracy j + 1/2) and orbital quantum number The 2fi ¡dentical

nucleons ínteract through a pairing plus quadrupole (P + Q) forcé . The proper-

ties of the ground-state of such a system can be tacl<led from several poínts

of view. The simplest approach corresponds to a Nílsson plus BCS (NBCS)
2

calculation . A more involved treatment, which corresponds to a better choíce 

of the s.p. basis, consísts of a Hartree-Fock + BCS calculation (HF BCS)^. 

Undoubtedly however, the most correct approximatíon which considers both 

parts of the ínteraction on the same footing, is provided by the Hartree-Fock- 

Bogoliubov formalism (HFB) .

Wíthin the three above mentioned treatments we study the properties of 

static observables of this many-body system, such as the pairing potential 

(gap) A and the quadrupole moment <(!>. From examination of the gap as a 

function of K (in units of K°) we observe that (see Fig. V.2.1) a self-consis- 

tent treatment that considers the short and long-range part of the interactíon 

on an equal footing results in a large predominance of the quadrupole effects 

which considerably diminishes the gap from its BCS valué. There is an oscílla- 

tíon ín A near the critícal valué K = K°, which is in correspondence with the 

appreciable overshooting in <Q,> (Fig. V.2.2). We can also notice that a wholly 

self-consistent handling of the ínteraction (HFB) turns a sharp-phase transi- 

tion such as the one occurring wíthin NBCS and HFBCS into a smooth one. Further- 

more, we realíze that self-consístency favours deformatíon. It ís interesting 

to note that the péaks in A and <Q> account for a drastic loweríng of the 

ground state energy which ís almost a "deformatíon energy". We may conclude 

that in the región of the phase transítion the interplay between the two forces 

ís decided in favor of the long-range one, as evidenced by the fact that the 

gap drops almost to zero.

The behavior of A as a function of G/G° (G° = examined

from Fig. V.2.3. We see that a HFB description provídes a smooth transítion and 

that for G > G° the absolute valué of A ís lower than the BCS one. The absence 

of a Sharp rising in A should then Invalídate the concept of a crítical
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couplíng strength wíthín a HFB framework. As we look at <Q>, dísplayed ín 

Fíg. \¡.2.k, we can assert again that self-consístency favors deformation and 

tends to elimínate discont¡nuítíes associated wlth settíng G = G (k). The 

classical competítíon between shape and pal ring deformation appears in the 

fact that all curves in Fíg. V.2.^ approach zero as G grows.

We belíeve that these results clearly show the importance of a self- 

consístent handling of the ínteraction in order to obtain a smooth behavior of 

the static moments of the nuclear syste.

Department of Physics, Universíty of La Plata, La Plata, Argentina.

’ J.Hoegaasen - Feldman, Nucí. Phys. 28 (1961) 258.
2

D.R.Bes and R.A.Sorensen, Advances in Nuclear Physics, vol. 2, (Plenum Press, 

N.Yorí<, 1969).

^ G.RÍpka, Advances ¡n Nuclear Physics, vol. 1, (Plenum Press, N.York, 1966).

^ M.Baranger, Phys. Rev. 12^ (1961) 992.

^ S.T.BeIyaev, Mat. Fys. Medd. Dan. Vid. Selsk. 3 1  (1959) N“ 11.
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6 k

Fig. V.2.1 The absolute valué (in MeV) of the pairing moment 

(gap) A agaínst the quadrupole couplíng strength k = </<° • The 

pairing strength g = G/G° has been kept constant at the valué 

1.5- The units and G° are, respectively, the critical quadru­

pole and pairing strength, obtained for each forcé in absence 

of the other.

6 k

Fig. V.2.2 The same as above but for the absolute valué of the 

quadrupole moment (in arbitrary units).
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FIg. V.2.3 The absoluta valué of the pairing moment A (in MeV) 

as a functlon of the paíríng forcé strength g = G/G°- The quadru- 

pole constant k = k /k° has been kept constant at the valué 1.5.

Fig. V.2.A The same as above but for the absolute 

valué of <Q> (ín arbítrary units).
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V ,3. Properties of Síngle-Partícle States ín the Pb Región.

S.L.Reich, H.M.Sofía and D.R.Bes.

207 209 207 20^
The properties of s ing le-partícíe States of ’ Pb, TI and Bi are

obtained by subtracting from the empirical valúes the dressing effects of the

multipole particle-hole and paíring phonons.

The difference between the present calculation and a previously reported

one lies ín the fact that we include the effects associated with the paíring

forces. However, effécts associated wíth the contínuum are not explicitely ta-

ken ínto account, since harmonic oscillator wave functions are used.

The ínteraction hamiltonian depends linearly either on the particle-hole

or on the paíring collectíve variables. Al 1 possible time-ordering of the
2

vertices appearing diagramati cally ín perturbation theory up to second order 

are included. This ínteraction takes care of violatíons of the Paulí principie 

and of spurious effects associated with the overcompletness of the basis. The 

hamiltonian can be written as:

H.  ̂ - Z,A(a,X) 
int a,X r'^ía.X) + (-)^ r(-a,X)l Q'"(a,X)

where r^(a,X) creates a boson (a = O implies particle-hole and a = ±2 paíring 

bosons). The Cl(a,A) are the 2^ poles operators connected with the paíring and 

particle-hole fields. The couplíng strengths A(a,A) are determined by the 

boson frequencies and single-parti ele energíes through the RPA relations.

In lowest order the corrections of single partióle energíes are given by 

the graphs of Fíg. V.3.1. A least square fít for the relative excitation ener­

gíes was performed wíth the aíd of the routine MINUIT. The "bare" energy 

differencies were used as minimization variables taking as data the experimen­

tal single partícle plus the collectíve phonons that appear in the low energy 
208

spectrum of Pb.

We have studied the modifícation of the single-parti ele states which are 

produced through admixtures with collectives states of normal parity. The 

amount of this admixtures was checked by calculatíng the decrease in the cross 

sections corresponding to one-body transfer processes and by studying the 

electromagnetic transítions between these states.

A more complete versión of this work can be found in Ref. 3.

 ̂ I.Hamamoto, Nucí. Phys. A205 (1973) 225.
2

B.R.Mottelson, J. Phys. Soc. Japan Suppl, ^  (1968) 87.

^ S.L.Reich, H.M.Sofía and D.R.Bes, Nucí. Phys. A233 105.
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FIg. V.3 .1 Graphs representíng the four processes givíng 

rfse to the correctíons of the sIngle-partlele energíes.
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V.4. Nuclear Fíeld Theory

Part of the effort of the Theoretícal Nuclear Physics Oivíston was devoted 

to the establ¡shment of a theory of the particle-vibratIon couplíng or nuclear 

fíeld theory.

The elementary modes of excítatíon of nuclei are found to compríse partly 

collectíve (boson) excítations assocíated with paírs of fermlons as well as 

single fermíon excítatíons whích are descríbed approxímately by independent 

particle motíon.

Both modes of excítatíon are orígínated ín the fermíon degrees of freedoru 

and therefore are not independent. One ís thus faced wíth the problem of 

explaíníng the consequences of the Paulí principie assocíated wíth the ídentlty 

of the nucleons that appear ín the collectíve and particle modes as well as the 

factors resultíng from the non-orthogonality of the elementary excítations.

In 1952 Bohr suggested a phenomenologícal structure for the couplíng

hamíltonían between both types of excítations involving a linear coupling which

conservad the number of partióles or holes as shown in Fig, V.4.l(a). In 1968
2

Mottelson showed that it was necessary to introduce also the extra couplíng 

terms shown in Fig. M.k.^{b) to treat correctly the Paulí principie víolatíons 

at least in the lowest order of perturbation theory.

(a)

Fig. V.4.1

Important questions related to this approach remaíned stíll unanswered at 

this point, namely whether the Paul i principie was taken into account ín hlgher 

orders than the first one; the extent to which the ínitial two-body ínteractíon 

was taken into account; and whether non-linear couplíngs wfth the phonon 

coordinates weré required. To answer these questions the partícle-víbratíon 

couplíng was applled to simple but meaningful models. In each case there was 

a puré fermíon H and a fíeld Hamíltonían gíven by

H = H +
sp tb

H' + H' + H. + H 
f sp tb b pv

where Hgp> are independent fermíon hami 1 tonians, are two body
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¡ nteract ¡ons, ¡s an independent boson hamí Itonlan, and H ¡s the partfcle- 

vibration interactíon. In order to establísh equívalence between the results 

obtaíned from H and , different prescn'ptíons for the constructíon of 

were emplrically determinad by tríal and error. The earlíer prescn'ptíons 

yíelded oniy an approximate equívalence^. Fínally a complete equívalence was 

establíshed. Thís ís descríbed ín the followíng pages.

’ A.Bohr, Kgl. Dans. Vid. Seis., Hat. Fys. Medd. 26 (1952) N“ 14.
2

B.Mottelson, Suppl. J. Phys. Soc. Japan 2 ^ (1968) 87.

^ D.R.Bes, J.A.Evans and N.C.Krauss, J. Phys. A 6 (1973) 6.

V .4.1. Nuclear Fieid Theory as a Hethod of Treatíng the Problem of Over- 

completness ín Descriptions Involvlng Elementary Modes of Both 

Quasí-Partícles and Collectlve Type.

D.R.Bes, G.G.Dussel, R.A.Broglla*, R.LIotta** and B.R.Mottelson^.

It was shown that for a monopole partícl«"hole forcé, Including only for- 

ward vertices, the graphlcal perturbatlon treatment of nuclear ffelds 

converges to the exact solutfon. The rules to be used to obtaln thís agreement 

are the followíng:

1. In Inítíal and final states proper diagrams Involve collectlve modes and 

partícle modes; however they do not ínclude a partlcle confIguratlon that 

can be replaced by a comblnatlon of collectlve modes.

2. The perturbatíve hamíltonían must be the two-body fermíon hamíItonlan plus 

a fermion-boson hamiltonian derlved for thís forcé.

3. The ínternal U n e s  of diagrams are, however, restricted by the exclusión of 

diagrams In whích a particle-hole Is created and subsequently annihllated 

without having partícipated in subsequent interactions.

í*. The energies of uncoupled particles are given by the H.F. energies and the 

ones corresponding to  the phonon flelds by the S o l u t i o n s  of the R.P.A. The 

contributíons of the allowed diagrams are evaluated with the usual rules of 

perturbatlon theory.

A more extensive versión of thís work is published In Phys. Lett. 52B 

(197Í*) 253.



\l.k.2. Símultaneous Treatment of Surface and Paíring Nuclear Fíelds.

D.R.Bes, R.A.Broglia*, G.G.Dussel and R.Liotta.

The nuclear field treatment was applled when both the surface and paíring 

nuclear fíelds were present. In particular the amplítude for the ínelastíc- 

surface excítatíon from a partícle state to a p a r t i d a  times part icie-hole 

phonon state and to a hole times a pairíng phonon was evaluated ín a two level 

model. For more detaíls see Phys. Lett. 56B (1975) 109.

V .A .3. The Normalization of States in Perturbatíon Theory.

D.R.Bes, G.G.Dussel and H.M.Soffa,

Since the norma 1ization of the perturbed states ís needed in the calcula- 

tion of transition matrix elements, we developed a simple method to normalíze 

the perturbed states in different perturbatíon theories. In the Rayleigh- 

Schroedínger treatment the square of the norma 1 ization coeffícient is just the 

derivatíve of the energy with respect to the unperturbed energy. In the 

Bri1louín-Wígner and Bloch-Horowítz perturbatíon methods it was aiso possible 

to establish a connection between the norma 1 izatíon coefficients and the 

derivatíves of the energy. As consequence, the diagramatic perturbatíon expan­

sión for the norm of a state ís the same as the corresponding expansión for the 

energy, except for a simple change ín the calculatíon of the energy denomina- 

tors.

V.k.k. The Nuclear Field Treatment of some Exactly Soluble Models.

D.R.Bes, R.A.Brog 1 ia'', G.G.Dussel, R.Liotta and H.M.Soffa.

The nuclear field treatment was applied to simple but physícally meaning 

full models, which are exactly soluble both with the fermíon and field treat­

ment. The two methods gíve identical results if they are carríed out to all 

orders In perturbatíon theory.

The first model used consisted of degenerate parti ele-hole excitatíons and 

a monopole particle-hole ínteractíon. A detailed discussion of how the Paul i 

correctíons are done was presentad for the odd system. These corrections affect 

not only the energíes but also the transition rates and the norms of the states. 

By partially lifting the particular degeneracíes of the model, it was shown 

that the agreement does not depend on these degeneracíes.

The basic set of states is also overcomplete, since we include both
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partióles and phonon degrees of freedom. Even the proper states (to whom the 

ínítíal and final states are restricted) are too many as compared wlth the 

States of the fermion treatment. An example of thís situation ís díscusse.d ín 

detaíl for the case of two non-degenerate part¡cle-hole excítatíons, where 

there are two proper particle-phonon states wíth the partícle ín a fixed state 

<(>̂ , whíle there ¡s only one two-partícle-one-hole antisymmetríc fermion state 

with the odd particle in the state cj)̂. One of the states obtaíned ín the fíeld 

treatment has all the correct properties whíle the matríx elements populatíng 

the second one vaníshes. In thís way the fíeld treatment corrects for the over- 

completness of the basís. Thís overcompletness is íncreased when paíríng pho- 

nons are Included. The fíeld treatment, however, reproduces the exact results 

also ín thís case.

V.^.5 Application of Nuclear Fíeld Theory to Monopole Interactíons whích 

Include all the Vertíces of a General Forcé.

D.R.Bes, R.A.Brog1ia*, G.G.Dussel, R.J.Líotta and H.M.Sofra.

The fíeld treatment was applied to monopole paíring and monopole partícle- 

hole ínteractíons in a two level model of degeneracy 2fi.The interactíons used 

included not only TDA and RPA vertíces but also scatteríng vertíces; therefore 

the problems treated here have most of the complexíties of real nucleí. Yet 

the model requírements are sufficiently simple makíng ít possíble to closely 

compare the fíeld diagramatíc expansión wíth those of a puré fermion treatment 

of the residual ínteractíon. We compare magnitudes whích are algebra i cally 

obtaíned. In spite of the non exístance of a cióse solutíon, thís is stíll 

possible ín the present case, since there are only two adimensíonal parameters 

in the model that we choose as 1/Q and the ratio X = ní^/e where n is propor- 

tional to the strength of the residual ínteractíon and e is the splitting 

between the two levels. Any physical quantity Y can be obtaíned as

Y = E a X" n""’ 
nm n ,m

A perturbatíve fermion treatment corresponds to an expansión in powers of

X whíle in the field treatment each graph contríbutes to a certain order ín

n ; in particular the RPA is exact in the límít of infinite degeneracy, and

thus gives rise to the coefficients a (n arbitrary).
n j O

We found agreement between both treatments for the energies of the ground, 

one-phonon and particle-phonon states as well as the inelastíc scatteríng and
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two particle transfer matríx .element for the even systems up to order ñ .

We heve also treated the problem of a non-separable interactlon by

Includíng the exchange components of the forcé ín the constructíon of the

phonon. In thís case another rule must be taken into account: íf ín a given

díagram, there ís a fermion Iíne°and a particle-hole boson U n e  ¡n parallel,

we must subtract another díagram ín whích the phonon ís replaced by a paír of

(non-ínteractíng) partícle-hole línes.

A calculatíon whích íncludes al 1 the  ̂ díagrams appears to be feasíble

ín actual nucleí, both for schematíc and rea 1 istíc forces. The shell-model

degeneracies ín actual nucleí are probably suffícíently large so that we may

be satísfíed by the correctíons of order íí . Both the number and the
_2

complexítíes of the díagrams ínvolved in a calculatíon of order become 

extremely large and such calculatíons wíll probably oniy be performed for 

very specífíc cases.

-2

V.4.6. On the Fíeld Treatment of a General Two-Body Interaction

D.R.Bes, R.A.Brog1ía*, G.G.Dussel, R.J.LÍotta and R.P.J.Perazzo.

It ís shown that there ís a holomorphíc mappíng between the Feynman día­

grams correspondíng to the puré fermion Hamíltonían and to the fíeld Hamílto- 

nían. The subset of fermion díagrams whích differ only wíthín a particular 

section and such that thís section represents the propagation of a partícle- 

hole paír ís replaced by three díagrams wíthín the fíeld treatment. The two 

díagrams correspondíng to the zeroth and fírst order propagators remaín as ín 

the fermion treatment and a single díagram contaíning a phonon substítutes the 

remainíng elements of the subset.

In addition the fermion Hamíltonían and the fíeld Hamíltonían yíeld íden- 

tical valúes for the two-partícle propagators, províded that the phonon 

frequencies and the strength of the particle-phonon vertices are adequately 

calculated. The RPA is the most convenient way (but not the most general way) 

of obtaining these quantities. Similar consíderatíons are made for the vertices 

correspondíng to any external one-body operator.

The fíeld Hamíltonían treats the fermion and phonon degrees of freedom on 

an equal footing. The product eigenfunctions correspondíng to the zero order 

KamiItonían constítute an adequate basis for the many body problem, sínce 

they take into account an important fractíon of the residual two-body interac- 

tíon. The diagramatic expansión of the residual terms provide a systematic way 

for correctíng all the different errors íntroduced ín the basis: víolations of
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the Paulí principie, overcompletness of the basis, effects of the two-body 

interaction whích are not included In the zero-order wave functíons, etc.

Niels Bohr Institute of Copenhague, Denmark and Physics Department, State 

University of New York at Stonny Brook.

Niels Bohr Institute of Copenhague, Denmark.

^ NORDITA, Copenhague, Denmark.
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VI. NUCLEAR REACTIONS

VI.1. Two-Nucleon Strípping Reactíons Populatíng Isobaríc Multfplets.

O.Dragún, D.R.Bes and E.E.Maqueda.

The direct two-nucleon transfer reactíons leadíng to members of an 

ísobaric multíplet have been subject of detailed studíes, particularly In the 

región 40 5 A 5 56 (ref. l). Because of ínvaríance under rotations In isospace, 

the cross sections of the (t,p), (x,p) and (t,n) reactíons populatíng states 

belongíng to the same multíplet, should be related by geometrícal consíderatíons. 

The facts that these relatíons are not fulfílled when usual DWBA procedures are 

performed , and that ísospín conservatíon ís such a basíc nuclear symmetry, 

point to díffícultíes.

We have worked wíth dístorted waves of defíníte ísospín ínstead of the 

usual charge-defíned basís. In the latter basís the Coulomb potentíal ís diago­

nal and the ísovector potentíal ("Lañe potentíal") couples the dífferent chan- 

nels and thís couplíng ís not usually taken ínto account. In the representatíon 

ín whích the total channel ísospín ís a good quantum number, the Lañe term ís 

diagonal. The couplíng terms now result proportíonal to |AE^ - ^(r)| , the 

dífference between the energy of the analogue states ín the target and projec- 

tlle mínus the Coulomb potentíal of a unít negatíve charge. There ís a large 

cancellatíon of thís quantíty ín the nuclear interior^ and our treatment 

neglects al 1 terms proportíonal to ít.

In the charge-defined usual treatment one neglects components of the 

Lañe potentíal whích ís peaked around the nuclear surface. In our treatments 

we neglect a quantíty smal1 ínsíde the nucleus but that may be sígnífícant 

between the nuclear and matchíng radíus. A CCBA calculation ís in progress in 

order to decide about the adequacy of the dífferent approxímatíons.

Tables VI.1.1 and VI.1.2 summaríze the results of our analysís. The

Symbols r , r and r are defined as: 
n p

= dg(T.n) , ^ dg(T,p) . ^ dg(T,n)

n da(t,p) ’ p do(t,p) ’ da(x,p)

The ratíos between experimental and DW valúes of the above defined r's

should be equal to one íf the concept of analogue states holds. The ratio

r^^^/r*^'^ has an average valué of 1.18 ± 0.28 wh i 1 e that of has an
P P pvp f)U ^ ^

average of 1.14 ± 0.3^ and r /r one of 1.3 ± 0.5, all of them compatible

wíth unity.

The optícal model potentíals used in our analysís as w e l 1 as the
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references for the experimental data are gíven ¡n a paper to be published ín 

Nuclear Physics.

 ̂ J.D.Garret and O.Hansen, Nucí. Phys. A212 (1973) 600.
2

D.Robson, Phys. Rev. _ y Z  (1965) B535.

B.Bayman, Proc. Int. School of Physics "Enrico Fermí", Course XL, 196?. 

Academic Press, New York (1969) p. 380.
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Table VI.1.2

Isobaric Doublet Conf i g .

Form

Factor

da^^^/díí(0)
cm

in mb/sr
DW

r

i

EXP
r

B (x.n) 1 ( t , p )
1

DW
r

!
1

50 i* Ti(l6.6)/Sc(3.l)
^^3/2

0.41

1

0.3 0.87 1.6

5^ 2 Fe(l0.7)/Mn (2.1)
P3/2 0.36 0.56 1.00 0.6

56 1 Ni(7.9)/Co(l.4)
P3/2 1.43 0.34 2.hk 1.7
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V I .2. Coupíed Channel Analysis of (d,^Ll) Reactions.

A.M.J.Perrero and E.E.Maqueda.

The Coupled Channels Born Approximation (CCBA) has been applíed to the

^\g(d,^Li)^^Ne react íon^ using an ímproved versión of the code MARS^.

The form factors corresponding to the transfer of four nucleons have been

calculated^ usíng SU(3) or Nílsson model wave functíons.

In the entrance channel the calculatíons involved the coupling of the

O (g.s.), 2^(1.37 MeV) and MeV) states of ^^Mg. For the quadrupole and
4

hexadecapole deformations the valúes ~ 0*39 and = O have been adopted .

In the exit channel the calculatíon involved the coupling of the 0^(g.s.)i 

2‘*’(1.63 MeV), k*’{k.25 MeV), 2" (4.97 MeV) , 3~(5.62 MeV) and 6'^(8.77 MeV) states 

of ^^Ne alternating between the 0^ - 2^ - 2 - 3 and 0^ - 2^ - - 6^ sets. 

The parameters and 0^ have been varied In the range 3^ “ “ ^*35 and

= 0.03 " 0.09 to study theír effect on angular d í s tr í but ions of the O"*̂ , 2^ 

and states. The coupling of the octupole vibration band was taken ínto 

account by varying the parameter between 6^ = 0.17 and 3^ "0.17*

In the case of extended projectiles, such as Lithíum, the results obtaíned 

for the deformations, using the CCBA, strongly depend on the optical parameters 

u s e d \  and therefore they are oniy valíd for each particular case.

The results show^ that for the CCBA the shapes of the angular distribu- 

tions corresponding to the excited states are strongly dependent on 6^. For 

@2 = 0.20, *= 0.09 and 3^ = -0.08 the differentlal cross sectíons are reaso- 

nably reproduced for the O , 2^, and 3 states of ^^Ne. However, in order 

to obtain a good fit, the relative intensities for the Nilsson case have to be 

multiplied by factors of 1, 3, 1, and 0.6, respectively.

A DWBA calculatíon establishes that the 2 non-natural parity state cannot 

be populated by a direct process in the (d,^Li) reaction. In the present case 

one obtains a non-zero cross section, however it is still seven times smaller 

than the experimental one.

 ̂ J.R.Comfort, W . J .Braithwai t e , J.R.Durray, W.J.Courtney and H.G.Binghan, Phys.

Lett. 40B (1972) A56 and private communication.
^ T.Tamura et al., Phys. Ref. Letters, ^  (1970) 1507-

^ O.Dragún, G.G.Dussel, E.E.Maqueda and R .P .J .Perazzo, Nucí. Phys. Al67 (1971)

529.

^ H.Rebel et al.,Nucí. Phys. Al82 (1972) 145-

^ A.M.J.Perrero, Thesis, University of Buenos Aires, (unpublished).



V I .3. Four N u c l e ó n  Formf a c t o r  for Heavy Ion R e a c t i o n s .

R . J . L í o t t a  and R . P . J .Perazzo.

The reac t i o n  under c o n s i d e r a t i o n  is:

a] + C2= (ci + ̂ n) + C2 -+• (c2-r4n) + 0^= a2 + ci

2 prot. + 2 neut.

The coded e x p r e s s í o n  for the f o r m f a c t o r  ¡s the followíng:

X B-'- (I , c  I  J '  J ' H ' )  E (I , c , I  , j  j  i  i  J  J  J l'i)  X
3 2 ’ 2 C 2 ’-'i S  3 M 12 3'h °l C i ’-' j - 2 " 3 \  12 3'¡

j l + j 2  + j 3+j*4 f'12^‘Oi'2' o'sti-i-aslií' 012+ 031Í+O1'2'+ob'u'
X (-i) (iH-(-l) +(-1) -i-(-l) )

X 5 ’V d ' V j  3 M  J' 5' J J J  S(K]P.ií:! )S(K2Í.2?4)?0<3f^3Í^i)SÍK;..í..ií.n 
1 2 3-'< ) 2 3 12 34 12 3t4 K 1K 2 ' " i  - ‘■2 ^

KgK^

^  "1 
-3/2 1/2 O

j 3 ' K 
2 2 2 

-1/2 1/2 O j

Ki K. 1(32') 1̂̂ 3 Kí. K 3J
0 0 0 o 0 0

i j ' K
3 3

- 1 / 2  1 /2  o'

f^l ^2 >'12' 
I2 '^12 

:ii i?. ^12

■j i ’ K
>4

- 1 / 2V 1 / 2 0

;( 3 Ktí
1 1

-‘ 3 M '-̂ 311
T '1 h J  '• 1

' " ■ j

K 1K 2K 3KU 
í’l2 2M 1V 3V

I.

K )2 K 3., L 
0 0 0

Ki? K'̂ .4 L 

J I 2 J'

W h e r e

IK

S(K,?,,Í,Ó =
2K+1 K + £ + £ ' =  even

ü K+í + í . o d d

.'Ti'-?

The o p e r a t o r takes p r o p e r l y

into a c count the a n t i s y m m e t r i z a t i o n  of the e n t r a n c e  and exit channels, Pjj^ fnter- 

changes the p a r t i ó l e  q u a n t u m  number i and k.
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The Symbol P is d e f í n e d  as:

KiKjKaK^ Ki K2 K3 Kî  Ki K2 K3 K4 Kj K2 K3 K4 K¡ K2 K3 
P , , , , = Z  , X  , X   ̂ , +X  ̂ , X  , X  , +X , X  , Z  , X  , +X , X  , X  , Z  , 
123»t 1231+ 11 22 33 44 li 22 33 11 22 33 hh 11 22 33

ín terms of the Fourier-Bessel transform integráis:

In the above formulas <))^£(k) stands for the Fourfer-Bessel transforms of 

the síngle-partícle radial wave functíons, and U Is the optícal (Coulomb) 

potentíal.

The above expression for the formfactor corresponds to the non-recoll 

approxímation. Throughout It Is understood that particles 1 and 2 (1' and 2') 

are assumed to be protons and 3 and í* (3' and V )  are assumed to be neutrons. 

The í»-partícle wave functíon components wlth respect to cores c^ and C2 that 

are and respectívely, are gíven as Input. Furthermore both cores are 

assumed inert and 1^ = 1^^ = O and the summation over c^ and c^, representíng 

core confIgurations, is reduced to only one term.

The program was coded for an IBM/370 Computer and later adapted to a 

UNIVAC 1110 system. The core storage required is approximately 450 K.

Further Information can be obtalned upon request.
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V I .A . Scattering by a Schematic Potentlal Landscape.

N.C.Nemes*, A.F.R. de Toledo Piza* and R.P.J.Perazzo.

The íon-lon potentíal that ís effectíve ín the colllsíon between two 

complex nucleí (or In the related phenomena of bínary nuclear fission) must be 

described ín terms of potentíal landscape whích ínvolve all the ínternal 

degrees of freedom of the collídíng fragments together with the maín scatte- 

ring coordínate. One feature that appears to be shared by most of the known 

sítuatíons ís the presence of "wíndíng" or "míssaligned" valleys. Here we 

report a study of the qualítatíve scattering features wíthín a soluble sche- 

matíc landscape.

The hamíltonían ís wrítten as:

= H +H +H. 
M r X b 2n

TT

2y
+ 1/2yw^x^ + AaF(x)6(r-a) (l)

The term ís the hamíltonían of relatíve motíon (only S-wave scattering Is 

consídered) and V(r) ís taken to be a three-dimenslona 1 finíte square w e l 1. 

qualítatíve represents an (harmoníc) ínternal degree of freedom that ís 

coupled to the relatíve motíon through The 6-functíon barríer strength ís 

modulated by a functíon f(x) = 1 - aexp {-p(x-x^)^} of the ínternal coordínate. 

The solutíons of can be wrítten as:

ip(r,x.) = Z u„(r) X (x) (2)

The boundary conditlons at r = a that couple all the (ínterna1), osci1lator 

channeis can be solved by matríx Inversión.

The "fusslon" calculatíon ís solved wíth standard boundary conditlons of 

Incldent waves ín a gíven oscíllator channel and outgoing waves ín all channels. 

In order to perform a "fissíon" calculatíon a gíven resonant State In r < a Is 

fed through an Independent channel descríbed by a hamíltonían . Thís Is 

coupled to by

IM
|Ui>g (3)

where |u^> and |W|^> are states ín the space of and respectively and g 

ís a couplíng constant.

Some "fusslon" and "fissíon" calculatíons were performed wlth a

reallstíc cholce of the parameters. Fíg. Vl.ít.1 shows a spectrum for these
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calculat ions as a funct íon o f  the fragment exc í ta t l on .

*
I ns t i tuto  de F í s i ca ,  Univers í ty  o f  Sao Paulo, BrazM
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CHANNEL

Fíg. VI.4.1 Spectra for fussion (círcles) and for físsion 

(crosses) calculations. Full curves correspond to "on-reso~ 

nance" total energy (S.^tO MeV). "Off resonance spectra (at

8.6 MeV) are shown in the dashed curves. Black rectangles 

show valúes of the "one-dímensíona1" transmission amplitu­

des.
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V I I .  ENERGY RELATED STUDIES

V i l . l .  A Prel ímínary Analysis on the U t í U z a t í o n  o f  Thoríum ín Power 

Reactors.

M. Saraceno.

As part o f  the support program that thís d i v i s i ón  carr i es  out f o r  oti ier 

areas In the CNEA a prel iminary b ib l i ographic  search and assessment of  thorlum 

u t í l í z a t í o n  in power reactors has been i n í t í a t ed .

The work Is div ided in three parts.  In the f i r s t  we review the nuclear 

physics aspects o f  the ^^^Th - cyc le  and i ts  d i f f e rences  with the -

cyc l e .  In the second we descr ibe b r i e f l y  the d i f f e r e n t  schemes that have 

been proposed f o r  thorium u t i l i z a t i o n  with respect to  the fuel  c yc l e ,  the kínd 

o f  reactor and reprocessing|WÍth special  emphasis on schemes that could be ap- 

p l i ed  to national  nuclear plans. In the thi rd we w i l l  study s t r at e g i es  f o r  

thorium u t i l i z a t i o n  and 1 ines o f  research present ly being pursued ín d i f f e r e n t  

countr i es ,

The p o s s i b í l i t y  o f  using thorium as a f e r t i l e  material  in power reactors 

stems from the f o l l owing  cyc le :

233
The importance o f  this cyc le  comes from the f ac t  that U is f i s s i onab le

235
by thermal (and f a s t )  neutrons and is po t en t í a l l y  a be t t e r  fuel  than U and

239pu.

I f  is used as a fuel  (with ^^^Th as f e r t i l e  mater ia l )  f t  is possíble
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to breed f resh and there fore  only consume which ís r e l a t f v e l y

abundant ín the earth crust k times as abundant as uranlum). The e f f í c í e n -
232 233

cy o f  conversión o f  Th to ''■'U Is measured by the breeding gain BG, whích 

is def íned as

BG
233

excess n° o f  -̂ U nuclel  created

n“ o f 233.U consumed 

In terms o f  nuclear parameters we have 

BG «  n - 2 - L

where

n
n° o f  created neutrons 
n® o í  destroyed neutrons

and L measures the loss o f  neutrons In s tructures,  moderator, coo lant ,  Interme­

d íate  nuclel  and f l s s l o n  producís.

Ftg. V I I .1.1 Schematic p lot  o f  the energy 

dependence o f  n f o r  the three f i s s i l e  nuclel
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In Fig. V I 1.1.1 we plot the valúes of n as a functíon of energy for the 

three fissile nuclei and
2 *3 0

We notice that in the thermal región (E < 1 eV) U has the highest 

valué of n implying that, even considering losses, we could have BG > 0. This 

means that more fuel is generated than spent so that thermal breeding using 

the thorium cycle is feasible while this is not the case for the uranium- 

plutonium cycle.



V I I .2. U t í l í z a t í o n  of  Solar Energy.

J.A.Moragues and W.Scheuer.

Since May 197^> two members o f  the Department are devoted to so lar -energy  

studies.  Theí r  f i r s t  task was to evalúate the state  o f  the art  ín the develop- 

ment of  technologies f or  large -sca l e  conversión of  so lar  energy to e l e c t r í c í t y .  

To this order ,  they attended several  internat ional  meetings and v i s i t e d  a 

number o f  l aborator i es  in Europe and the U.S.A. The c o l l ec t t on o f  the necessary 

Information,  as wel l  as two parts o f  the report they are preparing have now 

been completed; two more parts are being wr i t t en.

Towards the end of  1975. a technical  and economical evaluat ion of  the 

poss ib i l  i t y  o f  so l ar  preheating o f  the water needed f o r  treatment o f  the ura- 

nium ores in the concentrat ing plant to be bu i l t  in Sierra Pintada (Province 

of  Mendoza) was s tar ted.  Although the process o f  treatment is yet  not completely 

def ined,  CNEA's Area o f  Raw Materials estimates that there w i l l  be a da i l y  need 

of  the order o f  10^ l i t e r s  o f  water at 70-80 C to be heated. A f t e r  prel iminary 

ca lculat ions a system o f  shal low solar  ponds using large p l á s t i c  bags, s imi lar  

to one being tested at the Lawrence Livermore Laboratory,  U.S.A. has been pre- 

se l ec ted.  Several  PVC p l á s t i c  bags o f  1.^ m̂  and some pol i e thy iene  bags are 

being prepared to explore the best geometry to be used; tests f o r  the se l ec t i on  

o f  appropriate insulator  material  have star ted.  A Computer program f or  

ca l cu lat ing  the e f f i c i e n c y  of  d i f f e r e n t  bag-geometr ies , produced at the L . L . L . ,  

is being adapted to our f á c i l i t i e s .  A 10 hectare area, about a 1000 m from the 

concentrat ing plant ,  has been def ined as apt f o r  the construct ion of  the f ina l  

pools;  solar-radiat ion-measuring and meteoro log i ca1 Instruments to be mounted 

in this area are being put together and adjusted.
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VIII. SERVICES

VI II.1. Use of the Synchrocyclotron for Sample Analysfs.

L.Gallacher, A.M.J.Perrero and M.A.J.Maríscottí.

Severa! experiments were performed on the Synchrocyclotron of Buenos Aíres 

external beam to study the possibMíties of usíng the exísting equipment for 

varíous kinds of sample analysís. Measurements can be grouped in four classes;

a) Y'fay spectra produced by a-partícle bombardment.

b) X-ray spectra produced by a-particle bombardment.

c) Spectra of Deuterons elastícally scattered by thín targets,

d) Spectra of Deuterons elastícally scattered by thíck targets.

The detectors used were: a Ge(Lí) diode (6^ efficiency and 'v>2.5 keV reso- 

lution for the ^^Co línes), a Ge(Ll) X-ray spectrometer (500 eV resolutíon at 

10 keV) and a surface barríer Si(Lí) detector 3 mm thíck. Trial runs were done 

with Be, Al, Cu and mylar targets, as well as with real samples of concrete, 

íron, sol id residues from evaporated polluted water (from the Río de la Plata) 

and solíd pollutants from downtown Buenos Aíres aír (deposíted on a fllter by 

án aír current for '̂ >20 hours).

Prelímínary conclusíons from these experíments are:

(a) y-ray spectra have the advantage of beíng ínsensítíve to the thíckness 

of the target and the disadvantage of beíng heavíly populated and 

therefore díffícult to analyze. We plan to put together a catalogue

of Y'fay spectra of non enríched elements to help this analysís.

(b) X-ray spectra are ínstead much símpler to analyze. The background how- 

ever, has stíll to be reduced. The method can oniy determine the 

presence of heavy elements (A ^  30).

(c) Backscattering of deuterons ís a good complement to the X-ray method 

because ít can be used for líght elements. At Ej = 27.25 MeV and

9 = 135® the Intrfnsíc resolutíon of the Synchrocyclotron allows the 

separatíon of elements with A ^  25. However the use of thíck targets 

decreases the sensítívíty of thís method.
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1 u q
VIII.2. Implantatíon of La ín Varíous Foils.

R.Requejo* and D.Otero.

By request from the Nuclear Physics Group of the Universíty of La Plata,
lAo . .

La was implanted in Al, Cu, G d , and Ni foils to study the interaction with 

the crystal lattíce at different temperatures by means of angular correlations, 

We írradíated seven sources, each for two or three efght-hour periods.

Departamento de Ingeniería (CNEA).
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IX. MACHINE DEVELOPMENT.

IX.1. Synchrocyclotron.

IX.1.1. Improvements in the Frequency Modulator.

N.A.Fazzini, J.Coralo, J.Garanziní, G.letri, A.Morales,

M.Professí and J.C.Rodríguez.

In the frequency modulator, high intensity RF currents flow 

from the rotating capacitor to ground. Although the machine has been proví- 

ded with protection devices (groundihg capacitors, central axis isolation 

and a high impedance for RF currents) the erosión of the bearings caused by 

these currents is strong and the components have to be replaced causing fre- 

quent machíne openíngs.

In order to improve the lifetíme of the bearings, the inner 

and outer tracks ín each one were short-circuíted by three slidíng carbón 

contacts. In this way, the current intensity flowíng in each bearing has been 

decreased and the lífe-tíme of these components increased about 80%.

IX.1.2. Automatízation of the Internal Target.

N.A.Fazzini, J.Coralo, J.Garanziní, G.letri, A.Morales,

M.Professí and J.C.Rodríguez.

In order to introduce and remove the internal target into the 

accelerator chamber of the synchrocyclotron, a simple servo-system composed 

of a motor with speed reductor acting on an endiess screw was installed. Two 

mícroswítches fíx the extreme posítíons allowíng the target to be stopped in 

any intermedíate posítíon. Panel líghts indícate the operator the State of 

the system at any tíme. The system allows the measurement of the internal beam 

current duríng írradíatíon, avoiding the interruptions caused when the target 

was manually operated.
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IX. 1 . 3- Repa í rs.

N.A.Fazz In í ,  J.Coralo,  J.Garanzínl ,  G . l e t r í ,  A.Morales,  

M.Professi  and J . C.Rodriguez.

The main repai r  performed on the synchrocyclotron ín the pe- 

r íod 197^ - 1975 has been the replacement of  the RF feedthroughs connecting 

the transmíssion l ine  both with the a c t i v e  "D" and with the f í xed  p ía t e  ín the 

modulator. In the l as t  pos i t i on a vacuutn leak was observed.

In order to make these replacements the machine had to be a l -  

most t o t a l l y  dismantled. To improve the performance o f  the feedthroughs the 

surface o f  the f ingers  had to be increased. As a resul t  the workíng temperatu- 

re o f  the feedthroughs decreased,  and the l i f e  expectancy was prolonged.

Severa 1 other mi ñor repairs performed in the same period are

1isted below:

- Replacement of  the o s c i l l a t o r  tube. The tube socket had to be modi f ied.

- Repair o f  the internal  target  vacuun feedthrough.

- Construction and replecement of  two c o i l s  in the d e f l e c t in g  magnet.

- Repair o f  the power supply f o r  the quadrupole lenses.

- Replacement o f  the 1200 l i t e r s/sec  o i l  d i f fuss i on  pump in the beam extract íng  

port .

- Repair o f  the main magnet current supply.

- Dinamical balance o f  the frequency modulator.
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IX.2, Isotope Separator.

IX.2.1. New Movable Col lector.

J.Cava and R.Requejo.

It allows, besides the use of Ge(Lí) detectors, the ínstalla- 

tion of electrón solid-state detectors in the vacuum chamber. In thís way it 

is possible to study short-lived isotopes.

IX.2.2. A New lon-Source.

D.Otero, J.J.Rossi, J.Cava, R . D 'Agost¡no, A.Tersigní and 

A.Gonza1ez.

A new U ion-source and electrostatic lens system were de- 
23 5

sígned and constructed. The U target is íncorporated in the arc-chamber. 

The system was tested with stable isotopes and then the on-1ine operation was 

intended. The efficiency was lower than expected, although isotopes of Br and 

Rb were observed in addition to those of Kr previously obtained.

A relative improvement in the efficiency was also observed 

for short-lived isotopes. More work is beirig presently performed in order to 

increase the efficiency by incorporating more uranium in the source and in- 

creasing the neutrón flux from the accelerator.

235
IX.2.3. Construction of an Arc-Chamber Contaíning_____Uĵ

J.Cava, R.Requejo and J.Prieto.

Graphíte cloth was used to make several discharge chambers for 

ce. Several grams of 

prepared were dried in a vacuum oven.

235
the new ion-source. Several grams of U were absorbed and the chambers so

I X. 2. 't*. E 1 ect ros ta t i c Deflector for the lon-Beam Separator.

J.Cava and R.Requejo.

An electrostatic deflector (cylindric capacitor) for the ion- 

beam has been constructed. The system will permit the deposit of the mass under
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ínvestigation ín three dífferent statíons: (l) for 3~ or y-ray measurements,

(2) for Y"Y angular correlations and (3) for use of a new target íncorpora- 

ting the double-focus spectrometer to the on-line system.
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IX.3. Cascade Accelerator.

IX.3-1- Hodification of the Lower End of the Accelerator.

A.Tersigni, A.Gorgoschidse and R.Requejo.

The bottom end of the accelerator tube has been modified 

to allow better focusing of the deuteron beam. New cooled target holders we- 

re also constructed.

IX.3-2, Increase of the Neutrón Flux.

A.Tersigni, A.Gorgosch¡dse.

In order to increase the neutrón flux produced by the Cock- 

croft-Walton accelerator, 6 selenium rectifiers were replaced by new Si-type 

díodes. As a consequence, both the high voltage stability and the máximum 

ataínable voltage have increased.

IX.3.3. Modulator of the Deuteron Beam.

A.Ters ign i.

An electromechanica1 device was designed and installed in or­

der to interrupt the deuteron beam. The system allows pulsing of the neutrón 

flux with a shutting time of approximateiy 0.05 sec. This is extremely useful 

to observe the time response of the on-line system and to measure the efficien- 

cy of the production of fission byproducts. The effect of stopping the neutrón 

flux has been better than 2.10 measured on the strongest transitions in 

A = l̂ tO nuclei.

IX.3.^. Safety System for Beam Deflector.

D.V.Camin, R.D'Agostino and D.Otero.

A new system of protection from isotopic contaminations has 

been set ín operatíon ín the electromagnetic separator. In case of any díspla- 

cement in the beam position, the vertical deflection of the separator is 

tr i ggered.
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IX.3.5. Uranlum Oven.

J.Cava and J.J.Rossi.

A vacuum oven havíng an ínternal thermal shíeldíng and a 

quartz central body was constructed to heat uraníum up tp 900 ®C.

IX.3.6. Changes ín the Separator Col lector.

J.Cava and J.Vidal le.

The col lector pinpoínt system was modífied to allow a better 

handiing of the beam pos ition control. Operatíon of an automatic centeríng 

device ¡s also permítted.
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X. IMPROVEMENTS OF THE EXPERIMENTAL FACILITIES

X .1. Beam Energy Deqrader. 
j ,

A.Kreíner , N.Fazziní, J.C.Rodríguez, G.letrí, J.Garanziní, 

M.Professi and M.A.J.Mariscottí.

This Work was the fírst in a seríes of projects desígned to improve the 

basíc facílíty of the Buenos Aíres SynchrocycJotron wíth the aím of making it 

suitable for a research program based on (a,xn) reactíons. For thís type of 

studies it ís important to be able to vary the beam energy. Because of budget 

reasons and ín order to avoid the interruptíon of the research actívitíes, 

the hítherto considered alternatíve of converting the accelerator ínto a 

variable energy machine, was ruled out. Instead, it was decided to buíld a 

simple degrader device, as used in other 1aboratori e s , in which the beam 

passes through a f o i 1 and looses a certaín amount of energy, as a consequence 

of the inelastic collisíons wíth the electrons, according to the f o i 1 thick- 

ness.

The device which has been constructed consists in a simple wheel of Al 

5 mm thick and 288 mm of diameter with six holes of 60 mm diameter each. Five 

of these holes are covered with thin Al foils of different thickness. The 

wheel ís located inside a box which ís mounted before the first pair of focu- 

síng quadrupoles and deflecting magnet.

The thickness of the foils have been chosen so as to have an a-beam with

six energy valúes between 30 and 55 MeV in steps of 5 HeV. The system was

197 197
calibrated using the Au(a,a) Au reaction at = 30°. As energy refe-

rences both the non-degraded deuteron and alfa-beam were used (E^ = 27-25 MeV 

and E^ = 5^.5 MeV).

The energy spread shows a small increase as the foil thickness increases; 

while the beam intensity diminishes significantly and the angular dispersión 

increases. This Information ís given in Table X.1.1. The last column shows 

the ratio between the charge collected at the target position and the Faraday 

box, about 3-5 m further away from the machine.

The maín use and application of the degrader ís the determínation of 

excítation functions and the possibil ity of choosing the optímum energy to 

study a given reaction. In the energy range provided by thís device, (a,xnyp) 

reactíons with x + y = 2 to 4 can be observed and a good number has already 

been studied. As an example, Fig. X.1.1 shows the curves obtained for y-rays 

from the ^*^Ge(a,np) and ^^Ge(a,3np) reactíons, both leadíng to levels in ^^As. 

Most Y“fays identífied (see Sec. 11.3) from these curves were not previously 

known .
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On leave of absence. Present address: Physfk Department E17 der Techn. 

Unlversítat München, 80^6 Garchfng, W.Germany.

M.A.J.Maríscottl, M.Behar, A.FIlevích, G.GarcTa Bermúdez, A.M.Hernández and 

C.Kohan, Nucí. Physícs (to be publíshed).

Table X.1.1

Th í ckness 
(mm)

Beam
Energy

(MeV)

Target
Current

(nA)

Target current

Faraday cup current

0 5A.5 0.2 1.46

0.18 kS.I 0.07 3.81

0.36 43.2 O.Oi* 5.72

0.48 38.9 0.035 12.9

0.60 3A.2 0.03 19.5

0.72 29.0 'U).02
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X.2. A System for  the Determínation o f  Nuclear Hal f -L íves  ín the msec-

sec Range.
■k

E.Santi , N.Fazz iní ,  A.Rendína, J.Garanzini ,  G . l e t r i ,  A.Morales,

M.Pro f ess i ,  J . C.Rodríguez,  J.Sinderman and M.A.J .Mar isco t t i .

A system f o r  the determination of  nuclear h a l f - l i v e s  in the msec-sec ran­

ge has become ava f lab l e  in the Synchrocyclotron f á c i l i t y  by means o f  a mecha- 

nica]  chopper with var i ab l e  speed. I t  consists o f  a c i r cu l ar  aluminium píate  

with two opposi te gaps respect i ve  to the axis o f  rotat ion.  The system is 

located in the beam path, before the f i r s t  focusing quadrupole; i t  rotates in 

the vacuum magnét ica! ly  coupled to the dr i v ing motor through a set  of  perma- 

nent magnets. Fig.  X.2.1 shows a sect ional  view o f  the chopper paral l e í  to 

the beam d i r ec t i on .  The disk (6) turns around the axis (11) fastened by 

bearings to a metal l i e  box whose form is a truncated cyl inder  40 cm in diame- 

ter  and 5 cm in height .  The coupling o f  the disk with the motor (29) is made 

through the magnets (28) .  There are four magnets on each si d e : the ones 

f i xed  to the disk are capable o f  holding a weight o f  up to 1 Kg each, whi le  

those attached to the motor hold up to h Kg.

Taking into account the beam s i z e ,  the angular gap was chosen as

a. = ^40°. The disk can turn from 30 to 3000 rpm al lowing the measurement of  

nuclear h a l f - l i v e s  ranging from 1 msec to 1 sec approximately. The time 

reference signal  t^ is obtained with the help o f  a photO“ cel1.

Fig.  X.2.2 shows the block diagram o f  the e l e c t r on i c  c i r c u i t  where the 

pr inc ipa l  element is the I ntertechn ique Generateur Horloge HC4l d o c k ,  wh i ch 

generates e l e c t r i c  pulses f or  the time control  o f  the system. The separat ion 

between pulses can be adjusted in the range 10  ̂ sec - 10  ̂ sec. The pulses 

generated by this d o c k ,  t r i ggered  by the s ignáis  from the pho to -ce l l ,  are 

used to route the data from the Y"fay detector  to a d i f f e r en t  sect ion o f  the 

multichannel analyzer .  In this way y-ray spectra as a function o f  time, can 

be obtained c y d i c a l l y  s ta r t ing  at t = t^.

Figs.  X.2.3 and X . 2 . h  show the appl i cat i on o f  the system to the 

determination o f  two nuclear h a l f - l i v e s  with valúes s i tuated in the l imits  

o f  the time range.

Fig.  X.2.3 shows the resul ts obtained f or  Y ' rays from the react ion 
11(1 ] k2

Pr(a,3n)  Pm which depopulates a 2.1 msec s ta te .

Fig,  X.2.Í* shows the r e s u l t s  cor  respond i ng to the i s o m e r i c  S t a t e  in
197 197TI with T ^^2 “  0.5^ sec populated in the Au(a,4n) react ion.

*
Research Student.
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Fig. X.2.1 Sectional view of the chopper paral leí to the beam 

di rect i on.
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señal dd fototransistor

Fíg. X .2.2 Block díagram of the electronic circuit.
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Ftg. X.2.3 Determínatfon of the h a l f - U f e  of the 881 keV State
, Íí»2-I n Pm.
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Ftg. X.2.4 lllustratíon of the use of the chopper for the determination 

of the ® 0*5 sec fscxneríc State in
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X .3. Measurements of Nuclear Half’-Lives ín the yisec Range.

E . S a n t i J . S í n d e r m a n  and M .A.J.Mariscottí.

Usíng the 2000 cycles from the radiofrequency modulator of the Synchro- 

cyclotron, a triggering signal, appropriate for the measurement of nuclear 

half-lives in the range 50 < Psec, was obtaíned.

The electroníc circuit is similar to the one shown in Fig. X.2.2 (see 

Sec.X.2). The performance of the system is illustrated in Fig. X.3.1 which 

shows the temporal spectra of y-rays from the Ce(a,xn) reaction at E = 55
]l̂ Q “ .

MeV, The half-life of 640 ysec corresponds to a State of Nd. The horizon­

tal dístribution shown in the botton of the Fig. X.3.1* corresponds to a 755 

keV ray of ^^^Nd with ~

A
Research Student.
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X.4. Measurements of Nuclear Half-Lives in the nsec Range,

C.Kohan , P.Thieberger and M.A.J.Mar iscotti.

The present work was carried out in order to obtain an approprfate

temporal resolution to measure nuclear half-lfves in the range 20 - 150

nsec using the microstructure of the Synchrocyclotron beam, according to

the methqd of Yamazaki and Ewan .

The main difficulties stemmed from the radiofrequency noíse and the

"walk" in the time signal introduced by the modulator circuit.

Fig. X.ít.l shows a comparison between prompt curves obtained with

different triggering systems for the energy = 511 ± 4 keV. The spectra

obtained using a plástic scintillator in the beam path to provide the

triggering signal is shown at the top of the figure, while the bottom part

shows the spectra obtained with a triggereing signal directly from the

synchrocyclotron radiofrequency oscillator.
72 72

Fig. X.4,2 shows results from the Ge(a,np) As reaction at

E = 3 5  MeV, obtained with an X-ray Ge(Li) detector. The slope of the 
a

prompt distribution is 8 nsec. The half-life T ^^2 = 17 ± 3 nsec corres- 

ponds to a new isomeric State of ^^As (see Sec. 11.3)- The 80 nsec slope 

indicated for the ^6 keV y-ray corresponds to the half-life of the 3 

State at 213-8 keV, previously known. A determination using a scintilla­

tor crystal instead of a Ge(Li) detector reduced the prompt slope to

3.7 nsec.

Research Student. Present adress: Department o f  Physics,  Univers i ty  o f  

Washington, Seat t l e ,  U.S.A.

* *V i s i t i n g  Scholar,  Brookhaven National Laboratory,  Upton, New York, U.S.A. 

 ̂ T.Yamazaki and G.T.Ewan, Phys. Let t .  2^B (1967) 378 and Nucí. Instr .  and 

Meth. 62 (1968) 101.
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X.5. New Facilíties for In-Beam y-Spectroscopy.

A.FMevich, M.Behar, G.García Bermudez, J.Coralo, A.Morales,

J.Prieto and J .C.Rodriguez.

The simple acrylic tube which has been used as a reaction chamber 

for in-beam (a,xn) experiments has been replaced by a new facilty inclu- 

ding (a) a thin w a l 1 acrylic chamber 20 cm in diameter and (b) a circular 

table, 1.2 meters in diameter, which can support Ge(Li) detectors. The de- 

tectors can be independen11 y positioned at any angle between 25° and 155° 

wi th respect to the beam axis.

The chamber includes two target holders which can be exchanged with- 

out breaking the high vacuum. The chamber can be rotated 90° around the 

beam axis. In this position, the Y"fay detectors can get cióse to the 

target in order to perform Y“Y coincidence measurements. The chamber has 

been designed to accept the pole-pieces of an eIectromagnet which will 

permit the study of the interactions between e 1ectromagnetic nuclear 

moments and external fields.

The new chamber and angular correlation table now in operation has 

been used to perform various experiments, including singles y'spectra,

Y~Y and X-y coinc idences , time di s t r ibut i ons  and angular d i s t r i b u t i o ns .
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XI. COMPUTA!ION

X I . 1. Design and Construction o f  a System f o r  Semiautomatic Analysis of  

Y-Spectra through an interphase with an HP-2116B Computer. 

R.Pecyner*,  A .F i l ev í ch ,  J.Sinderman and M.A.J .Mar i sco t t i .

Due to the lack o f  appropriate per ipherals ,  one of  the pr inc ipa!  d l f f i c u l -

t i e s  in the implementation o f  the (a,xn)  program resides in the data processing.

Data are accumulated in a 4096 channel analyzer ( In ter t echni que ) , from whích

the Information can be t ransfered to a f as t  p r i n te r ,  tape puncher and/or caset te

recorder which is not IBM compatible.  These per ipherals are not appropriata to

get  a fast and efficient transfer of the data to a Computer f o r  its subsequent

analys is .  For this reason, in the f i r s t  part o f  thís work, an interphase to

t rans fe r  the data e l e c t r o n i c a l l y  to an HP-21168 ccanputer was constructed . In

the second part ,  a data f i t t i n g  program was prepared. This program fo l l ows con-
2

vent ional  ideas , but i t  is adapted to the capecity o f  the Computer and Impro- 

ves on certain characteris t i es o f  already ex i s t in g  programs^.

The avaílability of a líght pen in the mu 11ichanne1 analy2er  led us to opt 

f o r  a semiautomatic procedure. The l í gh t  pen is used to feed the HP-2116B Com­

puter with the f o l l owing Information:

(a)  the interval  where the peak or mul t ip le t  to be analyzed is located;

(b) the appropriate position of the peaks in the interval;

(c)  indi cat ión o f  the background;

(d) indicators to d i f f e r e nc i a t e  ordinary data from standards (from which the 

shape parameters are obtained) ;

( e )  indicators o f  peaks with p rec i se l y  known energies to be used as energy and 

intens i ty  references.

With this Information the analysis of  the spectra is shortened and, in g e ­

neral ,  be t t e r  prec is ión is obtained,  The peaks are f i t t e d  to a gaussian function 

with an exponential  t a i l  on the l e f t  sí  de. From the analysis o f  the above 

mentioned standard spectra,  the shape parameters, namely, the gaussian width 

and the channel number correspondíng to the matchíng point of  the gaussian and 

the exponential  curve,  are obtained as a function o f  energy (or peak pos i t i on ) .

The program contains severa!  interes t ing  features which contr ibute to re ­

duce the computation time. They include the resolut ion of  l inear  systems ( i n ­

vers ión or t r i angu1at ion o f  matr i ces ) ,  exponential  ca l culat i ons ,  truncat ion of  

peaks in wide regions o- analys is ,  subst i tut ion o f  f l o a t i n g  point operat ions 

by ínteger  t es t s ,  procedure f or  convergence, and opt imizat ion of  memory and 

per ipherals  requirements. The system is able to handle mui t ip l e ts  up to seven
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peaks. The output ís obtained on a teletype and on a calcomp plotter.

F¡g. XI.1.1 shows a typical output correspondíng to a multiplet of seven
57 A

peaks from the reaction Fe + 30 MeV a . The print includes the positíons,

heíghts and areas with their errors. If the calibration optíon ¡s used, the

positíons are glven in keV and the areas are corrected for effíclency. In order

to reduce the processíng time the scales and titles have been suppressedín the

graph, and pnly the ¡nitial channel ¡s left for Identification. The oscilatíng

curve at the bottom of the calcomp plot Indi cates whether a component not

previously consídered has been detected. This circumstance Is Mlustrated In
2

FIg. XI.1.2 where a wlde and ampie oscilation is clearly observad (x =* 2.4).

A further analysis shown In FIg. XI.1.2 Indicates the presence of an addltío- 

nal peak (x^ = 1 . 2 ) .

The typicai processíng time for the anaiysis of ordlnary spectra ís 30 

sec for each región or Interval; this time fluctuates wlth the number of peaks 

In the multiplet. The standard spectra take approximately twice as long as the 

ordinary on e s .

is
Research student. Present address: Department of Physics, Unlverslty of Cali­

fornia, Berkeley, California, U.S.A.

R.Pecyner and J .E.Sinderman, élst. Meetlng of the Argentíne Physlcal Soclety, 

Buenos Aires, May, 1975.

^ M.A.J.Mariscotti, Nucí. Instr. and Meth. ^  (196?) 309 aftd 8NL 10904.

T.Routti and S.G.Prussin, Nucí. Instr. and Meth. 72_ (1969) 125»

^ E.Achterberg et al., IEEE Trans. Nucí. ?c. N. S. (1972) 3 and E.Achterberg 

et al. (to be published) (see also Section XI.3 in this report).
I,

R.Pecyner, Licenciatura Thesis. Fac. Ciencias Exactas y Naturales, Universidad 

de Buenos Aires, 1975-
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P OS 1C J ON ERROR A L T U R A

NORMALIZACION^: 
i . 7b¿ i V2\
* EQR

A R E A B R R . ^

c a n a l e s í 1 3 - 170

5 3 .1 8 9 .313 2.MS> • 6 6 5 1 1E '03 12. 77
5 6 .4  10 . 308 252. . 6 e 4 8 9 £ i 03 12 .^ 7
6'3«3 78 . 790 B6. . 15259E^03 4 5 .5 5
66-37Ó . 375 I8A . . 50 i60E^  03 1 6. 3\
69.691 . 63S 95. . 2 5 8 1 5 E i 03 32 . 02
72 .2^5 .273 606. . 1 6S36E '04 0 . 4 7
7¿l . 520 .212 11 84 . .32302B<^04 5 . 9 6

J1 C U A P R . / 6 R . L I B . =  l.E 6  I T E R A C I O N E S

Ffg.  XI . 1.1 Typical  output cor respond i ng to a mul t íp l e t  of  «;even 

peaks from the reactfon + 30 MeV a. I f  the ca l i bra t i on  opti'on

?s used, the posi t íons are gfven in keV, and the areas are correc-  

ted f o r  e r f f c i ency .



} , . . -J____i___ • . .

C/\NALES 1 977 - 2021

99 2 .3 73 . 158 1 74 . . 625S9E :03 5 . 6 9
998 .  1 22 .117 3 72. .  13.01 0E^O4 3 -45

1 0 05 .2 2 3 .206 99. .34764E+03 5 . 5 7

J1 CUADR.-/GR.L ! B . - 2 . 4 A i TeBACIONÉS

CANALES 11977 - 2021

9 9 1 . 9 6 5 .  195 !5 6 . .52S66E+03 7 .54
9 9 4 . 9 5 3 .366 76. . 212476  +  03 1 3 . 85
99B .250 .  1 27 333. . 12340E'04 3 . 9 2

1005 .227 •290 99. . 347025^03 5.59
J í  CUADR ./GR • L 10  • ~ 1 .e 10 i t e r a c i o n e s

Fíg.  X I . 1.2 This f i gure i I lustrates the case o f  a peak missing

ín the analysis as indícated by the oscíllating curve at the bottcxn 

of the plot. The prínt out shows the difference before and after 

íncludíng the míssing peak.
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XI.2 Study of a Program for Automatic Analysís of Spectra by the Method 

of Numen'cal Simulation.

A.DTaz Romero.

The method of numerical simulatíon'was applíed to the study of a program
2

for automatíc analysís of spectra in order to obtain Information on its capa- 

bllíty to ídentify and resolve gaussian peaks. This technique can be applíed 

to compare dífferent programs and determine thefr reiative advantag&s and short- 

comíngs allowing the selection of the most convenient for a gíven problem.

A FORTRAN program has been wírtten to generate doublets of gaussian shape 

with variable area, width and separation between peaks. The spectra obtained 

ín this way is then analyzed with the program whose performance one wants to 

determine. From the compar i son of the results of the program wlth the data of 

the original simulated spectra the followíng points, can be deduced:

(a) finding of spurious peaks;

(b) accuracy in the determination of peak areas;

(c) consistency in the resolutíon of doublets and their mirror image, and dou­

blets and their multipole image;

(d) capability of the program to resolve a doublet with an error in the area 

less or equal to a gíven valué;

(e) best range of gaussian widths for an efficient use of the program.

!n the actual program studied here it was found that ft could identífy pe­

aks with an area greater than 10 counts (over zero background). The program fínds 

spurious peaks of about 5 counts in the process of resolvíng a doublet. In 

addítíon it shows a non-symmetric behavior in the resolutíon of mírror doublets.

It ís interesting to point out that for doublets that are not well resol­

ved the individual areas are gíven with large errors but the total number of 

counts ís very well determined.

The results show that an efficient use of the program is obtained for a 

width range of a = 2.0 to a = 2.5 channels.

 ̂ A.DTaz Romero, Informe CNEA N° 328 (1972), Buenos Aires, Argentina.

^ J.Pfcard, Rapport CEA R3024 (1966), CEN, Saclay, France.
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X1.3. Subroutínes Developed for the lALE F a c í U t y .

E.Achterberg.

Three maín routines for the HP-2116B Computer have been coíiipleted to 

process nuclear spectroscopy data. The purpose of thfs work has been (a) to use 

the full capacity of the local computing fácility, avoiding expensive processlng 

of data in commercial machines, and (b) to allow contlnuous supervisión and 

control by the user through interactive programming.

The programs which have been developed are:

(a) ANPIK. This is a program for analysfs of y-spectra which is divided ¡n 

groups. It used non-linear iterative methods for fitiing an emplrical func- 

tion to the región of interest. The d e t e r m í nation of errors has been empha- 

sized in o r d e r  to extract the máximum Information from the statístical d¡s- 

t r ibut ion.

Because of the small available system memory it has been necassary to use 

calculation routines having a low time efficíency. A number of variables 

must be recalculated at each iteration, causing a very slow operation of 

the program.

(b) LEVEL. This routine builds up nuclear leveis starting from the y-ray Ifs- 

ting and using the already known levels. The program operates by statisti" 

cal combination of y-ray energies and levels, allowing íts use In an itera­

tive c y d e  mode.

(c) SKEhA. The purpose of this program is to determine the best valúes of the 

transition energies once the level scheme has been established. Its opera­

tion is based on the simultaneous consideration of all relationships esta- 

blished from the y r a y s  connecting the obtained levels.
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en Física.
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E. Licenciatura Theses"

Andrés J. Kreiner, Universidad de Buenos Aires, 197^» Sistema para Variar Sa 

Energía del Haz de Partículas Alfa del Sincrociclotrón de Buenos Aires y su 

Aplicación a las Reacciones (a,xn).

Douglas Mac Donnell, Universidad de Buenos Aíres, 197^, Alimentación de la Ban­

da Yrast en la Reacción Gd(H.I.,xn)Dy.

Emilio A. Santi, Universidad de Buenos Aires, 197^» Sistema para la Medición 

de Vidas Medias en el Rango mseg-seg, en el Sincrociclotrón de Sueños Aíres.

Rubén Pecyner, Universidad de Buenos Aíres, 1975, Diseño y Realización de un 

Sistema de Análisis Semi automático de Espectros y en el Sincrociclotrón de 

Buenos Aires y su Aplicación en el Estudio de las Reacciones ^^Fe(a,xnypY)•

Carlos A. Kohan, Universidad de Buenos Aires, 1975» Sistema para la Medición 

de Vidas Medias en el Rango de nseg Utilizando la Microestructura Temporal eeí 

Haz de Partículas del Sincrociclotrón de Buenos Aires.

Jorge I. De Pino, Universidad de Buenos Aires, 197^» Método de Análisis en 

Base al Modelo Optico Nuclear de Secciones Eficaces Diferenciales de Disper­

sión Elástica.

Riña Lombardi, Universidad de Buenos Aires, 197^, Distribución Angular de la 

Sección Eficaz de Reacción ^^Zn(d,^Li)^^Ni a “ 27.25 MeV.

Submitted in partial fulfillment of the requirement for the degree of Licencia­

do en Física.




